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Preface

The purpose of this study was to determine if the Cost Performance
Index (CPI) was stable for completed aircraft procurement programs
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thesis will encourage additional research into CPI stability for other
types of programs within the Air Force and within the other services.
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provided the initial 1dea for this study and was the source of continual
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Abstract

This study examines the stability of the Cost Performance Index
(CPI). The CPI is an indicator of the cost performance efficisncy
achieved on a contract and is used to analyze cost performance on
defense contracts. It has long been asserted that the index does not
change by more than 10 percent arter a contract is 50 percent complete,
but an exhaustive literature search did not locate any empirical work
that supports this assertion. Knowing that the CPI is stable is
important bacause i1t indicates that a contractor has a nealthy
management systam, it increases the reliability we place in the
contractor's planning process, 1t gives us confidence in our Estimate at
Completion computations, and if a contracior is overrunning his budget,
1t gives us confidence when we daclare the contractor in troubdle,

After defining CPI stablility two methods to test for stability
were developed. The two methods chosen were: first, to measure the
range of the CPls that occurred at greater than 50 parcent complete ancd
second, to calculate a percentage interval and verify that the CPI falls
within the bounds of this interval, The rasuits of both metihods show

that the CPl 1s stable after a contract ig 50 percent complete.
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AN INVESTIGATION OF THE STABILITY OF THE COST PERFORMANCE INDEX

I. Introduction

General Issus

The Cost Perfocrmance Index (CPI)' has beer relied upon as a key
indicator for use in the analysis of Cost Paerformance Report (CPR) data
based on the assertion that the CPI is stable (2:1). The assertion that
the CPI is stable over time was founded upon a study reported to have
been accomplished by the General Accounting Office (GAO). The GAO study
was sald to have been accomplished in the mid-1970’s. One of its
“conclusions was that once a contract was 50% complete, its CPI would
not change more than +/- ,10" (2:1),

This study has found that a stable CPI is important for several
reasons. A stable CPI indicates that a contractor has a healthy
management system (15), 1t increases the reliability we place in the
‘contractor’s planning process (6), 1t gives us confidence in our
Estimate at Completica computations, and if a cuntractor is overrunning
1 his bﬁdget, it gives us confidence when we declare the contractor in
troubla (1).

- In cohducting the research for this piroject the GAO study could
not -be located. One expert in the CPR analysis field doubts that it
- ever existed (3). Given cthe uncertainty ragarding the GAO study and the
- importance of a stable CPI, this study investigates CPI stability.

' The CPI 1s an indicator of tha cost performance efficiency
achieved on a contract., Thgy CPI will be further defined in Chapter II.

1




Background

The Cost Performance Index is one of sevaral indicators used in
the evaluation of a contractor’s performance. The CPl 1s calculated
from data that the contractor reports in the monthly Cost Perfeormance
Report. Department of Defense (DoD) Instruction 7000.10 requires that a
CPR be submitted for “all contracts which require compliance with the
Cost/Schedule Control Systems Criteria (C/SCSC)" (9:2), except firm
fixed-price contracts (9:2), € en though the Instruction does not
require it, some firm fixed-price contracts also submit CPRs.

The ¢/SCSC “is a set of criteria designed to define an adequate
contractor cost and schedula management control system" (?:v). C/SCSC
is not a management system that the Government nandates that the
contractor use. The crit: i. lo however, provide guidance on the
characteristics of the system the contractor does implement. The
criteria have two objectives which are:

For contractors to use affective internal cost and
schedule management control systems, and

For the Government to be able to rely on timely and

auditable data produced by those systems for determining

product-oriantad contract status. (7:v)

The primary data that the Government receives to evaluate the
product-oriented contract status mentioned above are contained in the
CPR. The CPR "is praepared by {the] contractors and consists of five
formats containing cost and relacted data for measuring contractors’ cost
and schedule performance” (9:Encl 2,1). The five formats contain the
following information:

Format 1 providesz data to measure cost and schedule

performance by summary level work breakdown structure
aelemants.




Format 2 provides a similar measurement by organizaticnal or
functional cost categories.

format 3 provides the budgat baseline plan against which
performance is measured.

Format 4 provides manpower loading forecasts for correlation
with the budgset plan and cost estimate predictions.

Format 5 is a narrative report used to explain significant
cost and schedule variancas and other identified contract
- probiems. (9:Encl 2,1-2)

Formats 1 and 2 of the CPR contain the basic data elements used in
the evaluation of the contractor’s performance. These data 2lements
are:

Actual Cost of Work Performed [ACWP]. The costs actuslly
incurred and racoirded 1n accomplishing the work performed
within a given time period.

Budgeted Cost for Work Performed [BCWP). The sum of the
budgets for completed work packages and completad portions of
opan werk packagas, plus the applicable portion of the
‘budgets for level of affort and apportioned effort.

Budgeted Cost for Work Schaduled [BCWS]. The sum of the
budgets for all work packagas, planning packages, etc.,
schaduled to be accomplished (including in-process work
packages), plus the amount of level of effort and apportioned
effort scheduied to be accompiished within a given time
period,

Contract Budget Base [C8B]. The negotiated contract cost
plus the estimated cost of authorized unpriced work,

{Budget at Completion (BAC). CBB lsss management reserve).

Estimate at Completion [EAC)., Actual direct costs, plus
indirect costs allocable to the contract, plus the estimate
of costs (direct and indirect) for authorized work remaining.

Nanagement Reserve [MR]. (Synonymous with Management Reserve
Budget.) An amount of the totail allocated budget withheld
for management control purposes rather than designated for
the accomplisiment of a spacific task or set of tasks. It is
riot a part of the Performance Keasurement Baseline., (7:2-1 to
2-2)




Research Problem

The objective of this research is to determine if the CPI is
stable The specific hypothesis to be tested is: once a contract is 50
nercant or ncre complets, is the CPI stable?

Investigative Questions. The following investigative questions
will be answered.

1. Why is stability of the CPI important?

2. How 1s percent complete defined?

3. How should stability be defined?

4. How can stability of the CPI be tested?

5. Is the CPI stoble”
Investigative questions one, two, and three will be answered by
reviewing the applicable literature ard by conducting pet'sonal and
telephone interviews. Quaestion four and five will be answered following

identification of an appropriate data base and c¢ollection of the data.

tations and mptio

Due to constraints imposed on dJata collection, the database used
in this study is comprised of atrcrarvt programs maniged at Aeroncutical
Systems Division (Air Force Sysctems Comang). This limited data*ase
means that the resulls of this study are applicable only to Air Force
atrcraft programs and Yimits our ability to make inferonces about the
stability of the CPI in other typns of prog-ams or even aircraft
programs of the other services.

Our ability to make inferences is also limited by the way percent
complete 1s calculated in this study. To proparly test the hypothesis

1t was necessary to celculate a consistent percan® complets by using the




final BAC rather than the monthly BAC. The methodology used for the
calculation of percent complete and the rationale for its use are
discussed in Chapter III. The effect of using this methodology is that
the results of this study can only be inferred to those contracts which
are expected to be relatively stable; that is, contracts which are not
expected to have significant new effort added.

The following chapters will discuss the current literature as it
relates to the CPI, the methodology that this research will follow, the
results of the data analysis, and conclusions that can be drawn from

this research.




1I. iterat ow

PR _Analysis

The CPI is used in the analysis of a contractor’s CPR. As stated
previously a CPR is required on all contracts which require compliance
with the C/SCSC. Using the data contained in the CPR, analysis of the
contractor’s cost and schedule performance is accomplished. Analysis
takes place at all levels within the Department of Defense (DoD), from
the Office of the Under Secretary of Defense (Acquisition) to an
individual System Program Office (SPO) at one of Air Force Systems
Command (AFSC) product divisions. A brief discussion of CPR analysis
will be beneficial in understanding the importance of a stable CPI.

CPR_Apalysis Defined. CPR analysis begins with the examination of
the data presented in the CPR. The analyst approachss CPR analysis with
three objectives in mind (6; 15). The first objective is to “look for
and identify trends, and to highlight areas that are going well and
areas that are not going wsll” (15), When nagative trands are
identified, they form the basis for searches of additiocnal information
from additional sources (16). The second objective is to evaluate the
contractor’s progress against his plan. The contractor sssigns budgets
to his scheduled contractual effort and “a time-phased plan [is
established) against which actual performance can be compared” (7:3-9).
The contractor reports this plan in the CPR and the analyst uses it to
aevaluate the contractor's progress. The last objective 13 to use “the
information provided in the CPR to make projections of where the

contract will ultimately end, or what the 1ikely cost outcome of a




contract will be” (6). CPR analysis, then, is the use of various
techniques to examine CPR data to look for and identify trends, to
measure the contractor’s progress against his plan, and to make
forecasts.

Benafits of CPR Analysis. The analysis of CPR data provides

managers within DOD several benefits. First, it provides insight into
the contractor’s “internal management system" (11:27), that is, his
“internal cost and schedule management control system” (7:v). The
contractor uses his validated (in accordance with AFSCP 173-5) internal
management system to produce the CPR. Performing monthly CPR analysis
helps the analyst verify that the contractor’s validated system is stili
functioning properly. When the system is functioning properly the
analyst has confidence in the validity of the CPR data and in the
validity of his analysis. ‘

Analysis also allows the manager to determine the contractor’s
progress against his plan, It gives the manager a factual basis to
estimate the contractor’s final performance, and allows him to predict
future contract costs (11:27; 16:22; 17:66). Another important use for
analysis is its ability to identify potential problem areas in
sufficient time to allow the manager to apply corrective action (10:5;
12:17; 13:21; 15; 16:22; 18). A problam might not be solvable, but
analysis can "forewarn management of schedule slips and potential cost
overruns in timo enough that some corrective action can be initiated to
curb those trends we see” (18).

vet.s 0f CPR Analysis. ODeciston makers at all levels within the
Dapart ment of Defense require CPR analysis (14:12)., From the Secretary

of Defense down to an individual decision maker in a program office,

)




anyone can, and does, use CPR analysis to monitor contractor performance
and identify potential problems.
Tools used in CPR Analysis. Format 1 of the CPR contains the

basic data elements used in CPR analysis. These data elements are:
ACWP, BCWP, BCWS, BAC, EAC, MR (see definitions in Chapter I). From
these data slements the analyst can mathematically calculate several
indicators.

Alr_Force Systems Command Pamphlet (AFSCP) 173-4 lists and

describes eight indicators for use in analyzing CPRs, and the list is
not exhaustive (8:12-15). Three of the indicators of importance to this
study are: the Cost Performance Index (CPI), the To Complete
Performance Index (TCPI), and the Schedule Performance Index (SPI).

The CPI® is calculated as follows:

CPI = BCWP / ACWP (1)

It "is an indication of the cost efficiency with which work has baen
accomplished” (8:13). If, for example, BCWP = 978,875 and

ACWP = $91,522, then the CPI = 78,8587 / 91,822 = ,862, The .862 means
that for each dollar tha contractor spent on the contract, he received
approximately 86 cents worth of value. In this example the CPIl 1s less
than 1.0 which indicates that the contractor 1s experiencing a cost
overrun. A CPI of 1.0 indicates that the contractor 138 on target while

a CPI greater than 1.0 indicates a cost underrun (8:14).

% The CPI that i3 used in this study is the CPI,. Its inverse,
CPI, = ACWP / BCWP , is occasionally referenced in thy literature. The
CPI,, however, s more widely used and referenced.

8




The TCPI is calculated as follows:

TCPI = (BAC - BCWP) / (BAC - ACWP) (2)

The TCPI 1s used to show what the CPI would have to be for the remainder
of the contract in order not to experience a cost overrun or cost
underrun. Using the example above and with BAC = $200,000, the

TCPI = (200,000 - 78,875) / (200,000 - 91,522) = 1,12, This means that
from this time forward to the end of the contract, the contractor’s CPI
must equal 1.12 or better or the contract will experience a cost overrun
(8:14).

The SPI is calculated as follows:

SPI = BCWP / BCWS (3)

It “is an indication of the schedule efficiency with which work has been
accomplished” (8:14). If, for example BCWP = $78,875 and

BCWS = $86,733, then tha SPI = 78,875 / 86733 = .8909. This moans that
of the work the contractor was schaduled to have completed to date,
about 91 parcent of that work has actually been completed. In this
example the SPI 1s less than 1,0 which indicates that the contractor s
behind schedule. A SPI of 1.0 indicates that the contractor is on
schedule, while a SPI greater than 1.0 indicates that the contractor is

ahead of scheduls (8:14).

ortan f table CP
There are several areas where a stable CPI plays an important role
in tha anaiysis of contractor data. First, the CPI can ba used to

indicate the health of the contractor’'s management system. In this role




the CPI provides avidence that the contractor is or is not using his
management system effectively. A stable CPI provides “evidence that
[the contractor’s] planning, scheduling, estimating, budgeting, and
accounting systems are still all working together” (15). An unstable
CPI would indicate that the contractor is not using his system in
accordance with the contract specifications.

The CPI also, “"accurately reflects how well the contractor is
performing against his plan. . . . It indicates right away if he is
underestimatad in his planning or if he is running intoc gross problems.
[If these two situations occur] it normally shows up in additional costs
(which are reflected in the CPI]" (18), Stability in the CPI increases
the confidence that the program manager can place in the contractor’s
planning process (6).

“One of the most important capabilities of [CPR] analysis is the
use of formulas to project the final cost of a contract” (10:1-2), The
CPI 1s heavily weighted in several of the formulas that generate these
projections of final cost, or Estimates at Completion (EAC)., The
formula preferred by HQ Air Force Systems Command uses an .80/.20
waighting of the CPI and Schadule Performance Index (SPl) respectively.

The preferred HQ air Force Systems Command formuly 1s:

EAC = ACWP + (BAC - BCWP) / (.2 SPI + .8 CPI) (4)

where ACWP and BCWP are both cumulative to date values, One expert says
the CPI 1s used in this and other EAC formulas based ¢n the assertion of
stability made in the unlocated GAO study. This assertion 1s one reason

"wa rely so heavily on the CPI in our EAC forecasts" (2:1).

10




A stable CPI also gives us confidence in declaring a contractor in
trouble when we see him overrunning his budget. According to an OSD
analyst “when a contract is 15% to 20X complete [and & contractor is in
trouble] you are not going to [see him] do better later on in the latter
stages of the contract” (1).

[The C/SCSC discipline] requires that the [contractor’s]

budget be spread out over the life of the contract, in the

near term it will be in some level of detail, [and] in the

far term it’s going to be in some higher level of detail.

Then [1f] you overrun that near term work, given the nature

of the budgeting systems, do you have any reasonable

expectation that later on when you get into the harder stuff,

when the work gets tougher and less well defined, and there’s

[1ess] budget remaining when you get to the end [of a project

than] there was at the beginning, what makes one think that

they’'re going to underrun what they’ve previously been

overrunning? It just doesn’t happen. (1)

This 1dea can be demonstrated in an example using the TCPI and the
CPI. If the TCPI 1s 1.10 your CPI must be equal or near to 1.10 for the
reamainder of the contract to meet your budget. If the CPI is determined
to be stable and the contractor’s CPI 1s currently at the .90 level,
then we can be confident that the contractor will overrun the contract

because he will never be able to reach the 1.10 level (8).

Percent Complete

Percent complete is “an estimate or mathematical calculation of
the percent of a . . . [contract] that has been physically accomplished”

(4:10). It i1s calculated as follows:

PERCENT COMPLETE = BCWP / BAC (8)

Parcent complete 1s the ratio of the amount of work that has been
accomplished to date to the total amount of work that 1s to be

accomplished. The denominator usually used in calculating percent

LR




complete is the BAC. However, if MR is expected to be used on the
contract, then the CBB or the BAC plus any portion of the MR that is
expected to be used, may be substituted for BAC (8:12). In addition to
using the BAC, CBB, or the BAC plus some portion of the MR, in some
cases the EAC is also used to compute percent complete. The specific
method used to calculate percent complete in this project will be

discussed in the following chapter.

CPI Stability Defined

Managers have used the CPI as a key indicator because of its
asserted stability. The assertion of stability came from reports that
the GAO had accomplished a study that had found the CPI to be stable.
This alleged study reportedly defined a stable CPI as one which would
not vary more than plus or minus 10 percent once the contract was more
than 50 percent complete (2:1), Since managers have relied on this
dafinition for a stable CPI, this study will use the same definition,

The discussion above has answered the first three investigative
questions that were posad in Chapter I. The questions answered are: why
1s stability of the CPI important, how is percent complete defined, and
how should stability be defined? The next chapter will present the
methodology that will be used to test the hypothesis, which is: once a

contract 1s 50 percent or more complete, is the CPI stable?
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III. Methodology

The Database

The database used in this study was obtained from the Asronautical
Systems Division’s (ASD) Cost Library. The database consists of cost
performance data from 26 CPRs for seven aircraft procurement programs.
The data were ccllected from the monthly CPRs and include BCWS, BCWP,
ACWP, BAC, and date (month and year of the CPR). All data alements were
taken from the total line of the CPR. Because some of the data are
proprietary the data are not included in this study. The data are
available from ASD/ACCR (the ASD Cost Library) or ASD/ACCN
Wright-Pattersci AFB OH 45433.

Due to the lack of travel funds and time constraints imposed on
the data collaction activity, the database was restricted to seven
alrcraft programs, Lack of travel funds eliminated the possibility for
travel to other Air Force System Command product divisions, so only data
available at ASD was included in the database. In addition, time
constraints did not permit all of the data available in the ASD Cost
Library to be included in the databagse. After consultation with sentior
management, within the cost performance discipline at ASD, it was
determined that aircraft programs would be the most appropriate for the
test of the research hypothesis. A!rcraf. programs ware selected over
other types of programs decause the managehent felt that tha primary
mission of ASD 1s the procurement of aircraft systems. Therefore, {f
the study had to be limited, the mansgement felt that atrcraft programs
should be the ones includad in the study.
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To properiv test the ressearch hypothesis the programs included in
the database had to be completed. The definition of complete used in
this research is: the program has a CPR noted as the final CPR, or the
program is greater than 95 percent complete, o~ the final aircraft has
been delivered. Only the seven aircraft programs included in the
database met this definition.

Alrcraft Programs Used. The database consists of cost performance

data for seven aircraft procurement programs. Five of these seven
programs were structured to included more than one series of CPRs. The
different serias of CPRs were needed to capture cost performance data
during diffsrent phases of tha aircraft program. For example, {if the
program had a saparate development phase, there was a separate CPR
saeries for that phase. Usually, thare was also a ssparate CPR series
for each fiscal year aircraft buy. Table 9, Appendix A, 1ists the seven
alrcraft programs included in the daiabase and the CPR series that make
up those programs. The table also includes the dates of the initial CPR
and final CPR for each CPR series included {n the database. The period
of parformance for these progirams ranges from December 1966 to Karch
1988, Changes in CPR reporting and changes in contracting philosophy
are avident in the CPRs covering these 22 yeara. Specific differences
botween programs due to CPR reporting are discussed below. Changes in
contracting philosophy can be shown by the structuqe of CPR reporting.
Some programs l1ike the A-10 have a separate CPR series for each 1ot
while the B8-18 has cne PR series for the entire progran,

This difference in reporting structure created a problem in
calculating the percent complete for a program. When a program was

structured by iot and there was a separate CFR series for each lot, the
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monthly percent complete (cumulative 8CWP divided by CAC) progressed at
an even rate over time. This was because BAC {id not changu
significantly over the 1ife of the lot. Programs with only one CPR
series, however, did not exnibit this behavior. In these programs the
BAC would chaiige dramatically when additional aircraft were added to the
contract. Percent complete in the B-1B Production Program dropped from
67 percent complete to 4& percent complete in one month, with the
addition of new effort. This change in percen. complete can occur aven
though the amount of work performed and the cost of that work have
increassd only slightly.

To test the stated hypothesis the CPI wust be associated with a
consistent percent complete. When percent complete is allowed to vary
to these extremes, this cu..sistency is destroved. To prevent these
variations it was decid~d to use the final BAC from each CPR series to
calculats percent complete. Yhen the final BAC is used in the
calculation, percent complete repraesents the amount of ths total
contract that has been completeu. If tha monthly BAC had bean used it
would represent the amount of current contract effort that has baan
completed. In this research percent complete is calculated by dividing

cumulative BCWP by the final BAC.

CPR Reporting

The greatest difficuley in coilecting the data came from the
difference in CPR raporting among the various programs. During the 22
years spanned by these program the terminology used and tha structure of
the CPR have chanjed significantly. These differences made it

particularly difficult to collect a consistently defined BAC across all
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the aircraft programs. The BAC that was used for each prcgram is
dafined below.

A-10 A1l Lots. The total of the At Completion - Budgeted column

was used. This includes Undistributea Budget and Management Reserve.

B-1B Production. The total of the At Completion ~ Budgeted column

was used. This includes Undistributed Budaet and Management Reserve.
C-5A RUT4E and Production. This program used two different CPR
formats. The change in formats occurred with the June 1971 report. For
the June 1971 and later reports, the total of the At Completion - Total
BCWS column was used. This included Management Reserve. For the
reports prior to June 1971, the tota! direct of the At Completion -
Latest SPO Estimata column was used. Definitions of the data contained
in each column were found in the 30 November 1967 CPR for the F-111,
According to these definitions the BAC should have been the sum of Total
ODirect of the At Completion -~ Contract as Now Defiaitized from page 1 of
the CPR {calumn 12) and the Total Direct of the Authorized But Not
Definitized as of End of Reporting Period - Scope column from page 3 of
the CPR (column 18). However, if this sum had bsen used, BAC wculd have
been less than BCWP. Therefore, the Latest SPO Estimate was used
because it more nearly matched the BAC in the June 1871 and later CPRs.

C-5B Producticn. The total of the At Completion - Budgetsd column

was used. This Includes Undistrihuted Budget and Management Reserve,

F-111 RDT&E and Production. This program also used two different
CPR formats with the change occurring on the September 1871 CPR, For
the Coptamber 1971 and later reports, the Subtotal of the At Complation
- Latest Estimated Target column was used. For the reports prior to

September 1971, the Subtotal of the At Completion - Contract as Now
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Definitized column (page 1 column 12) plus the Total Direct of the
Authorized But Not Definitized as of End of Reporting Period - Scope
column (page 3 column 18) was used.

F-111F Proiduction. The BAC used for this modeil of the F-111

program is jdentical to that described above except that the change in
reports occurred with the June 1973 report.

F-15 RDT&E and Production. The total of the At Completion -
Budgeted column was used. This includes Undistributsd Budget and
Management Reserve.

F-16 FSED and Production. The total of the At Completion -

Budgeted column was used. This includes Undistributed Budget and
Managemant Reserve.

In addition to the difficulties in capturing an accurate value for
BAC, the C-5A and the F-15 programs combined the RDT&E and Production
phases in the same CPR series. This eliminated the possibility of
testing tha hypothesis separately for the RDT&E and Productions phases
of the programs. Therefore, the database as a whole 1s used for testing
the hypothasis with no stratification. In the remainder of this study
the term "contract” will be used to indicate each CPR series that was

included in the databasse.

CPI and Percent Complete Calculations

Following data collection the data were entered into a Quattro

Spreadsheet by c.atract. Using the spreadsheet program the CP] was
calculated using uiit -onthly cumu.ative to date ECWP and the monthly
cumulative to date ACWF and percent complete was calculated using the

monthly cumulative to date BCWP and the final BAC. Finally graphs of
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these two variables were generated for each contract. The graphs
display percent complete on the x axis, CPI on ths y axis and are
included in Appendix B. Using these graphs, two methods to test the

hypothesis were chosen.

Hypothesis Tests

The hypothesis that is to be tested is: once a contract is 50
percent or more complete, is the CPI stable? The two methods chosen to
test this hypothesis are: first, to measure the range of the CPIs that
occurred at greater than 50 percent complete and second, to calculate a
percentage interval and verify that the CPI falls within the bounds of
this interval. In both of these methods we are examining the CPIs that
occur after some stated percent complete. In this study when an initial
percent complete is given it refers to all those CPIs that 1i1e betwaen
the initial percent complete and the end of the contract. When a
specific CPI is referred to, such as the CPI at 50 percent complete,
this means the first CPI that occurs after the contract is 50 percent or
greater complete.

Ihe Ranae Method. In the first method (the range method) the CPI
range is computed for each contract. The range is calculated by
selacting only the CPIs that occur after the program is greater than 50
percent complete and determining the minimum and maximum CPIS., The
differance between those two CPIs 18 the range.

This method measures stability of the CPI by examining the
magnitude of the rangs. If, for a given contract, the range is smail,
there would be 1ittle variation between the minimum and maximum CPIs and

wo would conclude that the CPI is stable. On the other hand, if the
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range were large, there would be a great deal of variation betwean the
minimum and maximum CPIs and we would conclude that the CPI is unstable.

The Interval Method. The second method (the interval method)
chosen to test the hypothesis is to calculate a +/- 10 percent interval.
The interval is calculated by taking the CPI that occurs when the
contract is 50 percent complete and multiplying it by 10 percent. The
result is added to the CPI to obtain the upper bound of the interval and
the result is subtracted from the CPI to obtain the lower bound of the
interval. This results in an percentage interval that is centered
around the CPI. The stability of the CPI 1is tested by determining if
all the CPIs fall within the upper and lower bounds. We can determine
1f the CPIs for the remainder of the contract fall within the percentage
interval by noting if the minimum and maximum CPIs, found in the range
method, are between the upper and lower bounds of the bercehtage
intarval.

This method measures the stability of the CPI by datermining if
all the CPIs that occur after the contract is greater than 50 percent
complete fall within the percentage interval. If, for a given contract,
all the CPIs fall within the percentage interval, we would conclude that
the CPI is stable. If, on the other hand, any CPI does not fall within
the percentage interval we would conclﬁde that the CPI is not stable.

An advantage of the range method is that the range is not centered
on a predetermined CPI (the CPI at 50 percent). In the range method the
range is strictly determinad by the minimum and maximum CPIs that occur
after the contract is greater than 50 percent complete. In the interval
method the upper and lower bounds of the percentage interval depends on
the value of the CPI at 50 percent complete. If the CPI happens to be a
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maximum then the upper half of the percentage interval would be
irrelevant. In this case the test would turn out to be a minus 10
percent interval. The reverse would be true if the CPI at 50 percent
complete happened to be the minimum CPI. By using the range you measure
the actual variation between the maximum and minimum CPI without
reference to a specific CPI.

An advantage of the interval method is that if the CPI is found to
be stable it duplicates the findings of the unlocated GAO study.

In addition to performing the tests as outlined above, to allow
for a sensitivity analysis the tests will also be performed at 40, 30,
20, 10, and 0 percent complete. For the interval method percentage

intervals will be calculated for 7.5 percent and 5.0 percent.

Pefinition of Stability
As stated in Chapter II, a stable CPI will be defined as one which

dées not vary more than +/- 10 percent once the contract is more than 50
percent complete. This definition works well for the interval method
but needs further refinement for use with the range method. 8ecause of
the relationship botween the rangs and the percentage used in a
parcentage interval, in the range method a stable CPI will be defined as
one with a range that doas not exceed 0.20.

This chapter has discussed the methodoiogy that was used to test
the hypothesis that was described in Chapter I. The two methods to be
used are the Range Method and the Interval Method. The definiticn of
stability that was introduced in Chapter II was further refined for use
with the Range Method. The next chapter will report the results of

calculations using these methods.
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IV. Results

This chapter presents the results of the calculations describad in
the previous chapter. The results using the range method will be

presented first followed by the results of the interval methed.

The Range Methed

The range method is the calculation of the range between the
maximum and minimum CPI. The range is computed for those CPIs observed
between 50 percent complete and the end of the contract. To allow for a
sensitivity analysis the range was also computed beginning at 40, 30,
20, 10, and 0 percent complete. The result of these calculations are at
Tables 11 through 16 in Appendix C. The tables include the maximum CPI,
minimum CPI, and the range for each percent complete. These
calculations are summarized below in Table 1. The table includes the
initial percent complete, the number of contracts which were stable (the
range less than 0.20), the total number of contracts, the percentage of
contracts which were stable, the maximum range observed, the minimum
range observed, the mean of the ranges, and the standard daviation of
the ranges. The total number of contracts will change because in
stepping backwards from the 1nitial 50 percont complete starting point,
there are some contracts which do not have any cbservations in the next
interval. For example the F-111 RDTAE contracts first CPI oucurs at 50
percent complete and has no cbservations between 0 and 50 percent
complete. Therefore 1t 1s not included in the 40 percent complete and

later tables as a contract.
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Table 1

Results of the Range Method

Initial Percent Complete

50% 40% 30% 20% 10% 0x
Stable Contracts 26 25 25 25 24 10
Number of Contracts 26 25 25 25 25 19
Percent 100% 100% 100% 100% 96% 53%
Maximum Range 0.093 0.108 0.123 0.163 0.206 0.719
Minimum Range 0.015 0.015 0.015 0.016 0.030 0.03%
Msan Range 0.044 0.062 0.060 0.076 0.092 0.236
Standard Deviation 0.019 0.023 0.027 0.042 0.047T 0.152

Figure 1 is a graphical representation of a portion of the data
contained in Table 1. For each of the initial percents complete the
vertical Tina represents the difference betwasn the maximum and minimum
ranges. The top of the line is located at the value of the maximum
range and the bottom of the line is located at the value of the minimum
ranga. The horizontal tic mark on each 1ine is located at the value of
the mean rangs. Tha term initial percent complete refers to all those
CPIs that lie between the stated percent complete and the end of the

contract,

The_Interval Method

The interval method is the calculation of +/- 10 percent intervai
for the CPI that occurs at 50 percent complete and then determining if
both the maximun and mintimum CPI fall within that interval. A
sensitivity analysis was allowed for by calculating the percentage

interval at 40, 30, 20, 10, and O percent complete and also by using 7.5
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Range Method Results
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Figure 1, Results of the Rangs Method

and § percent intervals. The results of these calculations are at
Tables 17 through 22 1in Appendix . The tables include the values for
plus 10 percent, minus 10 percent, plus 7.5 percent, minus 7.5 percent,
plus 65 percent, and minus 6 percent for each percent complets. Thase
calculations are gsummarized below in Tables 2 through 7. There 13 a
separate table for sach percent complete which includes the number of
contracts which were stable (the maximum and minimum CPIs were within
the percentage interval) by parcentage interval, the total number of

contracts by percentage interval, and the percentags of contracts which
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were stable. As in method one the number of total contracts will

change.

Table 2

Results of Interval Method for 50 Percent Initial Beginning Point

Percentags Interval

10% 7.5% 5%
Stable Contracts 26 25 21
Number of Contracts 26 26 26
Percent Stable 100% 96X 81%
Table 3

Rasults of Interval Mathod for 40 Percent Initial Beginning Point

Percentage Interval

10% T.56% 6%
Stable Contracts 24 23 16
Number of Contracts 25 26 25
Parcent Stable 96% 92% tax
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Table 4

Results of Interval Method for 30 Percent Initial Beginning Point

Percentage Interval

10% 7.5% 5%

Stable Contracts 23 20 14

Number of Contracts 25 25 26

Percent Stable 92% 80% 56%
Table 5

Results of Interval Method for 20 Percent Initial Beginning Point

arcentaae It a

10% 1.5% 5%
Stable Contracts 21 17 15
Number of Contracts 25 28 25
Parcent Stable 84X 66% §0%
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Table 6

Results of Interval Method for 10 Percent Initial Beginning Point

Percentage Interval

10% 7.5% 5%
Stable Contracts 17 15 7
Number of Contracts 25 25 25
Percent Stable 68% 60X 28%
Table 7

Rasults of Interval Method for 0 Percent Initial Beginning Point

Pergentage Intervai

10X 7.5% 6%
Stable Contracts T 4 3
Number of Contracts 19 19 19
Percent Stable 371x 21% 16%
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Analysis of Results
The resuits from the range method show that the CPI is stable for

all contracts from the 50 percent beginning point. The results of the
sensitivity analysis show that the CPI is also stable for all contracts
from the 40, 30, and 20 percent beginning points and at the 10 percent
beginning point the CPI is stable for all but one of the contracts.

The interval method results indicate that the CPI is stable for
all the contracts only for a +/- 10 percent interval at the 50 parcent
beginning point. The sensitivity analysis revealed that ali but one
contract was stable for a +/- 7.5 percent interval at the 50 percent
beginning point and a +/- 10 percent intarval at the 40 percent
beginning point. The remaining psrcentage intervals had more than one
non-stable contract.

Using the range method, the CPI was stable from the 20 percent
beginning point. However, using the interval method, tha CPI was stable
from the 50 parcent beginning point, The difference between these two
mathods cen be attributed to the fact that, as described in the previcus
chapter, the percentage interval calculated by the intervail method is
centered on a predetermined CPI. Whan the CPI that is used to calculale
the percentage interval 1s not axactly centered between ths maximum and
minimum CPI, a portion of the percentage interval becomes irralevant,
NHad the CPI that was used to caiculate the percentage interval bsen
centered, the re - '1ts of the two methods would have been nore nearly

equal.
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The Effect of Using the Current Month BAC

In actual practice the analyst performing CPR analysis does not
know what the final BAC will be until the final CPR is received. The
analyst, therefore, must make his percent complete computations using
the BAC reported in the current CPR. To determine if computing percent
complete using the current month BAC would affect the findings of CPI
stability presented above, an additional sensitivity analysis was
performed. Both the range and the +/- 10, 7.5, and 5 percent percentage
intervals waere calculated from the 50 parcent beginning point where
percent complete was calculated using the current month BAC.

The results of the range method calculations, presented in

Table 8, are nearly identical to the earlier results. The only
difference is that the value of the mean range and the standard
deviation have changed. The results of the parcentage interval method
calculations, presented tn Table 9, are also nearly identical. The
difference is that 20 of the contracts are now stable where 21 were
stable before.

This chapter has presented the results of calculations using the
methodology described in the previcus chapter, The next chapter will
summarize the results of this study and present a conclusion which can

be drawn fram this research.
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Table 8

Results of the Range Method Using Current Month BAC

Initial Percent Complete

50%
Stabie Contracts 26
Number of Contracts 26
Percent Stable 100%
Maximum Range 0.093
Minimum Range 0.015
Mean Range 0.047
Standard Deviation 0.020

Tahle 9

Results of Interval Method for 50 Percent Initial Beginning Point
UJsing Current Month BAC

Percentage Interval
10% 7.5% BX

. Stable Contracts 26 25 20
Numbear of Contracts 26 26 26
Percent Stable 100% 96X 7%
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V. Discussion _and Conclusion

A Review of the Hypothesis

The research hypothesis that was tested was that the CPI is stable
after a report is greater than 50 percent complete. This hypothesis was
tested using a database of 26 Cost Performance Reports. Twc different
tests were applied to this database: first, a test of the range of the
CPIs and second, a test of the percentage interval within which the CPIs

fell.

Concluysion

Both tests indicated that the CPI was stable after a contract is
greater than 50 percent complete. The results of the sansitivity
analysis indicated that for the range test the CPI was stable after a
contract 1s greater than 20 percent complete while tha percentage
interval test showed that the CPI 1s only stable for after a contract 1is

greater than 50 percent compliete and only for & +/- 10 percent interval.

scussio
The results show that the CPI is stable. As described in

Chapter II, one reason that a stable CPI is important 1s that it gives
the manager confidence in declaring a contractor in trouble when ve see
him overrunning his budget, With a stable CPI we know that when a
program reaches 50 percent complete, the CPI will not change by more
than 10 parcent for the rest of the contract., If the contractor s
experiencing an overrun we can compare the CPI with the TCPI (the TCPI

tells us what the CPI must be for ths remaindsr of the contract for the
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contractor meet the budgetary goal). If there i1s more than a 10 percent
difference between the two, the stable CPI says that the CPI will never
equal the TCPI. This means that, in this situation, the manager can be
reasonably certain that the contract will not meet the budgetary goal
(e.g9., overrun). This is true even if the contractor says he will be
able to correct whatever problem is causing ths overrun.

Another reason for the importance of a stable CPI is the role of
the CPI 1n EAC computations. In the past managers have used the
assertion of stability in the unlocated GAO study to heavily weight the
CPI in several of their EAC formulas. The finding of stability in this
study supports the GAO assertion and allows managers to continue the

heavy weighting of the CPI in their EAC calculations.

Recommendation for Further Research

Since the conclusions reached in this research were based on a
databése that only included USAF aircraft, it is appropriate to question
their applicability to US Army and US Navy aircraft or other types of

prngrams such as avionics, engines, missiles, and etcetera. Further

research intc these other types of programs is recommended.




Appendix A: Aircraft Programs Included in the Study

TABLE 10

Alrcraft Programs Included in Study

Contract Initial CPR Final CPR
A-10 Program
FSED Mar 1973 Aug 1978
Option 1A Jan 1975 Jul 1977
Option 2A Sep 1975 Jul 1977
Option 3/4 Jun 1976 Apr 1978
Option 5A Dec 1976 Apr 1979
Cption 6A Dec 1977 Apr 1980
Option 7A Jul 1979 Apr 1981
B-1B Progranm
Production Apr 1982 Dec 1989
C-8A Program
FSED Feb 1967 Fab 1972
Production Dec 1966 - Feb 1972
C-58 Program
Production oct 1982 Apr 1989
F-111 Program
RDT&E Dec 1968 Jul 1973
Productton Mov 1967 Sep 1976
F Model 72-75 Sep 1972 Nov 1975
F Model 74-75 Mar 1974 Fed 1977
F~15 Program
Thru Wing I Mar 1970 May 1979
FY 715 Sep 19756 May 1979
FY 76/77 Sap 1976 Dec 1979
Fy 17 May 1977 Mar 1981
Fy 18 Aug 1978 Apr 1982
F-16 Program
FSED Jan 1976 Jun 1981
FY 80 Dec 1980 Jul 1982
FY 81 Oct 1981 Jul 1983
Fy 83 Cct 1983 Apr 1986
FY 84 Nov 1983 Feb 1989
fY 85 Nov 1984 Jan 1989
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Appendix B: Graphic Plots of CPR Data
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Figure 2. A-10 Full Scale Development
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Figure 3. A-10 Production Optioh 1A
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Figure 6. A-10 Production Option 3/4
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Figure 6. A-10 Production Option 5A

7




COST PERFORMANCE INDEX

A-10 PRODUCTION

OPTION 6A

—
£

1.2

1.1

...................................................................................................................................................

...................................................................................................................................................

..................................................................................................................................................

...................................................................................................................................................

0 01 02 03 04 05 08 07 08 08 1

PERCENT COMPLETE
Figure 7. A-10 Production Option 6A
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Figure 12. C-5B Production
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Figure 14, F-111 Production
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Figure 16. F-111 F Production 1974-1975 Program
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Figure 17, F-15 Production Thru Wing I
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Figure 19. F-15 Production FY T6/77
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Figure 20. F-15 Production FY 77
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Figure 22. F-16 Full Scale Development
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Figure 23. F~16 Production FY 80
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Figure 24. F-16 Production FY 81
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Figure 26. F-16 Production FY 84
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Figure 27. F-16 Production FY 85
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Appendix C: Results of Range Method Calculations

TABLE 11

Calculations From 50 Percent Complete Beginning Point

Ccontract Maximum Minimum Range
A-10 Program
FSED 0.850 0.799 0.051
Option 1A 0.977 0.905 0.072
Option 2A 1.009 0.984 0.025
Option 3/4 1.109 1.042 0.067
Option 5A 1.140 1.659 0.082
Option 6A 1.042 0.968 0.074
Option 7A 0.980 0.939 0.040
B-18 Program
Production 1.003 0.987 0.046
C-5A Program
FSED 1.008 0.915 0.093
‘Production 1.038 0.998 0.040
C-58 Program
Production 0.984 0.9562 0.032
F-111 Program
RDT&E 0.922 0.893 0.030
Production 0.898 0.858 0.03%
F Model 1972 - 1975 1,062 0.984 0.0868
F Mode) 1974 - 1875 0,952 0.899 0.053
F-15 Program
Thru wing I 0.981 0.941 0.040
FY 15 0.968 0.938 0.030
FY 16/17 1.010 0.978 0.033
Fy 17 1.030 0.992 0.038
FY 78 0.993 0.967 0.02%
F-16 Program
FSED 0.962 0.928 0.034
FY 80 0.953 0.926 0.028%
FY 81 0.978 0.961 0.01%
Fy 83 0.939 0.913 0.026
FY 84 0.962 0.924 0.038
FY 85 0.962 0.927 0.035
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TABLE 12

Calculstions From 40 Percent Complete Beginning Point

Contract Max imum Minimum Range
A-10 Program
FSED 0.864 ¢.799 0.065
Option 1A 0.987 0.905 0.082
Option 2A 1.009 0.964 0.045
Option 3/4 1.109 1.042 0.067
Option 5A 1,140 1.059 0.082
Option 6A 1.042 0.952 0.090
Option TA 0.980 0.939 0.040
B-1B Program
Production 1.010 0.957 0.053
C-5A Program
FSED 1.008 0.915 0.093
Production 1.038 0.930 0.108
C~-58 Program
Production 0.988 0.952 0.036
F=111 Program
RDT&E - - -
Production 0.913 0,868 0.054
F Model 1972 - 1975 1.052 0,984 0.068
F Model 1974 ~ 1878  0.952 0.899 0,053-
F~16 Program
Thru Wing I 0.981 0.941 0.040
Fy 15 0.968 0.938 0.030
FY T76/77 1.010 0.978 0,033
FY 17 1.066 0.992 0.083
Fy 78 1.011 0.967 0,044
F~16 Program
FSED 0.962 0.928 0.034
Fy 80 0.957 0.925 0.033
FY 8% 0.976 0.961 0.015
FY 83 0.939 0.913 0.028
FY 84 0.962 0.924 0.038
FYy 85 0.962 0.927 0.036
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TABLE 13

Calculations From 30 Percent Complete Beginning Point

Contract Max imum Minimum Range
A-10 Program
FSED 0.907 0.799 0.108
Option 1A 0.987 0.905 0.082
Option 2A 1.009 0.938 0.070
Option 3/4 1.109 1.041 0.068
Option 5A 1.140 1.059 0.082
Option 6A 1.042 0.920 0.123
Option TA 0.980 0.939 0.040
B-1B Program
Production 1.020 0.957 0.063
C-5A Program
FSED 1.008 0.915 0.093
Production 1.038 0.930 0.108
C-568 Program
Production 0.988 0.952 0.036
F~-111 Program ’
RDT&E - —— -
Production 0.916 0.858 0.088
F Model 1972 - 1976  1.052 0.984 0.068
F Modal 1974 - 1976 0.952 0.899 0.0563
#-15 Program
Thru Wing 1 0.994 0.941 0.0563
FY 15 0.968 0.938 0,039
FY 76/17 1.010 0.976 0.033
FY 17 1.068 0.992 0.077
FY 18 1.038 0.967 0.071
F~16 Program
FSED 0.962 0.928 0.034
FY 80 0.963 0.926 0.039
Fy 81 0.9786 0.9861 0.015
FY 83 0.939 0.913 0.026
FY 84 0.9%62 0.921 0.041
FY 85 0.982 0.927 0.035

61




TABLE 14

Calculations From 20 Percent Complete Beginning Point

Contract Maximum Miciinkan Range
A-10 Program
FSED 0.954 0.799 0.155
Option 1A 0.987 0.905 0.082
Option 2A 1.009 0.938 0.070
Option 3/4 1.109 1.016 0.093
Option 5A 1.142 1.059 0.084
Option 6A 1.042 0.87$ 0.163
Option 7A 0.980 0.936 0.044
8-1B Program
Production 1.026 0.957 0.069
C-5A Program
FSED 1.008 0.898 0.110
Production 1.038 0.855 0.153
C-5B Program
Production 0.988 0.952 0.036
F=11Y Program
RDT&E - - -
Production 0.916 0.858 0.0568
f Nodel 1972 - 1976  1.101 0.9684 0.117
F Model 1974 - 18756 1,037 0.899 0.138
F-16 Program
Thru Wing I 0.994 0.941 0.0563
FY 75 0.987 0.938 0.049
FY 16/77 1.010 0.978 0,033
Fy 77 1.094 0.992 0.102
Fy 78 1.064 0.9687 0.087
F-16 Program
FSED 0.962 0.924 0.038
Fy 80 0.971 0,925 0.046
Fy 8% 0.978 0.969 0.015
FY 83 0.939 0.913 0.026
FY 84 0.962 0.921 0.641
FY 85 0.963 0.927 0.038
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TABLE 15

Calculations From 10 Percent Complete Beginning Point

Contract Max imum Minimum Range
A-10 Program
FSED 0.963 0.799 0.164
Option 1A 0.987 0.905 0.082
Option 2A 1.009 0.919 0.090
Option 3/4 1.109 0.983 0.126
Option 5A 1.265 1.059 0.206
Option 6A 1.042 0.879 0.163
Opticn 7A 1.017 0.912 0.105
B-1B Program
Production 1.027 0.957 0.070
C-5A Program
FSED 1.008 0.898 0.110
Production 1.038 0.855 0.153
C-5B Program
Product fon 0.992 0.952 0.039
F-111 Program .
RDT&E - e -
Production 0.918 0.858 0.058
F Model 1972 - 1975 1,101 0.964 0.117
F Model 1974 ~ 1976 1,037 0.899 0.138
F~-15 Program
Thru Wing 1 0.994 0.941 0.063
FY 7§ 1,003 0,938 0.065
FY 76/17 1.011 0.976 0.035
Fy 17 1.129 0.992 0.138
FY 78 1.054 0.967 0.087
F-16 Program
FSED 0.971 0.924 0.047
FY 80 1.0 0.925 0.107
FY 81 0.992 0.961 0.031
Fy 83 0.943 0.913 0.030
FY 84 0,662 0.921 0.041
Fy 85 0.963 0.807 0.0568
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TABLE 16

Calculations From 0 Percent Complete Beginning Point

Contract Max imum Minimum Range
A-10 Program
FSED 0.986 0.530 0.456
Option 1A 0.987 0.639 0.348
Option 2A 1.009 0.901 0.108
Option 3/4 1.109 0.833 0.276
Option 5A 1.318 1.015 0.303
Option 6A 1.042 0.323 0.719
Option 7A 1.038 0.814 0.224
B-1B Program
Production 1.076 0.957 0.119
C-5A Program
FSED - -_ -
Product ion 1.038 0.703 0.334
C~568 Progran
Production 1,162 0.952 0.199
F~111 Program
ROTAE - - -
Product ion - - -
F Model 1972 -~ 19756  1,10% 0.905 0.196
F Model 1974 -~ 1975 1,037 0.899 0.138
F~15 Program
Thru Wing I 1,012 0.706 0.305
FY 75 - - -
FY 76/77 - - -—
Fy 17 1.129 0.992 0.138
FY 78 1.054 0.967 0.087
F-16 Program
FSED 1.140 0.873 0.267
Fy 80 - - —-—
FY 81 0.992 0.961 0.031
Fy 83 - - -
FY 84 1.008 0.921 0.086
FY 85 0.983 0.811 0.152
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Appendix D.

Results of Interval Method Calcuiations

TABLE 17

Calculations From 50 Percent Complete Beginning Point

Contract

A-10 Program
FSED
Option 1A
Option 2A
Option 3/4
Option 5A
Option 6A
Option TA

8-18B Program
Product ion

C~-5A Program
FSED
Product ton

C-58 Program
Production

F-111 Program
RDT&E
Production
F Model 1972 - 1975
F Modal 1974 - 1975

F-15 Progranm
Thru Wing 1
FY 75
FYy 76/77
Fy 17
FY 78

F-18 Program
FSED
FY 890
FY 81
FY 83
FY 84
Fy 35

+ 10%

0.934
1.074
1.0886
1.202
1,184
1.117
1.078

1.103

1.097
1.098

1.083

0.983
0.9%0
1,167
1.035

1.078
1.083
1.100
1.133
1.092

1.062
1.049
1.065
1.026
1.016
1.053

- 10X + 7.5%
0.764 0.912
0.879 1.050
0.888 1,061
0.983 1.175
0.968 1.157
0.914 1,091
0.882 1.083
0.903 1.078
0.898 1,072
0.898 1.073
0.886 1,058
0.804 0.961
0.810 0.967
0.947 1.t
0.847 1,012
0.882 1.063
0.870 1.039
0.800 1.075
0.927 t.107
0.893 1.067
0.860 1.028
0.868 1.025
0.872 1,041
0.839 1.002
0.832 0.993
0.861 1,029

- 7.5%

0.785
0.904
0.913
1.011
0.995
0.939
0.906

0.928

0.922
0.923

0..10

0.827
0.832
0.973
0.8N1

0.906
0.854
0.926
0.952
0.918

0.884
0.882
0.898
0.862
0.855
0.885

+ 5%

0.891
1.026
1.036
1.147
1.130
1.066
1.029

1.063

1.033

0.938
0.946
1.106
0.988

1.029
1.015
1.080
1.081
1.042

1.004
1.001
1.017
0.979
0.970
1.008

- 5%

0.806
0.928
0.937
1.038
1.022
0.964
0.931

0.953

0.935

0.849
0.855
0.999
0.894

0.931
0.918
0.950
0.978
0,943

9.908
0.306
0.920
0.886
0.878
0.309
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TABLE 18

Calculations From 40 Percent Complete Beginning Point

Contract + 10 - 10% + 7.5% -~ 7.5% + 5% - 5%
A-10 Program

FSED 0.950 0.777 0.929 0.799 0.907 0.821

Option 1A 1.063 0.870 1,039 0.894 1,015 0.918

Option 2A 1.060 0,867 1,036 0.891 1.012 0.915

Option 3/4 1.151  0.942 1.1258 0.968 1,099 0.994

Option 5A 1.219  0.998 1,192 1.025 1.164 1.083

Option 6A 1.048 0.857 1.024 0.881 1.000 0.905

Option 7A 1.077 0.882 1,053 0.908 1.028 0.930
B-18 Program

Production 1.111 0.909 1.086 0.934 1,061 0.960
C-5A Program

FSED 1.085 0.888 1,061 0.913 1.038 0.937

Product ion 1.035 0.847 1,01% 0.870 0.988 0.8%
C-58 Program

Product ion 1.083 0.886 1,058 0.9 1.034 0.935
F~111 Program

RDT&E - - - —— - —-—

Production 1.004 0,822 0,98t 0.846 0.959 0.867

F Model 1972 - 1875 1,120 0.917 1,095 0.942 1.069 0.968
F Model 1974 - 1975 1,031 0.844 1,008 0.867 0.984 0.89

F~15 Program
Thru Wing I 1.073 0.878 1,048 0.902 1.024 0.927
FY 75 1.059 0,867 1.03% 0.891 1.011  0.915
FY 76/77 1.090 0.891 1,066 0,916 1,040 0.941
FY 17 1,161 0.9500 1,134 0.976 1,108 1,002
FY 18 1,192 0.910  1.087 0.9356 1.062 0.860

F-16 Program
FSED 1.042 0.852 1,018 0,876 0.994 0.900
FY 80 1,050 0.859 1,026 0.883 1,002 0.907
FY 81 1,068 0.874 1,044 0.898 1.020 0.922
Y 83 1.030 0.843 1,007 0.867 0,984 0.88%0
FY B4 $.020 0.835 0.997 0.858 0,974 0.881
FY 85 1.065 0.863 1,031 0.887 1.007 0.911
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TABLE 19

Calculations From 30 Percent Complste Beginning Point

Contract + 10X - 10% + 7.5% -~ 7.5% + 5% - 5%
A-10 Program

FSED 0.997 0.816 0,976 0.839 0.952 0.861

Option 1A 1,078 0.882 1.0584 ¢.907 1.029 0.931

Option 2A 1.032 0.845 1,009 0.868 0.985 0.891

Option 3/4 1.145 0.937 t1.119 0.963 1.093 0.989

Option 5A 1.238 1.013 1,210 1.04% 1.182 1,070

Option 6A 1.012 0.828 0,989 0.85% 0.968 90.874

Option TA 1.044 0.854 1,020 0.878 0.997 0.902
B-1B Program

Production 1.122  0.918 1.095 0.943 1.071 0.969
C-5A Program

FSED 1.096 0.897 1,071 0.922 1.046 0.947

Product ion 1.066 2.864 1.032 0.888 1.008 0.912
C-58 Program

Praoduction 1.082 0.835 1.058 0.910 1,033 0.935
F-111 Program

ROT&E - - - - - -

Production 1.002 0.820 0.979 0,842 0.956 0.865

F Model 1972 - 1975 1,131 0,925 1.%05 0.95Y 1.080 0.977
F Model 1974 - 1975 1,017 0,832 0.994 0.85 0.971 0.879

¥-15 Program
Thru Wing I 1,085 0.888 1,061 0,913 1,036 0.937
Fy 75 1.048 0.857 1,024 0.88Y 1.000 0,905
FY 76/17 1,109 0,908 1.084 0.933 1,059 0.958
Fy 77 1,176 0.961 1,148 0,988 1,122 1,015
FY 70 1.142 0.936 1,116 0.961 1,080 0.987

F-16 Program
FSED 1.030 0.843 1,007 0.867 0.984 0.890
FY 80 1.059 0.887 1,035 0.89t 1,01t 0.918
FY 81 1.07T0 0.87% 1,046 0.900 1.021 0,924
FY 83 1,020 0.835 0.997 0.858 0.974 0.831
FY B4 1,013 0.829 0.9%0 0.852 0.967 0.875
FY 85 1.088 0.866 1.034 0.83%0 1.010 0.914
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TABLE 20

Calculations From 20 Percent Complete Beginning Point

Contract

A-10 Program
FSED
Option 1A
Option 2A
Option 3/4
Option 5A
Option 6A
Option TA

B-1B Prograni
Production

C-5A Program
FSED
Production

C-58 Frogram
Productton

F-111 Program
RDT&E
Production
F Model 1972 ~ 1975
F Wodal 1974 - 197§

F-15 Program
Thru Wing I
Fy 75
FY 76/77
Fy 17
FYy 78

F-16 Program
FSED
FY 80
FY 81
FY 83
FY 84
FY 85

+ 10X

1.050
1.036
1.034
1.131
1.219
1.132
1.066

1.128

1.021
0.973

1.071

0.989
1.168
1,029

1.072
1.086
1.097
1.203
1.160

1,031
1.068
1.057
1.018
1.036
1,065

- 10x + 7.5%
0.859 1,026
0.848 1.012
0.846 1.011
0.928 1,106
0.997 t.191
0.927 1.107
0.864 1.032
0.923 1.103
0.836 0.998
0.796 0.951
0.876 1.047
0.809 0.966
0.955 1,141
0.842 1.006
0.877 1.048
0.888 1.061
0.898 1.072
0.984 1,176
0.945 1.133
0.844 1,008
0.873 1.043
0.865 1.033
0.832 0,993
0.847 1,011
0.863 1.031

- 7.5%

0.883
0.871
0.870
0.951
1.026
0.962
0.888

0.949

0,859
0.818

0.901

0.832
0.982
0.866

0.902
0.913
0.923
1.012
0.975

0.867
0.898
0.889
0.855
0.870
0.887

+ 5%

1.002
0.989
0.987
1.080
1.164
1.081
1.008

1.077

0.975
0.929

1.022

-

0.944
1.115
0.983

1.024
1.036
1.047
1.148
1.107

0.984
1.019
1.009
0.970
0.988
1.007

- 5%

0.906
0.895
0.893
0.9717
1.053
0.978
0.912




TABELE 21

Calculations From 10 Percent Complete Beginning Point

Contract

A-10 Program
FSED
Option 1A
Option 2A
Option 3/4
Option 5A
Option 6A
Option 7A

8-18 Program
Production

C~5A Program
FSED
Production

C-58 Program
Production

F=-111 Program
RDT&E
Production
F Model 1972 - 1975
F Model 1974 - 1975

F-15 Program
Thru Wing [
FY 18
FY 16/70
¥ 1
FY 78

F-16 Program
FSED
FY 80
FY 81
FY 83
FY 84
FY 18

+ 10X

1.084
1.094

1.0

-

0.995
1.083
1.084

1.041
1.103
1,112
1,242
Lin

1.088
1.084
1.991
1.038
1.0566
0.998

- W% o+ .68
0.867 1,035
0.878 1,048
0.856 1,022
0.884 1,056
1.138 1.359
0.%06 1.081
8.916 1.094
0.916 1,094
0.887 1.060
0.89%  1.069
0.892  1.0666
0.814 0,972
0.866 1,088
0.887 1,059
0.851 1.017
0.%03 1.078
0.91¢ 1,087
1.016 1.2%14
0.%01 1.07¢
0.874 1,044
0.887 1.08%
0.893 1.867
0.839 1,014
0.884 1,032

- 1.5%

G.891
0.902
0.880
0.909
1.170
0.930
0.941

0.941

0.912
0.920

0.917

YN

0.838
0.8
6.912

6.875
0.9:28
0.935
1. 045
0.926

0.398
g.911
0.918
0.873
0.888
0.839

+ 5%

1.011
1.024
0.998
1.032
1.328
1.066
1.068

1.063
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1.019
1.034
1.042
0.991
1.008
0.9563

- 5%

0.915
0.926
0.903
0.933
1.201
0.988
0.967

0.967

Bl

0,358
0.935
0.838

0.869
0.983
0.960
1.073
0.9514
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TABLE 22

Calculations From O Parcent Comgiete Beginning Point

Contract

A-10 Program
FSED
Opticn 1A
Cption 2A
Jption 3/4
Option 5A
Cption 6A
Option TA

B-1B Prog: am
Production

C-8A Program
FSED
pPreduction

C-58 Program
Production

F-111 Program
RDT&E
Preduction
F Model 1972 - 1975
F Mode) 1974 - 1975

F-18 Program
Thru Wing I
FYy 75
FY 716/17
FY 71
FY 78

F-16 Program
FSED
Fy 80
FY 81
€y 83
FY 84
FY 85

+ 10%

0.583
0.703
1.063
0.916
1.117
0.634
0.896

1.109
0.885

1,096

- 0% + 7.5%
C 477 0.5670
0.575 0.687
0.870 1.039
0.749 0.895
0.914 1,092
0.519 0,620
0.732 0.875
0.907 1.084
0.806 0.962
0.897 t.0N
0.832  0.994
¢.8%2 0.970
0.635 0.759
0.934 1,118
0.914 1,092
0.800 1,075
0.87T4 1,044
0.806 1.082
0.802 0.967

- 7.5%

¢.490
0.591%
0.894
6.770
0.939
0.533
0.753

0.932
0.828

0.922

0.925
0.898

0.9

+ 8%

0.556
0.671
1.016
0.874
1.066
0.606
0.854

1.058

0.949

1.047

-

0.971
0.947

0.741

1.080
1.067

1.050

-

1.020

1.087
0.935

- 5%

0.503
0.607
0.918
0.791
0.965
0.548
0.773

0.958

0.850

0.947

-

——

0.878
0.857

0.671

-

0.986
0.968
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