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Preface to the Fourth Edition

This Parametric Estimating Handbook is a comprehensive, “all in one place”
guide for Industry and Government acquisition professionals who prepare,
evaluate, or negotiate proposals which use parametric estimating techniques or for
project stakeholders who wish to gain a better understanding of the application
and use of parametric cost estimating. This handbook also serves as a foundation
for companies that want to make more use of parametric tools in developing the
basis of estimate (BOE) for their proposals to the Government or otherwise
expand their use of parametrics.

Fourth Edition Updates

This Fourth Edition of the handbook updates the Third Edition (Spring of 2003).
The Third Edition was not a comprehensive update. The motivation for the Third
Edition was a general edit, a refresh for certain technical data, and an update to
the various web sites that reference parametric applications. The Second Edition
(Fall of 1999) replaced the First (Fall of 1995) by adding technical information
and new chapters concerning Government regulations, implementation teams, and
technical evaluations. The Second Edition also incorporated results from the
Parametric Estimating Reinvention Laboratory.

This Fourth Edition is an extension of the third. The Third Edition was primarily
a cosmetic and slightly modernized version of the Second Edition. The Fourth
Edition includes new material and rewrites with the best parts of the Third Edition
retained.

The focus of this edition is on process and benefits with less emphasis placed on
tools and detailed mathematics. Although tools and math are important, the
reader/practitioner is encouraged to go to the sources for detailed information
about understanding, training, use, and other special topics (e.g.,
calibration/validation). Although such topics are discussed in the Fourth Edition,
they are discussed primarily in the context of process. The goal was to make this
edition more readable and understandable. All in all, we believe this edition to be
superior in both content and quality to all previous editions.
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PREFACE

About the International Society of Parametric Analysts (ISPA)

ISPA (www.ispa-cost.org) was founded more than 25 years ago. The first
national conference was held in 1979. The genesis of ISPA began in 1978 at the
third PRICE Users meeting in San Francisco in April of that year. At that
meeting, ISPA was founded as an “international” organization. The first ISPA
“Town Meeting” was in April, 1979. Three hundred participants from
international locations attended and it was at this meeting that the ISPA was
organized.

The PRICE User’s Bulletin (PUB) was replaced by the ISPA News (premiered in
1981) with Charley Hopkins as Editor. Other ISPA publications include:

e Parametric World;

e Membership Directory;

e Journal of Parametrics;

e Conference Proceedings;

e This Parametric Estimating Handbook;

¢ Training materials based on the handbook.

ISPA has always provided excellent conferences and educational programs for its
members. Truly international in scope, the ISPA conferences are held annually,
and each leap year are at an international location.

In the estimating process, parametricians understand the technical and other cost
drivers, thus making the parametrician a valuable member of a proposal team.
The goal of ISPA is to continue to support parametricians throughout their career
by stimulating tool development and by encouraging professional contributions.
ISPA will continue to be a powerful force within the estimating community in the
foreseeable future.
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Parametric Estimating Handbook Sources

Electronic copies of the current edition of the Parametric Estimating Handbook
can be obtained from the following sources:

e [SPA Web Site at
WWW.1Spa-cost.org

e SCEA Web Site at
www.sceaonline.net

e DoD Acquisition Deskbook Web Site at:
www.deskbook.dau.mil
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User Comments

As in previous editions, this Fourth Edition of the Parametric Estimating
Handbook is intended to be a living document. We encourage all handbook users
to provide suggestions for improvement using the comment form at the end of the
handbook. You may also go to the ISPA web site (Www.ispa-cost.org) to make

comments.

Preface-4 International Society of Parametric Analysts



Introduction

About This Handbook

The detailed guidance, case studies, and best practices contained in this handbook
are designed to provide an understanding of the “how-to” of parametric
estimating. It is designed to help those involved in the acquisition process to
become more familiar with parametric estimating as well as the techniques and
tools used in the process. It is also designed to assist practitioners and managers
involved in the processes to better understand and apply the tools and techniques
to “real world” cost estimating problems.

People new to the parametric estimating practice will find this document to be an
invaluable aid in the execution of their assignments. This handbook provides
information about parametric estimating techniques, guidance on the acceptable
use of tools, and methods for process and parametric estimate development and
evaluation. The chapters mirror the process an organization may use in
developing a parametric estimating capability.

This handbook presents and summarizes the best practices and lessons learned
which an organization needs to know to successfully establish and utilize
parametric estimating tools and techniques. This handbook also helps companies
address the feasibility of using parametric techniques before they are
implemented. Some of the critical feasibility issues assessed include:

e Availability of relevant historical data;

¢ Reliability of other estimating techniques versus parametrics;
e Costs versus benefits;

e Industry and Government support.

The Federal Acquisition Regulation (FAR) states that parametric estimating is an
acceptable method for preparing proposals based on cost or pricing data, or data
other than cost or pricing data. The primary benefit of developing a parametric
estimating capability is that it streamlines the estimating and proposal process for
both Industry and Government. Integrated product teams (IPTs), for example,
have demonstrated that properly calibrated and validated parametric estimating
techniques improve customer satisfaction (see Appendix J).

The objectives of this handbook are to help users to:

e Enhance and improve the quality of their estimates;
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e Add more tools and techniques to their estimating toolbox;

e Provide internal and external estimate reviewers additional credibility and
realism to their estimates;

e Reduce contract award cycle time;

e Reduce proposal preparation, evaluation, and negotiation costs.

About Parametric Estimating

Parametric estimating is a technique that develops cost estimates based upon the
examination and validation of the relationships which exist between a project's
technical, programmatic, and cost characteristics as well as the resources
consumed during its development, manufacture, maintenance, and/or
modification.

Parametric models can be classified as simple or complex. For this handbook,
simple models are cost estimating relationships (CERs) consisting of one cost
driver. Complex models, on the other hand, are models consisting of multiple
CERs, or algorithms, to derive cost estimates.

Ancient History

Cost estimating has a very ancient history. It is even Biblical. Luke 14: 28 - 29
discusses the importance of “...[He should] sitteth down first, and counteth the
cost, [to see] whether he have sufficient to finish it.”

The question is, then, not whether an estimate should be prepared, but which
approach should be used to estimate the cost of a specific application. The
answer is, “it depends.” This handbook will demonstrate that there is a place for
parametric tools in the estimator’s tool box. It will also answer the question about
when and how parametric tools should be applied. The answers may be
surprising to some people, because all too often parametric tools are not
considered when perhaps they should be.

In Keith Burbridge’s book, A Touch of History, Burbridge discusses the use of
parametric estimating through the ages from Hero to present times. Indeed, it
makes total sense that the efficiencies of parametrics would be recognized in
some of the earliest recorded histories. Even today, who hasn’t had a house
appraised through what is a true parametric application? Is every piece of
drywall, number of bricks, and each two by four counted and estimated? The
answer is, “no.” Another technique is used. The parametric application considers
such things as house size (square feet of living space), style of house, condition,
location, and even the zip code. A “formula” with such input variables then
predicts a house value. This is a universal parametric application. And there are
many other applications this handbook describes.

Introduction-2
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Current Industry and Government Practices

Industry and Government practitioners commonly use parametrics to perform a
variety of analyses, such as independent cost estimates and trade studies.
Practitioners (users) have argued that proposal preparation, evaluation, and
negotiation costs and cycle time can be reduced considerably through the
increased use of parametric estimating. They also stated that these benefits can be
achieved while maintaining or improving the quality of the estimates produced.

Industry saw the need to team with the Government to demonstrate that
parametrics are an acceptable and reliable estimating technique after achieving
some success with the broader uses of parametric techniques (e.g., independent
estimates and trade studies). In December 1995, the Commander of the Defense
Contract Management Agency (DCMA) and the Director of the Defense Contract
Audit Agency (DCAA) sponsored the Parametric Estimating Reinvention
Laboratory under the auspices of the Parametric Cost Estimating Initiative. The
purpose of the Parametric Estimating Reinvention Laboratory was to test the use
of parametric estimating techniques on proposals and recommend processes to
enable others to implement these techniques. The primary objectives of the
Parametric Estimating Reinvention Laboratory included:

e Identifying opportunities for using parametric techniques;

e Testing parametric techniques on actual proposals submitted to the
Government;

e Developing case studies based on the best practices and lessons learned;

e Establishing formal guidance to be used by future teams involved in
implementing, evaluating, and/or negotiating parametrically based
estimating systems or proposals (e.g., this handbook).

Thirteen Parametric Estimating Reinvention Laboratory teams tested and/or
implemented the full spectrum of parametric techniques. The Industry and
Government teams used these techniques to develop estimates for a variety of
proposals, including those for new development, engineering change orders, and
follow-on production efforts.

The estimates covered the range of use from specific elements of cost to major-
assembly costs. The teams generally found that using parametric techniques
facilitated rapid development of more reliable estimates while establishing a
sound basis for estimating and negotiation. In addition, the teams reported
proposal preparation, evaluation, and negotiation cost savings of up to 80 percent,
and reduced cycle time of up to 80 percent.

The contractors, with feedback from their Government team members, updated or
revised their estimating system policies and procedures to ensure consistent
production of valid data and maintenance of the tools employed. The Parametric
Estimating Initiative Closure Report (see Appendix G) provides details on the
best practices for implementing parametric techniques. The lab results have also
been integrated throughout this handbook in the form of examples, best practices,
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and lessons learned with respect to implementing, evaluating, and negotiating
proposals based on parametric techniques.

Beginning in the early and mid 1990’s, both Industry and Government, through
the Parametric Cost Estimating Initiative (PCEI), evaluated the ability of
parametric estimating techniques and tools to support Government proposal cost
estimating requirements. The key issues considered included parametrics’ ability
to maximize the use of historical data in the estimating process, increase estimate
realism, and reduce the costs associated with proposal preparation, evaluation,
and negotiation. The PCEI, through numerous workshops and the Parametric
Estimating Reinvention Laboratory, concluded that parametric techniques and
tools, when properly implemented and correctly used, could produce realistic cost
estimates at significantly reduced costs and times.

As aresult, contractors today generally use parametric techniques to improve their
Government contracting practices, as well as the quality of their estimating.
Although Industry and Government use of parametrics can be somewhat different
(e.g., the Government may use parametric tools for independent estimates more
than Industry), there will still be significant overlap in application. The use of
integrated product teams (IPTs) enhances the implementation of parametric tools
(see Appendix J).

Genesis of This Handbook

Contractors use a variety of techniques to develop estimates, the most frequently
employed being analogous, bottoms-up, and parametric estimating.

A primary responsibility of a project cost estimator is to select the estimating
methodology that most realistically estimates program costs, while making the
most economical use of the organization's estimating resources. With respect to
this requirement, the PCEI identified two general concerns about the use of
parametric tools and techniques, and their ability to adequately support cost
estimating requirements for contracting proposals.

First, the Truth in Negotiations Act (TINA) data issues seems to be the greatest
concern regarding the use of parametric estimating methods. TINA requires that
cost or pricing data be certified as current, accurate, and complete as of the date of
negotiation or another agreed-to date as close as practicable to the date of
negotiation. TINA also requires contractors to provide (disclose) to the
Government all the facts available at the time of certification, or an otherwise
agreed-to date. Parametric tools should demonstrate that, when properly
calibrated and validated, comply with the requirements of TINA.

Second, the use of statistical representations of historical data as a basis of
forward estimates was a major concern for an estimating culture that developed
and reviewed reams of paperwork in a bottoms-up environment. This cultural
issue was much harder to resolve and required the publishing of this handbook
and the development of professional training programs. Thus, publishing this
handbook was a top priority of the PCEL

Introduction-4
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Benefits of Using Parametrics

The benefits of using parametrics are well documented. It is estimated that the
savings to proposal preparation is between 40 percent and 80 percent as compared
to the “normal” bottoms-up approach. Parametric tools and techniques have
much more versatility than other estimating approaches. There are numerous
reasons for this. Here are a few:

e Better estimates are provided, often in a matter of minutes;
e There exists a high-quality link between the technical and cost proposals;

e The data is well understood through the calibration and validation
activities;

e [t is much easier to estimate conceptual designs;
e Early costing cannot be done effectively any other way;
e No bill of material (BOM) is required;

e It is much easier to handle scope, technical, and performance changes.

Parametrics in Support of CMMI Certification

One of the emerging benefits of parametric estimating is in the Software
Engineering Institute’s (SEI’s) Capability Maturity Model Integration (CMMI®)
certification. CMMI is a process by which contractor organizations are evaluated
against a standard set of process and business measures established by an Industry
steering committee working through the auspices of Carnegie Mellon University.
The intent is for contractor organizations to certify themselves against a selected
CMMI model. There are many models to choose from depending on the type of
organization and the type of products that they develop.

Obtaining a CMMI maturity level (1 to 5, with 5 being the highest) through the
audit process provides the organization a measure of how mature and effective
their processes and business practices are against the CMMI standards. The
certifications are sought-after as discriminators in competing for new business
opportunities. Chapter 6 discusses the application of CMMI principles to the
software estimating environment.

The CMMI standards apply to the estimating process as well and highlight areas
of the process where specific characteristics must be present to achieve
certification. The higher the certification, the more rigorous the estimating
process must be. Some of these characteristics are interpreted differently at
different levels of certification, and by different auditors, but in general CMMI
addresses the following estimating characteristics:

1. An estimating process must identify and employ a documented method for
estimating software, hardware, and so forth including the use of work
products and task attributes.
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2. An estimating process must be supported with the necessary historical data
and organizational databases and programs must use the organizational
historical data for estimating.

3. An estimating process must include monitoring actual values of the work
product and task attributes against the estimates to assess the quality of the
attributes used in the estimating process.

The CMMI and the parametric estimating process should have the following
characteristics:

e Estimates should rely on historical data;

e Judgments and modifiers are acceptable elements, but historical context is
required;

e Historical data are accessible through databases/repositories;
e Process is consistent and repeatable;
e Process is monitored for improvements/learning;

e Used consistently across the enterprise.

Handbook Outline

The general content of this edition of the handbook is as follows:

Chapter 1 Parametric Analysis Overview

This chapter describes the parametric estimating process as well as the procedures
and techniques for implementing that process as seen from a management
perspective. As well as process, the chapter describes the various types of
parametric applications, the organization required to implement the techniques,
use of cost IPTs, the necessary competencies, and roles and responsibilities in the
parametric estimating organization.

Chapter 2 Data Collection and Analysis

Chapter 2 discusses the methods and techniques of data collection and analysis for
use in the development of CERs and more complex parametric models. The
chapter also discusses the techniques of data capture and normalization. Detailed
technical math can be found in Appendix B. There is an emphasis on real world
examples.

Chapter 3 Cost Estimating Relationships

Chapter 3 discusses the development and application of cost estimating
relationships (CERs). As with Chapter 2, detailed technical math can be found in
Appendix B.

Introduction-6
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Chapter 4 Complex Company Developed Complex Models

Chapter 4 describes the development and application of company-specific
complex models. These are also known as “in-house” developed models. This
chapter expands the topic of CERs into multi-variate and multiple use CER
models.

Chapter 5 Complex Hardware Models

This chapter expands the topic of CERs into the realm of complex hardware tools
and models (those that are commercially available for license). It covers the
topics of hardware model development, application types, calibration/validation,
strengths, weaknesses, and model content.

Chapter 6 Complex Software Models

This chapter continues the expansion of the topic of CERs into the realm of
complex software tools and models (those that are commercially available for
license). It covers the topics of software model development, application types,
calibration/validation, strengths, weaknesses, and model content.

Chapter 7 Government Compliance

This chapter defines the U.S. Government oversight requirements necessary to
ensure parametric estimating systems’ compliance with all laws and regulations.
It includes TINA, FAR, DFARS, and CAS citations as well as DCMA technical
evaluation criteria, and DCAA audit criteria.

Chapter 8 Other Uses of Parametric Tools

Chapter 8 is devoted to the various other parametric applications that make these
tools and techniques invaluable to the practitioner and program manager. These
parametric applications are in addition to the basic cost estimating function.
Examples are included.

Chapter 9 International Use of Parametrics

This chapter describes how the international community uses parametric
estimating tools and techniques, and how that use differs from that in the United
States.

Appendices and Other Attachments

The appendices contain the informative and useful adjunct materials not fully
defined or described in the main body of the handbook. The appendices include:

e Appendix A which provides a description of modelers and model builder
tools that are available for license;
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e Appendix B which provides the detailed technical math of the cost
estimating relationships;

e Appendix C, frequently asked questions;

e Appendix D, related web sites and supplementary information for other
parametric resources;

e Appendix E, parametric estimating checklists;

e Appendix F, useful information to include in a memorandum of
understanding;

e Appendix G, the Parametric Cost Estimating Initiative Closure Report;
e Appendix H, the Space Systems Cost Analysis Group risk summary;

e Appendix I, the Space Systems Cost Analysis Group, Nonrecurring and
Recurring Cost Definitions and Cost Accounting Guidelines;

e Appendix J, a discussion on establishing a parametric implementation
team;

e Appendix K, a discussion on preparing subsystem level datasheets.
Other attachments include:

e Glossary (list of acronyms and definition of terms);

e References;

e Handbook User Comments form.
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CHAPTER 1
Parametric Analysis Overview

The purpose of this chapter is to describe, for those who are not intimately
involved in the parametric costing process, the basic knowledge required to
manage and support that process. Many support personnel do not need an in-
depth knowledge. These people include project and other managers, proposal
reviewers, pricers, accountants, and other knowledgeable professionals who come
into contact with parametric analyses from time to time during their careers.

1.1 Best Practices of the Parametric Analysis Process

Parametric analysis as practiced by members of the International Society of
Parametric Analysts (ISPA) involves computerized cost models that use the
parameters of consequential projects and the project’s products to estimate the use
of resources required to perform the project such as labor, materials, and time.
These models have economic value because, properly designed and used, they can
improve the accuracy of project estimates, reduce the likelihood of serious
overruns of budgets and schedules, reduce the cost of preparing project proposals,
and enable project leaders and stakeholders to consider more options with regard
to the best way to proceed.

Many parametric models also serve to advise on the uncertainties and risks
associated with project costs and schedules. This is an important function,
because modern projects are often enormously complex. Uncertainties and risks
may effect profound changes. A purely cost or duration estimating model will
provide what is called a “point estimate” of cost or duration. A point estimate is a
single number that will always be in error to a greater or lesser extent.

A model that deals with uncertainty and risk will provide a “range estimate,” also
called a probability distribution, that is, an estimate that tries to give some idea of
the possible range of cost or schedule outcomes, and of the relative likelihood of
particular outcomes. The process of developing range estimates are inherently of
more value to project management and stakeholders than point estimates because
they help with understanding of what could happen and why. They frequently
point to certain risk abatement possibilities and options that otherwise would have
gone unnoticed.

Construction and use of valid parametric models is not free. For that enterprise to
be worthy, its effectiveness must at least equal its costs. Over the years,
parametricians have generally succeeded in demonstrating the cost effectiveness
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of their work. The profession has grown steadily in both number and quality of
practitioners. That has happened through a gradual process of convincing project
stakeholders of the integrity of the modeling process, and of the increasing
professionalism of model users.

The objective of this chapter is to provide guidance for managing the parametric
analysis process. It describes best practices associated with what we will formally
call the parametric analysis process. This process is not monolithic in the sense of
massive, totally uniform in character, and slow to change. It is an evolving
process, benefiting from continuous improvements and new ideas. Experience
has shown that certain aspects of the process are best done in particular ways if
the best results are to be obtained for all concerned. Those best ways is the focus
of this chapter.

The process has three major components: database development, model
development, and model use. In most situations, the same people do all parts of
the process. This is especially the case when a company, or a Government
agency, decides that they should build a parametric model (or models), for their
own, often specialized, internal use. In other cases, organizations may decide to
license or otherwise acquire a commercially available general or special purpose
model that they believe will adequately serve their needs.

Parametric analysis is a major management innovation. In common with several
other management innovations, such as network scheduling, earned value
analysis, and many of the methods of operations research, modern parametric
analysis had its genesis in the U.S. and British military-industrial complex.
ISPA’s present membership is still associated with and heavily influenced by that
world, but its sphere of interest now includes other U.S. Government agencies,
and additional companies and Governments in Europe, Australia, and in Asia.

Use of parametrics also has spread to the commercial world, especially to the
construction industry and to companies that build or buy software, and that is now
a growing share of the business for companies that produce commercial models
still used primarily by ISPA members. Nevertheless, the best practices discussed
here are heavily influenced by the needs of Government, U.S. and other. That
should be kept firmly in mind. Some of the practices might not apply, or might be
less rigorous, if it were not for the need to maintain great openness and integrity
in the handling of public money.

The Government interest in parametric best practices strongly affects the
construction and use of in-house parametric models. It also affects the use of
commercially available models and to a lesser extent their construction. In-house
developed cost models used in Government procurements generally must be open
to and approved by the Government, at least in some respects. Commercially
built models, on the other hand, are generally proprietary, at least in part, and their
customers use them because they offer some economic advantages. Nevertheless,
their use in estimating Government-paid costs is carefully scrutinized by the
Government, and users must generally show that the models have been calibrated
to a particular project environment and way of doing business.

1-2
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This chapter will first address database development, then the model building part
of the process, and then using the model. In each instance, the appropriate steps
will be described in a simplified flowchart format. Then, each step of the
flowchart will be discussed. The level of detail of the discussion often will be
limited because subsequent chapters and appendices in this handbook provide
much more detail.

The Parametric Model Building Process

Figure 1.1 illustrates the typical steps of cost model development as performed by
the parametrician.

Model
Requirements

Does data
support model
regmnt?

Database
Development

\ 4

Model
Development

OK

Document
Results

Yes

Update
Required?

Done

Figure 1.1 Flowchart of Cost Model Development by the Practitioner

It should be noted that the flow of work for commercial model development and
the development of in-house models differ. In-house models that are developed
for a specific purpose are strongly tied to the available historical data. Thus, the
development and normalization of auditable historical data is the key starting
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point. The historical data will dictate and restrict the level of detail and the
approach the parametrician can take.

In-house models discussed here tend to be for a specific purpose, such as a new
business competition, and not to support a family of acquisitions. Although, the
in-house model could be used for other acquisitions with tailoring to a work
breakdown structure (WBS), phasing, quantities, hardware specifics, and so forth.

The development of unique in-house cost models as experienced by the
parametrician occur through these steps:

e Database development;

e Model Requirements;

e Resolution of model architecture and data availability;
e Model development;

e Model calibration and validation;

e Model documentation;

e Model updating.

Database Development

A sound database is key to the success of the parametrician. A cost model is a
forecast of future costs based on historical fact. Thus, future cost estimates must
be consistent with historical data collection and cannot provide a lower level of
detail than provided by the historical detail without some allocation or distribution
scheme devised by the parametrician.

Parametric techniques require the collection of historical cost data (including
labor hours) and the associated non-cost information and factors that describe and
strongly influence those costs. Data should be collected and maintained in a
manner that provides a complete audit trail with expenditure dates so that costs
can be adjusted for inflation. Non-recurring and recurring costs should be
separately identified. While there are many formats for collecting data, one
commonly used by industry is the WBS, which provides for the uniform
definition and collection of cost and certain technical information. If this is not
the case, the data collection practices should contain procedures for mapping the
cost data to the cost elements of the parametric estimating technique(s) which will
be used.

The collection point for cost data is generally the company’s financial accounting
system, which in most instances contains the general ledger and other accounting
data. All cost data used in parametric techniques must be consistent with, and
traceable to, the collection point. The data should also be consistent with the
company’s accounting procedures and generally accepted cost accounting
practices.

1-4
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Technical non-cost data describe the physical, performance, and engineering
characteristics of a system, sub-system, or individual item. For example, weight
is a common non-cost variable used in cost estimating relationships (CERs) and
parametric estimating models. Other examples of cost driver variables are
horsepower, watts, and single lines of software code. A fundamental requirement
for the inclusion of a technical non-cost variable in a CER is that it must be a
significant predictor of cost.

Technical non-cost data comes from a variety of sources including the MIS (e.g.,
materials requirements planning (MRP) or enterprise resource planning (ERP)
systems), engineering drawings, engineering specifications, certification
documents, interviews with technical personnel, and through direct experience
(e.g., weighing an item). Schedule, quantity, equivalent units, and similar
information come from industrial engineering, operations departments, program
files, or other program intelligence.

Other generally available programmatic information that should be collected
relates to the tools and skills of the project team, the working environment, ease
of communications, and compression of schedule. Project-to-project variability in
these areas can have a significant effect on cost. For instance, working in a secure
facility under “need to know” conditions or achieving high levels in various team
certification processes can have a major impact on costs.

Once collected, cost data must be adjusted to account for the effect of certain non-
cost factors, such as production rate, improvement curve, and inflation; this is
data normalization. Relevant program data including development and
production schedules, quantities produced, production rates, equivalent units,
breaks in production, significant design changes, and anomalies such as strikes,
explosions, and other natural disasters are also necessary to fully explain any
significant fluctuations in the data. Such historical information can generally be
obtained through interviews with knowledgeable program personnel or through
examination of program records.

As new business opportunities or parametric model applications materialize it
may be necessary to add to the database through a formal data collection of
relevant program history, or it may be necessary to reduce the database to a subset
of more appropriate historical data points, eliminating irrelevant historical
programs.

1.1.1.2 Model Requirements

The expectation of a parametric model is that it will estimate costs virtually
instantaneously and accurately if the correct information is entered with respect to
its parameters. It can do this repeatedly without deviation. Generally, there is an
even higher expectation, namely that a parametric model will do these things
quicker and better than alternative methods, such as bottoms-up estimating or
detailed analogy estimating. This is especially true if the model is intended to
support numerous cost trade studies and analyses. If that is not true, the expense
of building a parametric model may not be justified.
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1.1.1.3

While crude analogy estimates can sometimes be produced in minutes, they are
not famous for their accuracy. More detailed analogy estimates can be quite
accurate, but they are usually time consuming to build. Bottoms-up estimates are
notoriously inaccurate very early in project planning because of poor
understanding of project scope, but typically improve as time goes on, and a bill
of materials (BOM) is built. They are usually very time consuming and
expensive. A well conceived and constructed parametric model offers rapid,
inexpensive estimating at any stage of project life, and is generally the more
accurate method in the early days of a project.

The scope of the model is strongly dictated by the database and the specification
for the model. The specification is generally a function of a request for
information (RFT), request for proposal (RFP), or other official Government
request, or this model may even be by request of management in anticipation of a
new business opportunity. In any event, the level of detail required by the model
will be a function of the information desired tempered by the nature of the data
available in the database, the time-frame required for developing the model, and
so forth.

The in-house model is typically designed to estimate a system such as a
communication satellite system, land-based missiles or armored tanks, a particular
type of hardware or software such as a battery or fire control system, or perhaps a
particular function, such as systems engineering, and may be limited to
development costs only, or production costs only. Many in-house models give
“most likely” point estimates, but there is a significant trend within industry to
provide range estimates based on risk and cost uncertainty. The new parametric
model may be best served by a combination of several commercial models tied
together by in-house developed CERs and algorithms.

Resolution of Model Architecture versus Data Availability

What exactly is meant when we speak of the architecture of a parametric model?
Keep in mind that today a parametric model is a software product. Fortunately,
the architecture of most parametric models fits a fairly consistent process. There
is input, there is output, and in between there is a collection of cost estimating
relationships and perhaps other types of mathematics and logic.

Every parametric model contains at least one cost estimating relationship, more
commonly known in the parametrics community as a CER. A CER is always a
mathematical relation, and always involves numbers, but otherwise can take
several forms.

The most common forms are:
e Algebraic equations;
e Lookup tables.

Other forms are possible in certain types of very specialized models, but we will
not attempt to list them here. The most general expression for the algebraic
equation form of a CER is y = f(x;). Here, y represents a desired estimate, usually
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in currency units (e.g., USD), labor hours expended, or periods of time consumed
(e.g., months). Mathematicians would refer to y as a dependent variable. The
represents some functional relationship that could be almost anything, including
linear equations and a variety of non-linear equations, such as polynomials, power
laws, exponentials, and so forth. The key point about the selection of f is that the
resulting equation must be a good “fit” to the supporting data. Assuming that is
true, we also assume that it will produce estimates that reasonably represent what
will happen in future real world projects.’

The x; represents the possibility of more than one independent variable. Most
commonly, those independent variables are the parameters that the model builder
has chosen as parameters driving the dependent variable. Model users initiate
estimating by entering known or at least suspected values for these parameters.

Lookup tables are basically mathematical functions that are expressed in tabulated
form. Use of lookup tables is sometimes more convenient for commercial model
builders than use of algebraic functions. This is particularly true for “discrete”
drivers such as material of manufacture, number of axes of rotation, number of
external interfaces, and so forth.

A key aspect of model architecture is the choice of parameters. A prime
requirement for use of a particular parameter is that it must be either a direct
cause of the level or amount of the resource being estimated, or must strongly
correlate with it. An example of a direct cause is the number of optical elements
in a telescope. The more of them that are required, the higher the cost. Their
optical quality is another direct cause, as is their combined surface area.

A prime requirement for the selected cost driving parameters considered as a set
is that the amount of correlation between any two of them should be small.
Correlation is a statistical term. The most used measure of it is the coefficient of
variation (R?). The coefficient measures the strength and direction of a linear
relationship between the two variables. Most spreadsheets will do this
calculation.

A commonly used parameter in estimating many types of hardware is its weight.
In many cases, weight does correlate strongly with cost, but it is seldom a direct
cause. In fact, attempts to reduce weight can increase cost significantly. So why
use weight as opposed to using more direct cost driving parameters? Weight is
used because data for it is almost always available. Commonly on projects where
weight is important, reasonably accurate weights are available very early, even in
the proposal phase. But when using weight, it is virtually always necessary to use

' We can now define what could be called the Fundamental Assumption of Parametric Estimating. A fair
wording for it is the following: “If carefully selected and adjusted historical project outcomes are fitted
with sufficient accuracy by a set of mathematical relationships, then that same set of mathematical
relationships will estimate with similar accuracy the outcomes of sufficiently similar future projects.” Note
the profuse use of qualifiers such as “carefully,” “adjusted,” “sufficient,” and “similar.” It is because of the
need for such qualifiers that parametricians must exercise due diligence in selection and treatment of data,
and careful testing of modeling concepts. The need for such qualifiers also prompts customers presented
with parametric estimates to demand justifications of model construction and use.
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other parameters as well, to prevent anomalous results such as incorrect decreases
in cost when engineers attempt weight reduction programs (see inset below).

The Problem with Weight

Here is a simple, easily understood demonstration of the problem with using
weight (alone) as a cost driving parameter.

A engineer specifies that a piece of round aluminum stock is to be used as a
drive shaft for a large vehicle. It is 100 inches long and four inches in
diameter. Using elementary geometry, its volume is approximately 1,256 cubic
inches. Aluminum has a density of approximately 0.1 pounds per cubic inch,
so the shaft weighs about 126 pounds. Assuming that aluminum costs
$2/pound, the cost of the shaft is about $252.

The engineers find that the vehicle is too heavy, and a weight reduction
program is ordered. The engineer in charge of the drive shaft carefully reviews
his design margins and finds that he can get by with a 3.5 inch diameter drive
shaft. Unfortunately, 3.5 inches is not a stock size, so the engineer specifies
that the four inch shaft must be turned in a lathe and reduced in diameter to 3.5
inches.

It takes a skilled machinist one hour to do this work. His work station charges
$100/hour for work processed there. So, the cost of the shaft is increased from
$252 to $352, a 40% increase. But the weight of the shaft has decreased from
126 pounds to 96 pounds, a 25% decrease. To keep this anomalous result from
happening, a parametric model builder who uses weight as a cost driver must
somehow account for the extra effort of the machinist. This will require use of
at least one additional input parameter.

With regard to users, timing, convenience, flexibility and ease of data availability
are important issues. A major factor in favor of building and using parametric
models is their ease of use early on with minimal project information, when many
key decisions tend to be made. As noted above, one reason for the popularity of
weight as a parameter is its early and easy availability. A frequent and vital part
of that judgmental process is viewing and interpreting scatter plots.

Figure 1.2 shows ten hypothetical data points of cost, y, versus a direct cost
driving parameter, x. Inspection of these points strongly suggests that a straight
line is a good fit to the data, and a careful analyst would probably proceed with
that assumption. The straight line that has been fitted to this data is based on a
frequently used and relatively simple statistical model called ordinary least
squares (OLS).
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Figure 1.2 More Hypothetical Plot Points

The OLS provided best fit equation is y = 3.1772x + 1.8123. Obviously, the fit is
not exact, because none of the points lie exactly on the line. Additional analyses,
discussed in Chapter 2 of this handbook, are generally appropriate to analyze just
how good the fit is. Ifit is good enough to satisfy the analyst and customers, a
one independent variable CER can be declared. But what if the result is as shown
in Figure 1.3? Here, the data scatter is much worse. What to do?
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Figure 1.3 Poor Choice of Cost Driver

The first thing to do is to understand the several reasons why data scatter may be
observed. The most prominent among them are:

Poor choice of cost driving parameter;

Presence of one or more other (but as yet unrecognized) cost driving
parameters;

Presence of non-normalized parameter values;
Data collection errors;
Inconsistent cost classification;

Non-linearity of the x-y relationship.

We briefly discuss each of these in the order shown.
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Poor Choice of Cost Driving Parameter

Engineers and others who work with a new product in a project environment
generally have a good intuition for what parameters drive cost of the product.
However, intuition can sometimes be deceived. The plot in Figure 1.3 is an
extreme example. It should be noted that a parameter that is poorly associated
with one project cost may be an excellent driver for a different project cost. For
example, a driver that poorly predicts development labor hours could possibly be
a very good predictor of production “touch” labor hours.

Presence of One or More Other Cost Driving Parameters

Most costs depend to some extent on more than one parameter. For that reason
alone, scatter plots almost always contain scatter. One good way to detect this is
to make scatter plots of other suspected drivers. Unfortunately, scatter plots with
two or more independent variables are very difficult to make and to interpret, but
usually dependence on more than one parameter can be detected with two
dimensional plots.

Presence of Non-Normalized Parameter Values

Consider cost values for essentially the same kind and amount of material taken
from two different projects, one done in 1999 and one done in 2003. In the 1999
project, the material cost $5/pound, but in the 2003 project it cost $5.50/pound.
There could be more than one reason for this, but the most common reason is cost
inflation. Inflation is one of a set of cost-affecting parameters commonly referred
to as normalization factors. Certain cost data that comes from different years will
typically be affected by inflation, and unless this effect is accounted for and
corrected, the model can have significant errors.

It should be noted that different kinds of cost are not necessarily affected in the
same way by particular normalization factors. For example, cost of a certain
material such as aluminum may be strongly affected by inflation, while labor
hours are not much affected. However, labor hours can be affected by industry
productivity trends, “learning” phenomena, and other considerations such as skill
mix.

Proper selection of normalization factors and the mathematics of normalization
corrections are an area when analyst judgment and experience are important.
Data Collection Errors

Data collection errors can occur when the data are first recorded, and also when
the parametric analyst acquires it from wherever it has been stored. If the original
recording was in error, finding and correcting the error is often difficult.

Inconsistent Cost Classification

One of the most difficult tasks undertaken by parametric analysts is to sort out
inconsistent data. The task is doubly difficult if the data comes from more than
one organization, if accounting practices differ. Mergers and acquisitions within
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industry means data from disparate accounting systems have been combined. It
would be foolish to assume that the contributing accounting systems were
identical and that the data from the two was homogeneous. Experience, good
judgment, and knowing the right questions to ask can be important to doing this
well.

For example, an area of potential confusion is the distinction between recurring
and non-recurring cost. In some companies, engineering development work is
treated as a burden on production effort (recurring), while in others it is treated as
a standalone non-recurring cost. See Appendix I for additional discussion on this
topic.

What are the best practices with regard to possible data inconsistency?
e Recognize that it can happen, even within the same organization.

e Within your own organization, be sure you clearly understand the
meanings of the various accounting classifications and how costs are
assigned to them.

e Recognize that if data comes from more than one organization, some cost
inconsistency is likely. Ask questions about their ways of treating costs.

e Try to bore down to the actual labor tasks that are done; work with labor
hours to the extent possible, not labor costs (e.g., dollars).

e Recognize that even labor hours can have some inconsistency if the skill
mix is changing.

Non-linearity of the X-Y Relationship

It would be simpler for parametricians if all costs were linearly related to their
various drivers. Unfortunately, this is often a non-linear world and the
assumption of linearity will not always work. For accuracy’s sake, the non-
linearity often must be accounted for.

Figure 1.4 shows a rather mildly non-linear x-y relationship. This plot was created
using the popular MS Excel spreadsheet, which has the capability to do some
simple “best fit” curve fitting to plotted data. While that capability should not be
the basis of a formal CER design, it is an excellent tool for detecting non-linearity
and making a preliminary assessment of the best non-linear function to use to fit
the data.
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Figure 1.4 Non-linearity of X-Y Relationship

In Figure 1.4, the dashed line is a straight line, and it is not as good a fit as the
curved line, which happens to be a second order polynomial, also known as a
quadratic equation. The best fit equations of both curves appear at the top of the
plot. Also appearing at the top of the plot is the statistic, R?, the coefficient of
variation. This statistic, which ranges from zero to one depending on how well
the curve fits the data, is useful for rough comparisons of goodness of fit of
different types of curves. Note that the better fit of the quadratic is confirmed by
its higher R? value.

Model Development

During this phase, the team refines the scope of the model’s requirements, and
defines the methods and assumptions which establish the basis for its business
rules and estimating relationships. User requirements and input/output interfaces
are also identified.

The development of a complex model incorporates many anticipated uses and
goals such as estimating/users’ requirements, life-cycle costs, systems engineering
costs, forward pricing rates and it must integrate these into the parametric
estimating approach. The modeling process, in particular, focuses on these tasks:

e Specifying the estimating methods for accomplishing the estimating goals;

e Identifying the job functions and other elements of cost that will be
estimated;

e Defining data input structures and WBS elements.

Complex models may contain a number of different estimating techniques (e.g.,
CERs, the input of discrete estimates), and must document how they all interact.

Development of a complex model is an iterative process. As more technical
definition is understood and the baseline design detail increases, the elements of
the parametric model expand to capture those new details. Thus the model
continues to evolve from a simple CER-driven model to a complex CER-driven
model.
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1.1.1.5 Model Calibration and Validation

Parametric models should be calibrated and validated before they are used to
develop estimates for proposals. Since complex models are based on an
organization’s historical data, they are considered to be self-calibrated. The
validation process, however, applies to all parametric estimating techniques,
whether CERs, complex models, or commercial models.

Validation is the process, or act, of demonstrating the complex model’s ability to
function as a credible estimating tool. Validation ensures:

e The model is a good predictor of costs;
¢ Estimating system policies and procedures are established and enforced;
e Key personnel have proper experience and are adequately trained.

The purpose of validation is the demonstration of a model’s ability to reliably
predict costs. This can be done in a number of ways. For example, if a company
has sufficient historical data, data points can be withheld from the model building
process and then used as test points to assess the model’s estimating accuracy.
Unfortunately, data sets available are often extremely small, and withholding a
few points from the model’s development may affect the precision of its
parameters. This trade-off between accuracy and testability is an issue model
developers always consider.

When sufficient historical data are not available for testing, accuracy assessments
can be performed using other techniques. For example, a comparison can be
performed between an estimate developed from a complex model and one
prepared using other estimating techniques.

Another testing methodology compares a program’s final cost to the complex
model’s estimate of it. However, it may be months, or years, before this approach
can be applied to a given program. The model team may use this method when a
program is near completion, or is at a point where a meaningful earned value
performance index for it can be determined.

1.1.1.6 Model Documentation

Model documentation requires that configuration control of the assumptions,
conditions, and changes to the model are recorded as they occur. Management
will want to know the version of the model, including all changes and
assumptions being used for costing.

1.1.1.7 Model Updates
Model updates are evolutionary. They are often updated on the fly as changes
occur. All changes should be documented.
1.1.2 Parametric Model Use

The degree of rigor applied to the use of a parametric model should be no less
than that applied to its construction. The steps of parametric model use are:
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1.1.21

1.1.2.2

1.1.2.3

e Special settings;

e Model calibration;

e Parameter values and ranges;
e Using the results.

It should be noted that the flow of work need not always conform exactly to the
sequence shown in the flowchart (Figure 1.1). Sometimes it may be possible,
depending on resources available, to do in parallel, or partly in parallel, or even
out of order, some of the tasks that are shown to be in series.

Special Settings

Many parametric models have special global settings that influence the overall
response of the model. Common examples of such settings are year of inflation,
inflation table to be used, method and slope of learning, average labor rates,
average overhead rates, project start dates, and so forth. If a model has global
settings, they must all be checked and properly set before estimating activities
begin.

Model Calibration

Most simple CER models do not have a calibration capability nor do they need
calibration if they are based on company history. The more sophisticated
complex models have a calibration capability. The main reason they do is that the
data they are based on may come from various sources and represents “industry
typical” conditions. These conditions may be somewhat different than the
conditions in a particular organization (more on this in Section 1.3). Users
therefore need to adjust their model to accommodate the differences. These
adjustments typically are not huge. Huge differences are unlikely in competitive
markets, but they can occur in non-competitive situations, or in situations where
an organization has a decided advantage, as for example in the availability of high
quality but inexpensive labor (e.g., in university graduate schools). The topic of
calibration is discussed in additional detail throughout this handbook.

Parameter Values and Ranges

To produce a cost result, the user must enter values for all parameters required by
the model. In some models, particularly the simpler CERs, the user must enter
values for every parameter. In others, particularly the more sophisticated
complex models, the model may enter some default parameter values for the user,
based on user selection from among a few basic estimating categories. The
presence of such default “presets” in complex models is a labor saving device for
users. The user can either accept or reject the preset defaults.

The simpler CERs typically require entry of only a single value for each
parameter. Some of the more sophisticated complex models require several
entries for each parameter for purposes of performing a risk analysis. One of
these entries is typically what the user perceives to be the most likely value. The
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other entries are uncertainty parameters based on the probability distribution
assumed.

Models that require uncertainty inputs are equipped with algorithms that do
statistical analysis to provide some kind of measure of risk. There is much
variation as to how this is accomplished. Users should be aware that for
commercially developed models all such analyses attempt to measure only those
project risks that are related to model parameter settings. In most major projects,
these are only a subset, sometimes a minor one, of the total risk picture. Some
models designed solely for risk analysis are much more comprehensive in this
regard than complex parametric models designed primarily for cost estimating.

1.1.2.4  Using the Results

The basic use of parametric model output is the estimation of a range of cost (see
Appendix H), or an analog of that cost, such as labor hours or project duration.
But the estimation of cost can have multiple purposes. Among them are:

e Proposal pricing. The most rigorous use is to support determination of a
bid amount for a desired project contract. A careful audit of the entire
estimating process is likely.

e Rough estimates. A less rigorous use is to obtain a rough estimate of
cost, often for purposes of determining affordability, or competitive
advantage.

e Trade studies. Trade studies examine cost effects of different product
design options and/or the cost effects of different ways of organizing the
project.

e Active project management. A use that is becoming more common is to
assist in active management of the project. To do this, the complex
parametric model is coupled with a process called earned value
management (EVM). EVM measures useful work accomplished versus
resources expended to determine if the project is meeting expectations. A
parametric model can make forecasts of costs of work remaining. These
results can be helpful to project management in detecting the need and
scope of corrective action.

e Sanity checks and cost realism. If a project has decided to use another
estimating method as the primary method for a proposal, it may
nevertheless want to use a parametric backup estimate as a “sanity check.”

e Competitive analysis. In competitive situations, it is often desirable to
try to assess a competitor’s costs. One useful approach for doing this is to
collect parametric information about the competitor and input into a
parametric model. If there is some uncertainty about the parametric
information, use of a model with risk estimating features can be helpful.
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1.2

Cost Estimating Relationships

1.21

1211

A cost estimating relationship (CER) is the foundation of the art and science of
estimating resource needs in projects using parametric methods. The parametric
method comprises collection of historical cost data and reducing it to
mathematical forms that can be used to estimate similar activities in future
projects. The mathematical forms are called CERs. They are most commonly
algebraic equations, but sometimes they are tabulated data.

In this section, we discuss certain aspects of CERs, namely:
e Data characteristics and sources;
e Data normalization;
e CER development;
e CER validation.

CERs are mathematical in nature, and the math can be somewhat advanced, but
our discussion of the mathematics in this section will be at a rather elementary
and cursory level. See Appendix B for a deeper exploration of the mathematics.

Data Characteristics and Sources

CERs are created for the main purpose of being able to quickly and reliably
estimate future project costs. For that reason, we must be clear about what a CER
is supposed to estimate. A key issue is comparability of the historical data and the
future costs to be estimated. Comparability has many aspects. Several of the
more important ones are discussed in this section. Also discussed are commonly
used data sources and the importance of data context.

Comparability of Activities

Ways of comparing project activities are almost limitless. Our interest in
comparison will be limited to examination of project activities that can create a
material difference in cost. Even so, it is impossible in the scope of this handbook
to capture all that can be imagined. It is the job of the CER builder to be sure that
he or she has captured all significant project activities that matter.

Some project activities have shown by experience to cause material differences in
cost; they also frequently occur. This includes:

e Timing;

e Labor versus material;

e Recurring versus non-recurring;
e Overhead versus direct;

e Production quantity and rate;

e Team skills;
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e Team tools;
e Volatility;
e Accounting changes;
e Special constraints.
Timing
Timing of historical versus future costs is of importance for at least one main

reason: variations in the value of currencies, also called inflation or deflation.
Adjustments must be made due to these changes in the value of currencies.

Another consideration is the number of years in the period of performance and
total cumulative data from inception to completion.

Labor versus Material

In common parlance the difference between labor and material is clear. But it is
not always clear in the world of accounting, which is the source of the data used
to build CERs. Major integrating contractors commonly refer to anything they
buy as material, regardless of its labor content at the source. Lower level
contractors may do the same thing, but their labor content may be considerably
different than an integrating contractor’s.

Recurring versus Non-recurring

Costs related to initial development of a product are frequently referred to as non-
recurring costs on grounds that they will only occur once. Costs related to
production of a product are referred to as recurring costs on grounds that they will
recur every time the product is built. Hardware projects commonly have both
kinds of costs, while software projects commonly have only non-recurring costs.

As long as the definitions of what is included in each category remain consistent,
there are no problems. But different organizations have been known to adopt
different accounting practices in this regard. For example, organizations typically
treat engineering design effort as non-recurring costs, while a few bundle the
engineering effort into an overhead account and apply it as a burden to production
labor costs. The difference in production burdened labor rates is substantial. See
Appendix I for additional discussion of recurring and non-recurring costs.

Overhead versus Direct

As an accounting convenience, accountants often make a distinction between
overhead costs and direct costs. Generally speaking, costs closely related to the
purpose of individual projects are classified as direct, while costs more remote
from the purpose of individual projects are classified as overhead. Unfortunately,
accountants have no uniform standard for making this distinction.

The usual manner of recovering direct costs is to list them explicitly in contract
proposals. The usual manner of capturing overhead costs is to bundle them and
apply them as burdens to selected labor rates or sometimes to material purchase
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costs. While this to some extent masks the true costs of activities, it is not
particularly troublesome to CER builders as long as the allocation percentages
remain about the same. Unfortunately, different organizations have different
overhead structures, so mixing data from different organizations can be
troublesome. Moreover, even within one organization, overhead rates and thus
burdened labor rates, can sometimes vary as often as daily.

Production Quantity and Rate

If cost data rolls up the cost of many items produced, as opposed to separately
enumerating the cost of each item, the data is not useful unless the quantity
produced is known. Of lesser effect on data usefulness is the rate of production,
the effects of which are more subtle and variable.

While quantity is the main driver of total production cost, the well known learning
effect can also have a considerable impact.

Team Skills

In some organizations team skills are relatively constant and therefore of not
much concern to CER builders. However, the modern trend is for competitive
project organizations to engage is some form of continuous improvement, thereby
becoming more cost effective in their work. This takes various forms, such as
CMMLI, and various ISO classifications, but team self-improvement is the
common purpose.

Team Tools

Quality teams cannot be their most effective if they work with poor tools.
“Tools” can include everything from buildings to production machines to
computers and software. As tools improve, cost effectiveness increases.

Volatility

The most cost effective project environment is one in which project requirements,
labor force, and infrastructure is stable. Volatility in any of these factors can
increase costs.

Accounting Changes

Companies change their accounting systems for many reasons. There are
mandated changes from the Government, internal decisions to change cost
accumulation procedures, adjustments to account for new ways of doing business,
and mergers and acquisitions. In any event, expect to have to reconcile history to
account for these planned changes.

Special Constraints
Various kinds of special constraints can seriously affect cost. Among them are:

e Overly short or long project schedules;
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o Staff shortages, especially of skilled people early in the project;
e [ll advised attempts to reduce costs;

e High levels of project secrecy.

1.2.1.2 Commonly Used Data Sources

A data source commonly used by CER builders is an organization’s formal and
official books of account, often referred to as the general ledger. Other sources,
sometimes of lower reliability, but often more detailed, include:

e Engineering design records;
e Program reviews (PDR, CDR, and so forth);
e Manufacturing records;
e Departmental records;
e Purchase orders;
e Cost reports to customers and others;
e Special cost studies;
e Industry surveys;
e Government reports;
e (Cost proposals.
The latter should be used only as a last resort. Estimates based on proposals are
often viewed with suspicion.
1.2.1.3 Importance of Data Context

The commonly used sources listed in the previous section are sometimes big on
numbers but weak on detailed descriptions. The minimum detail needed by a
CER builder is the cost’s accounting characterization, but that is scant information
and can sometimes be confusing. Other information that’s highly useful, and
sometimes obtainable only from informed individuals, includes:

e Production quantity;

e Production rate;

e Project schedule;

e Nature of the product;

e Major project perturbations, especially changes in requirements;
e Make versus buy content;

e Special problems or situations encountered, such as introduction of a new
technology, major changes in the available skill mix, and so forth.
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1.2.2

Context information such as the above is useful to the CER builder in determining
whether or not the future project to be estimated is sufficiently similar to the
historical projects from which data was taken.

Data Normalization

Data normalization is a process whereby a CER builder attempts to correct for
dissimilarities in historical data by putting the data into uniform format. In
principle, if all of the historical data comes from the same organization, if that
organization is not changing or learning, if the organization is repetitively doing
the same kind of work with no improvements in efficiency or technology, and if
the national currency does not fluctuate in value, historical data would not need to
be normalized.

For historical data, normalization is virtually always necessary. How much is
necessary depends on what is changing and how fast it is changing. It also
depends on how much accuracy is needed in the CER being built.

The ability of a CER builder to do normalization is almost always subject to the
limitation caused by unrecorded data. Not everything that affects cost in a
historical project is recorded in the official books of account. If a CER builder is
fortunate, a historical project will have recorded certain vital contextual
information in some kind of anecdotal project history.

While some normalization adjustments are of the types that require an initial
injection of expert opinion to get the ball rolling, others are more mechanical.
The two that are most nearly mechanical are adjustments for inflation and
production quantity.

To normalize for inflation, the CER builder will locate a prior year’s inflation
table appropriate to a given product or product mix. Using this table, the
historical costs will be adjusted to a common desired base year. The CER will
then make its estimates based on the new base year currency values. If the CER
user wishes the cost output to be in a different base year currency, he or she must
use a table of inflation that includes that base year. If the new base year is in the
future, as is likely, the inflation values given by tables will be estimates made by
Government or industry economists.

If every unit produced had the same labor hours and material cost, or deviated
only slightly from the average of those values, adjusting for differences in
production quantity would simply be a matter of dividing the historical total cost
by its production quantity to get an average value. Unfortunately, in most cases
this simple linear adjustment will usually be far off the mark if the production
quantity is more than three or four. In production where the quantity is more than
just a few, a highly non-linear phenomenon known historically as “learning”
commonly takes place.”

? Little or no learning may take place in highly automated factories. However, there may be improvements
due to better methods and equipment.
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Sometimes this phenomenon is called cost improvement or other names, but the
basic idea is that the work force gradually improves its ability to build the
product. This involves both human understanding and motor skills. “Learning”
can also be due to investments in better tools and processes. “Learning” may
affect material purchase costs through better buying practices, reduction of
manufacturing scrap, and measures to reduce various material attrition losses
(e.g., due to rough handling, theft, damage in transit, and so forth).

The learning process has been found to be non-linear in that it affects every item
built somewhat differently. Without delving too deeply into the mathematics
involved, we can say that the learning process appears to be best represented by a
non-linear equation of the form:

y =ax’
The above equation will plot as a straight line on log-log graph paper.

In one theory of learning, called the unit theory, y is the labor hours or cost
associated with unit number X in the production sequence, a is the labor hours or
cost associated with the first unit produced, and b is called the natural learning
slope. The value of b is almost always negative, reflecting the fact that unit costs
decrease as production quantity increases.

In the other theory, called the cumulative average theory, Yy represents the
cumulative average cost of units 1 through X, a again represents the first unit cost,
and again b is the natural learning slope.

Learning slope is commonly given as a percentage. The percentage expression of
learning is related to b through an equation that can be found in Appendix B.

1.2.3 CER Development

The basic idea in CER development is to 1) identify one or more parameters of a
product or project that best explain its cost, 2) find some historical data that are
representative of the desired cost, and appropriately normalize it, and finally, 3)
identify one or more mathematical functions that “fit” the data and that can be
used to estimate future costs based on similar plans about future projects.

The world of useful mathematical functions is extensive. However, most cost
data sets arising in practice have fairly simple shapes. This allows good fits using
relatively simple functions. The functions used are mostly the polynomials of
orders 1 and 2, the power law, the exponential function, the logarithmic function,
and some variations on these.

The most elementary function commonly used in fitting to data is the polynomial
of order 1, also known as the straight line. If a scatter plot of data appears to be
compatible with a straight line, then the function to be fitted would be the
equation of a straight line, namely:

y=ax+Db

Where a and b are constants. Figure 1.5 is such a scatter plot.
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Figure 1.5 Typical Linear Scatter Plot

In the 19" century the famous mathematician Carl Friedrich Gauss (with
contributions from others) developed a process called least squares, also called
ordinary least squares (OLS) for obtaining an optimal fit of data to a polynomial
of order 1 or higher (e.g., a straight line, a quadratic, a cubic, and so forth.). The
fit is optimal in the sense that the sum of the squares of the fit errors (known as
“residuals”) is minimized. See Figure 1.6 below. Hence the name “least
squares.”

Certain so-called “transcendental” curves favored by parametric analysts, such as
the power law, the exponential, and the logarithmic, cannot be fitted directly by
the OLS process. The technical reason for this is that they are not linear in their
coefficients. However, the most useful ones can be converted to a linear form by
a certain mathematical transformation, and in that form the OLS process can be
used.

One problem with OLS, bothersome to analysts, is the nature of the error term of
the resultant fitted equation. Using a simple linear equation to represent the class
of polynomials, the equation including error term can be written:

y=a+bx+e¢

Where ¢ is the error. Note that the error term is additive, which is not always
appropriate. When certain non-linear functions are converted to linear form so
that OLS can be performed, the error term is multiplicative, also not always
appropriate, but usually of more interest in the cost estimating context:

y =(a+bx)e

A graphical illustration of the difference between additive and multiplicative
errors is presented below in Figure 1.6.
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Multiplicative Error Additive Error

Figure 1.6 Comparison of Additive and Multiplicative Errors

To the problem of error inconsistency can be added the inability of OLS to fit
certain interesting and sometimes useful non-linear functions that cannot be
transformed to a linear equivalent, such as y = ax” + c.

Various fixes have been proposed for these problems, but probably the most
popular is called the General Error Regression Model (GERM). With GERM,
one can choose to use either an additive or a multiplicative error approach, and
one can fit virtually any function one chooses to fit to the data, however non-
linear it may be. Today, GERM is widely used, and it can be implemented on
most computer spreadsheets.

1.2.4 CER Validation

Once we have gone through all of the steps of finding and normalizing data and
fitting one or more functions to it, we naturally want to know if the result is any
good. The ultimate test of the goodness of any CER is whether or not it can
predict project costs with reasonable accuracy. Unfortunately, we can never
know that for sure until we estimate the costs, do the project, and compare the
results to what the CER predicted. But by then, if we had a weak or inaccurate
CER, it would be pretty late to find that out, and damage could have been done.

So, a lot of effort is typically expended on CER validation before a CER is used
for any risky purpose. Validation activities are typically 1) practical, 2)
mathematical, and 3) judgmental. The most practical thing that can be done is to
use the CER to estimate one or more projects that have already been completed
and see if the answer is accurate to within expectations.

Several mathematical tests are available for CERs. We will briefly discuss three
of them:
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1.3

e Standard error of estimate (SEE);
e Average percentage bias;
e Coefficient of variance (R?).

Standard error of estimate (SEE). SEE is the root mean square (RMS) value of
all percentage errors made in estimating points of the data. It is similar in nature
to the more well known standard deviation (o) statistic. SEE measures how well
the model represents its own underlying data, given the scatter.

Average percentage bias. This is the algebraic sum of all percentage errors
made in estimating points of the data averaged over the number of points. Bias
measures how well percentage over and underestimates are balanced.

Coefficient of Variance. This statistic, written as R, is undoubtedly the most
commonly used measure of goodness of fit, although many say it is not the best.
It measures the amount of correlation between estimates and corresponding
database values, that is, the degree of linearity between two quantities.

CERs have to be sanity checked. These checks can take various forms from
management reviews to in-depth audits. A growing practice is to form an
integrated product team (IPT) to review all of the steps of CER creation with a
view to assessing their validity. The activities of these IPTs can resemble
“murder boards,” in that they attempt to punch holes in all validity arguments. A
CER that survives such a process is likely to be of high quality.

Complex Models

131

What is a “complex” parametric tool or model, and how does it differ from a cost
estimating relationship (CER)?

In this section, we will try to make those differences clear to help readers better
understand how complex tools are built and how they fit into the estimating
process.

Comparison of Complex Models and CERs

“You can’t estimate the cost of something if you don’t know what it is.” The fact
is, if you have some knowledge about something, you may be able to make an
approximate estimate for it, but the more you know, the more accurate your
estimate is likely to be.

If knowing more can lead to a more accurate estimate, then it should follow that a
model that asks for more information, every thing else being equal, will generally
give you a better result than a model that asks for less, assuming that you can
provide the extra information. So, as the primary descriptor of “complex”
models, we can say that they are models that ask the user for more information
than ordinary CERs do, typically much more. Initially there is limited technical
description upon which to build a model. As more technical detail is established,
the model expands becoming more complex. Thus an early version of an in-
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house built cost model will be simpler, requiring less input, than a mature detailed
model requiring much more input.

A typical CER will ask for one, two, three, or perhaps four pieces of parametric
information. A complex model, by contrast, may ask the user for 20 to 40 pieces
of information. Its construction may involve a variety of statistical analyses and
inferences, generally not limited to regression, and will inevitably use expert
judgment about the way the world works in order to arrive at some of its results.

A complex model asks for more information than a single CER, and generally it
also provides more information in its output. A typical CER will give one
answer, usually a single point estimate of total cost, labor hours, material cost,
time, weight, and so forth. A complex model might provide all of that, and a
great deal more. For example, a complex model might provide a range of costs
that includes risk and uncertainty, information about project team skill mix and
size, spend profile, activity scheduling, facilities required, and so on.

Because a complex model is typically designed to report many kinds of
information, it tends to be algorithmically robust compared to a CER. While a
CER may comprise as little as one algebraic equation, a complex model could
have dozens of interactive equations, as well as look up tables, if-then logic
ladders, and even iterative procedures such as non-linear equation solving or
Monte Carlo simulation.

Mathematics is a powerful tool, but unaided, it is far from capable of putting
together the analytical approach of the typical complex model. Considerable
expert intervention is required as well. While a reasonably competent
mathematician or statistician may be able to build a valid CER given a regression
tool and a set of fairly clean data, that person would probably be unable to build a
valid complex model. Why? Because of inexperience with the objects for which
the estimates are needed, and perhaps also because of inexperience with the way
those objects are used, come into existence, or even what they look like. This is
why a good parametrician has a technical background, versed in finance with
strong math and statistical skills.

Another difference between CERs and complex models is that CERs often have
much wider scope. There have been CERs (also known as “rules of thumb” in
this case) that proclaim that it takes x dollars to get a pound into space. A
complex model is unlikely to make such a simplistic claim making its versatility
limited to well defined programs.

1.3.2 Complex Tools in the Estimating Process

Early estimates of a new project, especially a project involving one or more new
concepts, are far more likely to be too low than too high. The reason is lack of
knowledge about the true scope of the project, and the obstacles that need to be
overcome, otherwise known as the “unknown unknowns.”

Many projects today are extensive in scope, cost, and duration. Such projects
typically operate under fairly firm cost constraints. These constraints often have
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1.3.3

1.3.3.1

names such as target cost, design-to-cost (DTC), life cycle cost (LCC), total
ownership cost (TOC), or cost as independent variable (CAIV). Where do such
cost constraints come from? How are they set? Often, they come from complex
cost models. Many of these models have the capability to not only provide a most
likely cost, but also provide costs at various probabilities of success. Careful use
of such models can help establish not only total cost targets, but also lower level
targets that are challenging but doable with reasonable effort.

Unless a project involves totally familiar effort, the stakeholders in a
consequential project will want to examine different ways of executing it. Such
examinations are called trade studies. They can range from macro level studies
conducted by the customer or project management, such as which development
team to use, which factory to use, what kinds of tests to conduct, and so on, to
micro level studies conducted by engineers, such as which wing shape is best,
which fuel control valve is best, and so forth. Seldom can even a complex model
embrace all of the considerations involved in such choices, but they can often be
very helpful with the comparison of the resources required aspects of a trade
study.

Stakeholders will be interested in seeing if a project is meeting expectations, and
if not, what liabilities they are assuming by continuing. Earned value
management (EVM) is a much touted tool for this purposes, but unaided, it has
limited predictive power. A complex estimating tool can enhance the
effectiveness of EVM by providing reasonably accurate predictions of cost
outcomes given the current situation. A complex tool can vastly aid decisions
about whether to continue, and if continuing, how much unplanned time and
money will be needed.

Complex tools can also assist pricing, production quantity, and marketing
decisions. Pricing below estimated cost is not feasible in the long run, but can be
an effective short run strategy. But to safely develop such a strategy, you must be
pretty sure what the cost is. Production quantity is a key decision variable, being
influenced by funds availability, production costs, and market demand. See
Chapter 8 for an additional discussion.
Development of Complex Tools
The development of complex tools will be considered under three sub-headings:

e Data and cost drivers;

e Mathematics and logic;

e Outputs.

Data and Cost Drivers

Parametric estimating, like all other estimating, is based on analogy. To estimate
the cost of anything, we need information about what similar things have cost in
the past. We call such data “historical costs.”
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Complex models almost invariably contain substantial input of expert judgment.
But even the best experts can misjudge on occasion. Therefore, expert judgment
must be subjected to as much validation as reasonably possible.

In an in-house complex model, there is likely to be both more data and/or possibly
better expert judgment because of direct experience with the products. But, most
model builders often suffer from shortages of data, and commercial model
builders are no exception. For certain types of exotic hardware, there may be only
a small amount of data in the whole world, and most of it may be hidden from
view for competitive reasons. Because of that, developers of commercial models
generally rely more on expert judgment than in-house modelers.

Two different organizations challenged to build an item will have different costs,
sometimes substantially different. Which organization’s costs do you try to
capture in a parametric model intended for sale to many different organizations?
The usual answer is that a commercial complex model will generate costs that are
“typical” of the industry. The model builders may not know exactly who will use
their model, and they almost certainly cannot be sure whether their users are
above or below industry norms, so they will try for what is typical. Depending on
the data they have and how they process it, “typical” may be closest to mean, or
median, or mode. This creates the need to calibrate commercial complex models.
See Section 1.1.1.5.

The process of interpreting data for use in a model is commonly called
normalization. There are some guiding principles that should be followed. See
Section 1.2.2 and Chapter 2 for more discussion on this topic.

Once data is normalized, the remainder of the development process is highly
dependent on the outputs the developer wants the model to produce. The most
common outputs of commercial models are:

e Development cost;

e Development labor hours;
e Development material cost;
e Production cost;

e Production labor hours;

e Production material cost.

Commonly, all of these results are produced in hardware models, but only the first
in software models. In software development, the “production” activity called
“coding” is generally regarded as part of development and thus defined by
convention as non-recurring.

Until recent years, the universally accepted primary driver for software
development cost was the number of lines of delivered working code. That
primacy still exists in many companies, but others have come to prefer other
metrics. Of those, the most widely accepted appears to be counts of function
points. The function point method counts not the lines of code, but the number of
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distinct functions that the software must perform. There are several ISO
standards for counting application functionality, defining the rules for counting
and weights to be used in computing a summary function point count. Other
primary metrics have been considered, such as number of “use cases,” but these
as yet have not had wide acceptance.

There is increasing interest in non-weight primary drivers for non-electronic
hardware. One reason is that in general, all that engineers want to do with weight
is decrease it, and doing that can cost more than leaving it alone. So, it is not a
particularly useful metric in trade studies that consider cost, as most do. Many
future models will have as primary drivers relatively difficult or expensive to
meet requirements or product features. For example, for a space based telescope,
the primary drivers might be diameter, number of imaging elements, number of
non-imaging elements, and optical quality.

Lower level drivers for both hardware and software models are generally of one
of three types:

¢ Product operating environment;
¢ Project team composition;
e Project team environment.

Parameters often considered under product operating environment for hardware
include:

e Type of service (frequently called “platform™);

e Functionality (e.g., provide lift, radiate RF frequencies, and so forth);

e High operating pressures;

e High margins of safety;

e High levels of reliability;

e Level of radiation experienced.
Often considered for software:

e Execution time constraints;

e Memory constraints;

e Machine volatility;

e Machine of use differences from development environment.
Parameters often considered for project team composition include:

e Average team member capability;

e Average team member experience;

e (Cohesiveness of team members.

1-28

International Society of Parametric Analysts



PARAMETRIC ESTIMATING HANDBOOK

In addition, experience with the programming language is often considered in
software development.

Project team environment typically includes such parameters as:
e Availability of modern tools;
e Knowledge of how to use available tools;
e Degree of geographical dispersion of team members;
e Volatility of the design requirements;
e High level of security requirements.

Cost drivers are not all equal. Some are more sensitive and cause larger cost
variations than others. In an ideal complex model, all cost drivers would have
similar effect, but that ideal is unattainable. The reality is that some drivers will
be “big” and others will be “small.” Users should be aware of this and should
know which is which. Model builders tend to make this information readily
available.

1.3.3.2  Scope of Estimates

Generally, complex models focus on estimating development and production cost.
Some go beyond this and deal with what is commonly known as “operations and
support,” or the costs of operating and maintaining fielded systems.

System integration, as opposed to systems integration is another important scope
issue. All complex models deal with one or more systems, in some sense of that
word, and many deal with systems within a system. Recently, because of growth
in what technology is capable of doing, we hear more and more about systems of
systems, or mega-systems. Commercial model builders continually try to upgrade
to enable users to better deal with these higher level integration issues. Users
must be aware of what level of integration complexity their complex model is
capable of dealing with, and limit their expectations accordingly. The practitioner
should be sensitive to this and include factors for these costs in the in-house
developed model.

1.3.3.3 Mathematics and Logic

There exists a large diversity of mathematics and logic used in complex models.
Here is a list of some major categories and a few examples:

e CERs;
e Algorithms.

CERs

Virtually all CERs are empirical fits to data. The most commonly used tool for
fitting is linear least squares regression, but other tools are often used, for
example:
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Non-linear least squares;

Gauss-Newton.

A variety of curves is used. The choice of curve is most often on the basis of
some criterion of “best fit.” The following list includes the most commonly used
curves, in no particular order:

Linear.

Segmented linear;

Polynomials of various degrees;
Power law;

Log normal;

Exponential;

Rational;

Various statistical distributions;

Power series.

Some simple CERs have only a single explanatory variable (cost driver). But in
complex models there are often two or more. Most complex models, especially
custom in-house developed models use a breakdown of hardware or software into
a WBS. Many of the core CERs are developed on lower level data, which may be
more readily available.

Algorithms

Complex models use a multitude of algorithms for a variety of purposes. Among
the most commonly seen are the following, in no particular order:

Phasing and spreads. Some complex models strive to provide some
notion of how costs will be spread. Some limit this to an annual
presentation, but others show costs at the monthly level.

Inflation. Closely related to phasing and spreads is the notion of effects
of inflation. Typically, these come from economic forecasts made by
Governments or by corporate or academic economists.

Allocations. Most complex models strive to allocate costs to various
subcategories of labor skills or typical project activities. The percentages
allocated to each subcategory are usually built into the model. Sometimes
the user is allowed to modify them as a form of calibration.

Monte Carlo simulation. The iterative statistical sampling tool known as
Monte Carlo simulation is most frequently used to generate depictions of
risk or uncertainty called the range estimate or probability distribution. It
can be used as an aid to estimating costs, as for example, in finding the
most logical cost outcomes based on primitive data.
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e Scheduling. The attention paid to scheduling seems to vary widely
among complex models. In part, this is probably because cost is often the
first interest of model users. But for some users, scheduling is of great
importance because of high interest in timing of cost demands versus
timing of availability of funds. A few models provide elaborate
scheduling capability using critical path networking techniques. Others
limit scheduling to user defined or parametrically estimated start and
finish dates for major activities. Still others may estimate some duration
values but otherwise have little or no scheduling capability.

e Learning. In production operations where more than a very few items
will be built, getting an accurate estimate can require careful consideration
of the learning effect. Complex models usually give the user a choice of
one of two widely accepted theories of learning, the unit theory and the
cumulative average theory. Learning slope is usually set by the user, and
various alternative situations may be provided for, such as prior learning,
breaks in learning, segmented learning slope, and so forth.

e Earned value management. Earned value management (EVM) is a
much touted tool for tracking whether or not a project is meeting cost and
schedule expectations. It can work even better when it is built into a
complex model, and some models include it.

e Special adjustments. Complex models typically require a variety of
special adjustments to accommodate user needs. For example, consider
the situation when a project undertakes to design and build a piece of
hardware that is similar to, yet in some ways different from, hardware it
has built before. The heritage from the previous work will tend to reduce
the cost of development in the new project. Therefore the model builder
must create an algorithm that adjusts the cost based on the user’s
description of the amount of heritage.

e User error detection. On occasion, a model user may create inputs that
are inconsistent, or that exceed the design range of the model. If not
warned, the unaware user could get a result that is grossly in error. A
common practice is to provide user warning notices.

1.3.3.4  1/0 Management

Model builders must facilitate rapid input as much as possible. Complex models
also generally provide many outputs, most of which are unwanted at any point in
time. Model builders must make it possible for the user to quickly isolate the
needed outputs.

In recent years, users have tended to link complex cost models with other
complex models, to make even more rapid the transfer of cost driving
information. This sometimes results in the cost model being semi-automated.

Input Management
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Complex models may require a variety of inputs. Here are perhaps the most
commonly seen ones:

List of items to be estimated. The most common formulation of such
lists is the cost or work breakdown structure. This is typically a multilevel
hierarchical list that places the items to be estimated at the lowest level of
the hierarchy.

Presets or scenarios. Various schemes are in use to simplify the work of
the user. These usually take the form of some method of quickly
indicating a certain condition or conditions that apply to the item to be
estimated. The preset or scenario results in automatically setting certain
parameters to values that are typical of that condition. The model user has
the option of revising these if they are deemed to be unsatisfactory. An
example of a preset could be to specify that the item to be estimated is to
be a part of a manned aircraft. That could result, for example, in a
parameter called Product Quality being automatically set at a high level,
thus raising the cost above what it would be if the product was to be used
in an automobile.

Input importing. Parametricians very often make use of information that
is already stored in electronic form elsewhere than in the complex tool
itself. User friendly complex tools provide means for easy and rapid
import of such information, especially from spreadsheets. A popular
import capability is to build the WBS in a spreadsheet, then bring it into
the complex tool. This tends to simplify WBS editing. Values of
parameters are also popular imports.

Product parameter inputs. These are inputs that describe features of the
product. For hardware, the most common is weight. Others typically
relate to design features, requirements, quality, and complexity of the
product. For software, the most common is lines of code and language.
Other measures of software size include function points and use cases.
Other frequent software product descriptors have to do with reliability,
complexity, and team environment and characteristics.

Product operating environment parameter inputs. Products are
generally designed for use in a particular environment, such as fixed
ground, mobile ground, sea, manned aircraft, and so forth. Sometimes the
parameter is about the general operating environment, and sometimes it is
about specific environmental requirements, such as high internal pressure,
exposure to space vacuum, high temperature, radiation, and so forth. The
software environment includes speed and memory constraints, and the
operating system.

Project team composition parameter inputs. Some project teams are
excellent, and some are less than excellent. Team capability and
experience can make a large difference in project cost.
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e Project team environment parameter inputs. Teams functions better in
an ideal environment. That includes close proximity of team members,
lack of distracting situations, and the right tools.

Output Management

Complex models typically provide a variety of reports and charts for users. More
detailed charts typically present detailed breakouts split in a number of ways. Pie
charts and various other graphical formats are commonly seen.

Most complex models provide means for the user to design his or her own output
reports. These custom reporting utilities generally allow the user to select just
about any combination of dozens of available outputs, and inputs as well, and
form them into a custom report. Typically, custom report formats can be stored
and used repeatedly. Most complex models provide for output export to other
applications.

Integration of Cost Models with Other Models

More and more, product development activities are being streamlined to decrease
the time necessary to provide product availability to end users. To that end,
collocated development teams have been formed in some organizations, with each
team member positioned at a computer that is linked to all of the other computers
in use by the team.

A cost analyst is generally a member of the team, and it will be his or her function
to keep track of the costs that result from the designs, versus the goal costs, and
also to be a kind of cost referee in tradeoffs where cost is a dimension of the trade
space. To have the power to deal with the many complex cost issues that are
likely to arise, the cost analyst in these teams is generally equipped with one or
more complex, general purpose models, and perhaps several simpler models or
CERs designed for specific types of estimating.

In this development environment, manual transfer of cost driving technical data to
the cost model, or models, slows the activity down considerably, and can be a
cause of error. Because of this, most development teams today highly favor semi
or fully (where achievable) automated transfer of technical information to the cost
model. Much of the focus of model building today is to facilitate rapid data
transfer.

1.3.4 How Good Is the Estimate?

Project managers and others frequently challenge results from parametric models,
especially when 1) they appear to run counter to what they hoped the result would
be, or 2) when their subordinates insist that the results are too high or two low. It
can well be that parametric results are “wrong.” Wrong inputs will almost
certainly give wrong outputs. But will “right” inputs always give right outputs?
That is a complicated question that we examine in this section.
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1.34.1

1.3.4.2

Importance of Builder and User Skills

Every method of estimating that you can imagine has some kind of “dials” that
you can “spin,” giving you “any answer that you want.” True, it may be
physically and mentally easier to spin them on a parametric model than with some
other methods, but with any method, you can only get the right answer when you
are a seeker after the truth. A qualified parametrician does not spin the dials. He
or she thoughtfully strives to find the best setting for each dial.

While ease of spinning the dials can lead to bad results for parametricians not
rigorously seeking the truth, it is one of the great advantages of parametric
estimating. A qualified parametrician, using a model with which he or she is well
familiar can produce in a few days a major project estimate that would take a
month or six weeks to do by collecting and integrating bottom-up estimates from
project team members. Moreover, if the project is not yet well understood, the
parametric estimate is likely to be more accurate.

A complex model contains virtual intelligence (VI), also confusingly called
artificial intelligence (Al).

VI does not come out of a math textbook or a course in statistics. It comes from
some understanding of the nature of the object to be estimated (what it is). Not
only what it is, but how it comes into existence, what function it fulfills, and the
environment in which it will be used.

Other VI in a good complex model has to do with the skills of the parametrician.
The point is, the outcome of a project is dependent on the skills of the project
team, and the quality of a complex model will depend on the experience and skills
of the model builders.

The “Black Box” Criticism

A few complex models are “open.” That means that all algorithms and perhaps
even the foundational data are open to users for inspection. An excellent example
is the COCOMO 1I software estimating model developed by Dr. Barry Boehm
and described in minute detail in his pioneering book Software Engineering
Economics.

Commercial complex models on the other hand are customarily proprietary. That
is, materials furnished to the user describe in detail how to use the model, but they
expose neither the algorithms used, nor the exact data sources. For that reason,
they are frequently criticized as being “black boxes,” that is, models whose inner
working are unknown to the user and therefore subject to suspicion.

Although inquiry to the model developer can sometimes result in some degree of
explanations, developers generally prefer to maintain confidentiality of most of
what they do, for competitive reasons.

So, why should you trust a commercial complex model? Because:

¢ You fully understand the intended uses of the model, and you have one or
more applications that correspond to some of those uses;
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¢ You are willing to have yourself and/or at least one associate
professionally trained in the use of the model before you do any serious
estimating with it;

¢ You have investigated and know that other organizations who do
estimating similar to yours are using it and are satisfied with the results;

e You use the model at least once to estimate one of your previous projects
where the results are known, and you are satisfied with the comparison.

If you do these things and are happy with the outcomes, the black box syndrome
is not a concern.

1.3.4.3 What the Estimate Means

As noted earlier in this section, commercial model builders seldom know exactly
who will use their model, and exactly how they will use it. Therefore they will
strive to make the model produce what they believe to be “typical” results.
Unfortunately, what they think is typical may appear atypical to some users.
Companies do not all do business the same way.

The model results also reflect various cost sensitivities as perceived by the user.
Those sensitivities may be somewhat different in your organization. Common
differences are the fairly large variances in overall cost results, variances in ratios
of materials to labor, and the allocations of labor skills.

Such differences often appear in early attempts to use the model. Model builders
fully realize this phenomenon, and for that reason urge users to take the time and
trouble to do at least one substantiation or calibration. We discuss calibration in
the next section.

1.3.4.4  Calibration to Improve the Estimate

Some commercial complex models have features for calibrating the model to
account for differences in the way of doing business.

1.3.4.5 Validation for Customers

When a bidding situation is sole source or when the project funding is “cost plus,”
customers will usually demand a thorough explanation and justification of cost
estimates. When a bidder uses a commercial complex model to prepare an
estimate, the customer will naturally have concerns about the validity of the
estimate. These concerns basically boil down to concerns about the validity of the
model in general, and also about the validity of the model for the particular
contractor and project.

Model builders have in the past addressed these concerns by means of limited
disclosures of model architecture and algorithms. Bidders have addressed them
by full disclosure of parametric inputs and steps taken to calibrate against
historical costs.
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1.3.4.6

Many customers today are accustomed to receiving parametrically derived
estimates and are not concerned about them if they are properly supported.

Validation of Expert Judgment

We mentioned previously that complex models inevitably have some need of
expert judgment. Unfortunately, uncontrolled use of “expert judgment” can result
in an inaccurate model that eventually will have no credibility. To the extent
possible, expert judgment must be validated. With regard to minor design issues
in a model, the opinion of one expert may be enough, but in consequential issues,
use of a single expert can be risky. It is important that the experts be the best that
are available, and the most knowledgeable in the project being estimated.
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CHAPTER 2

Data Collection and Analysis

All parametric estimating techniques, including cost estimating relationships
(CERs) and complex models, require credible data before they can be used
effectively. This chapter discusses the processes needed to collect and analyze
the data used in parametric applications, as well as data types, sources, and
adjustment techniques. It also:

e Identifies sources of information that can be collected to support data
analysis activities;

e Describes various methods of adjusting raw data to put it on a common
basis (i.e., data normalization);

e Discusses the importance of collecting historical cost and non-cost (e.g.,
technical or programmatic) data to support parametric estimating
techniques.

2.1 Data Types and Collection

Parametric techniques require the collection of historical cost data (including
labor hours) and the associated non-cost data information and factors that
describe and strongly influence those costs. Data should be collected and
maintained in a manner that provides a complete audit trail with expenditure dates
so that costs can be adjusted for inflation. Non-recurring and recurring costs
should be separately identified. While there are many formats for collecting data,
one commonly used by industry is the work breakdown structure (WBS), which
provides for the uniform definition and collection of cost and certain technical
information. DoD Handbook Work Breakdown Structures for Defense Materiel
Items (MIL-HDBK-881A) provides detailed guidance on the use of the WBS.
Regardless of the method, a contractor’s data collection practices should be
consistent with the processes used in estimating, budgeting, and executing the
projects from which the data was collected. If this is not the case, the data
collection practices should contain procedures for mapping the cost data to the
cost elements of the parametric estimating technique(s) which will be used.

The collection point for cost data is generally the company’s management
information system (MIS), which in most instances contains the general ledger
and other accounting data. All cost data used in parametric techniques must be
consistent with, and traceable to, the collection point. The data should also be
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2.2

consistent with the company’s accounting procedures and generally accepted cost
accounting practices.

Technical non-cost data describe the physical, performance, and engineering
characteristics of a system, sub-system, or individual item. For example, weight
is a common non-cost variable used in CERs and parametric estimating models.
Other examples of cost driver variables are horsepower, watts, thrust, and lines of
code. A fundamental requirement for the inclusion of a technical non-cost
variable in a CER is that it must be a significant predictor of cost. Technical non-
cost data come from a variety of sources including the MIS (e.g., materials
requirements planning (MRP) or enterprise resource planning (ERP) systems),
engineering drawings, engineering specifications, certification documents,
interviews with technical personnel, and through direct experience (e.g., weighing
an item). Schedule, quantity, equivalent units, and similar information come from
industrial engineering, operations departments, program files, or other program
intelligence.

Other generally available programmatic information that should be collected
relates to the tools and skills of the project team, the working environment, ease
of communications, and compression of schedule. Project-to-project variability in
these areas can have a significant effect on cost. For instance, working in a
secure facility under “need to know” conditions or achieving high levels in
various team certification processes can have a major impact on costs.

Once collected, cost data must be adjusted to account for the effect of certain non-
cost factors, such as production rate, improvement curve, and inflation — this is
data normalization. Relevant program data including development and
production schedules, quantities produced, production rates, equivalent units,
breaks in production, significant design changes, and anomalies such as strikes,
explosions, and other natural disasters are also necessary to fully explain any
significant fluctuations in the data. Such historical information can generally be
obtained through interviews with knowledgeable program personnel or through
examination of program records. Fluctuations may exhibit themselves in a profile
of monthly cost accounting data; for example, labor hours may show an unusual
"spike" or "depression" in the level of charges. Section 2.3 describes the data
analysis and normalization processes.

Data Sources

The specification of an estimating methodology is an important step in the
estimating process. The basic estimating methodologies (analogy, grassroots,
standards, quotes, and parametric) are all data-driven. Credible and timely data
inputs are required to use any of these methodologies. If data required for a
specific approach are not available, then that estimating methodology cannot be
used. Because of this, the estimator must identify the best sources for the method
to be used.
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Figure 2.1 shows basic sources of data and whether they are considered a primary
or secondary source of information. When preparing a cost estimate, estimators
should consider all credible data sources; whenever feasible, however, primary
sources of data have the highest priority of use.

Sources of Data

Source Source Type
Basic Accounting Records Primary
Cost Reports Either (Primary or Secondary)
Historical Databases Either
Functional Specialist Either
Technical Databases Either
Other Information Systems Either
Contracts Secondary
Cost Proposals Secondary

Figure 2.1 Sources of Data

Primary data are obtained from the original source, and considered the best in
quality and the most reliable. Secondary data are derived (possibly "sanitized")
from primary data, and are not obtained directly from the source. Because of this,
they may be of lower overall quality and usefulness. The collection of the data
necessary to produce an estimate, and its evaluation for reasonableness, is critical
and often time-consuming.

Collected data includes cost, program, technical, and schedule information
because these programmatic elements drive those costs. For example, assume the
cost of an existing program is available and the engineers of a new program have
been asked to relate the cost of the old to the new. If the engineers are not
provided with the technical and schedule information that defines the old
program, they cannot accurately compare them or answer questions a cost
estimator may have about the new program’s costs. The cost analysts and
estimators are not solely concerned with cost data — they need to have technical
and schedule information to adjust, interpret, and support the cost data being used
for estimating purposes. The same is true of programmatic data when it affects
costs. As an example, assume that an earlier program performed by a team at
CMMI (Capability Maturity Model Integration) level 2 is to be compared to a
new program where the team will be at CMMI level 4. The expectation is that the
CMMI level 4 team will perform much more efficiently than the level 2 team.

A cost estimator has to know the standard sources of historical cost data. This
knowledge comes both from experience and from those people capable of
answering key questions. A cost analyst or estimator should constantly search out

International Society of Parametric Analysts 2-3



CHAPTER 2 DATA COLLECTION AND ANALYSIS

new sources of data. A new source might keep cost and technical data on some
item of importance to the current estimate. Internal contractor information may
also include analyses such as private corporate inflation studies, or "market
basket" analyses (a market basket examines the price changes in a specified group
of products). Such information provides data specific to a company's product
line, but which could also be relevant to a general segment of the economy. Such
specific analyses would normally be prepared as part of an exercise to benchmark
government provided indices, such as the consumer price index, and to compare
corporate performance to broader standards.

Some sources of data may be external. This includes databases containing pooled
and normalized information from a variety of sources (e.g., other companies,
public record information). Although such information can be useful, it may have
weaknesses. For example, there could be these types of issues:

e No knowledge of the manufacturing and/or software processes used and
how they compare to the current scenario being estimated.

e No knowledge of the procedures (e.g., accounting) used by the other
contributors.

e No knowledge on the treatment of anomalies (how they were handled) in
the original data.

e The inability to accurately forecast future indices.

Sources of data are almost unlimited, and all relevant information should be
considered during data analysis. Figure 2.2 summarizes the key points about data
collection, evaluation, and normalization.

Data Collection, Evaluation, and Normalization

Very critical step

Can be time-consuming

Need actual historical cost, schedule, and technical information

Know standard sources

Search out new sources

Capture historical data

Provide sufficient resources

Figure 2.2 Data Collection, Evaluation, and Normalization
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2.3 Routine Data Normalization Adjustments

Cost data must be adjusted to eliminate any bias or “unevenness” that are the
result of other factors. This is called normalization and is intended to make the
data set homogeneous, or consistent. The analyst needs to examine every data set
to ensure it is free from the effects of:

e The changing value of the dollar over time;
e Cost improvement as the organization improves its efficiency;

e Various production quantities and rates during the period from which the
data were collected.

Non-recurring and recurring costs are also segregated as part of the normalization
process.

Figure 2.3 shows the typical data normalization process flow. This does not
describe all situations, but does depict the primary activities followed in data
normalization.

Normalizing Cost Data Mission Application

Normalizing the Size Data

-‘Making units/elements of ‘Weight and density -Grouping products by
cost consistent comparisons complexity
-‘Making year of economics »{ -Weight contingency p{ -Calibrating like products
consistent applications

-Percent electronics

State of Development
Variables

Recurring/Non-Recurring

-Account for absent cost
items
‘Removing inapplicable cost

‘Prime contractor's estimates
-Time-phased costs
-Product equivalent units

‘Mission uniqueness
-Product uniqueness

items

Normalizing the

Environment (Platform)
‘Manned space vehicle
‘Unmanned space vehicle
-Aerospace
-Shipboard
-‘Commercial

Figure 2.3 Data Normalization Process Flow

Some data adjustments are routine in nature and relate to items such as inflation.
These are discussed below. Other adjustments are more complex in nature (e.g.,
relating to anomalies), and Section 2.4 considers those.
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231

2.3.2

Inflation

Inflation is defined as a rise in the general level of prices, without a rise in output
or productivity. There are no fixed ways to establish universal inflation indices
(past, present, or future) that fit all possible situations. Inflation indices generally
include internal and external information and factors (such as Section 2.2
discusses). Examples of external information are the Consumer Price Index
(CPI), Producer Price Index (PPI), and other forecasts of inflation from various
econometric models.

While generalized inflation indices may be used, it may also be possible to tailor
and negotiate indices used on an individual basis to specific labor rate agreements
(e.g., forward pricing rates) and the actual materials used on a project. Inflation
indices should be based on the cost of materials and labor on a unit basis (e.g.,
pieces, pounds, hours), and should not include other considerations such as
changes in manpower loading, or the amount of materials used per unit of
production.

The key to inflation adjustments is consistency. If cost is adjusted to a fixed
reference date for calibration purposes, the same type of inflation index must be
used in escalating the cost forward or backwards from the reference date, or to the
date of the estimate.

Non-Recurring and Recurring Costs

The prediction of system acquisition costs requires that non-recurring and
recurring costs be separately estimated.

Non-recurring costs include all the efforts required to develop and qualify a given
item, such as requirements definition/allocation, design, analysis, development,
and qualification/verification. Manufacturing and test of development
(breadboard and engineering) units, qualification units, and life test units are
typically included in the non-recurring cost of hardware end items. Retrofitting
and refurbishment of development hardware for requalification is also treated as
non-recurring. Virtually all software development and testing costs prior to
initiation of routine system operation are non-recurring. Non-recurring
integration and test efforts usually end when qualification tests are complete. The
non-recurring portions of services costs and some hardware end item costs, such
as engineering, are commonly defined as those which take place prior to and
during critical design review (CDR). Development, acquisition, production, and
checkout of all tooling, ground handling, and support equipment, test equipment,
test software, and test procedures are also usually classified as non-recurring.

Recurring costs cover all the efforts required to produce end-item hardware,
including manufacturing and test, engineering support for production, and spare
units or parts. Recurring integration and test efforts include integration of
production units and acceptance testing of the resulting assemblies at all levels.
Refurbishment of hardware for use as operational or spare units is usually
recurring. Maintenance of test equipment and production support software costs
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are commonly classified as recurring, while maintenance of system operational
software, although recurring in nature, is often considered part of operating and
support costs (which may also have non-recurring components). See Appendix I
for a more detailed description (from the Space Systems Cost Analysis Group,
SSCAG) of recurring and non-recurring cost elements.

2.3.3 Cost Improvement Curve

When first developed, cost improvement was referred to as "learning curve"
theory, which states that as the quantity of a production item doubles, the
manufacturing hours per unit expended producing it decrease by a constant
percentage. The learning curve, as originally conceived, analyzed labor hours
over successive production units of a manufactured item, but the theory behind it
has now been adapted to account for cost improvement across the organization.
Both cost improvement and the traditional learning curve are defined by:

Y = AX®
Where:
Y = Hours/unit (or constant dollars per unit)
A = Firstunit hours (or constant dollars per unit)
X = Unit number
b = Slope of the curve related to learning.

There are two interpretations concerning how to apply this equation. In the unit
interpretation, Y is the hours or cost of unit X only. In the cumulative average
interpretation, Y is the average hours or cost of all units from 1 to X, inclusive.

In parametric models, the learning curve is often used to analyze the direct cost of
successively manufactured units. Direct cost equals the cost of both touch labor
and direct materials in fixed year dollars. This is sometimes called an
improvement curve. The slope is calculated using hours or constant year dollars.
Chapter 3, Cost Estimating Relationships, presents a more detailed explanation of
improvement curve theory.

2.3.4 Production Rate

Many innovations have been made in cost improvement curve theory. One is the
addition of a variable to the equation to capture the organization's production rate.
The production rate is defined as the number of items produced over a given time
period. This equation modifies the basic cost improvement formula to capture
changes in the production rate (Q") and organizational cost improvement (X°):

Y = AX"Q'
Where:
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= Hours/unit (or constant dollars per unit)
= First unit hours (or constant dollars per unit)
Unit number

= Slope of the curve related to learning

LD o H P> =<
I

= Production rate (quantity produced during the period)

-
I

Slope of the curve related to the production rate.

The equation is generally applicable only when there is substantial production at
various rates. The production rate variable (Q") adjusts the first unit dollars (A)
for various production rates during the life of the production effort. The equation
also yields a rate-affected slope related to learning.

Significant Data Normalization Adjustments

24.1

2.4.2

The section describes some of the more complex adjustments analysts make to the
historical cost data used in parametric analysis.

Adjustment for Consistent Scope

Adjustments are necessary to correct for differences in program or product scope
between the historical data and the estimate being made. For example, suppose
the systems engineering department compared five similar programs, and found
that two included design-to-cost (DTC) requirements. To normalize the data, the
DTC hours must be deleted from those two programs to create a data set with
consistent program scope.

Adjustment for Anomalies

Historical cost data should be adjusted for anomalies (unusual events) when it is
not reasonable to expect the new project estimates to contain these unusual costs.
The adjustments and judgments used in preparing the historical data for analysis
should be fully documented. For example, development test program data are
collected from five similar programs, and it is noted that one program experienced
a major test failure (e.g., qualification, ground test, flight test). A considerable
amount of labor resources were required to fact-find, determine the root cause of
the failure, and develop an action plan for a solution. A question often arises:
should the hours for this program be included in the database or not? This is the
kind of issue analysts must consider and resolve. If an adjustment is made to this
data point, then the analyst must thoroughly document the actions taken to
identify the anomalous hours.

There are other changes for which data can be adjusted, such as changes in
technology. In certain applications, particularly if a commercial model is used,
the model inputs could be adjusted to account for improved technologies (see the
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discussion of commercial models in Chapter 5, Complex Hardware Models, and
Chapter 6, Complex Software Models). In addition, some contractors, instead of
normalizing the data for technology changes, may deduct estimated savings from
the bottom-line estimate. Any adjustments made by the analyst to account for a
technology change in the data must be adequately documented and disclosed.

For instance, suppose electronic circuitry was originally designed with discrete
components, but now the electronics are a more advanced technology. Or, a
hardware enclosure which was made from aluminum is now made, due to weight
constraints, of magnesium — what is the impact on production hours? Perfect
historical data may not exist, but good judgment and analysis by an experienced
analyst should supply reasonable results.

Suppose the analyst has collected four production lots of manufacturing hours
data shown in the following table.

Lot Total Hours = Units  Average hours per unit

Lot1 256,000 300 853 hours/unit
Lot2 | 332,000 450 738 hours/unit
Lot3 361,760 380 952 hours/unit
Lot4 |207,000 300 690 hours/unit

Clearly, Lot 3's history should be investigated since the average hours per unit
appear high. It is not acceptable, though, to merely "throw out" Lot 3 and work
with the other three lots. A careful analysis should be performed on the data to
determine why it exhibits this behavior.

2.4.3 Data Adjustment Analysis Example

Suppose the information in the following table represents a company’s historical
data, and that the planned system is similar to one built several years ago.

Parameter Historical System Planned System
Date of Fabrication | Jul 03-Jun 05 Jul 06-Dec 08
Production Quantity | 500 750
Size - Weight 22 1b. external case 20 1b. external case
5 Ib. internal chassis 5 1b. internal chassis
8lb. electrical parts 10 Ib. electrical. parts

Volume 1 cu ft-roughly cubical | .75 cu ft-rec. solid
121x 11.5x 12.5 8 x 10 x 16.2
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Parameter Historical System Planned System
Other Program 5% electrical 5% electrical
Features

Additional spare parts No spare parts

These data need several adjustments. In this example, the inflation factors, the
difference in production quantity, the rate of production effect, and the added
elements in the original program (spare parts) all require adjustment. The analyst
must be careful when normalizing the data. General inflation factors are usually
not appropriate for most situations; ideally, the analyst will have a good index of
costs specific to the industry and will use labor cost adjustments specific to the
company.

The quantity and rate adjustments must consider the effects of quantity changes
on the company's vendors and the ratio of overhead and setup to the total
production cost. Likewise, for rate factors each labor element will have to be
examined to determine how strongly the rate affects labor costs. On the other
hand, the physical parameters do not require significant adjustments.

The first order normalization of the historic data would consist of:
e Material escalation using industry or company material cost history;
e Labor escalation using company history;
e Material quantity price breaks using company history;

e Possible production rate effects on touch labor (if any) and unit overhead
costs.

Because both cases are single lot batches, and are within a factor of two in
quantity, only a small learning curve adjustment would be required. Given the
schedule shown, a significant production rate adjustment is needed.

Government Evaluation Issues

DFARS 215-407-5, Estimating Systems, states that “contractors should use
historical data whenever appropriate...” and that, “a contractor’s estimating
system should provide for the identification of source data and the estimating
methods and rationale used to develop an estimate.” Therefore, all data,
including any adjustments made, should be thoroughly documented by a
contractor so that a complete trail is available for verification purposes. Some
key questions evaluators may ask during their review of data collection and
analysis processes include:

e Are sufficient data available to adequately develop parametric techniques?

e Has the contractor established a methodology to obtain, on a routine basis,
relevant data on completed projects?

e Are cost, technical, and program data collected in a consistent format?
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e Will data be accumulated in a manner that will be consistent with the
contractor’s estimating practices?

e Are procedures established to identify and examine any data anomalies?
e Were the source data used as is, or did they require adjustment?

e Are adjustments made to the data points adequately documented to
demonstrate that they are logical, reasonable, and defensible?

Chapter 7, Government Compliance, provides additional information on
Government evaluation criteria.

2.6  Other Considerations

Several other issues should be considered when performing data collection and
analysis.

2.6.1 Resources

Data collection and analysis activities require that companies establish sufficient
resources to perform them, as well as formal processes describing data collection
and analysis. Chapter 7, Government Compliance, provides information on
estimating system requirements, and discusses data collection and analysis
procedures.

2.6.2 Information in the Wrong Format

While the contractor may indeed possess a great deal of data, in many cases the
data are not in an appropriate format to support the parametric techniques being
used. For example, commercial parametric models may have a unique
classification system for cost accounts that differ from those used by a company.
As a result, companies using these models would have to develop a process that
compares their accounting classifications to those used by the model (also known
as “mapping”).

In other situations, legacy systems may generate data, to meet the needs for
reporting against organizational objectives, which do not directly translate into
the content or format needed for cost estimating and analysis. For example, many
past and existing information systems have focused on the input side with little or
no provision for making meaningful translations of output data for CER
development or similar types of analysis. The growing use of ERP systems,
which have a common enterprise-wide database, should improve this situation.
Most large organizations are implementing ERP systems, or are reengineering
their existing information systems, so that parametric estimating models can
easily interface with them.
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2.6.3

2.6.4

2.6.5

2.6.6

Differences in Definitions of Categories

Many problems occur when the analyst or the database fails to account for
differences in the definitions of the WBS elements across projects. Problems also
occur when the definitions of the contents of cost categories fail to correspond to
the definitions of analogous categories in existing databases. For example, some
analysts put engineering drawings into the data category while others put
engineering drawings into the engineering category. A properly defined WBS
product tree and dictionary can avoid or minimize these inconsistencies.

The Influence of Temporal Factors

Historical data are generated over time. This means that numerous dynamic
factors will influence data being collected in certain areas. For example, the
definition of the content of various cost categories being used to accumulate the
historical data may change as a system evolves. Similarly, inflation changes will
occur and be reflected in the cost data being collected over time. As DoD deals
with a rapidly changing technical environment, both cost and non-cost data
generated for a given era or class of technology can quickly become obsolete.
Many analysts therefore consider a data-gathering project a success if they obtain
five to ten good data points for certain types of hardware.

Comparability Problems

Comparability problems include, but are not limited to, changes in a company's
department numbers, accounting systems, and disclosure statements. They also
include changing personnel from indirect to direct charge for a given function.
When developing a database, the analyst must normalize it to ensure the data are
comparable. For example, when building a cost database, the analyst must
remove the effects of inflation so that all costs are displayed in constant dollars.

The analyst must also normalize data for consistency in content. Normalization
for content ensures that a particular cost category has the same definition in terms
of content for all observations in the database. Normalizing cost data is a
challenging problem, but it must be resolved if a good database is to be
constructed.

Database Requirements

Resolving database problems to meet user needs is not easy. For example, cost
analysis methodologies may vary considerably from one analysis or estimate to
another, and the data and information requirements for CERs may not be constant
over time. An analyst’s data needs now do not determine all future needs, and
must be periodically reviewed.

The routine maintenance and associated expense of updating the database must
also be considered. An outdated database is of little use in forecasting future
acquisition costs. The more an organization develops and relies on parametric
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estimating methods, the more it needs to invest in data collection and analysis
activities. The contractor must balance this investment against the efficiency
gains it plans to achieve through use of parametric estimating techniques. If the
contractor moves towards an ERP system, the incremental cost to add a
parametric estimating capability may not be significant.

Good data underpins the quality of any estimating system or method. As the
acquisition community moves toward estimating methods that increase their
reliance on contractor’s historical costs, the quality of the data cannot be taken for
granted. Industry and their Government customers should find methods to
establish credible databases that are relevant to the history of the contractor.

From this, the contractor will be in a better position to reliably predict future
costs, and the Government to evaluate proposals based on parametric techniques.
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CHAPTER 3

Cost Estimating Relationships

This chapter discusses the development and application of basic cost estimating
relationships (CERs). This topic could be treated in an entire graduate-level
textbook. Doing so is beyond the scope of this handbook. Although the
discussion in this chapter is more in-depth than what was discussed in Chapter 1,
the higher-order mathematics of CER development are relegated to Appendix B.
The topic of CERs can range from the very simplistic to very complex. This
chapter attempts to strike a balance. The reader needs to decide for him/herself
the level of detail they will need to perform their parametric estimating
assignments.

Many organizations implement CERs to streamline the costs and cycle times
associated with proposal preparation, evaluation, and negotiation. The proper
development and application of CERs depends on understanding the associated
mathematical and statistical techniques. This chapter explains the basic and more
commonly used techniques, and provides general guidance for use in developing
and employing valid CERs. The discussion in this chapter:

e Identifies the differences between simple and complex CERs;

e Provides guidance on CER development, implementation, maintenance,
and evaluation;

e Describes techniques for developing and implementing CERs, including
linear regression ordinary least squares (OLS) “best-fit” models;

e Provides a framework for analyzing the quality or validity of a statistical
model;

e Recommends procedures for developing a broad-based CER estimating
capability.

The chapter also provides “rule-of-thumb” guidelines for determining the merit of
statistical regression models, instructions for comparing models, and examples of
simple and complex CERs.

Corporations, other types of economic enterprises, and Government cost
estimating organizations make extensive use of CERs and parametric estimating
models. This chapter focuses primarily on their use by Industry, as opposed to
Government organizations. However, the bulk of the principles, guidelines,
methods and procedures presented apply to Government cost estimating as well as
to cost estimating by Industry.
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3.1

CER Development

3.1.1

A CER is a mathematical expression, which describes how the values of, or
changes in, a “dependent” variable are partially determined, or “driven,” by the
values of, or changes in, one or more “independent” variables. The CER defines
the relationship between the dependent and independent variables, and describes
how it behaves. Since a parametric estimating method relies on the value of one
or more input variables, or parameters, to estimate the value of another variable, a
CER is actually a type of parametric estimating technique.

Figure 3.1 demonstrates this equivalence and points out that the estimating
relationship may range from simple to complex (e.g., from a ratio to a set of inter-
related, multi-variable mathematical equations commonly referred to as a
parametric model).

Parametric Estimating Methods/Cost Estimating Relationships (CER)

Simple Relationships Complex Relationships Complex Models

Increasing Complexity of Method/Relationship >

Figure 3.1 CER and Parametric Estimating Techniques

Cost CERs

A cost CER is one in which cost is the dependent variable. In a cost-to-cost CER
the independent variables are also costs — examples are CERs which use
manufacturing cost to estimate quality assurance cost, or to estimate the cost of
expendable material such as rivets, primer, or sealant. The cost of one element is
used to estimate, or predict, that of another.

In a non cost-to-cost relationship, the CER uses a characteristic of an item to
predict its cost. Examples are CERs that estimate an item’s manufacturing costs
based on its weight (independent variable), or the design engineering costs from
the number of engineering drawings (independent variable) involved.

It is important to note that the term “cost driver” is meant in a fairly broad sense,
to include cases like those above where the “independent” variable does not
actually cause the “dependent” variable to be what it is. But the two variables
may be sufficiently correlated with (or “track”) each other such that if one is
known or estimated, then the other can be known or estimated fairly well. Thus,
in the cost-to-cost CER example above, the size, quantity and complexity of the
item being produced may be the real cost drivers of both the manufacturing costs
and the quality assurance costs. The design engineering CER example illustrates
true cause-and-effect behavior, where the design-engineering costs are caused to
be what they are by the number of drawings required.

3-2
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The manufacturing cost CER example is a little murkier. The item’s weight and
cost may correlate well, but the weight is not exactly the cause for the cost to be
what it is. It is usually the basic requirements that the item must satisfy which
drive both cost and weight (or size). In fact, if the requirements dictate that the
item’s weight be limited to the extent that unusually expensive production
methods must be used, then weight per se and cost may have an inverse (i.e.,
negatively correlated) relationship.

Regardless of the underlying cause and effect relationships, in the context of this
chapter, CER cost drivers are assumed to be either true drivers of cost or
surrogates for the true cost driving requirements and constraints on the item being
estimated. In many cases weight may be viewed as a good representative for
most of the requirements that drive cost. In other cases it may represent cost
driving requirements poorly — particularly in cases where smallness or lightness
are at a premium. The same might be true for other variables that represent size
or magnitude of the cost element being estimated, such as software source lines of
code or processing throughput.

CERs are often used to predict labor hours, as opposed to costs. In fact, some
CERs deal with normalized dependent variables, as opposed to cost or hours. For
example, a CER might predict a factor, or percentage, that, when multiplied times
a “base” cost, yields the cost for another work element. This approach is typically
used to estimate system engineering, program management and integration, and
test costs. Another example of a normalized dependent variable is the production
cost/weight ratio for a type, or class, of hardware components. The ensuing
discussion in this chapter applies to all of these types of CERs — whether they
predict costs, labor hours,or cost estimating factors.

A cost CER is a valuable estimating tool and can be used at any time in the
estimating process. For example, CERs may be used in the program concept or
validation phase to estimate costs when there is insufficient system definition for
more detailed approaches, such as the classical “grass roots” or “bottoms-up”
methods. CERs can also be used in a later phase of a program as primary
estimates or as crosschecks of non-parametric estimates. CERs may also form the
primary basis of estimate (BOE) for proposals submitted to the Government or
higher-tier contractors. They are also used extensively by Government agencies
to develop independent cost estimates for major elements of future programs.
Before developing complex parametric models, analysts typically create simple
CERs which demonstrate the utility and validity of the basic parametric modeling
approach to company and Government representatives.

3.1.2 Overall CER Development Process

Figure 3.2 illustrates the CER development process. The first step is the
identification of an opportunity to improve the estimating process through the
creation of a CER. An internal proposal or memorandum is usually prepared to
describe the opportunity, data requirements, development tools, criteria for
validating/accepting the CER, and the plan for using the CER and keeping it
current. An organization should investigate a number of possible estimating
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approaches and relationships at the same time, since it is more efficient to collect
data for and evaluate them as a group.

Opportunity Identification

- Identify the opportunity
to gather data and develop
CERs.

Data Collection

- Information System Database (ERP)
- Library / Internet

- Contractors

- DOD/NASA

Data Evaluation & Normalization

- Unit Cost/Quantity
- Constant Year $

- Escalation

- Complexity

Weight # of Drawings
Thrust Materials
Range MIPs

Impulse SLOC

Test Relationships

Cost :

# of Drawings

Regression & Curve Fitting

c=aX)’
C=a+h(X)

Data Analysis and Correlation

- Correlation Matrix
- Data Plots

- Select the relationship that

"best" estimates the objective.

Validation

- Gain internal and external
acceptance of the estimating method.

- Dimensional Analysis

v

< |
<

CER Database Periodic Revalidation

Approval

- Use CERSs in proposals and gain
agreement on use by the customer.

- Incorporate approved CERs into the
estimating method database.

— To Cost Models

Figure 3.2 CER Development Process

3.1.3 Development Database

The value of a CER depends on the soundness of the database from which it is
developed. Determination of the “goodness” of a particular CER and its
applicability to the system being estimated requires a thorough analysis and
knowledge of both the system and the historical data collected from similar
systems. Regardless of the CER’s intended application or degree of complexity,
its development requires a rigorous effort to assemble and refine the data that
constitutes its empirical basis. Assembling a credible database is important and,
often, the most time-consuming activity in Figure 3.2. The number of valid CERs
is restricted more by the lack of appropriate data than any other factor.

When developing a CER, the analyst often hypothesizes potentially useful logical
estimating relationships between dependent and independent variables, and then
organizes the database to test them. Another approach is where the data are
collected and even organized before any relationships are hypothesized. In fact, it
may be patterns in the data that suggest the most useful types of estimating
relationships.

Sometimes, when assembling a database, the analyst discovers that the raw data
are in the wrong format, the data displays irregularities and inconsistencies, or
will not provide a good test of the hypothesis. Adjustments to the raw data,
therefore, almost always need to be made to ensure a reasonably consistent,
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comparable, and useful set of data. Making such adjustments is often referred to
as “normalizing” the raw data.

No degree of sophistication in the use of advanced mathematical statistics can
compensate for a seriously deficient database. Chapter 2, Data Collection and
Analysis, provides further information on collecting, organizing and normalizing
CER data.

3.1.4  Testing the Logic of a CER

The developmental steps of creating a good database and hypothesizing the
general form of the CER relationship are complementary. Some analysts believe
the hypothesis comes first, and that this determines how and what data are
collected. Others believe the reverse is true. In either case, the analyst must
propose and test a logical estimating relationship, or hypothesis. For example,
does it make sense to expect that costs will increase as aircraft engine thrust
requirements increase? Given that it does make sense, the analyst needs to refine
that hypothesis to determine whether the relationship is linear or nonlinear
(curvilinear).

Framing a hypothesis involves such tasks as defining the estimating objectives for
a CER, interviewing engineers to identify cost driving variables, reviewing
previous technical and cost proposals, and characterizing the relationships
between cost and the identified cost drivers. Only with an understanding of all
the related estimating requirements should an analyst attempt to hypothesize a
CER.

Note that CERs do not necessarily require robust statistical testing, although this
can certainly help in most cases. Many firms use CERs and validate them by
evaluating how well they predicted the final cost of that portion of the project they
were designed to estimate. If the CER maintains some reasonable level of
consistency, the firm continues to use it.

This “bootstrap” or “provisional” approach to testing CER validity has obvious
merit, but it requires time to evolve. Statistical testing of CERs is strongly
recommended prior to their use, even if the “trial by fire” approach is favored by
corporate management. Regardless of the validation method, application of the
technique must adhere to the company's estimating system policies and
procedures. Chapter 7, Government Compliance, provides practical guidance on
the Government review and evaluation criteria process.

3.2 CER Development Examples

Figure 3.3 provides examples of simple CERs implemented by various companies
involved in the Parametric Estimating Initiative Reinvention Laboratories.
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CER Title Pool Description Base Description Application
Panstock Allocated panstock Manufacturing Panstock is piece-part
Material dollars charged. assembly “touch” materials consumed in the

direct labor hours manufacturing assembly

charged. organization. The panstock
CER is applied to 100% of
estimated direct labor hours
for manufacturing assembly
effort.

F/A-18 Software | Allocated effort Computer and software | F/A-18 computer and

Design Support | required performing | engineering direct software engineering support
software tool labor hours charged. direct labor hours estimated
development and for tool development.
support for computer
and software
engineering.

Design Hours Design engineering Number of design The design hours per drawing
including analysis drawings associated CER is applied to the
and drafting direct with the pool direct engineering tree (an estimate
labor hours charged. | labor hours. of the drawings required for

the proposed work).

Systems Systems engineering | Design engineering The system engineering CER

Engineering (including direct labor hours is applied to the estimated
requirements analysis | charged. design engineering direct
and specification labor hours.
development), direct
labor hours charged.

Tooling Material | Nonrecurring, in- Tooling nonrecurring The tooling material CER is
house, tooling raw direct labor hours applied to the estimated
material dollar costs | charged. nonrecurring tooling direct
charged. labor hours.

Test/Equipment | Material dollars Total avionics The test/equipment material

Material (dollars | (<$10k) engineering dollars CER is applied to the

for avionics) procurement support estimated avionics

group direct labor engineering procurement
hours charged. support group direct labor
hours.

3.2.1

Figure 3.3 Examples of Simple CERs

Developing Simple CERs

For CERs to be valid, they must be developed and tested using the principles and
process just discussed. Analysts rely on many forms of CERs when developing
estimates, and employ them throughout the phases of the acquisition cycle. The
value of a CER depends on the soundness of the database from which it was
developed, and the appropriateness of its application to the estimating task.
Establishing the “goodness” of a CER, and its applicability, require a thorough
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understanding by the cost analyst of the CER’s logic and the product being
estimated. A CER can take numerous forms, ranging from an informal “rule-of-
thumb” or simple analogy, to a mathematical function derived from statistical
analysis.

3.2.1.1 Data Collection/Analysis

When developing a CER, the analyst first concentrates on assembling and refining
the data that constitute its empirical basis. A considerable amount of time is
devoted to collecting and normalizing the data to ensure its consistency and
comparability. More effort is usually devoted to assembling a quality database
than any other task in the development process. Chapter 2 also discusses data
collection and analysis. Data normalization addresses:

e Type of effort. This includes non-recurring versus recurring,
development versus change proposals, and weapon systems versus ground
support equipment.

e Inflation. This includes the conversion of the cost for each data point to a
common year of economics or “year dollars” using established yearly
company inflation rates

e Time period covered by costs. This includes the number of months/years
in the period of performance and total cumulative data from inception to
completion.

e Measurable milestones to collect data. This includes events such as first
flight, drawing release, program completion, and system compliance test
completion.

3.2.1.2 Validation Requirements

A CER, as any other parametric estimating tool, must produce, to a given level of
confidence, results within an acceptable range of accuracy. It must also
demonstrate estimating reliability over a range of data points or test cases. The
validation process ensures that a CER meets these requirements. Since a CER
developer and customer must, at some point, agree on the validation criteria for a
new CER, the Parametric Estimating Reinvention Laboratory determined that the
use of an integrated product team (IPT) is a best practice for reviewing and
implementing it. The contractor, buying activity, DCMA, and DCAA should be
part of the IPT.

Figure 3.4 illustrates the validation process flow, which incorporates the CER
testing methodology discussed earlier in the chapter. The process, described in
Figure 3.5, is a formal procedure which a company should use when developing
and implementing a CER. It describes the activities and criteria for validating
simple CERs, complex CERs, and parametric models. Figure 3.6 contains the
guidelines for statistical validation (and implements the CER quality review
matrix in Figure 3.4). Figure 3.7 is an example of the membership of a CER IPT
designated the Joint Estimating Relationship Oversight Panel (JEROP), which is
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responsible for managing the processes associated with implementing,
maintaining, and documenting CERs for a particular contractor.

Nominate Rationalize
ERto Pool/Base
Examine Definitions

ER is “Flagged”.
—»| JEROP determines next course of action.
Determine Acquire
Structure Data »| &Pt
Rational? Parameters Data
Note: An MOA is defined as an interim agreement
3 4 T of ERs with a PRT to further investigate the
YES relationship.
Can Fix
Problem?,
YES
12 MOA
Run Stat &
Factor
Profiles
8 MARGINAL FPA
NO

Perform
Report Card
Analysis

Consensus

9

GOOD

ER-specific NO
PRI |—> FPA

A

or
Steps 1-4 PRT

agree on K i X _
alternate method ER = Estimating Relationship
13

FPA or MOA || €—

PRT = Problem Resolution Team
FPA = Forward Pricing Agreement
PIF = Problem Identification Form

MOA = Memorandum of Agreement

Figure 3.4 Estimating Relationship Validation Process

3-8 International Society of Parametric Analysts



PARAMETRIC ESTIMATING HANDBOOK

Discussion of Activities
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Assess materiality.

Examine rationale and data, or use additional historical data.

Investigate alternative forms.

Team is encouraged to review data beyond that used to develop the current CER, i.e., additional completed

jobs for Steps 1 & 2 CERs, or longer time periods for Steps 3 & 4 CERs.

Multivariate (more than one independent variable) solutions may be considered.

Examine ER across programs for rationalization of differences.

Team may explore linear, logarithmic, exponential, polynomial, power, moving average, or any other model structures implied by
the data patterns and/or rationale of the effort.

Check for evidence of outliers, influentials, time trends, bi-modal data, etc.

Team analyzes data sources.

Develop results based on weighted factor methodology and linear regression with intercept, unless otherwise agreed.

Construct ‘report card’ with F-stat, R-squared, CV, and narrative for stat method; with MAD and narrative for factor method.

Plot results. Analyze residuals, checking for patterns in the residuals to ensure that the regression assumptions were not
violated. Examine raw versus fitted data for outliers, using a rule of thumb of 2 to 3 standard deviations as a
means of flagging data points for further investigation.

Team analyzes ‘report card’ for ER based upon guidance shown in Figure 3-9.

Team decides by consensus whether one or more of the methods presented are acceptable. Unless a compelling argument is
presented by one of the organizations, the statistical model is to be preferred. Lack of consensus among the three
organizations, or consensus that no available model is satisfactory, results in process flowto Step 13.

Qualitative decision by team determining whether stat model is “Good” or “Marginal”, using report card criteria as guide.

Team determines materiality of the ER based on dollar impact, breadth of application, etc.

Alternative methods include, but are not limited to, other statistical models, simple or weighted averaging and other factors,
discreet estimating, accounting changes, investigation of other options for ‘base’, etc.

A. PIF should be completed and forwarded to JEROP.
B. JEROP will determine next action, including possibility of establishing PRT to study ER.
C. Iftasked with remedial investigation, PRT may:
1. Assess materiality.
2. Re-examine rationale and data, or use additional historical data.
3. Investigate alternative forms.
D. PRT will determine requirements for accepting, rejecting, or restructuring ER.

) Flagging:

Figure 3.5 Estimating Relationship Validation Process Activities
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This ‘report card’ is a summary of the key attributes of the statistically derived model and of the weighted factor, and serves as a starting point for the
qualitative analysis of the proposed estimating tool.

The p-values of the F-test and of the t-test are the most critical, being viewed as essentially pass/fail. The other criteria, including the comments in the
narrative portion of the report card, should be weighed in composite to determine the acceptability of the tool. This overall qualitative opinion should
weigh the quality of the statistical results against the materiality of the effort and the quality of possible alternative methods.

Summary of ER Report Card Criteria

Good Marginal
Statistically Derived ER: p-value of the F-test: <0.10 <0.15
p-value of the t-test: <0.10 <0.15
Coefficient of Variation (CV) : <0.25 0.25 > 0.30
R-squared: >0.70 0.35 > 0.70
Narrative: This section of the report card should be used to record other pertinent information,

particularly non-quantitative information, about the effort to be modeled or about the
proposed estimating tool. For example, data constraints, materiality, exogenous
influences, etc., may impact the acceptability of the proposed tool.

Weighted Factor:

MAD as % of ER mean: <0.25 0.25 - 0.30

Narrative: - same as above for statistically derived model -

Terminology:
F-test:

t-test:

R-squared:

Cv:
MAD:

Tests for trend in the data versus random dispersion.

Measures the significance of the individual components of the model; where there is only one independent
variable (one ‘base’ variable), the significances of the t-test and of the F-test are identical.

Measures the percentage of variation in the pool explained by the CER or model; varies between 0% and 100%.
Coefficient of variation is a measure of dispersion; produces a measure of ‘average estimating error’.

Mean absolute deviation is a measure of dispersion comparing how well the individual point relationships
match the mean relationship of the composite data.

Figure 3.6 Summary of Estimating Relationship Report Card
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JEROP Membership

Developer (Company Personnel)

e Group Manager-Estimating/Systems Engineering
e Principal Specialist-Estimating/Systems Engineering
e Manager-Contracts & Pricing-Spares

e Sr. Specialist-Accounting

DCAA
e Supervisory Auditor

DCMA

¢ Industrial Engineer
e Contract Price Analysts

The customer is not a full-time member of the IPT, but regularly provides
feedback.

Figure 3.7 Joint Estimating Relationship Oversight Panel Membership

It is important to note that the IPT uses the Figure 3.6 report card as the starting
point for evaluating a candidate CER. The IPT does not use the statistical tests as
its only criteria for accepting or rejecting the CER. Equally important to their
assessment is non-quantitative information, such as the importance of the effort or
product to be estimated and the quality of possible alternative estimating methods.
While statistical analysis is useful, it is not the sole basis for validating a CER,
with importance also given to whether the data relationship is logical, the data
used in deriving it are credible, and adequate policies and procedures for its use
are in place.

3.2.1.3 Documentation

A company should document a CER to provide a clear understanding of how to
apply and maintain it. The documentation, based on a standard company format,
is built during the development process and includes, at a minimum, all the
information necessary for a third party to recreate, validate, and implement the
CER. The documentation should include:

e A clear explanation of the types of efforts or products to be estimated by
the CER including:

0 Identification, explanation, and rationale for the CER database and
CER functional relationships;

0 Calculation and description of effort (hours, dollars, etc.) in the pool
and base.

e Information on when and how to use the CER.
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3.2.2

3.3

e Complete actual cost information for all accounting data used. This
provides an audit trail that is necessary to identify the data used.

e Noncost information (technical data).

Lessons Learned from CER Implementation

Simple CERs are, by their nature, straightforward in their logic and application.
Figure 3.8 summarizes the lessons learned from IPTs that have implemented these
CERs. Perhaps one of the most important accomplishments of the Parametric
Estimating Reinvention Laboratory was the IPT partnership established between
the contractor, customer, DCMA, and DCAA at each of the laboratory sites.

Cultural Change It is important to work together openly in an IPT
environment. Build trust to encourage a
collaborative environment with common goals.

Empowering the IPTs Team members should be empowered to make
decisions; therefore, the teams should include
people with decision-making authority.

Joint Training All team members should participate together in
training sessions. Joint IPT training provides a
common understanding of terminology and
techniques, and facilitates team building.

Strong Moderating Teams should meet at regularly scheduled times
and focus on the most significant issues. This
may require using a trained facilitator with strong
moderating skills.

Management Support Without total commitment from management,
IPTs may question the value of their efforts.
Management should provide support in terms of
resources, consultation, interest in the progress,
resolution of stalemates, and feedback through
formal communication channels.

Figure 3.8 CER IPT Lessons Learned

Curve Fitting and OLS Regression Analysis

There are two basic methods of curve fitting. In the graphical method, the analyst
plots the CER data and fits a smooth curve that appears to "best-fit" the pattern of
the independent and dependent variables. Although in many cases the “curve”
may actually be a straight line, the vocabulary of cost estimating and mathematics
describes this activity as curve fitting.
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The OLS (simple linear regression) method uses mathematical formulas to
develop a “best-fit” curve, and is applied using mathematical/statistical software.
Although not all cost estimating relationships will be a straight line, this method is
sufficiently accurate to use for many CERs with curved relationships, as well as
precisely formulating the equation for a truly linear CER.

3.3.1 Graphical Method

To apply the graphical method, pairs of independent variables X, and their
matching dependent variables Y, in the CER database are first plotted in the form
of an X-Y “scatter diagram”. Next, the analyst draws a curve (or straight line)
representing the assumed CER X-Y relationship such that it passes through the
approximate “middle” of the plotted data points. No attempt should be made to
make the smooth curve actually pass directly through any of the data points that
have been plotted. Instead, the curve should pass between the data points leaving
approximately an equal number on either side of the line. The objective is to
“best-fit” the curve to the data points plotted; every data point plotted should be
considered equally important. The curve which is drawn then represents the CER.

Before developing a forecasting rule or mathematical equation, the analyst should
plot the data in a scatter diagram. Although considered outdated for purposes of
best-fitting, scatter plotting the data is still important, since it quickly gives a
general idea of the relationship between the CER equation and the pattern of the
data points (if any). Also, the analyst can easily focus on those data points that
may require further investigation because they seem inconsistent with the bulk of
the data point set. The task is easily performed with any spreadsheet or statistical
software package.

3.3.2  OLS Regression Analysis

The use of one variable to predict the values of another is an application of
statistical inference methods. The statistical population in this case consists of all
relevant pairs of observations of the independent and dependent variables which
may exist, or could be made. Generally, though, estimates or predictions are
made from only a sample of that population. This is the case with CER
development, where the analyst cannot collect, or even find, all the possible data
(observations) which might be relevant, but still must derive a relationship from
the sampling of available data.

If the relationship between the independent and dependent variables is assumed to
be linear, it can be expressed by what is termed the simple regression equation:

Y =A+BX
Where:
Y represents the dependent variable (calculated from X)
X represents the independent variable

B is the slope of the line (the change in Y divided by the associated
change in X), and
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A is the point at which the line intersects the vertical (Y) axis (X=0).

A and B are called the parameters of the population regression line. The line,
when A and B determined, represents the desired CER, since the purpose of
regression analysis, and the regression line, is to provide estimates of values of
the dependent variable from values of the independent variable.

Since it is usually not practical, or even possible, to obtain data for an entire
population, and calculate A and B directly, the analyst must instead work with a
sample collected from the population. When based on this sample, the regression
line becomes Y = a + bX, where a and b are estimates of the true population
parameters A and B. Since a and b are usually based on a data sample of a
limited size, there always involves a certain amount of error in estimating the true
values of A and B. A different sample would give different estimates of A and B.

OLS is a method for calculating the straight line (regression line) through the data
set which minimizes the error involved in estimating A and B by the a and b
associated with that line. OLS also provides a measure of the remaining error, or
dispersion of the dependent variable values above and below the regression line,
and how it affects estimates made with the regression line. Thus, the regression
line which minimizes the error in estimating A and B, defined by the parameters a
and b, becomes the CER.

In particular, OLS finds the best fit of the regression line to the sample data by
minimizing the sum of the squared deviations of (differences between) the
observed and calculated values of Y.

The observed value, Yi, represents the value that is actually recorded in the
database for a given X value (Xi), while the calculated value, Yc, is the value the
sample regression equation gives for the same value of X.

For example, suppose we estimated engineering hours based on the number of
required drawings using the linear equation (obtained by regression analysis):
EngrHours = 467 + 3.65 (NumEngrDrawings). In this case “EngrHours” is the
dependent variable, and “NumEngrDrawings” is the independent variable.
Suppose the company’s database contained 525 hours for a program containing
15 engineering drawings. The 525 hours represents the observed value for Y
when X is equal to 15. The equation however would have predicted Yc =467 +
3.65(x) =467 + 3.65(15) = 521.75 hours. The difference between the observed
and calculated values, 3.25 hours, represents the error “e” of the OLS regression
line for this data set and the data point X = 15, Y= 525.

To further define how OLS works, assume the regression line is being fit for the
four points in Figure 3.9, and that the error terms, e, for these points are: (Y-
Yci), (Y2-Yce2), (Ys-Ycs), (Ya- Ycs). The line that best fits the data is the one
which minimizes the sum of the squared errors, SSE:

4
SSE :zeiz = (Yl _YCI)2 +(Y2 _Y02)2 +(Y3 _YC3)2 +(Y4 _YC4)2

i=1
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Figure 3.9 OLS Regression Analysis

The equation which minimizes the sum SSE is then the candidate regression line
CER. Calculus is used to solve this classical minimization problem, yielding
simple linear equations for determining the values of a and b that minimize SSE.

A good general purpose statistical software application will automatically
calculate the a and b regression coefficients (CER model parameters), and provide
goodness of fit statistics identified and described in Section 3.3.3 below. It will
also make a scatter plot, graphing the regression equation against the CER data
points.

Often, independent variables in regression analysis are also referred to as
“explanatory” variables. They explain some of the variation in the Y variable via
the regression equation, thereby reducing the uncertainty in estimating Y (as
compared to using a simple average of all the Y data points to estimate Y).
Similarly, a good regression-derived CER is said to have a high degree of
“explanatory power” if it reduces the sum of the squared errors to a large degree
and “explains” how the dependent variable varies as the independent variable is
changed.

3.3.3 Assumptions, Limitations, and Caveats of OLS

Some assumptions, limitations, and caveats are important when interpreting and
using the results of OLS regressions.

3.3.3.1 Assumptions

The mathematics of ordinary OLS regression is based on several assumptions
about the underlying probability distributions of the dependent variable and
probabilistic independence of the observations in the CER data set. These are not
stated here but they can be found in many of the references listed in Appendix D.

Theoretically, if any of the assumptions are invalid, then the regression and CER
are “flawed”. Applied mathematicians, however, tend to consider the
assumptions as guidelines rather than absolute rules. In most parametric cost
analysis applications, the size of the CER sample is often too small to even make
a conclusion about most of these assumptions. When an OLS assumption is
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3.3.3.2

3.3.3.3

apparently violated, the question is: “How significant is the violation?” If minor,
the CER is still generally accepted as satisfactory for estimating. The size of the
sum of the squared errors, SSE, and other related statistical measures described
below, should provide sufficient indication of the validity of the CER even when
the sample data points do not completely adhere, or appear to adhere, to the
assumptions above.

Extrapolation Beyond The Range of The Observed Data

A regression equation is considered by some to be valid only over the range of
data from which the sample was taken. The shape of the curve outside this range
is less certain and there is more estimating risk involved. This does not mean that
extrapolation beyond the range is always invalid or even a bad idea. Sometimes it
is the only suitable choice available. Extrapolation beyond the range of the
observed data becomes a function of the confidence the analyst has in that data.
High data correlation and the expectation that the future will continue to reflect
past experience makes extrapolation a reasonable approach.

The analyst must keep in mind that extrapolation assigns values (estimated costs)
using a relationship for circumstances that may differ from those in the CER
sample set. In any event, the larger the distance the X value of the estimate is
from the center (mean) of the sampled values of X, the larger the uncertainty there
is in the predicted value of Y. It is the analyst’s job to decide to extrapolate using
a given CER, in coordination with the technical and programmatic personnel from
both the company and the Government. This can be done with the aid of OLS
regression theory. The OLS “standard error of the (conditional) mean”
establishes the level of uncertainty in predicted a Y value, for a given value of X,
using statistics that are derived from the regression equation and the CER sample
data points. The procedures for calculating standard error of the mean may be
found in other references.

Cause and Effect

Regression analysis as such does not establish or identify cause and effect
relationships among the regression variables. The analyst may establish
cause/effect relations when testing the CER’s logic, setting up the initial
development hypothesis, and analyzing the database. For example, given a
significant correlation between the number of telephones in a city and city liquor
sales, it would be rash to assert that owning a telephone leads to buying liquor. If
any cause and effect is at work in this case, it involves another variable (e.g., the
size of the city’s population), which drives both the number of telephones and
liquor sales together. An analyst can say that cause and effect is at work in a
regression CER by choosing, collecting, and testing an appropriately related data
set. Also, it takes more than a good data set to establish cause and effect. The
nature of the relationship, as well as good data, needs to be analyzed.
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3.3.3.4  Using Past Trends To Estimate Future Trends

When using a CER, the analyst needs to identify any conditions significantly
affecting the cost of products and services that are changing over time. If the
original sample data are no longer relevant, due to changes in technology for
example, then the CER should not be used, or must be updated based on new data.

3.3.4  Multiple Regression

In the simple regression analysis described above, a single independent variable
(X) is used to estimate the dependent variable (Y), and the relationship is assumed
to be linear. Multiple, or multivariate, regression considers the effect of using
more than one independent variable, under the assumption that this better explains
changes in the dependent variable Y. For example, the number of miles driven
may largely explain automobile gasoline consumption. However, we may
postulate a better explanation if we also consider such factors as the weight of the
automobile.

In this case, the value of Y would be estimated by a regression equation with two
explanatory variables:

YC =a+bX;+ X,
Where:

Y is the calculated or estimated value for the dependent variable

a is the Y intercept (the value of Y when all X-variables equal 0)
X is the first independent (explanatory) variable

b; is the slope of the line related to the change in X;

X3 is the second independent variable

b, is the slope of the line related to the change in X,

Finding the right combinations of explanatory variables is not easy, although the
general process flow in Figure 3.2 helps. The first step involves the postulation of
which variables most significantly and independently contribute toward
explaining the observed cost behavior. Applied statisticians then use a technique
called step-wise regression to focus on the most important cost driving variables.
Step-wise regression is the process of "introducing the X variables one at a time
(stepwise forward regression) or by including all the possible X variables in one
multiple regression and rejecting them one at a time (stepwise backward
regression). The decision to add or drop a variable is usually made on the basis of
the contribution of that variable to the SSE (error sum of squares), as judged by
the F-test."' Stepwise regression allows the analyst to add variables, or remove
them, to determine the best equation for predicting cost.

! Gujarati, Domodar, Basic Econometric, New York, McGraw-Hill Book Company, 1978, p. 191.
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Stepwise regression, however, requires the analyst to fully understand the
variables being introduced to the model, hypothesize the effect they have, and
monitor them for the effects of multicollinearity. Multicollinearity, or simply
collinearity, occurs when two or more presumably independent variables exhibit a
high degree of correlation with each other; that is, they are not making
independent contributions towards explaining the behavior of the dependent
variable.

The mathematics of regression analysis cannot easily separate or distinguish
between the contributions each variable makes (when used simultaneously),
which prevents the analyst from determining which variable is a better predictor
(driver). The analyst must rely on the relations postulated to exist in the data,
stepwise regression, and variable pair-wise correlation analysis, to determine this.
In many cases, using two variables that are mildly, or possibly even heavily,
correlated may be a better solution than only using one of the variables without
other explanatory variables. A detailed discussion of multiple regression is
beyond the scope of this handbook; Appendix D includes references to web sites
and other resources which may have more information.

Curvilinear Regression and Cost Improvement Curve Analysis

In many cases, the relationship between the dependent variable and the
independent variables may not be linear. An X-Y scatter diagram may reveal
curvature in the underlying relationship when there is just one significant
independent variable. However, if there is a substantial amount of variance
(scatter) in the data, curvature may not be obvious. With multiple independent
variables, the likelihood of “seeing” underlying curvature diminishes.

Most of the information about curvilinear regression is beyond the scope of this
handbook (Appendix D lists sources which discuss it). However, parametric
analysts who develop CERs should become familiar with, and able to apply,
curvilinear multiple regression techniques because so many instances call for it
over straight line models.

Cost improvement (learning) curve analysis, though, is a familiar cost estimating
tool which uses a special form of curvilinear regression. A cost improvement
curve (CIC), or “learning curve” when applied to production “hands-on” labor,
represents the reduction in unit cost that typically occurs as additional units are
produced. Many commercial and company hardware cost estimating models
include some form of a CIC. In the following discussion, the term “learning
curve” is used interchangeably with “cost improvement curve” and “CIC”.

Two forms of learning curve are widely used: (1) the “unit” theory and (2) the
“cumulative average” or simply “cum average”, theory. Although either can be
used in almost any estimating situation, the unit theory is usually used when the
cost of individual production units is of interest, and the cum average is used
when only the average unit “lot” cost is of interest.
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The basic form of the learning curve equation is Y = AX". When a natural
logarithmic transformation is applied to both sides of this equation, it is
transformed to the linear form:

Ln(Y)=Ln(A) + b Ln(X)
Where (for both equations):
Y = Hours/unit (or constant dollars per unit)
A = First unit hours (or constant dollars
X = Unit number
b = Slope of curve related to learning

Since Ln(Y) = Ln(A) + b Ln(X) has the same form as Y = a + b(X), it can be
graphed as a straight line on log-log paper, and an OLS regression analysis can be
performed for it. In particular, the OLS regression equations can be used to
derive the coefficients a and b from production cost data on individual units or
lots. Typically several unit or lot costs are needed — say five or more.

In both cost improvement curve theories, the cost is assumed to decrease by a
fixed proportion each time quantity doubles. The fixed proportion is called the
“learning curve slope” or simply “learning curve”, usually expressed as a
percentage. For example, in the case of the unit theory, a 90 percent learning
curve means that the second unit cost 90 percent of the first unit, and the fourth
unit cost is 90 percent of the second unit cost, or 81 percent of the first unit cost.
For the cum average theory, a 90 percent learning curve means that average unit
cost of the first two units is 90 percent of the first unit cost, and the average unit
cost of the first four units is 81 percent of the first unit cost.

Solving the equation Ln(Y) = Ln (A) + b Ln(X) for b, and assuming a first unit
value for A = 1, and X = unit # 2, the learning curve slope is related to the
learning curve coefficient by:

b Ln(Slope)

Ln2) (Note: Ln(1) =0)

Note that when, for example, the slope is 90 percent, 0.90 is used in the equation
for Slope. The divisor Ln(2) reflects the assumption that a fixed amount of cost
improvement occurs each time the production quantity doubles.

3.4 Testing the Significance of the CER

The next step in the CER development process answers these questions:
e How good — mathematically and statistically — is the CER equation?
e How useful will it be for estimating the cost of specific items or services?

e What is the confidence level of an estimate made with the CER (i.e., how
likely is the estimated cost to fall within a specified range of cost
outcomes)?
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When the CER is based on a regression (or other statistical) analysis of the data
set, the questions are best answered by reviewing the statistics of the regression
line, which are a normal part of the OLS results provided by a statistics software
package.

Figure 3.10 contains a list of statistics and other aspects of a candidate CER that
should be evaluated whenever possible. Appendix B further defines and explains
the statistics.

No single statistic either disqualifies or validates a CER. Many analysts tend to
rely on two primary statistics when evaluating a CER: for example, the standard
error (SE) and the adjusted coefficient of determination (R?). Both simply
measure the degree of “relatedness” between the CER’s variables, but neither by
itself certifies the CER as “good.” However, when they are “poor” they do
indicate the CER will not be an accurate predictor. All the CER statistics which
are available should be studied.

Evaluation of a candidate CER begins with the data and logic of the relationship
between its variables. The analyst should again ensure the accuracy of the
database and verify the logic behind the CER. The data sources and accuracy
should be characterized in words, as well as the logic behind the CER functional
form and independent variable selections.

The analyst can then check the regression statistics, beginning with an evaluation
of its variables; the t-stat for each explanatory variable indicates how important it
is in the CER. One form of this statistic indicates the likelihood that the estimated
variable coefficient (slope) could have resulted even though there is no underlying
relationship between the variable and the dependent variable. Thus, it indicates
the likelihood a “false reading” about the possibility of a relationship between X
and Y.

The significance of the entire regression equation is assessed using the F-stat.
Once again, it indicates the likelihood of a false reading about whether the entire
regression equation exists. The F-Stat is influenced by the amount of curvature or
“flatness” in the relationship between the dependent variable and the independent
variables. Relationships that become relatively flat, compared to the amount of
dispersion (as measured by the standard error), will have lower F-stat values than
those which are steeper. Thus, the F-Stat may not be a good statistic to assess the
worth of CERs, at least not on an absolute basis, when their relationships are
inherently curved.

The size of the regression estimating errors is characterized by the standard error
of the estimate (SE) and the coefficient of variation (CV). The SE measures the
average error on an absolute basis (e.g., in units of dollars or hours). The CV is a
normalized variable, typically expressing the root mean square estimating error as
a percentage of the mean Y value across the CER data set points. However,
neither of these statistics actually quantifies the amount of estimating error for
specific values of each independent variable (this can be done with the standard
error of the mean described below).

3-20

International Society of Parametric Analysts



PARAMETRIC ESTIMATING HANDBOOK

The coefficient of determination (unadjusted or adjusted, R?) can be used to
assess overall CER goodness in that it indicates the “strength” of the relationship
between X and Y. However, like the F-stat, it is sensitive to the degree of CER
flatness relative to the degree of dispersion.

The remaining evaluation elements in Figure 3.10 determine how good the
estimates made with the CER may be. Ideally, the analyst wants a CER which
has strong statistics, was developed from a large number of observations, and uses
the fewest number of variables. Such a CER should produce estimates which are
reasonable and have small errors.

The CER degrees of freedom (DoF) is a primary measure of CER reliability — a
CER is only as reliable as the number (and quality) its data points allow. One
strategy for improving CER reliability when there are relatively few data points is
to merge the data set with an available data set for another similar product or
service. Simple statistical methods can be used to develop a CER using the
merged data set while still discriminating between costs for each of the original
products/services.

The analyst should identify the actual data points for which the model poorly
predicts the dependent variable. These may be viewed as “outliers” — cases that
really “don’t belong” to the general population. Removal of such cases should
only be done with extreme care. Every reasonable effort should be made to
understand why their costs are so far from the regression equation estimate. If no
reasons are found to justify declaring an outlier to be a non-member of the CER
population, the conventional statistical test and associated criteria might be
applied as a basis for excluding the data point from the CER data set.

The analyst must also consider whether the data points used in making the
estimates fall within the range of the data set; mathematically, the model is only
valid over this range. In practice, use of the model is permissible outside of the
range as long as the hypothesized mathematical relationship and the attendant
statistical characteristics remain valid. Determining this range of validity is a
judgment call, and depends on the help of engineers, analysts and others who are
knowledgeable about the system being estimated. Figure 3.10 summarizes the
CER statistical indicators.

t-Stat Tests the statistical significance of the dependent
variable in determining the value of the
dependent variable.

F-Stat Tests the statistical significance of the entire CER
relationship.

Standard Error (SE) Average root mean square estimating error over
all the CER data points.
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Coefficient of Variation SE divided by the mean of the Y values in the
(CV) CER data set. A relative, nondimensional
measure of estimating error, often expressed in
percentage form.

Coefficient of Percent of the variation in the dependent variable

Determination (R?) explained by the regression relationship.

Adjusted R? R? adjusted for the number of independent
variables used to explain the variation in the Y-
data.

Degrees of Freedom Number of CER data set observations less the

(DOF) number of estimated parameters (number of X-
variables + 1 for the constant term “a”).

Outliers Y-observations that the model predicts poorly.

Data Range The range from the minimum X value to the
maximum X value over the entire CER data set.

Standard Error of the The standard deviation of the predicted dependent

Mean variable mean value at specific values of the

independent X values.

Figure 3.10 Descriptions of CER Statistical Indicators

As indicated above, the estimating error increases as the independent variables
move from their mean values towards the extremes of their ranges. For this
reason, it is a good idea to also calculate the standard error of the mean for
estimates at the extremes of the ranges of the independent variable ranges, as well
as for the mean values of each variable. This statistic depends on the number of
data points from which the CER was derived and the amount of dispersion in the
independent variables. It measures the estimating accuracy at particular values of
the independent variables.

For CERs with the same standard error, those with data sets having more data
points and robust distributions of independent variable values, over fairly broad
ranges, will have less estimating error than those with fewer “bunched up”, or
narrow, independent variable distributions. The standard error of the mean can
contribute to establishing extrapolation limits by establishing estimating
uncertainty levels beyond the original ranges of the CER data. It, along with the
SE, is also instrumental in establishing the uncertainty in a single estimate made
with the CER and specific values of each independent variable as opposed to the
mean of many estimates.

There are no definite standards prescribing pass/fail criteria for the CER and its
various statistics. The validation of a given CER is based on discussions between
contractor and customers, statistics, the data collection and normalization,
intended application, and the CER’s logic. These together form the basis for
accepting or rejecting the CER. Finally, to keep perspective on the evaluation
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criteria, the analyst must always ask: “If I reject this CER as the basis for
estimating, is the alternative method any better?”

3.5 When to Use a CER

When a CER has passed its evaluation, it is ready for application. A CER may be
used as a primary estimating method to forecast costs, or to cross check an
estimate developed using another estimating technique. For example, an analyst
may have generated an estimate using a grassroots approach (e.g., a detailed
build-up by hours and rates), and then used a CER estimate based on the same
data as a sanity test of the grassroots’ results. A regression CER can provide
more realistic estimates than grass roots approaches if the latter are not closely
and objectively tied to actual cost history.

A CER developed to make a specific forecast may be used with far more
confidence than a “generic” CER developed for a wider range of applications.
Care must be especially taken in using a generic CER when the characteristics of
the forecasting universe are, or are likely to be, different from those of the CER
database used to build it. A generic CER may have to be revalidated or modified
for use in a particular application, and the changes made to it documented.

To be able to apply good judgment in the use of CERs, the analyst needs to know
their strengths and weaknesses.

3.5.1 Strengths

e CERs can be excellent predictors when implemented correctly, and they
can be relied upon to produce quality estimates when used appropriately.

e Use of valid CERs can reduce proposal preparation, evaluation,
negotiation costs, and cycle time, particularly with regard to low-cost
items that are time and cost intensive to estimate using other techniques.

e They are quick and easy to use. Given a CER equation and the required
input parameters, developing an estimate is a quick and easy process.

e Most CERs can be used with a small amount of top-level information
about the product or service being estimated. Consequently, CERs are
especially useful in the research, development, test and evaluation
(RDT&E) phase of a program.

3.5.2 Weaknesses

e CERs may be too simple to be used to estimate certain costs. When
detailed information is available, a detailed estimate may be more reliable
than one based on a CER.

e Problems with the database may mean that a particular CER should not be
used. While the analyst developing a CER should also validate both the
CER and the database, it is the responsibility of the parametrician to
determine whether it is appropriate to use a CER in given circumstances
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by reviewing its source documentation. The user should determine what
the CER is supposed to estimate, what data were used to build it, how
current are the data, and how the data were normalized. Never use a CER
or cost model without reviewing the source documentation.

Examples of CERs in Use

3.6.1

3.6.2

3.6.3

This and the following section contain CER examples provided by contractors
who participated in the Parametric Estimating Reinvention Laboratory. A CER
calculates changes in prices or costs (in constant dollars) as some physical,
performance, or other cost-driving parameter changes. Such a relationship may
be applied to a variety of items and services.

Construction

Many construction contractors use a rule of thumb that relates floor space to
building cost. Once a general structural design is determined, the contractor or
buyer can use this relationship to estimate total building price or cost, excluding
the cost of land. For example, when building a brick two-story house with a
basement, a builder may use $60/square foot to estimate the price of the house.
Assume the plans call for a 2,200 square foot home. The estimated build price,
excluding the price of the lot, would be $60/sq. ft. x 2,200 sq. ft. = $132,000.

Electronics

Manufacturers of certain electronic items have discovered that the cost of a
completed item varies directly with the number of total electronic parts in it.

Thus, the sum of the number of integrated circuits in a specific circuit design may
serve as an independent variable (cost driver) in a CER to predict the cost of the
completed item. Assume a CER analysis indicates that $57.00 is required for set-
up, and an additional cost of $1.10 per integrated circuit required. If evaluation of
the engineering drawing revealed that an item was designed to contain 30
integrated circuits, substituting the 30 parts into the CER gives:

Estimated item cost = $57.00 + $1.10 per integrated circuit * number of
integrated circuits

=$57.00 + $1.10 (30)
=$57.00 + $33.00
=$90.00

Weapons Procurement

CERs are often used to estimate the cost of the various parts of an aircraft, such as
that of a wing of a supersonic fighter. Based on historical data, an analyst may
develop a CER relating wing surface area to cost, finding that there is an
estimated $40,000 of wing cost (for instance, nonrecurring engineering) not
related to surface area, and another $1,000/square foot that is related to the
surface area of one wing. For a wing with 200 square feet of surface area:
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Estimated price = $40,000 + (200 sq ft x $1,000 per sq. ft.)
= $40,000 + 200,000
= $240,000

3.7 CERs from the Defense Procurement and Acquisition Policy

The following is an excerpt from the Defense Procurement and Acquisition Policy
(DPAP), Developing and Using Cost Estimating Relationships. It’s useful to
understand what the DPAP sees as important to the process of CER development.

3.7.1 Cost Estimating Relationship Definition

As the name implies, a cost estimating relationship (CER) is a technique used to
estimate a particular cost or price by using an established relationship with an
independent variable. If you can identify an independent variable (driver) that
demonstrates a measurable relationship with contract cost or price, you can
develop a CER. That CER may be mathematically simple in nature (e.g., a simple
ratio) or it may involve a complex equation.

3.7.2  Steps for Developing a Cost Estimating Relationship

Strictly speaking, a CER is not a quantitative technique. It is a framework for
using appropriate quantitative techniques to quantify a relationship between an
independent variable and contract cost or price.

Development is a 6-step process. Follow the six steps whenever you develop a
CER. Whenever you evaluate a CER developed by someone else, determine
whether the developer followed the six steps properly.

Step 1. Define the dependent variable (e.g., cost dollars, hours, and so forth.)
Define what the CER will estimate. Will the CER be used to estimate price, cost
dollars, labor hours, material cost, or some other measure of cost? Will the CER
be used to estimate total product cost or estimate the cost of one or more
components? The better the definition of the dependent variable, the easier it will
be to gather comparable data for CER development.

Step 2. Select independent variables to be tested for developing estimates of the
dependent variable. In selecting potential independent variables for CER
development:

e Draw on personnel experience, the experience of others, and published
sources of information. When developing a CER for a new state-of-the-art
item, consult experts experienced with the appropriate technology and
production methods.

e Consider the following factors:

0 Variables should be quantitatively measurable. Parameters such as
maintainability are difficult to use in estimating because they are
difficult to measure quantitatively.
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0 Data availability is also important. If you cannot obtain historical
data, it will be impossible to analyze and use the variable as a
predictive tool. For example, an independent variable such as physical
dimensions or parts count would be of little value during the
conceptual phase of system development when the values of the
independent variables are not known. Be especially wary of any CER
based on 2 or 3 data observations.

0 If'there is a choice between developing a CER based on performance
or physical characteristics, performance characteristics are generally
the better choice, because performance characteristics are usually
known before design characteristics.

Step 3. Collect data concerning the relationship between the dependent and
independent variables. Collecting data is usually the most difficult and time-
consuming element of CER development. It is essential that all data be checked
and double checked to ensure that all observations are relevant, comparable,
relatively free of unusual costs.

Step 4. Explore the relationship between the dependent and independent
variables. During this step, you must determine the strength of the relationship
between the independent and dependent variables. This phase of CER
development can involve a variety of analytical techniques from simple graphic
analysis to complex mathematical analysis. Simple ratio analysis, moving
averages, and linear regression are some of the more commonly used quantitative
techniques used in analysis.

Step 5. Select the relationship that best predicts the dependent variable. After
exploring a variety of relationships, you must select the one that can best be used
in predicting the dependent variable. Normally, this will be the relationship that
best predicts the values of the dependent variable. A high correlation
(relationship) between a potential independent variable and the dependent
variable often indicates that the independent variable will be a good predictive
tool. However, you must assure that the value of the independent variable is
available in order for you to make timely estimates. If it is not, you may need to
consider other alternatives.

Step 6. Document your findings. CER documentation is essential to permit
others involved in the estimating process to trace the steps involved in developing
the relationship. Documentation should involve the independent variables tested,
the data gathered, sources of data, time period of the data, and any adjustments
made to the data.

Identifying Situations for Use

You can use a cost estimating relationship (CER) in any situation where you
quantify one of the following:

e A relationship between one or more product characteristics and contract
cost or price. A product-to-cost relationship uses product physical or
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performance characteristics to estimate cost or product price. The
characteristic or characteristics selected for CER development are usually
not the only ones driving cost, but the movement of cost has been found to
be related to changes in these characteristics.

e A relationship between one or more elements of contract cost and another
element of contract cost or price. A cost-to-cost relationship uses one or
more elements of contract cost to estimate cost or product price. If you
can establish a relationship between different elements of cost (e.g.,
between senior engineering labor hours and engineering technician hours),
you can use a CER to reduce your estimating or analysis effort while
increasing accuracy. If you can establish a relationship between an
element of cost and total price (e.g., between direct labor cost and total
price), you can use that information to supplement price analysis, without
requiring extensive cost information.

3.7.4  Developing and Using Estimating Factors

An estimating rate or factor is a simple ratio, used to estimate cost or price. The
rule of thumb used to develop table price estimates in the previous section is an
example — $19 per square foot. As the size of the table top increases, the price
estimate increases in direct proportion. Most rules of thumb are simple factors.
Many CERs developed by Government or Industry are also simple factors. They
are relatively easy to develop, easy to understand, and in many cases quite
accurate.

Development and use of estimating rates and factors involves two important
implicit assumptions.

e There is no element of the cost or price being estimated that is not related
to the independent variable (i.e., there is no "fixed cost" that is not
associated with the independent variable).

e The relationship between the independent variable and the cost being
estimated is linear.

If you believe that there are substantial costs that cannot be explained by the
relationship or that the relationship is not linear, you should either try to develop
an equation that better tracks the true relationship or limit your use of the
estimating factor to the range of the data used in developing the factor.

3.7.5 Developing and Using Estimating Equations

Not all estimating relationships lend themselves to the use of simple estimating
factors. If there is a substantial element of the cost or price being estimated that is
not related to the independent variable (i.e., there is a "fixed cost" that is not
associated with the independent variable), you should consider using a linear
estimating equation. If the relationship is not linear, consider a nonlinear
estimating equation.
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CERs, like most other tools of cost analysis, MUST be used with judgment.
Judgment is required to evaluate the historical relationships in the light of new
technology, new design, and other similar factors. Therefore, a knowledge of the
factors involved in CER development is essential to proper application of the
CER. Blind use of any tool can lead to disaster.

Identifying Issues and Concerns

As you perform price or cost analysis, consider the issues and concerns identified
in this section as you consider use of a cost estimating relationship.

Does the available information verify the existence and accuracy of the
proposed relationship?

Technical personnel can be helpful in analyzing the technical validity of
the relationship. Audit personnel can be helpful in verifying the accuracy
of any contractor data and analysis.

Is there a trend in the relationship?

For example, the cost of rework is commonly estimated as a factor of
production labor. As production continues, the production effort should
become more efficient and produce fewer defective units which require
repair. The factor should decrease over time. You should also consider
the following related questions: Is the rate distorted by one bad run? What
is being done to control the rate? What else can be done?

Is the CER used consistently?

If an offeror uses a CER to propose an element of cost, it should be used
in all similar proposals. Since the CER can be used to estimate the
average value, some jobs should be expected to cost more and others less.
With a valid CER, you assume the variances will be minor and will
average out across all contracts. To use a CER in some cases and a
discrete estimate in others destroys it usefulness by over or understating
costs across all proposals (e.g., using the average unless a discrete estimate
is lower/higher negates the averaging out of cost across all contracts and is
clearly unfair to one of the contracting parties).

Has the CER been consistently accurate in the past?

No matter how extensive the price/cost information or how sophisticated
the analysis technique, if a CER does not do a good job of accurately
projecting cost, then it is not a useful tool.

How current is the CER?

Even the most accurate CER needs to be reviewed and updated. While the
time interval between updates will differ with CER sensitivity to change,
in general a CER should be reviewed and updated at least annually. A
CER based on a moving average should be updated whenever new data
become available.
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e Would another independent variable be better for developing and applying
a CER?

If another independent variable would consistently provide a more
accurate estimate, then it should be considered. However, remember that
the CER may be applicable to other proposals, not just yours. It is
possible that a relationship which works well on your contract would not
work well across the entire contract population. When assessing CER
validity, you should consider all affected contracts.

e Isthe CER a self-fulfilling prophecy?

A CER is intended to project future cost. If the CER simply "backs into" a
rate that will spread the cost of the existing capacity across the affected
contracts, then the CER is not fulfilling its principle function. If you
suspect that a CER is being misused as a method of carrying existing
resources, you should consider a should-cost type review on the functions
represented by the CER.

e Would use of a detailed estimate or direct comparison with actuals from a
prior effort produce more accurate results?

Development of a detailed estimate can be time consuming and costly but
the application of the engineering principles required is particularly
valuable in estimating cost of efficient and effective contract performance.

3.8 Evaluating CERs

3.8.1 Government Evaluation Criteria

Chapter 7, Government Compliance, discusses the requirements of an estimating
system and also discusses estimating system requirements and evaluation criterion
in detail. Government evaluators evaluate and monitor CERs to ensure they are
reliable and credible cost predictors. This section provides a general overview of
CER evaluation procedures, which generally include:

e Determining if the CER relationships are logical,
e Verifying that the data used are adequate;

e Performing analytical tests to determine if strong statistical relationships
exist;

e Ensuring CERs are used consistently with established policies and
procedures, and that they comply with all Government procurement
regulations.

3.8.2 Logical Data Relationships

When analyzing a CER, evaluators must determine that the functional relationship
it assumes between the cost drivers (explanatory variables) and the cost element
to be estimated is logical. Drivers which affect the cost element may be identified
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through a number of sources, including personal experience and published data
and studies. One of the Parametric Estimating Reinvention Laboratory IPTs
developed a process for determining possible cost drivers; using brainstorming
techniques, it first identified potential drivers, and then surveyed experts for their
opinion of the merit of each one. Figure 3.11 is an example of the survey they
developed.

PARAMETRIC: TOOLING MATERIAL COSTS (IN-HOUSE TOOLING)
Cost of raw materials and parts which are purchased to fabricate tools in-house.

If you don't know - respond with "

Q5
Q6
Q7

Q8

What is the difficulty in obtaining HISTORICAL information?
What is the COST of obtaining HISTORICAL information?
What is the difficulty in obtaining CURRENT / FUTURE information?

What is the COST of obtaining CURRENT / FUTURE information?

Proposed Cost Driver Metric Proposed Q1 02 Q3
1 changes Count of part design changes (start tool Fabrication to final tool buyoff)
2 design hours Number of hours to design tool
3 experience (tool des) |Years experience of tool designer
4 number of tools Count of total number of tools to be built
5 production run Number of parts tool is designed to build (i.e., 500 parts to be built using tool)
6 rework Total number of (fabrication) rework orders for a particular tool during initial build
7 schedule * Measure of compression of flowtime to produce tool *. EE EE EH EH
8 subsystems Aircraft Subsystem category (i.e. tool builds part "A" which is in subsystem "X") EE EE EH EH
9 complexity Measure of tool complexity - EH EH
10 speeds Measure of speed of moving parts on a tool NN NN EH EH EH EH
u type Type of too YY MMMM ML MM
12 weight Weight of tool NN EH EH EH EH
13 material type Type of material the tool is made of ( steel, alum., graphite, fiberglass... )
Q1 Do you think that this would be a good predictor of Tool material costs? (Y/N)
[ coop
Q2 s this a determinant of Tool material cost? (direct and logical relationship) (YIN)
|:| MEDIUM
Q3 Would you expect any correlation between this item and Tool material cost? (YIN)
Bl s
Q4 s this type of information typically recorded and available? (YIN)

(X-impossible, E-extremely high, H-high, M-medium, L-low, A-readily avail.)
(E-extreme (yrs), H-high (mo's), M-medium (wk's), L-low (days), A-almost none)
(X-impossible, E-extremely high, H-high, M-medium, L-low, A-readily avail.)

(E-extreme (yrs), H-high (mo's), M-medium (wk's), L-low (days), A-almost none)

Figure 3.11 Cost Driver Survey Example

Using this survey, the IPT identified those cost drivers which had the most effect
on a given cost element, and were therefore candidates for further analysis. The
IPT used these key questions, which are important to any CER evaluator:

e Does the CER seem logical (e.g., will the cost driver have a significant
impact on the cost of the item being estimated)?

e Will the cost driver be a good predictor of cost?

e How accessible are the data needed to develop the CER (both cost and
non-cost)?

¢ How much will it cost to obtain the necessary data?

e How much will it cost to obtain the data in the future?
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e Will there be a sufficient number of data points to implement and test the
CER(s)?

e Have all potential cost drivers been considered?

e Were any outliers excluded and, if so, why?

3.8.3 Credible Data

All data collected to support parametric estimating tools must be accurate and
their sources documented. An evaluator should verify the integrity of the data,
and the adjustments made during their normalization. Some questions which
should be asked during an evaluation include:

e Were sufficient data available to adequately develop parametric
techniques?

e Has the contractor established a methodology to obtain, on a routine basis,
relevant data on completed projects?

e Are cost, technical, and programmatic data collected in a consistent
format?

e Are procedures established to identify and examine data anomalies?

3.8.4  Strength of CER Relationships

After determining that the CER relationships are logical and the data used to
develop the CER are credible, the evaluation next assesses the strength of the
relationship between the cost and driver variables. This can be tested with a
number of quantitative techniques, such as simple ratio analysis, analysis of
variance, and other statistical analysis. The evaluation tools used should be based
on the number of data points available for testing as well as the importance of the
cost estimate. When a company uses simple factors, for example, based on prior
program experience to estimate the costs of minor items or services, a simple
evaluation technique (e.g., comparisons with previous estimates) is best. When
sufficient data is available, and especially when the cost to be estimated is
significant, some form of statistical analysis should be used.

3.8.5 CER Validation

CER validation is the process, or act, of demonstrating the technique’s ability to
function as a credible estimating tool. Validation includes ensuring contractors
have effective policies and procedures, data used are credible, CERs are logical,
and CER relationships are strong. Evaluators should test CERs to determine if
they can predict costs within a reasonable degree of accuracy. The evaluators
must use good judgment when establishing an acceptable range for accuracy.
Generally, CERs should estimate costs as accurately as other estimating methods
(e.g., bottoms-up estimates). This means when evaluating the accuracy of CERs
to predict costs, assessing the accuracy of the prior estimating method is a key
activity.
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3.8.6

CER validation is an on-going process. The evaluation should determine whether
contractors using CERs on a routine basis have a proper monitoring process
established to ensure CERs remain reliable. A best practice is to establish ranges
of acceptability, or bands, to monitor the CERs. If problems are identified during
monitoring, contractors should have procedures in place to perform further
analysis activities. In addition, when a contractor expects to use CERs repeatedly,
the use of forward pricing rate agreements (FPRAs) should be considered.

FPRAs are discussed in Chapter 7, Government Compliance.

Summary of CER Evaluation

The following list suggests additional questions which might be asked about a
simple CER to determine its limitations and applicability. They could also be
asked about a complex CER, or the group of CERs in a model, to help determine
their scope and usefulness for large procurements. Consider the importance of the
costs which a CER estimates when using the questions. Don’t spend a lot of time
asking them, or getting their answers, for example, when the CER’s result is a
minor cost, or is lost in rounding when rolled into higher-level estimate.

1. What proportion of the estimate is directly affected by the CER?

2. How much precision is needed for the total estimate and for the part of it
affected by the CER?

3. Is there a logical relationship between a CER’s dependent variable and its
independent variables?

4. TIs this relationship functional or statistical? If functional, what is it, and
why? If statistical, does the associated data support the CER’s intended
application?

5. Are relationship and the independent variables statistically significant? At
what level of confidence?

6. What happens to the estimate when reasonable variations of the input
parameters are used?

7. Are the analytical methods and techniques used to develop and use the
CER sound and appropriate?

8. Does the CER generate the type of estimate required?

9. Are the model input parameters available and reliable in the phases of the
system life cycle when it will be used?

10. Are the concepts behind the CER widely accepted in Industry and
generally understood?

11. Are the CER’s strengths and limitations reasonable?

12. What is the effect of input uncertainty on the estimate’s confidence
interval?

13. Are the mathematical procedures used to develop the CER rigorous?
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14.
15.
16.

17.

18.
19.
20.

21.
22.

23.
24.
25.

26.

27.
28.

29.
30.

31.
32.
33.
34.
35.
36.

Does the CER integrate information from other systems?
Is the CER compatible with other CERs/models in theory and operation?

Is a sufficient amount of accurate and relevant historical data available for
model development?

Are the cost estimates made with the model consistent with user/contractor
performance?

Does the CER model documentation provide insight into historical data?
What parametric development concepts does the CER incorporate?

Are the developing organization’s estimating systems and policies
current?

Are the CER’s source data verifiable?

Does the developing organization have written guidelines for the
development and support of parametric estimates?

How are users trained to use the CER?
How is the CER updated?

Do the CER’s parameters adequately describe the item/service which is
estimated?

Are the engineering input decisions that contributed to the CER
development documented?

How difficult is it to use the CER?

Is the CER flexible (e.g., to changing programmatic and technical issues,
or parameters)?

Is the CER model useful at varying levels of input detail?

Can the CER be used across a range of time, products, and technology
changes?

How easy is it to misuse the CER?

Does the CER avoid personal or organizational bias?

Can the CER results be adjusted?

Does use of the CER require experienced analysts and/or special training?
Have the CER’s results been checked against test cases?

Are the CER’s results in the correct format and level of detail?
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CHAPTER 4

Company Developed Complex Models

This chapter provides practical information about developing, deploying, and
maintaining company developed parametric models. Company developed
models, also referred to as company-owned, in-house, or proprietary models,
differ from cost estimating relationships (CERs) because of their higher level of
complexity and the range of costs they estimate. Unlike commercial models,
company developed models are designed for the specific estimating needs of an
organization or to describe a particular product. This chapter focuses on the
special tasks and concerns of model building, which are beyond those found in
CER development, and draws upon contractor examples of company developed
models. It also looks at the effort involved in implementing and maintaining
these models.

The results of the Parametric Estimating Reinvention Laboratory demonstrated
that the best investment a company can make when embarking on a proprietary
model development effort is joint planning among internal management, external
customers, and Government representatives. For that purpose, this chapter:

e Discusses issues companies should consider prior to their implementation
of a model;

e Provides a process flow diagram that illustrates the model development
process, and highlights key issues related to the implementation of
company developed models;

e Explains the processes involved in validating a proprietary model,
including examples from Parametric Estimating Reinvention Laboratory
participants;

e Highlights criteria that can be used by evaluators to review company
developed models.

The information in this chapter also applies to special purpose models developed
by Government agencies, if those models otherwise have the same features as
company developed ones.
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4.1

Background

4.1.1

Companies develop their own parametric models for a variety of reasons. For
example:

e They have specific estimating needs that cannot be achieved by using an
existing commercial parametric model.

e Some firms, after experiencing success with CERs, expand their
estimating tool set to include more complex parametric models, sometimes
tailored to a specific purpose. For example, parametric models can be
used to prepare estimates for significant portions of a proposal (e.g., sub-
assemblies, program management, systems engineering) or an entire
proposal, including the project’s total life cycle cost. The proper use of a
validated, company developed model should increase the efficiency of the
estimating process as well as improve the quality, accuracy, and
consistency of the resulting estimates.

¢ In-house models protect sensitive information, whether proprietary or
classified, and may be developed using a WBS different from that of
commercial models.

e Management may not be willing to “bet the company” on estimates
produced by a commercial model whose CERs are not well presented nor
understood.

General Definitions

Parametric models can generally be classified as commercial or company
developed, and this chapter will refer to the latter as proprietary models.
Complex parametric models may consist of many interrelated CERs, as well as
other equations, ground rules, assumptions, and variables that describe and define
the situation being studied.

Models generate estimates based upon certain input parameters, or cost drivers.
Parameters “drive the cost” of the end product or service being estimated. Some
examples are weight, size, efficiency, quantity, and time. Some models can
develop estimates with only a limited set of descriptive program inputs; others,
however, require the user to provide many detailed input values before the model
can compute a total cost estimate. A model can utilize a mix of estimating
methods, and it may allow as inputs estimates from other pricing models (or
information systems) or quotes from external sources, such as subcontracts.

Commercial parametric estimating models, available in the public domain, use
generic algorithms and estimating methods which are based on a database that
contains a broad spectrum of industry-wide data. Because this data encompasses
many different products, a company working with a commercial parametric
model must calibrate it before using it as a basis of estimate (BOE) for proposals
submitted to the Government or higher-tier contractors. Calibration tailors the
commercial model so it reflects the products, estimating environment, and
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business culture of that particular company. Chapter 5, Complex Hardware
Models, and Chapter 6, Complex Software Models, discuss commercial
parametric models.

A proprietary model offers an alternative to trying to use a commercial model to
meet an organization’s unique estimating requirements. Proprietary models are
developed for an organization’s own product and cost estimating needs and are, in
effect, self-calibrated.

4.1.2 Examples of Proprietary Models

Proprietary models can be implemented for a variety of estimating purposes, and
have a wide range of complexity, completeness, and application, as these
examples demonstrate.

4.1.2.1 Forward Pricing Rate Model

This model was developed by a contractor to streamline its estimating practices
for calculating forward pricing rates (including overhead and general and
administrative (G&A) expense rates). The model calculates rates based on five
business activities (cost drivers): cost-type sales; fixed price sales; proprietary
sales; bid and proposal (B&P) costs; and independent research and development
(IR&D) costs. Chapter 8, Other Parametric Applications, provides additional
information on this type of model.

4.1.2.2 Program Management Model

This model, called E-PROMM, was created to establish a repeatable methodology
for estimating program management costs. The model relies on a relationship
between program management costs and the combined cost of engineering hours,
manufacturing hours, and material dollars. The model allows for a series of
program descriptor parameters that adjust how the next project differs from the
nominal program in the database.

4.1.2.3 Space Communications Payload Cost Model

This parametric model was designed to establish a standard methodology for
estimating non-recurring (development plus one qualification model) and
recurring (theoretical first unit, or T1, based on a 95% learning rate) cost for
space-qualified communications payloads. The model WBS was derived from a
composite of other product-based cost models. The CERs were statistically
derived from historic cost data obtained from completed space programs,
including ACTS, DSCS, INTELSAT, UFO, and Milstar. Typical cost drivers are
subsystem weight in pounds, antenna area in square inches, and transmitter
operating power in watts.

Figure 4.1 shows an overview of the model. In cases where a statistically
significant CER could not be developed, an average value was provided.
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41.2.4

4.1.2.5

4.2

Companies use this model to make sanity check estimates for major engineering
proposals or high-level engineering trade studies.

Non-Recurring CER

Recurring CER T1

WBS (FY2006K$) (FY2006K$)
Receiver 2449.5 +431.9 * Wt 1875.9 + Wt~ 2.42
Transmitter (SSA) 2385.6 - 75.9 * Wt 933.1-103.6 * Wt+17.9
* Operating Power
Transmitter (TWTA) 5260 (avg value) 1036.2 + 81.9 * Wt
Transponder 2780 (avg value) -453 + Wt~ 2.25
Antenna (Reflector) 1225.6 + 0.41 * Area 573.5 + (Area/Wt) ~ 1.45
Antenna (Horn) 1334 (avg value) -199.8 +94.2 * Wt
Space-borne Electronics 10259 (avg value) -1350.9 + 198 * Wt
Waveguides 1353 (avg value) 109 + 14.6 * Wt
Power Dividers 1353 (avg value) 192.9 +47.4 * Wt

Figure 4.1 Example of Model with CERs Matched to Product

Space Sensor Cost Model

This complex model was also designed to establish a standard methodology for
estimating nonrecurring and recurring costs for a space sensor payload, but offers
greater flexibility than the Space Communications Payload model in the scope of
its CERs. It provides individual estimates for the engineering and qualification
units comprising the nonrecurring costs as well as individual estimates for the
production setup and flight unit T1 comprising the recurring costs. The model is
discussed later in this chapter.

Follow-On Production Model and Estimating Tool

This model generates the total recurring production costs for multiple individual
product lines. This model has the ability to estimate range-quantity costs for
multi-year or indefinite delivery indefinite quantity (IDIQ) procurements. This
model has a number of modules: material; assembly; inspection and test;
manufacturing support; engineering support; program schedule; rough order of
magnitude cost; and proposal documentation. It has been modeled to five
individual product lines. This chapter provides more information in a later
section.

The Model Development Process

Figure 4.2 shows a process flow diagram that highlights the major activities
involved in developing a proprietary model. This section provides detail on each
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of these steps, and includes examples from Parametric Estimating Reinvention

Laboratory teams as well as companies that implemented proprietary models for
use in developing proposal estimates.

Step 1. Identifying the Parametric Opportunity

- Feasibility study on model’s scope/purpose

- Authority to proceed with examining the opportunity
- Development team composition and need for team training

- Preliminary modeling approaches to consider

Step 2. Preliminary Model Design

- Refinement of model’s scope
- Methods/assumptions used

Step 3. Information Systems Needs

- System development and support

- User requirements
- Development and integration of estimating
relationships/rules

Step 5. Model Development

- Refinement of the model's scope

- Software development and support
- Model testing and configuration management

Step 4. Data Collection and Analysis

- Cost drivers (attributes)
- Data collection

- Identifying specific modeling approaches
- Estimating methods to employ

Step 6. Calibration and Validation

- Credible estimating tool

- Data adjustments

Step 7. Estimating System Policies and
Procedures

- Estimating system requirements

- Frequency of updates
-Accuracy assessments

Step 9. External Approval Process

- Advance agreements
- Estimating system feedback

- Establish review and feedback process

Step 8. Internal Approval Process

- Management coordination and buy-in
- Technical coordination and buy-in

- Application rules
- Identify training needs

- Estimating system changes
- Identify training needs

Step 10. Model Maintenance

- Frequency of updating

- Normalizing the data

- Calibration/validation cycle

- Identify training requirements

Figure 4.2 Typical Model Development Process — Company Developed Models
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4.2.1

4.2.2

4.2.3

Step 1: Identifying the Parametric Opportunity

One of the most critical steps in the proprietary model development process is the
identification of a good opportunity for implementing a parametric model. This
involves two points. First, it is important to investigate the feasibility of
developing the model, which entails an evaluation of both its technical feasibility
and cost effectiveness. Technical feasibility refers to the ability of the model to
meet the estimating needs of the organization, and examines whether the
organization has the resources to develop the model within a reasonable
timeframe. This includes performing a cost-benefit analysis to decide whether a
proprietary model would be cost-effective to implement and maintain.

All potential benefits should be considered in the cost-benefit analysis; for
example, contractors have achieved significant savings in proposal preparation,
evaluation, and negotiation through the implementation of proprietary parametric
estimating models. Other contractors have achieved additional benefits through
multiple applications of the same model, such as for design studies, target costing,
and contract risk management as well as basic estimating.

The second critical point involves gaining the support of internal upper-level
(including program) management, key customer management, and local
Government representatives, particularly from the DCMA and the DCAA. If the
model then meets the acceptance criteria provided by these groups, they agree to
support its proper application in subsequent proposals. Little good comes from
implementing a proprietary model if there is no internal management buy-in, or
no support from the key customers on the estimating technique.

Also, the firm’s management will want to understand the results of the feasibility
study so it can properly assess the financial investment required to support model
development and on-going maintenance activities, such as training, model
enhancements, and software corrections. On receiving approval to begin
development from internal and external management, the contractor establishes an
implementation team to guide the creation of a valid proprietary model. This
team should include representatives from the company, key customers, DCMA,
and DCAA. Appendix J, Establishing a Parametric Implementation Team,
provides information on assembling a joint Industry and Government team.

Step 2: Preliminary Model Design

Preliminary model design begins after management approval is received. During
this phase, the team refines the scope of the model’s requirements, and defines the
methods and assumptions which establish the basis for its business rules and
estimating relationships. User requirements and input/output interfaces are also
identified.

Step 3: Information Systems Needs

When implementing a complex proprietary model, the organization should
commit and obtain the necessary resources for information systems development
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and support activities. Information systems support is required for a variety of
functions such as:

e Defining the formal system requirements needed to support the cost
estimating model (e.g., hardware, software, interfaces with other systems);

e Developing the model in accordance with the company’s defined methods
for systems engineering (including software development);

e Testing the model to ensure it adequately satisfies all end-user
requirements;

e Maintaining the integrity of the model throughout its life span by
establishing procedures to manage and control all changes (i.e.,
configuration management);

e Providing software support services once the model is deployed to keep it
operational (e.g., corrections, revisions, miscellaneous enhancements).

When an organization implements a complex proprietary model, the effort
required to support software development and other activities can be extensive
and should be considered in the cost-benefit analysis. When simpler models are
implemented (e.g., spreadsheet models), the degree of support is smaller, but the
configuration management and long-term maintenance issues still must be
addressed.

4.2.4 Step 4: Data Collection and Analysis

Historical costs should be used, with the development team ensuring that they are
relevant to the firm's current operating procedures. Figure 4.3 illustrates a
collection form which creates consistency when recording data, maintains it
digitally (e.g., in a database), and makes it easier to analyze.

In an effort to include as much relevant cost data as possible, analysts normalize it
as it is incorporated into the database. They adjust data so it is as homogeneous
as possible (e.g., similar in content, time value of money, quantity), and does not
contain anomalies. Programmatic, non-cost data may also require normalization.
The analyst must assess the condition of each program’s data and make
appropriate adjustments as required. Chapter 2 provides detailed information on
data collection and analysis.
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4.2.5

Data Collection Forms

[Z2] Eile Edit Help
Ground Systems |

US SPACE COMMAND

0.0 Record ldentifier
0.1 Preparer Information

0.1.1  Hame
0.1.2 Title
0.1.3 Company/Organization
0.1.4 Phone Number
0.1.5 FAX Number
0.1.6 Date Prepared
0.2  Program Information

0.2.1 Program Hame

Research Associate
MCRATD

804) 4967111

{804) 4967411
1/17/96

US SPACE COMMAND

0.2.1.1 Prog Element # 35698F
0.2.1.2 O&S Year 1991
0.2.2 Program Function r Navigation " Scientific [ AirDefense [ Communication
¥  Command and Control [~ Meteorological | Other
0.23 Operating Agencyis) ™ AirForce I Army T Nawy [ BMDO [ NASA
" oOther
0.2.4 Operating Contractor(s)

0.2.4.1 Prime Contractoris)
0.2.4.2 Subcontractor(s)

(][« Recorat] [»] 1] SeeRemars (i¢] [« ][Page

1 DHDHZI\EI

Figure 4.3 Example of a Computerized Data Collection Form

When developing a model, the team identifies the main characteristics, called the
primary cost drivers, that are responsible for, and have the greatest impact on, the
product or services cost to be estimated. As many primary cost drivers as
possible should be identified and included. Chapter 3, Cost Estimating
Relationships, addresses the topic in more detail.

Step 5: Model Development

The development of a proprietary model incorporates many anticipated uses and
goals such as estimating/users’ requirements, availability of credible data, life-
cycle costs, systems engineering costs, forward pricing rates, and it must integrate
these into the parametric estimating approach. The modeling process, in
particular, focuses on these tasks:

e Specifying the estimating methods for accomplishing the estimating goals;

e Identifying the job functions and other elements of cost that will be
estimated;

e Defining data input structures and WBS elements.

Proprietary models may contain a number of different estimating techniques (e.g.,
CERs, the input of discrete estimates), and must document how they all interact.
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Figure 4.4 shows some of the parametric equations used by the Space Sensor Cost
Model. The model is a statistically derived aggregate of CERs based on historic
data collected from national sensor programs, including DMSP, DSP, Landsat,
AOA, and thirty space experiments. The CERs predict contractor cost without fee
and are based on engineering cost drivers, including:

D = Detector chip area in square microns

AE = Number of active elements in the focal plane array
W = Wavelength in Microns

C = Cooling capacity in watts

I = Input power per cooling capacity

AS = Optical area sum in square centimeters

AA = Optical area average in square centimeters

ALW = Area x length x width in square centimeters

OD = Optical element dimension in centimeters

WBS Development and Production CERs (CY2006K$)
ElEte] Engineering Prototype T1  Prod Setup  Flight Unit T1
Focal Plane | 1936 (avg 5+ 5E-07 * 159 (avg 11+ 3.75E-04
Array — value) D value) *AE
Monolithic
Optical 854-1996* | 253+1.13* | 184+0.16* |-63+3*AS-
Telescope W +5.61%* AS-2.22* ALW +7.67 | 542* AA
Assy AS-9.7* AA *OD

AA
Cryogenic 1028 + 510 * | -142+402 * | 8361 (avg 485 (avg
Cooler C C+33*1 value) value)

Figure 4.4 The Space Sensor Cost Model Engineering Cost Drivers

This model meets the developer’s criterion of being able to fine tune the estimate,
since separate CERs are available for the engineering, prototype (or qualification
unit) T1, the production setup, and the flight unit (production) T1 costs. This
model can also be used for engineering trade studies and as the primary method of
generating a cost proposal. The CERs were heuristically derived, then calibrated
to the normalized historic data.

Another model, the Follow-On Production Model, incorporates a number of
estimating techniques. It estimates follow-on production costs, allows the input
of discrete estimates for certain cost elements, and uses CERs to estimate others.
For example, unique non-recurring data and travel costs are discretely estimated
and input to the model; however, material can either be entered as a discrete
estimate, or the analyst can use the model to estimate the costs through the
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4.2.6

application of an integrated material price database. The model estimates
assembly hours with a “best fit” improvement curve slope extrapolated from prior
build history, and can use expert judgment input to predict the point where the
improvement slope flattens. Inspection hours, miscellaneous material, other
direct costs, and all other support hours are based on CERs.

The Space Sensor and Follow-On Production models demonstrate that proprietary
models can be designed for specific estimating needs, given carefully defined
requirements.

Step 6: Calibration and Validation

Parametric models are calibrated and validated before they are used to develop
estimates for proposals. Since proprietary models are based on an organization’s
historical data, they are considered to be self-calibrated. Chapter 5, Complex
Hardware Models, and Chapter 6, Complex Software Models, discuss the
calibration of commercial models. The validation process, however, applies to all
parametric estimating techniques, whether CERs, proprietary models, or
commercial models.

Validation is the process, or act, of demonstrating the proprietary model’s ability
to function as a credible estimating tool. Validation ensures:

e Estimating system policies and procedures are established and enforced;
e Key personnel have proper experience and are adequately trained;

e Proper information system controls are established to monitor system
development and maintenance activities in order to ensure the model’s
continued integrity;

e The model is a good predictor of costs.

Models should be validated and periodically updated to ensure they are based on
current, accurate, and complete data, and that they remain good cost predictors. A
contractor should work with Government representatives to determine how
frequently a proprietary model is to be updated, and this decision incorporated
into the company’s estimating policies and procedures. Chapter 7, Government
Compliance, provides further information on this subject.

The purpose of validation is the demonstration of a model’s ability to reliably
predict costs. This can be done in a number of ways. For example, if a company
has sufficient historical data, data points can be withheld from the model building
process and then used as test points to assess the model’s estimating accuracy.
Unfortunately, data sets available are often extremely small, and withholding a
few points from the model’s development may affect the precision of its
parameters. This trade-off between accuracy and testability is an issue model
developers always consider.

When sufficient historical data are not available for testing, accuracy assessments
can be performed using other techniques. For example, a comparison can be
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performed between an estimate developed from a proprietary model and one
prepared using other estimating techniques, as shown in Figure 4.5.
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Figure 4.5 Example of Model Validation by Comparing the Model's Estimate
to Another Estimate

Another testing methodology compares a program’s final cost to the proprietary
model’s estimate of it. However, it may be months, or years, before this approach
can be applied to a given program. The model team may use this method when a

program is near completion, or is at a point where a meaningful earned value
performance index can be determined.

Finally, a team participating in the Parametric Estimating Reinvention Laboratory
developed another testing technique. It first evaluated a given model against the
data used in its development to assess how well it could estimate the information
from which it was built. The team then took known cost data, determined what
the values of the input parameters had to be to generate these costs, and obtained

help from independent experts in determining the reasonableness of those input
values.

4.2.7  Step 7: Estimating System Policies and Procedures

After validation, the company must modify its estimating system policies and
procedures to explain the appropriate use and application of the model for
reviewers and company users. In particular, the model’s developers need to
document its proper use as a valid bidding tool. Chapter 7, Government
Compliance, provides more information.
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4.2.8

4.2.9

Companies should also explain the model’s design, development, and use. For
example, the contractor, as part of its support for the Follow-On Production
Model and Estimating Tool, developed a detailed manual containing information
about the mechanics of the model, its estimating methodologies, and the timing of
updates. The company also amended its Estimating System Manual to include a
section on the model, and to refer the reader to the model’s own manual.

Step 8: Internal Approval Process

When establishing a parametric estimating implementation team, some company
members may believe that gaining the Government’s acceptance of a model will
be more difficult than obtaining it from their own firm. In practice, however, the
company’s internal approval process may be equally challenging, since the
development team must demonstrate to company program managers and their
technical community that the model reliably estimates departmental budgets.

Model developers need to assure company representatives that the model relies on
the firm’s historical data and, therefore, captures how the company executed
similar projects in the past. Any departmental budget allocations produced by the
model should reflect the average budgetary split the firm has historically
experienced. Developers should also consider the fact that a model, if approved,
might change the way the company anticipates executing an existing (or planned)
program (e.g., the project director may need to shift work and modify the budget).
This obviously affects the circumstances under which other company personnel
would approve the model.

A best practice from contractor experience involves the integration of the
company representatives into the model implementation team. As an example,
when implementing the Follow-On Production Model, the model designers, from
the beginning, solicited the participation of key internal representatives. During
the development of each module, the team incorporated the inputs of the
functional department primarily responsible for executing that portion of the
project which the module was designed to estimate. Although the Finance
Department led the model building effort, it continuously reviewed its progress
with representatives from the Engineering and Manufacturing Departments.
These representatives were responsible for coordinating and obtaining any
necessary information from their organization and keeping management
informed.

Step 9: External Approval Process

Although a company may internally approve a model, the customer must also be
shown that the estimating approach is valid. The Parametric Estimating
Reinvention Laboratory demonstrated that involving customers in up-front
decision facilitates their acceptance of parametric techniques (see Appendix J,
Establishing a Parametric Implementation Team). In addition, since a customer
generally receives and accepts recommendations from the local DCMA and
DCAA on issues related to a contractor’s parametric estimating system, it is
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important to include representatives from those organizations on the
implementation team. Failure to do this makes it difficult and risky for the
company to use a model on a proposal. The following examples provide
approaches that several contractors found helpful in implementing proprietary
models, and presenting them to the buying organizations, DCMA and DCAA, and
prime contractors (in the case of subcontractor estimates).

In seeking acceptance of the Program Management (E-PROMM) Model, the
company formed a Continuous Improvement Process (CIP) team. The team’s
composition included company representatives from various departments,
DCMA, and DCAA. All team members participated in establishing selection
criteria for the model’s database. Based on the selection criteria, the contractor
personnel collected actual cost data from over 40 contracts. DCMA and DCAA
reviewed the data for accuracy. At the end of the data collection and model
evaluation period, the DCMA and DCAA accepted the model for use in proposals
to the Government. When using the model for the first time with a buying
organization, the CIP team invites the buying organization to the company for a
joint review and explanation of the model.

The company team developing the Space Sensor Model pursued external
acceptance in a similar manner. Immediately after obtaining funding to develop
the model, the developing company discussed it with other contractors, additional
government organizations, and the Federally Funded Research and Development
Center (FFRDC) to ensure widespread support in data collection and model
validation. The model’s sponsor also formed an integrated product team (IPT) to
provide visibility into the cost estimating process, and to involve these groups in
technical, process, and business/regulatory decisions. The IPT enabled the
Government to provide real-time feedback, and guided the contractor in
implementing a cost model acceptable to the Government and other contractors,
and as a BOE. This IPT philosophy also improved Government understanding of
the data in the model, how the model works, and how contractors intended to
employ it.

Including customers on the development team does not guarantee a model’s
acceptance, of course. It does ensure that the customer has a voice in the model’s
design and usage, but the model’s ability to reasonably predict costs is the
ultimate basis for acceptance. No person, internal or external to the company, can
prove this before final development and testing.

4.2.10 Step 10: Model Maintenance

Through the development process, the team develops a sense of how often the
model needs updating. Maintenance activities include not only the incorporation
of new data into the model, but also an evaluation of the mathematical
relationships between the technical parameters and the costs the model estimates.
Periodic evaluation of the model is required to ensure the estimates are relevant
and the contractor is using the most current, accurate, and complete data, as
required by the Truth in Negotiations Act (TINA). Chapter 7, Government
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Compliance, discusses TINA requirements. The following examples show how
two contractors maintain their proprietary models.

For the Follow-On Production Model, the Pricing Organization was identified as
the office responsible for maintaining the model. The organization annually
updates all cost data. The model is updated following the completion of a
relevant program, or after identifying a substantive change to a relevant program
if that has a significant impact on cost allocations. The Purchasing,
Manufacturing, and Engineering departments work closely with Pricing to keep
the organization informed of any technical additions or modifications to the
model’s data or algorithms.

For the Space Communications Payload Model and the Space Sensor Model, the
Engineering Operations department of the company has maintenance
responsibility. The programs and proposal activities that use the model provide
maintenance funding. New data are contributed as programs mature and,
occasionally, from non-company sources. In some situations, the cost modelers
develop new CERs, based on a subset of the original database, to better match a
new estimating requirement.

The process of maintaining a model involves keeping an audit trail of the CERs
developed, the data points used, and their statistical effectiveness. Figure 4.6
illustrates a method for documenting company developed models, one which
identifies all dependent and independent variables, CER statistics, and data points.
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GRP_AT10<0.4+04*T A WTIN+23.6*LRU MOD

Where: GRP_AT10 = X, inBY97KS.
and: T A WTIN =
LRU MOD =
CORRELATION MATRIX:
GRP_AT10 | T A WTIN | LRU MOD
GRP_AT10 1.00 0.48 0.78
T A WTIN 048 1.00 -0.13
LRU MOD 0.78 -0.13 1.00

CERFIT STATISTICS:
# of OBS MEAN SEE cVv ADJR? R
9 293.1 39.7 13.6% 0.93 0.95

INDEPENDENT VARIABLE INFORMATION:

VARIABLE T-STAT STD ERR SIGT BETA COEFF RANGE MEAN
CONSTANT 0.0 30.5 0.99 NA NA NA
T A WIIN 6.4 0.1 0.0 0.59 256.53
LRU MOD 9.4 2.5 0.0 0.86 7.89
ANOVA TABLE:
SOURCE Sum of Squares DF Mean Square Error F Ratio/SIG (F)
Regression 182481.5 2 91240.75 57/0.0
Residual 9474.6 6 1579.09
TOTAL 191956.1
DATAPOINTS:
REC-1 REC-8
REC-2 REC-9
REC-3 REC-10
REC4
REC-6
REC-7

Figure 4.6 Example of Model Documentation Which Facilitates Maintenance

4.3 Evaluation Criteria

An evaluator’s review of a proprietary model generally focuses on determining
that:

e Policies and procedures exist which enforce the appropriate use of, and
consistency in, the model;

e Data used to develop the model are credible and verifiable;
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e The proprietary model has been validated for use as a BOE.

Chapter 2, Data Collection and Analysis, and Chapter 3, Cost Estimating
Relationships, contain general evaluation criteria for these elements. Chapter 7,
Government Compliance, provides Government evaluation criteria. There are
two additional areas that evaluators should consider reviewing: the cost benefit
analysis, and information system controls.

4.3.1 Cost Benefit Analysis

A company should perform a cost benefit analysis to determine whether a
proprietary model’s expected benefits outweigh the costs to implement and
maintain it. Items that should be considered include:

e The cost to develop and maintain the proprietary model;
e Frequency of use;
e Expected savings;
e Customer support.

As a best practice, companies should consider the return on investment when
implementing a new parametric technique.

4.3.2 Information System Controls

Information system controls make certain a model is economical, efficient, and
that it executes management policies in a controlled environment. Some key
issues are:

e Does the system documentation thoroughly describe the model and
include:

0 Processing performed by the model;
0 Data processed by the model;

0 Reports generated by the model;

0 User instructions.

e Assurance that proper controls are established to monitor changes to the
model.

e Assurance that proper security controls are established and updated on a
regular basis.

e Trained and experienced people perform model development and
maintenance.

e Testing was performed to ensure the model functions properly.
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The effort needed to evaluate information system controls will vary with the
complexity of the model. The purpose of the controls is to maintain the model’s
integrity.

4.4 Summary Example: Jet Engine Cost Model

This complex model, also referred to as the Cost Offering Method for Affordable
Propulsion Engineering Acquisition and Test (COMPEAT$™) was designed for
multiple uses, including the estimation of life cycle costs for military engine
development proposals, commercial engine studies, and target costing.
COMPEATS$™ includes six modules: engineering, engine test, systems
engineering, engine hardware, component test, and operations and support.

In COMPEATS™, general part characteristics or key cost drivers are used as the
model’s inputs such as engine size, part features, dimensions, and efficiency. The
model compares these inputs to a database of historical parts, and selects the best
historical match using a hierarchy of criteria. Based on the degree of similarity
between the new and matched parts, the model processes the new part’s
characteristics through a series of CERs (themselves based on historical part
characteristics and known costs) to produce a cost estimate.

To support the COMPEATS$™ Model, the contractor negotiated an Advance
Agreement with its Government customer. This agreement was used to define the
model maintenance requirements (i.e., frequency of updates) based on TINA
provisions. For example, the Agreement established the boundaries for use of the
model in Government proposals, and addressed the model’s data, data files,
training of users, and the timing of updates. The company later incorporated the
information from this agreement into its standard estimating system policies and
procedures and its Cost Estimating Manual.

The company team developing the COMPEATS$™ Model pursued external
acceptance in a similar manner. Immediately after obtaining internal company
support, the company initiated dialogue with its local Government
representatives. Integrating the Government and company personnel early in the
process promoted a “no surprises’ philosophy.

The company’s Engineering Operations organization has maintenance
responsibility for COMPEAT$™. The Military Engine, Commercial Engine,
Engineering, and Manufacturing Operations fund its maintenance costs. While
the Engineering organization updates the development data and all the model
algorithms, Aircraft Engines Systems personnel gather the hardware data. The
Proposals group evaluates and screens all data, particularly cost, for
reasonableness.

4.5 Lessons Learned

The Parametric Estimating Reinvention Laboratory identified some concepts that
all implementation teams should consider:

International Society of Parametric Analysts 4-17



CHAPTER 4 CoMPANY DEVELOPED COMPLEX MODELS

4.6

e No company or individual can develop a valid model without the
participation of a number of key people;

e Include the customer, all interested company personnel, and DCMA and
DCAA representatives;

e Establish a process flow and target development dates to ensure all team
members provide their inputs to the model's design;

e (Consider the costs and benefits of model development;
e Evaluate commercial models as an alternative to proprietary development;

e Remember that the goal is to establish a more efficient and reliable
estimating system, not just create a model.

Best Practices

Based on Parametric Estimating Reinvention Laboratory experience, no single
implementation approach is superior to another, but all successful applications of
the general model-building process do depend on good communications. Because
Industry and Government recognize a common need to reduce the time and
expense of generating, evaluating, and negotiating cost proposals, they agree to
participate on a particular model implementation team.

Industry model team members provide the Government insight into the methods
and constraints of their estimating processes, and the Government team members
explain what criteria the model must meet for it to be an acceptable estimating
tool. As the work progresses, all team members share opinions, concerns, and
solutions in an effort to make the proposal preparation process faster and less
costly, while maintaining a reasonable level of reliability.

The best practices for model development are:

¢ Obtain internal and external senior management sponsorship of the
initiative early in the process.

e Estimate and track the cost of developing and implementing the new
methods. Maintain metrics on cycle times and proposal costs to determine
the return on the invested costs.

e Engage the major customers, DCMA, and DCAA early in the process and
solicit their input on a real-time basis.

e Engage the company functional communities early in the process to ensure
that they can manage with the outputs the model provides.

e Use cross-functional, Government/contractor IPTs to facilitate model
development and acceptance.

e Develop and rely on a process similar to that illustrated in Figure 4.2.
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CHAPTER 5

Complex Hardware Models

This chapter provides an overview of complex (in-house, commercially available,
and Government developed) hardware parametric models, and describes the
recommended processes for using them to develop estimates for a wide range of
applications and decision support including government project office estimates,
and proposals. When properly implemented and appropriately used, parametric
estimating models reliably predict future project costs more efficiently than
traditional estimating methods. It is not intended that this chapter cover every
hardware model, but provide a general description of the generic process.

The chapter includes:

e (General information on the parametric cost modeling process for hardware
models;

e Recommended estimating system policies and procedures for
implementing and using hardware models;

e Processes for using models as a basis of estimate (BOE) on proposals
submitted to the Government or higher tier contractors;

e Best practices and lessons learned from the Parametric Estimating
Reinvention Laboratory.

The chapter provides best practice recommendations which are based on model
practitioner’s experiences with implementing hardware models into an
organization’s cost estimating and analysis practices. Many models are available,
and some are used for very specific purposes such as estimating the costs of
electronic modules and the operations and support cost of hardware and software
systems. Organizations and cost estimating model users are encouraged to
evaluate as many alternatives as possible prior to selecting and implementing the
most appropriate cost estimating model that meets their requirements.

Background

In the early 1950’s, the Rand Corporation pioneered parametric cost estimating
concepts and used them to develop costs in support of high-level planning studies
for the United States Air Force (USAF). Rand used parametric cost estimating
relationships (CERs) based on speed, range, altitude, and other design parameters
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for first and second-generation intercontinental ballistic missiles, jet fighters, jet
bombers, and cargo aircraft.

Since then the Government and Industry cost analysis community has moved
from simple to complex CERs, and then to sophisticated computer parametric
models that can estimate the life-cycle cost (LCC) of complex weapon, space, and
software-intensive systems. A parametric cost model can be viewed as the
collection of databases, CERs (simple one-variable equations and complex
algorithms requiring multiple design/performance/programmatic parameters), cost
factors, algorithms, and the associated logic, which together are used to estimate
the costs of a system and its components. A model may be manual or automated
and interactive. A parametric cost model uses known values (e.g., system
descriptions or parameters) to estimate unknown ones (e.g., program, component,
activity costs).

Over the past 40 years, Government and Industry have used parametric models to
support conceptual estimating, design-to-cost analyses, LCC estimates,
independent cost estimates, risk analyses, budget planning and analyses, should
cost assessments, and proposal evaluations. Chapter 8, Other Parametric
Applications, contains information on other uses of parametric models.

In 1975, the then RCA Company offered a commercial hardware estimating
model, which was initially developed in the 1960s to support internal independent
cost estimates. This tool, and others that followed from competing companies,
grew in popularity and sophistication and were used to support the full spectrum
of cost estimating and analysis activities. However, these hardware cost models
were generally not used as a BOE for proposals submitted to the Government
when cost or pricing data were required.

As part of the recent Parametric Estimating Reinvention Laboratory effort, several
companies using integrated product teams (IPTs) implemented commercial
parametric estimating hardware models, which can rapidly compute development
and design costs, manufacturing costs of prototypes, and production
unit/manufacturing support costs. The models can also compute the operation and
support costs of fielded systems.

Overview of Hardware Cost Modeling

Hardware cost models provide estimates of system acquisition costs, schedule,
and risks based upon:

¢ Quantitative parameters such as complexity, quantity, weight, and size;

¢ Qualitative parameters such as environmental specifications, type of
packaging, and level of integration;

e Schedule parameters such as months to first prototype, manufacturing rate,
and amount of new design.
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Hardware parametric models bring speed, accuracy, and flexibility to the cost
estimating process. Cost measurement of alternative design concepts early in the
design and acquisition process is crucial to a new program because there is little
opportunity to change program costs significantly once a detailed design and
specs have been released to production. The analyst, with engineering support,
reviews the system’s concept of operations, system requirements, documentation,
and conceptual designs. From this review, a work breakdown structure (WBS)
and cost element structure (CES) are developed for all the systems that are being
designed, developed, and produced. In addition, ground rules and assumptions
(GR&As) defining the acquisition drivers and the programmatic constraints that
affect design and performance are identified. This WBS/CES is then incorporated
into the model, and it defines what is being estimated, including the descriptive
parameters.

Parametric estimating models have been developed to operate with limited
concept description so that program management personnel can estimate the cost
of many unique configurations before system design specifications and detailed
bills of material are finalized. Parametric models can also be used as the basis of
a cost estimate in preparation of firm business proposals, or in the independent
assessment of cost estimates prepared using a traditional estimating approach.

Hardware models extrapolate from past systems to estimate and predict the costs
of future ones, and their inputs cover a wide range of system features and
characteristics. Weight and size are often used as a model’s principal descriptive
variables (descriptors) since all systems (and their components) exhibit these
properties. Application and type are the common predictive variables (predictors)
for electronic components, while mechanical and structural elements can best be
described in terms of their construction: method, type of material, functionality,
machinability, and manufacturing process.

Some uses of parametric hardware cost models include (see Chapter 8 for more
discussion on cost models):

e Cost/price proposal preparation;

e Evaluation of design alternatives and procurement and acquisition options;
e Cost realism analysis;

e Cost and schedule risks;

e Estimates of cost to complete;

e FEstimates of modifications;

e Should cost analysis;

e Most probable cost estimates;

e Evaluations of bids and proposals (sanity checks);

e Vendor negotiations;
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LCC estimates;

Independent cost estimates;

"What if" design cost trade-off analysis or Design-to-Cost (DTC);
Bid/no bid decisions;

Estimates of spare parts costs and other operations and support (O&S)
costs.

Parametric models can be used in all phases of hardware acquisition; for example,
development, production and deployment, and all functional aspects such as
purchased and furnished hardware (GFE), hardware modifications, subcontractor
liaison, hardware-software integration, multiple lot production, and hardware
integration and test.

Figure 5.1 depicts typical hardware modeling inputs and outputs. The main
advantage of a parametric model over grass roots or build-up methods is that it
requires much less data to make the estimate. For example, when a parametric
model calculates a manufacturing cost, it does so using a few items of
programmatic, technical, and schedule information rather than an itemized parts
list and/or a labor resources build-up.

Fundamental input parameters for parametric hardware models include:

Functional design parameters;

Quantities of equipment to be developed, produced, modified,
subcontracted, and integrated and tested;

Applications (technology of materials and processes) of structural and
electronic portions of the hardware;

Hardware geometry consisting of size, weight of electronic and structural
elements, and electronic packaging density;

Amount of new design required and complexity of the development
engineering task;

Operational environment and specification requirements of the hardware;

Schedules for development, production, procurement, modification, and
integration and testing;

Fabrication process to be used for production;
Yield considerations for hardware development;

Pertinent escalation rates and mark-ups for general and administrative
charges, profit, cost of money, and purchased item handling.
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Hardware Modeling

A Hardware Model Uses Common Parameters
To Estimate and Evaluate New Requirements

o Input Parameters o Output Parameters
— Magnitude (quantity) - Cost
— Operating environment o Development
— Amount of new design & o Production
design repeat » D o Engineering
- Engineering complexity o Manufacturing
— Manufacturing complexity — Schedule risks
- Schedule - Unit /system
- H/W - S/W integration integration costs
— Weight / volume

Figure 5.1 Hardware Model Input and Output Parameters

The fundamental feature of parametric inputs is their inter-relationship with the
other elements of the WBS/CES. An effect caused by a change in any one
parameter does not usually impact just one cost element, but several. For
example, consider the impact of a change in quantity. It certainly affects the
manufacturing and spares cost (specifically, cost per unit time), and can also
affect the fabrication process and also, in a ripple effect, the cost of tooling and
test equipment. The same change in quantity could alter the production schedule,
which changes the costs associated with escalation, integration and test,
sustaining engineering, and project management. This interaction is characteristic
of and captured consistently in most parametric input variables and models.

A model’s input parameters uniquely define the hardware configuration (what is
being estimated and modeled) used for cost estimating and modeling. The
resulting cost output is determined by the model's mathematical relationships,
algorithms and data. As stated, cost may be estimated with a minimal number of
inputs. It is always preferable, however, to obtain as much information as
possible to be incorporated into the parametric model by working with the
designers and engineers to define the appropriate inputs, since doing so will
reduce the statistical uncertainty associated with the input variables.

Finally, a comprehensive parametric model has the capability to:

e Incorporate a WBS/CES and, define, characterize and quantify the logical
variables;

e Be calibrated;

e Estimate the cost of multiple lot production;
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e Calculate manufacturing costs of non-homogenous assemblies;

e Determine the cost impact of compressing or extending development or
production schedules;

e Estimate the cost impact of the development schedule (concurrency or
lapse) on production;

e Perform cost and schedule risk analysis.

5.3 The Parametric Cost Modeling Process
Figure 5.2 shows the major steps in the cost modeling process. This section
discusses them in turn.
Define Objectives Data Collection and Analysis

' Grou.ndr.ules and assumptions - Collect and normalize data

- Application(s)
- Analyze data <

- Use of IPTs f
- Reconcile data

- Development plan

Model Validation Model Calibration
- Training the IPT members - Map cost and technical data
- Develop procedures ) )
D < - Callibrate to history or other relevant data

- Demonstrate accuracy Sl )
- Document calibration trials and results

- Document

Forward Estimating

- Identify estimating opportunities

- Gather technical descriptions

- Use relevant program data

- Develop estimate - L

- Analysis of estimate and reconciliation Perlodlg \R;el-_gal!branon

- Write the basis of estimate support and Validation

Figure 5.2 Complex Parametric Hardware Model Estimating Process
5.3.1 Define Objectives

Users of complex hardware models must first establish assumptions concerning
data collection, data requirements for model calibration/validation, and the best
way to normalize data for differences in development, production quantities,
scope of work. This includes establishing ground rules for determining the
compatibility of the data, the model itself, the calibration results, and the
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proposed use of the model. The estimator should coordinate these rules and
assumptions with the proposal manager, technical leads, customer, DCMA, and
DCAA.

5.3.2 Data Collection and Analysis

Historical cost and labor hour data are required as a basis for the model’s cost
estimate, as well as technical non-cost data which describes the physical,
performance, and engineering characteristics of a system or component to be
estimated. The collecting point for company-specific cost and labor hour data is,
in most cases, the company’s general ledger or it’s ERP, or other information
system.

Data should be collected and maintained with an audit trail. All financial data
used to calibrate complex cost models must be consistent with and traceable back
to their sources. Historical cost data may need to be normalized or adjusted to
account for differences related to scope of work, program anomalies, changes in
technology, new business practices, inflation, learning curve and quantities, and
production rate.

Technical data comes from a variety of sources including engineering drawings,
specifications, mass properties (i.e., weights), preliminary and critical design
review documents, suppliers, and other engineering and manufacturing records.
Schedules and quantities come from a variety of sources, including the planning
department, industrial engineering, procurement files, and business management.

The Cost Analysis Requirements Document (CARD) for a DoD program often
contains much of the information needed for a model. Chapter 2, Data Collection
and Analysis, discusses this in more detail.

One of the most important aspects of data collection is interviewing the technical
personnel involved in the design, analysis, manufacturing, assembly, and test of
existing and planned hardware development and production programs. This
provides an opportunity to gather data on issues such as heritage, degrees of
complexity, inheritance, and new business initiatives. The interview also helps
the analyst compare the degree of complexity of the projects within the model’s
database to that being estimated. The analyst then compiles all the parametric
data that has been collected, and stores it in a format that the model can use.

5.3.3 Model Calibration

The calibration of a complex hardware model is the process of tuning it to reflect
the given contractor’s historical cost experience and business culture. Actual
technical, programmatic, and cost data from previous projects embody the
organization’s historical way of doing business. The parameters may have to be
adjusted for the way an organization’s business will be conducted in the future.
Calibration captures this by adjusting the complex model's complexity and/or
adjustment factors. The calibration process involves:
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e Collecting cost, technical, and programmatic data from historical or on-
going relevant programs;

e Analyzing, reconciling, and mapping cost accounts to complex model cost
element terminology;

e Using the model to calculate complexity values (e.g., manufacturing
complexity, material index, drafting and design global values, calibration
adjustment factors, and assessing the effects between the current and
future processes and procedures).

Calibration results are documented in a program notebook, together with all
ground rules and assumptions, summary input data, technical descriptions, and
calibration output reports. Any adjustments made to the model’s parameters are
included, along with the associated rationale. The estimator should follow the
calibration process recommended by the model’s supplier. Figure 5.3 illustrates
the calibration process for a commercial model. A similar process is used to
calibrate other complex models.

General Process Flow for Calibration
(Product and Organization)
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Source Program Data Price H Category by Cost
Weights/Schedules/ gory by
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Product Costs
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Input equals No » lterate Labor/
output labor/ | Material Index —
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oﬂtputqD/L No | Iterate production start date
roduction rates; (PRICE H)
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v
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Figure 5.3 Detailed Calibration Process Flow

As an example (from the Parametric Estimating Reinvention Laboratory),
Lockheed Martin Astronautics (LMA) provided the following information on the
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process it uses to calibrate PRICE H®. LMA has an automated Estimating
Database (EDB) that allows users to access designated historical cost data on all
programs, by month, since 1985.

The EDB is the basis for LMA’s successful implementation of parametric
estimating techniques. Even with this valuable resource, extensive analysis and
mapping is required to enter this cost accounting history into PRICE H”. For
instance, LMA’s design and analysis activities correlate with the PRICE H”
categories of drafting and design.

LMA’s major effort in data collection and analysis consists of gathering technical
data and performing interviews with Product Integrity Engineers to characterize
the hardware subsystems relative to functionality, experience, new design,
heritage, and engineering and manufacturing complexities. Data normalization
consists of establishing ground rules on what types and classes of costs will be
used for calibration. For instance, in LMA’s calibration process, travel and other
direct costs are excluded from the model because they are estimated using other
techniques.

The following list summarizes the calibration lessons learned, best practices, and
examples from the Parametric Estimating Reinvention Laboratory sites that
implemented complex hardware models.

e (alibration can be a resource intensive task. A majority of the effort will
be expended on data collection, interviewing, analysis, and reconciliation
of technical, cost, and programmatic data.

e Ensure full documentation, including ground rules and assumptions.
Separate documentation of the calibration effort for each program’s data is
strongly encouraged. Documentation should include the interview sheets
of the technical personnel, brief technical description of the program,
input values used, and the actual calibration runs.

e Decide up front whether to estimate labor only or both labor and
procurement (i.e., material and subcontracts).

e Ensure all end item weights align with the costs.

e (alibrate at the lowest appropriate WBS level with available cost
accounting data.

e [tis critical to ensure proper mapping from a company’s cost accounting
data to the cost element definitions used by the complex model.

¢ It may be necessary to re-calibrate as more data become available.

5.3.4 Model Validation

Validation is the process of demonstrating the credibility of a parametric model as
a good predictor of costs, and must be done before the model can be used as the
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BOE for proposals. Parametric models also require periodic re-calibration and
validation of company-indexed complexity factors.

A parametric model should demonstrate the following features during its
validation.

e Assurance that model users have sufficient experience as well as training
(especially from the model’s developer).

e Documented calibration results.

e Evidence of formal estimating procedures/practices that ensure
consistency in calibrating/using a complex parametric hardware model,
focusing on these areas:

Model background/history;
Listing of the key cost driver input parameters;

Recommended steps for calibration;

O O O O

Recommended steps for developing an estimate;
0 Guidance for supporting the BOE in a proposal.

Many analysts use one of the following methods to assess the model’s predictive
accuracy.

e Predict the cost of end items not previously calibrated (using appropriate
calibration values), and compare the model’s estimates to the end items’
actual costs or estimates-at-completion (when at least 80 percent of
program actual costs are known).

e Compare the model’s estimates with independent project estimates made
using traditional estimating techniques.

e Compare the model’s estimates to prior production estimates or
negotiations.

5.3.5 Forward Estimating

Figure 5.4 displays the forward estimating process. All the collected historical
complexity factors, technical descriptors, programmatic data, and interview
results are used to develop the proposal estimate. The BOE should document
major input parameter values and their rationales. Some companies may ask the
functional areas (e.g., engineering, quality) to develop independent estimates as
sanity checks to gain confidence in the complex model’s results. In addition, the
establishment of a reconciliation process is strongly recommended to provide a
mechanism for comparing the model’s estimates with actual cost experience (and
can also be used for the periodic revalidation).
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Model Outputs
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Figure 5.4 Forward Estimating Process

A model’s results may not be in the usual proposal format (e.g., spread of hours
by functional category and element of cost) that differs with the model and how
the company chooses to use it. In this case, a post processor can restructure the
results to have the desired level of detail (e.g., percentage spread of hours within a
functional category). To produce a dollar estimate for the project, then the
company just applies current labor and indirect rates to the post processor output
to produce the typical functional category and element of a cost proposal.
Chapter 7, Government Compliance, contains additional information on formats
for proposal submissions. There is a trend in industry to use hardware datasheets,
initially developed by the National Reconnaissance Office (NRO) Cost Group to
capture technical, detailed parametric model inputs. Appendix K includes data
input forms that are often requested by the NRO and other Government
contracting organizations. These data input forms reflect required inputs for
parametric models.

5.4 Commercially Available Hardware Models

Appendix A describes various commercial hardware models, and provides an
overview of their major input variables, key cost drivers, and significant CERs.

An analyst intending to use any of these models for developing estimates,
conducting sensitivity tests, or evaluating key input parameter values should take
the formal training provided by the model’s supplier. Additional information,
including contact information, is provided in Appendix A.
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5.5

Lessons Learned from the Use of Complex Hardware Models

The main lessons learned from practitioners who used and tested complex
hardware models during the Parametric Estimating Reinvention Laboratory effort
are as follows

The effective implementation of complex hardware parametric models
may require that a contractor’s executive business/project managers
support changes in the company’s current business operations and
processes.

Setting specific implementation goals and rewards (e.g., 15 percent of all
new business proposals will utilize complex models to develop estimates),
instead of vague statements such as “encouragement to explore
opportunities,” increases the actual use of parametric models.

Contractor management should ensure that enough resources are dedicated
to the use of complex models since there are sizable start up costs for
collecting and analyzing data, interviewing technical personnel, testing
optional calibration approaches, developing a procedure for consistent
calibration and forward estimating, and finalizing the overall methodology
for proposal application.

Start small to gain experience and acceptance by all internal and external
customers (e.g., use simple CERs to parametrically estimate one to three
subsystems in a proposal) and to demonstrate the reasonableness of
proposal parametric estimates by comparing them with estimates made
using other techniques.

A company should have a champion who can continuously market the
advantages of parametric estimating as a BOE tool to product area Vice
Presidents and Directors. Awareness training is required for internal
functions (e.g., systems engineering, mechanical and electronic design)
and internal and external customers (e.g., DCAA, DCMA, Procurement
Contracting Officers, price/cost analysts, technical evaluators, buying
agency program managers).

Formal commercial model training should be required for anyone
attempting to calibrate historical data, or who is responsible for
developing a proposal estimate requiring cost, pricing, or cost-realism
data. Training also is beneficial for DCAA, DCMA, and program office
personnel as well as anyone involved in the proposal evaluation process.
The Parametric Estimating Reinvention Laboratory identified joint IPT
training and positive team interaction as a best practice. The early
involvement of all interested parties in an IPT is essential.

The successful implementation of parametric techniques requires
Contractor and Government team members to be open minded and willing
to change the existing business culture. A best practice is to get customer
buy-in up front, which should include those technical analysts who

5-12
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evaluate proposals. Appendix J, Establishing a Parametric
Implementation Team, provides additional information.

The entire parametric model submission, review, and approval process
should be defined up front.

Establish clear guidelines for applying parametric models. This includes
the range of cost outcomes, the type of effort being estimated, and
conditions under which the work will be performed. Specific attention
should be given to model calibration data in establishing these parameters.

Guidance should be established for subcontractors’ estimates. The
optimal situation, when cost or pricing data are required, is to have
suppliers develop their own estimates based on acceptable calibrated
parametric models. Chapter 7, Government Compliance, discusses
subcontract requirements.

There are many ways to implement properly calibrated and validated
models. Look beyond “We have always done it this way.”

The parametric estimating process will undergo continuous refinement
and improvement.

5.6 Best Practices

The best practices from the Parametric Estimating Reinvention Laboratory sites
where complex hardware models were used as the BOE in a proposal are as
follows.

Pursue the application of parametric estimating methods in small steps.
Preparing an entire proposal for a major project as the organization’s first
attempt may overwhelm both the organization and the customer. One
recommended approach is to initially estimate either one subsystem or
component to gain the confidence of both internal and external parties.

Involve the customer in establishing ground rules for acceptance of the
model’s outputs.

Develop an independent, discrete project estimate as a secondary
methodology to help establish the realism of the parametric technique.

Include the customer in the tool selection decision.

Develop a Parametric IPT (include customers) and train all key members
in the use of the selected model.

Include the customer and oversight groups in model calibration exercises.

Formally document all calibration efforts (the company’s Estimating
Manual should contain the guidance for this documentation).
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5.7 Conclusions

Complex parametric cost models provide opportunities for Industry and
Government to save time and money on proposals and negotiations requiring cost
or pricing data. In addition, experience from Parametric Estimating Reinvention
Laboratory sites indicates that the use of these models, when properly
calibrated/validated and appropriately applied, complies with Government
procurement regulations.
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CHAPTER 6

Complex Software Models

This chapter provides an overview of complex (in-house, commercially available
and Government developed) software parametric models, and describes the
recommended processes for using them to develop estimates for a wide range of
applications and decision support including government project office estimates,
and proposals. As in the previous chapter, “complex model” means any
parametric model that uses more than one CER in the assessment of cost.

Because software spending in DoD and NASA is significant and continues to
increase, it is critical for those involved in software acquisition to understand the
factors that drive software development and maintenance (support) activities and
costs. This chapter discusses software estimating methodologies with emphasis
on parametric models used in Industry and Government and highlights common
software process improvement activities that are relevant to software parametric
estimating practices.

The chapter also:

e Provides an overview of the software life cycle, including different
methods related to software development and support activities;

e Examines Industry and Government software process improvement
initiatives;

e Discusses the software estimating process and explains different types of
software estimating techniques, including parametric models;

e Explains techniques used to estimate software size (concentrating on
parametric applications);

e Identifies future developments that affect software estimating;

e Discusses best practices and lessons learned from the Parametric
Estimating Reinvention Laboratory.

Background

Software is a combination of computer instructions and data definitions that are
required for computer hardware to perform computational or control functions.
DoD spending for software intensive systems is significant and continues to

increase. Software costs as a percentage of total program and computer system
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costs are also increasing. DoD purchases software for weapon systems and
management information systems (MISs). Weapon system software is associated
with the operations of aircraft; ships; tanks; tactical and strategic missiles; smart
munitions; space launch and space-based systems; command and control (C?);
command, control, communications (C*); and intelligence (C’I) systems. MIS
software also performs activities that support weapon systems (e.g., payroll and
personnel, spares calculations).

Accurately projecting and tracking software costs is difficult, and cost overruns
often occur. It is very important, therefore, to understand software estimating
processes and methods. Software estimating problems often occur because of the:

¢ Inability to accurately size a software project;

e Inability to accurately specify an appropriate software development and
support environment;

e Improper assessment of staffing levels and skills;

e Lack of well-defined requirements for the software activity being
estimated.

Figure 6.1 illustrates the critical elements of the software estimating process, and
shows that adequate parametric software estimating practices include policies and
procedures for data collection and normalization, as well as calibration and
validation (including guidance on significant model cost drivers, input and output
parameters, and steps for validating the model’s accuracy).

Process Flow Diagram
Commercial Parametric Models for Software Estimation

Estimating System Policies and Procedures

/
Input Parameters Calibrated
1.. . river ! &
i.e., cost drivers validat o) t

Data Include: Include:
Collection | —» | * Software Sizing (Key Driver) + Costs by Program Phase
« Application (e.g., IS * Labor Estimates by Program
e / Phase

Command & Control) '
« Software Processes (e.g., \ "
Modern Process, CMM level)

)
* New Design and Reuse \ ’ ‘
« Productivity Factors ) )

« Staffing Profiles
* Schedule Risks

« Complexity
« Utilization N
« Schedules / \
N
Commercial
Model

Figure 6.1 Critical Software Estimating Process Elements
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Processes related to data collection and normalization, calibration, and validation
are discussed in Chapter 2, Data Collection and Analysis, Chapter 5, Complex
Hardware Models, and Chapter 7, Government Compliance. The USAF Software
Technology Support Center’s reference book Guidelines for Successful
Acquisition and Management of Software Intensive Systems (GSAM), updated in
May 2000, provides detailed information on software estimating processes,
software life cycles, process improvements, and other related information. This is
a good reference for analysts who want to understand software related activities.

There is a trend in Industry to use software datasheets, initially developed by the
National Reconnaissance Office (NRO) Cost Group to capture parametric model
inputs of technical detail and assumptions. These datasheets are discussed in
Appendix K.

Here are a few “rules-of-thumb” from the NASA Cost Estimating Handbook.

e Fifty five percent of software projects exceed budget by at least 90
percent. Software projects at large companies are not completed 91
percent of the time. Of the projects that are completed, only 42 percent of
them have all the originally proposed features [Remer, 1998].

e Historical cost estimates for NASA projects are under-estimated by a
factor of at least 2. The actual cost versus estimated cost ratio ranges from
2.1 to 2.5 [Remer, 1998]. At JPL software development cost growth is 50
percent on average from PDR [Hihn and Habib-agahi, May 2000, Hihn
and Habib-agahi, Sept. 2000]

e Cost estimation accuracy using ratio estimating by phases without detailed
engineering data gives an accuracy ranging from .3 percent to +50
percent. Using flow diagram layouts, interface details, etc. gives an
accuracy of .15 percent to +15 percent. Using well-defined engineering
data and a complete set of requirements gives an accuracy range of .5
percent to +15 percent.

e FEighty to 100 percent of attempts to inherit software not written for
inheritance fails [Hihn and Habib-agahi, May 2000, Hihn and Habib-
agahi, Sept. 2000].

e An accuracy range of .10 percent to +10 percent requires that 7 percent of
a rough order of magnitude budget and schedule be used to develop the
plan and budget. Another way to look at this is to consider the percentage
of total job calendar time required. When using existing technology, 8
percent of calendar/budget should be allocated to plan development.
When high technology is used, then 18 percent of calendar/budget should
be allocated to plan development [Remer, 1998].

e According to Boehm [Boehm, et. al., 2000], the impacts of certain risk
drivers can be significantly higher than the JPL study:

0 Requirements volatility can increase cost by as much as 62 percent;
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6.1.1

6.1.2

0 Concurrent hardware platform development can increase cost by as
much as 30 percent;

0 Incorporating anything for the first time, such as new design methods,
languages, tools, processes can increase cost by as much as 20 percent,
and if there are multiple sources of newness, it can increase cost as
much as 100 percent.

Software and Programming Languages

Computers dominate every aspect of modern life. They vary in size and
complexity, ranging from mainframe computers used by major companies to
personal computers in the home. In addition, microcomputers are used in
consumer goods, such as automobile engines, televisions, and microwave ovens.
Computers operate based on sets of instructions contained in programs.

Computer software may be defined as "computer programs, procedures, rules, and
associated documentation and data, pertaining to the operation of a computer
system” (IEEE, 1983).

There is a growing trend for programs to use languages that more closely
resemble the spoken language. For example, programs for spreadsheets, word
processors, and similar applications are often written in a Very Higher-Order
Language (VHOL). The advantages of VHOLSs are that they allow a person with
little or no programming background to interact with a computer. Examples of
VHOLSs are SQL, Excel, Smalltalk, HTML, and Mathcad. Like size,
programming languages have a significant effect on overall software costs.

Software Development Methodologies

Regardless of how software is programmed, its development follows certain steps
or phases, and it must be supported (i.e., maintained) after that. The combination
of software development and support activities is referred to as the software life
cycle. Software development processes describe the methodologies and tools
used by an organization, and are key drivers in determining estimated software
costs.

There are a number of software development techniques organizations can use,
each having a different effect on software costs. One generic software process,
used as a framework for many systems currently being developed or supported, is
IEEE/EIA Standard 12207, Standard for Information Technology - Software Life
Cycle Processes, or relevant International Organization for Standardization (ISO)
standards (IEEE, 1998). IEEE/EIA Standard 12207 defines a set of recommended
development activities and documentation alternatives for software intensive
systems. This standard is compatible with a number of different software
development methods, including the waterfall model. Figure 6.2 shows the
software life cycle phases associated with the waterfall.

6-4
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Figure 6.2 Software Waterfall Model Development Phases

Before discussing the development process, it is important to understand the
software hierarchy. Figure 6.3 illustrates the software hierarchy commonly used
for complex DoD software and MIS systems. Generally, a system (e.g., F-22
fighter aircraft) is partitioned into various subsystems (e.g., avionics) and, at
times, prime and critical items (e.g., attack radar). These subsystems or items are
further partitioned into computer software configuration items (SCIs) and
hardware configuration items (HWCIs). An SCI is defined as an aggregation of
software that satisfies a common end-use function. When SClIs are large (e.g.,
exceed 100,000 LOCs), they are again partitioned into more manageable tiers,
called software units (SUs). The lowest-level SUs generally contain between 100
and 200 LOCs. The structure and number of SU tiers depends on the nature and
complexity of the particular SCI.
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Figure 6.3 Software Hierarchy

The structure in Figure 6.3 is an example of a product-oriented work breakdown
structure (WBS), which is a management technique used to subdivide a system
into its components. WBSs are generally product-oriented family trees composed
of hardware, software, services, and other work tasks. A WBS defines the
product(s) to be developed, and relates the work elements to each other and the
end product. DoD Handbook Work Breakdown Structures for Defense Materiel
Items (MIL-HDBK-881A) discusses WBSs in detail.

During the first two phases (system requirements analysis and system design) of
the software development process (Figure 6.2), the system level requirements are
partitioned into SCI and HWCI level requirements (Figure 6.3). Each SCI is then
developed using a SCI life cycle process similar to that shown in Figure 6.2.

During the software requirements analysis phase, specific SCI requirements are
defined in detail. During the software design phase, software requirements are
refined to the SU level and partitioned into modules where functions, inputs,
outputs, and constraints are defined. Generally, once software is completely
designed it can be coded (i.e., programmed).

The last three SCI level phases involve: writing source code (e.g., C++ language
statements) for each SU; testing each SU; integrating and testing aggregates of
SUs; and performing qualification testing on the overall SCI to ensure all
requirements are successfully met. After individual SClIs are tested, aggregates of
HWClIs and SCIs are integrated and tested. Next, qualification testing is
performed on the entire system to ensure the system-level requirements are met.
After testing is complete, the software is transferred to the using and supporting
agencies.

During each software development phase, a number of other key activities may
occur, such as: software project management, software configuration
management, and software quality assurance. Each of the activities performed for
each discipline, during each phase, can be organized into an activity WBS for
each. This WBS can be used with the product WBS as a basis for management
reporting and tracking for the SCI.
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The software life cycle (i.e., SCI) phases shown in Figure 6.2 do not have to occur
sequentially, as the illustration may imply. Many modern development practices
can result in a different order of activities or even in a combination (or
overlapping) of activities as explained in the following discussions of alternative
software development methodologies. The type of methodology used generally
has a significant impact on development, maintenance, and total life cycle costs.

6.1.2.1 Waterfall or “Grand Design”

The waterfall methodology is also referred to as the “traditional” software
development method. The waterfall emphasizes up-front requirements and design
activities and typically requires significant documentation (e.g., specifications,
user manuals). The waterfall method was developed in 1970 by W. W. Royce to
establish a disciplined approach for software development (Boehm, 1981). It was
considered a superior method to the “code-and-fix” practices previously used.

The waterfall approach has certain limitations, including:

e No working product is produced until the last activity is finished (i.e.,
testing in Figure 6.2);

e Products of preceding SCI phases are usually documents, which tend to be
lengthy and cumbersome;

e When problems arise early in the program (e.g., misstated SCI
requirements), they may not be discovered until the final product is
delivered (at this point it would be expensive and time consuming to
correct these problems).

Although this method is still widely used, most software experts recommend that
it be used with caution.

6.1.2.2 Evolutionary Development

This methodology involves the initial development of an operational product, and
then the continual creation of more refined versions (i.e., iterations) of it.
Successive iterations generally follow the SCI activities highlighted in Figure 6.2.
During the first iteration, core capabilities are developed and fielded. The
software is developed with a modular design so additional capabilities and
refinements can be added by the iterations. The advantage of this method is that a
working product is available for users early in the development process, which
helps them assess the product and provide inputs for the enhanced iterations. One
drawback, though, is that the final version can require more time and effort than
would be expended under the waterfall method.

6.1.2.3 Incremental Development

The incremental development methodology builds a software product through a
series of increments of increasing functional capability, and is characterized by a
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build-a-little, test-a-little approach. It provides users early participation in a
product’s development, and can result in savings through the testing of smaller
increments. As with evolutionary development, users design later versions by
working with earlier ones. The method is not suitable for all programs because
partitioning the software into suitable increments is difficult.

6.1.2.4  Prototyping

Prototyping involves the development of an experimental product that
demonstrates software requirements for the end users, who get a better
understanding of these requirements by working with the prototype. Computer-
aided software engineering (CASE) tools facilitate the use of this methodology.
While prototyping improves requirements definition, the prototype must not be
taken as a “final” product, because this could increase long-term support costs.

6.1.2.5 Spiral Development

This approach views software development as a spiral, with radial distance as a
measure of cost or effort, and angular displacement as a measure of progress.

One cycle of the spiral usually represents a development phase, such as
requirements analysis or design. During each cycle, objectives are formulated,
alternative analysis performed, risk analysis conducted, and one or more products
delivered. The advantages of the spiral model are that it emphasizes evaluation of
alternatives using risk analysis, and provides flexibility to the software
development process by combining basic waterfall building blocks with
evolutionary or incremental prototyping approaches.

6.1.2.6  Object-Oriented Development

This methodology differs from traditional development in that procedures and
data are combined into unified objects. A system is viewed as a collection of
classes and objects, and their associated relationships. This is not a separate
development method per se, and can be used with other methods (e.g., waterfall,
evolutionary, incremental). It can also facilitate software reusability and
supportability. Appendix D lists several societies that can provide additional
information.

6.1.3  Software Support

Software must be maintained, or supported, after it is developed. Software
maintenance includes such activities as adding more capabilities, deleting
obsolete capabilities, modifying software to address a change in the environment
or to better interface with the host computer, and performing activities necessary
to keep software operational. Software support can also be called "software
redevelopment" since its tasks repeat all, or some, of the software development
phases.
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Figure 6.4 explains support categories and gives the relative percentage of effort
generally expended on each one. Note that corrective support activities, which
many people regard as the sole software maintenance activity, generally account
for only 17 percent of the total support effort.

6.1.4

6.1.4.1

Software Support Categories

CORRECTIVE --
Correct errors

ADAPTIVE --

Accommodate
environmental
changes PERFECTIVE -- Make

enhancements

OTHER

Figure 6.4 Software Support Categories

Software support is expensive, and can exceed the total cost of development.
Unfortunately, the techniques often used to estimate support costs are ad-hoc;
software support costs are often funded through “level-of-effort” (LOE) type
contracts, and are not based on specific support requirements.

Software Capability Maturity Model Integration (CMMI) Models

Background

In 1987, the Software Engineering Institute (SEI) at Carnegie Mellon University
(CMU), developed a methodology for assessing organizations’ software
capabilities (Paulk, 1993). This became the framework for the Software
Capability Maturity Model (CMM). The CMM was initially developed for the
Government to evaluate an organization’s ability to perform software
development and maintenance work on Government contracts. The CMM was a
mainstay for both government and industry during the 1990s; however, SEI
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decided to replace the CMM in 2001 with a suite of CMM Integration (CMMI)
models.

According to CMU, CMMI best practices improve upon the CMM by enabling an
organization to:

e More explicitly link management and engineering activities to business
objectives;

e Expand the scope of and visibility into the product life cycle and
engineering activities to ensure that the product or service meets customer
expectations;

e Incorporate lessons learned from additional areas of best practice (e.g.,
measurement, risk management, and supplier management);

¢ Implement more robust high-maturity practices;

e Address additional organizational functions critical to its products and
services;

e More fully comply with relevant standards (SEI, 2001).

There are actually four CMMI models, with two versions of each: continuous and
staged. The staged version of the CMMI for systems and software engineering
(CMMI-SE/SW) is discussed here since it tracks most closely with the CMM.

The CMMI-SE/SW has five levels of software process maturity. Figure 6.5
shows the characteristics associated with each level. These characteristics are
typically demonstrated by organizations at that level. The levels are sometimes
used as key parameters (i.e., inputs) by complex parametric models, and the
characteristics may be used to indicate process improvements that need to be
implemented before an organization can advance to the next level of maturity.

Maturity Level Description

Level 1 The software process is characterized as ad-hoc, and
Initial occasionally chaotic. Project schedules, budgets,
functionality, and quality are generally unpredictable.
The organization may succeed, but frequently
overruns budgets and schedules.

Level 2 The organization insures that requirements are
Managed managed and that processes are planned, performed,
measured, and controlled. Standards and processes
are documented, but may vary from project to project.
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Maturity Level Description

Level 3 The organization’s software processes for both
Defined management and engineering activities are well
characterized and understood, and are described in
detail in standards, procedures, tools, and methods.
All projects use an approved, tailored version of the
organization’s standard software process for
developing and maintaining software.

Level 4 The organization controls and measures their
Quantitatively performance and the quality of projects using
Managed statistical and other quantitative techniques. Detailed

measures of the software process and product quality
are collected and statistically analyzed.

Level 5 The organization focuses on continually improving
Optimizing process performance through innovative and
incremental technological improvements.
Improvements are based on a quantitative
understanding of the causes of variation inherent in
processes.

Figure 6.5 Staged CMMI-SE/SW Maturity Level Descriptions

6.1.4.2 Process Areas

For each staged CMMI-SE/SW maturity level (except Level 1), an organization
must achieve a number of specific goals and practices for certain process areas.
Figure 6.6 lists the required process areas by maturity level. An organization is
expected to successfully perform all process areas at each level (and all lower
levels) to attain that maturity level; however, tailoring is allowed in special

circumstances.

Maturity Level Process Areas
Level 1 None Required
Initial
Level 2 Requirements Management
Managed Project Planning

Product Monitoring and Control
Supplier Agreement Management
Measurement and Analysis

Product and Process Quality Assurance
Configuration Management
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Maturity Level Process Areas

Level 3 Decision Analysis and Resolution
Defined Integrated Supplier Management
Integrated Teaming

Integrated Project Management
Organizational Environment for Integration
Organizational Process Focus
Organizational Training
Organization Process Definition
Product Integration

Requirements Development

Risk Management

Technical Solution

Validation
Verification
Level 4 Organizational Process Performance
Quantitatively Quantitative Project Management
Managed
Level 5 Causal Analysis and Resolution
Optimizing Organizational Innovation and Development

Figure 6.6 Process Areas for Staged CMMI-SE/SW Maturity Levels

Many of the process areas focus on an organization’s strengths and weaknesses
concerning certain topics (e.g., software development methodology). A detailed
explanation of the staged CMMI-SE/SW (including all process areas) is beyond
the scope of this Handbook; however, three process areas associated with Level 2
(Managed) have specific goals and practices that deal with software estimating:
project planning, measurement and analysis, and product monitoring and control.
The specific goals and practices for these process areas are described, below.

The purpose of software project planning is to establish and maintain estimates of
project planning parameters. Specific practices for doing this include:

e Establishing a top-level work breakdown structure to estimate the scope of
the project;

e Establishing and maintaining estimates of the work products and tasks;
¢ Defining the project life cycle phases used to scope the planning effort;

e Establishing the schedule and cost for work tasks based on estimation
rationale.

Periodic project measurement and analysis as well as monitoring and control
tracks the performance and progress of a project and compares the performance to
the project baseline plan to identify trends and problem areas. Specific practices
include:
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e Periodically reviewing the project’s progress, performance, and issues;

e Reviewing the accomplishments and results of the project at selected
project milestones;

e Monitoring actual and earned values of project planning parameters
against the project baseline plan;

e Monitoring commitments against those identified in the project baseline or
estimate to complete plan;

e Monitoring risks against those identified in the project plan;
e Monitoring the management of the project to the project’s baseline plan;

e Monitoring stakeholder involvement in the project plan.

6.1.4.3 Additional Comments on CMM and CMMI

Organizations that have implemented software process improvements resulting
from CMM and CMMI evaluations have generally achieved many benefits,
including significant cost savings and significant returns-on-investment. In
addition, many Government buying activities want contractors to be certified at a
particular level before considering them for contract award. Because the CMM
and, now, the CMMI are often used as a basis for source selection, organizations
have committed substantial resources to implement software process
improvements. Software estimates should incorporate the benefits resulting from
CMMI related software process improvements, as well as benefits derived from
other technologies, such as integration of commercial off-the-shelf (COTS)
components and reuse.

The CMMI models are one of many software process improvement
methodologies the SEI has developed in recent years.

6.1.5 Manager’'s Checklist for Validating Software Cost and Schedule Estimates

The SEI developed a CMM checklist that helps managers assess the credibility of
software cost and schedule estimates (Park, 1995). It provides issues to address
and questions to ask when determining whether or not to use a software estimate.
Each question deals with evidence that, if present, supports the credibility of the
estimate.

6.1.6  Software Estimating Techniques

Understanding software parametric estimating requires knowledge about basic
software estimating methods. Boehm (1981) discusses different types of models
and methods for cost estimation, including algorithmic, expert judgment, analogy,
Parkinson, price-to-win, bottoms-up, and top-down.

Figure 6.7 summarizes the features, advantages, and disadvantages of four of
these. The parametric model category is then discussed.
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Model

Category

Description

Advantages

Limitations

Analogy Compare project Estimates are based | Truly similar
with past similar on actual projects must exist
projects experience
Expert Consult with one or | Little or no Experts tend to be
Judgment more experts historical data is biased; knowledge
needed; good for level is sometimes
new or unique questionable
projects
Bottoms-Up | Individuals assess | Accurate estimates | Methods are time-
each component are possible consuming; detailed
and then because of detailed | data may not be
component basis of estimate available,
estimates are (BOE); promotes especially early in a
summed to individual program;
calculate the total responsibility integration costs are
estimate sometimes
disregarded
Parametric | Perform overall Models are usually | Models can be
Models estimate using fast and easy to use, | inaccurate if not
design parameters | and useful early in | properly calibrated
and mathematical a program; they are | and validated; it is
algorithms also objective and | possible that

repeatable

historical data used
for calibration may
not be relevant to
new programs

Figure 6.7 Categories of Software Cost Models

Parametric models generate estimates using statistical relationships, and relate
dependent variables (i.e., cost and/or schedule) to one or more independent
variables (i.e., parameters). Parametric estimating techniques for software
projects generally estimate overall system or SCI costs based on a software
program’s design characteristics. These overall costs can be partitioned among
the lower-level SUs or life cycle phases. The advantages of parametric models
are that they are fast and easy to use, require little detailed information (after they
are calibrated), and capture total system or SCI-level costs (including costs for
integration activities). In addition, parametric estimating techniques can be as (if
not more) accurate as other estimating techniques, if they are properly calibrated
and validated. Because of these advantages, parametric models are generally
DoD’s software estimating technique of choice. Section 6.2 looks at several
complex parametric models that both Industry and Government use.
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6.2 Overview of Software Parametric Cost Models

Many sophisticated parametric software estimating models use multiple
parameters to compute software costs and effort. This section discusses common
models and provides a basic understanding of some of their common features.
The discussion focuses on background, principal inputs (i.e., parameters),
processing, and principal outputs, as well as cost estimating capabilities for
software support, because of its growing importance. Appendix A contains
contact information for the model vendors.

Many software parametric cost models depend upon a measured input for source
lines of code (SLOC) as the primary input for the cost-driving variable for mass
(equivalent to weight in a hardware model). Over the years, SLOC has been the
standard cost-driver for parametric software models. The definitions for SLOC
can vary depending upon the parametric model, so the user must ensure that he or
she is following the definition appropriate to the model being used. There are
other definitions for mass that can be employed. Some of these are described
below. Selection of the appropriate cost driver is of critical importance.

6.2.1 Function Point Models

Function points are weighted sums of five factors related to user requirements:
inputs, outputs, logic files, inquiries, and interfaces. They are parametric models
because they use design parameters to estimate size. However, these parameters
were not developed using regression analysis procedures; instead, they use the
five program factors (inputs, outputs, logic files, and so forth) to estimate
software size.

Function point analyses have been performed on more than 30 data processing
programs. The resultant conclusions were that function points are not only a valid
predictor of software size, but are also superior to SLOC as a predictor of
software development cost or effort. Most models can use function points as an
alternative to SLOC for estimating software size.

Figure 6.8 shows how traditional function points (sometimes called Albrecht
function points) are computed. The user must determine the number of external
inputs (EI), external outputs (EO), external inquiries (EQ), internal files (ILF),
and external interfaces (EIF) in the program. This determines a measure called
“basic” function points. The user can then refine this measure by considering the
complexity level of each function point and the 14 complexity adjustment factors
related to the overall program (see Figure 6.8). The attributes used for function
points are:

e External inputs (El). All unique data or control inputs that cross the

system boundary and cause processing to occur (e.g., input screens and
tables).
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e External outputs (EO). All unique data or control outputs that cross the
system boundary after processing has occurred (e.g., output screens and
reports).

e External inquiries (EQ). All unique transactions that cross the system
boundary to make active demands on the system (e.g., prompts and
interrupts).

e Internal files (ILF). All logical data groupings that are stored within a
system according to some pre-defined conceptual schema (e.g., databases
and directories).

e External interfaces (EIF). All unique files or programs that cross the
system boundary and are shared with at least one other system or
application (e.g., shared databases and shared mathematical routines).
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e "Basic" Function Points (BFP): 4(EI) + 5(EO) + 4(EQ) + 10(ILF) + 7(EIF)
(with £25% Complexity Adjustment)

e Unadjusted Function Points (UFP): Weight Five Attributes as Simple,
Average, or Complex

Attribute Complexity ‘ Total ‘
Simple Average Complex
EIl 3 4 6
EO 4 5 7
EQ 3 4 6 (or 7)
ILF 7 10 15
EIF 5 7 10

e Adjusted Function Points (AFP): UFP (0.65 + [0.01(CA)])
(CA is Complexity Adjustment: Sum of 14 Factors, Rated 1 to 5 for
Influence [0 - None, 1 - Little, 2 - Moderate, 3 - Average, 4 - Significant, 5 -
Strong]; Ratings Defined for Each Factor)

14 Factors:

1. Data Communications 2. Distributed Data Processing
3. Performance Objectives 4. Heavily-Used Configuration
5. Transaction Rate 6. On-Line Data Entry

7. End-user Efficiency 8. On-Line Update

9. Complex Processing 10. Reusability

11. Conversion and Installation Ease | 12. Operational Ease

13. Multiple Site Usage 14. Facilitate Change

Figure 6.8 Traditional Function Point Computations

The excellent results obtained from Albrecht and Gaffney’s research are a noted
strength of function-point models. In addition, the International Function Points
User’s Group (IFPUG), which meets twice a year, and periodically publishes a
guide to counting and using function points (Garmus, 2001), performs ongoing
research. Proponents of function point size estimation state that function point
counts can be made early in a program, during requirements analysis or
preliminary design. Another strength, according to Capers Jones (Jones, 1995), is
that they provide a more realistic measure of productivity because SLOC-per-
person-per-month measures tend to penalize HOLs (e.g., ADA, C++).
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6.2.2

However, function points do have disadvantages, since they are often harder to
visualize (i.e., functions points are concepts), where SLOCs can be seen (e.g., on
a code listing). Function points are also less widely used than SLOC for most
applications, and have only been studied extensively for business or data
processing applications, though attempts to adapt the function point concept to
real-time and scientific environments have been made.

Conversion of Function Points to SLOC

It is sometimes necessary to convert from SLOC to function points, or vice-versa.
Several software cost models, such as The Early Design Model of COCOMO 11,
allow the user to input function points (or a variant of a function point), though
they must convert function points to SLOC (because the model’s algorithms are
based on SLOC). The opposite situation can occur in other models where SLOC
inputs must be converted to function points. This conversion process is
sometimes called “backfiring.”

To help in this conversion process, sets of SLOC to function point ratios have
been developed. See Figure 6.9.

Language levels are useful for converting size from one language to another, and
for assessing relative language productivity (although the relationship between
language level and productivity is not linear).

Language Jones Galorath Reifer
Language Level SLOC/FP SLOC/FP SLOC/FP
Assembler 1 320 320 400
COBOL 3 107 61 100
FORTRAN 3 107 58 105
ADA (1983) 4.5 71 71 72
PROLOG 5.0 64 61 64
Pascal 3.5 91 71 70
PL/1 4.0 80 71 65

Figure 6.9 SLOC-Per-Function Point Ratios

While function point to SLOC conversion ratios are useful, and often sometimes
necessary, they should be used with caution.

Figure 6.9 illustrates that, while researchers may agree on the ratios for some
languages such as ADA, they differ on the ratios for others, such as Pascal and
PL/1. Furthermore, there was considerable variance for these ratios within the
databases. Therefore, for some languages it appears that backfiring should not be
used, and for cost estimation it is probably best to use a model for which the
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algorithms are based on the user’s size measure (i.e., calibrated parametric sizing
models).

6.2.3 Object Points

Other sizing methods were developed to address modern programming
applications. Currently, object points are used in development environments
using integrated CASE tools (although they may have other applications). CASE
tools automate the processes associated with software development and support
activities and, when used correctly, can have a significant impact on productivity
levels as well as quality factors associated with software costs, such as rework.

The four object types used include:

e Rule Sets. A collection of instructions and routines written with a CASE
tool’s high-level language (these are analogous to “programs” when third-
generation languages (3GL) such as FORTRAN or COBOL are used).

e Third Generation Language Modules. Existing procedures written in a
3GL.

e Screen Definitions. Logical representations of on-screen images.
e User Reports. Specific types of reports.

Two object-based measures are obtained from these object types. The first, object
counts, is merely a sum of the number of instances of each object type and is
analogous to basic function points. Object points are a sum of object instances
for each type, times an effort weight for each type.

The average effort weight for each type is as follows:
e Rule Sets: 3 Days;
e 3GL Modules: 10 Days;
e Screen Definitions: 2 Days;
e User Reports: 5 Days.

Therefore, object points are an estimation of effort needed for an integrated CASE
tool development environment. Application points, a variant of object points, are
currently used in the COCOMO 1I Application Composition model,

6.2.4  Use Case Points (UCPs)

With the increasing popularity of Unified Modeling Language (UML) and similar
programming languages, UCPs as a measure of software size are receiving
increased attention. UCPs are a sum of actors and use cases, each adjusted for
complexity. Use cases are further adjusted by technical complexity from 13
technical factors, and environmental complexity from 8 environmental factors.
The result is a count of adjusted UCPs. UCPs can then be used to estimate size
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for another measure, such as SLOC. If productivity rates are known (UCP/PM),
UCPs can be used to directly estimate effort.

6.2.5 Normalized Use Cases (NUCs)

Initial work in UCPs advanced and diverged in 2002 from other use case work
that a new name was coined, Normalized Use Cases, or NUCs. NUCs include
actors, number of use cases, complexity factors, and other analyses. These have
been applied to several systems and have been able to provide up-front size
estimation. These were completed systems with blind application of the sizing
model. Additional research is currently being performed.

6.3 Cost Model Selection

With the multitude of software cost and sizing models available, selecting the
appropriate tool can be difficult. A four-step approach can be used in the
selection process:

1. Determine user needs;

2. Select candidate models;

3. Choose the most appropriate model or models;
4

Reevaluate the choice.

6.3.1 Step 1: Determine User Needs

This first step is the most crucial. Different models are best for different
applications, and the user should understand the unique requirements of the
program. The user should first write a general statement of the organization's
needs, then expand the information in more detail. A "weighted factors
approach," such as that illustrated in Figure 6.10, can clearly define each unique
situation. The list of factors and weightings shown reflects their importance to
the user’s organization. (They are presented as an example, and may be quite
different for other organizations.) Also, the listing of factors and assignment of
weightings can be subjective. However, this approach provides a framework for
considering qualitative evaluation factors.
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Factor Importance Model Sub-Factor

Ratina Ratings Products

AIB|CJ|AIB]C

Input Data Availability 10 101 9| 7 |100] 90| 70
Design Evaluation Criteria 9 101 6 | 7190|5463
Ease of Use 8 8| 9|6 ([64]72]48
Ease of Calibration 6 21 5]15(12]30(30
Database Validity 5 7171 4(35]35[20
Currentness 5 3| 5|5([15]25]25
Accessibility 4 6] 9| 4(24]136(16
Range of Applicability 2 117 (10] 2 |14 20

Ease of Modification 1 314123 ]4]2
Weighted Totals 345]360]294

Figure 6.10 The Weighted Factors Approach

6.3.2 Step 2: Select Candidate Models

The second step is to select a set of candidate models that meet the needs
identified through Step 1. An examination of needs can point out the most
suitable models. For size estimation, various categories of models (e.g., analogy,
bottom-up, expert judgment, or parametric) can be selected. However, for cost
models, the choices will probably focus on parametric models. Once the category
or categories are identified, candidate models can be selected.

6.3.3 Step 3: Choose the Most Appropriate Model or Models

The user should perform both qualitative and quantitative (accuracy) assessments
of the candidate models selected in Step 2, and choose the best model or models
for their organization. For software estimates, it is recommended that two models
be selected for routine use: one as the primary model and one for crosschecking
its results. A study by Coggins and Russell (Coggins, 1993) showed that software
cost models, even given “equivalent” inputs, produce significantly different cost
and schedule estimates. They concluded that a user should learn one or two
models well, instead of trying to use several different models. Nevertheless, other

models can still be used, even if only for future consideration (discussed in Step
4).
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6.3.4

6.4

Users must become familiar with each of the candidates to choose the most
effective model. This often involves attending a training course and using the
model for several months. Once the user becomes sufficiently familiar with the
models, the selection process can begin. It is highly desirable that users perform
their own studies, and not rely solely on outside information. Nevertheless,
validation studies performed by outside agencies can certainly help the user in the
model selection process. An excellent example is a study by the Institute for
Defense Analysis (Bailey, 1986), which compared and evaluated features of most
of the cost models then in use by Industry and Government. While outside
studies can provide valuable information, they should be used as supplementary
material since they may not reflect the unique features of the user’s environment.

The Weighted-Factors Approach (Figure 6.10) can help with the qualitative
assessment of candidate models. The user assigns a weight to each factor (Step
1), assigns a rating between "1" and "10" to each model (based on how well it
addresses each factor), multiplies the model and importance ratings, and sums the
results. The highest total can indicate the best model alternative (e.g., Model B in
Figure 6.10). However, models that are close in score to the highest (e.g., Model
A in Figure 6.10) should also be examined. Since there is some subjectivity in
this process, small differences may be negligible. Again, while the Weighted-
Factors Approach is somewhat subjective, it can help a user consider what is
important in model selection and in quantifying the rating process.

For quantitative assessments, or in determining whether the models meet accuracy
requirements, users should calibrate the models, then run them against projects
for which the user has historical data that was not used during the calibration
process. This approach is often arduous, but essential if a user truly wants to
identify the model that is most suitable (i.e., most accurate) for the application.

Step 4: Reevaluate the Choice

User needs and models can change over time. Many commercial models are
updated every year, and major refinements occur every few years. New models
occasionally appear that could be more suitable than the current models.
Therefore, users should reevaluate their selections every few years. There is no
reason to be "married" to a particular model, or models, for life unless they
continue to be the best available.

The four-step approach can help a user in model selection. The most crucial step
in this process is the first: user needs determination. The remaining steps hinge
on its success. The four-step approach is sometimes laborious, but the benefits of
improved estimating make it worthwhile.

Intelligent Use of Software Models

A bounty of software cost and size models are available, many of them very
sophisticated, which could lull an analyst or manager into an over-dependence on
them. Some managers believe that “models, not estimators, are responsible for
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estimates” (Park, 1989). Software models however, are not magic boxes; they are
only as good as the input data used. Even models have limitations. For example,
parametric models can be inaccurate if they have not been adequately calibrated
and validated. Furthermore, models are not always useful in analyzing non-cost
factors that may impact certain decision-making. Therefore, a manager must be
able to recognize the capabilities and limitations of models and use them
intelligently. An example is provided at the end of this section.

6.4.1 Input Data

One problem with parametric models is that their effort and schedule estimates
may be very sensitive to changes in input parameters. For example, in most cost
models, changes in program size result in at least an equivalent percentage change
in cost or effort. Other input changes can have dramatic effects; for instance,
changing the two COCOMO II personnel capability ratings, (analyst capability
(ACAP) and programmer capability (PCAP), from “very high” to “very low” will
result in a 350 percent increase in effort required. All models have one or more
inputs for which small changes result in large changes in effort and, perhaps,
schedule.

The input data problem is compounded by the fact that some inputs are difficult to
obtain, especially early in a program (e.g., software size). Other inputs are
subjective and often difficult to determine; personnel parameter data are
especially difficult to collect. Even “objective” inputs like security requirements
may be difficult to confirm early in a program, and later changes may result in
substantially different cost and schedule estimates. Some sensitive inputs such as
productivity factors should be calibrated from past data. If data are not available,
or if consistent values of these parameters cannot be calibrated, the model’s
usefulness may be questionable.

A manager or analyst must spend considerable time and effort to obtain quality
input information. Ideally, a team of personnel knowledgeable in both software
estimating and technical issues should perform a software cost estimate. A
software cost analyst must work with engineering or technical personnel to
determine some of the “hard” inputs such as size and complexity. The analyst
should also try to determine “soft” inputs (e.g., analysts’ capability—ACAP) by
working with appropriate personnel in the organization and, if necessary,
performing a Delphi survey or similar expert judgment technique. Finally, an
analyst or team should calibrate the models to the particular environment, a time-
consuming but worthwhile exercise. As previously discussed, model calibration
should improve model accuracy.

6.4.2 Model Validation

If a model will be used to develop estimates for proposals that will be submitted
to the Government or a higher tier contractor, its accuracy should be addressed
through the validation process. Validation is defined as the process, or act, of
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6.4.3

6.4.4

demonstrating a calibrated model’s ability to function as a credible forward-
estimating tool. A parametric model, such as one for software estimating, should
be implemented as part of a contractor’s estimating system. For a model to be
considered an acceptable (or valid) estimating technique, an organization should
be able to demonstrate that:

e Key personnel are experienced and have received adequate training;
e Complex model calibrations were performed and documented,

e Estimating procedures are established to enforce consistency in the
calibration process as well as in application on proposals;

e Parametric techniques are good predictors of future costs.

Chapter 7, Government Compliance, discuss the criteria for adequate parametric
estimating systems.

COCOMO 11

Because it is an open book model, COCOMO II (REVIC is also) is an example
software estimating tool that can be used for performing model-based estimates.
USC COCOMO II is a tool developed by the Center for Software Engineering
(CSE) at the University of Southern California (USC), headed by Dr. Barry
Boehm.

Unlike most other cost estimation models, COCOMO II (www.sunset.usc.edu) is
an open model, so all of the details are published. There are different versions of
the model, one for early software design phases (the Early Design Model) and one
for later software development phases (the Post-Architecture Model). The
amount of information available during the different phases of software
development varies, and COCOMO II incorporates this by requiring fewer cost
drivers during the early design phase of development versus the post-architecture
phases. This tool allows for estimation by modules and distinguishes between
new development and reused/adapted software.

Example: REVIC — Revised COCOMO Model
The REVIC equations are:

1. MM= A (KDSI)?B x Fi

2. TDEV = C(MM)1D

Equation (1) predicts the manpower in man months (MM) based on the estimated
lines of code to be developed (KDSI = Delivered Source Instructions in
thousands) and the product of a group of Environmental factors (Fi). The
coefficients (A, C), exponents (B, D) and the factors (Fi) are determined by
statistical analysis from a database of completed projects. These variables
attempt to account for the variations in the total development environment (such
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as programmer's capabilities or experience with the hardware or software) tending
to increase or decrease the total effort and schedule.

The results from equation (1) are input to equation (2) to determine the resulting
schedule (TDEV = Development Time) in months needed to perform the
complete development. COCOMO provides a set of tables distributing the effort
and schedule to the phases of development (system engineering, preliminary
design, critical design, and so forth) and activities (system analysis, coding, test
planning, and so forth) as a percentage of the total effort.

6.4.5 Example: Software Experience

Suppose that the following formula, based upon normalized data, organizational
calibration and validation, has been derived to reflect an organization’s software
experience (the formula comes from the REVIC Model):

MM-= k (KSLOC)1b x EAF

Where:
MM = Man Months of effort
k = Value from lookup table (from organization, operational
environment, programming language, and so forth).
b = Exponent value from lookup table
KSLOC = Thousands of source lines of code
EAF = Effort Adjustment Factor (from operational environment)

If MM = k(KSLOC)1b x EAF

Then:
MM = Man Months
k = 3.22
KSLOC = 36.300
B = 1.2
EAF = 1.0
MM = 3.22(36.3)11.2x 1.0
MM = 240
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6.5

Future Directions of Software Estimating

6.5.1

6.5.2

6.5.3

If the current software estimating environment appears challenging, the future
will certainly be more so. Advances in languages, development methodologies,
and other areas will have to be addressed by future software estimating models
and methodologies. Some of the current and future challenges to software
estimating are highlighted.

New Development and Support Concepts

As software development technology matures, changes in many development and
support concepts will occur that may impact software estimates. There will
probably be an increased use of some of the leading edge development methods,
such as object-oriented development. These changes would affect labor resource
loading assumptions, such as those used in various cost models. As these and
other new development methods become more popular, cost models will require
enhancements to better address their cost impacts. An analyst estimating a
software program that uses modern development methodologies should
investigate the model’s user’s manual or contact the model vendor for additional
information.

Reuse and COTS Integration

An issue of concern to many software managers is the cost of reusing previously
developed software for new programs. In addition, a related issue is the cost of
integrating COTS programs into new or existing ones. Reusing software can
significantly reduce development costs; therefore, COTS programs should not
require significant development effort (except for integration, which can be
significant). Most software cost models give special consideration to these issues.
Most models ask the user for percentages of new design, new code, and retesting
required for reused code.

There are several limitations related to COTS. First, there are not large
repositories of reusable software components available for general use. Second,
the effort may require more than some of the models can provide. Third, software
project managers are often reluctant to incorporate reusable software into their
programs, because their teams are used to developing programs from scratch.
Reuse often involves a change in the organizational infrastructure. Finally,
reusable software may be difficult or impossible to support. This can be
especially problematic for COTS software if the programs have restricted data
rights.

New Cost Models

As software technology matures, models will change or evolve to address these
changes. Therefore, the cost analyst or manager can expect to encounter new
models or modifications to existing ones.
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Model users should ensure they are familiar with the latest editions of these
models and obtain retraining as necessary. Some commercial software estimation
models as they appear today (2007) are more fully described in Appendix A.

6.6 Lessons Learned

The results of the Parametric Estimating Reinvention Laboratory demonstrated
that software parametric models should be implemented as part of an
organization’s estimating system. Parametric estimating systems should consist
of credible databases; adequate policies and procedures containing guidance on
data collection and analysis activities, calibration, and validation; and policies and
procedures to ensure consistent estimating system operation. Chapter 7,
Government Compliance; provides detailed guidance on the Government’s
expectations related to software estimating using parametric techniques.

The effective implementation of software parametric techniques involves
establishing adequate resources to populate software metric databases on a regular
basis. Figure 6.11 contains a listing of key metrics that contractors should collect
(Grucza, 1997).

Category Measure

Size e SLOC (New, Reused, Total) / Estimate at

(By Language) Completion

e SLOC (New, Reused, Total) / Actuals — Forecast
e Document Pages

Effort e Labor Hours (Direct)
e Staff Positions
e Cost
Productivity e LOC/Hour; Pages/Hour
Requirements e Requirements (Total, Changed)
Stability
Schedule e Requirements Allocated to Components

e Requirements Verified

e Units Designed

e Unites Coded & Units Tested

e Units Integrated

e Test Cases Executed

e Milestone Dates for Software Development Activities
e Milestones (Total, Completed)
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Category Measure

Environment e Throughput
e Computer Memory Utilization
e Input/Output Channel Utilization

Quality e Defects (Found, Closed)
e Defect Action Item
e Peer Reviews

Training e People, Classes, Hours Taught, Cost
e People Taught

Parametric Model e Data Sheets
Data

Risk Management e Risk Items

Earned Value e Cost Performance Index or Milestones/Hour

All of the Above

Intergroup
Coordination

Integrated Software | ¢ Software Development Plan Updates
Management

Figure 6.11 Key Software Metrics

Parametric Estimating Reinvention Laboratory results demonstrated that
integrated product teams (IPTs) are a key practice for implementing new
parametric techniques, including those for software estimation (see Appendix J).
IPTs should include representatives from a company, key customers, DCMA, and
DCAA. Chapter 8, Other Parametric Applications, contains guidance on the IPT
processes. IPTs should also jointly participate in training related to the software
estimating techniques and/or models being implemented or used.

6.7 Best Practices

During the Parametric Estimating Reinvention Laboratory, an IPT used a complex
parametric model for software estimating. At the beginning of its
implementation, the contractor IPT members found the most challenging task was
obtaining the necessary internal resources (i.e., commitments) to perform data
collection and analysis activities. Later the company initiated software process
improvement activities consistent with CMMI criteria, for Levels 2 and 3. As
previously discussed, this criterion includes establishing databases and metrics for
software estimation. The IPT recognized the implementation of a complex
parametric software estimating model could be greatly facilitated when done in
conjunction with the software process improvement activities related to the
CMMI. Of course, if a contractor has already achieved and continues to maintain
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Level 2 or 3 status, the implementation of complex parametric models should be
greatly enhanced.

6.8 Conclusions

Software model users and managers are continually challenged to make
intelligent use of current models and to keep abreast of the impacts of future
changes. New languages, new development methods, and new or refined models
are a few of the many areas a model user must have current knowledge.
Technologies such as graphical user interfaces and artificial intelligence can also
affect software estimation. However, current parametric software cost models
have many features and capabilities and, when calibrated, can provide detailed
and accurate software estimates.
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CHAPTER 7
Government Compliance

Despite prevalent misconception, the applicable federal statutes and
corresponding regulations need not preclude or limit the use of parametric pricing
techniques, including projection of subcontracting costs. As such, contractors are
afforded sufficient latitude to implement estimating systems policies and
procedures, while still complying with the Truth in Negotiations Act (TINA),
Federal Acquisition Regulations (FAR), Defense Federal Acquisition Regulations
Supplement (DFARS), and the Cost Accounting Standards (CAS). Accordingly,
this chapter discusses the aforementioned procurement laws and regulations as
they relate to parametric estimating techniques when cost or pricing data are
required to establish fair and reasonable prices, as well as the Government’s
perspective when auditing and otherwise reviewing parametric proposals and
estimating systems.

Additionally, this chapter will:

e Demonstrate how the use of properly calibrated and validated parametric
estimating techniques ensures compliance with the Government
procurement regulations;

e Delineate not only the key Government procurement regulations in terms of
parametric estimating but also identify and discuss estimating system
policies and procedures that result in compliance;

e Provide examples of regulatory challenges addressed by the historic
Parametric Estimating Reinvention Laboratory integrated product teams
(IPTs), as well as other more recent working groups, and describe the
processes used to resolve them;

e Delineates characteristics of an acceptable Estimating System, including
application to specific proposals, and the corresponding technical and audit
emphasis during Government reviews.

7.1 Regulatory Compliance

The proper use of calibrated and validated parametric estimating CERs and
parametric models, in tandem with the establishment and consistent adherence to
effective estimating policies and procedures, will promote compliance with the
applicable procurement statutes and regulations. This section discusses the
various regulatory requirements.
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7.1.1

The Truth in Negotiations Act (TINA)

TINA (Public Law 10 U.S.C. 2306(a)) requires cost or pricing data be certified as
current, complete, and accurate as of the date of contract negotiation (or an
otherwise agreed to date) so as to provide a basis for the Government to negotiate
reasonable prices. Generally, TINA applies to sole-source procurements in
excess of $550,000 (increased to $650,000 effective September 28, 2006), to
either prime contracts or subcontracts, awarded after October 11, 2000, unless a
FAR 15-403-1(b) exception applies. Exceptions are prices based on adequate
price competition, prices of commercial items, prices set by law or regulation, and
prices resulting when a contract or subcontract is modified and meets the
parameters of FAR 15-403-1(¢c)(3). Also, in exceptional cases, the head of the
contracting activity (HCA) may grant a waiver to the requirement for submitting
cost or pricing data.

Cost or pricing data includes all factual data that can be expected reasonably to
contribute to the soundness of future cost estimates, as well as to the validity of
costs already incurred. For parametric techniques, factual data includes historical
data used to calibrate the model (or in building databases for cost estimating
relationships (CERs)), such as:

e Technical data (e.g., weights, volume, speed);
e Programmatic data (e.g., project schedules);
e Cost data (e.g., labor hours, overhead rates, G&A expenses);

e Information on management decisions that could have a significant effect on
costs (e.g., significant changes to management and manufacturing
processes).

Cost or pricing data does not include judgmental data, but does include the factual
data on which judgment is based. Like all traditional estimating techniques,
parametric estimates contain judgmental elements that are not subject to
certification, yet need be disclosed pursuant to Part FAR 15, since they are
subject to negotiation.

Specific to parametric techniques, properly calibrated and validated CERs and
parametric models, as supported by corresponding company policies and
procedures, are expected to be fully compliant with TINA requirements through
the cyclical processes of calibration and validation themselves. Accordingly, the
matters of currency and completeness of that data should not become issues,
provided the frequency of calibration and validation of said data is technically
sufficient, and addressed by Government/contractor agreements and approved
estimating policies and procedures, as well as their successful implementation.

Additional information relating to the Government expectations when developing
CERs is included in the Defense Contract Audit Manual Section 9-1000. In terms
of strict interpretation of the law, the key is full disclosure of all factual pricing
data, and not whether the said data was necessarily relied upon, particularly for
updates and other out-of-cycle data. However, while compliance may be no
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longer an issue in such instances, the excluded data may be of such significance
in determining a fair and reasonable price that its very exclusion may become an
issue during the ensuing negotiation.

How to handle out-of-cycle data of significance and how to determine what
significance means is perhaps best addressed by agreement so as to avoid such
scenarios. In fact, the findings of the Parametric Estimating Reinvention
Laboratory support that, in general, the best way for contractors to comply with
the TINA requirements is to establish adequate parametric estimating procedures
that have been coordinated with their Government representatives. These
representatives include the contractor's primary customers, DCMA, and DCAA.
The next section discusses some key elements of parametric estimating
procedures.

7.1.2 FAR, DFARS, and Estimating Systems

Cost estimating systems are critical to the development of sound and reasonable
pricing proposals. DFARS 215.407-5(d), Estimating Systems, specifies
characteristics of an acceptable estimating system, including the following
general criteria:

e Use appropriate source data;

e Application of sound estimating techniques and good judgment;
e Maintenance of a consistent approach;

e Adherence to established estimating policies and procedures.

For parametric pricing in particular, it is crucial that an estimating system policy
and procedure be established to address frequency of calibration or the need to
incorporate database updates. Calibration, the adjustment of general parameters
of a parametric model, should be achieved with sufficient frequency so as to
reasonably capture and predict the cost behavior for a particular product or
product line at a specific firm and site. Data collection at the specific site is a
prerequisite. However, in recognition of the continuous influx of relevant data,
the use of cut-off dates in updating the model becomes a consideration. As such,
FAR 15.406.2(c) encourages contracting officers and contractors to negotiate an
agreement on the criteria used to establish acceptable cut-off dates (e.g., monthly,
quarterly, annually).

When used, cut-off dates should be defined for all significant data inputs to the
model, and included in a company’s estimating system policies and procedures.
Further, contractors should disclose any cut-off dates in their proposal
submissions. The parties should revisit the relevancy of the established dates
before settling on final pricing agreement, and seek updates in accordance with
the contractor’s disclosed procedures. When cut-off dates are not used,
companies should have proper procedures to demonstrate that the most current
and relevant data were used in developing a parametric based estimate.
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Additionally, to ensure data are current, accurate, and complete as of the date of
final price agreement, contractors must establish practices for identifying and
analyzing any significant data changes so as to determine if out-of-cycle updates
are needed. A contractor’s estimating policies and procedures should identify the
circumstances when an out-of-cycle update is needed.

Examples of some events that may trigger out-of-cycle updates include:
e Implementing new processes significantly impacting costs;
e Completing an additional contract lot reflecting changing costs;
e Reversing make-or-buy decisions;
e Upgrading or otherwise changing specifications, including new materials;

¢ Implementing major accounting changes, invalidating unadjusted historical
data;

e (Changing major subcontractors;
e Restructuring/merging.

Overall, the policies and procedures of a contractor’s estimating system should
include adequate detail to enable the Government to make informed judgments
regarding the acceptability of the disclosed parametric estimating practices.

Additionally, the policies and procedures should incorporate:
e QGuidelines to determine applicability of parametric estimating techniques;

e Guidelines for collecting and normalizing data, including criteria for
determining logical relationships, and their significance;

e Methodologies for calibrating the CERs and parametric models, including
identification of the significant cost drivers (e.g., weights, volumes,
software lines of code, complexity factors) and the desired input and output
parameters;

e Methodologies for validating calibrations to demonstrate accuracy;
e QGuidelines for ensuring consistent application of parametric techniques;

e Procedures to ensure all relevant personnel have sufficient training,
experience, and guidance to perform parametric estimating tasks in
accordance with the disclosed estimating processes;

e Guidelines for performing internal reviews to assess compliance with
estimating policies and procedures, including assessing the accuracy of the
parametric estimates.

In addition to the establishment of estimating policies and procedures as
delineated above, contractors may find it advantageous to execute a memorandum
of understanding (MOU) with their cognizant administrative contracting officer
(ACO), even though not mandated by regulation.
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During the days of the Parametric Estimating Reinvention Laboratory, several
contractors used MOU s to further define and refine agreed upon estimating
practices so as to preclude the incidence of foreseeable infractions with TINA.
The MOUs clarified interpretations of such issues as definition of input data, cut-
off dates, procedures for identifying unusual events, and frequency of database
updates. The MOU s also established the rules of engagement for building
compliant parametric estimating capability, concurrent with development of the
associated estimating system policies and procedures.

While such MOUs are generally formalized between a company and its ACO and
major customers, DCMA and DCAA are available to provide input and feedback
even when a direct signatory party to the agreement. As a best practice, a list of
suggested elements to include in a MOU is included as Appendix F.

7.1.3  Cost Accounting Standards (CAS)

FAR 30.101, Cost Accounting Standards, implements the requirements of Public
Law 100-679 (41 U.S.C. 422). As with TINA, properly calibrated and validated
parametric estimating techniques should result in compliance with CAS. This is
supported by the fact that during the Parametric Estimating Reinvention
Laboratory there were no CAS non-compliances noted, even where contractors
were instructed to provide estimates at a very high level of detail to afford greater
insight into the negotiation process.

In that instance, the buying activity inserted the following provision into a request
for proposal (RFP) so as to not prejudice any proposals based upon parametrics.

“When responding to the cost volume requirements in the RFP, the
offeror and their associated subcontractors may submit cost
estimates utilizing appropriately validated parametric techniques
that are part of their disclosed cost estimating system. These
include contemporary cost estimating relationships (CERs),
commercially available parametric cost models, and in-house
developed parametric cost models. If necessary, reasonable and
supportable allocation techniques may be used to spread hours
and/or costs to lower levels of the work breakdown structure
(WBS). The offeror’s use or non-use of the parametric estimating
techniques for this proposal will not be a factor (positive or
negative) in the evaluation of the offeror’s response to the RFP.
Cost estimates submitted utilizing such parametric models should
produce cost estimates that are reasonable and consistent with its
practices used for accumulating and reporting costs, and as such,
create a basis for negotiation of price.”

The use of CERs and parametric models in themselves do not conflict with
estimating to the WBS level any more than use of the more traditional, non-
parametric techniques. Additionally, use of parametric methodologies do not
automatically create a non-compliance with CAS 401, Consistency in Estimating,
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7.1.4

7.1.4.1

Accumulating, and Reporting Costs, which requires cost accounting practices
used to estimate proposal costs be consistent with practices used for accumulating
and reporting costs. CAS 401 applies to all estimating techniques, including
parametrics.

Case in point, during the Parametric Estimating Reinvention Laboratory, a
contractor proposed to estimate costs at a lower level than that used to accumulate
and report costs, which would have resulted in a noncompliance with the
requirements of CAS 401. The contractor planned, however, to begin
accumulating and reporting at the lower level. To preclude the noncompliance,
the IPT members therefore established a process the contractor could use in the
short-term to estimate at the lower level of detail, while still complying with the
requirements of CAS 401. This process required the contractor to provide
adequate justification that included:

e Explanation for the need and benefit of estimating the costs at a lower level;
e Reasonable support for the estimated cost;

e A general reconciliation of the lower level detail to the level at which the
costs are accumulated and reported.

The only other CAS issue, specifically a CAS 401 issue, that is of concern and
merits attention is the additional requirement that the estimating techniques be
consistent with the disclosed practices in the CAS Disclosure Statement, not to be
confused with disclosure under the Estimating System. In most instances, it is
unlikely that the Disclosure Statement would be of such minute detail that
inconsistencies would occur. Nonetheless, due diligence is called for.

Likewise, when using complex parametric models, or tasking estimators with
developing in-house models that are unfamiliar with the CAS Disclosure
Statement, a mapping between elements of cost described in that Disclosure
Statement to those in the parametric model is recommended to ensure consistency
between the two.

Federal Acquisition Regulations and Sundry Issues

Forward Pricing Rate Agreements

FAR 15.407-3 identifies regulatory requirements specific to forward pricing rate
agreements (FPRAs). Where annual dollar volume and/or number of pricing
actions warrant, regulation encourages that FPRAs be negotiated between a
contractor and the Government to ensure rates are valid and available for pricing
actions over a specified period of time. FPRAs are often established for direct
and indirect rates, and are routinely used for CERs.

FPRAs generally include these elements:
e C(Clear definition of cost and non-cost elements pertaining to the CERs;

e Specified timeframe of applicability;
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e Appropriate applications of the CERs;
e Processes for monitoring the CERs;
e Provisions for rescission by either party with proper notification;

e Specified cost reports to be furnished or made available at specified
regularly cited intervals.

In situations where cost or pricing data are required, FPRAs are certified each
time a specific pricing action is negotiated. When FPRAs are used for CERs, it is
important to have monitoring procedures in place, based upon specific cost
reports to made available at regular intervals.

The key to formulating the frequency of reports is to make certain that if the
CERs are no longer valid, sufficient advance identification can be made to
mitigate further windfall profits or losses by exercising the rescission provisions
in a timely fashion. As such, it is essential to have effective processes for
identifying any unusual events that may have a significant effect on the CERs,
such as changes in production processes or company reorganizations. As an
example, during the Parametric Estimating Reinvention Laboratory, one of the
teams established a process for monitoring CER accuracy. The IPT defined a
range of acceptability (or tolerance level) for each CER, and established processes
to monitor CER accuracy on a monthly basis to identify any anomalies, such as
CERs falling outside the defined range. The IPT analyzed these anomalies and
identified follow-up activity to update or improve the CERs.

7.1.4.2  Format(s) for Submitting Cost or Pricing Data

FAR 15.408 (1 - m), Table 15-2, Instructions for Submitting Cost/Price Proposals
When Cost or Pricing Data are Required, contains guidance for preparing a
contract pricing proposal with cost or pricing data. The FAR requires contractors
to provide all information needed to explain the estimating process used,
including detailed descriptions of (1) specific estimating techniques used, and (2)
any judgmental factors. In addition, Table 15-2 instructions provide guidance
related to the breakdown of proposed cost elements (e.g., materials, direct labor,
and indirect costs). Again, as with more traditional techniques, parametric
techniques can be used to generate costs in this format, or they can be used to
generate cost breakdowns in varying formats such as a work breakdown structure
(WBS). The solicitation clause FAR 52.215-20, Requirements for Cost or
Pricing Data or Information Other Than Cost or Pricing Data, permits a
contracting officer to tailor the proposal format as needed, although they are
encouraged to use the contractor’s format as much as possible.

When a contractor plans to use a complex parametric model to develop a
proposal, and desires to use an alternative to the Table 15-2 format, they should
work with their customer up-front to identify a proposal format that the customer
is willing to accept. During the Parametric Estimating Reinvention Laboratory,
one of the participants that used a complex commercial model included the
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7.1.5

following information as a supplement to Table 15-2 to support its basis of
estimate (BOE).

e Background on the commercial parametric model used.

e Description of the calibration process (including identification of specific
programs used).

e Results of the validation process.
e Application of the commercial model to the current estimate, including:

O Identification of the key inputs used, including the contractor’s
rationale;

Basis for any adjustments made to the model;

Disclosure of comparative estimates used as a sanity check, to
demonstrate the reliability of the parametric estimate.

Subcontracts

The treatment of subcontract costs and compliance with FAR regarding
subcontract costs has been one of the most significant challenges to implementing
parametric techniques in proposals. However, this is an issue for all estimating
approaches. Therefore, it is imperative that the treatment of subcontract costs in
the proposal and negotiation process is addressed early and an agreement is
reached between the contractor and the Government.

FAR 15.404-3 defines cost or pricing data requirements specific to subcontracts.
It states that a prime contractor is required to obtain cost or pricing data if a
subcontractor’s cost estimate exceeds $650,000', unless an exception applies. A
prime contractor is also required to perform cost or price analysis on applicable
subcontractor estimates to establish the reasonableness of the proposed prices.

Prime contractors are required to include the results of the analyses with proposal
submissions. For subcontracts that exceed the lower of $10,000,000, or are more
than 10 percent of a prime contractor’s proposed price, the prime contractor is
required to submit the prospective subcontractor’s cost or pricing data to the
contracting officer. If the subcontractor does not meet this threshold, but the
price exceeds $650,000, the prime contractor is still required to obtain and
analyze cost or pricing data but is not required to submit it to the Government.

Subcontractors should be responsible for developing their own estimates since
they have the experience in pricing the specific good or service they will be
providing. Subcontractors are in the best position to include the cost impacts of
new events such as reorganizations, changes in production or software
engineering processes, and changes in prices of key commodities.

! This is the current threshold at the time of this update. The contracting officer should check the current
threshold.
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For these reasons, it is a best practice for a prime contractor to obtain the
necessary cost or pricing data directly from its subcontractors. Prime contractors
can work with their subcontractors to streamline costs and cycle time associated
with preparation and evaluation of cost or pricing data. This means that
subcontractors can use parametric estimating techniques to develop their quotes,
provided their models are adequately calibrated and validated.

The Government may decide that adequate evaluation of a prime contractor’s
proposal requires field pricing support (an assist audit) at the location of one or
more prospective subcontractors at any tier. This may be based on the adequacy
of the prime contractor’s completed cost analysis of subcontractor proposals.

The prime contractor’s auditor will also evaluate the subcontractor’s cost or
pricing submission. The prime contractor will advise the contracting officer if
they determine there is a need for a Government assist audit. If the prime cannot
perform an analysis of the subcontractor’s cost or pricing submission in time for
proposal delivery, the prime will provide a summary schedule with their proposal.
That schedule will indicate when the analysis will be performed and delivered to
the Government.

The following items generally indicate a need for a Government assist audit.

e The prime contractor’s cost analysis is inadequate or is not expected to be
completed prior to negotiations.

e The prime contractor’s policies and procedures for awarding subcontracts
are inadequate.

e There is a business relationship between the prospective prime contractor
and subcontractor that is not conducive to independence and objectivity as
in the case of a parent subsidiary or when prime and subcontracting roles
of the companies are frequently reversed.

e The proposed subcontractor costs represent a substantial part of the total
contract costs.

e The prospective prime contractor was denied access to the proposed
subcontractor’s records.

7.1.6 Earned Value Management System (EVMS) and Contractor Cost
Data Reports (CCDR)

Due to the shrinking DoD budget and funding constraints cost growth on DoD
cost type contracts has been one of the most significant issues within DoD.
Through the use of parametric modeling techniques the Government can
effectively evaluate the reasonableness of the contractor’s estimate of total
contract costs and perform “what if” analysis of what would happen if the
schedule changes and or scope revisions occur.

Through the use of the data included in standard EVMS and CCDR reports, the
Government can use this data to control costs on significant programs.
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7.1.7

7.2

Parametric estimating tools can be used to evaluate many aspects of the
contractor’s assertions, as reported on its standard reports produces from their
internal systems. For example, historical performance data included in the EVMS
and CCDR report can be used to project expected future total costs as part of the
evaluation of the contractor’s estimate at completion.

Parametric estimating techniques can also be used to evaluate the feasibility of the
contractor’s assumptions relating to expected cost changes due to planned
management action or program changes by performing “what if”” analysis. In
addition, due to the detailed nature of these reports and the level of data
accumulation and analysis, these reports are very useful in validating and
calibrating historical data and should be reviewed when developing a parametric
model for future costs.

Best Practices

Properly calibrated and validated parametric techniques can comply with all
Government procurement regulations. Establishing effective estimating system
policies and procedures specific to the proposed parametric techniques ensures
consistent compliance with the applicable statutes and regulations, provided they
are successfully implemented and enforced through periodic internal reviews.

Using teamwork, IPTs, and addressing the best practices discussed in this chapter,
contractors can comply with all Government procurement regulations while
making parametric estimating techniques an accurate and reliable tool for
streamlined estimating processes. For example, during implementation of a
parametric-based estimating system, Government team members can provide
feedback to the contractor concerning their expectations related to the estimating
system disclosure requirements. In addition, the Government team members can
work with the contractor to address any other regulatory concerns on a real-time
basis so improvements can be initiated before actual proposals are submitted.

Due to the sensitivity of subcontract costs the treatment of these costs should be
addressed early between the contractor and the Government, preferably as part of
an IPT. In addition a MOU should be developed relating to the treatment and
disclosure of subcontract costs. See Appendix F.

Parametrics and the Government Review Process

Parametric estimating techniques are evaluated as part of a contractor’s estimating
system to ensure accuracy and reliability of individual proposals. FAR instructs,
as appropriate, “cognizant audit activities shall establish and manage regular
programs for reviewing selected contractors’ estimating systems or methods in
order to reduce the scope of reviews to be performed on individual proposals,
expedite the negotiation process, and increase the reliability of proposals.”

In general, DCAA evaluates estimating systems to verify that they are based
upon:
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e C(Credible data;

e Sound estimating techniques;

¢ Good judgment;

e Consistent estimating approaches;

e Compliant practices and policies with law and regulation.

While the following Figure 7.1 captures the process flow for auditing both
parametric estimating systems and proposals, often an IPT approach is employed
by the Government, which includes not only DCAA, but also DCMA and the
major buying activities thereby leveraging all available technical expertise such
as engineers and pricing people with knowledge of product lines and software
modeling.

In general, when evaluating parametric estimating systems, the focus is on:

e Credibility of databases, meaning currency, accuracy, completeness,
consistency of availability over a period of time, and verifiability to source
documentation;

e Methodologies used to perform data collection, analysis, calibration and
validation in order to reliably predict costs;

e Policies and procedures established to enforce and ensure consistent
application of appropriate parametric techniques.

Government
Procurement
Regulations
Evaluation of the Data Analvsis
.. . 1
Policies and »  Parametric > and Y
Procedures Estimating System| CERS | i tion
. / Calibration
Verifiable
Data Models a.'nd ‘
Validation
v Key Cost Drivers, Inputs,
Consistent . and Outputs
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Policies and Procedures PI’OpOS&|S Based on Database
Parametric Techniques |« Adjustments
and
Updates
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7.2.1

Figure 7.1 Audit Process Flowchart

When reviewing individual proposals, the focus should be on:

e Determining that the estimates were developed in accordance with
established policies and procedures;

e Evaluating key cost drivers, inputs and outputs;

e Identifying and analyzing any adjustments to the database, CERs or input
parameters.

General Estimating System Requirements

DoD policy mandates contractors have estimating systems that consistently
produce well-supported proposals to provide an acceptable basis for negotiating
fair and reasonable prices. Specifically, DFARS 215.407-5-70 provides guidance
for conducting estimating reviews, and requires that not only all DOD contractors
have acceptable estimating systems, but certain large businesses disclose their
estimating systems as well. DFARS defines an “acceptable estimating system” as
being (1) established, maintained, reliable, and consistently applied; and (2)
producing verifiable, supportable, and documented cost estimates.

Further, DFARS requires an acceptable estimating system to:

e Assure that relevant personnel have sufficient training, experience, and
guidance to perform estimating tasks pursuant to established procedures;

e Identify the sources of data, the estimating methodologies, and rationale
used in developing cost estimates;

e Provide for consistent application of estimating techniques;

e Provide for the use of historical experience, including historical vendor
pricing information, as appropriate;

e Require use of appropriate analytical methods;

e Require management review, including verification that the estimating
policies, procedures, and practices comply with applicable regulation;

e Provide for internal review of, and accountability for, the acceptability of
the estimating system, including comparison of projected to actual results,
and analysis of differences;

e Provide procedures to update cost estimates in a timely manner throughout
the negotiation process;

e Address responsibility for review and analysis of the reasonableness of
subcontract prices.

Additionally, DFARS provides that significant failure to establish and maintain
an adequate system as described above could result in the reporting of the noted
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deficiencies. Implementation and consistent use of appropriate, properly
calibrated and validated parametric estimating techniques facilitates compliance.

7.2.2  Parametric Estimating System Requirements

7.2.2.1 Policies and Procedures

Auditors are charged with determining whether estimating system policies and
procedures are established, available, and adequately address all significant
parametric techniques employed by a contractor. Policies and procedures should
include guidelines for:

e Determining when specific parametric techniques are appropriate;
e Collecting and normalizing data;

e Identifying logical relationships and analyzing the strengths of those
relationships;

e Calibrating and validating parametric techniques, including identifying
significant cost drivers, input/output parameters, and procedures for
routinely validating the accuracy of the model;

e Developing estimates for proposals based on parametrics;

e Identifying and analyzing significant data between established cyclical
updates to determine if out-of-period adjustments are required;

e Ensuring consistent application of parametric techniques;

e Ensuring personnel have sufficient training, experience, and guidance to
perform parametric estimating tasks in accordance with established
estimating processes;

e Performing internal reviews to assess compliance with estimating policies
and procedures, including techniques for periodically assessing the accuracy
of the parametric estimates.

7.2.2.2 Credible Data

Contractors are encouraged to use historical data, whenever feasible, as the basis
of estimate. Technical representatives at both the buying command and DCMA
may have specific knowledge as to the appropriateness of that data and be in a
position to provide valuable technical support to DCAA accordingly. For
example, actual costs may reflect gross inefficiencies due to initial engineering or
manufacturing difficulties encountered, but since resolved.

Parametric techniques generally require the use of cost, technical, and other
programmatic data. Figure 7.2 is an example of the types of data customarily
collected.
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7.2.2.3

7.2.2.4

Description Examples

Cost data Historical costs, labor hours

Technical Data Engineering drawings, engineering
specifications, weights

Programmatic data Development and production schedules, number
of units

Figure 7.2 Types of Data Collected

Whatever the nature of the data, it should be normalized so that it is consistent
between data points by adjusting for differences due to inflation, learning,
changes in scope of work, and other specific anomalies. However, the relevance
of the data must be explained. The Government view of data normalization is
discussed in Chapter 2.

Cost Estimating Relationships

The CER development process normally includes data collection, analysis
(including normalization), and validation. In analyzing potential cost drivers, all
reasonable alternatives should be considered, relying upon experience and
published sources to identify them. From a contractor’s perspective, not only
should the relationships be logical and accurately predict costs based upon a
sufficient number of data points for implementation and testing or validation, but
whether the requisite data to be collected can be made readily available without
undue expense.

From the Government’s perspective, auditors and supporting technical reviewers
need to evaluate and monitor significant CERs to ensure reliability and credibility
as cost predictors by:

e Determining if the data relationships are logical;
e Verifying that the data used are adequate and verifiable;

e Performing analytical tests to determine if strong data relationships indeed
exist, using judgment to establish an acceptable range for accuracy;

e Ascertaining whether CERs are used consistently with established policies
and procedures, and comply with all Government regulations.

Complex Models

Auditors and technical reviewers will concentrate on calibration and validation
techniques employed, as well as the corresponding policies and procedures,
keeping in mind key inputs and outputs of the model being adapted.
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The Government View of Calibration

As previously stated, calibration is the process of setting up a complex parametric
model so that it incorporates the contractor’s cost and product history. The
parameters of a complex commercial model, when purchased, are set to identified
default values. Accordingly, the calibration process permits a company to adjust
those values so that the model’s output reflects the contractor’s specific business
environment and practices.

Proper calibration of a complex model has a significant impact on ability to
accurately predict costs. For this reason, complex models should be calibrated
before they are used as a basis of estimate. Consequently, a contractor will need
to establish policies and procedures that discuss its calibration methodologies,
including information on the model’s significant cost drivers and associated input
parameter values. Figure 7.3 provides an example of key inputs for complex
parametric hardware and software models.

Commercial Parametric Models
Examples of Parameters (Inputs)

Hardware Model Software Model
Weight Software size
Quantity Development language
Engineering complexity Software process maturity level
Manufacturing complexity Software tools
Schedule Personnel capabilities

Figure 7.3 Sample Inputs for Complex Parametric Models

For the contractor, data collection and analysis is generally the most time-
consuming part of the calibration process thereby making it cogent that the
calibration methodology be defined prior to collection of data. A significant
portion of that data should be obtained preferably from the organization’s
information systems, while other data, such as technical data, are usually obtained
from a variety of sources ranging from manufacturing databases to engineering
drawings. Otherwise, contractors may interview technical personnel to obtain
information not readily available, such as information germane to a specific
product or process. The data are then normalized.

Complex models generally have their own classification system for cost accounts,
and as a result, companies must establish a mapping procedure to properly relate
their cost accounts to those used by the models for accuracy of predictions and to
preclude potential noncompliance with the Estimating System and/or Cost
Accounting Standards Disclosure Statements. Additionally, contractors should
document any adjustments made to the data, including assumptions and
associated rationale, during mapping.
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Once data are collected, normalized, and mapped, they are entered into the model.
The model then computes a calibration or correction factor that is applied to that
data. The result is a complex model adjusted to represent the organization’s
experience, or “footprint”. As such, contractors must document the calibration
process fully, including the key inputs, input parameters, calibration assumptions,
results of interview questionnaires, i.e., names of people interviewed, dates,
information obtained, as well as cost history, and the calibration estimate. Any
changes in these calibration factors over time must also be documented.

Auditors and technical reviewers when evaluating the calibration process will
need to note whether:

e Credible data was used;

e The data points used in calibration are the most relevant to the product being
estimated;

e Adjustments made to the data points were required and documented to
evidence reasonableness and logic;

e Data outside the normal update schedule are appropriately analyzed to
determine if out-of-period updates are needed;

e Historical data used for calibration can be traced back to their sources;
e An audit trail for the entire calibration process is documented;

e Processes used to normalize and map data ensure the underlying
assumptions are logical and reasonable;

e Key input values and complexity factors generated by the model are
reasonable;

e Parameter values are comparable to values derived using a variety of
sources such as ranges specified in policies and procedures, values used in
prior estimates, ranges recommended in commercial model manuals, and
results of prior calibrations;

e Procedures for calibrating to the most relevant data points, including
underlying assumptions and analysis of alternative points, exist and are
adequately addressed;

e Use of other than historical data points is documented;

e Policies and procedures and actual practice successfully identify, analyze
and process significant out-of-period changes resulting in updates to
maintain currency and completeness.

Validation

As previously stated, validation is the process or act of demonstrating a model’s
ability to function as a credible forward estimating tool, and therefore predict
costs with accuracy. It ensures that calibration process was properly performed
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and documented, the estimating procedures were established and consistently
enforced, and key personnel were adequately trained.

Contractor and Government reviewers can perform benchmark tests when
determining the ability of a model to accurately and reliably predict costs. For
example, where sufficient historical data exist, an independent data point can be
withheld from the calibration process and used as a test point in the calibrated
model, or the parametric estimate may be compared with one developed using
other estimating techniques. Validation is an on-going process, and procedures
should be in place to routinely monitor parametric estimating techniques to ensure
they remain credible.

Accuracy is a judgment call, since no standard or pre-defined level of exactness
exists for any given model. Generally, the more significant the cost element
being estimated, the higher the degree of accuracy expected. When establishing
an acceptable level of accuracy, reviewers should consider the uncertainty
associated with alternative estimating methods that could be employed. If the
level is lower than desired, additional data analysis is probably necessary. When
evaluating and monitoring accuracy levels of complex models, the focus is most
profitably directed on the model’s key cost drivers. As a rule of thumb, there are
a few parameters that drive the cost for any given product line (e.g., weight,
complexities, software size), and should thus be the focus of that in-depth
evaluation.

7.2.2.5 Company Developed Models

Company developed models, like commercial ones, consist of CERs, other
mathematical relationships, and their associated logic, as well as programmatic
inputs such as system description data to generate outputs such as costs. They are
generally built for a specific purpose that commercial models cannot satisfy, and
range in complexity from simple spreadsheet applications to more advanced
paradigms. Company developed models are self-calibrated in that they are based
on an organization’s own historical information.

Evaluation of company developed models should focus on the points previously
discussed in this chapter, as well as a few additional areas including:

e Costs and benefits of developing and maintaining a company developed
model;

e Information technology (IT) controls established to monitor system
development and maintenance, and to ensure continued integrity of the
system,;

e Model testing and verification to ensure it produces the expected results.

Auditors and supporting technical personnel, including software specialists,
should evaluate any cost-benefit analysis performed prior to the development

effort, as well as the model’s IT controls. The purpose of reviewing the design
and development of new IT systems is to confirm it incorporates the economic,
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efficient, and accurate execution of management policies in an auditable and
controllable environment.

Some key audit considerations to corroborate are:

e Documentation exists that thoroughly addresses the parametric model,
including types of processing performed by the model, the data processed,
the reports generated, and user instructions;

e Sufficient testing is performed to demonstrate the model functions as
required, and produces credible results;

e Proper controls are in-place to monitor changes to the parametric model,
such as the integrity of model and security controls such as access to the
model;

e Personnel are trained and experienced in performing model development.

Audit and other review efforts expended in evaluating IT controls should be
commensurate to the combined costs of developing and maintaining the model,
the significance of the costs generated, and the complexity and amount of
independent analysis performed internally by the contractor to evaluate its
soundness. Companies generally involve their internal audit staff, as well as
Government evaluators, during the various phases of model development and
testing to assess and demonstrate its capabilities.

7.2.3 Parametric-Based Proposals

The review of a proposal that has cost based on parametric techniques should be
relatively simple and straightforward, provided (i) it is based upon established
parametric estimating policies and procedures (ii) such policies and procedures
have been deemed adequate and compliant with procurement law and regulation,
and (iii) it is properly calibrated and validated. As such, emphasis is placed upon
determining that estimates are consistent with those policies and procedures, and
any deviations are adequately justified in writing.

To facilitate Government review, proposals should contain sufficient
documentation that Government reviewers can use to evaluate the reasonableness
of estimates. Dependent upon the model or parametric technique being used, a
basis-of-estimate (BOE) for a parametric cost estimate should include the
following types of information:

e A description of the program, products, services, or individual cost elements
being estimated.

e A description of the commercial or in-house developed model or CER(s)
used in developing the estimate.

e All cost drivers considered in preparing the estimate (cost and non-cost
parameters).
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e The types of materials (raw, composite, etc.) and purchased parts with
procurement lead times required to complete the tasks being estimated.

e The types of direct labor and/or skill mix required to perform the tasks being
estimated (e.g., manufacturing, manufacturing engineer, software engineer,
subcontract manager).

e The time-phasing of the use of resources in performing the tasks being
estimated (i.e., matching the cost of materials, labor, other direct costs, and
indirect expenses with the periods — weeks, months, or years — the resources
will be used).

e The estimating method, rationale, assumptions, and computations used to
develop the estimate. Estimates should also include a comparison of the
current estimates to the historical program, including explanations of any
adjustments made to historical cost or operational (non-cost parameters)
data (e.g., use of complexity factors).

e Other elements as required by management or customer instructions.

In the case of CERs, the BOE should explain the logical relationship of all cost-
to-cost and/or cost-to-non-cost estimating relationships used in the estimate. It
should include (i) a description of the source of historical data used in
determining the dependent and independent variable relationships and its
relevance to the item or effort being estimated, (ii) a description of the statistical
analysis performed, including the mathematical formulas and independent
variables, and an explanation of the statistical validity, and (iii) any adjustments
made to historical data to reflect significant improvements not captured in history,
such as changes in technology and processes.

When a commercial model is used in preparing an estimate, the BOE should
describe the estimating model used, and identify key input parameter values and
their associated rationale, as well as model outputs. The BOE should describe
how the model was calibrated, that is, describe the process for developing factors
that adjust the models computations to more closely reflect the contractors’
specific environment. Auditors and other Government reviewers will assess the
database’s validity to ensure currency, accuracy, and completeness by checking
that the most current and relevant data points(s) were used for calibration.
Accordingly, identification of the historical database in the BOE is essential.
Another key assessment is determining how the processes and technologies will
be used on the programs being estimated as compared to the same for those
programs contained in the calibration database. Use of technical support at
DCMA and the buying command by DCAA may be appropriate. In addition, the
BOE should describe how the model has been validated.

Additionally, contractors may submit proposals for forward pricing rate
agreements (FPRAs) or formula pricing agreements (FPAs) for parametric cost
estimating relationships to reduce proposal documentation efforts and enhance
Government understanding and acceptance of the estimating system. The basis of
estimate should include the information described above for CERs and should
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7.2.4

clearly describe circumstances when the rates should be used and the data used to
estimate the rates must be clearly related to the circumstances and traceable to
accounting and/or operations records.

Also, with the advent of reorganizations and process improvement initiatives such
as single-process initiatives, software capability maturity model improvements,
and technology improvements, adequate procedures should be in-place for
quantifying the associated savings and assuring their incorporation into the
estimates. Often such changes are reflected in decreasing complexity values or
downward adjustments to the estimate itself. Regardless of cause, Government
reviewers will evaluate any significant adjustment, including the pivotal
assumptions and rationale, to determine if it is logical, defensible, and reasonable.

Best Practices
Here is a list of best practices related to the Government review process.

e While audits of proposals using parametric estimating techniques should be
similar to those performed using other estimating methods (e.g., bottoms-up
or analogous estimates), emphasis should focus on evaluating the policies
and procedures of the estimating system. Contractors rely on these
procedures to produce well-supported proposals that are acceptable as a
basis for negotiating fair and reasonable prices.

o Sufficient historical data relevant to the current environment often does not
exist, necessitating the use of other data points for calibration. Accordingly,
auditors should use judgment when evaluating data used for calibration and
validation, while contractors need to establish formal data collection
practices to ensure effective use of parametric techniques thereby better
controlling the time consuming data gathering process.

e When validating the capability of a particular model’s ability to predict
costs, it is preferable to use an independent data point such as actual history
not used in the model’s calibration. However, due to limitations,
independent data points may not be available. Therefore, judgment is
required when considering and evaluating other validation approaches such
as comparisons based on independent estimates performed by other
estimating groups within the contractor’s organization, and prepared using
other conventional estimating techniques.

e Statistical measures are not the only criteria to be used in determining the
validity of CERs so that a variety of tests should be performed, with no one
test disqualifying it. Other factors to be considered include the logic of the
relationships, soundness of the data, and adequacy of the policies and
procedures, as well as the assessed risk associated with the CER versus the
effectiveness of estimating techniques previously used to predict those
costs.
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e Since there is no pre-defined accuracy level, by default it is a matter of
judgment, attendant with a degree of uncertainty and risk as with any
estimate. Therefore, it is integral in maintaining integrity to consider the
magnitude of the costs being estimated, as well as the ability of alternate
techniques to predict them. Concurrently, it is important to have a
monitoring process in place to identify areas of concern that warrant
additional scrutiny and contribute towards continuous improvement.

e To effectively evaluate a contractor’s parametric estimating system, auditors
and other Government reviewers should have a good understanding of a
company’s estimating practices, the specific techniques and/or models used,
and the characteristics of the database. As such, training may need to be
provided by the company, or commercial-model vendors, or other available
sources. Ideally, IPT training provides all team members with a common
understanding that can be used to develop acceptable calibration and
validation approaches.

e Many contractors implement parametric cost estimating techniques such as
parametric BOEs and establish IPTs, including representatives from the
company, the buying activity, DCMA, and DCAA. This should be done at
the beginning of the developmental process for either the system or a
specific proposal, so all members can provide feedback on the approaches
that will be used to estimate costs, e.g., collecting, normalizing, and
analyzing data, as well as calibrating, validating, and monitoring the
parametric estimating system and techniques. By doing so, Government
IPT members can provide real-time feedback that reflect the Government’s
expectations germane to the estimating system policies and procedures,
calibration and validation criteria, and other significant evaluation criteria.
At the same time, formation of an IPT increases the confidence of all parties
in the parametric estimating process, the model, and resulting estimates.
Additionally, establishment of a sound database, the single most time
consuming process in developing a parametric tool, is a prerequisite for
effective implementation.

7.3 Technical Evaluation of Parametrics

This section delineates those technical tools and techniques DCMA commonly
uses to develop and evaluate parametric proposals, including statistical
evaluation, data collection and analysis, calibration, and validation. Flowcharts
provide a framework for discussing the successful evaluation of parametric
techniques, including CERs and complex models, whether commercial or
contractor specific. Additionally, the discussion is more applicable to cost
analysis rather than price analysis in that the latter requires far less data for
analysis by its very nature, and thus would not prove cost effective.
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7.3.1

7.3.2

Authority to Evaluate Parametric Techniques

Uncertainty exists as to whether the Government accepts the use of CERs and
parametric models to develop proposals submitted to them. Specifically, FAR
15.404-1(c)(2) states, “The Government may use various cost analysis techniques
and procedures to ensure a fair and reasonable price, given the circumstances of
the acquisition. Such techniques and procedures include the following:

(1) Verification of cost or pricing data and evaluation of cost elements,
including

(C)  Reasonableness of estimates generated by appropriately
calibrated and validated parametric models or cost-
estimating relationships.”

Accordingly, properly calibrated and validated parametric techniques are
acceptable as a basis for estimate, and therefore are subject to technical evaluation
by the Government.

Cost Modeling Process for CERs

This section provides some technical guidance for the review of CER estimates.
The flowchart in Figure 7.4 describes the general framework of CER
development.

. . Normalization Selection of Variables
Data Collection (Inclusions . . ..
. (Inflation, Quantity & (Hypothesizing a
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A Content) Relationship)
: B. C.
Select CERs Data Analysis & . .
(Acceptance of Results) Correction Test Relationship
D.
F. E.
‘H\m

Estimating System Policy
and Procedures
H.

Validation
G.

Approval

Revalidation
(Updating) CER Database
I
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Figure 7.4 Typical CER Development Process

7.3.2.1  Step 1: Data Collection (Inclusions and Exclusions)

When establishing or reviewing an organization’s data collection procedures, the
decision to either omit or include a given point of data should be determined
based upon its predictive value. For example, when noting a five-year trend of
consistent decreases, should the latest single point reflecting an increase be
designated an anomaly and hence omitted, or have circumstances changed so
markedly that only that last point of data presents the probable future for that cost
driver? Such issues must be identified and adequately analyzed.

Moreover, it is may be inappropriate to dismiss outliers out-of-hand solely on the
basis that they lie far from the statistical mean. Investigation is always required.
Generally, if the proximate cause of the suspect data points is likely to reoccur,
the datum should be accepted. For instance, assuming that an outlier is the result
of a work stoppage, a determination as to whether to omit or include it depends
upon the likelihood of a work stoppage occurring during the proposed period of
performance.

Another consideration that arises when collecting data concerns how much
historical data should be collected. The natural tendency is to include as much as
possible. Although additional data points can provide statistical confidence, this
may be illusory. For example, the older a data point is, the more likely it is not to
represent current conditions due to changes that occurred in the configuration
and/or in the business environment. However, this is not to say data should be
rejected solely because of age.

7.3.2.2 Step 2: Normalization (Inflation, Quantity and Content)

See Chapter 2 for a discussion on this topic.

7.3.2.3 Step 3: Selection and Testing of Variables (Hypothesizing a Relationship)

For the sake of elucidation, let us consider the propriety of a simple CER for
estimating inspection costs where: inspection, i, is the dependent variable;
manufacturing labor and material, “I”” and ““m, are the independent variables;
and, a is a constant. It then could be postulated that inspection costs are driven by
labor, with i = (a)( I), or to material, with i= (a)(m), or to the sum of
manufacturing labor and material, with i = a(l + m). Inspection costs are
anticipated to be less than manufacturing and/or material so that a < 1.

Each of the above alternative hypotheses will need to be tested using the available
data, and if need be the problem redefined so as to deal with the process and final

inspection costs separately. The results of these alternative approaches will need

to be tested or analyzed to determine whether they produce significant differences
in the cost estimate, as well as their impact over different time periods. A good
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7.3.2.4

7.3.2.5

predictor should minimize the variability and, hence, lower the risk associated
with the estimate.

The inspection CER discussed above is an example of a linear relationship.
However, an exponential (i =a * I%) or logarithmic (i =a + 2log 1) relationship
could have been postulated. Often linear relationships are favored, because they
are easier to evaluate and comprehend. Nonetheless, it is important not to
arbitrarily rule out non-linear relationships. Improvement or learning curves are
an example of a generally accepted exponential relationship. Additionally, for the
above inspection scenario, an analyst should have postulated and tested to
determine whether the CER will be used to estimate both initial and final
inspection costs jointly or separately for the greatest accuracy.

Step 4: Data Analysis and Correlation

In determining whether a linear or non-linear relationship is best for a CER, the
correlation of the independent and dependent variables for each possible
formulation will need to be evaluated to determine the one with the best
correlation. It is paramount that the relationship chosen is logical. A CER with
the best correlation is not useful if its underlying relationship does not make
sense.

More is not always better. In some cases, testing through regression analyses
show that when selecting the variables for the development of a CER, based upon
the correlation between the attributes of the item being estimated and the
corresponding historical data points, the addition of more variables does not
always increase estimating accuracy.

Step 5: Select CERs (Acceptance of Results)

Now let us assume inspection costs for the most recent lot equaled 18 percent of
manufacturing labor, i =(0.18)( ). Both estimators and evaluators need to ask
themselves whether that formula best represents the CER for all inspection
processes and the results are deemed sufficiently valid and accurate for estimating
purposes to be declared acceptable. To make these determinations, many
considerations need to be addressed. For example, what was the experience for
the prior lot? Was this value significantly higher or lower than the same for other
historical lots? Is there a trend, and if so, does the estimate consider it, or have
significant changes occurred so as to preclude the propriety of using that
historical data?

In deciding whether a CER should be program specific, estimators and technical
evaluators need to determine not only what makes the best technical sense, but
also if a facility average has been used historically In such instances, the
establishment of a program specific CER without effecting a revision to the CAS
Disclosure Statement may result in a noncompliance with Cost Accounting
Standard 401 for CAS-covered contracts.
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Also, before accepting a CER for usage, it should ascertained whether
technological changes indicate any need for further adjustment in the base data
and if all of the data has been normalized appropriately. As importantly, the
attendant risk associated with any lack of accuracy should be determined.
Obviously, the smaller a job or cost element being addressed, the less is the
corresponding risk. Accordingly, the larger the dollars determined at risk, the
greater is the need to thoroughly evaluate the proposed CER prior to acceptance
and usage

Finally, it is prudent to develop an independent estimate to determine whether to
accept a CER. The general rule is to accept the CER if the two estimates are
reasonably close; if not, another approach can be tried, such as preparing a
detailed analysis of the divergent estimates to determine whether either of them
contains flaws in logic or specious data.

7.3.2.6  Step 6: Validation

Validation is the process of demonstrating that the CER or cost model accurately
predicts past history, or current experience. This entails demonstrating that the
data are credible, and that the relationship(s) is logical and correlates strongly. In
determining if a CER or model is a good predictor for future costs, its accuracy
needs to be assessed. As was previously discussed, the best technique is to use
independent test data, that is data not included in the development of the CER or
model. In limited data situations, however, flexibility is needed to develop
alternate approaches.

Regardless of approach, good judgment is a requisite to determine an acceptable
level of accuracy because there is no recognized standard level for CERs or more
complex models. In general, CERs and cost models should be at least as accurate
as the prior estimating technique relied upon.

7.3.2.7 Step 7: Estimating System Policies and Procedures

Contractors that use parametric techniques for proposals submitted to the
Government or higher-tier contractors need to establish policies and procedures
that thoroughly define the estimating methodology employed pursuant to the
estimating system criteria described in Section 7.2 to ensure regulatory
compliance.

7.3.2.8  Step 8: Revalidation (Updating)

The frequency of updating the database is another key consideration. Risk exists
that the projected results may differ significantly between a projection not using
the most recent data, and one incorporating said data. At the same time, there is a
trade-off between the cost of continuously updating the database versus the
expected benefits of using more current and complete data.
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7.3.3

7.3.3.1

For this reason, FAR 15.406.2(c) permits for the use of cut-off dates. This
regulation allows the contractor and the Government to establish defined cyclical
dates for freezing updates. Some data are routinely generated in monthly cost
reports, while others are produced less frequently. Accordingly, in establishing
cut-off dates, the difficulty and costliness associated with securing the requisite
data must be considered in tandem with the costs of actually updating the
database.

Annual updates, for instance, may be appropriate for elements that involve a
costly collection process, provided the impact in not updating more frequently
remains insignificant. It follows that an annual update of some or all of the data
implies that those portions of it may be as much as eleven months old at the time
of consummating negotiations, which may be deemed an acceptable risk under an
approved estimating system.

As such, a contractor’s procedures will need to specify when updates normally
occur, and indicate the circumstances and process for exceptions. Also,
contractors need to have procedures established to identify conditions that warrant
out-of-period updates. For example, a contractor may need to update its

databases outside the normal schedule to incorporate significant changes related
to such issues as process improvements, technology changes, reorganizations, and
accounting changes.

Projecting Beyond the Historical Range

Statisticians state that an analyst should never make a parametric estimate using
inputs which are outside the range of data used to build a CER or complex model.
In cost estimating, however, this is usually an impossible rule to observe, since
the estimator’s goal is to extrapolate from the known to the unknown. However,
when projecting beyond the data points the estimator needs to ensure the cost
drivers have been validated. Learning curves, for example, are usually projected
beyond the limits of the data, as are estimates for new product lines and projected
costs after reorganization. Three different cases involving extrapolation for
learning curves are discussed in the following sections.

Existing Products

It is necessary to first understand the theory behind a given parametric
formulation before determining the limits involved in projecting outside its data
range, and the associated risks. For the commonly used learning curve, the
reduction in hours projected as more units are produced results from a
combination of operator learning, more efficient use of facilities, and production
line improvements possible with increased production rates. Other factors, such
as improved training and supervision, can favorably affect learning, but regardless
of causation, there is always a limit to the amount of improvement that can be
achieved.

7-26

International Society of Parametric Analysts



PARAMETRIC ESTIMATING HANDBOOK

In some cases, there can actually be a loss of learning such as when production is
disrupted, or a production line reaches full capacity (based on current
manufacturing processes). In the case of the latter, older or slower equipment may
be used and/or a second shift established to expand capacity.

Either remedy involves absorption of additional costs per unit of production,
which is expressed as a loss of learning. For example, if additional operators
must be hired, then the new operators begin at unit one on the learning curve. To
some degree, learning may take place at a faster rate for the newer group than for
the initial group, due to lessons learned, process improvements, and the resulting
training and mentoring. However, this cannot be assumed.

Nonetheless, learning curves may be appropriately used, provided the projected
efficiencies proportionately impact both the dependant and independent variables,
as corroborated through validation testing.

7.3.3.2 New Product Lines

Projecting for continuous production under existing product lines is somewhat
standard, assuming no complications exist. Parametric tools allow the abililty to
perform “what-if” analyses. The first step is to plot the data upon normalizing it
so that it approximates a straight line (such as time series, semi-log, or log-log).
The line is then continued to the midpoint of the proposed effort. The resulting
value is the appropriate estimate. However, when estimating new business or
product lines, it is necessary to “bend the line” or travel up the line an
undetermined distance to reflect a loss of learning.

Determining how to do this is difficult, even for the experienced estimator and
evaluator because these determinations are subjective and open to conflicting
expert opinion. In contrast, an inherent advantage of using parametric models is
the built-in capability through the database to project the impact of developing
new products. Regardless, the first step is to define the problem by isolating the
areas that are new and require special attention from those that are a continuation
of existing effort. Many CERs remain valid under this approach.

7.3.3.3  New Business Methods/Organization

In times of downsizing or mergers, reorganizations are common, and may result
in accounting changes, including new structural descriptions for the direct and
overhead costs. For CAS-covered contractors, such changes should be reflected
in revisions to the CAS Disclosure Statements, a good resource for Government
evaluators when taking a systemic approach to a contractor’s parametric
estimating system. Accordingly, under such circumstances the cost history would
no longer be directly relevant without making appropriate adjustments to the data.

In many instances, new CERs may be required to estimate costs that were
formerly overhead. Estimators and evaluators should not accept assurances from
the contractor’s top management that there is no cost impact, and continue to
project as before.
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7.3.5

The details of a CAS Impact Statement corresponding to the proposed revisions
of the Disclosure Statement may indicate otherwise. Accordingly, it is strongly
suggested that the historical data be normalized to convert it into the new format.
Successful validation of the conversion can then be corroborated by testing the
CERs or the model using a small project that has already been completed under
the revised accounting system.

However, since it is not always possible to wait until a project is complete,
sometimes the change will need to be tested in advance on sample proposals.
Only in the case of a major impact would this be done. However, should it be
achieved through an IPT, its members will have confidence in the normalization
process used.

Breaks in Production

As was previously discussed, a break in production results in the loss of learning
for both operators and supervision. Further, experienced operators may no longer
be available when production resumes thereby necessiating the use of other
personnel. Even with gaps in production with experienced personnel, some loss
of learnng is expected. Additionally, if the break is sufficiently long, the line may
be dismantled and require reconstruction necessitating the development of new
method sheets and routings, as well as the replacement of tooling. In fact, after a
long break, resumption may resemble the start-up of a new program. Perhaps this
area involves more judgment than most for the experienced estimator and
evaluator due to the low frequency that it is encountered during the typical work
lifetime.

Personnel Reassignments and Relearning

Relearning is one of the consequences of a break in production, but it also occurs
routinely without a hiatus, in which case it is relatively easy to handle. To some
extent, the condition of personnel changes is an ongoing one and is already
accounted for in the data. At any point in time, the production crew is likely to be
a mix of new employees and seasoned hands. Yet, it is assumed all personnel at
any given point have been associated with the program since its inception.

This paradigm does not create a problem unless the combined number of new and
returning personel is higher than usual. A new person starting with no experience
on the product line is considered to be at unit one of the learning curve.
Accordingly, if one hundred units have already been built, that individual always
will be short by that amount of accumulated learning. However, the impact of
having fewer units of accumulated experience diminishes with time, but in theory,
the new hire never performs as well as the original crew. In practice, this relative
lack of experience becomes so inconsequential that parity is in effect achieved
after a certain period: learning takes place at an accelerated pace for new
operators during the initial phases, while concurrently improvement for
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experienced personnel continues at such a diminished, inconsequential pace that it
is said to plateau or level off.

In parallel, a person returning to the program already has familiarity with the job
so that acclimation generally occurs even more quickly than for a new hire. For
such an individual, a possible method is to calculate learning at a greater than the
normal pace until there is no notable residual loss of learning.

Figure 7.5 illustrates different learning concepts: continuous learning, a new
operator brought in at unit 100, and an operator returning at unit 300 (the data are
all notional and not based on actual programs). For routine production on
established product lines not in continuous production over several years, a 90
percent curve is not unusual for labor hours. Relearning for labor on new product
lines may be calculated on an 85 percent slope until it intersects the continuing
operator’s performance. However, specific historical company or industry-wide
data, should take precedence over these rules of thumb, unless changing
circumstances preclude applicability.
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Figure 7.5 Different Learning Formulations
7.3.6  Best Practices

7.3.6.1  Accuracy Assessments

Limited accuracy may be acceptable for minor cost elements. However, major
cost elements should be as accurate as possible, and will be subject to greater
scrutiny. Whenever the results in any part of the evaluation process are
questionable, alternative methods and hypotheses need to be considered. If the
alternatives produce results similar to those under review, the accuracy of the
modeling process is confirmed. If the results are different, then further
examination is warranted.
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7.3.6.2

7.3.6.3

Limited Data and Seemingly Poor Correlation

The use of traditional statistics, and established "accepted statistical criteria," is
based on large sample sizes, often reflecting hundreds of observations. For many
parametric applications, however, there are seldom more than five data points
available to comprise a homogeneous set. Combining data points from diverse
programs through data normalization may improve the size of the set, but
typically the number of observations is limited to 25 to 30 points.

In a small data set, one aberrant point can dramatically skew statistical results
thereby indicating poor correlation, as measured by the coefficient of correlation
(R) or coefficient of determination (R%). Neither of these coefficients constitutes
the single best measure of a CER’s validity, since they only represent the degree
of linear fit (between independent and dependent variables), thus precluding their
usefulness for applications with non-linear relationships. Nonetheless. both
indicate a percentage of variation explained by the mathematical relationship
used, which says nothing about the dispersion of the data or the likelihood that the
estimate is correct. Rather variance or standard deviation measures dispersion,
while confidence intervals measure likelihood. Consequently, to accept or reject
a mathematical relationship based solely on its measure of correlation is incorrect.
For example, a CER whose correlation is only 50 percent may be acceptable for a
new program where the alternative is engineering judgment, and limited
experience on which to base it.

The following questions represent a more appropriate hierarchy of concerns for
evaluation.

e I[s the relationship logical?
e [s there a good data collection system?
e Have statistical tests been applied properly?

Any software package that includes regression analysis applications can
satisfy the last consideration. However, the first two questions are non-statistical
in nature, and more important. Accordingly, if the collected data cannot be
demonstrated to measure what it is purported to measure through the proposed
relationship no amount of statistical analyses will foster confidence and trust in its
usage.

Establishing an Implementation Team

IPTs, comprised of all the major parties such as DCAA, DCMA and the buying
activity, facilitate the evaluation, negotiation, and implementation of a parametric
system and use of BOE proposals. The IPT process allows for all stakeholders to:

e Understand the complex CERs and sophisticated models;

e Resolve problems, objections and obstacles upfront;
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e Secure buy-in of the parties through the cumulative accretion of confidence
in the end results as the process unfolds.

A disciplined management structure is needed to facilitate the implementation
process. In addition, high-level endorsement from both the Government and the
contractor is essential. Support must continue through all phases of the project,
and early teaming with the Government is critical to its success. Also, the
implementation of parametric estimating techniques should be facilitated and
made uniform through the establishment of adequate policy and procedures. See
Appendix J, Establishing a Parametric Implementation Team, for additional
discussion on this topic.

7.3.6.4  Use of Specialists

During the implementation of parametric estimating systems, the use of experts in
statistics and/or the given model being addressed may be an expedient and
definitive in resolving challenges and conflicts. It also serves to make estimators,
evaluators, and auditors more familiar and comfortable with parametric tools. For
Government evaluations and negotiators, the use of specialists should be in
consonance with local procedures and policies, if they exist. Otherwise, the need
should be based upon judgment, and the identification of specialists or
prospective specialists by referral or some other rational means.

7.3.6.5  Specialized Training Required

While evaluating CERs and models does not require a statistics expert, having a
solid understanding of the basic mathematical concepts is critical including
underlying probability and statistical measures. A summary knowledge of models
and modeling is required. Further, if a particular model or technique will be used
for proposals, it is advisable that joint training be provided to the members of the
implementation team to establish a common understanding.
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CHAPTER 8
Other Parametric Applications

Parametric techniques can be used for a variety of applications. This chapter
provides a brief overview of things to consider when developing and
implementing a parametric estimating model, implementation examples, lessons
learned, descriptions of general and specialized applications where parametric
estimating techniques can be used, and examples of where and how these
techniques have been implemented.

More information about the examples shown in this chapter can be found on the
web sites of the model developers or the International Society of Parametric
Analysts and Society of Cost Estimating and Analysis. See Appendices A and D.

8.1 Tailor Applications to Customer Needs

The most important element for a successful parametric application is to involve
all affected parties early in the development, testing, and implementation of the
parametric model. The needs of both internal and external customers must be
considered and coordinated during the entire process to ensure that the needs and
concerns of all parties have been addressed.

Some effective tools that can be used to complete this process are as follows.

e Use integrated product teams (IPT). The Parametric Estimating
Reinvention Laboratory demonstrated that the use of IPTs is a best
practice for implementing, evaluating, and negotiating new parametric
techniques in an estimating system. An IPT usually includes
representatives from the contractor’s organization as well as
representatives from the contractor’s major buying activities, DCMA, and
DCAA.

Using an IPT process, team members provide their feedback on a real-time
basis on issues such as the calibration and validation processes, estimating
system disclosure requirements, and Government evaluation criteria. By
using an IPT, contractors can address the concerns of Government
representatives before incurring significant costs associated with
implementing an acceptable parametric estimating system or developing
proposals based on appropriate techniques. The Parametric Estimating
Reinvention Laboratory also showed that when key customers participated
with the IPT from the beginning, the collaboration greatly facilitated their
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ability to negotiate fair and reasonable prices for proposals based on
parametric techniques.

Consider customer’s requirements. Coordinate the specific requirements
for known and expected customers to ensure that the model has the
flexibility to provide data and estimates in the format required by the
customer. A model that is not flexible or unable to meet the customer’s
requirements will not be used by the customer and renders the model
effectively useless.

Provide training to all customers. Training ensures the customer is aware
of how the parametric tool was developed, what type of costs it is
estimating, and help to ensure their “buy-in” on use of the model.

Obtain a memorandum of understanding (MOU). Based on the results of
the Parametric Estimating Reinvention Laboratory, it is recommended that
a MOU be developed between the contractor and the customer to ensure
that there is an agreement on what type of data will be provided to meet
the customer’s needs.

8.2 Considerations When Applying Tools

When applying the tools used in parametric estimating models, both the
contractor and customer should consider the following items.

Has there been a significant change in the underlining assumptions and
data that was used to calibrate the model which may require the model to
be adjusted or a new model developed?

Has the parametric model been tested recently to ensure it is still providing
accurate estimates?

The materiality and risk associated with the estimate if the model provides
an inaccurate result.

Does the contractor organization have an adequate estimating system?
Has the parametric technique been appropriately calibrated and validated?
Were the assumptions used in the estimating process reasonable?

Are the inputs to the parametric model appropriate?

Were any significant adjustments made to the parametric
technique/model?

Are there any indications that the database requires an out-of-period
update?

Are the outputs from the parametric model realistic?
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8.3 When and How to Use the Various Tools and Techniques

It’s important to understand that the development and use of parametric tools
requires an investment in time, money, and other resources. At times that
investment can be sizable. If an organization is planning to develop a set of
simple CERs to apply to estimates in their proposal system, the benefit to cost
ratio will probably be excellent.

Many complex parametric models, on the other hand, require an organization to
invest in model development or licensing fees. Complex model calibration and
validation can be quite costly as well. Therefore, it’s important for an organization
to assess the benefits to be gained and perform a cost versus. benefits analysis
prior to making an investment in parametric tools.

Practitioners believe that in most cases the investment is worthwhile because the
expected payoff is usually large enough. However, each organization must
consider all the potential applications, and then make the decision themselves.

8.4 General Applications

Parametric techniques are used for a variety of general applications, as shown in
Figure 8.1. There are other possible applications. The number is limited only by
the imagination of the user.

Forward Pricing Rate Models Subcontractor Price or Cost Analysis
Cost as an Independent Variable Risk Analysis

(CAIV)

Bid/No Bid Analysis Conceptual Estimating
Independent Cost Estimates (ICEs) Design-to-Cost (DTC)

Life Cycle Cost Estimates Budget Planning Analysis
Proposal Evaluation Should Cost Studies
Estimates at Completion (EACs) Costing by Phase of Contract
Trade Studies Sensitivity Analysis

Basis of Estimates (BOE’s) Affordability

Cost Spreading Cost Realism

Sizing parameters MTBF, MTTRs

Make-buy analysis

Figure 8.1 General Parametric Applications

Most of these applications listed in Figure 8.1 are widely used throughout
Industry and the Government and guidance on their implementation is available.
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8.4.1

8.4.1.1

The following sections provide some general descriptions and examples relating
to most of the general applications listed in Figure 8.1.

Forward Pricing Rate Models

While there are many estimating approaches for forecasting indirect expense
rates, the most traditional approach is known as “bottoms-up.” The bottoms-up
approach is generally based on detailed, departmental budget data. This process
of preparing and evaluating forward pricing rates can be time and cost intensive.
More recently, contractors have been implementing proprietary models to forecast
these rates.

Example

Using an IPT approach, one contractor developed a model that uses forecasted
sales and historical cost estimating relationships (CERs) to develop forward
pricing rates. This forward pricing rate model uses forecasted sales and historical
CERs to develop indirect rates. The process used to develop the forward pricing
indirect expense rates involves:

Sales forecast. The sales forecast is the major cost driver for this model.
Therefore, it must be developed first. An accurate sales forecast is critical
because it is the baseline from which all other costs are generated. A sales
forecast should be developed using the most current plan from a
contractor’s various budgeting processes (e.g., business plan, long range
plan, current forecast, and discrete inputs from the operating units).

Total cost input (TCI): TCI is a commonly used method for allocating
G&A expenses to final cost objectives and is further described in the Cost
Accounting Standard 410. TCI is calculated as a percentage of sales. A
TClI/Sales ratio would be developed based on historical experience, with
the result adjusted for any anomalies that may exist.

Direct labor/materials base. Direct labor and direct material bases are
developed as a percentage of TCI. These would also be based on
historical trends, adjusted to reflect any significant changes that may have
occurred, or are expected to occur, in the near future.

Labor/materials/G&A expense pool costs. Labor, material, and G&A
expense pool costs are developed as a percentage of their respective bases.
When estimating pool costs, the model should utilize historical trends that
separately consider fixed, variable, and semi-variable costs.

Fixed pool costs remain constant from the prior year and are adjusted for
any known changes (e.g., purchase of a new asset that would result in a
significant increase in depreciation) and escalation.

Variable pool costs are calculated by applying the variable pool cost
portion of the rate (based on historical trends) to the current forecasted
base. An example of an adjustment for a known change to variable costs
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would be an accounting change where an indirect labor category is
changed to a direct labor category.

e Semi-variable costs are also calculated and analyzed separately. An
example of a semi-variable cost would be payroll taxes. Payroll taxes are
calculated as a percentage of salary, up to a certain threshold, and fixed
costs after the threshold is reached.

A projected pool may need to be adjusted for large dollar nonrecurring items such
as environmental clean-up costs. Forecasted expenses would also need to be
adjusted to reflect implementation of new processes. For example, if a contractor
implemented a new quality system, its costs should be reflected in the forecasted
expenses. The fixed, variable, and semi-variable costs would be added to arrive at
total pool costs.

8.4.1.2 Evaluation Criteria

These elements should be considered when developing forward pricing rates
using historical CERs:

e Reasonableness of the sales forecast;
e Accuracy of the historical CERs;

e Accuracy of the underlying data used to develop the historical
relationships.

As stated, the reasonableness of the proposed sales forecast is critical because it
forms the basis for the forecasted indirect rates. The forecasted sales data should
be based on known (firm) sales and projected sales adjusted for probability factors
(i.e., probability of obtaining a sale). This sales data should accurately reflect
those amounts reported in the contractor’s current budget data.

The contractor should also ensure that the historical trends developed are accurate
and that they form a reliable basis for predicting future costs. The contractor
should perform statistical or another form of analysis to validate that a strong
relationship does exist between the two variables (e.g., sales as the independent
variable and TCI as the dependent variable). The relationship should also be
tested on the normalized data (cost history adjusted for any anomalies that may
exist). Risk analysis may be performed to identify the cost elements that generate
the most risk (i.e., have the most significant effect on the model’s outputs), and
which may require additional validation or adjustment. Risk analysis is discussed
in Section 8.4.4, Risk Analysis. Regardless of the type of analysis performed, the
effects of fixed, variable, and semi-variable costs should be considered.

The accuracy of the historical inputs used to develop the estimating relationships
should also be examined by reviewing the historical pool and base costs, as well
as any adjustments and anomalies. The results of previously incurred cost audits
and other reviews may have an impact on the historical trends developed.
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8.4.1.3

8.4.2

8.4.2.1

Benefits for using a Parametric Application

The proper use of a forward pricing rate model should facilitate the negotiation of
a forward pricing rate agreement (FPRA). An IPT consisting of representatives
from the company, DCMA, and DCAA may find that the implementation of a
forward pricing rate model can save both the contractor and Government
significant resources, including reduced costs and cycle time related to proposal
preparation and review. When properly implemented, forward pricing rate
models will be as accurate as other estimating approaches.

Subcontractor Price or Cost Analysis Using Vendor Data

FAR 15.404-3, Subcontract Pricing Considerations, defines the requirements for
performing price or cost analysis on applicable subcontract estimates to establish
the reasonableness of proposed prices. Chapter 7, Government Compliance,
discusses this criterion. A variety of parametric techniques can be used to
develop independent estimates for use in performing such price or cost analyses.

Data Collection, Calibration, Validation and Estimating Techniques

Developing parametric subcontractor analysis tools is similar to building tools to
estimate an internal effort. The model development life cycle is identical,
consisting of data collection, calibration, validation, and establishing estimating
procedures that describe the methodologies for performing subcontract price or
cost analysis using parametric techniques. The only substantial process difference
relates to the collection of subcontractor technical, programmatic, and cost data.
The following is a series of questions and answers that takes readers from a
theoretical view of the modeling process to a step by step “how-to”” example on
how this technique can be used to evaluate the reasonableness of subcontractor
estimates.

Where do you start?

The starting place for data collection is the subcontracting organization’s
enterprise resource planning (ERP) system or other management information
system (MIS). A user should be able to access a database containing information
such as purchase order history, and from this collect part number, quantity,
pricing, and schedule information. Weight data for major subcontracted items
should be available from an organization’s technical group responsible for weight
determinations. In general, detailed data such as cost improvement curve slopes
and part counts should be obtained directly from the subcontractor via request for
information or through on-site fact finding. Independent subcontractor price or
cost analysis may also require broadening the data search to include public
domain data sources to fill in the blanks.

How much data do you need?

When obtaining data for performing independent analysis, the goal is to seek as
many relevant data points as possible. In many cases, patterns or trends will be
apparent in the multiple data points and help in their normalization.
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What do you have once you collect this data?

Often, regardless of the source, the results can be a large spread of data points that
require normalization analysis. See the discussion about normalization in Chapter

2.

Are the data in a useable condition?

The basic purchase order data raises a number of questions related to the data (the
same issues apply to in-house data). Figure 8.2 lists some typical data details that
need to be assessed as part of the data collection process.

Identifying
the data

What year dollars are represented?

Does the difference between the delivery date and purchase
order date represent the manufacturing span time?

Does this data include G&A and profit?

Can the delivery date be used to derive the economic base
year?

Was this item purchased as a spare, a production item, a test
part, or a repair item?

Does this item include engineering changes?

Evaluating the
data

Economic base year.

Manufacturing span times/schedules.
Buy quantities.

Cost make up.

What’s the product source: domestic, foreign, or co-
produced?

Are any prices based on option agreements?

Were any purchase orders combined with another
procurement?

Did any vendors change within the collected data?

Normalizing
the data

Converting data to a constant economic year dollar value.

Determining span times/schedules and using the results for
cost modeling.

Eliminating extraneous data and anomalies such as
foreign/co-producers.

Did the data separate the recurring and non-recurring effort?
Deriving slopes, intercepts, midpoints, and so forth.
Who performed testing on the subcontracted items?

Figure 8.2 Data Collection Details

There is no single, convenient source of information that facilitates the
normalization process, so the search may need to cover other sources, such as old
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8.4.2.2

estimates, proposals, contract change notices, estimating library, desks, file
cabinets, company archives, and memoranda of negotiation. A memorandum of
negotiation often proves to be a valuable data source because it identifies the basis
for the negotiated unit price, and it provides options for adjusting this price based
on quantity and rate per month changes. Chapter 2 discusses data collection and
analysis in further detail.

The graph show in Figure 8.3 shows how an estimator may project part cost from
the normalized data.

Projecting from Historical Cost Data
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Figure 8.3 Projecting from Historical Data

The data set used in this example exhibited extremely stable properties and
produced an excellent modeling result. Do not expect all results to achieve this
close a fit.

Cost Analysis in an Evolving Technical Environment Using Complex Models

Are calibrated complex models suitable for analyzing analogous subcontracted
subsystems?

Generally, without adjustment, the answer is “No.” However, one of the greatest
strengths of parametric analysis is the inherent flexibility of today’s complex
models. Once a model has been calibrated to a known technology or process
baseline, it can be objectively modified to account for most variations. As an
example, a common scenario for one contractor would be the transition from
aluminum to advanced composite structures. Assume that an F-16 aluminum
landing gear door subcontractor is preparing a quote to produce carbon fiber doors
for an advanced fighter application. The prime contractor has calibrated its
complex model for F-16 landing gear doors.
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How can the contractor use its model to develop a “should cost” value for the
new product?

The calibration data tells us:
e Materials used in production;
e Weight of the item;
e Parts used in assembly;
e Production quantities;
e Learning curve slopes.

With this information and basic physical parameters (e.g., approximate weight,
dimensions, material mix) the prime contractor can adjust its existing model. The
most significant change would relate to the material composition of the doors. In
general, the switch to composite materials will ripple through weight, parts count,
learning curve slope, and production process. Most complex models are able to
adjust for the effect of such changes. This basic modeling technique allows the
prime contractor to develop a should cost target for an advanced technology
subsystem, while maintaining an audit trail back to the calibrated historical base
line. Similar techniques can be used with most complex parametric estimating
models.

8.4.2.3 Benefits for Using a Parametric Application

The most significant benefit for using parametric tools to perform subcontract
price and cost analysis is flexibility and repeatability. Once the foundation model
has been created, subsequent modeling exercises for updates and so forth can be
performed with almost minimal effort. The implications for cost savings are
obvious.

8.4.3 Cost As an Independent Variable (CAIV)

In March 1996, Department of Defense (DoD) Directive 5000.1 stated that, "Cost
must be viewed as an independent variable. Acquisition managers shall establish
aggressive but realistic objectives for all programs and follow through by trading
off performance and schedule, beginning early in the program.”

CALIV is an acquisition strategy that helps maintain cost objectives (including life
cycle costs), while achieving the necessary performance objectives of a contract.
DoD Directive 5000.2-R defines CAIV as “an acquisition philosophy put forth as
policy that integrates proven successful practices with new promising DoD
initiatives, to obtain superior yet reasonably priced warfighting capability.”

The basic concept of CAIV is that each acquisition program has three significant
variables: performance that satisfies operational requirements, affordable life
cycle costs, and delivery according to an established schedule. Under the CAIV
philosophy, performance and schedule are considered dependent on the funds
available for a specific program. The purpose of CAIV is to reduce life cycle
costs; reduce program development and production time; provide for innovative
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8.4.3.1

8.4.3.2

design in manufacturing, support, and contracting approaches; consider life cycle
costs; and be flexible and able to overcome program cost growth. Parametric
models are key tools in performing CAIV analyses. This chapter provides a brief
overview of CAIV; see Appendix D for a list of additional resources.

CAIV Using Parametrics

Defense contractors must produce cost effective and performance-driven
products. With this concept in mind, contractors should integrate cost estimates
with program performance evaluations, and also include a cost analysis with their
trade studies. To effectively perform trade studies and efficiently consider cost in
each case, programs that require CAIV must build a cost model that baselines the
program, estimates total ownership cost (TOC) for every trade study alternative or
option, and tracks cost against targets and goals. TOC attempts to capture a
product’s life cycle cost, including any required peripheral support equipment and
services necessary for making full use of the asset. This working cost model is a
parametric model.

After an appropriate parametric model has been obtained and calibrated, a
program cost and performance baseline is created. The purpose of the baseline is
to establish a set of program cost and performance concepts that reflect the initial
program configuration(s). This program baseline should allow trade studies to be
performed using a consistent set of estimating parameters, guidelines, and
assumptions.

After the program baseline has been established and reviewed by the customer,
effective trade studies can be performed against it. The important aspect of trade
studies is to determine the cost/performance/value of the various trade-off options
(that is, the evaluated “delta” cost and performance among the options). As a
result of this process, program management can assess the “best value” among the
trade alternatives. “Best value” is defined as the option that meets program
performance objectives at an affordable (generally lowest) cost. In some cases,
performance may be traded for cost.

Implementation

The CAIV process is highly analytical and technical. It requires skilled
personnel, sophisticated analytic tools, and specific institutional structures to
handle the technical studies required, to track progress, and to make reports
capable of initiating action. In addition, the CAIV concept must be built into the
contract structure so that all parties to the program are properly motivated towards
a “best value” objective. Key tasks in the CAIV process are:

e Target setting and subtask allocation;
e Contract and subcontract definition and incentives;
e Technical analysis;

e (Cost progress calculation and tracking;
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e Cost progress and trade study log;
e Reports.

Detailed implementation guidance on these tasks is outside the scope of this
Handbook. Additional information is available on the DoD Acquisition
Deskbook and CAIV web sites listed in Appendix D.

8.4.3.3  Benefits for Using a Parametric Application

The parametric model serves to help routinely evaluate prevalent (and evolving)
cost estimates against cost goals and targets. Using the cost model as derived
within the context of the program WBS, cost targets are “flowed down” to IPTs
and subcontractors. Corrective management action (i.e., additional trade studies)
is taken when cost estimates deviate from IPT and subcontractor targets.
Corrective action should also be taken when the current system estimate deviates
from the system-level goal. Using this approach, the program should remain
affordable, and TOC carefully managed. As with the subcontractor cost analysis
application, once the foundation model has been created, subsequent modeling
exercises for updates and so forth can be performed with almost minimal effort.
The implications for cost savings are obvious.

8.4.4  Risk Analysis

Risk analysis is another important aspect of the acquisition strategy of most major
programs. The consideration of different, yet possible, program events and
outcomes should lead to a more realistic estimate, in spite of uncertainties
associated with cost models, variability of cost driver metrics, unplanned or
unexpected events, and other factors beyond control of the IPT. By their nature,
all cost estimates have some uncertainty. The number of uncertainties and the
associated cost impact is usually higher early in a program’s development. As the
program matures, uncertainties generally decrease as a result of greater design
definition and production experience.

Risk analysis provides an orderly and disciplined procedure for evaluating these
uncertainties, so a more realistic cost estimate can be made. Risk analysis can be
performed using a number of techniques, including parametrics. Capturing
program uncertainty in the variance measures of parametric estimates allows the
analyst to mathematically model and quantify the risk. This method is one
technique for providing financial insight into the technical complications behind
the cost growth witnessed in many programs. Risk analysis provides additional
information and insights to a program’s decision makers.

Risk analysis is a process that uses qualitative and quantitative techniques for
analyzing, quantifying, and reducing uncertainty associated with cost or
performance goals. IPTs are generally responsible for evaluating areas of
uncertainty in the evolution of design and process development. The preferred
common denominator for measuring these uncertainties is dollars. Therefore,
most risk analyses are conducted as part of the many cost analyses performed on a
typical program, including:
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8.4.5

e Cost goal allocation;
¢ Baseline estimate updating;
e Cost trade studies.

Although program risk should decrease with time, the risk analysis process is
iterative. On most programs, the risk analysis process is not viewed as a one-
time, "check the box" activity. It is an on-going management activity that
continues throughout the life of a program.

These cost risk analysis objectives fully support those of the program because it:

e Identifies program level confidence for the cost of each phase as a
function of cost impacts from technical, schedule, and cost estimating
risks, which are evaluated at a WBS level, consistent with decision
making and the availability of appropriate data.

e Identifies program level confidence in the schedule of the development
phases.

e Provides credibility to the target estimates and BOE (which should
approximately equal the calculated “most likely” cost).

e Identifies technical, schedule, and cost estimating risk drivers for use in
risk management exercises.

e FEnables the current BOEs to reflect the cost and effectiveness of the
planned risk handling strategies.

e Depicts how funding levels impact total program and phase specific
confidence levels, assuming constant program execution plans.

The cost-risk analysis process begins with program definition and ends with
management review(s). For a risk analysis to be effective, program definition
must be at least one WBS level deeper than that at which the cost risk analysis is
performed. For example, to support a cost-risk analysis conducted at WBS level
three, program definition is required at WBS level four. This allows the analyst to
capture all reasonable risks, and provides the visibility needed to eliminate
overlapping and gaps in the analysis. Most commercially available parametric
models possess a risk analysis capability.

The major benefit of the use of parametric tools in the risk analysis process is the
fact that the tools are repeatable in this highly iterative procedure. Many “what-
if” exercises must be performed during a program’s life cycle. The use of
parametric tools is the only practical way to perform these exercises. See
Appendix H for the Space Systems Cost Analysis Group (SSCAG) discussion of
risk.

Bid/No Bid Analysis

Many companies bid on far more RFPs than they should. The question of
whether to bid a project (or not) is a strategic one. The decision involves much
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more than making a profit. For instance, a company may be willing to take a loss
on a project if there is significant profitable follow-on potential. Or, as another
example, they may want to strategically place a product in the marketplace. Also,
they may wish to get into a new business arena. There are many reasons to bid on
a project. “No-bidding” a project may not be an option. Careful consideration
given at the bid/no-bid stage can have an enormous impact on an organization’s
bottom line. Parametric tools are very useful at this stage of the business process,
and can help the decision maker.

8.4.5.1 Example

Let’s assume that a company is considering proposing to an RFP. The product is
well-defined, but it’s a new state of the art. Clearly, a cost estimate is a major
consideration. How should the cost estimate be performed? Since the product is
defined, parametric tools come to mind. Clearly, performing a bottoms-up
estimate at this stage of the program doesn’t seem reasonable. No bill of
materials exists. Some type of “top down” estimate appears to be the way to go.
Since at least a preliminary engineering evaluation must be done, a parametric
approach should be adopted.

8.4.5.2 Evaluation Criteria

Once the estimate is complete, management can decide if the project is worth
pursuing. If the cost estimate is within a specified competitive range, a “bid”
decision could be made. It is important to note that other criteria besides cost are
important considerations. Obviously, program technical competence is also
important. On the other hand, cost can be a “show stopper.” If the cost estimate
is too far outside the competitive range, or too much money needs to be invested,
a “no bid” decision would be made.

8.4.5.3  Benefits of Using a Parametric Approach

Bottoms-up estimating approaches are not practical without a BOM. Parametric
models are also easily “tweaked” for subtle (or not so subtle) changes to specs,
design, schedule and so forth. The benefits of parametric models are clear
whenever rapid estimating turnaround is required.

8.4.6  Conceptual Estimating

Parametric costing models are powerful tools in the hands of management. Ifa
software or hardware product has been conceptualized, parametric models can
provide a fast and easy cost estimate. An estimate in the conceptual stage of a
program can be invaluable in management’s planning process. Engineering
concepts such as weight, manufacturing and engineering complexities, source
lines of code and so forth are normally available at the time concepts are being
developed. Given this fact, use of parametric costing tools is the only reasonable
way to perform a cost estimate this early in a program life cycle.
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8.4.6.1

8.4.6.2

8.4.7

8.4.7.1

Example

For example, if a Government program manager has a new technical need, let’s
assume for a specific software application, and that application can be
conceptualized, a cost estimate can be obtained. The conceptualization will take
the form of a general description: application, platform, programming
language(s), security level, programmer experience, schedule, an estimate of the
SLOC and so forth. Such information will provide a cost estimate using any
number of parametric models. A cost estimate is important early in a program, if
only to benchmark a proposed technical approach.

Benefits of Using a Parametric Approach

Parametric tools were designed for just these types of applications. Parametric
model inputs are largely conceptual. If a new program is being considered by the
Government, concepts such as performance parameters are what come to mind.
Parametric tools are utilized, with a good deal of management input. There is no
substitute for experience when an estimate is being created, regardless of the
technique used in the estimating process.

Independent Cost estimates (ICES)

Sometimes, it’s important to have an independent view of a cost estimate as
performed by another technique. The key word is “independent.” Such estimates
are called “independent cost estimates,” or ICEs. Parametric tools are invaluable
for performing ICEs, that is unless the parametric tools were used to generate the
primary estimate. ICEs can also be used to validate EACs for ongoing contracts.

Example

Assume, for a moment, that a bottoms-up estimate has been (or is being)
generated for an organization who is proposing on a “must win” program.
Winning the program could be important for a variety of reasons. In any event,
should the organization bet winning the program on just one estimating approach?

If an independent estimate (or two) is performed by a team of people who have no
vested interest in, or little knowledge of, the primary estimate, the benefits of such
an estimate could be enormous. If the ICE supports the primary estimate, then
added confidence is automatically placed on the original estimate.

If parametric tools are utilized for the ICE, many unique estimating criteria
(primarily technical criteria) are used for the cost evaluation. If, on the other
hand, the two estimates indicate significant differences between each other, an
evaluation can still be performed to correct the primary proposal. For instance, if
two estimates show a more than 10% difference (management will determine the
level of significance) between themselves, a careful review, analysis and
explanation may be in order.

In a “real world” example, when the two estimates differed by a significant
amount, an analysis revealed that the estimating team had duplicated estimates in
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various places within a complex WBS. Without the ICE, the discrepancy never
would have been discovered.

8.4.7.2 The Benefits of Using a Parametric Approach

If a bottoms-up estimate was used as the primary estimate, and a “second
opinion” is required, the use of parametric tools is certainly an option. Other
approaches (e.g., the Delphi technique) could also be used. A parametric model
will link the technical parameters to the bottoms-up cost estimate. This link is
invaluable.

8.4.8 Design to Cost (DTC)

Design to cost principles have been already covered within the context of CAIV,
so little will be said about the technique in this section. There are subtle
differences, however. CAIV is a management approach that emphasizes cost at
the program level. DTC’s focus is on the manufacturing aspect of a program.

The term “design for manufacturability” could also be used. In any event, the
approaches are similar in philosophy. Trade studies play a significant role in both
approaches.

8.4.8.1 Example

Design to cost techniques are used extensively in commercial manufacturing. It
stands to reason, then, that many DoD applications would exist. A customer will
not purchase a $10,000 vacuum cleaner, regardless of how good it is. The
product must be manufactured for customer affordability. Based on analyses, cost
targets (sometimes called “standards™) are allocated to manufacturing operations.
The management expectation is that those standards will be met or exceeded by
the floor operators. T he targets are “rolled up” to the final product. If the final
target is met, the product is affordable and the manufacturing processes are under
control. If the targets are exceeded, the processes may be out of control, and an
analysis must be performed.

8.4.8.2  The Benefits of Using a Parametric Approach

Parametric tools fit into this process as analytical techniques are used to reduce
the cost of manufacture. For instance, a parametric model can easily support
manufacturing process trade-offs. Two or more competing processes can be
quickly modeled that allow the manufacturing engineer to select the least costly
approach. No other estimating technique is quite as effective within the context
of cost trade-offs.

8.4.9 Life Cycle Cost Estimates

A parametric model can be developed to assist in estimating the life cycle costs of
a program and can be used in performing “what if” analysis and the impact of
technical, schedule, and programmatic factors on the total costs. For example, the
Air Force needed to develop a life cycle cost model that could be used to assist in
estimating the costs for aircrew training on the C-17 program. Due to the
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8.4.9.1

significant number of parameters that can impact the training costs they
developed a parametric model that would take into account the various factors
(both cost and operational factors) that allowed them to estimate the total program
costs for various training requirement scenarios.

Example

The C-17 Aircrew Training System (ATS) Life Cycle Cost (LCC) model was
constructed around the approved Wright Patterson AFB, Aeronautical System
Division WBS for Aircrew Training Systems as modified for the C-17 ATS
program. Structuring the LCC model around this established WBS provided the
framework so that the model is generic enough to fundamentally analyze any
integrated training system. In addition, the use of this approved WBS allows the
model predictions to be easily integrated and compatible with a prime contractor's
accounting system used to perform cost accumulations, cost reporting, budgeting,
and cost tracking.

Rather than make the C-17 ATS LCC model a pure accounting type of LCC
model, a decision was made to integrate the functional parameter algorithms of
each WBS element with the cost element relationship algorithms of each WBS
element. This caused the model to be more of an engineering type of model in
which the predicted outputs of the model are sensitive to input data, and changes
in the input data to the model (i.e. program and pragmatic data changes). As a
result, the model can be used to make early predictions for program development
and acquisition decisions and can then be re-used during the operations and
support phase to make continuing economic decisions based on actual annual
operational decisions.

The C-17 ATS LCC model was developed using the Automated Cost Estimating
Integrated Tool (ACEIT) modeling environment. See Appendix A for more
information about ACEIT. This environment was selected primarily because of
the flexibility and functional capability that it could supply to an LCC model. As
a result, the model is a tool which can be continuously employed to manage the
life cycle cost of an integrated training system and is not just a single point LCC
estimate.

During the development of the C-17 ATS LCC model, each WBS operational,
functional, and cost element relationship rationale, element algorithm and
estimating methodology, along with other relevant data and information denoting
how an element is modeled, was recorded and documented. At the conclusion of
the modeling effort, this documentation provided the necessary traceability
information and auditing data to verify and validate the model's predictive
capability. This documentation was developed online as an integral part of the
definition and development of the operational, functional and hardware cost
element relationships for each WBS element and associated WBS element
component parts.
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8.4.9.2  Benefits of Using a Parametric Approach

Because of the automated capability of the model, the vast array of integrated cost
analysis tools embedded within the model, and the complete online
documentation features of the model, the information necessary to understand
what elements within the system are cost drivers, why these cost drivers exist, and
which LCC inputs have the greatest influence on these cost drivers is readily
available to the analyst. The complete online documentation provides different
analysts using the model the ability to easily adapt the model to their specific
needs, and provides program management with a quick and flexible method of
preparing required program cost and budget reports. As before, once the one-time
effort of creating the basic model is finished, model reuse and repeatability for
sensitivity studies is easy.

8.4.10 Budget Planning Analysis

All businesses must budget. A decision that must be made has to answer certain
questions. First, what products will be offered for sale, or proposed for future
sale? Next, how will the organization fulfill its obligations? What resources will
be used, and how much will the use of these resources cost? What is the best mix
of business that will allow the organization to maximize profit potential? All such
questions involve trade-offs. Parametric tools are useful in performing budgeting
exercises. The benefits of using parametric tools for trade-off analyses have
already been discussed.

8.4.11 Proposal Evaluation, Red Team Reviews

When a proposal is submitted to a customer, how good is it? What will the
customer think of it? Red Team Reviews are performed by independent, senior
organization personnel who place themselves “in the shoes of” the customer, so to
speak. Red Team Reviews take place just prior to proposal submission. The
reviews are about much more than just cost — technical compliance is often at
least as important — but cost, especially if the program has a CAIV requirement, is
always important. Any proposal evaluation that includes a sound parametric
approach that makes a solid link between technical design and cost, will always
be a superior product to the simple cost estimate, and better received by the
customer. The Government also uses teams and parametric approaches to
evaluate contractor estimates and proposals.

8.4.12 Should Cost Studies

Many cost evaluation techniques can be used to perform should cost studies.
Selection of a technique can depend on various factors such as timing, available
resources, cost of using a specific approach and so forth. Should cost studies can
be performed at any time during a product’s life cycle, even after a program is
over. The only criterion is if management needs or wants to know the answer to
the question, “What should the product (have) cost?” Depending upon the
specific situation, parametric tools may or may not play a role in a should cost
analysis.
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8.4.13

8.4.14

8.4.15

For example, if a parametric model has already been developed and utilized for a
program or product, the model can be used in a should cost analysis. If a program
has overrun, for instance, the model can be used to evaluate differences between
the proposed program and the one that was executed to determine why. In this
type of application, the benefits of the parametric modeling technique should be
easy, quick and efficient.

Estimate at Completion (EACS)

Estimates at completion are often performed on larger programs, especially if
there is an earned value analysis requirement. Even so, they are normally
performed as an indication of the financial health of a program. If a parametric
model has been developed for a program, the model is an easy and efficient way
to develop EACs on a regular basis.

Costing by Phase of Contract

Costing by phase of contract comes within the context of life cycle costing (LCC)
or total ownership cost (TOC). Clearly, LCCs or TOCs necessitate the costing of
all program phases. Sometimes, if a LCC or TOC has not been performed, and a
parametric costing model has been already developed, the cost of future phases of
the program can be easily evaluated. Such a data point is often required for
planning purposes.

For example, if a program is in the development phase, and a production phase
cost estimate is required, a parametric model can be used for the cost estimate.
Again, a bottoms-up approach is not practical without a BOM.

Trade Studies

Trade studies always come with a CAIV or a DTC program. But, sometimes,
trade studies are important within their own right. Trade studies are almost always
used in a commercial business environment, and are more and more frequently
being used in DoD. Trade studies are most frequently used to evaluate cost and
performance trade-offs between competing technical designs. The basic idea
behind trade studies is to get the highest performance for the lowest cost. What it
doesn’t mean is “cheapest.” I t means best performance value, or best “bang for
the buck.” Parametric costing models are very effectively used in trade studies.
Trade studies require multiple sensitivity studies, with rapid turnaround times.

For example, an Army program wanted to evaluate the performance and cost
curve for gasoline and diesel engines in a tank design. Technical parameters were
input into two parametric cost models — one model for gasoline engines and the
other for diesel engines. Based on a performance vs. cost analysis, the diesel
engine was selected. The power of the parametric models was demonstrated
when the models’ inputs were easily “tweaked” almost repeatedly. No other
estimating approach would have been nearly as effective.
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8.4.16  Sensitivity Analysis

Parametric tools are extremely powerful when sensitivity analyses are needed. As
with trade studies, the ability to easily “tweak” inputs for even small changes
provides management with a strong and superior analytical benefit. When a
parametric model’s input(s) is changed, the resulting costing is instantaneous.

The sensitivity analysis can be quickly performed many, many times until the
ultimate result is obtained. No other estimating approach besides parametrics can
perform this task effectively.

8.4.17 Basis of Estimates (BOE's)

The traditional method for creating a basis of estimate and submitting a proposal
is to go out and perform a “bottoms-up” estimate using historical data, judgmental
estimates, and obtaining detailed cost and pricing data. This is a very time
consuming and expensive process that is also not very flexible when assumptions
relating to quantity and scope of work change. Alternatively, through the use of
parametric estimating techniques a model can be developed that is less expensive
in the long run and provides greater flexibility. As demonstrated in the example
below, through careful planning and coordination with all groups affected, a
parametric model can be created and used for the basis of estimate in many
proposals. However, in order for the parametric model to be accepted as an
adequate basis of estimate within a proposal the model documentation maintained
by the contractor and provided to the Government reviewer and customer must
contain the following information (as applicable):

e A description of the contractual effort and/or products and services being
estimated by the use of the model.

e Identification of forward pricing rates and factors used in estimate.

e A description of the commercial or in-house developed model, inputs,
outputs, and calibration activities used in developing the estimate.

e Time-phasing of resources estimated (labor, materials, etc.).

e A description of all assumptions and ground rules, historical databases,
and judgments used in the use of or development of the model.

e A description of the process used in validating the model, including any
tests performed to verify the accuracy of the model predictions using
historical data or other methodologies.

8.4.17.1 Example

Lockheed Martin Astronautics (LMA) signed up as a Reinvention Laboratory
member to test the PRICE H Model as a primary Basis of Estimate (BOE) based
on solid, auditable and verifiable data. In coordination with the local Defense
Contract Management Agency (DCMA) and Defense Contract Audit Agency
(DCAA), LMA developed an implementation plan to calibrate and validate the
use of the PRICE H Model. The plan included joint training, writing a procedure

International Society of Parametric Analysts 8-19



CHAPTER 8 OTHER PARAMETRIC APPLICATIONS

for the estimating manual, calibration of relevant historical programs, and
development of an approach to validate and use of the model in a test proposal
requiring cost or pricing data.

LMA had been using a complex commercial parametric model to develop
planning estimates on prior interplanetary space programs. Technical
programmatic and cost data were collected on four contemporary spacecraft to
support the calibration of the model. After DCMA and DCAA reviewed the
calibrations a validation test was performed by comparing the model results for
selected hardware end items with current EAC projections for an almost
completed space program. One the model was calibrated and validated it was
used to develop the BOE for two new interplanetary spacecraft (Mars 2001
Mission Lander and Orbiter).

8.4.17.2  Lessons Learned

The following lessons were identified during the LMA project and should be
considered whenever parametric estimating techniques are used to develop a
BOE:

e Requires management support;

e Need company champions;

e Constant selling is required,

e There is a sizable start up cost;

e Team training is a must;

e Culture change is required;

e The implementation is a challenging learning process;

e Obtain early IPT consensus on the model and procedures;
e The data collection tasks were the most challenging;

e Interview product integrity engineers to fully understand the technical
aspects of the model,

e This processes requires lots of data analysis and reconciliations;

e You will never have all the data desired but need to determine what data
are critical;

e The process required about 95 percent collection and analysis and 5
percent actual calibration time.

8.4.18  Affordability and Cost Realism

One of the largest challenges both the Government and industry has is evaluating
the affordability of changes in quantities and requirements. A current use is to
squeeze a major concept into a budget. The concept of cost realism requires that
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all key performance parameters (KPPs) be costed. This activity is even increased
with the constant changes occurring in funding of Government programs.

Today, most contractor and Government organizations have affordability groups.
Frequently, the quantity that is anticipated when a solicitation is issued can
change significantly during the negotiation and funding process. Parametric
techniques can be effectively used to address the costs variances associated with
changing quantities without requiring the solicitation of new bids, and provide a
level of comfort relating to the affordability of the new quantities that reduces the
risk for both the Government and the contractor.

In this section we will provide an example of where this was effectively used
during a source selection on a $200 million Government contract for the
procurement of the Joint Tactical Information Distribution System (JTIDS). The
JTIDS system is used on several different weapon systems by all four armed
services and NATO. This made the determination of the future requirements very
difficult to estimate.

8.4.18.1 Example of Affordability Description

On the JTIDS program, the buying command used a two prong approach. The
first was requiring an all inclusive set of proposal prices covering the entire range
of possibilities called “price enumeration.” In the context of a source selection for
uncertain quantities, a discrete probability distribution is composed of a finite set
of N of quantities g, for each of M line items, each with an associated probability
of occurrence p(g). The expected contract costs £(C) is simply the sum of the
products of all possible outcomes and their associated probabilities of occurrence,
summed over all line items in the contract. The following equation illustrates this

mathematically.
M Ni
EQC) =2 2 (qiCiP(qy)
i=1 i=1
Where

qii = jm possible value of ¢ for line item i.

cij = bid unit price (cost) when buying j units of line item i.
p(qij) = probability of buying J units of line item 7.

M = number of different line items on contract.

N = number of possible quantities for line item i.

E(C) = expected possible quantities for line item i.

For each item, it is important to note that the sum of all possibilities must equal
one.

The use of this formula allowed the bidders to conduct internal “what if”” analysis
to arrive at their desired bottom line.
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8.

4.18.2

8.4.19

Advantages and Disadvantages

The probability approach is best used when the quantities are uncertain, current
and accurate cost data are available, large quantities are procured, and there is a
high unit cost. The strengths of using this approach is that it reduces the risk on
the procurement, provides visibility of prices that may be unreasonable, is easy to
implement, and is flexible in the fact it can be used for different line items in a
contract. The disadvantage of this method is that it is sometimes difficult to get
external and internal customers to agree to using this method, and since the
probability given to each expected quantity can significantly effect the outcome
its is imperative that these probabilities be realistic.

Cost Spreading

Parametric estimating tools can be used to develop time phased profiles for the
total costs on a project. A top level parametric was developed based on a
database of 56 NRO, Air Force, and Navy programs and was used to estimate the
time to first launch. This study included space satellite acquisition, integration,
system engineering, and program management costs for incrementally funded
contracts.

The process used in the study identified above involved three steps: (1)
estimating time from contract award to launch: (2) developing a time-phased
expenditure profile, and (3) converting cost to budget. The first step required the
development of the estimate for time from contract award to launch and required
an independent estimate of the schedule.

The database referred to above was used as the basis for the following top level
schedule model that estimates the time to first launch:

Duration (months) = 17.0 + 0.87W*"  (DL*PL)"*°

Where W is dry weight in pounds, DL is design life in months, and PL is number
of discrete physical payloads such as antenna arrays, sensors, or experiment
packages.

This model has a very respectable 25 percent standard error of the estimate, zero
bias, and 0.69 Pearson R>between actual and estimated schedules. The model is
based on analysis of over 150 different combinations of functional forms,
independent variables, and database specifications.

The second step required a model for time-phasing expenditures. A data base of
26 NRO and Air Force expenditure profiles was assembled from contractor cost-
collection systems or earned value management systems. The data was input into
Rayleigh, Weibull, and Beta curve models. Based on this analysis it was
determined the Weibull model provided the most statistically accurate results.
They were then able to develop an expenditure profile based on the Weibul model
to spread the costs over the period of contract performance.
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8.5 Summary

There are many uses of parametric tools other than to develop estimates for
proposals. Such uses include, but are not limited to:

¢ Independent estimates, including conceptual estimates;
e CAIV applications;

e EACs;

e Should cost studies;

e Desig