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: ABSTRACT
e A eurrent>problem facing the ccst estimater and the program
A
3} manager 1s the need to assess pregram cost impacts resulting from
::'{ changes in productien rate. Inrespending-te—this preblemy

-
Veat:

N Air Force Systems Command (AFSC) has developed the Preductien
Rate Model for previding quick same day responses.

The model is based on the assumpticn that the influence an

fb?¢ increasing production rate has cn decreasing the unit cost is
it limited. This idea follows the minimum cost point found on the
’.@'5

'gﬁt leng run average cost curve in economic thecry. In the model's

case the peint is determined by the manufacturer prier to
preduction, This point is based on plant capacity, capital

R investment and manpower, requirements, anticipated quantities and
! preducticn rate, as;déii«as requirements specified by the
gevernment,

.-,-.
2

O

-
o

The AFSC mcdel medifies the learning curve equatien by including
a variable representing precduction rate. This equation is used
tc estimate recurring costs, -Fraddittemy There is an internal
data base of histerical programs containing first unit cost,
learning curve slope, and preduction rate slcpe generated with a
nonlinear regressicn technique, The ncnlinear regressicn
technique was used to reduce the effects cf multiccllinearity
and agsscclated with ordinary least squares regression,,
Virtually all the literature addreSsSIing thé Subjeet—eagrees that
inserting a variable representing preducticn rate intoc the basic
learning curve equatiocn prcduces statistically unreliable results.
SC knows abecut and accepts the statistical limitation because the
Pl medel was develeped te previde a goed appreoximaticn of the change
7? in cost that result frem a preduction rate change.
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5 INTRODUCTION
LY
¥
¥

The call usually comes late Friday afterncen, but it is always
the same. The Program Element Meniter (PEM) is desperately
seeking the impact of a reduction and/er slip in the buy schedule

iﬁﬂ. of a major weapen system pregram. The questien, from scme |
Tq congressional panel cr Air Force exercise, is put teo the Systems |
e Officer (SYSTO) at HQ Air Ferce System Command (AFSC)., It is up ;
'Q&r ' to the SYSTO to see that an answer is feund. The answer 1is ‘
.o usually delivered within twe days.

1}"

Qﬁs HQ AFSC, thrcugh its Cost Metheds Improvement Program (CMIP),

i contracted with The Analytical Sciences Corperation (TASC) to

;Qn develcep a medel to evaluate the impact of preduetien rate changes

-h“. on program cost, The medel is to provide answers the same day

the "what if" exercise is initiated. Scme cof the greund rules
used in developing the mcdel were that the final preduct be user

Ny friendly, use readily available infermatien as inputs, and be
:k free of contractor support after delivery.
t‘r
] i
e BACKGROUND |
! Techniques for estimating recurring costs, which inelude the
ﬁk? preduction rate, are receiving mere and mere attentien, AFSC's
L model uses the basic equaticn for incerporating preducticn rate
) (see equation 1). Reviewing some cf the literature shows much
< criticism aimed at the effects of multiccllinearity induced by |

the intrcduction of the preduction rate variable, Intuitively, ‘
preduction rate and cumulative quantity appear to be highly |

g

1054 related and influence the significance each variable has in
c}ﬁ predicting unit or lot costs. For this reasen a nenlinear
:{ﬁ appreoach was used in the AF3C medel for estimating medel
o parameters,

<

This article was written as a means cf previding an understanding
of the details of the AFSC model in order that it may be better
understocd as an estimating teel,

>

{;J»u‘v‘-

The model is formatted into three sections: (1) Data Base

. g,
e r

g Analysis, (2) Analysis cof an AFSC Majer Pregram, and (3) new ;
b Program Analysis. The Historical Program Data Base is ?
%" broken intc categeries which include: fighters, bembers, tactical
0 missiles, tactical armaments, heliccpters, and electronics/
SE avionies, Within each category is a listing cf weapen system
;b pregrams, Fer example:
b
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TABLE 1

FIGHTERS

PROGRAM LEARNING PROD RATE FIRST UNIT HIGHEST

NAME CURVE PARAMETER COST ($M) PROD RATE
F=100 0.930 0.970 6.7 593
F=101 0.920 1.000 7.1 309
F=102 0.740 1.000 20.4 562
F-106 0.950 0.820 14.3 165
F-15 A/B 0.900 1.000 26.4 108
F-15 C/D 0.930 0.750 24.6 97
F-15 E 0.940 0.960 26.6 96
F-16 C/D 0.990 0.990 17.9 180
A-10 0.990 0.890 10.2 144

In deriving the learning curve and preduction rate parameters in
the Histcrical Data Base, a nenlinear regressicn technique is
used te reduce midpeint bias and multicellinearity. Both will be
discussed in mcre detail later. The value that minimized the sum
of the squared error (SSE) was used. The values used may not
represent the mest logical since a glebal search of all minimums
was not conducted., It is possible that other parameters may
exist which are more representative of the pregram's true
parameters,

The Major AFSC Programs section ecentains 10 of the mest current
AFSC prcgrams allowing for easier analysis as official program
funding profiles are stored here. This means the analyst will
not have to retrieve infermatien from the Historical Data Base
prier to any analysis. The New Pregram Analysis sectien allews
analysis of systems net in the Major AFSC Pregrams section, as
well as new develeping pregrams. Once an analysis is completed
the analyst can de a rebaseline of the production schedule or a
sensitivity analysis, The sensitivity analysis can be dene en
the first unit cost, learning curve slepe, productieon rate
parameter, or optimal preductien rate., The proeductien schedule
and four items in the sensitivity analysis represent the major
inputs te the medel. In additien, inflatien indicies are input
by the analyst for Then Year calculatiens.
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g EXAMINING THE MODEL

The AFSC medel is based on an extension of learning curve theory,
using a variable fer the preducticen rate parameter as shoewn in

:Qf equation 1.
{ ' (Equatien 1)
&% Y = AX"bR%c
iy where:
Y Y = cost eof unit X
Gk A = cost of the first unit
ygﬁ X = cumulative quantity produced
Q§; b = slope of the learning curve
354 R = preductien rate in effect (yearly qty)
o ¢ = slope of the preduction rate curve
“ =z notation for an expcnential functien
I e.g. x"2 is X squared
e
jﬁ: The influence an increasing preduction rate has on decreasing the
ﬁb& unit cost is limited [1]. This idea is identical tc the long run
Qﬁi average cost curve in eccnomic theery, In this case a minimum

cost peint is determined by the manufacturer prior te preduction,

. The peint is based on plant capacity, capital investment and

“3 manpower requirements, anticipated quantities and preducticn
rates, and requirements specified by the gevernment. Therefore,

o the formulation censiders unit cest te be a functien ef

4 preducticn rate and cest imprevement, thus yielding a three

dimensional curve such as the cne shewn in figure 2 [1].

a Recurring preducticn costs are estimated by taking the integral
o of the unit cost equation, equation 1, which produces the

L z following [1]:

N (Equaticn 2)

353 Zi = (A/B+1)) [((N+Ki + 0.5)"B+1) =  ((N+0.5)"B+1)R"C]

&2* This equaticn is the mathematical basis cof the mcdel fer

yij estimating all recurring preduction cests, Hewever, variable A
Wy of equaticn 2 is not the first unit cest -- it is the Surface

g - Initialization Peint (SIP). The SIP is calculated internally by
MR the mecdel using the fellowing equatien [1]:

2‘?,0

%fﬁ (Equation 3)

7y .

o SIP = FIRST UNIT COST/(TOOLED TO RATE)c

o

9Q¢ The SIP rather than the first unit cost is used to initialize the
hﬂ& graph shewn in figure 2, The SIP represents a thecretical first
:?ﬂ unit cost if the unit were produced at the tocled te rate. 1In
!td calculating the SIP the tooled to rate is used because the first
U let quantity arbitrarily weights the first let ccst calculatien
T and skews the rest of the estimate,
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Once the recurring cost is cemputed, Engineering Change Order
(ECO), nconrecurring, peculiar support, and the pregram unique
costs are added to give a total pregram cost similiar te that
found on an Air Ferce Form 1537. Figure 1 is a sample cutput
showing the above compilatien,

FIGURE 1
COST ELEMENT FISCAL YEAR TOTAL

7X 7X 8X 8X 8X 8X

QUANTITY XX XX XX XX XX XX XXX
PME (RECURRING) XX XX XX XX XX XX XXXX
ECO X X XX XX X X XX
NONRECURRING XX XX XX XX XX XX XX
PECULIAR SUPP EQUIP XX XX XX XX XX XX XXX
PROGRAM UNIQUE X X X X X X XX
TOTAL BASE YEAR XX XX XX XX XX XX XXXX
INFLATION INDEX X XX X X XX XX

TOTAL THEN YEAR XX XX XX XX XX XX XXXXx

HISTORICAL DATA BASE

In deriving the Historical Data Base, a ncnlinear regressicn was
used te find the first unit cost, learning curve and preducticen
rate slopes, As stated earlier, the nonlinear technique was used
te reduce midpeint bias and multicellinearity. However, the
issue eof dependence between preduction rate and cum quantity is
not specifically addressed. Previocus studies are cited as a
basis fer the neonlinear appreocach. First, bias is introduced with
the selection of the lot midpeoints -- averages which are used in
the log linear, Ordinary Least Squares (OLS) equatien used te
estimate the cost improvement parameters. A Rand study states
the OLS apprcach leads to biased estimates of the cest
improvement parameters because the lot midpeint is a functicn of
the improvement curve [7]. Further suppert is found in a study
by Goldberger, indicating that leogarithmic transformation biases
the estimaticen of the first unit cest [4]. Documentation fer

the model dees not show the extent of reducticn the nonlinear
apprcach has con the problem of multicellinearity., As such, a
true evaluaticn of the develeper's claim was not cenducted,
althcugh their apprcach has an intuitive appeal.

N e o
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% If true independence is tc be achieved when using the linear OLS
: described above, then the ccvariance of the variables must be

o equal te zerc, When the productien rate equation, equatien (1),

: v is transfermed and the least squares estimater for ¢ (the

> preductien rate slepe) is found, the results shew that the

@Qi cevariance is not equal to zere. The result is equal te the

eI summaticn of X' plus the summation cof |
- R'; PX TR [2): |
N (Equatien 1)

8 Y = AX"bR"c ‘
e transformed:
,%ﬁ (Equation 4)
InY = A + b(1nX) + c(1nR) + e

L

k, where:
K

L)
e 1nY = legarithm of the unit cost of X
@5 InR = lcgarithm of the preducticn rate

InX = legarithm of the estimated lct midpeint defined as
‘g the true 1ot midpeint plus scme error, /G
randem error

e =

a: A,b,c are to be estimated
S04
§§ Equation (4) can ncw be rewritten as follews:

) (Equation 5)
L
N InY = A + b(2n(X +/3)) + C(1nR) + e
fa! Selving fer the least squares estimater feor ¢ results in:
hyd
"‘ n
o) c= JIRIX2-FYNTXR
[ M
8 Txr~2Fy2 - (Fxryn-2
5
1 where:
() Y' = 1InY - 1nY
< X':ln(X+ﬁ)-ln(X+ )
L¢H R' = 1InR - 1n
.‘\'

2 Frem the least squares estimator cof ¢ comes the covariance
: zX'-I-zR' identified earlier which is nct equal to zern, This

indicates that true independence dces net exist fer the
preducticen rate equation when regressed in linear form and why
the nonlinear approach was used.
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. Further ccmpcunding the problem were the results of a recent
SRRAS study by Sherbrooke and Associates of the AIM-=TF (Sparrow

S missile) shcwing, thrcugh linear regressicn, a nen-significant
. preduction rate parameter [8], Examining the results of the

1.3 V] study and lecking at the difference between the leog cf the

 §3§ producticen rate and the estimated lot midpeints a covariance of
> 0.84 is feund. This indicates that cne variable may assume all
{;é ’ explanatory significance eof the other when the twe variables are
TN highly cerrelated. In cther werds, the true significance of the
Iﬁﬁ% ‘ othe~ variable can net be evaluated [2].

UL

%?ﬁ Because of this additienal problem a nenlinear, weighted least
w&ﬂ squares methed developed by Newton was used., This methed is
»g&* equivalent to the Gauss-Newten methed centained in the

Statistical Analysis System (SAS) computer package [1]. Using
the nenlinear regression, equatien (1) was sclved for the
learning curve slope (b), preduction rate slepe (e¢), and first
unit cest. In deing sc, the regressicn produced a learning
curve slepe which is affected by the preducticn rate and its
slepe.

Evaluating the preduction rate slope is mere difficult as its
value is calculated and has little historical data te suppert the
values., This slope indicates tc what degree ccosts weuld change
as the preduction rate changes., This is certainly germane teo
recurring costs; however, the bottom line cost will be determined
by the allocaticn of the overhead costs., Building a relaticnship
between productien rate and cverhead costs fer estimating
purpeses is difficult to quantify, The relaticenship would be
related to the company's cverall industrial base and preductien
rate at any cne peint in time. Develeoping this relaticenship was
net within the scepe of effert for develeping the AFSC medel.
Fellow-cn efforts will encompass this complex relaticnship.

Te update the Histerical Data Base, the analyst must use a
ncnlinear pregram cutside the model te determine the values for
the first unit cest, learning curve and preducticn rate slopes.
In additicn, if the analyst wants to use any of the historical
learning cure or preduction rate slepes in the New Program
Analysis segment, the mocdel only provides simple averages. Mecre
analytical rigor could have been previded by using a regressien
of the historical data or a weighted average calculatien. This
will be discussed in the New Pregram Analysis review,
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359
iy
T,
1
':3; MAJOR AFSC PROGRAMS
s This segment cf the medel centains the current pregram funding
ok profile for major AFSC systems. This secticn of the medel
X includes the fellewing pregrams:
AN 1. F-15C/D/E
“\‘ 2. B-1B
X _ 3. KC-10
=: q u. F-16
8§ 5. HH-60D
a‘. 6. JTIDS (CLASS II)
Ay 7. LANTIRN
8. TIIR MAVERICK
e 9, HARM
[ 10. T-46A
-
N
;&g The data for these systems will be updated periedically te
Ay include the most current cfficial pregram infeormaticn,
o |
o] This segment of the medel allews for easier analysis as the
'{g% analyst will not have to dig thrcugh the Historical Data Base te |
AR retrieve learning curve, prcductien rate, eor first unit cest
*Cj information, The current preducticen schedule is alse stored
L o here, and precgram ccst infermatien is presented in base year
’ dollars, The analyst need cnly input changes te the pregram
[~ informaticn in eorder to cenduct any analysis. Once the changes
;:gt are input, the recurring costs are calculated using equaticn (2).
-,.::-.
N NEW PROGRAM ANALYSIS
L

7

In this segment of the medel the analyst conducts analysis cof
T new pregrams net found in the Major AFSC Pregram segment. This
segment of the model requires the mest input from the analyst.

-
»
i

)

: &7 The analyst must determine what learning curve and preductioen

‘:3§ rate slepe values are needed. This can be dcne in twe ways. The

{ - first is from previous centracter experience; the secend is from
- the Histerical Data Base. If the secend alternative is used, the

S analyst must select the histerical systems which best represent

Yo the system being analyzed. The model takes the infermatien for

e the systems selected frem the Histerical Data Base (reference

" Table 1) and ccmputes a simple average for the learning curve and

preduction rate slopes respectively. For example, a new

;:; generation ground attack aircraft is being considered. The
v analyst determines that the F-15E, F-16E, and A-10 best represent
.iﬁ sceme nof the characteristics of the new system. Based con the
AN analyst's selecticn, the model ccmputes an average frem the
10 histerical learning curve and productien rate slecpes., The new
;n* averages are the values used as inputs for the New Program

. Arnalysis.
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Fer this example, the simple average calculated for the
preducticn rate parameter is affected by a low value for the
F=16E precducticn rate slepe. In arriving at the new values, the
analyst must take inte censideraticn what characteristie(s) te
focus con when selecting programs from the Histerical Data Base,
This is important as it may help explain results that den't
follow "nermal™ behavier. In this instance the F-16E preductien
rate slope may be lower than expected because of the modernized
plant facility. This may cause results tc be different than
expected. Regardless of what the analyst fccuses cn as the
driving characteristic, a simple average calculation deces not
apprepriately weight a system such as the F-16., To feolleow the
analytical rigor used te develep the histerical data base, a
weighted average or regressicn calculatien could be used.

After determining the learning curve and preduction rate slepes,
the analyst must input the remaining data elements. These are
determined cutside of the mcdel and include first unit cest,
starting year of preducticn, yearly production schedule, pregram
base year, and inflation indicies (for Then Year calculatiens).
Recurring cests are again calculated using equation (2). Once
the cutput is presented, the analyst can then perform a
rebaseline cor sensivity analysis.

OUTPUT REPORTS

Output reperts are previded fer the Majer AFSC Pregram and New
Pregram Analysis segments of the medel, Once a system is
selected from the Major AFSC Preogram data base, a multiple page
(videc display screen) repert is previded as shewn by the example
in figure 3. The informaticon provided in this repert is the most
current pregram funding prefile,

FIGURE 3
MAJOR PROGRAM DATA BASE PAGE 1 OF 3
System: F-15C/D/E Prime centractor: McDennell Dcuglas
Type: Fighter Primary Facility: St. Louis MO
FIRST UNIT COST 55.024 MILLION
COST IMPROVEMENT RATE: 0.903
PRODUCTION RATE PARAMETER: 0.906
TOOLED RATE: 144

INITIAL PRODUCTION YEAR: 1984
PROGRAM BASE YEAR: 1983
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f?ﬁ FIGURE 3 (cont.)

fsf PRODUCTION SCHEDULE (COSTS IN MILLIONS)

W

,;{ FY84 FY85 FY86 FY87 FY88
k)

oS QUANTITY 36 48 60 72 96

P Y PME 906.4 1151.1 1380.8 1362.1 1354.8

I8y ECO 15.4 19.3 23.0 22.8 22.6

5 PEC SUPP EQP 395.5 384.7 390.4 3u43.5 297.8

L PROG UNIQUE 144,9 154.5 130.4 124.1 117.2

o] TOTAL BASE YEAR

INFLATION INDEX

A TOTAL THEN YEAR
Wk
;0 If a rebaseline of the program is deone a similiar report is
4,4 previded. The difference being that the program and centractoer
(
ju specific infermatien is net included, as can be seen in figure 4
below. The Base Year and Then Year deltas show the change from
the criginal to the rebaseline., The last page cf the rebaseline
}}_ report is a sample POM submissicn based cn the new schedule (see
-f:;-. figure 5), Included in all ¢f the reperts are TY costs, based cn
,;'-: the indicies provided by the analyst.

- 1

e FIGURE 4

O:Q;l"

:,;:3. 30 NOV 84 13:50:45 REBASELINE REPORT (Cests in $M) PAGE 1 OF 3
AN
%ﬁ: SYTEM: KC-10 Tooled Rate: 10
DO TYPE: Transpert Program Base Year: 1976
o Fiscal Year 1978 1979 1980 1981 1982
W Lot size 2 4 6 4 8
,-é:, Inflation indicies 1,335  1.455  1.586  1.727  1.820
Q.“
K00 Recurring 97.1 1514  220.7  146.1  286.5
£ ™ ECO 7.0 6.1 5.3 6.1 u.4
W Nenrecurring 0.0 47.7 0.0 0.0 0.0
-:-w Peculiar Suppoert 0.0 3.6 6.8 11.5 151.7
=,: ‘ Pregram Unique ~19.2 ~39.2 -60.0 -40,0 -56.0
g .

T
?:'i Base-year Total 66.8 169.6 172.8 123.8 386.6
) Then-year Total 89.2 246.7 274.,0 213.8 703.6
K7+
1A% Base-year Delta N/A 51.4 47.7 -53.7 122.6
Gu8 Then-year Delta N/A T4.8 5.7 -92.8 223.2
[P 7.
i
b
Il \/

(e
::::. -10-

R 1

J

.:’:'5

A
At

~. w )

)

|‘ 4

\.-::s.‘-."\*'-,
RN

t" 1 WALE AR TR LA TR TR -'P D '\51-\_15‘,_."&. DAOR RS SR CRCOER CLC RGN \ 3 Y,
) ).' b ¥ Yy !\.‘h'}* W, *‘.'. < U W O SN N KN

‘ - \ l‘ o) -" - l,
IO DR M o TR ,'J.m Ny "'*’ Ay S At LAY

L



FIGURE 5

REBASELINE REPORT (Costs in $M) PAGE 3 OF 3
SYSTEM: KC-10 Tecled Rate: 10
TYPE: Transport Preogram base year: 1976

POM SUBMISSIONS

FY85 FY86 FY87 FY88 FY89 FY90 To

and prier Cemplete
BASE YEAR 919.6 N/A N/A N/A N/A N/A N/A
THEN YEAR 1,527.U4 N/A N/A N/A N/A N/A N/7A

When deing a sensitivity analysis the medel will prempt fer an
upper and lower becund, and increment of increase. The cutput
provides costs for each increment between the bounds at a summary
and per increment level. The increment level detail is given by
year showing the change from the compariscn value as an abseclute
and percent amount (see figures 6 and 7).

FIGURE 6
PARAMETER SENSITIVITY REPORT PAGE 1 QF 4
SYSTEM: KC=10 Sensitivity parameter: FIRST UNIT COST
TYPE: Transpert Cemparisen value: 38.87
SCHEDULE: Rebaselined Value range frem 35 tc 55 by 10
PARAMETER TOTAL PME ($M) DELTA PME ($M) PCT CHANGE
VALUE Base Then Base Then Base Then
35. 793.7 1,301.9 -90.1 -147.8 <=10.2 =10.2
45, 1,020.5 1,673.8 136.7 224,2 15.5 15.5
55. 1,247.2 2,045.8 363.4 596.1 41,1 41,1
FIGURE 7
PARAMETER SENSITIVITY REPORT PAGE 2 OF 4
SYSTEM: KC=10 Sensitivity parameter: FIRST UNIT COST
TYPE: Transpert Compariscn value: 38.87
SCHEDULE: Rebaselined Value range from 35 te 55 by 10
PARAMETER VALUE: 35. (Cest units are milliens of dellars.)
FY78 FY79 FY80 FY81 FY82
BASE YEAR: Costs: 71.0 135.9 198.2 131.2 257.3
Changes: -801 -15.u -22.5 -1’409 -29.2
Percent: <10.19 =10.19 ~10.19 -10.19 =10.19
THEN YEAR: Costs: 94.8 197.8 314.4 226.7 468.3
Changes: -10.8 -22.5 -35.7 -25.7 -53.2
Percent: =10.19 =10.19 <10.19 -10.19 =10.19
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VALIDATION OF THE MODEL

53

-

S Befcre the mcdel is distributed te the field fer implementaticn,

W validaticn of the medel's cutput will be cenducted by HQ AFSC.

ay: The process for validatien has started and uses a cencept similiar

5?. te one identified by Graver [5]. This technique "sccres" the results |

;3& of the medel, |

DD The technique for scering will be dene using the medel's current
data base and the cofficial Air Ferce Fiscal Year 87 Precgram
: g Objective Memorandum (POM), Using the current data base, cest
%5' estimates for the quantities in the 87 POM will be made
) g and compared tc the dollar amcunts in the POM, Then the estimate
will be divided by the POM amcunt te develeop a scere, Obvicusly
the cleser the ratio is te one the better the scere, The results
e of the scoring exercise are previded in figure 8. An acceptance
band between .80 and 1.20 was chesen as a good score. If the medel
' scores are consistently within the acceptance band the cutput cf
anh the medel will not require extensive calibratien., If the results
are eratic an explanatien is required. Fer example, the IIR
Maverick graph in figure 8 shcws a dip in its scere frem FY 85,
e .89, to F¥ 86, .67. The reascn for the dip is a change in quantity
3 from the medel's data base tc the 87 POM, Although the quantity
1? was reduced by 6,000 missiles, the dollars asscciated with the
,f quantity were net reduced by a preperticnate amcunt, If you adjust
;z“, the medel results by the increase in the unit cost the score beccmes
.84 net .67.

;ﬁ If the extreme variances in the mecdel's output can be explained

{% then AFSC can use and understand the model on a rcutine basis. The
;& aboeve scering example, as all scores, was based on cemparing

;a. recurring cests only., This was done because of the wide range

) between the mecdel's data base and the 87 POM for the cther cests.

! L.

’¢' One "what if" exercise was conducted earlier this year with

Vg Aercnautical Systems Divisien's (ASD) directer of Cost Analysis

for quantity changes to the F-15 pregram., The exercise dene by
the Program Office showed a decrease in unit cest frem 5 te 10
percent., When the same changes were calculated using the Rate
Mcdel, a change in unit cest frem 4 to 8 percent was experienced.
The results were enccuraging but further validaticn is needed.
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SUMMARY
S Sceme of the theoretical ideas behind the model may still be
g o questicned; hewever, these preblems plague the basic equatinn used
‘b\: te incorperate preduction rate. The medel deces appear, based
@v’ ) on the validation prccess, tc provide a good estimate of
C Y recurring cost for "what if" exercises., In additicn the model
:ﬁ?' provides a geed foundaticon fer future expansien,
M)
?§¥ AFSC has already started a study to incorperate effects of changes
a in the preducticn rate cn cverhead. This ccmplex relatiecnship is a
3@2 key te determining the final pregram cest, Some studies such as
Gulledge's [6] are a goecd attempt te capture factors cther than

Wl cumulative quantity and production rate effecting cost. Additicnally,
W AFSC has spensored a thesis undertaken by Bolten [3] at the Air Force
a Institute cf Technelegy., This effort is to examine the reduction in
;&i multicellinearity as a result of estimating parameters with the
$§; nenlinear approach, In additien, new equations will be examined to
™ see if the dependency between the variable can be eliminated and true
Y independence found. This effort shoculd be coempleted by September
M 1985.

oo
‘i ; Areas for future consideraticn include the additicn cf a
D). X nonlinear program to update the data base. A mere rigerous

apprcach for developing learning curve and preducticn rate slepes
used in the New Program Analysis may be developed tc replace the
simple average calculation, An expleration of all minimum values
resulting frem the nenlinear regression should be undertaken te
find the most legical value. Lastly, the treatment of centractor
overhead must be develcped from the parametric standpecint., The
efforts are scme of the areas of future expansicen allcwed by the
model.
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