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FOREWORD

The Aviation Systems Command's (AVSCOM) Directorate of Procurement and
Production (P&P) asked the Command's Directorate for Plans and Analysis
to review and update specific AVSCOM Cost Memorandums concerning Foreign
Military Sales (FMS) termination liability curves. This report discus-
ses the methodology used to update AVSCOM's FMS termination liability
schedules and contrasts it with the technique smployed in previous
AVSCOM studies on this same subject. Applying both methods to a common
data base, it 1is demonstrated that a linear estimation of a logistics

or expoaential type curve using regression analysis produces parameters

that are not significantly different from the "equally likely" curve

derived in earlier cost memorandums.
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1. BACKCROUND

I i A. The impetus for this report originates with a 1976 study entitled,

, "Cost of Terminating Contracts Study (COTCOS1)." In that study, data
points from five separate contracts were used tc estimate a function !
relating percent of total contract cost (o percent of contract campleted. '
Fram the derived relationships, various procurement lead time schedules

for Foreign Military Sales (FMS) liability payments were constructed.

These schedules are utilized by the Direetorate of Procurement and Production
in accordance with applicable sections of the Defense Acquisition

Regulations (DAR).

B. One of the expressed purposes of the COTQOSI study was to detemnine

whether the progress payments being made by foreign military purchasers :l'_.-"

of Army aircraft were adequate to defray the cost of contract termi-

- nation. It was found that the schedule of payments included in AR-37-60 P“:
P did not adequately represent the progress payment requirements .

xperienced by AVSOOM and that a schedule based upon an "equally ]
_ likely" function would be more representative of AVSOM's cammodities. -

C. A follow-on study, Cost of Terminating Contracts Study (GOTCOS!I1),

reported that the AVSOM "equally likely" curve developed in the S

initial study was also well suited for Army aircraft shop-sets. Eight

separate contracts formed the basis for COTQOSII. T
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Subsequent updates re-estimated the coefficients of the "equally likely"
function using current contract data. A sumary of the findings in
these earlier studies may be found in Appendix A.

D. This memorandun presents the methodology which will be employed to
update QOTOOSI. Due to external difficulties with gathering new data, our
initial intention to have applied the Randam Coefficient Model to recent
contractual information proved to be impractical. Thus in this study, we
campare resulis from the QOTOOS] methodology to that of a selected statisti-
ca! model called the Randam Coefficient Model using existing data found in
the prior Termination Liability studies.

E. After the new data arrives, we will apply the Randam Coefficient
Model and include the results in a less technical format. Nonetheless, the
results contained in this report are meaningful in themselves and should hold

up given the forthcaming sample.
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11. Discussion on Methodology

v
.

A. In this section, we address samn: of the issues that are involved in

. . Peal e
. /‘-' BRI A IR I
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W

e
estimating a FMS liability curve. The topics discussed are: .;_:4
.. Terminology E'_TT
2. Assurptions
3. Data 3'.?_':-':
-
4. Functional form _'e_:;..j
5. Estimation
B 6. Testing ) f'
These issu:es are important in that the user of the information™provided by .";‘,-’.'
the estimated function can judge the validity of the resulti,,_g'iven the usual
limi tations imposed upon a study of this type. A F"
B. OONXOS]I defines termination liability paymen.ts ‘to be the amount that DN
represents incurred costs for 90 days after payment plus the estimated amount
required to "clean-up” the c-ontract if it were terminated. DAR E-509.5 r-
defines incurred costs as. follows: h
"(a) Incurred costs are costc identified through the use of accrual
; method of accounting and reporting. As to invoices, incurred costs .
include only invoices for (i) campleted work to which the prime b
contrector has acquired title, (ii) materials delivered (to which the
prime contractor has acquired title), (iii) services rendered, (iv) costs L
: billed under cost reimbursement or time and material subcontracts for '-
work to which the prime contractoer has acquired title, and"(v) irvoices
for progress payments to sub-contractors, which have been paid or f

a, proved for current payment in the ordinary course of business (as

..........................................................
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as specified in the prime contract), all properly recorded on the books

of the contractor and identified with the contracts. Costs incurred are
exclusively costs of direct labor, direct material, and direct services
identified with and necessary for the performance of the contracts, and
also all properly allocable and allowable overhead (indirect) costs %

recorded on the books of the contractor.’

|

The DAR goes on to say that special conditions apply for those contractors who

elected to use u special transition method provided in Cost Accounting
Standard (CAS) 410.

Clean up charges are addressed in AR (7-103.21) as:

"the reasonable costs of settiement, including accounting, legal,

clerical, and other expenses reasonably necessary for the preparation of

settlement claims and supporting data with respect to the terminated

portion of the contract and for the termination and settianent of

subcontract thereunder, together with reasonable storage, transportation

and other costs incurred in connection with the protection of disposition

of property allocable to thi- -ntract.”

Since part of the settlement charges are nol incurted unless the contract

is terminated, the data sources (ID Fom.a 1195) used in the previous atudies do

. not include them. Clean up costs, however, appear to be relatively smsll con-

pared to the total contract dollar amount, and so0 need not cause too much

concern. 1t is necessary, though, to determine as close as possible the |
anount of costs due to charges other than termination preparations. Same 3

%
of these charges such as subcontract settlements and work in progress costs :

may be difficult to estimate. The Army Logistic Management Center (ALMC),
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for cxample, agrees that a scttlement should not only campensate the con-
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tractor for work campleted anc for preparations to terminate the contract

e, 0

but:

. =" s L
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o P

"The application of standards of business judgment as distinquised

fram strict accounting principles, is the heart of a settlement,

e
R ]
Y
]

The primury objective is to negotiate a settlement by agreement.” '

-~—r

(see references, ALMC).
C. This fmplies Lhat overall termination costs depend in part on tela- e
_tive bargaining strength of the participants; the measure of which being S

subjective. That is, there Is no straightforward way to know the outcame

R . 1
k.
F

in advance. Given that this Is true, we might ask how the clean up costs are ;li:'

a
e ]

'cnlculated, 8

D, OOTODBI estimated these termination costs by assuning that reported
costs (and therefore subject to termination reimbursement) lag incurrred e
costs according to a certain formula. The formula stated that the lag 3::::E

Increases linearly untfl it reaches 90 days midway through the contract B

and ranains constant thereafter. »
E. AR 37-60 also attompts to reflect potential normal Lemmination charges —
:'-'. Ly Including in the accrued exponditures those costs to be incurred during the
?“ ramwinder of the current quartoer. | :.—
; ¥. I'he most recent update to COTAONB! did not include any Jag adjustments,
'reflecting a payment schedule rather than a termination llability schedule. =
" A paynent schedule [s a sequence of payments derived fran a payment curve.
‘The paymant curve rep.esents the cumulative sum of the contractor's progress -
L puyment, the incremental portion of non-recurring costs, cost of Defense ser- ‘

viees, and administrative charges as a function of contract canpletion.
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G. A temination liability schedule likewise is a derived listing of
i payments.It, however, is calculated from a termination liability curve. The
' termination liability curve represents the "bail out" costs incurred when the
FMS custamer announces temmination of the PMS case; to include al) acerued
i direct and indireet costs,and profits of prime and subcontracts not covered
by contractor payments or holdback,plus any penalty contract cancellation

charges for which DOD would be liable. The termination liability curve

represents a function relating termination liability costs to percent of
contract campleted.
. In this study the curve that is estimated is the temination liability
i" curve showing cutulative payment costs as related to percent of contract
: canpleted. Coamparisons with DD payment curves and the AVS(OOM curves esti-
mated in previous studies are made after properly adjusting the data. These
i adjustments are noted where appropriate.

I. Some gssumptions that pertain to the present study differ

dramatically {ram those cited in COTQ0OSI. First, the curve derived in

. Yo e et teta Lt
. Lo

QOTQ0S1 (and subsequent updates) is deterministic, a termination liability

curve is fit assuming a function of the formy = A(l-e'bx) and solving for

each parameter using two known points; i.e., (100400) and (.5,y) where y is
'Y the midpoint of the ordinate for the sample of contracts selected. This

study, on the other hand, assumes a stochastic relationship between percent of

total cost and percent of contract camplete. We then fit a curve minimi- i
zing the variance about the fittod curve using the savple data. All the ‘*‘1‘
usu al assunptions for the linear least squares estimator are mude, i.e., ‘_‘:
1. the error terms have Zero mean :
2. the error terms have a canmwn variance "*

3. the error terms are independent
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4. the error terms are independent of the independent variable.

J. Since the independent vhriable ranges over all the possible values,

i.e., 0 t5 100 percent, the variance error is always a minimum for the

true model. To see this, note that:

vib) = &
E(X-X)

FExcept for asse t use charges, all costs not 'included in progress payments
request (OD Form 1195) are lutp sum charges over and above total contract

cost and are assuned to be time phased, in the same way as the progress

_payments. The charges are for Government Furnished Equipment, accessorial

charges, adninistrative charges, increamental non-recurring costs and cost of
Dcfense services. Asset use charges are added in at 4% of the progress pay-
ment.

K. Though inspection of the data, the functions estimated in previous
studies were assuned to have the form y = A[(- exp - Bx2)). A poly-
namial regression was also attempted, but reportedly did not fit well. In
addition, one study tried y = A[l - exp - ax“] on data fram AR 37-60
and reported a good fit. Constreining the equation to fit through the point
(100,100), the parameters were estimated by using the mean ordinate value at
fifty percent canpletion of the contracts.

L. In this study, we transform the data assuming a logistic curve
to represent the relationship between percent of contract carpletion and
liability. By regressing the transformed dependent variable (regressand) on
the independent variable, we are able to make certain statistical inferences
about the data which can not be done using the technique applied in the pre-

vious studies. The form of the logistic function is

y = _A__
i exp(-Bo - le)

P e d]
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where A is set equel to 1.

M. This equation is intrinsically linear and capable of being estimated
\ )

using Ordinary Least Squares (QOLS).

Set y* = at+bx+tu

" where y* = In Y

1-Y
then Iny = a+bx +u
I-y
X
l-y = expa+bx+u
y = (expa+bx+u)+]
and y = 1
exp'a b X -u 1

N. We also apply least squares to the nor-linear equations estimated in

QOTO0SI and its updates using the maximum likelihood function:
P 0,6) = (2 dF) ME g8 (020

where S (0) is the error sum of squares. We also re-estimate the logistic
equation {1.1], using non-linear least squares assuming no restriction on
the parameter A.

O. Since the data is a time series across various contracts, a test was
performed to determine whether any aggregation bias was introduced by pooling
the datu. A procedure was followed to correct this bias under the randam
coefficient model (RM):

Yiv = By Xjv* Uiy i=1,~--,n v=1,---,T

where i is the contract and v is the observation,

P. After the functiona) forms were identified, we noticed that the exponen-

tial equation in COTQOSI is a growth model with a proportional growth rate.

Lo I L N
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That is:
dy/dx = ALl - exp - BXY] /dx
- e B o :
- -2mxe “BX?
Setting BAX = K i E'
E - WA- KB
= 2K (A - Y) or 2BAX (A - Y) *
| = 2K (A -Y) or 2BAX (A - Y) ?.:1."_; "
Similarly, the logistic model is also a growth model with a proportional
growth rate. Setting r
: y = A/l + exp (-Bo - B} X) "
-: we have
dy = dA/l + exp(-B - Bjy). '
- If we define exp (-By - BjX) = Aly -1
! we get
el the:' e:((;B%'-";}E%':_:x)Z- i%?l A=
- | 3
] ! = By Y (A-Y) . ==
- ! - T A i
‘Thus, our choice of function will assune a nonconstant rate of growth regard-
less of the explicit form, i.e., logisitic or exponential. L
L Q. The technique used to estimate the function, however, is affected by
the functional form of the estimate. A logistic c.rve, as noted above, can :""i'.
be estimated using OLS. If the fit is good then strong inferences can be made '
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about the data and tests performed to enhance those inferences. The exponen-
tial form, on the other hand, is intrinsically non-linear and on: vust use
non-linear estimation techniques to find estimates for the parameters. Con-
sequently tests ard inferences are subject to certain restrictions that may
not hold in practice. We have kept in mind, though, that the exponential
equation does capture nicely the fact that the points (0,0) and (100,100)
are necessarily on the curve. We recognize, however, that a non-zero intercept
termmay only reflect the sampie size and would approach zero as the savple
size increases.

R. The test which we apply are basically one of three types. The first is
the usual test that indicates goodness of fit, The second type is to deter-
mine whether the parameters using COTQUSI data are significantly different
over the contracts in the semple data; which, in turn, determi.es whether
we can aggregate the data and estimate the population »arameters with a
single equation. Lastly, after estimating the function using the latest
contract data, we will test whether or not the estimated parameters are

significantly different fram those estimated using QOTOOS] data.
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111. APPLICATION

A. The initial phase of this study consists of a statistical annlysi-s
- of GQUTOOS! data in order to determine the appropriate functional form of the
l termination liability curve. Inspection of the data appeared to have an S

i
‘ shape when plotted y on x. Thus a logistic curve of the form: !
‘f y = 1/[1 + exp By + B} Xol (
was hypothesized since this particular logistic curve can be fitted using
OLS. ,
F B. Regressing the dependent variable on the independent variable for each

contract separately (assuming the logistic curve); we found good R? fits

for each of the equations (Appendix B). However, the Durbin Watson statistics

- indicated that this is largely due to the autocorrelation present and not
? because of the linear relationship between the dependent and independent
N

variables. Table 2 shows the results using AS, first differencing, and

quasi differencing. The differencing removes the autocorrelation in order

to show the true relationship between cost and time as defined in this study.

As one can see fran Table 2 the results are not very pramising.

-',-_' . C. In addition, because the available data contained both cross sectional t

éund time series information, tests are required to determine whether pooling
]
% is appropriate,.

D. Although we expect that because of autocorrelation the variance due to
the regression is understated, examination of the standard error .. ‘

the closeness of the estimates, themselves, is convincing in that we can not

o reject the hypothesis that our ML estimate is equal to the estimate in
(001100 1N
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E. Since b in COTODSI equals .000461 and the ML estimate (b)
equals .000477, we want to test

= b null hypothesis

1 ol

b # b alternate hypothesis.
The ML b standard error is .000016.
P. Using the rule of thurb that if t is greater than 2 [t5)0° = 2.6
;  tp50° = 1.98),we will rejext the Null hypothesis when we see that the Q
‘ standard error exceeds

S* b - b/ 2

/.000477 - .000461/ - 2
.000008

which is almost 60 times less than the reported ML standard error.
Similarly, we can test whether the parameter estimated for the AVSOOM curve
differs significantly fram the AR 37-60 parameter estimate.

Putting

b_-_ 14.94798
%

tos, 208

8.0801 - 14.94798

2.5469

1

z 2.696 :
G. We do not accept the null hypothesis that the parameter for the AVSOOM
Termination liability curve equals the AR 37-60 curve parameter.
H. The reason we do not test the AR 37-60 parameters is that the data

is not a sample but an estimate presumably calculated {-om information on a

wide spectrum of DOD contracts.

13
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= I. The hypothesis needed to pool the data is:
! Ho B) =B =By = By = Bs
The appropriate test is the F test where:

F = (IRRSS - URSS)/ K-1

URSS/n) + n2 + n3 + ng + ng +(rK - n)

and
n = nurber of equations
K = nurber of independent variables
g BRSS = residua! sum of squares for the entire data set
- URSS = residual sun of squares of each equation summed
ﬁ using the equations corrected for autocorrelation, we have
o URSS = (.391 * 54) + (.725 * 42) + (1.08 * 25) + (.192 * 46) +
(.775 * 16)] = 99.80
& KRSS = 83.696 X 197 = 16651
7 . K = 1 ’ e
N ! : '_--‘.‘_i
o n = §
' :‘__.1
F = 16651 - 99.812 4 F* S
e
99.8/199/2 N
" We obviously reject the null hypothesis. -'EZ::_
"
S0
o

14




. , J. As an alternative to pooling the data under the assumption of stable
.
{ parameters, we considered the hypothesis that the coefficients are randam

variables and used the Random Coefficient Model to estimate the population

parameter b. The calculations are shown in appendix C. Noting that the

equation is: J
cost = ] =
F 1 + exp (2.62 -~ 8.08]1 Time) we ~_ ‘
, have found that the coefficient b is distributed across contracts with a w
’ mean equal to -8.0807 and variance equal to 6.487. The standard error equals r-'
,i 2.468. ’w.i
" e iy
: K. The data fram QOTOOSI was read of [ curves presented in the COTOOSI 1
g Cost Mamworanduns. Consequently, there is strong reason to suspect the é}j
presence of errors in the predicator variable. This means that the OLS 1

estimator is biased such that  E(b) = b/ (1 + p) ‘

_ where p is the ratio of the spread in the errors of the independent L‘

i variable to the spread in the errors of the dependent variable. -ﬁ}

i‘ L. Due to the presence of the above errors, the primary objective of this 1

' study is to prepare a methodology for data that is to be collected on con- __‘

tracts which are let after 1980. We expect, however, that the following

findings will hold true:

15
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1. Applying Ordinary Least Squares or the Maximum Likelihood Method

to the raw data exhibits a high R? due to the autocorrelation present.

2. The methodology usedin COTOOS! gives parameter estimates that sre not

significantly different fran the Maximum Likelihood estimates unadjusted vor

autocorrelation.

3. The parameter estimates using OLS on the data adjusted for autocor-

' correlation are quite a bit different fram the estimates on the unadjusted

data.

4. The AVSOM Temnination Liability Curve is significantly different

from the curve given in AR 37-60. Thus, it is recoomended that a curve based

RIS

—

upon AVSOM contracts be amployed in determining FMS liability.
5. The Randam Coeflficient Model using data adjusted for autocorrelation

has as much explanatory power as OLS, ML, and the COTQOSI techniques even

without adjustment for correlation.

18
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IVv. RESULTS

Our conclusion, although adnittedly based upon less than desirable
data, are as follows: '

A. The QOTO0S] equation as dJdepicted in Graph 3 lies samewhat below
the KM function. This indicates that in the eyes of Foreign c.stamers the
present equation would be preferable to the estimated ROM equation. However,
fram AVSOM's standpoint it weuld appear wise to gather new data and deter-
mine whether or not the Army should require additionsl funds fram Foreign
custamers.

B. It is recarmended that the present Termination Liability Curve be
foilowed until a new sample becames available., Then a Randam Coefficient
Model should be applied to the data and canpared with other alternative

statistical techniques as shown in this report
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FIGURE 1 ")

TERMINATION LIABILITY CURVES
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FIGURE 3

uﬂmwm~>\N<<oauﬂ<~y>s NwNmrmwNNw~m=~\ mumwaaxmwmw

VRCM . RCM
1.00 . _._.._._._..:uu::::
* ML
o....... Lnt"  corcosI
* ]
* «?®
» -
L ] ll
9.75 4} «?
* .
* ]
* ]
* «
L ] ]
0.50 - * »
'Y "
] | ]
] a &
$ s
* (]
* 2
oomm fi ™
-
? .
..._., ..n
0{00 n
ll
0.001 =u22"
. |q ““““““ - 11111111 . 11111111 - llllllll .- 11111111 - lllllll - “““““““ - iiiiiiii - 11111111 - 11111111 —‘
0.0 0.1 .2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
TIME

FOREIGN MILITARY SALES







YD . a4 %A s

TABLE |
FUNCTYONAL FORMS - COTCOSI DATA

Yy = All - exp - BX)2] 2
= 99.04 [1 -~ exp - 0.0005 x;°|

2 (Eq A) R
' (3.42) ( .000032) : -

Yo = A/[l + exp By 4 Bl XO.] (Eq B)

-89/11 + exp 3.50 - 9,74 X, R? = .ag v
(.028) (.200) (6.78) L.

Yo = 1/[1

+

exp By + By X,) (Eq C)

/11 + exp 3.73 ~ 9.225 X, R2 - g8 R
(114)  (.284) -

+

YO - l/l 1 exp Bo + Bl x° ]

(Eq D) ?.
/01 .

+

exp 3.88 ~ 9.65 X, R .86

Y] = Al - exp BX13 ) 3 ‘ (Eq E) :.-::'.;'
83.06 [ 1 - exp .00002 X" ) R =« g7 e
(1.89) (.000001) o

Yo = 1/l + exp By + B) X, ) ,
1/l + exp3.19 - 8.14 X, | RS = .87
(.164) (.359)

(Eq P) ,'-:.::

R NPT

Yy 7 Afl - exp BXy ) (Eq G) -
Not Significant -

o = 1/l + expBy+ B) X,) . (Eq H) »
1/11 + exp 2.616 - 8,082 X, | R = .88
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. . ‘Equations A, B, E, F, and G were estimated using non-linear regression

Equation C is a linear transformation of logistic curve

Equation D is adjusted using random coefficient model of Equation C.

\Equation H is the Random coefficient model adjusted for autocorrelation.

[ o= 100 %%

SIS

l ‘* Values in parenthesis are standard errors.
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TABLE 2 v
CORRECTING FOR AUTOCORRELATION :

CONTRACT COEFFICIENTS r2 62 W e

CONSTANT B o
oLs -4.401 9.470 .99 139.4 .57 v
first differenced -0.015 11.687 .60 .97 2.30 =
L
quasi differenced -0.115 10.413 .51 .81 2.19 S
oLs -4.183 12.889 .97 171.8 .226 P
E
first differenced 0.068 8.125 .08 .81 1.31 "
quasi differenced 0.082 6.163 .04 .02 1.29 o
oLs -4.564 11.900 .99 128.8 .75 N
first differenced 0.069 9.768 .13 1.47 2.03
quaai differenced -1.82 11.924 .94 19.4 1.58 -
Y
oLs -2.952 7.500 .98 49.72 .26 o
first differenced 0.052 3.268 12 211 1.55 o
quasi differenced -0.163 6.195 .67 .58 2.08
oLs 3,112 6.460 .96 29.55  1.10 2
first differenced .069 4.517 .08 1.23  2.73 o
quasi differenced -1.617 5.837 .89 7.27  2.33 .
'|: ;-
{ -
!
[}
!
] -
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** See¢ Appendix B

TABLE 3 N th;
LOGISTIC EQUATIONS BY INDIVIDUAL CONTRACT R
Eq 1 ypL = —4.79 ¢+ 10,41 X : e o ",W”,g_’
% (1.25) (1.36) e S ‘Tiff
iEq 2 y2 = 20,6 + 6.16 X e
(209.5) (4.4) : - : - '?t;-
Eq 3 y3 = =4.516 + 11,92 X
: (.06) t.58)
i
Eq 4 y, = =-2.18 + 6.19 X
: (.12) (.64)
!
. Eq 5 ys * -3.43 + 5.84 X
. (.078) (.50)
»
N ‘
. X
: ; iiiﬂ
= FOOTNOTES: =
n :
g * Numbers in parentheses are standard errors _f
E Equation 2 is not significant z:
. ;
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APPENDIX A
Summary of Previous Findings

‘! 'v

]
’

1
’

Equations Tech Report #
B Y = 101 (1 - exp <0.00046152 X* | COTCOS 1 X
1 3
L £ r =
4 -
r B Y = 103 (1 - exp -0.00035362 X2 COTCOS 1L X

<
n

109.96 |1 - exp -0.00024015 X?) CM 81-6 ¢

NN ) DS
ML . I
-

4
i
e

3 Eq® Y = 103.08 [1 - exp -0.00035100 x*) M 84-2

A
% S
\ ;7:E
FOOTNOTES : nT

kql represents Aviation end items and includes Lag.
Eq? represents shop-sets and includes Lag.
Hq3 represents update of Eql using recent contract data.

Eq4 represents update of Eq3 but does not have a lag ad justment.




ot

(

14273

‘21 ¥3€3330

tABAS3ING3M £E:Z1

L T R L L T I R L R e N R

*) i 896878 CGZIvL 8 LYBIZI 3 T18.°0 8 SAETLS - LTiald " 141282 -
LN v PILIVT B L9BBZT " LCLieY '~ STLBI9 - BYdeid F (LGHTIE -
I H R Y-S QLLIVI G LLOTB1 "L T:/AGET - bAEEIL - P96 3¢ '8 GLTYIY -
N \ 926°@ BLLIVL A VLN 3 T4L63T°~ 168808 '~ bveG1a @ [E6BIG -
& | 6£8°0 CLLIYT '@ L96BY1 (¢ SITLLY ~ WPYSCG '~ B96E1B°0 642995~
s V LSL8 COLIVP1 G QPTLG1 'S LB8L1.0°~- E£91BCH - LEPSIB'D GL66G99°-
L3 v v8L°0 $CLIH1°0 16111170 L1161~ BESLAL '~ BLI4IP P EIEBBL -
ss ! i o8l TILIHT°8 Z8ITHI'G L8196 - Y11~  Tvp618°8 L9E6SE8°-
) ! 918"} ZL9IV1°8 by6EH1'@ BBLEET '~ LB1'1-  8/GHIB°G STLL6B’-
LN ' £15°@ Lb1b1 0 BIFZLE 0 S66T0L - BT T~  0G6L18°C T1HI66°-
.! IYete CHOIYT 3 ¥¥L063°0 bpICLBT- ISP T~ 62963670 £91°1-
LN i G/B°@ ISHIYT @ BZBEZI1'P 68£984°- F9S'I-  $121Z8°@ 9.7 1~
s} | L8 PLEINT B 62GC21°0 188 i~ 19971~ 9GLICH'6 TiE°1-
LY | 668°0 CEZIPT @ S4921°'@ €£22°1~ £08°1- 9659ZZ8°@ £15°1-
. y §86°¢ GLOTYY @ URLBE1G GFC 1-  Fwo'1- LY9ETB°0 G591~
LM 1 G468 TISIVT 3 9b1188°0 ZIv"1- £646°1-  9668I08°7 £8L°1-
s \ B&S'B @SHBYT ‘0 THZYBE'P &SI~ TvBTZ-  PSERIDG ASLT1-
. 1 ZBL°D 68018 SL80T1°@ #8S8°1-  7S1°C-  $605Z0°3 GvB'1-
s \ 918’8 ZS/0¥1°0 9G9L11°9 18971~ £81°'Z- SL¥GAB°3 Z68°1-
R \ Ghl0-  LB99V1°@ 120%81°- G&9°1- BLI'T- 6525Zp’Y iB6°1-
: ! COv°a- ZECOV1 @ CL9968°- Z¥L'1-  E'Z- 199928°¢ $£8°2-
: 1 g91°9- B6EBYI P 69SEZ8°- LZBTI- 11b°C-  @B¥IIB'6 611°C-
: ! GGT'6- S6ZoY1°6 LI11Z0°- B8 1- 89F°C- £esLzead 9L1°2~
: ' QG- LVIBY1'8 [Z8ZYB°- BLL"I- £95°C- #9870 G 1.I-
: ! CIbcA- LZBeY1°0 L116G6°- 9T@°C-  119°C- Ch1bc0 '@ BIL 2~
! A Ay Iy9sC1°@ 1928998°9 v12°2- 188°2-  ¥BAAED'@ 805 Z-
: ¢ Z0B°6- SPTLET‘@ [bTLe8'- OBV T- 618~ LBEETD B YL I~
} Y F61'8-  IBEBE1'® £L9928°- £EL°T-  WIE'E- yo79Lp°@ BI8° L~
! ! IE8°@- SOSLEI1'P 91Ebee - Si8°C~ O19°L- BL146£8°0 TIE £~
tsesse | YPS°Z- SIBFLT'G F19ceL’- ISZ°E- BH8'L- PELIVB G 69G°E-
reseass! [BC°p-  HOZCET'G £BL619 - vL9°C~ LLT'V- CIH940°0 GLG k-
* * ‘ Le3°y- 9BL°%-  L[B1ISB°G 10t "b-
21 é-1-2- WOGISH RNGIS3Y WNaAIS3y 121a38d 1010384 1310344 3NWA
INIQNLS W¥3 415 1CLH3ddN ACAHIM0T HY3 aLS  1J1034d
1060 '9 g1z2°z8 LLI1S11°8 09694 "6
18600 886°68- {B11S0 '8 69160 "b-
11 { G04d  @=M313WYNYd HOWH3 311153
'AH 404 L GYYONYLS 431 3WYHY4
91680 62~
81669 0s-M rqv G814y "8~
L166°0 NBS-Y SN N A
BEy 61
89vyBLa 9 662621°1
1869 °9 Z8L°65.9 coL 8Ll GoE °8ET
3(804d NN 4 IWN0S S3YYNOS
NY3W 40 WNS
paAoOWaYy UOFIRIDIIOV01INY YITM Ind3anQ UOJE8313Y TAMQ

g XIAN3ddV

NOILONNA TNA3HIS INIWAUD SHI

LPrge1 - <t

1,966 - 1L
C9IPS - BE
SovSaLT- &2
ZIELby - 8
BZLESS "~ L2
£EIL6S ™~ 9T
G8iBAL "~ ST
ZLLESL ~ ¥T
Lo6LA16°~ €3
ig1- &
1357 S L T4
9921~ B
9BL'1- 61
FI6°1-  E&j
12971 L1
999°1- G
1 WA S Y
pLL - ¥
-1 AT
1882~
gvice- 11
L61°2- 81
giec- &
9.£°c- 8B
A 4 AL A
SLte- 9
eSe8'g- S
LIee- ¢
68°ft- €
G6Sv~- <
: 1
WAL S80
I TXmd
T d3R3UNI
30 FWEYIHYA
*A'D
N3K 430
35K 1004
9¢ WLO0L D
58 HOWN3I
I RE e
30 3308
:318vIyvA &30

(

e



1€

SDAY, DECEMBER 12, 1?‘ 2

§ sTtiailENicEcedeninanalt
) !u GO LUNNE RO RGELNRRABRAS TS |
S
; N S 11T LA
A j '
% 2 RY3SHESBREIERTREZIADLANT
& B eSS T TTTT TR

STD EWR

e e T T

.i-‘ﬂ"“dﬂﬂﬂ—ﬂ-‘«dﬂ“—dﬂﬂ“—l.-l—l‘l-l..
-------------------------

SR aag?éég'
gSgtEasussteanizds Y

Bk ézﬁﬁggi?ﬁiﬁfﬁ.&% 2SRETAH

P v ot Y i) o= o=t 0t ot vt vt o U 99 V2 g e [V Iy ]
~0 M~ n

FHS PAYMENT Q%R.E FUNCTION
PREDICT RESIDUAL RESIDUR ‘%

(LI 111111111}
.QC oo -

.Eggﬁ g gfgggﬁ

00000000000000000

STD ERR LOWERYSL UPPERY3X
PREDICT
32487

1. 125299

9. 566

PREDICT
819707 -
m
8284463
928688
m&
822”3
022619
$23235
0235‘?8
525.3‘7
924201 0
927616 ¢
927423 ¢
928697 @
929572
138465
939918
831376
632381
932381
§33241
e35158
237118
870229
~J.62083€-13

---------------------------

;; ES'.'..’S a2 .
ggﬁgg AR AR

.............
ﬂﬁ—-ﬂ-—oo—cv‘«—ﬂ-—o—lﬂ

)
PREDICT
06S ACTUAL VALUE

| O"I‘OQ."BQO.

3&“3 VYO T wNO e .
i ?ggé?’gggééﬁgﬂﬁﬁ%ﬁ,

F! BRLBRISIVIRICICESARIRALRE

SUM OF SOUARED RESIDUALS

SUM OF RESIDUALS
} DURBIN-WATSON D

o~ o . . -~ —-

1ST ORDER AUTQCORRELATION @.976

!-‘-'.
N
-
|‘_-'
‘o
.
» K
W
Ve
LY
o
f
Kl ..h.
)
SR
8
¥
-, 4
™ Y
g
[} ~.

N R
e et

. ot

‘l .l - ’, . a4

-y

APRIFE I 1




PNV R

.
-

o
»
i
'
i
v
b-

12:33 WEDNESDAY, DECEMBER 12, 1
\

I ‘))

3

2;4

Variable DWY2

FMS PAYMENT SCHE%;LE FUNCTION
APPEWDIX B (Continued)
PROB)F
g.90001

¥ R g .t Bs
g7 BE dp S
o L -1 ] 3 "
w 0 )
- w
-

MEAN
SQUARE
"ERROR FARAMETER=S PROB ) ITi

167.479

# J98728
R-SGUARE
ADJ R-S@

ST
0.
[

—— .

167.379

4, 3448,
171.823

9. 314209

SUM OF
SQUARES
-8.066133"

ESYIMATE

-512.2F

PARAMETER

bF

1

44

45

ROOT MSE

DEP MEAN
C.v.

VARIABLE DF

INTERCEP

C T0TAL
Dwx2

, DEP VARIARLE: DWY2

SOURCE
" mMODEL
ERROR

~2-1-# 12

STD ERR STUDENT

RESIDUAL RESIDUAL

UPPERTIZ
PREDICT FREDICT PREDICT RESIDUAL

VALLE

PREDICT STD ERR LOMERSSX

ACTUAL

08BS

[4%

RAZRERERRNCRECEICCEoRARRITRRGR

TIEIT N
IITITH
! seen!

»

PR LT R SR LY P R

,ﬁ§§a§585a 'Eséaazxsaszzggss az

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

whcisita Eiﬁééié&éﬁé;;?iﬁfé%

10

N OCD 00

L SRS §§K gisRInde
~ nm

Nt (NP S N oo.”'

2 TEesRRIRELIRITATAI LN zaffﬁﬁﬁ,.
i [ -1 1 1 B ..‘Q’QO‘QOQSQ.Q@Q (- TR - 4
NGO (NE M D 0 -NOO%IHV..P
ai:ﬂsa:éﬁmsmggg 38s i”ggﬂoﬁm Aty
...................
EEERRIEENAE § § SEEF L Lot ERUARNE

"f"fiddéddd

. -‘ NL~<OrOr—~iNed

BRCT SRR ER RN e T NEISEURIRRACEIRE
--------------------- el ol 3-4
v i & L LN DTN R T - SQ“BNWPQ,
| I | [ [ O R I IO T N RN

R LT
g"‘°$'§ g § N, KE@Q‘KBg%EZEﬁ%G
§E§~§-§ §~ BENS3358gE 7 pany
eeeReRciadvoliondsadizdaagi i
.oo'ntoi.uiuddda&uaﬁddidididdu.G.

[_] o~ ] [l il 2l sl N ]

2 3SReRART 9&$§n§§a§§g?as§g:§sg§§§
oooooooooooooooo ~NM —lf")% .‘8’ "oy
oM "Jf'”'l(l(ﬂ"‘(\l wwwwwww 8‘!'\*8‘\0 Og P -
L I I | | N T N R B B | ~ne et NIV NN On

SO e g
g4 a O I oo Pt a @O o~ Qo Qi) M
ELRRIC RS RERI RN FEDETE pE L
.............. P N rvv%luugr~ .
G IFICIONNNCE 7=t vt e vt e 'npg QOQWBQ *&O'“‘“
llllllllllllllmln“'QQ"""‘JT’-U”Q’I’7'
Y eessesssss
“NHQV’@'\QOQ—G(‘F)Q‘WOP mO‘ — 1) er P ?)D‘Qﬁfi
~~~~~~~~~ CNOION 4 JNf’l QRN 7N X g}

oy T

oy e Annnny
o e R N
JUCRIT S W -y ORI I IO




12:33 WEDNESDAY, DECEMBER 12, L?Q 4
C00K 'S
D

-2-1-#12

£MS PAYMENT sae%u FUNCTION
STD ERR  STUDENT

0} .-'.'- .
PREDICT PREDICT RESIDUAL RESIDUAL RESIDUAL

| -
PREDICT STD ERR LOWER9SX UPPERYSX

PREDICT

-
)
ACTUAL VALUE

0BS

- - 0N NN
ltsg==aiii-.-ig

renccmsemcoccaacas ancacs cn va anae

2%38R nﬁﬁﬁﬁsﬁﬁﬁ

oooooooooooooooo

S FFF P TPFFET

EE 5353395 E§

—uv-lN ™M
---------------

L~ 2 R B R D U N D R A |

EE.—QEﬁﬁﬁiiﬁﬂﬁﬁﬁ

AN NN NI MMM O

gg gﬁsaﬁ.s sEag

<

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

Q@OOOOQQQ&"OQ&QQ

R£ﬁ3“3"5~~§$§ka

é.
¥
!
A%
4

AR E T PR
...............
uuuuu vdot et e (NONCACICI N

4.344£12
9.224

-1.246563€E-13

DURBIN-WATSON D

1ST ORDER AUTOCORRELATION ©.998

€c

I
. e prm e e e ey Y
I =l BARAE XUNCAPRE Sof Fol S e S
S ".l" ..l'.l.' E RN R I A KRR
! R AR R A LS e e [
p L TRY BT PR

.
s # ae
)

PN N e

R Aa SPRIRt IS ATIEN sl N PR R
1'{'.‘-‘,»'. -‘. :.. o l AR
B AL CLTLE AN SR P R

"y




6EL8LL"T STUNCISSY AIYYNDS 40 WS A

p1-31_575°2- SIS 30 WS
( . ' c76'8  =85°9  IlIi-  * L88°. ’ 1y
: B - 50 Y YIRS n..uu& ‘8 nanen T 475 o 08F TGSz 8 #G6°I JIETE 82 (
$9¢ "3 ' . : BC6'd  OPIWWZ'S Z888I7 . GGC'C  SPITT  BCLLs3d QILT wwe'T &
£65°0 ! lesess ' @FS°T- LEQHNT S TWEELS '~ 926°27  CAL'L  LI1e798°@ 66877 STl LT
( cH1°0 : lese ! QC4°1- BYBBYZ'@ 6L1SBy'- £5S°C  ovy'l  S9LecBT@ deT  9ISTl 9 ﬂ
$.8°6 ' ise ! §IZ'1- 90BOCZ'@ 9BSLIL'- £8Z°7  (B88°1  CovE/B8 Specl SILTY SE
8638 ' : ' 989 G- BOYICZ 0 PUBIZ6 - Z¥B°1  6S9ZEL° L¥SL90°B (BZ°1  F¥ITL BT
X : ' 808 9BLISZ'G IBY618°- 28T YE9EL9'# £199%8'@8 8Tl BAZ'1 2
( e’ ! ie ! L9970~ QVeISZ'O B9BLLI'- ZZL'T  YeCHI9P SA9S99°8 891°1 EI9¥466 T .
1988 ! : P ZLT@-  ZIWWSZ B BRICUG'- COL'T  OV68OZ® 8LLASE°8 £L61GL°9 SBIBB. 8 1Z {
889 i { OLE°9  BLEDCZ'0 BoEvEs B CTIvye P 61ZYST - ECCCP 4 BCovAL ¢ SvCaBh @ OF
<se ! o ! TL6°8  JOHGCT 6 LICBEZ'D £9100. 6 BITIAL - VEZESD ' BY4GSI @ STvSev 8 &1
( b28°¢ ! se! VGBIl pI9CZ°@ TUISEDC G £BO9IC S /BTL9E - ZEBIGE'F @9G1I8°- i581BZ 0 8]
=<e'9 ! . ' ZI@t 9Zv9SZ @ B8.06CI 0 CZCLBI @ C99968°- IL¥ASH'9 @/Se5Z°- 3 i t
e8! ese! U §S°l GT99CZ°@ VIBYOY'S ¥I6LS°- 1SIC1-  BERLYA O S8IMES - 13T - T
W88 | el P 948°1 T199CZ ¢ ZShsy '8 L9BvEZ "~ BLE 1-  1B¥6¥@ 9 GalBE8°'~ E¥Z9TH - S
( vig®e ! 1 /68°3  1GC9CZ’'@ 6285617°C £CLIZ¢°- BIS 1~  p6L6VE°B 1I9CLE°- LSS ¥
\ "wee : Z9%'@  LBZ9SZ°® SEY811°S ywiECL - B18°1- CLIIG#'8 §.0°!- ESU'1- £l (
esse | BZ8°0- IMOSCZ S VZZiB6°- £L8196°- [C@°T- ITBIGE'C 68G°1-  9IGi- 21
a1gd ! te V9 6- OS95C7°'0 901591 - 9487 1- Sivp'Z- BGRB8 9l6°1- 1687~ 11
( weo : ! 9CC - LBIWCZ 6 IBYBGE - ZL9°1- CLL'Z- L1/89@'9 £22°I-  wlEZ- @t .
o188 ! ie | 9LL°8 TSI 'B BTLIE1°~ LEB°T-  I96°Z- LUBEP'O @s£°-  85°I- & (
e | ‘o § £86°0- LCLICCZ'9 4£LBbZ°~ (96°1- /8'C- £Low90°'6 1S°2- 49/°C- 8
988 ! ! } COZ°8~ ZTQISZ'S (GL998°- 1ZE°Z- WCV'C- TL9PL8'@ BIB'I- wheC- !
( w e ! ‘ C o929 IWWOSZ O 19L299°~ [SS°Z- WI9'E- LL9¥i3°@ §911°E-  8LI'E- 9
996 : ! PGZ°0- SALBYZ'P £4BZ99°- 168°7- SL4°f- 1B6LLB°B E£Ib°L- ¥v°'D- S
we'e ! : 1 7076~ GOIOVI'0 [68299°- £92°C- 94y~ 1B/L69°@ #LBE- T8B3'c- ¢
£9°6 ¢ . \ @ZL°6  OTevbr'd C160/1°9 Beb°f- BC9'v- GAEZ68°'d 899°v-  Té8'C- ©
_ 7% 3 I le { GBL'9- @9FTvIH ILCBL1°~ BSBTE-  000:5-  6BYELE'# STy b~ SeLTv- 2
: . . {96°F- BZ1'C- ¥&BIBI ‘S b¥C'b- ° 1 \
a Z 1 9-1-2- TWOQISY WNRAISHR WNAISHy LIIaRd  LIIA3Md  LIIaRd WA Wndy 580
( ] 84003 IN3ONS @3 QS 1S6H3ddN ISHUIMOT M3 AUS  1JiC3d
1899°8 6Z1°Cy LTLSLE D 215386711 1 £XNa
( | 1900°8 £65 by $68101 9 YOIE¥C v~ [T d3JU3INI
, : 111  G0¥d @=YILIMWEUd NONY3 241153 40 VA
M ¥03 1 OGMRINVLS EJE VTN 2
{
b6EE " LE- )
[SB6°9 0S-4 ray 68866978~ Ny 3
( 79866 DRANOS-Y 8eC19Z @ 3SH 100Y
g1g 8zl (2 wiel 3
867890°0 bEL82L°Y 92 HOMM3
( 19663 ££1°9981 £a°L21 L7 i VIR
4¢g0oud nwa 3 3W9NGS SIWNOS 40 30808
NUIH 0 WS -
( £ANa d1qPTIRA £AMG :TNGYINUA 30
(PINTIIVOD) g XTANILAV
( [ Smn 21 ¥3AMIIIC ‘AVASINGIM EE£:Z1 NOT 13NN u..mw.um AINHAYY SH4 _ C

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

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



o —] o e

113

£6S°9 NOTIVIRRI0J0OLMY HIGHO LS1

, f . - —— . : e L n.ﬁ..cx.ss -
9 #85Y ‘Z1 M3BII AVISINDIN £F:Z1 NO1LINN3 u..mm-am INBIAYY SH3 (




SERREYRL:

<83

A
L]

9¢
L 4 » o 0 . . . - .
R G C OO AR RAGRBREARBBERE TS L 2w s

ERhdnenaekidaiizmg

T

SUAEREY

<t
-
-

§  ER30IRERSI8YIR2I00RR

cansnraw
L R R T Ty

wase amun
omm smwe

g ppppasan-to il ldassffug e

2
]
.

“

271 #1-2-
ts:.m W3 als

L5TSh1°9 L(T1088°- BSLLIN'@ SI1ZILT - mvm.ﬁr. LA AN 1AL 4N a

T6ZEY1 "0 622008~ T1708C°C L9987 - Ged' D
LZELHT'0 CECHZE ' ZHISAL T S55ERE "~ ive e & £L(813°2 SDodwd” &
SELLY1°0 LLZEV8 - B29.92°8 £.8:2¢€ - Nf. 708 LTL9IB"- mgtmw - 5
- ’ -

&YECY1°@ E8I(T0 @ 0892618 ISB96L - 169 80 9TLIBT"
SYECHL'S TOVLBO ™~ BP9LL1°8 2SBLIw '~ 16902078 9TL91T°
VESYT’0 vIBI99 - TU15G1'2 vGCETD - BOLBZ0°H FIIHET”
ZYEEH1 '8 LRLVI6°T wIFLII 8 V98140 - LEIBZ8°0 QZL9L1°
BICLYI ‘'@ YOIICS 9 199CHk ' BIIPG "~ 468878°@ ¥IL18Z°
BLZLVi ‘6 T9CSBE 8 BGTIES - LBYIZ9° - vL11Z8°0 #CL928°-
127010 N§~ 8 SYILPT'- 100969 - 4GS128°@ €LY’

18
Lv6ZY1 '8 SCTIZZ 8 SO9ILEL "~ 9EBIZ6 -
99821 ‘S BEBLTIZ 6 IBLLOL - HSHEGH -
£CLZRI P TL9691°0 CZLEWY°~ SLB°T-

&LTZv1°'0 ZOSHIZ O 9BSIBL - Z/2°1-
BTCZHT @ b(92EZ°@ BILSES - 8¥1'1-
BEZYI 0 YOI 'O THLOL5- £91°1-
EOEZHI @ SWSZLT 0 £Z¥PL9 - £I2°1-
BYZZy1 9 [L88 9 BELLY9 - 190°1-
SYEZ¥1 "9 WSIPLEP SHEZHL - X1~
BEAINT 6 LYLOES 8 FLIELL ~ ¥iL°1-
GBLIFI @ ZOTECH S #610S8°~ bb¥ 1~
£901v1°0 IS6BES°~ o14876°- SZG°1-
RZIb16 212020~ £06°1- 809°1-

I99IV1°0 ZBBLVD - S¥B°1- BE9'[-
144901 °0 BLLSEE - ST1 1~ #IL°D-
519841°0 9IS "~ ZSI1°1-  ISL°I-
ZELOY1°9 LS8R - LW°1- L8]~
CZHYI 0 BYZASE - IHZ°I-  Z¥B°1-
PIS6ET S 1240187~ BLL 71~ BL6°1-

wI-  &9Z°E-
S WNAIS3H WNAISHY LJIAd  LIIT3Nd

BELTBL - Fb1LL°- FHITIR 8 TTLUN®

SBELIe 9 aTL929°
£L9020°8 8ZZY9y”
L9vyIP°d &1Z6EL°
16B¥I8 8 63L9LL"
88,5708 BiLI1CH”®
SL6GZ8 9 BlL998°
WLITB 8 L1L9IS6°
INTLIB'B L1IH96°
£BIBZ8°8 419 1-
o1808Z9°8 [[9°1-
£2646ZE°8 261 °1-
IR (TT1-
1N 224N MC204 I b
CoBZEN 8 6EL 1
NER°S pIv°1-
L09vE0°8 I °1-
8¥65C8 "8 LIS5°1-
£8I9R°@ 295 1-
CECHEM S LL9°1-
L89799°8 Z56°2-

LI1034d MW

ACHUIIAN LSAUINOT M¥I QIS  LIIAd

1008°8 851 oy S995S1°8 82466%° L
1088°8 VAXANA o L8¢790°0 949186 "¢~
1LY ¢ 80Ud  S=MIIIBRWI YOI JIWILS3

H Y04 L QWRAINYLS Y31 IO

198" 1£1-

L6L05°0 8s-4 Qv 8resei "8~

2086°0 RANOS-H eeybl e

O8L91L 60

L6289 U658 "9

1980°8 999 "Lk £6L08.°8Y £46L0EL°BY
J(g0ud nwa 4 JPNOS SNDS
N 30 S

»inag LA CTIETTY
(PIRUIIVOY) g XIONIJV
NOILONNA FTINATHIS INFHAVA SHA

5 ZLLEBR°0 Svadee e

-t vt ot

O ONDOWea(dM

g

0 IWYIWA

S et e e et et _..'_._ e e e e T e et e e e e e _..‘_. Y
WY AT PAF A < PN T W s YNGR N LN WS SRR ST N SR W LY L W S W DRy SR

L
o
B
<
Bk
oh
4
.\.;_
« u
I
'S
At
I
T
)
&
yu
5
>
.-1
o
‘%
-



it

i : TRERSESRICATRI2ME

LR R LRI RI R T RL R PR T L LY PR Y R

LK 2 R J
P L) emencens vn —m
- 8

- ov 0@ omre v oman
eboassve e
e

-2-1-9# 1 2

298RF30RL R ERES

ooooooooooooooooooo

FEFFFPPFy rroudTye

STD ERR STUDENT

RESIDUAL RESIDUAL RESTDUAL

S

------------------

nspmnwrax%yznmmuu
ONER?SY, UPPERYSX

PREDICT

582997 -
83619 -

PREDICT

nnnnnnn

gggaugggﬁggag;axaé

#. 9859156

#.251

g P

PREDICT STD ERR L

PREDICT
l
9.404
9.5
oS €
¢
9
¢
-1.71238€-13
DUALS

VALUE
98271
258278
l77l
Mﬂbb
0763
3264
6703

m
998
148
548

---------
ﬂ-ﬂ-—--.—n.--a-—l ey

l"'l:'f\l- QNB'N—- ;’3 :2 !3 g .
f«sn g
g 3 LT SRR i

PEBEEREISIIICICILAS

0BS
1ST ORDER AUTCCORRELATION §.925

\! DLRE IN-WATSON D

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

,
1
~ ~ o~ —~ .','-‘,
“~ ~ =
..’.-
""""""""""""""" L oy PR et
RS WCEPE P s;aus. M.a.mk;.m‘ﬂ_- ot A Al st . e ha LA S e ol .e a

A It

* . . c T . . . b . 1
..- E_"‘_', ;.'....‘ "-::"-',‘-'..'1' .
'1 (O W BRI

LS

I"_‘: '.' .""' ,-- -" l'."_ . ". 'l‘
' ’ AT
R ) S

-, v s
. ot
) A
y W

R W A

r '?"".“'.".'."-'_-
. AT N

PACAERE AT
. IR R




EERAOENON CORROINAE SR

.\...g

.

i

( e _, S ¢
£29°0  NOTIYIINHOJ0LMY ¥ITHO 1ST %

¢ Wit 3 NOSIGM-NIBSD
o

_ p/ACRTT1  STUNGISIY JIWWNOS 40 WNS 3

¥1-359983 - “TTSWNAIS3Y 30 HS

( . . . . ¥o0°'y  1£9°C 80481278 L¥EL iz O
e ! tess | [BB'I- TU9ELZ'E VI66EV'- 191°7  B6¥9I6# £91LZ1°0 &£S'1  sbé'T B

z89 ! te | T16°0- 69CZYC°0 GEBVZ1°- CI/°1  GELLIG'S 2ZZ6O1'@ &I1°1  £Z9h4s'8 8]

( sve's | te | 6bl'0- GWGOYC'® ITBB6I'- 9ZE'1  GLASCI'® 88.£68°¢ BYBILL'9 (17ILCA B
Zig'd ! : P Tob @~ ZICIGZ P 66B@I1°- BZI'T  PGULSA - SY99BE O I¥CLLS'@ LYESIH B LI ]

T N : {109 OIBHSZ S TETHA0'® 9¥9948°8 BILPLZ - ShBo 28 $LITIE A SIvSoy @ 91

T : \ vBy'8  WELSCZ'@ SLBEZ1'9 88Y669'9 viO¥IY°~ WLZELB'@ ([IEL11°9 I9114T°6 S o

( 1000 ! : | 2000 BBLCr @ SEYST1'0 ICHL0S D BoseSy - ZAEBSA 8 88v5(8 - Soeevd @ vI ]
5 X IR LY i [18°1  &B1GSZ°® I8CZ92°@ VELF(Z'Q F066.8°- 168v92°0 B8GIAL - Ceobye - L1

”ze's : LN 4 0] SPLBCZ S CHSHIZ P £286.0°0 £/8°1~ 9IBID'O PeLILY - 168182°- <Y .

088 i e | vbE°1  [Z63CZ°8 [YOBYE'@ SlbWe@'- (vT'l- IWOIGW'd BIBOLY - £447281- 11

( o9 i ee! | LlF']1  OIBaSz-® OSIZ9E 6 BIIS/C - BZy - GXBI98°G (OL1CB'- BYSSK- @1 ]
8080 ! o \ 71c'9  EFCHCZ S LIGLE1'® &/ZvPy - 8551~ BSILIB'B 116086 - BLILYS - 6

Zige ! o ' 890'@  ICNLCZ'S TyZICI # BESYZ( - £88°]- 482898 vaE'I- €S1°1- 8 o

£Sie ! lese | WEL'I- OSLSCZ'® 10cvoy - ¥E9ST6"- 988'Z-  G¥ICLBD Sevl-  les'l- L o

. vwe's ! : | a62°0  I8YYCT°@ (B9TL°@ ¥l8-1- ¥9IT- 9LLLLB'@ 6SYI-  9BSi- 9
g © 88 : ' F17°8  CACBYZ'S OIOCCHS BYCI-  Ov.'Z-  LOL¥SB'® vell-  168°I- S
980 | : ' apy'd  IBIGNZ'D ZC681°e S8L°1- 996'Z-  LINTML'G oeC'T-  L61°T- b By

wi'e ! tee ) 9L1°1- SIEEWZ'® CLIVEZ'- 19B°1- Z(B'F- CG/B1@ [997T- ST "

: | S I tees } @yO'l-  BIBYLc'A PEZOBL'- £L1°Z-  L@v'E-  [SIIZ1'H 86L°T- BL1'E- T
(| | . - : fev's- Ev/'E-  GLOSEU@ LTI°E- 1 -
. q Z 1 6-1-2- WOQIS3Y WNGIS3E WNAIS LJI03¥d 1J1033d  L31Q3ud 3N WN1Y  S80

‘- ; . 5uN00D . INGEUS 03 415 T XG6u34dn ASHUIN0T B3 WS 1010344
| i . . .
M M % "
| | | 1008°9 S18°9C YLTZE® W96 ] SXMg
¢ 1060°8 ¥o6°2- y(ESEI'®  G8ZZIT'E- 1 J30MAUNI
. 141 ( dO¥d  @=MIUBUHYL  HOMM3 UCLILST 30 TWYINA
104 ¥04 1 Q¥vaNYlS  ¥3L3Wvind -

¢ - , ._
W 991¢ “BE- )
6966°0 0S-¥ rQY  182¥e9 8- NI d30

¢ £654 0 JYoNS-Y  C2e99Z°8  3SH 100M o
| g ZEEZSS6Z Bl WIOL 2 By
69.0.0°3  WIOABZ'T L1 HOWD

C _ : 1000°8 865 "odt 18269187 LST6YE B 1 130% .
- , 3(80Yd 3NVA 4 NS S39NAS 4 3080S ;
g W3R 40 W15 3
(¢ CAMO IFTWVIWA 430 . )
. | CAMQ 21qe11FA N ) . . ]
f S (PaNUIIN0D) § YIANZAV § &
(&  ¥85Y ‘Z¥ \3EM3II0 ‘AVIEINIM £X:ZT NOTIONNd FINGFEIS INTHAVA SHA S

-



RS

i APPENDIX C

N Random Covefficient Model Calculations
X ' :

. I. COTCOSI Data.

A. Assuming that the percent of total cost for any contract is a function
of time such that the alope parameter is distributed with mean B and var

(wi) where i indicates some contract, the population parameters can be

[ estimated using the regression wodel:

[

) y:. =B X.. + W.. i=1,2, -=-N
F h B e, -
?: where

L;-‘f- W..=U..+ V] x,.

. 1) 1) 1]

2
B. 1If we let var (vy) equal d° and tne expected value equal zero then

var(W; ;) %% . dzxijs' Thus we want b
F! * to find B, dz, and 0}2. This model is called the random coefficient :}f

regression model (RCR). Swamy suggested using generalized least squares

DR
PR

B - &' (0.2 2 '-1 , 2 o

" 02, 4 X, x0T x) " (o5 1 e o? x; XDy, o

v o

- fw &
(i=1)
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46
28
49

57

Note:

#

175

200

081

123

0087

For the

The numbers in parenthesis are standard errors.

v

e S o Sl Ty

|
-

five contracts used in the COTCOSI Study we get:

PROB > F R*

= -4.183 +12.889 TIME .0001 L9741 ' T
(.1102) (.3129) i

= =4, 544 +11.900 TIME .0001 . 9857 -
(.1019) (.2759) N

= - 2,95 + 7.50 TIME .0001 .9797
(.0625) (.1556)

= =4.401 + 9.47 TIME .0001 .9797 - L;.
(.0512) (.1152)

°

-3.113 +6.460 TIME .0001 .9569

= 4.344012 =+ 46 n . 094435

- 1.77573¢ < 28 .0634193
= .985916 —=— 49 = .0201207

= 1.125299 — 57 = .0197421

= 1.203076 — 19 .0633i97
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where B; is the regression coefficient using OLS.

C. For eatimates of the parameters d2 and 031.

we have

]

o2 = yrli,’ O

and

a? = ogB2 - a/m g)? = var(h)

41
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=
]

£Bi = 12.888788 + 11.900510 + 7.499920
= 48.219046
2
: Bi =  9.6438092 and B;2
{
Y gBi2 = 166.12086 + 141.62214 +  56.2488
i
= 495.39969
£B;2- 5 = 99.079938
d' = 99.079938 - 93.003056 = 6.0963241
Because
2 2, "
1/1a° + o 7/x x )
wi = N ) ) .
1/(d° + O 7/ x
pA » T
- where 0;2 loql xp = ver (8;)
' and (x;' %) = .098728 - .0979271
(X' Xz) = .068298 = 0761357
(X3' X3) = .020977 <+ .0242132
(X' X)), = .020460 = .013248
(Xs' X5) = .070769 - .1041831
42

+

+

}

9.469604 +

93.003056

89.6734 +

1.0081789
.8970561
.8663447

1.54438

.6792755

6.460224
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012/x1 x3 = .094435 - 1.,0081789 =  .0936689 o
0,2/%X2} X2 " 0634193 + .8970561 =  .0706971
032/X3l X3 = .0201207 <+ .8663447 =  .0232248

l W 2/%1 X, = .0197421 - 1.54438 «  .0127832

' Ps2/Xsl X5 = .0633197 + .6792755 = 0932165

6.0963241)"}

+

l g[az o o52/(xj! x] T = (.093689
‘ + (.0706971 + 6.0963241)"}

+ (.0232248 + 6.0963241)7]
! ‘ + (.0127832 + 6.0963241)!

+ (.0932165 + 6.09632641)"]

- .B123676

we get
wvp = (1/(6.0963241 + ,0936689))/.8123676 =  ,1988645
w = (1/(6.0963241 «+ .0906971))/.8123676 =  .1996053

KIS, . P S S

wy = (1/(6.0963241 <« .0232248))/.8123676 = .2011537

|
X ? v, = (1/(6.0963241 + ,0127832))/.8123676 =~ 2014975 l
3 4 :
3 E wg = (1/(6.0963261 + ,0932165))/.8123676 = ,198879 |
-1 1
3 ' A
R
-:: Thu" )
% B = 2.5631224 <+ 2.3754049 + 1.5086367 + 1.9081015 + 1.2913206 };}i
- - 9.6465861 .
)

- 43
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Our equation then is

t A A DEER

In (cost/]l - cost) = -3.884 + 9,647 TIME

- COsT -~3,.884 + 9.647 TIME
1-COST

COST =

1 :
T+ o3.88% = 9.b4&7 TINE -
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E. The Random Coefficient Model applied to equetions corrected for

- autocorrelation gives

r,

o?

10.413 X .0072

=4.792

L]

Y)

Y = 20.6 + 6.163 X .017

+

Y3 = -4.516 + 11.924 X .043

Y, = -2.i8 + 6.195 X .004 S

Ys -3.431 + 5.837 X | .048

JBi =  40.532 B; = 8.106 Bj2 = 65.713 -

£8;2 = 361.04 B = 72.2 o

d? = 72.2 - 65.713 =~ 6.487 F 16. = 405 -
b

x;'X| = .0072 - 1.69 = .0011 b
X2'X; = .017 - 9.3 = ,00088 po

-

X3'X3 = .043 - .336 = ,1279 .

X,'%, = .004 - .409 <  ,0098 .

Xs'Xg = .048 - .25 = .192 5

(.0072))"} °

+

S[d2 + o525t xp) TP = ((sos

(.017))7} o

+ ((,405 + :
o ((.405 + (.0430)7% B
+ ((.605 + (.004))71

+ (405 + (.048))71

= 11.680

WANA ST
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W= .207 f I

’ iy
Wy = .203 7 B
Wy o= .19l R )
{ R s
W, = .209 R,
Ws = .189
B = 10.413 (.207) + 6.163 (.203) + 11.924 (.191) ah
+ 6,195 (,209 + 5.837 (.189) v g
= §.0807 R,
< = ,346871 - 8.0807 * .3666734 R
= -2.6161067 v
The equation then corrected for autocorrelation ie
ln|cosg |= -2.6161067 + 8.0898 TIME
l-cost
cost = | ‘_
1 + exp 2.616 - 8,081 TIME
!_; 47
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APPENDIX D
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Accessorial costs ~ Chargec assessed for certain expenses for issues, sales, '
and tranefer of materiel. The charges are for packing, crating, handling,

and transportation, port loading and unloading, positioning costs, and other
expenses incident to the FMS sale but not included in the standard price or

'
e el AR
S,

L
..

I contract cost. E
- k
. Aduministrative charges - Charges for Quality Assurance and Inspection, con- 31
tract administration, audits and other general management and administrative i
expenses., v

o
-,
K
L
.
.

Aggregation Bias - Bias in parameter estimate due to combining micro data.

Agset Use Charge - Charges assessed for the use of Government owned property
and plant equipment.

Autocorrelation - T.: disturbance term in the regression model is dependent
on the value of the disturbance term in an earlier period.

ST
.

Contractor holdback - Percent of progress payment withheld. Contractor !
payment plus holdback equals the progress payment. A
A .
Dependable Undertaking - A firm commitment made by & foreign Government !’
or international organization t. pay the full cost of and to ensure the US
- Government against any loss on a contract for new production or the perfor-
= mance of defense services.
. Durbin Watson Statistic - Statistic used to indicate the degree of autocor-
- relation gmong the error terms. .
1 !
!% i F Test ~ Scatistical test that uses the F distribution named after Sir R. A, “;;1
- . Fisher. t
: R
& ~ First Differencing - Procedure that is used to adjust data so that first order t{Q
. correlation is eliminated. el
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. FMS Case - A DD Form 1513 "United States Department of Defense Order and
| Acceptance," which has been accepted by a foreign country.

]
i
4
. "
Fat
»

?Logistic Curve - S-shaped curve that is often used in growth models.
1

'
‘

oy e

. Maximum Likelihood Method - Statistical prccedure that estimates population

. - parameters which would give highest probability of generating the sample
I observed.

o
PR

e e N
Vel
AR

L A
S

Ordinary Least Squares - Regression r~chnique that fits a line to data

points in order to show the relatic ai1p between a dependent variable and one {{2'
or more independent variables.

G LR .

Progress Payments - Payments to a contractor based upon his accomplishments
to date, 3 '
e
Quasi differencing - Procedure that is used to eliminate sutocorrelation from E{y
regression error terms. G’i
i Random Coefficient Model - Regression model that assumes the beta coeffi- -
i cients are random variables. SRS
LA
SR
X Standard Error - A statistic that indicates the spread due to sampling error N
- about the parameter estimate. N
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