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TECHNICAL MEMORANDUM X-64633

A METHOD FOR NONLINEAR EXPONENTIAL

~ REGRESSION ANALYSIS
INTRODUCTION

The investigation of physical processes frequently requires the use of
models that simulate or describe the processes. A model is often chosen so
that certain variables interact in the model according to physical theories
associated with the particular process. Formulation of 2 model often results
in the form referred to as mathematical models. This is the familiar repre-
sentation of the physical process by one or more equations that encompass the
physical theory. A model equation contains identified independent variables
and unknown parameters. Regression analysis is the statistical tool used to
determine these unknown parameters, thereby providing an analytical repre-
sentation of the experimental data.

The general procedure in regression analysis is to take partial deriva-
tives of a specific model-dependent minimizing function. These partial deriva-
tives are taken with respect to each of the unknown model parameters. If the
set of equations obtained by setting these partial derivatives equal to zero can
be solved by the usual algebraic methods, the fitting or analytical representa-
tion is accomplished. However, if these equations are transcendental in one
or more of the unknown parameters, they cannot be solved by the usual alge-
braic methods.

The processes of particular interest in this report are those that can
be described by decaying exponential forms. A mathematical model that con-
tains more than one exponential term results in a set of transcendental normal
equations if conventional forms of regression analysis are used. Thus, one
usually resorts to iterative methods that require initial estimates for the
parameters. The method described herein involves the least squares proce-
dure, whereby the nonlinear problem is linearized by expanding in a Taylor
series. In this iterative method, we first develop a starting nominal guess
for the model parameters. A correction matrix is derived and then applied to
the nominal guess to produce an improved set of model parameters. This pro-
cedure is continued until some predetermined criterion is satisfied. The
number of iterations necessary for convergence is closely related to this
criterion, the initial estimates, and the form of the exponential model.



Additional information on the various methods of curve-fitting decay-
type data to a sum of exponentials is given in References 1 through 5. Pro-
cedures for obtaining the initial parameter estimates are discussed in
References 6 through 8. It is noted that the initial estimate procedure herein
is not restricted to equally spaced data.

Application of the procedure is illustrated with data obtained from a
particular process concerning the anodic oxidation of metals, In this process
one expects an exponential or logarithmic behavior. From an analysis of the
results, it is concluded that an adequate two-term exponential representation
of the data is obtained. Thus, the analytical representation of the physical
process data is accomplished using an exponential decay-type model.

MATHEMATICAL THEORY FOR EXPONENTIAL
REGRESSION ANALYSIS

In general, we are given the set of observed values i (t;, fio ),
(ty, £2),. - ., (t , fn°) . We assume that the function to be fitted to these

data is of the following form:

-Bst Bt
+ ..

Bit L+A e T K=1(A, B, K1) , (1)

£€ =A™ T + Age

where fc represents the calculated value of the response and K, Ai . Bi(i =

1, 2, ..., m) arethe 2m + 1 parameters to be estimated. The independent
variable is time t. We first consider the simple case m =1 and K =0
which results in a conventional least squares solution for the unknowns A,

and B; : We have the following model:

=Pt (2)
By taking the natural log of both sides,

InfC=1n A, - B¢t . ' (3)



Let

C=InA; ) e
and (4)
=1n fo
Then,
Y=C-Bt . (5)

The least squares solutions for C and Bj then become

n n n
m.Z tY, - Z t, Z Y,
i=1 i=1 "~ i=1
By = - n n ¢ (6)
m t2 _ t.
i;1 ! 121 1
and
[ n n n n 7
Lt LY L LY
C = 1= 1—n —n —2 (7)
m Z 1;i2 - Z/ t1
i=1 i=1

For m>1 and K # 0 we proceed as follows. We write the parameters as
initial approximations or nominal values plus unknown corrections; that is,



B, = By + AB,
B2 = §2 + ABZ
(8)
A =A +AA
m m m
B_=B_ +AB
m m m
K =K + AK
For any assumed functional form, the following condition equation can be
written:
o c _
f £ -V, =0 , (9)
where
fio = observed values of the response variable,
fic = calculated values of the response variable,
and

Vfi = residuals associated with the response variable.

If we substitute equation (8) into equation (1) and the result into equation (9),
we obtain

fio-fi(K1+AA1,§1+ABl,...,K +AA , B +AB_,

I~{+AK,t)-V_=0 , (10)
fi



or

f.<x1+AA1,§1+AB1,...,X +AA ,B +AB_,
1 m m m m

1“<’+AK,t):fi°-vﬁ . (11)

Expanding the left side of equation (11) in a Taylor series abeut the estimates

~

Ki s B . B s K and neglecting higher order terms than the first,
1 m’ m

we have (i=1, 2, ..., n)
=N, - AA - AB - AA - AB - ...
Vei Ni Fii88 - Fg BBy - Fo Az FgoBy--
- AA - AB -
F2m—1,i Am F2m,i Bm F2m+1,i ’ (12)
where
Bfi of.
= —— - 1
i1 = B e = 38
| 2
(0] (o]
afi of
Foi = 3B, F = L
1 2m-1,i 0A
(o) m
(o)
(13)
afi of
Fai = o, Fooo=
20 2m,i 9B
m
(o]

F2m+1,i T 8K




and

~

N, =f°-f (A, B, K, t) ) (14)
1 1 1

The n equations given by equation (12) are the linearized condition or residual
equations. According to the Gauss least squares principle, the best represen-
tation of the data is that which makes the weighted sum of the squares of the
residuals a minimum. Thus, the minimizing function is

S:f(AA JAB.,....,AA ,AB ,AK)

1 1 m m

_ 2 2 2

—W1Vfi +W2Vf2 +...+Wann . (15)

The 2m + 1 linear algebraic equations for determining the A increments to
the initial estimates are now obtained by taking the partial derivative of S with
respect to each of the unknown corrections and setting the result equal to zero.
These equations, frequently referred to as the normal equations, are given by

oV oV oV
8S £1 £2 fn
2= : - 4 e 4 + =
BAA 2W Ve BAA 2WoVeo BAA, W BAA 0
oV oV oV
oS £1 £2 fn
— = — + —2 4 + =
8AB, 2W Vi1 5B ) W, Ve 588 . 2W BB ) 0 (16)
oV oV oV
8s £1 £2 fn
k- WiVsiaag t WoVeesak too o T W %Ak T O



or

- WivfiFl,i - W2Yff2F—1‘2--——”4—7wnyfng'1n—iQ‘*—""*— e
-W,V - - - - )

’ f1F21 wzvng22 Wanann 0 (17)
"WVt Fomet, 1 " VoVraTomet, 17 " W VinFomet,n = O

We now express equation (12) in the following more convenient matrix expression

V+BA-N=0 , (18)
where
Vfi-1
Vv
v o= , ‘ (19)
[nx1] .
an_
FiiFat  Fomet, 1
B | F12F22 - Fomet, 2
[nx(2m+1)] ~ . , (20)
Fiann . e F2m+1,n J




- .
AA,
AA,
A _|8B
[(2m+1)x 1] : ’ (21)
AA
m
AB
m
'AK
and
_ N, T
N N,
[bnx1] | . (22)
LN
n -
By using the denotations for V and B as given by equations (19) and (20),
respectively, we can also rewrite equation (17) as
T — — '
B WV=0 : (23)
where
r 9 -
o /0fi 0 0
0 %6 2., 0
W o= o’ f2
= . (24)
[nxn] : : .
2 2
0 0 .
L % /Ofn




Solving equation (18) for V ,

—-—

— Y =N-B%

Substituting equation (25) into equation (23),

Solving for A ,

BIWN-B WB2A-=0

or

2=-E WBEBTWY

(250

(26)

(27)

(28)

An improved set of values for the parameters is then given by equation (8).
The process or cycle is repeated to produce the corrections resulting from the

second cycle. These corrections are then added to the estimates from the
first cycle:

A11=AA11+A1
B11=AB11+B1

. Ad=AAL+ A,
By = ABy + By
A l=aA 1+A
m m m
B !1=AB '+B
m m m

K!=aKk!+K

(29)



These values represent an improved set of estimates to use for the third cycle.
An iterative procedure is thus set up for improving the parameter estimates to
any prescribed degree of accuracy consistent with the accuracy of the observed
data.

The standard algorithm is based on obtaining a nominal solution that,
hopefully, converges to the correct solution. The algorithm is summarized
as follows:

1, Let Kk denote the kth nominal; linearize about Kk .
2. Solve the resulting linear least squares problem.
3. Use the new solution as the new nominal.

4. Check for convergence. If convergence has not occurred, repeat
steps 1 through 3.

The standard deviation of each of the converged parameters is calculated from

A , (30)
where
n o o2 1/2
()
_ | _i=t
Gf B n-2m-1 (31)
and
NcCyq
6 _ \1022 (32)
[(2m+1)x1]
c
i 2m+1, 2m+1

10



The c¢ elements in equation (32) refer to diagonal elements in the inverse

matrix (B W B)-1.

—  PROCEDURE FOR OBTAINING THE INITIAL PARAMETER ESTIMATES —

"Peeling-Off'" Approach

An iterative method for nonlinear exponential regression analysis was
developed in the previous section. Inherent in this method is a requirement
for initial estimates of the parameters. This section presents a least squares
"peeling-off' procedure for arriving at these initial estimates.

Our assumed exponential model is of the form given by equation (1).

Generally speaking, if we plot decay-type data in the form In £° against ¢

where f0 is the 'observed response and t is the independent variable, then
for large t the curve is approximately a straight line. Consider the following
Figure 1.

Figure 1. Logarithmic time decay illustration.
If we fit a straight line to the last three data points by the method of least
squares, the assumed form is

Inf®=-B t+D i : (33)
m

However, this is equivalent to the equation

11



where

The coefficients

Bm and D are given by

n-2 n- o n-2 n-2 o
2
.Z 2 Z s - DN LS
D = 1-n i=n =n 1-n
n-2 n-2 \?°
3 2 _
Lol
1-n 1-n
and
n-2 o n-2 n-2 o
3 ) tlnf - Lt ) g
% = 1-n 1-n 1-n
m n-2 n-2 \*%
3 2 _
Ll Ly
1=n 1=-n

Thus, we have determined the least ‘squares values for Am

~

can then obtain values for the residuals from (i =0,1,2)

We now take the next three data points at tn

_3’t

Bt

n-4°’

the corresponding term Xme

obtain the following residuals

12

and tn-5

(34)

(35)

(36)

We

uol

and

(37)

and subtract

and the arbitrary constant I’Z from fO to



0 ~ m n-3 ~

= - A - K
Rn—3 fn-3 me

. -B by

R =£f° _A e MM _K . (38)
n-4 n-4 m
Bt

R _=f° _X e MmO _§

n-5 n-5 m

Next, a straight line is fitted to the data for In IRn_il against tn—i , 1=

3,4,5. This determines A and ﬁm . The residuals for the next

m-1 -1

three data points are determined from

t t
_ 0 m-1n-6 mn-6 =
Rn—6 fn—6 T m-1 - Am - K
Bt Bt
- - ~ -7 )
R _=f°_ - m-1'n-7 % mn-t_ g (39)
n-7 n-7 m-1 m
B Bt
R - §0 _3 o m—in—S_A o mn—8__K
n-8 n-8 m-1 m

We now fit a straight line to In an il against tn-i ,1=6,7,8. This

determines A and ﬁm We continue this process until all the A's

m-2 -2°

and B's are determined. In general, Ki and ﬁl are determined from a
set that contains more than three data points. That is, the points remaining

after Kz and ﬁz have been determined are used for determining Ki and ﬁl .
It is noted that since three points are chosen as a minimum for calculating a

particular A and B, we musthave n= 3m where n is the number of data
points. At this point we calculate the weighted sum of squares of the devia-
tions using the initial parameter estimates

13



n

~ o _cC

Fy = Zi Wi<fi -fi> , (40)
l:

where
W, =1/¢2
i =0y ’
o)
fi = observed response R
and

fic = fitted response.

Iteration Philosophy

The iteration logic can be summarized by the following steps:

1. Repeat the process, but use the last four data points to obtain the

initial estimates of Am and ﬁm . The next three data points are used to

~ ~

obtain A , B ,
m-1 m-1

set of parameter estimates from which we can calculate another 'f‘ ; call it

etc. , for other A's and B's. This yields a second

F,.

2. Use the last five data points and obtain a third set of parameters

which yield 5‘3 .

3. We continue this, always keeping three points as a minimum in

~ ~

determining Ai and Bi .

4. Increase the constant to K + 0.05K and repeat steps 1 through 3.
Terminate when the constant reaches a predetermined value.

5. Parameter estimates yielding the minimum F are chosen as the
initial estimates.

14



COMPUTER PROGRAM DEVELOPMENT

The computer programs to implement the previously developed theory ~

for exponential regression analysis were organized and developed according to
two general types of exponential models. One concerns a single exponential

and the sum of exponentials without a constant, and the other concerns the sum
of exponentials with a constant included. Two highly flexible computer pro-
grams were thus developed for the MSFC UNIVAC 1108 digital computer. Each -
program contains double-precision capability and SC-4020 plotting procedures.
In addition, the "peeling-off" procedure for obtaining initial parameter esti-
mates is an integral part of each program segment,

The logic flow for Programs I and II is depicted in Figures 2 and 3.
The parameter NCASES is the number of cases of data processed in each pro-
gram. The models that can be investigated in Program I are

C —Bit

Model I: f =Ase 2t

gt

+ AzenB + A3e-B + K

and

C -B 1t

Model II: £ =Age At

+ Aze_B +K

Those models that can be investigated in Program II are

Model III: (€ = A Bt 4 4,67 BE , 0B -
Model 1V: € =A 1e‘Blt LA 2€-th ’

and
Model V: € =A 1e'B1t

The characteristics of both programs are summarized in Table 1. It should
be noted that both programs can be easily extended to include additional expo-
nential terms if desired.

15
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TABLE 1, COMPUTER PROGRAM SUMMARY FOR
EXPONENTIAL CURVE FITTING

Program
Number® Exponential Model Fitted
I (1) A ,B ,K:i=1,2,3
1 1
(2) A, ,B,,K:i=1,2
1 1
II (1) A, , B, :i=1,2,3
1 1
(2) A, B, :i=1,2
1 1
(3) Ay, By

a. Each program has a built-in capahility for
obtaining initial parameter estimates.

The parameter ITERM is used to determine control transfer in each
program. TFor example, if ITERM has the value one, parameters for the
particular model associated with it are determined. A value of zero indicates
that parameters for the associated model are not determined. A double-
precision matrix inverse routine using the Gaussian elimination procedure is
used in each program.

RESULTS AND CONCLUSIONS

Discussion of the Physical Process

In an open circuit transient analysis of the anodic oxidation of metals,
one expects an exponential or logarithmic behavior. This fact is evident from
the experimental data when the layer is passive; that is, normal growth is
taking place. In some cases, however, growth is truncated by the onset of
-oxygen evolution. In this region we have electronic conduction in addition to
a small amount of anodic or growth conduction. During the open circuit break,
therefore, we expect the conduction to be initially dominated by electrons and

18



as the voltage decreases, the conduction becomes primarily anodic conduction.
Thus, the transient analysis has to have the capability to consider two or more
conduction mechanisms, each with different relaxation times.

Basically, the voltage data from the anodic oxidation process are classi-

fied into four sets.

evolution. When plotted as a function of time, these voltage data éxhibit an

exponential or decay-type behavior.

Each set of data represents a different time held in oxygen

The response data are represented as an

observed voltage, which is designated as £ .

The observed decay data were processed through both Programs I and
II to assess the validity of the various exponential models.
initial estimates for the various assumed models is presented in Tables 2, 3,

Discussion of Results

A summary of the

and 4. The minimum value for the F quantity associated with the selected
initial estimates is given in these tables.

TABLE 2. INITIAL ESTIMATE SUMMARY FOR TWO-TERM
EXPONENTIAL MODEL PLUS A CONSTANT

Groups of Initial
Estimates

Group Number with

Smallest %

Smallest 'f
Value

Set 1 Set 2 Set 3 Set 4
441 441 . 441 441
49 44 61 63
0. 2083 0.3113 2, 9021 5. 986

19



TABLE 3. INITIAL ESTIMATE SUMMARY FOR TWO-TERM

EXPONENTIAL MODEL

Groups of Initial
Estimates

Group Number with

Smallest f‘

Smallest 'f‘
Value

Set 1

Set 2 Set 3 Set 4
63 63 63 63
52 63 61 59
0.0827 0. 0455 0.01185 0. 02952

TABLE 4. INITIAL ESTIMATE SUMMARY FOR THREE-TERM
EXPONENTIAL MODEL PLUS A CONSTANT

Groups of Initial
Estimates

Group Number with

~

Smallest F

Smallest 'I\i"
Value

Set 1 Set 2 Set 3 Set 4
420 420 420 -
59 47 14 —
0. 2132 0. 3532 57. 45 —

Numerical problems were encountered for both the three-term model

and the three-term plus a constant model.
.occurred for the set 2 and set 3 data.

As indicated in Table 5, divergence
It is noted that the determinant of the

coefficients for solving for the correction matrix was 0. 911 x 10~ in one
case and 0.162 x 10~2 in the other case. Convergence failed to occur for the

set 2 data even with relatively good initial estimates.

20
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The data in Table 6 summarize the results for the two-term plus a
constant model. As shown in this table convergence failed to occur for the
set 3 and set 4 data. The initial estimates for the set 1 and set 2 data showed

some disagreement with the cycle 1 estimates. The crf initial estimate values

for set 1 and set 2 are significantly smaller than the o values at the end of

cycle 1. Rather high error estimates for the A; and B; parameters are
also evident in this table.

Results obtained for the two-term exponential model are perhaps the
most encouraging from the standpoint of adequately describing the data. As
indicated in Table 7, highly accurate parameter estimates were obtained. The
converged estimates represent an improvement over the initial estimates with

the exception of the set 4 data. Here it is noted that crf =0.0215 for the

initial estimates as compared to crf = 0. 0600 for the improved estimates. The

initial estimates were thus chosen as the representation for the set 4 data.
The models that appear to adequately describe the observation data are

-0. -0. 010751
Set 1: £° = 0. 924798¢" 0 160783 | ¢ 530938¢ 0 010TSIE
-0. -0. 01
Set 2: £ = 0. 6294700 23023 | g76240¢70 01642
Set 3: £° = 0. 5987020 " 1263268 | fo75g7e=0- 006132
and
Set 4: £° = 0. 4249700 1993688 | 59703770 005876t

The observation data and the models evaluated at the corresponding time point
are presented in graphical form in Figures 4 through 7. Residual data are
presented in Figures 8 through 1i. These figures indicate an adequate model
representation of the data. It is concluded that changing the exponential func-
tional form for these data to one other than a two-term model is not warranted
in view of the problems encountered with the other models. '

The coefficients for each model are plotted in Figure 12 as a function
of the time to oxygen evolution associated with each set. These data enable
one to simulate the physical process using a two-term exponential model at
conditions other than those tested.
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Figure 4. Observed and computed response for Model IV analysis
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RESPONSE-
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TIME

Figure 5. Observed and computed response for Model IV analysis
on set 2 data.
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Figure 6. Observed and computed response for Model IV analysis
on set 3 data.
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Figure 7. Observed and computed response for Model IV analysis
on set 4 data.
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Figure 8. Residuals for Model IV analysis on set 1 data.
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Figure 9. Residuals for Model IV analysis on set 2 data.
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Figure 10. Residuals for Model IV analysis on set 3 data.
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Residuals for Model IV analysis on set 4 data.
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APPENDIX
COMPUTER PROGRAM DOCUMENTATION

This appendix presents operational information on the UNIVAC 1108
computer programs concerning the regression analysis application of expo-
nential models to decay-type data. The general organization of the operational
version of the two developed programs is depicted in Figure A-1. Since both
programs are basically similar, only information concerning Program II is
presented. A complete program listing, job card example (Fig. A-2), input
preparation, and sample output are included.

( @FIN
G FIN
f @I;MD,BALE
( INPUT DATA DECK
(@XOT
I PROGRAM DECK
( @FOR CARD

/ @ RUN CARD

Figure A-1, Program organization.
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1108 RUN REQUEST & INSTRUCTIONS

NAME (LAST & INITIAL) op Tuoss PROD #
JUNKIN, B. P3¢ 320600
BINS BLDG# RM? RUN-ID .
313 4663 |A-217 | EXPREG 1 OF 1
EST. CPU RUN TIME | CORE SIZE PUNCH [ f COMPILE
0 _wrs. 3_mms| 24K N/A O SORT

o LANGUAGE
@ EXEC VIl | FOR4

PAGES

MAX. | O SPECIAL FORMS
1,500 | type COPIES

DOES THIS JOB HAVE A R

ESTART PROCE

DURE? [ YEs I NO

INPUT TAPES

OUTPUT TAPES ONLY

REEL NO. |FILE NAME| UNIT

REEL. NO.

FiLe Name[L2%] uwiT Jsave

PROGRAMMER COMMENTS:

Set 1 Data: 2 exponentials

CJ over

MICRO FILM COPIES COPY FLO

OPER. INIT,

AFILES J“FRAMES P

F P F

SEQ.#

OPERATOR COMMENTS:

[ SEE TECH,

MSFC = Form 3019 (Rev August 1969)

[O] SEE OPER.

J over

Figure A-2. Job card example.



Description of Data Deck Input Parameters

The card immediately following the @XQT card is the first card of the
input data deck. This card specifies the number of cases (NCASES) of data
that are to be processed. The format is of the form +XX (13) and appears in
columns 1 through 3. The information between the $INPUT card and the
$ card is associated with a specific set of data and is input under the non-

executable NAMELIST statement. For example, the input statement in the

- program is -

NAMELIST/INPUT/T,Y,NN, TL, TR,YB, YT, YB1,YT1, VARY, TOLER,
ITERM4,ITERMS3, ITERM2.

The forms that the input data take include variable name and sub-
scripted variable. In the usage above, T and Y are subscripted arrays and
the remaining variables are simple variable names. The specific format of
the data can be either integer constants (i.e., +218) or real constants (i.e.,
1. 85921E+00, with or without the E notation). The description of the vari-
ables in the NAMELIST statement follows,

T — array containing the values for the independent variable
Y — array containing the values for the dependent variable
NN — number of data points

TL — left plot limit for the horizontal T axis

TR — right plot limit for the horizontal T axis

YB — bottom plot limit for the vertical Y axis

YT — top plot limit for the vertical Y axis

YB1 — bottom plot limit for vertical residual axis

YTi1 — top plot limit for vertical residual axis

VARY - crfz , variance for dependent variable

TOLER — iteration parameter
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ITERM4

ITERM3

ITERM2

— control parameter for Model IIT
— control parameter for Model IV

— control parameter for Model V



Computer Listing of Program [
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PFOR IS LGLEXP,LWCERP
HYJ Lu9=09/716-123:31 1,4}
MAIN PROGRAM

STORAGE USEDL: CODELN} G456175 DaTAlu) 0237775 BLANK CORHON(2) BUDBOD

' EXTERNAL KEFERENCES (BLOCK, NAME)

[ ] ) TRACSF

teed TUENT

Loos QUn3L

LUGegée INVRY

oec7 EHDJOB

Loy NINTRS

Letl NRDUS - - T -
0012 nlo2s -
[TAR] NhDUS
D3y NRELS
©o1s NONLS
co1s vLoe
Got7 EXp
vu2u DEXP
fu21 nigls
6c22 SURT
ve23 DSQRT
G024 NSYQP®

STORAGE ASSIGHhMEKT (BLOCK, TYPL, RELATIVE LOCATIUN, NAME;

Gilo 023210 1 ,LF Uoue C23218 1L0F Loul Qu2077 1Lt2¢ 000 623212 102F a001 £02124 1u23p
(2479 ©Z3234 §33F Geul Gu2172 1yu35e Louo 023240 1CHF 06u1 L02208 10436 uool uc2207 10466
Ce0u (232947 ) oSF oLel vL2223 15546 040 £23266 1GSF Y] w2241 10616 0001 £02247 10666
oucy (23274 107F ygul G@2255 1,736 c630 023277 tiBF 0aga L23317 L99F agae 223326 1LQF
Leot ve2263 §leuG gl L2265 11336 023336 111F ool v0230! L1ie 0061 402302 11146
Coou (23344 j12F Crut w233 11226 GL2315 51256 acoo 123353 113F 0061 ©02327 11336
Gool 02330 11366 wtub 623373 G19F G 0p2342 11446 oce! 002344 11476 0000 023376 11SF
vect Lu2345 11526 Ltou  GZ34¢) JeF aut 002374 11636 ecet voz4gl 11676 0ua0 223410 L17F
Ceil w2414 )t766 LG {23422 )18F (R 023423 119F [T ] J23435 12¢0F 080301 52415 12016
CLOG  CZ3INSE t21F orut 23455 (22F ) 0c2467 12236 GOG0  U23464 123F 0000  T23466 124F
Loul ve2512 124 6 el w2513 2436 A 023477 125F SUD 002526 12526 0001 502527 12556
00U w2351 126F vl L2549t 12636 Gel 002543 12666 o0 W23514 127F DOUt 2025494 12716
GCuw LZ352Z 128F “Lub 123525 1 29F w00 623532 13nF GYo1 w02605 13056 0000 223541 134F
CCuw  ©23553 132¢ Lot “C2647 132706 COLD  u23567 133 UG LD2655 13346 0001 402657 13376
Gule (23601 134F wCCO L2364 435F voa! 042715 13536 3666 a236t? 136F adoi GUZT34 13626
Glus 023621 137F epul 23625 )3eF GtLyU  €2363¢ 139 cuao U23642 149F 0061 503C06 14016
wGBu 23652 J41F Jcub L 23657 j42F LT GuduLsL 14266 UGt uC3p70 1427¢ 0uOD  u23675 143F
cous G23T7ch 44F PEY u23753 145F Gedi Gu32G2 14586 Guoo G23712 196F 0000 G23717 147F
ugol CLIbLH 16166 vl 6uL376l 16526 Gyl Qu4LGY LbbbG Cuil 04025 16766 i1 71 GO4CE0 17066
[ CEHaTY 1T1Ne Lol Tuc7% 17176 o6l Cu4til 17256 uGat 0E4124% 17326 ool 304132 17376
€eol w40 17446 csutl w4146 37516 651 Gu415y 17546 0231 G416 17626 0091 G049165 17655
(7R} ui4izé 17730 sCcul LGC423C 177606 el €o6614 2035L GGO1 L4212 2ypMce ooGt e04213 2007¢G
cual LL4225 24154 Cuul Go4227 2,206 w00t L4233 2¢23¢6 bugl LG4257 213346 guot 5049264 20406
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INTEGER ¢
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(1K1}
(W22
(83K NGN=LINEAR EXPONENTIAL REGRESSION ANALYSIS USING AN

-ERATIVE CORRECTION PROCEODURE)

(36H ASSUMED MODEL S THKEE EXPONENTIALS)
(33H INITJAL ESTIMATES FOR PARAMETERS)

7

$3X, IMAIRELI 08, 2X, IHBLEELI 802X s JHAZRE L3 v6yv2X5 INBZSETIv6VZX

S 3HAIRE}3.632%,38B3ZE1346)

(1SH CYCLE NUMBER =13)
(3x,220 PARKAMETER CORRECTIONS)

(3X ) 4HOALISEF3e641Xs4HDBISE 36,1 X,41DA22E1366,1X,4HDB2=E1],
=631 X s 4HDASIEE {346, I X+ 4HDOBISELI 36}

{3X,29H IMPROVEL PARAMETER ESTIMATES)

(3%,37n RESPONSE VARIABLE STANDARD DEVJATION)
(3Xy6HSIGY2E |346,3X16HSIGY2EE 1346)

(3A,3iH COEFFICIENY STANDARD VEVIATION)

(X, 4HSANTE LI v b6y I X 4HSBIZTE 130643 I X ,4HSAZ2uEL 346, I X 4HSB2=EL],
=5 X ) HHSAIZE 366, 1 Xs4HSBISEL3,6)

(3Xy6HTOLER=E3e6)

(3XySHOTOL=EL3+6)

(3X,29HCONVERGENCE HAS BEEN ACHIEVED)

(3XK,48n VALUES [N LAST CYCLE ARE FINAL PARAMETER VALUES)
(13} . -

(50H INITIAL ESTIMATES FOR THREELTERM EXPONENT!AL MODEL)

(SXy bHI o8Xy IHF y 14X, 2ZHAL s 13X 2HB1 313X »2HA2, 13X, 2HB2+13X,2RA3

(3x,13,81E13¢6,2X))

(3A931H THE INITIAL ESTIMATES USED ARE)

{3x,2n1=)

(494 INITLIAL ESTIMATES FOR TWO-TERM EXPONENTIAL MUDEL)
(S5, g1 4 BXy IHF , 14X, 2HA 13 13X, 2RB1,13X02HA2,13%,2HB2)
(3Ixy]13,86(E1306,2X1))

(30Hn INVERSE TIMES ORIGINAL MATRIX)

(3X,7(E1366,01X))

(3X418H DETERMINANY VALUE)

(34H ASSUMED MOUDEL 1S TWO EXPONENTIALS)

(3K 3HAF=EE [306,3X,3H8 1 2E134603X,3HA2BE1346,3X,3HB22E 1340}

A3 ORDELAITE I 306, 3X16HDELBI®E130643Xsb6HDELAZEELI 623X 36hDE

13X,3Ha ) @E | 3e6,3X,3HB3E13¢613X,3HA23E1346,3%,3HB2=E3¢6)

{3X45HSGAI®ENIe6,3X,5HSGBIBEI3e6,3X,5HSGAZ2E1346,3X,5M5G82=

t3x, 10+ RESIDUALS)

(3X,E£13,6)

(18K INVERSE UF BTew®8)

(9n B MATRIX)

(S)H UBSERVED RESPONSE, COMPUTED RESPONSE AND RESIDUALS)
(6XyBHUBSERVED 46X, 8BHCOMPUTED 16X, 8HRESIDUAL )

{210 END OF CYCLE NUMBER 13)

(76H GBSERVED RESPONSE, COMPUTED RESPUNSE, AND RESIDUALS

«ING INITIAL ESTIMATES)

(3X37HSIGYINFE3ab)

(7H BTsyies)

(33H ASSUMED MOUEL 15 ONE EXPUNENTIAL)
(2GH PARAMETER ESTIMATES)

w2 l6e oo FORMAT
3113 17 1ed FORMATY
RIR 16e 12 FORMAT
culld 19e
wil1s 0. 1v3 FORMAY
Gullé 21e levd FORMAT
eu1? 220 15 FORMAT

—— G I3
00120 240 tie FORMAY
vas 2l 25s 1«7 FGRMAT
0g122 260 1.8 FORMAT
o122 210
96123 28 169 FORMAT

. oal a4 29 e FORMAT
125 ILe 111 FORMAT
G226 de 142 FURMAT
d3127 12 143 FORMAT
catb27? 33e

- CG13¢C A4e 144 FORMAT
65131 3i5s 115 FORMAT
Gyr13z kY3 116 FORMAT
{8132 37 1i7 FORMAT
S0134 38e lig FORMATY
L0135 39 1y FORMAT
ot136 4¢e 1eg FORMAT
dG136 Yie -, 13X, 2HB 3]
56137 b2e 121 FORMAT
8g14cC 43 142 FORMAT
‘g4l S4e 1%  FORMaAY
og142 4Se 124 FORMAT
Gi143 oo 145 FORMAT
Qo4 47 146 FURMAT
o145 4Y8e 127 FORMAT
$5146 49 148 FORMAT
GoI47 SCe 129 FORMAT
GG15¢0 Sie 133 FORMAT
dg151 52 13} FORMAT
G152 53e 132 FORMAT
cg152 54 =LB2=E£13e6)
Qu153 5be 133 FURMAT
€154 Sée 134 FORMAT
L1154 57 “E13e6)
40155 58 135 FORMAT
“o156 59 136 FORMAT
G157 bue 137 FORMAY
“Q160 tle 138 FORMAT
¢g161l bz 139 FORMAT
atls2 63 [ FORMAY
V163 b4e 141 FURMAT
3164 65 142 FORMAT
¢ 64 cbe
Uc165 67 143 FORMAT
Sg166 68s 144 FORMAT
00167 69 145 FORMAT
ggtL7¢ CT7Ge 146 FORMAT
Cos7s 7] 147 FURMAT

(3X3s3HAIBEI306,2X,3HDIREL3.6)

us
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SLl72
G174
w176
‘o208
G203
£42065
tg21¢0
ou213
eG215
6g215
oG215
&a215
60215
L2117
Gs224
GL221
¥g222
¢5223
vg224
Q225
GLz26
o227
o230
¢L233
S0234
Ly235
G236
w5240
eu241
o241l
gu241
Gy24i
w42
Lo243
G244
Co244
(YL
G244
3245
GG246
G247
sG25¢
9u251
Guz252
w253
Gu2s6
$6257
GL26G
o326t
Uu262
Gu263
GG264
$3266
6G267
CGL267
UG267

46

72
73
74
75»
768
77»
78e
79
Bue
i
82e
E3e
B4se
85e
Bée
B7e
86
89e
S e
Fle
92
F3e
Gie
G5
S6e
97
GHe
99
1Tl
gl
iG2s
1C3e
1G4
135

Yobe

137«
1p8e
1(9e
Liue
ilie
i12e
1)3
1i4e
115e
Jioe
117e
jjte
119
| 3%
121
122
123»
1240
125
26
127

- DATA 1BCDILL),1=0,012)/6HTINE  ,11seH
DATA (BCDY(I).l‘lylziléﬂRESPONgéHSE
DATA (BCOR(I),1=14,12)/6HRESICU,6HAL
READ (5,118) WNCASES

2 WRITE (6,1CC)

(aN ol alal

READ (5, INPUT)

CRITE (6,1NPUT)

IF (JTERM2eNE.L) 6O T ;
1IF (JTERMY4.Ey,G) GO TO 4030

INITéAL ESTIMATES FOR THREE EXPONEMNTIALS
TRAIGHT LINE FI1T TU LOG Y VS, TIME

1d=¢
J1=2
BJl=3.

Iy lvslus+

SMiIz3,

SM2=EG,

SMIBG.

SMY=(,

JJsNN=_}

DO 3¢C I=U0JsNN
SMI=T(])#e2+SH|
SM2=0L0G(Y(l))e+SM2
SM3I=T(1)+SNM3

ey SMU4ST (1) eLLOG(Y ([} )+SnY

[a N al

C

C

CAA3zBUleSMiaspMH3es2
CA3I=(SM)esSMZ-5MIoSMY) 7CAAS

ESTIMATES FOR A3,p3

BIm=((BJI1#SMYy=5M3e
SM2)/CAAD)
A3=EXP(CA3) "2
JZ=Jl+3

STRAIGHT LINE FIT TO LOG RESIDUAL VSs TIME

JUsNNeg 2

JHNENN= J =]

SHiIeG,

SM23e

SMIe,

SMA=zg,

DO 38t 1=udsun
X3(1)e=832T (],
R;S(])!Y(l)'AJ'DEXP‘XJ‘I)’
RES([)=DABSIRES(i})
SM1sT(l)se2+SM}
SM23DLOGIRES (1)) +SM2
SM3I=T(1)+SMI

Jui SHUET (1) #DLOGIRESIT?) 1 +SMH4

C
C

CAAZa3,05M|=Sli3ee2
CA2E(SMI*SM2=-5M3eSMY) sCAAZ

ESTIMATES FOR A2,B2

/
yi0 4R
sy 10#6H



00267 128 C o
G270 129 B22=((3e8SM4=SMI*SH2) /CAA2Z)

QU271 13ue» A2=EAP(CA2)

Gy271 131 C

vez71 132e C STRAIGHT LINE FIT TO LOG RESIDUAL VS TIME -
G271 133 Co - R bt

g0272 134 JNENN=J2=1¢

28273 135 BJ2=JN

cG274 1306 SMI=G.

w5275 137+ SM2a,

V0276 138+ SM3=r,, o
Go277 139 SMY4=g. T
V3006 T4ye D0 352 1=1,UN

cu3LI i4;e X3(1)==B3sT1( 1)

Go304 142 X2{1)==R2¢T ()

Gulns 143 RESCIISY(1)=A2¢DEXP(X2(]))=A36DEXP(X3(]})
E53G6 144 RES(I)sDABS(RES(1))

<g3u7 J45e SMIST ([ ew2+SH1

Sy3tu 14¢» SM2=0LOGIKES (1)) +SM2

vL311i 147+ SM3I=T([)+SH3

toar2 148w ez SMA=T (1) DL OGtRESL]) ) +SMY

o3y 149e CAALI=Bj2e5M as5M3ne?

€s319% 15ue CAI=(SHI*SM2Z=5M3*SMY) /CAA)

wli3te i54e C
SG31% 152«
wu3is 153 C

BU3te 154 Bl==((BJ2¢SM4=SH3I«SM2)/CAAL)
Juw3i? 155 Al=EXP(CAL)

G317 156« C

3317 157w
BGAIL7 158 C

n

"ESTIMATES FOR Al,B)

()

WEIGHTED SUM UF SWUAKES UF DEVIATIONS,W=l.

Cu3zs i59» DO 3y3 1=],Nn
Gu323 1bue Xitl)==bleT(])
L0324 léim X2(1)=2=B2eT(})
Gg32s 162 33 xX3(})==B3eT(])
Gul27 163 SUMDEV=J.

Su3dav Le4w DO 3048 I=t NN
w333 is5e Bil»1)=DEXPUIXILT )
U334 loow BUI3)=DEXPIX2(1))
$gaas 167w Bil 5 )aDEXPIXS(I))
Yi33é l168e 3u4 SUMDEValY([)=nl*B([1))=a2eB(],3)~a3%B(},5))®e2+SUMDEYV
G340 169 Jizdi+)

GA341 17ue But=BJi+t.

3342 17ie KTER=NH=Jj=6
Ggaald 172e F(IJ)=SUMDEYV

IAVREL 173 ARCL,1J)=A}

U345 174 AR(2,10)=81

Jud4é 175 AR(3,1J)=A2

OuI47 176 : AR(4,1u4=82"

00350 177 AR(5,1J)3A3

$5351 1789 AR(6,1J)=83

33352 17%e NKOT=1J

Gpasd 18Le IF IKTER«EQeQ3) 60 TO 335
U355 18ie GO To 39uu

03356 igZe Ius CONTINVE "
HERT i83e C



DBASé6  1B4e ¢ SEIECTION OF SMALLESY F AND CORRESPUNDING PARAMETERS
§Gasé 185» C

00357 - 186e - DO 367 tebyly - -
0362 187e IF (F(I)eLTe0s) GO TO 306
C03s4 - l8Be GO TOT3VTT :

60345 189 3ué Flils=F(])
GBI IR - IETF CONTFINGE———————— —= = —= T mm e e

90370 191 JJ1=]
-G8371 fg92s - NKOT=NKOT&} -

o3z 193 J=]

-G8373 - 194e R € Y R

Goary 195 TEMP(1)=F ()

|35 t9ee——3us—DF=TEMPtII=F I — —- R

633746 197 IF (DFeGTeGe) GO TO 339

Gg4ou - tess - TK®K®pT o o

G401l 199 JUulmKe]

00402- 200¢ - NKOT=NKOT=1 -

G463 201 e IF (NKOT«EQeg) GO TO0 310

W'ﬂ)ﬁ“"""’mf__ _____ GO~ T0 JJB ST AT e T
Cg406 203 39 Jrjdl+ig

Co407 2Gus T TEMP(JIISFIK) -

¢g410 2Q5¢ K=K+

Go41l  206e TIITmKE T -

Go412 2G7e NKOTsNKOT =}

V43— 208 F INKOT+EGT OG0 TO- 31U e
008415 209 GO To 23ys

GOWL6 - 210® - -3EG CONTINUE — - -

3417 211le Al=AR(1,J)

06420 - 2120 ~ -~ BImARC2yJ)— -

vd421 213 A2mAR(34J)

€o422— 24 82w AR Y59 e
6G423 215¢ A3ZAR(5,J)

00424 216¢ - — - BIWAR(EYII - o

o425 217 JSEL3=J

G426 — 2)18e¢ - - HREFECETEOOY

50430 219 WNRITE (6,101) :
o432 —226° WREIFE 651 ) e e e e e
0434 221’ WRITE (6,120)

00438 - 222¢ - - DO i=t. 1y

so4yl 223e 31 WRITE (64021) (I+F(I),(AR(JII)»JBL,46))
B0452 - 224 - WRITE 6510 0)-

00454 225e WRITE (6,122)

QO45e —226¢—————WRHTE 6123 —uSEL I - - S

Go46! 227 4036 CONTINUE ]

Go462 - 228e - : “IF-CITERM3WEQ.C) GO To SOCO

00462 229 c

00462 - 230e - C INITFIAL ESTIMATES FOR TWO EXPONENTIALS

0C462 231e C STRAIGHT LINE FI1T TO LOG Y VS. TIME
V0462232 € e T

00464 233 jJ={

004965 ~234¢ - B § 5 S

00466 235 Bul=3,

“GO46T  236e T AGI T TIIElIFT T

60470 237 SMisg,
~OgE YT 238 — SM2esgy e - -
ogu72 239 SM3=g.
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G473 24 SM4=Zae. . ..

G474 24} JJ3NN=J1

o475 242+ DO 444 1=JJHNN

oSl 243 SMIZT(])e®2+¢SH] O
— G5 244 e— — — — T SHZ2EDLOG(YU T ) +SHZ

LESL2 245 SHMIST(])I¢SM3

GG5GI 2466 Hug  SHMART(I)eDLOGIY(]))*SM4

SusSys 247 CAA2=BJI#SM)=SM3ee2

TGiEdu6 248w CA2= (SM3eSM2-5MIeSMY) /CAA2

% o1 -14 - 249
UG5D6 25
LG%u6 251 C

(a2

£ESTIMATES FOR A2,B2

SooL7 252+ B2==((BJ1*SHYy=5M3es5F2)/CAR2)
Sl 253 A2zEXP(CA2)
wsS1 1 254w ) Ja=J1+3

L5111 255w C
GG51) 256+
«G511 257 C

(g

STRAJGHT LINE FIT TO LOG RESIDUAL VSs. TIME

Sco12 258» JN=NNeJt =)

©as13 259+ BJ2®JN

5514 260 SMISE,

GL515 26140 SMH2=,

GUS16 262 SM32Co

vis17 263w SMY4Y=(e

tceszae 2640 DO 4C2 I=1,JN

65523 265 X2(1)1==B2¢T(])

G524 2669 RES(I)aY(J)=AZeDEXP(X3(1))
w5525 267 RES{1)=DABS(RES (1))

gus26 2686 SMI=T(])ew2+SM]

ub27 269 SM23DLOG(RES (1)) +5M2
CGo3¢ 27¢ e SM3I=T(])eSM3

LG5t 271 Y462 SHMU4=T(])eDLOGIRES(]))«SMY
66533 272 CAALI=BJU2e5Ml=5M3se2

5534 273w CAL=(SMIeSM2=-5M3eS5MY) /CAAL

w3534 274» C
L0534 275
L5534 276w C

65535 277 Bls={(BJ22SMYy=-SMIeSM2}1/CAAL}
w0530 278 AISEXPI(CAL) ‘ '
w536 27%e
G556 28u*
&8936 281w C

[a]

LSTIHATES FOR Ald,b1

NN

WEIGHTED SUM OF SWUARES OF DEVIATIONS,W=1,

CLo3?7 282w DO 433 I=1,Ni
veh42 263w Xt(l)==BjeT(])
Y8543 264 4w 3 A2(l)==B82eT(])
GGE4S 285w SUMDEV=D,

Cus46 286 DO 4434 I=) 4NN
&ygss51 287w BUl})=DEXP(X (1))
U552 288w 6tIs3)=DEXP{X2(1))

G553 269 4oy SUMDEV=(lY(I)eni®blir))=a2epl],3))as2+SUMDEV
Gu555 29ue Jisdl+}

60556 291w BJIZBJI+]e
G557 292 KTERSNHWN=J1~=3
CGB60 253 FLIJ)I=SSUMDEY
&3561 294e AR(L,1U)=A]
Cy542 295e ARK(2y,1J)aB1
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w8863 296 AR(3,)}Y)=mA2 .

Uases 297e AR(4,1J)=B2

v3565 298e NKOT=1y .
Gus566 299 IF (KTER.EQed3) GO TO 435
&0S7¢6 30ue G0 To 401

Gas571 351 4usb CONTINUE

- QUSFE- - 3g2e ——C- —— - ——

Gus71 303 C SELECTION OF SMALLEST F AND CORRESPONDING PARAMETERS
G0571 - 304e C

043572 3g5e Do ‘0&7 Is],10
¢o0s75 336 . “IF- (F{1)etTogas) GO TO 4yé
Gus77 3y7e GO TO 44¢7

06— 338 —~ 4o —F tiFwwFtHH—mMmMm——— - e e e
00601 359 4u7 CONTINVE

00603 3ide JJr=y o - e
Go60D4 3iie NkOTSNKOY H
Ggens )2 CJELC
U606 353 Ke2 . -
_"’WGW““"}T‘."’" ° TTUTTTTTEMP (Y I1=r 1] T o ooTTTmr o om oo
Gus 10 3i5» 48 DF=xTEMP (J)=F (K}
Go611 3l6e IF (DF+GT+Ce) GO TO 459
vEe13 3i7» K=K+]
oG614 318s JJlEKST T
Gge1s 1% MKOTaNKOT=1]
-gdete—— 320 — A FANKOTFERIO TG0 TO 411G - - -
20620 321 GO TO 408
o621 322 4uy JRJJdiet -
G622 323 TEMP(J)sF (K)
099623 324w K=K+} — -~ -
U624 325 JUIEK~]
- OEe25— —-3268— - - - — —NKOTONKOTF~F———— T - -
39626 327e IF (NKOT+EQeld) GO TO 414
00630 ----328e - GO TO- 4us
w0631 329 414 CONTINUE
Gued2 330 Al=mAR( 15 ) -
w633 331 Bl=AR(2,J])
- GPEIH—-—332% - - - AZBAREA I~ : -
w635 333» B2=AR(4,J)
00636 - 334e JSEL2=y
Guéa7 335e WRITE (6,1006)
GO641 36 WRITE t6,131)
09643 337 WRITE (6,12%)
QY645 — 338 ———wRITE 65425 ) <~ s e
CJ3647 339 DU 431 I=i,ly
Q0652 - 340 413 UWRETE (638261 —(15F (1) ,(AR(U» 1), U1, 4))
Go663 34je ARITE (6,101)
U0665 -~ 342e T WRITE—t63122)
0667 343 WRITE (64123) JSEL2

— 00672 — 344 e —— SUUTCONTINGE -~ e e

U672 345 C
C5672 I4be C STATEMENTS NUMBERED S;p~59% REFER YO PROGRAM FOR THREE

G0672 348w C [
Gg673  349e IF. (xrenmq.sq.g) 60 To 600

00675 354« C
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C THREE EXPONENTIALS

C
C

Suul

<
Cw
C

5ul
d
Cd

C

Suly

Ca678 35ce
2675 353
vi3675 35 4m
w3676 355
¢yg70d___ 3568
wJd7ul 357
L5794 35de
vu7idb 359
L3719 bu»
“o720 36w
vu721 3620
w722 363e
w3723 364w
sG724 365
vs725 366w
CJ7286 367
3727 368w
vd73u 369
go731 375
GG733 371
43735 372~
Gu737 373
Lg742 374
QUTH3 3735
GJ744 376
TU745 377
$3746 378+«
w747 379
w755 3BUe
3751 381w
45752 382
GJ75%3 383w
€3754 384w
Q755 385w
G57156 386
“u757 387«
0’65 388
BJ766 38%e
50771 I9yw
va772 391
33773 392
wa774 393
Carr4 394w
PHYAL] 395
w774 kY XY
eu?75 397
Y1926 398e
[ RVD I 399
alacu 40U
wluJdG Yyl
01902 4g e
widgnd 4i33»
G1agd Hij4
“1Jub 445
wldil 436w
SLa14 4737+

[TERMY=]

ARITE (o651 uu)

__WRI1YE b0 G2y

NRITE (6,131)

SFRITE (6,193)

WwRITE (6,154

SRITE (641U5) AlsBisA2sB2,A3,B3
KCYCLE=D

Ail=a)

Bil=py

A22mp2

322=82

A33=Ag

333283

BJ=NN

SUMSWws e

WRITE (5,142)
WRITE (bydul)
ARITE (6,140)

DO 5ggd 1=) i
Ki{l)e=B1lieT (],
X2(1)==B22+T¢(])
K3¢1)==B833T (1)~
Bi{l,1)=DEXPXL(T))
BI1,312DEXPI{X2(1))
BII,S)a30EXP(X3(T))
YCLI)=ALI*B(],1)+A22¢3(],3)*A3128B(],5)
RES(1)=sY(l)=Y_(I)

RSS{11=RES(I)

TStl)=7(1)

Ystly=vytl[}

YCS{pi=mYC(])

SUMSR=RES(])#se2+4SUMSY

NRITE (64128) YCL),YC(I),RES(})
SIGYIN®SQRTISUMSQ/ (BJU=641))

ARITE (6,143) SIGYIN

KK=NN

CALL QUIK3L (=)doTLsTR,YB,yYTs43,BCDT ,BCDY KK»TS,YS)
CALL QUIK3L (g, TL,TR, Y8, YT ,35,BC0T,BCDY,=KK,TS,YCS)
CALL QUIK3L(=1,TLyTR, Y81 ,YT1,35,8CDT»BCDR,,=KK,TS,RSS)

HATRIX

DY 551 I=1,NN
AlLl)=1e4/VARY

HATRTX

CONTINUE
KCYCLESKCYCLE+]
WURITE (6,191))

WRITE (6,106) KCYCLE
DO 552 1=1,NN
Xltil==BiieT (1)
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Glois
vlulé
S1629

wif22

1325
“ly26
Glo27
Glié3du
0lG3i
8013832
1033
“1d33
Gic33
wiu3dl
51442
w1045
Gi1d50
Glg5a
G1C50
wld5s
G1553
G1u56
L1ys6
Q1556
Gludsé
viged
Ulaéld
[VERVY. 3]
Glu70G
gil072
6l1u75
olu77
Litp2
G1iInSs
1105
vilub
vilud
Glliiu
Glirl
glaté
G1121
e¢lizs
1127
wolildz
Wi135
ell4du
wlE43
Gl146
Gl151
V1154
cli60
gliez
L1165
G1165
w1165
¢1165

52

4CHe
4G9
4j0e
414
412
413
4149
415e
416
4347
418
419w
42y
42i»
422
423
424w
425w
426w
427
428
429«
4300
431
H32e
433
434w
435
436w
447 =
438
439
44 e
441
44 2e
443e
444w
445w
Hipw
447«
448w
449
450
451
4528
453
454 =
455
4564
457w
458+
459«
465
461
462
Hé63w

5u2

Su3l
C

X2(1)==822+T¢(1)
KI(1)==B338T(])

WRITE (6,138)

DO 533 I=g NN
Blls1)=20EXPIXI(]))
Blly2)==ALl*T(1)*B(1,})
Bils3)=DEXP(X2(1))
Bllsd)z=~Aa22%T(])*B(1,3)
BlI,5)aDeXP(X3(1]1))
Bllyo)==A33*T(1)sB(!,5)
ARITE (6,128) (Bl ,J9B)JB=116)

C TRANSPOSE OF B HMATRIX

C

S
C

DO SGH K=1,6
D0 Sg4 I=)4Nhp
BT(K,113B([yK)

C W MATRIX

C

Su5
C

C

506

Su?

Suy

S5u?
C

DO 535 I[=],NN
BN(T g3 )3Y (I =A}eB(l,))=A22%B([,3)=A33B(,5)

C b-TRANSPOSE*WeN

DO 556 I=1,0NN

D‘(lll’aﬁouoo

D0 537 W= 4Ny

DItIN, )3 iIN)epN{Ti, L)

DO 558 I=1,6

D2tl,1133.500

DO 539 M=},6

DO 5359 Nzl NN

D2(My 1 )aBT(M,N)#D (N, )+D2(M,])

C u=TRANSPOSE®*u*b

C

S5ly

5i)

512

513

Siay
C

DY S5t I=1yNN
DO B35 J=1,46
Ditl,Jdir=ne3Dy
DU 5311 P=1,6
DO S)1 N=},NN
DItN,P)B@tIN)YeB(N,P)
PO St2 I=1,6
DO 512 J=1,6
UJ(I.J)‘G‘.JDJ
DG 513 M=},6
DO 533 Pmi,b

DO S13 NEl NN

D3I(MyP)=BT{M,iw)e¢DLI(N,p)+D3(M,P)
WRITE (&4,144)
DO 5133 13146
WRITE (6,128) (D3(I+IX),IX=zl,6)

C INVERSE OF B-~TRANSPOSEsivep

C



Gl174 Hede 12O

¢1175 465w DO 514 I=zi,6
Ot20G Ho66w D0 514 Je=i,6
(" P4t Y467 12=212+]
o §1204  YebBe D(12)=D3(J, [} . o
g2 469 514 PDE12)=D3 U1
- ﬁ,lz xa Coe 4.73' o —— .‘T,‘.'t_..,.__-._wm,.__.mw.‘._. e e e e e
¢r211 471 M=
Cl1212 472 - - - CALL INVRT (D4yNyM,DETER)
el212 473e C
I E 'S ¥4 474 C INVERSE MATRIX - - SR
wi212 475« C .
1213 4768 - TCUTRYeE T
- el2l4 477+ K2=é
61215 478e K3=é
vlz216 479 K4=b
Gizar7 HBue WRITE (6,137)

vlz21 481 Slq: WRITE (6,128) (D(1)1aK},K2)

Gr22Y T 4g2s CKpEKZEpoTT
. G1230  483e K2=K2+K3
G1231 484 @ K4=Kge] )
01232 485 IF (K44EWeG) GO To 514t
61234 Y86e G0 TO 5140

&l235 487« 514 CONTINUE

U236 HBBE G e e e
©1235 489 C INVERSE®ORIGINAL MATRIX
G1235% 4908 C

$1236 491w 12=5
G1237 492 DG S15 1=1,6
G1242 493w DO 515 J=l,6

_¢ 1 2“5 - . " 9 q | e O rzri 2.; r,_..v-,,.-___.....,...wu. Uy R SO
Glz46 495 sis N33(J,11=D(12)
61251 494 DO S155 I®=146
$1254 497 DU S182 J=isé
$1257 49d8e S515¢ DIDEN(IsJ)=0eiiDU .
G262 4659 DO S351 M=ly6

"C1265 ° S5Gos’ T DO SYSYTPEL,s 0 T T T
Glare Sole DU 5151 N=},6
61273 5028 5151 DIDEN(M,PISED33(M,N)IPD3(N,PI*DIDEN(M4P)

- vi277 5533 1hWsé

¢1300 SC4e 1=1
¢lae!l SG5e WRITE (6,127)

G363 - SU68 5152 T WRITE &, I28T IOTDENTL 4 J) 4 J®1,6)

R Gl311  507s Iwelw-1
Giag2 S5g8e IF tIweEWsG) GO TO 5353
1314 5G9 , j=1+}
¢1315 51Ge GO To 5§52
. G1316 Slle 5153 CONTJINUE

@137 - oS p2e s RRETE e O e e
01321 Si3s WRITE (6,129)
1323 Sj4e WRITE (6,128) DETER

G132 S15e C

1323 5)é6e C UELTA MATRIX

G1323 5(7e C

G1326 - 5189 - - pOSI& I®iyE oo
C1331% 519 Sile DELU]I y1)=8eblDy



_$1333  _S52Ls DO S37 Msby& . . i e L
Gl1336 521 DO 517 Nsi,é

1341} 522e 517 DEL(M,1)mD33(M N)eD2(NsL)+DEL(M, 1)

g1341 523 C

G134} 524e C IMPROVED PARAMETER ESTIMATES

0134} 525 C

G134 - 5269 All-A_llvb‘E'H‘rfli““—'"' et oTT o Tttt
w1345 527 BLl1sB))+DEL(2,1)

G1346 - 528e AZ22mA22+DELt3,))

61347 529 8225822+0EL(4,])

€135¢ 53ye A33mA33+DEL(S,)

G1351 S31e B33=p33+DEL(6,1)

TC1IST 532 C I T :
G1351 533 C RESIDUALS USING JMPROVED PARAMETER ESTIMATES
C1351° S34s C ’ -

¢1352 535e DO 519 1=14NN
G1355 5366 Xi1(l)==B1186T(])"
¢1356 537« X2{1)==B22eT(])
TCTIS7 T 538w 51y X3TTY==833%T{) T T - Tt T -
G136} 539 " DO 525 l=1 4NN
Gl1364 54Qe BUIs1)=DEXP{Xi(]))
G1365 54 B(113)sDEXPIX2(1))
Tlase 542» 82¢ Bt1:5)aDEXP(X3(1))
©137¢ 543 ‘ WRITE (&6,100)
“GI3?2° ~ S448 o RFRITE (& II¥y T merT T T
$1374 545w WRITE (6,101)
61376 546w WRITE (6,14C)
gl140C S547e DO 521 Imi4NN
©1403 S48e : SYC(l)mALeBl], ) +A220B(],3)*A33#B(145)
G404 549e RES{1)eY(1)=YC(])
G405 -~ -B5Ee - —RSSHF) #RES - -
V1406 551 YCSCI)ymYCHT)

GL407 552¢ 52} HRITE (6,1028) Y(i),YC(I),RES(1)

s1407 5538 C

G140G7 5548  C STANDARD DEVIATION OF RESPCNSE VARIABLE YSING INITIAL ESTIMATES
Gl407 555 €

GE4L5 - ~5568 - — B YBNN e e e o e - T T —
G1416 557« SUML=g,
1417 558e DO 522 I=1,NN
Y1422 559 542  SUMI=BN(1,1)%e2+SUMi
61424  54Ge SIGY1=SQRT(SUNMI/(BJ=6,))

Gr4az4 Séie C
—&rH2s- - 5620 —CSTANDARD - DEVIATION -OF - RESPONSE VARTABLE VUSING IMPROVED ESYIMATES
GL424 563 <

G1425  Sé4e SUM2mg, - : : R
51426  565e _ DO 523 I=) 4NN
T1431 Sebe - - -SIGY2ESART(SUMZZ(BJ=6,) ) S

G1432 567e 523 SUM2=RES(])®*®2+SUM2

—@t432— —5s8%—€ T e s e e
g1432 569 C PARAMETER STANDARD DEVIAT]ON
G142 570 C -

$1434 571s SGAI=SIGY2/SQRT(DI(L,1))
$1435 5720 - SGBI=SIGY2/SQRTID3(Z,2))
B1436 573 SGA2=SIGY2/SQRY(D3(3,3))

- E1437  S74e - SGBZESTGYZ/STRT (DI t454Iy — -
C144c  575e SGA3=SIGY2/5ART(D3(5,5))
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SGB3I=SIGY2/SURT(D3(6,4))

WRITE (6,1(1)

WRITE (6,127) A

WRITE (6,108) (DEL(L,1)sI=190)
WRITE (&,1CL)

ARITE (6,189)

WRITE (b6,t55) At1,B11,A22,B22,A33,B33
WRITE (6,14l

WRITE (6,0110)

WRITE (6,110) S1GYLsS1GY2

WRITE (6,151))

TWRITE (6,4,112)

WRITE "(6,513) SGA1,5G6GB1,SGA2,5682,56A3,5GB3

C 1TERATION LOGIC CYCLE

TRKENN

TOLI=S1GY2e¢2=SIGY1L*e2
DTOL=TOLER=TGL

"DTOLEABS(DTOL)

IF ((DTOL=eLOuud)eGTe(e) GO TO 524
GO0 TO 525

TOLER=TOL1

WRITE (6,1C1)

WRITE (6,114) TOLER

WRITE (6,141 KCYCLE

WRITE (6,101)

WRITE (6,4C0)

RRITE (&,815) DTOL

HRITE (6,116)
ARITE (6,4,117)
CALL QUIK3L (=1L TR, YB,y YT y43,BCDTBCDY yKK»TS,YS)
CALL QUIK3L (u,TL,TK,YB8,YT,35,BCDT,BCDY, ,=KK,TS,YCS)
CALL QUIK3L {(=3oTLsTR, 1Bl sYT1,35+8CDT+BCDR,y=KK,TS,RS3)
NCASESsNCASES=]

IF (NCASES+EGeg) GO TO Bpyo

ZXPONENTIALS

C
C STATEMENTS NUMBERED 6Lt=699 REFER TO PROGRAM FOR T®oO
<
C

Glayl 576s
vild442 577
PrY44 578s
Cl44é 579
cl4se4 _58(e _ _
w1456 S8le
videl SB2e+
g147c 583«
t1472 S84e
“1474 585
¢irs¢e S586e
$1502 587
S1564 Sg8e
$1504 589 C
V1504 S
V15CH S91e C
G151 4 592
41515 593e
1516 594
51547 595«
wis2l 596
v1522 597» 524
¢1523 598
$1525 S99
G153C 3G
1533 b5 5245
§1535 6520
e1537 653
L1542 6C4¢
L1544 645

- g3e4b - - bCoe
Lisu? 6(7e
¢issD H.8
Gissi 69
£15%62 10
£15%3 Glae
¢1553 612+
1553 63
41553 b14e
$1553 615
¢155% 6lée
61567 b17e Sui
61557 618 C
1557 419 C Two
¢1557 b2 e C
51557 6240 C
g156C 622
1562 623
G1564 624
c1566 625w
1574 626w
G1572 627
G160C 628
gleol 629e
sts602 630+
1603 63+

IF LITERM3LEQ.G) GO TO 2Gi
CONTINUE

EXPONENTIALS
ITERM3=!

WRITE (6,1G00)

WRITE (64,102)

SRITE “(6,151)

RITE (64,138)

WRITE 16,104)

wRITE (6,031) A},B1+A2,82
KCYCLE=(C

All=a)

‘Bi1B |

A22BA2
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<1604
w1635
Gl1606
shbu?
vibt}
vield
d1618
clé62tC
L1621
glé2z
L1623
Gl624
1625
L1626
1627
Gl163C
elé631
S1632
1633
Glé4l

1642 .

Ulé64s
Gle46
L1647
C168¢C
v1650
G165C
€1650C
Gleslt
w1654
G1654
gl1654
G1654
§1656
Cl6s7
w1660
Gree62
(1665
wlé670
61671
$1673
“1675
€1700
Wwl70G1
Gl17u2
1703
Gl7u4
GC175G4
GI7CGH
L1704
&1713
61716
vli721
1721
¢1721
@721

56

632
633
634w
63Se
6360
637
63bs
639
LI
bije
b4sw
643w
bdde
b4Le
6468
647+
b4be
64Ga
65 &
65 e
652
655w
654
655+
[-3-Y-X
657
658w
659«
b6
b6}
b2
663
YL X
b650
[ Y-X-3]
- YYR
b68e
bEGe
67¢®
671
b72e¢
673w
674w
675
676«
677«
678»
676G
bBu®
6B1ie

t8ze

683
684
6685
686w
687

Bz2=E82

BJENN

SUMSG={

WRITE (6,144)

GRITE (é,1L410)

WRITE (6,144%)

DO &6L1 I®=]1 NN
X1tlie=BlieT(])
x2{1)==B22%1¢})
E(I1)=CEXRPIX)I(]))
6(1,3)sDEXPIXZtID)
YCUI)eAlen(]f,1)+A220R(],3)
RES(I)=Y(l)=YC(1])
RSS(1)=RES(I)
TStl)=1(1)

yStly=y(l)
YCSt1)=YCiD)
SUMSG2RES(])es2+¢5UMSq

6UG1  WRITE (6,4,0128) YUL),YC(I)»RES(I)
SIGYIN=SQRTISUMSQ/ (BJ=44))
WRITE (6,143) SIGYIN
KK=NN .
CALL QUIK3L (=1+TLsTR,YRyYT+43,BCDT+BCDY KKosTS,YS)
CALL QUIK3L (GaTLyTR,ZYB,YT,35,BC0T,BLLY,=KKsTS,YCS)
CAQL QUIK3Ll=1,TL, TR, YB1,YT1,35,BCDT,BCDR,=KK,TS,RSS)

C

C w MATRIX

C
DO 60t 1=t yhin

bwl Wil)=1./VARY

C .

C B MATRIX

C

bul g CONTINUE
KCYCLE=KCYCLE+]
WKITE (6,101)
WRITE-(6,106) KCYCLE
GO 632 I=l 4NN
Xi(I)==BileT(})

6u2 x2(1)=e=8B22z¢1(1])
WRITE (6,138
DO 643 I=i,4NK
Bers1)sDEXPIXIC(I))
B(lu2)=-All'T(l)¢B(l,.)
B{I,3)=DEXP(X2(11))
Bllsd)==A22¢T(])eB(1,3)

bul HRITE (6,128) (B(f,JB})yuB=s)y4)

C

C TRANSPOSE OF B MATRIX

C
DO 654 K=}, 4
DO 6b6u4 I=1,4 NN

60y BT(K,1)=B{] sK)

C

C N MATRIX

C



vl724 688s DO 6g5 1=l ,NN_. .. _ . =
G1727 689 6L5 BN(I,3)sY(I)=a)leB(l,})=A22%B(],3)
G1727 6920 C

L1727 691 C B-TRANSPOSE®V®N e
1727 692 C

1731 693 DO 6yé6 I=l4NN

Gl734 6948 6T S Ditr,1)1=0sCDG -

Gl736 695 DG 6437 N=lyNN

Cl741 696 su7 DICN,L)SWIN)eBN(N,])

G1743 697 DO 638 I=),4 - - - - -
Gl746 4986 6Ub D2(1,1)s5.CDyg

61750 6995 DO 6u9 M=i,4

J1753 700+ - - DO EGT NET NI~ 7

1756 7G1e 6u9 D2IM, 1 )SBT(MyN)I®D (N, )+D2(1,})
C1756 7g2e C

w1756 7G3s C b=-TRANSPOSE®WeB

1756 7Gue C

1761 7450 DO 61 I=1 4NN

l764 Tipbe DO 635 JU=1,4

61767 7u7e 61 DIlIJ)=pecDy

61772 7:8e DO 611 P=l 4

vl77% 759 DO &3} N=l,Ny

©2500G 710+ 6 DI(NGPIZWIN)eB(N,P)

£2493 711e DU 652 I=4,4

o2ipé 712« DO 612 J=T,4

G2C11 713e 612 D3l J)=uetibgo

32514 714 DO 613 M=}, 4

2617 715¢ DO 6§13 P=l4

2922 716 DO 613 N=j} Ni

92925 737 613 DI(M,PISBETIM,N)*DLI(N,PI+DI(M,P])
$2031  718e - - RRITECCES VMY o0
62533 719 DU 613 1=14

$2G36 T20w 6130 WRITE (64,128) (D3(1sIX)yIX=1,4)
2536 7210 C

92636 T22s C INVERSE OF B-=TRANSPOSEe¢VW#gy

L2436 723¢ C

G2045 . 724+ 12=14

2346 725e DO 614 J=),4

02651 726» DO 64 J=j,4

va2ys4 727« D112)=D3(u,1)

2055 728e 614 12212+

G256C 729 NER]

C2u61 730 M=Eg

G2u62 731 CALL INVRT (DyNyM,DETER)

- 2862 732e C i i

62362 733 C INVERSE MATRIX

2062 734 C

24063 735 Ki=}

G2064 7360 K224 - -

$2065 . 737 K3=4

02046 738e K4=4

£23867 739 WRITE (6,137)

t2¢71 74ge 614C WRITE (64,128) (D([)sl=Kl,yKk2)
w2L77 74}« Ki=Kz+}

J21¢0 742 K22KZ+K3

2101 743e K4zK4=)
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G2loz
32104
¢2105
G21¢cé
G21G7
L2112

¢2115

2116
G216
G2l1le
2116

G2121

g2124
w2127

g2132

G2135
€214¢C
G2143
e2147
2150
¢2151
G2153
2161
G2lb62
V2164
$2165
-G2166
G2167
w2171
w2173
“$2173
g2173
G2173
G217¢6
2201
«22G3
Ga2206
2211
a2zl
w2211
2211
¢22i4
2215
w2216
2217
2217
c2217
c2217
v222¢
L2223
w2224
2226
2231
Vw2232
2234
$2234

58

745«
T46e
747«
748w
749«

750§

75
752
753
754e
755

~756e- -

7567+
758«
75%¢
76Ge
7601w

762%

763w
764®
765
766
767+
768w
37659
770
771
772«
773«

774e

775
7760
777»
778+«
779«
76ue
78iw
782e¢
783
784w
785

786 -

7870
788e
789
795%
791
7929
793
794
795
796=
797«
798«
799

7488 1F (K4.FQa0) 6O VO 6441 . . . R

GO TO 6144
6b4) CONTINUE
l2=2
T DO 615 1=1,4
00 615 J=i,4

C

12l z+7y
615 0330y, 1)=D(12)
C
C INVERSE®ORIGINAL MATRIX
c . ]

00 615¢ I=}4

- 12 12 N LY SR e

615G DIDEN(IsJ)ZUeuD
DO 6151 M=144
DO 6151 P=is4
DO 6151 N=ls4
615) DIDEN(M,P)=033(M NI®O3(N,PI+DIDEN(M, P)
T T
I=1
WRITE (6,127
6457z HWRITE (6,128) (DICEN(]I4J),J=]i,4)
[Weli=]
IF (1w, EQ.O) 0 TO 6153
o rwlRyp ’
GO TO 6152
6153 CONTINUE
WRITE (6,1u1)
WRITE (6,129)
c leTE (6 128) DETER
C DELTA MATRIX
c .
DO 616 I=i,4
616 DELUI1)=0eGDg
DC 617 M=1,4
DU 617 N=i,;4
217 DEL(M,1)8D33 (1 4N)#D2(Ns1)+DEL(M,y1)
C IMPRCVED PARAMETER ESTIMATES

C
AVIEALL+YDEL ()4}
BI1=B11+DEL(2,1)
AZ2=A22+0EL(3,1)
c B22=B22+DEL(4,1)

C RESIDUALS USING IMPROVED pPARAMETER ESTIMATES

DU 6L lEmL NN
Xi(l)==BileT(])
619 X2(1)==B22T (1)
DO 625 I'=1,NN
BOI» i )=DEXPUXE(I))
62, B{I2312DgxPix2(])
WRITE (64,1GT1
ARITE (6,139)



- B224¢ _-8GLe. . __WRITFE (4,100 - - -

G2242 851 : WRITE (6,148)

€2244  8Gze DO 621 I=1,NN

Q2247 8G3e YClI)mAY eB(],1)¢A220B11,3)

0225C  8GYe CRESTIISY(1)=YC(1) o
e — 2251 ——8E5e———RSS{TISRESTI) T ————

2252 "8pbe T T YCSHITEYCTHI T C - SRR : )

c2253 8G7e 62) WRITE (6,028) YUI),YC(I),RES(I])

Q2253 8p6e C o o

L2253 839 C STANDARD DEVIATION OF RESPONSE VARIABLE USING INITIAL ESTIMATES
2253 81ue C ’

G2261 8l BJU=NN
* - - - - TGZ262° S 81es T QUMIEg, T T TLOT T
62263 B3 DO 622 I=l4NN
J2266 8]14e 622 SUMIeBN(1,5)es2+SUM}
0227G 815 SIGY1=SQRT(SUNI/(BU~4,))
i G227C  Blée C

G227C 817«  C STANDARD DEVIATION OF RESPUNSE VARIABLE USING IMPROVED ESTIMATES
G2270 — BI8¥— ¢ T T T S e e s -

02271 819 SuM2=3,

02272 82C» DO 623 =] ,NN

G2275 821 623 SUM2=RES(I)*e2+5UM2
02277 822e SIGYZ=SQRT(SUM2/(BJ=5,))

02277 823 C
— 62277 824 C PARAMETER STANDARD DEVIAT]ONS
$2277 825e C

02300 826% - - " "SGAI®SIGYZ/SART(D3(L,4))
62301 827 SGBI=SIGY2/SQRTI(D3I(2,2))
c23c2 828 SGA2=S1GY2/SQRT(D3(3,3))
02303 829 SGB2sSIGY2/SQRT(D3(4,4))
CG2ICY TUBIC T TTTTTTRRITE TEG,AITIY T T o o -
V2306 83l WRITE (6,107)
G231u 832 WRITE 16,132) (DEL(E,1)sIm108)
G2316 833 WRITE (6,1C1)
02320 834 WRITE (6,109)
©2322 83Se WRITE (6,133) AL1,B11,R22,822
- §2330 836 - - —RITECEICYI T T e e s - e et s —
02332 837 WRITE (641106)
G2334 838 WRITE (6,111) SIGYsS]GY2
U234C 839 WRITE (6,30)
62342 840 WRITE (6;0112)
G2344 84pe WRITE (6,134) SGAI1,SGB115GA2,5GB2

TGZIFY B Z e s e e -
02344  B43e  C ITERATION LOGIC CYCLE
$2344  B44e  C - R

02352 845e TOLI=SIGY2¢#2=SIGY}*e2
62353 8460 ‘DTOL=TOLER=TOL1
G2354 847e¢ DTOL=ABS(DTOL)

— 02385 - 848e -~ —IF ((OTOL=SUGEUTIeGViCe) GO YO 624 -
62357 849 60 TO 625
62360 8sge 624 TOLER=TOL}
02361 B5]e WRITE (6,101)
02363 852e WRITE (6,114) TOLER

) 02366 653e WRITE (&,14)) KCYCLE
T G3TY T TBsqe T T T RRITE &, TGUY T T T T e

02373 855e 625 WRITE (64,1G1)
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62375 .

32400
g24u2
2404
w240U5
c24¢6
$2407
G241C
L2411
L2413
C24)13
G243
$2413
C2413
G243
C24§4
«w2415
G241é
2417
G2420
G2421
32422
02425
62426
2427
G243¢C
32432
$2433
2434
24235
G2436
G244C
92442
L2444
V2450
G2452
C2454
02456
w2481
02462
2463
G2464
82485
82446
G2467
62470
02471
G2472
G25¢0
w2501
02504
v25u5S
52506
¢2597
02516
25131

60

854s .

857
858e
859
86Ce
8o
8620
8636
Boye
B6Se
Booe
847
868
869
87¢Ce
8741w
872e
873
874
875e
876
877
878s
879
Bays
8d1le
882
883
B84
88Se
886+
887e
888e
889
B89Cs
891
892«
893
894w
895s
896w
897s
898

899w .

0T
01
G2
QU3
Y04
0o
9G6e
907
908
959
1G
911

NONOONAN

701

7v2

..~ WRITE
WRITE
WRITE
KK=aNN

(6,005 0704 — — .

(6s116)
(64117)

CALL QUIK3L (=1sTLsTR,YByYFr43,BCOT 8CDY KK»TS,YS}
CALL QUIK3L [ 4TL,TR,YB,YT,35,BCDT,BCDY,=KKsTS,YC5)
CALL auxxaL(-l.YL.!R.Yui.vrl.Js.acoT.scoR.-KK.TS.Fss,
NCASES=NCASES=-1

IF (NCASES+EQag)

GO YO 245

G0 Tp Bgg

STATEMENTS NUMBERED 7¢U=799 REFER TO PROGRAM FOR ONg EXPONENT]AL

1TERMZ2=])

SMi=g,

230G

SM2=y .00
SM33p.¢0g
SMa=g,30¢

BJ1aNN

SUMSQ=e

Do 791

I®) 4NN

SMIBT(1)ee2+51]
SM22DLOG(Y(])})+SM2
SM3I=T(1)+SM3

SMA=T (1) »0LOGIY (L) )+SnH

CAAI=BJI®#SMI=SMIes2

CAIS(SM)®eSM2=5M3eSMY) /CAA |
Blims=((BUjeSM4=SHIsSM2)/CAAL)

AlLL=DEXP(CAD)

"WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
wRITE

(6,106
(6,145)
(6y146)
(64147)
(6,13%)
(6,101
(6,146)

DO 7¢2 I=l,NN
X101)==B1)eT(])
BT, )=sDEXPIXI(1))}
YC(l)=AabieBt],1)
RESC[)=Y(1)=YC(I}
RSSt1)aRES(Y)
TS{1)=T7(1)
Ystly=v(l)
YCstjr=YCtLy)

SUMSQ=RES(I}lee24SUNSQ

WRITE

SIGYINESQRTI(SUNSR/(BU)=24))

(6,128

WRITE(6,143)

KK=HN

CALL QUIK3L
CALL QUIK3L

Ali,Bl}

YL, YC (1) ,RES(I1

SIGYLN

(= sTLsTR,YBsYT143,BCOTsBCOY kK1 TS,YS}
(oo TLa TR, YB,YT,35,BCDT,BCDY,~KKs»TS,YCS)

CALL QUIK3L (~4,TL,TR,YB},YT1},35,BCDT,BCUR,=kK,TS,RSS)
HCASESsNCASES=]

IF (NCASES+EQsD)

GO To 840g



025313 942+ GO YO 290
02514 P13 80¢ CALL ENDJOB

g2515 P19 ) STOP
02516 935 END
- END OF COMPILATION: NO DIAGNOSTICS,
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BFORIS

IRYRY (IHVRT
HV] CR9~u9/16-13332

SUBRUUTINE INYKRT

STORAGE usgD!?

tyo)

ENTRY POINT Tyg3és

COPE(S) ¢Ci9130 DATAL,) ¢, 0194: Brawk COMNONI2) $ulOuu

EXTERNAL REFENENCES (BLOCK, WAMEL)

o3
ULGH

STORA

000}
auul
sool
cual
(L
OCUw
oGus

03131
90193
GGiu3
vJ§a3
3103
96103
woio3
so103
6Ggia4
3105
cs106
“3107
20110
G113
€2115
Galis
Lo121
cot22
Lot2s
¢ar3c
6L133
ca136
Lu13?
Ge142
Sa143
V014
G145

62

THACSF
KERR2S
GE ASSIGNKENT (BLOCKs TYPe, RELATIVE LOCATION, NaMg}
20yvle 116 vtul suv 4G 1%L bt Cuuv2? 1170 20Ul €e0u34 1236
Juille 1576 Jeot Uwv255 1slL wou! Ciuled 2c16 88G1 wecac3 2¢p76
i 263 234G Gold CoLu333 239 “Oul CLo3Gg? 2456 LuG) C0N343 25CL
cLuu?d 75L Loul 6lu5u73 7L JOu0 0 eunCe2 ArAK CUaG 1 cooiel
1 weipldt no SCUL 1 Guvve3e IHDEX L030 § Cunlio INDZ Lu60 LBO116 INJPS
boovelud R SLub 1 owuuliv O cboi 1 Gotlp? X Lot 3 w0097
D guzuls SIGN
1e SUBROUTINE INVRTLA,N,M,DETER)
2e PARAMETER 1DImM=2¢
3¢ 4 MATRIX [RVERSION AND S[MULTANEQUS EQUATIUNS SULVER
Yde [4 A=THPUT MATRIX FOR INVERISON OR AUGUHWEMTED MATHIX FUR SIME, EWS. 1650506030
Se < t=ORDER OF COUEFFICIENT MATRIX 1656046
be 4 M= FOR INVERISON OUKLY
7e 4 MaNUMBER OF CONSTANT VECTORS
8e (< DETERWDETERMINANT OF COEFFICIENT MATHRIX
Pe OOQUBLE PRECISIUN Atl) UETER,SIGH jAMAKX
1Ge OIMENSION [PLIVUIOIM)INDEXLIDIM,2)
lie UETER=),iDC
12e SIGN=),pDT
13e DO 23 J*lsh
149 2z IPIVIJI®¥G
15 HNBNsM
toe LO 182 K=1,4N
17e AMAX=G, (DO
18 47 DO 76 J®)aH
i19s 1F (IPIVUL)=1)5097645¢,
2Ge 52 00 75 g=1N
2te 1F (1PIVIJ)I=}1554754250
22 55 INDS(J-])eN+]
23 LFLAMAX=DABSLALINDIIY 54u,75,75
24e 6L IRs]
25e [C=J
26 AMAXSDABS(ACIND))
27 75 COUNTINUE

qbul
0001
LD
0060
2060
00¢C

s0uyp4z 1316
you22%5 2206
J00345 2591
L001ps 1C
wOOC0Y 1PV
c0d10t HN



o°|q; 28 76 CONTINUE

00151 29e IPIV{IC)=IPIVIIC)+]
“T52 30—~ IF tIR=TCI907 115390 -
60155 Jle _ 90_SIGNm=SIGN . .
TePTSE 32 T DO L NN -
80161 33e INDs(Lel)®oN*]IR
—C0t162 34 v ———————IND2wL=1)eN+1ITC
00163 35e AMAX=A(IND)
~GOTE4—Sbr R CINDTERTIND 2
63165 37« 110 ACIND2)=AMAX
' 1 YA 1 L TTS_TNUEXTK“TT_UT ' -
00170 39e INDEX(Ky2)=mlC
—QO0I7T T §CE INDSTTICSTIONFIC
00172 4le AMAXmA(IND)
Q0173 e T DETERSDETER®AMAX T 7T
Go174 430 IF (DETER31403255 I“O
TQOITT e T4 AUTND YR L.000 T T
60200 4Se DO 15¢ L= NN
G020y  qsF ITNDET{LC=TT¥N*IT
00204 47 150 A(IND)mA(IND)/AMAX
~O0206 48 DO I8y LwI;N
00211 49 IF (L=1C)1165,181),165
TOUTH T SGE T T TI8S INDE(TCST)ENGL Pmm e T
00215 Sle AMAX=A{IND)
LT Y2 X 5Z% ATINDS(.0D0
00217 53¢ DO 180 I=1,NN
gg222 SYe IND® (ST eN® 7 7o
00223 S5e IND2= (=1 )N+ C
”00224‘ S6% ATIND TaAUIND TSATINDZY s AMAX
0g225 S7s 180 CONTINUE '
0227 S8 181 CONTINUE
0023} 5%e 182 CONTINUE o )

00233 0% 007235 IwiyN e
Gg236 6le LaN+]=] , ,
CG023T e T T REINDEX tLy b

00240 630 ' ICSINDEX(L,y2)

Qo224 &%w IFtIR=1CI21Igy 235,210

00244 65¢ 210 DO 230 K= |,N

TGQ2NT T T eeY T T T IND R IRS Y eNeK T
00250 67e IND2m (IC=1)*N=K

“GO2S)I T &8¢ AMAXSATTND) R
00252 69 A(IND)=A(IND2)

AMAX

0025% 71e .235 CONTINUE
ﬂ0237——“‘711“*“————“UETERtSTGNrﬁETER

00260 730 RETURN
GOSN 74 T 250 NS - e
00262 75e 255 RETURN
002863  76% ~END

e = - END—OF - COMPHEATEON——————NO— D FAGNOSTHCS+ -
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@FOR, 1S DMAThL ,DMATHL
HV]

64

CL9=.9/16-13332 ()

SUBROUT INE DMATRL

ENTRY PUENT (S.l60

STURAGE USED: COUDE (i) Co30763 DaTA(u) ILubS3; BLANK CURMOBL(2) GLETCu

ceot war1n?
L300 1 LiTuLos
Gec0 | CGCo13
0.2 GCoule

%itn TRANSPOSE OPIIONS

T

eseesssserecnenne

EXTERNAL KEFERENCES (BLOCK, NAME}
€02 TRACSF
GLo4 NERK3®
STORAGE ASSIGNMEHT  (BLOCK, TYPE, RELATIVE LOCATION, NAME)
ccul seeudd AL itol Ciunel 1366 abyl  CLous? 1356
el 3t 2% ai..%2 W w8l D DGLLOG (D
Cole 1 143 CLed 1 pliiue? sl cOL0 1 GulLllG 1B2
Co0u 1 celwdt I Wlul  Guwo?2 1HUPS g0oc I CopplS La
C3ve 1 Telsll LM S5GU 1 uwGLINT LN L0LD 1 Cudcid LP
-1 te SUBRUUTINE DMaTML(Cra, b oM, Nk}
(2] Ze Ce ABSTRACT
ol 3. C GENEKAL MATRIA MULTIPLICATION RUMTINE
cl “e C ®HERE, M IS THE NUMBER OF ROnS OF {A)
31 Se c N 1S THE NUMBEK OF Kows OF (b8)
o be [4 K 1S THE NUMBER OF CoLumMS OF (B) OR (&)7
ct 7. C THANSPOSE OPT{ONS ARE CONTROLLED BY ThE SIGNS OF M AND N.
g1 be C THE FOLLOWING PRODUCTS MAY BE 0BTAIMNED
al Ge C (Cl=ialdin) M AND N POSITIVE
¢ tee € ECIm(adTIR) M NEGATIVE FOR (a)7
v) lie 4 tCracarinn’d N NEGATIVE FOR (6)7
Gl (¥4 [4 (Clmtalrisly M ANU N NEGATIVE
ul 13 [4 WHERE T INDICATES YRANSPOSE
3] 190 € 1F M 1S NEGATIVE, h 15 Thg NUMBER OF ROwS OF (a)
at 15e < IF N IS MEGATIVE, M 1S THE NUMBEK OF KOwS OF (8)T
ot lbe <
G 17 Ce DUTPUT ARGUMENT ¢ C
G3 (-1 CIMENSION Ct))
03 19 <
ud 2¢e c* INPUT AKGUMENTS * A2B ,MyNK
il DIMENSIUN AL]),BUq)
FL C
23 Cesvorune essetensssssnes Sessessessentetasanene
24e DUUBLE PRECISION CD2CyhsB
S Tad=y
26 IN=lABS(M]
27 JHwlagSs LD
be IF{M oLTe ClGO TO |
2% 1al=1m

1436
141
183
LB

2001
2060
00u2
aoso

¢ouL3s
LEouES
<GCLE3
JouLi2

2L
162
in
LC



Y T4 W 8 I DR ¥ rY S, jA2n ) I —
o115 3l G0 T0o 2

Ca116 32 1 TTAY m g m e e

G81-17 33e — A2 N———— — ———— — —
¢012C ‘34 2 TOFF(N GLTe  g)GO TO 3

Gal22 35 i8i=}

“OUT2Y 36w Irg2=1TN T T
Gol124 37e GO TO 4

0125 ~ 38e 3 D -3 B2 Sun -
Go126 39e j82=)

gd127 40 4 DG 7 LM=],4]M

0132 4]e LC=LM

BOII3 742 T TTTTIB YR

GA134 43e DO 6 LP=1,K

50137 44 » CO = "5,3D00

83140 45 LA=TA)]

00141 46 LB=1IB3

go142 47 DO S LN=],4IN

ePTeS T Hee CO= co %+ AtLA}YSB(LBY
COl46 49 LA=LA+]AL

GO147 50e S LBalLB+1B1}

¢g15]} S5ie c(LC) = CD

83152 SZe LC & LC + M

G153 S3e () IB3=[B3+IB2
~O0t8S5 - - S4e - F - LAIWLRAICTAZ

$0157 S5e RETURN

0166 569 "END T

END OF COMPILATION:;. - .. NO DIAGNOSTICS,.

65



BMAP,1S EXPO

MAP J7MI~u9/14=13:33 =

be LB SYSSeiuSFCs,
2« Inw LQCEXP
H$MoN!TQOR ENTRY PQOINT

ADDRESS LIMITs
STARTING ADDRESS

WORDS DECIMaAL

NSHTCS/FOR

NRBLKS/MSF(55
NRWNDS/FORS5D
NWEF3/MS5F (55
NEXP&S/MSFCS?
ALOGS/FORS1

CS1GeV/SCAg2u

CERMRK/SCHU2G
CLABLV/SCHG2u

NFTCHS/FORS7
NFTVS/FOR
NCLOSS/MSF(C57
NWBLKS/MSFCS7
NBSBLS/FOR
NUPDAS/FOR
NBFQUS/FOR
CYMODV/SC4u2U

CACCBY/SC4u20
CXmaDv/SCH,20

CONCAT/MSFC
SETINT/S5C4G20

CHOLLV/SC4u20

66

SEGMENT MaAlN -

GG haed $37532

15747 IBANK

- e e e w e

TRACL

PR

ALKEADY DEFINED

y76220

1551} DBANK

getuvd 537532

VUlouo Julu2y
ouliyg22 vatlily
voLlI) ustt7g
Gull71 Gu142s
Gol42e 0ul 625
walé2y ¢ui1?36
Ust237 ug2225

Uu2226 55225%
G226 Tu331s
GG3316 T536t5
V03Ib16 wudbY)
Gudedt $uqwn?
Uod3IC wudl7y
OD4243 wu4235
Gud236 354271
GG9272 so4diy
034320 o434t
w4342 Uo43ey

WOH37G Gud541

 GG4542 $g4574

CUUHSTS 5a4657

NNTC NDNOG NVNNNND

aonNn

NCNUODNONONDODN

THOWY0 076226

GROLUD QeI
UHUV02 43013
J40U1Y g4p034
U40035 gunige
SY40107 940147
S40150 w4206
BLANKSCOMMON

U40207 G4D222
BLANKSCOMMON

34G223 GH4p3dl
BLANKSCOMMON

G4GII2 V4p36T

H4G37C 040415
40416 GYpH20

045421 042622
342623 (4263
BLANKSCOMMON
542632 542642
BLANKSCUMMON
ON2443 42651
BLANKECOMMON
342652 J42673
g42e74 53427G1
BLANKSCOMMON
342702 G42716
BLANKSCOMMON



e _CYScLV/SCHU2uU

CNONLN/SCH 20 i Guléoy 55265 @ GY42717 42775 .
. 2 BLANKSCUOMMON

CLINRV/SCYL20 1 uG5266 o627 Q S42771 543075
3 GGG 2 BLANKSCOMMON

1 VuUb 136566332 ———— ) —— 54397154317
3 GGG 2 BLANKSCOMMON

CXScLv/SC4g2u 1 UG6333 3565135 h) C43120 o43146
3 GGG 2 BLAWNKSCOMHMON

CERNLV/SCH4U2U 1 ubb36 56712 0 543147 343161
2 BLANKSCOMMON

CERRLN/SCHG2U ) GOb713 L7022 G 343162 w4377
: 2 BLANKSCOMMON

CSETCV/SCHT 20 i CG70823 cu7ué3 c 443200 C4321y
2 SLANKSCOMMON

NEXPSS/FORST 1 GOo7¢64 7147 2 43211 43225
CSETMV/SCH4{24 1 7153 au7226 b} 043221 (H3235
2 BLANKSCOMMON

CFRAM/SCH4L 29 } L7227 L7446 ] 543236 Q043322
3 6GG6 2 BLANKSCOMMON

CXAX1IS/SCYHG2u ] VG7447 $u7652 ) 543323 043356
2 LLANKSCUMMON

VCHARV/SC4u2U ' L7653 iilies H] 343357 43376

RITE2V/S5C4520 | S1O117 21347 ¢ JH43377 CH3425

BPLOTK/SCH4L20 | luldbg 143y ] L3426 CHY4GES
2 BLANKSCUMMON

CCAMRA/SCH 2L | lud43l Clubdu2 ¢ LH4006 U44G17
3 GGOo 2 BLANKSCOMMON

TABLIV/SC4i2u ) LH4020 CY4434g

NBDCVS/FORS7 1 S165u3 oi15636 2 G44341 444040

NCNVT$/FORS7 | Olued7 Lilul) 2 J99401 D4447¢
NOTINS/MSFCSS 1 Ultgr2 11422 2 U447 044501

NQUTS/FORS? } Q11423 (L12377 2 CHHB02 544532

NIOERS/MSF(S7 1 gl24py w2557 2 544533 44655
NININS/MSFCS5S ] ul256y Cl3ull 2 wH4656 44677

NINPTS/FORS? 1 GI3512 (1367 2 CH44700 44722
NFMTS/FORS7? i $13672 L14576 2 D44723 54474)

NFCHKS/MSF(CS7 1 G14577 315415 2 U742 G451)6

4 c4%5117 Gusl7g

NTABS/MSFCSS 2 45171 45257
CPLOTV/SCHL2u i 15416 15567 G 345260 345317
3 GGG 2 BLANKSCOMMORN

CLINEV/SCYu2u | w5575 416153 0 45320 845376
2 BLANKSCOMMON

YSCLVI/ZSCuL20 1 wlbi54 (16272 G c45377 C454p7
3 GGG 2 BLANKSCOMMON

XSCLV1/SC4u20 ) 16273 tiled1; G LY45418 45420
3 GGG 2 BLANKSCOMMON

CAPLOT/SCHe 2y | Glé4y ) 416653 J Y4542 L4547y
3 GGG 2 BLANKSCOMMON

CAPRNV/SCHL2UG 1 Llbes4 L1673 V] 545475 (45513
2 bLANK$COMMON

CPRNTV/SC4L2G | 616737 ¢1733¢ ¢ 45514 £4555
3 GGG 2 BLANKSCOMMON

CGRDIV/SCHG2G 1 017331 G2u235 ¢ 445551 (45664
3 GGG 2 BELANKSCOMMON

COXDYV/SCY4L 20U ] V20236 22103¢C o u45665 54575

67



CBRITV/SC4u2¢
CMARGN/SCHYc2¢
CNBLNK/SC4L20L

BMOV/MSFC
CIDENT/ScY402¢

ERUS/MSFCSS
DSQRTS/FORS7
SQRTH/FORSS
DEXPS/FORSH4
EXP3/FORS?
DLOGS/FORSY
NLOUTS/MSFC55
NLINPS/MSF(S?
NOBUFS$/FORS1
NIERS$/FORS2
N1BUF$/FORS2

HESMONITOR/MSF ¢55

NERRS$/FORS?7

GGG (COMMON BLOCK)

CQUIKL/SCHu2L

IDENT/SCHG2U
TRACE

INVRT

BLANKSCOMMUN
LYCEXP

SYSSeRLIBSe LEVEL MS7=y
END OF COLLECTION

68

[PV

- b W M S M EE Ee R e e

- () e

]

(COMMOGN gpLOCK)

i

s2ie3y
666
c21133

w2122

wl2l262
GGG

022432
£225¢2
022542
v227i1
uw23&L0
623521
we42u7
u2575¢
226u1y
026377
uw2biqg
w2725
w2766
GGG

uwdvzeg
w3155

w3131}

U374

S225¢1
{22541
v2271y
22777
wedl2g
w24206
325753
326013
wlbu76b
G2614¢§
w2725
=276C5

c3g2y7

G115y
U313y

31713

237532

TIME 346972 SECUNDS

N

NBONGNC N &,

NNNNNNN

N

NN

NOoOnOONC

N Q

BLANKSCOMMON
49752 ;45765
BLANKSCOMMON
45766 46027
BLANKSCOMMON
CHé6U30 g460G43
BLANKSCOMMON
46044 G4612¢G
G46121 gH4630Y
BLAHNKSCOMMON

c46305 p4s323
46324 g463235
cH63386 4s37)
46372 046432
L46413 346517
G46520 GCH46563
46564 (446775

46776 g47125

47126 47703
G47704 50060
¢50L81 58214
g5G215 ©sa277
BLANKSCOMMON

050300 051772
w1773 52000
52001 ©S2063
L9264 052227
BLANKSCOMMON

052230 76226
BLANKSCUMMON



BxQT EXPQ
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Typical Output Results for Set 1
Data Using a Two-Term Exponential Model
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$INPUT
T

fGGLTHEOuouleBbL LV * GG,
TN e T QY T AR L F i TR ST NIRRT PV B
e7999999999999999990+:L 1,

o d6TTIBCULULGSEUT T v 2,
0223201 E000CLC 0ol rpn2,
e243G5as0UsSatooreglec 2,
e 2B LyBCluuuLbiautlr 32,
$323CQBLBOVLOLCEoLUulrs52,
036 TBOO0CEE 0L u DL,
e MBTGICELGEEATOET U0+ 252,
e 4399999999995999990+,52,
c4BICCTILULCOLGORuGbr 52,
SLOLLEl LoD ey 2,
¢ 56S(HITIOLIOLLLAuLD+ V2,
¢599999999999%99999D+ 22,
1 639999995995999999D+45352,
¢679999999995999999D+G02,
¢7199999999999999990+ L2,
07599999999999999990 4502,
07999999999999999990+:052,
¢8399999999999999990+352,
+8799999999997999990+532,
e ?199999999999999990+5G2,
+959999999999999999D+;:2,
W IJLLCUILILeauSLELLD+yll,
¢ 1340605000500 000LcD+Gu3,
3885 3J0b00LluuULuDrL3,
PR RS ctvickiiid T eiol ol iwieRtl PR TR
e MLOLEGILGLLGLlLuuuDe U3,
1258000 CClucLTuT3C0*Ga3,
e 1290600 LeLLDLTLe D33,
12850 2G6T0LUULDCTouD L3,
13208l toui v bvLuubetLd,
«COTCUICTVOTTOOOLTUD* 35T,
e uClLLHCAUCLLUL I LU+GEG,
e LOUGRTOCO0UCLTooGUD*EL0,
UL EULEOLLLLO Ll D+ LT,
CUDICLLOTO0LTIGRISTL+ES0,
s L ULHLOUCULGLUCUD*( 20
¢ GOTOOTTRULUIL0LD0T0+ LT,
PRTEA TN SR IR TVE ERT MY SRTEIPTVEC IR ] O 2 (RN 3
e SCICTRSGLEHTIUDULLD+5GIT,
e BLEQTH0U0LLI L0 uul+ 00,
vOQICIVBDCULALL2IE0+00Uy
rw OBV OLUOGOLDGULSD+GLT
«COTETTOCUULULGLLSL0*LOU
euCRELCLEGULGIuuTD oD+ (G0,
CLDISTTOLULEUUTHTLLD* 000,
cBCSLOIVLCOLUCluuwuD+ 5 UG,
« 1340655020060 00LuiDrgut,
6l 00wl uvobutaticPrcuoy
e 47TLDOLRUUULOCoGL D050,
«3BSETHULVBULLTL vl 2000,

2T U E TSt T OTTITO¥ ou 2y

«200653c0utoCcLOE00GD+00!L ,
05999999999999999990+0G1
+ 100060000CL0CS00TCTOGD+G02,

TT4U0UILCC0LCIVULO0D+C02,
- 1BO00CHEUESCICEC00D+0C2,
2 220C0UCGCCG0LECCOLD+052,
+260000GgCCanT0cc0G0+052,
¢ 3U00LLGUOOLLCLGUCGD+0G2,
+340GBCLCO065L0LC0CD+G02,
«3B00GUCEVGVCOLL0000+002,
«4200CCE0LCLBOOGCCUD+002,
«H6000L0LOCTLLERUC60D+002,
«S00006UCUELTLLELO00+002,

+539999999999999999D+G02,

¢57999999999999999YD+5602
e 6199999999999959990+0U2,
$6600GGECACEUOLLGOG0O+UG2,
«7U00GOGGCCGLEOBLCO0D+DU2,y
¢« 740U0GUCCOLGCGLUGRORD+002,
2+ 78U05000CCUGUELTOOD+002,
+8200000680u03COCO0GD+002,
+860000GDOVGLLTLUOGD+002,
70060 0GCUCCLOTCCG0D+002,
+940000606006000000CO0GD*0U02,
«9800GC60030CCCCCOGD*002,
» L020G0D6U0GGOULCOGD+003,
«1660000000650500006GD+0C3,
« L1G0LOGOU0OGLGSUUGD+G03,
« 1400060000 CCOUCO0D+G0I,
« N IBUALLGOLGEGLCHUBD+GU,
«1220020C0GULLOGLOGD+003,
«126G6GOOUCOCOLCBLOD+DT3,
«13000COCUCLRUCENRG0+003,
« 13400G0GLOVELLLLLLD*00,
«0000300006LC0COG0GD+030,
«QUO0CUOUCOLLLOOC0UD+000,
«GUOOLELOGOGLUGLO030+0G0
«COGOLECV00UECLUGEGOD+CL 0,
«CUOOUUDOCOGCT0C00GD+030,
s GLUCLUODO0OCLBLO00D+000,
»CUO0LTO0CCLEDCTEOCD+0LD,
«CULOLOCSO0GDCOCTOED*DG0,
»00000000600LECTGO0C0+00G,
+LUOOBUULEGLECLOLBLLD+00 G,
+CUDGOCOO00UTLLUL00UD+00G
«0UOCVOLGUOIRO0LLOULDYDOU,
«0UGOUUCUACEGLOG000D+GU0
«COCCOLOOLUGTLOUSUOD+3CT,
«C000GLOOOCCUTCQLLLODYC0U)
s GULGOGUECULLTULCCGID+CGO
« 740000020350 LLLOCD+000,
¢ 53003536U6CLELEC00uD+OC0
« 42500000000 CCUGOCD+0CG
e 345050 UGCOLUrCe09D+000,
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NN
TL
TR
Ye
YT
Y81

YT1
VARY

TOLER
ITERNY

74

nowoaunn

NN BTERITETE AV P SIY T WIT W O L VTV
e 2556300 tuluuosP*L 00y
«21O0UBUTLULIUUTwatD*L LG
185G LoV IcubLuel+ 0 50,
e VODSGESULRBOGLELLWD+ARC,
I LI Oe: Y VI UL AT PR o R F LI Te R
e YU CLLlUUUOLLITL*CCOy
PRI ST TIVETTS YU NPT IR TR E Y RV I
125630 0uI60uGul ool vl
ol2 Joeddgbobibuvbuy ,’.}D*g'.).;'
W BISGERTIG6LLLTLL L+ 0I6,
T RO T TP TV N A TTOIPE tL FIT IR
e LASUGSILTUTTUTITo ooV GG,

e9499999999999999990=20,
0 9499999999959999990=0T1
1 B99999999999999999D=C51,
+8499999999999999990=GG1,
e849999999999999999D=301,
vB49999999999999999L=051,
0799999999999999999D=001,
0 7999999999999999990 =501,
07999999999999999990 L1,
07999999999999999990=CG1
0 7999999999999999990=,01,
0 799999999999999999D=301,
07499999999999999950=,u51,
e 749999999999999999D~0T1 ,
0749999999999999999U=L01,
CUTCTLIVGUCTTLCIILD*3ILT,
e D UUDCOVOUULUIL LD *ELT,
e UFBCIUTLOVLOLLD o LG0*G5T,
e TICIUCIUTLOLCwuwdD+500,
e LOLUGLLLOEGL UL Iuun D+ 300,
LET B CHE VR VIR T LR RS ST TV S TR TY LIS
$ STTTODUCUSTOCBLCTED+50U,
s CLGUNL0LUGIULLIULD L0,
0 D0 S Ui GuulucLL LD+ LG0)
e DL UTTUBSOLLLUECuulRL 00y
CLOHODB0OIOLI0LBILveD I,
XTSI TP T IPT FVIRRIIN PRI YINY o U TTY o
e SOIUTTIGULUDLOELUED 5T,
CRVE: PV oV Fe VIV IURVY OF N TRRVIV L AT

ewdoui i wiidludedul cuPvoun
+68

CHWOLLULLWIE LT
«d5TUGTONE+CD
voulUeuUE v
v 2LSGG LurERD)
el USu_WDBE*L i

IR PIONT [ R o .

sdulido WwDE+)
W dLUTLIGTE+LS

+

+2800ULGHUCGSULDO0CD+0U0
2 2300CU0GUHLEOLOGOLD+CO0,
1 Y500EUO0CSDCOLU00D+0T0,
« 1 750U08G08VCELLBOBD+GUD,
+ 15500000000 UGCL00CD+GS0,
s 14500000064 000aL0CD+GLO,
« 1 35C5U0N00C50GCCOBUD+0I0,
«125005¢0000060L0UIVD+0I0,
1266600 060uC000B0GD+a00
11506 GLUCUILOCOSUD+CUD,
RN I S T R AR D R T B
JUSCLILOGOLLOGEEBSD* UG,
AUSOCUGNGCLLT0LD6AD 43D
«JCUCLDECOUULUCIULOD*LLG
+UDGLIGLIDOCI3LERG0+D0g
01949999999999999999D=001
+899999999999999999D=0011
e B8Y999999999999999990=C01,
+849999999999999999D=001»
e849999999999999999 =001,
+849999999999999999D=0¢ 1,
0799999999999999995D=(51
¢7999999999999999990=GG 1
¢799999999999999999D=C01,
0799999999999999999D=001
2799999999999999999p=0561,
e 7499999999999999990=5G1
0 749999999999999999D=Clit,
0749999999999999999p=001
+7499999999999999990=501
«GUOCGLIGIGICI0300GD+0GT,
«0UOCOOLIVLILTTGEULD*DIU,
GLOALOCDOBLLOGECO0D+Q0G,
+GUUCUTBUUOGGUGCIOUD+3D3G,
o GGOLTGLGLILLILLLOUD+LTT
fCUULLOGITITLLOTLOLUD*ETy
«GUONGIGCUVGTGLACLID+0ET,
«GUUCGOCoLUILGLICO0UD+GaY,
GOOGOLUGICOLCULOLLD+S00,
eBLUCUCLULCUSUULEUGU+0UU
fOGUCUBLGUGLISULEOUD+3GU,
GUOCIOCCUTSLCEL0OCD*G 3T,
«LOO0UDGEGOSTUCI0L0D+030,
«GLOBOLYIILLSLULLLCTD+ DUy
«GOOCLIOBOGILEUSTIGD+G00,
s LLDLCILVULLT Tl DUD+LGH



_1TERM3
JTERM2

SEND
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INITIAL

76

VE NG U & WA -

ESTIMATES FOR TWO-TERM ExPONEWTIAL MODEL

F
059L963‘;l
1967194
e 5LT553% L
«3374868%
e 751235+
el 77415%,1
«191917%¢11
s 1954t
s AFELTEIYLI
e1B1IBY7*L 1
17434741
s MOETGT*GS
e 152589*+1
e 137235401
i 22.%94*,1
e 12b961%1
12920461
e 826553+
e 1202u5*%( )
ch 1543+
. l&LSuB‘cl
w1 05643%()
eluB63* L)
e 9581 34%¢¢
589749 % L
e 980938+,
W G69877% 50
«cTYIUGBITCY
e TLHBBOTY
84916545 C
779 c4t o
e 75L235%( ¢

e 6BIFLDTLL

e6:5232%0¢
W 555520%
476854+
HZBYEHLY L,
e 345652% 51
TR Y T ASUY
022851 9%CL
«184256* ¢
e b33032% L
0953342=y1
«Y2E5B7"yI
$ 95191010
s L6840+ T
v 159916%yL
ML 773%CC
e 56 ST L

At
e215863+31}
e 152464+,
el o4223+01
e 687734+
v 436815+uy
o JU3FHT
[ Fubs L E- L X X G
e 9T78.26=.1
sl 78+uy
«971186=0]
el IB473+CL
e 136673+
e 1546334
e 189219+.0
0228518+ug
0272315+
«ZYBUT 2Ly
e 24495941
0251692+
026699340
0291385+
0324914+
0315743+
o319 2%
¢33S5119+i2
0322318%0
032277040
¢328668+0u(
¢333333+45
¢33B4T9+LC 0y
©356912+0i5
«e382289+uu
0392667+50
XN I Fih JO
e 45 H294CC
e477588+0¢
«e512865+3U0
e S40TBY+ (g
0592374+
eb62184 v
e 697254+
e 734845+
e 859925+
e F211549% 0y
0929952+ J(
0975847+,
1785001
¢} 18219+¢)
e115226+5)
e11822i+C)

B1

fBo1143=30
716354~}
e$26321=gl

0524.97=;1 "

st 624=31
0262621l
e 165219~
e147089~-:1
e 156778=¢1
e 173734=51
«211404~01
e25.,453=91
e294937=21
e3422¢6=-01
0390907 ~G1
«4597¢0-01
e 424 ,49=1
e 425409 -01
0‘429768'01
«H45)249=0i
HB8C171=0t
«515887=41
e541731=-0!
e527675-51
eS54H990C=-01
e548993=01
¢555774=(l
0597746=;1
e569731=-31
«SBY4712=01
OT28)4=01
¢637355=01
0666284~31
eb89i71=51
«732927-Cl

0792927=gl

e814716~-G1
0857185’Gl
e927223-r1
e 952586=q}
153980+ 00
el 3796G+Gy
o1 153814+0C
e 1 273434+00
« 126726430
«131825+Gy
l42246+0C
s 153529450
152772+ G0
e 1568558+00

A2
«7500C0=Gt
e 75000001
s 7500Cu=L:1
«7500C0~-C1
e 7500GG=0 !
2 106386+LC
«1222654¢C ¢
0127769+,
« 127769+
012522540
«121696+30
117949400
e 114336400
1IR3+
ClL79974G0
e 105314+1C
«109156+CH
11471400
e 112668+
o) 13G65+L0
e} 12902+((
« 112356400
«115105+CC
116911 +G0
«117985+5¢C
121272454
0 1236G9+0(C
s 1251 66+¢0
e 128359+ ¢
o|30677‘LU
e 1322654¢¢
¢133255+.¢
013551 4+55
0137105+ ¢
c13B1HS+LC
e 190173406
C1MI6IB4LS
e 143836+,
¢ 1585473+
W 1847729+05
e 1499422+¢ch
D162 (¢
0183282+ ¢
«155362+(¢(
e157765+GC
16039740
e 163206+
0] 66133+0¢
0 169134+G0
e 172752+ ¢

B2
=+ 148033~15
«SC000Q
s CGLGGE
s USLE
«362522~16
»268911=-C2
¢376475=02
+41070606=32
e410700=-02
e 3949p4=-(2
¢372338=02
¢347515=02
0322693~-32
0298965=-02
027682G-02
0256422-G2
+285635=52
e3(32838=02
«311640-02
»314554=952
¢313353=-352
.30929“-02
+329661=02
e342858=02
e I5U610-02
e37492G1-02
¢390656~(2
f4C1511=02
e423481-02
«e439175=52
s449834-02
s456452=(;2
471442-32
eM81945=-02
«488777=02
e502L24=02
«5}11405=C2
+525707-¢2
e536184=32
¢550522-52
«561205=-02
+574981=32
e585332-52
«598209=02
0612939-062
«628977=-02
0 645887=52
«6463315-02
«68C%81=02
e 7G2GC8=¢



83— sB92793=58 416219146} o l45B58400 o 176847400

«725439=-02
52 0827253-¢1 0955721+ e 140500+90 «181307+00 ¢750509=-02
53 «88lpb4=p)- +8B6495+00 «1344)2+00 +186036+00 ¢776607=2
54 9808941 «843049+Cy «13G080+00 e1913814+¢p «8G5513=p2
-1 $106027%6eL - v819%61+Co «128233+00 e 197582+50 +838273=p2
S6——— el EBUSIHQE— 079780 —— o h 29563400 — 2 2Q0Y47BI+EA  +875336-02
“ 87 el QBTG v T IROTHE 00— -+ 132336400 - 212778400 e915198=02
58 «155861*%5g +789423+3¢ «137549+g0 ¢22165g+¢0 $958G47~G2
59 199583701 e 798078+50 - - s 144680+00 0231487 +00 v100378-01
'Y 96654301} +819589+0y e 162410+00 «242216+G0 e1355212-G1
61 +838456-G1 +8509506+00 «185905+00 ¢253707+0¢C «110178-01
62 «844578=G1} «890918+00 022G6787+006 026594 +g0- «115260=-01
63 DL EACE v FY4BEIPOU— —¢281730+00 - - ¢279245+G0 ¢120566-0G1

THE INITIAL ESTIMATES USED ARE

=
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NON=LINEAR EXPOEENTIAL REGRESSION ANALYSIS USING AN ITERATIVE CORRECTION PROCEDURE

ASSUMED MODEL IS TwO EXPONENTJALS

N AL ESTHMATES-FOR PARAMETERS——

Als= e 95172100

Bls

«1405C0+00

A2=

«1813G67+0C

B2z

0 75650%9=02

OBSERVED RESPONSE, COMPUTED -RESPONSE; AND RES]DUALS USING INITJAL ESTIMATES

e DBSERVED ——COMPUTED ——  RESIDUAL —— — -

S ARG OO IO — VG T O0—— 2328 Smp

Tt e 2I000UROeTC

S F 2500600~ T 129860 Y00 =T 485984 =2

000 Y00 e 7S 9400 = TS 938T g2

¢ 130600+01
*749060C+00
«610660G0+0G0
+5300006+00
+47¢00U+00

0385400+ GC
»348uuC+00
+3100LCO+5O
¢2800C00+00G
¢ 255000+ L0

+210C30G+00

«195C06+60 -

+18500U0+00
« 1'75GG0+00
«16505C+03

¢ 1500GC+00
¢ 14500C+C0
+140000+00
2135000+00
+13C000L+G0

+125000+00

© s 12000C+060

«1200600+u0

o1 15000+00C

«1150060+G0

*+ 1 IC00C+GO

s 15S000+00 -

+105600+00
*105600+00
«1000G0+40

ek 13303+G1
«758490+G0
v582961+00
«480029+0¢

«342207+00

0296346+00

*+261303+L5
e234285+C¢
02)3335+44¢0

-|66972’Q°
2897182+00 = 157182400

=e 108490L¢0CG

~e52%658=01t
=+10029G=01

0429933-01
e 48654C=-C1
«48697C=G1
¢45715C=-01
»40166549=C1

s 196973%00
s 1840846400

$173828%07F

e 165564+§¢
¢ 158813+((
«153213+00

o 144432+00G
e140888+00
¢137738+0g
e 134892+00
+132283+00

+127584+00
125425+
01233624050

“e1'21377+00

¢ 119457+0¢

«115779+4¢00
» 119006300
«112271+00

e 110572460

e 1089049+00

0259145~-01
«211721=-01
+194359-01
«161866-(1

«556824=-g2
«413223-G2
©226237=-02

" «1p8072-p3

-42283@5=0G2

=1258357=G2
®s542489=(2
=¢336156-02

-0 637686752

-y 445738=02

=e577866=-(2
~v9006G0=-02
=e727)45=02
«+557158=02
~e890371~G2

$117873=¢1
T 55000 00— e 14B 488 0s 65120902

Ty 0000000 107266500 S TT265725G2 - T T -
+10006006+00 2 165656+50 -e565594=02
+ 1506G0G+00 +104C73+00 «,4573062=-p2
«950000~01 *+102516+00 ~e751584=-02
+950000-01 +1G0984+4C0 — =,598351=02
- 2950000-01 *e994752-G1 =e447524=02
B 21 171 154 7y it & A A 171 13 snmmmnaw & 4 4 rr a2 7 Sunbinani et G S SR
+90000U~01 +965283~-31 -+652833-02
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. «900U0G=01  _ 2950884=01 _=,5(8860~02 . ..

«85¢C0C=01 09367&7-01 -e867372~-G2
e 85GU0G-C 0922743~-G1 -e727427=02
«8SGLGL-01 «e908989=C1 -e589886=p2
e BSGLOU=0) +B9ISHYL=Fl = 4544} be2 — —— ———
«B85CLOL=01 «8824397=-3G1 -4 320967=-02

- - +85GU0C-0F - V86895201

+80CGLOL=GI
e BJCUGL=UI
eBOCUSE~0I
e 8GCGO0L=-01-
«8506G00=-01
e 84CG00U~01
e BLCEGO0U~u1
+83Cuw0i=01
e BUCGT0=UL
e 8UCGOT=UL
~T - O 15GGGU-01
e 75GuGl=ul
e7558GG-31

“»80CGHE~0L - —

«856004~-ql
v 843250=01
0 830685=-(01
"e8183G9=01
eBublli7-G1)

¢782276=01
077062101
0 759145=-01
¢ 747830=01 "
0736688=(1
" $725TVISST
¢ 7149G1~0)
«754251-01

«750LL=ul 0693759=u1
¢ 75QGC0=-al «6B83423-C1
e 75CLGU=GI 067324)1-C1
= T TSGUGE=TY T v66321 101
sIGYIN= e359525=-¢1

CYCLE NUMBER = |

8 MATRIX
¢ 13CLGG+01
«755{28+{0
eS73l68+00
e HIACULT+U0
0324977 +00
22453467+l
0 185259+40
0 139676+50
o 1L,5610U+ul
160204951
e 454564=41
0 343203%=u1l
«259132=-01
v 195652-0U1
o1 47723~=31
e1131535={1
«e842121-y2
e635825-,2
s 4BCLeO=2
0362446302
027367(¢=(2
1 2u6629=G2
elb6CIC~u2
2137792=42

$7941gT=0——

=¢jB9S2t=0g2 -
=eS60CYL=p2
-s432495=g2
-e3(36884=2

-ws183388ag2

~e611679=03
—:i589337=¢3
ol77245'02
e293792=g2
L 4386G2=02
+5217¢1=-02
1633115=32

e 24286%eG2 T T

+3508987=02
W 457494-0p2
05624 14-p2
665771=(2
«767589=02
«86788%=02

* GuCGCO
=s1437185%35)
=e2175184G1
=e245782+G1
=e2474305+01
~e9233521+01-
=-e211578+(1}
~e186372+G1
e l65B18+01
—e1366GuGY01L
‘el J4597+(1
~e9517614GD
=e783934+00
e b41237+50
=s521378+G¢
~e421773+50
-e33968)+5y
-e272498+CC
=e2})}7846+(0
-e1734618+3§
~e137986+00C
s 1059392+30
=¢865273=31
=eb832CT1~G1!
=-e538I56-01

«10GC0G+CI
+985102+00 "
0974426400
«955968+53
09Ql726400
0 927696+G3G
e 9138754540
e 9TL26G+GT
QBBbBQBOUQ
e B73636+0%
«BOLO20+00
- s84779%+0¢
e835168+3§
e822726+00
81046%+00
e 798394%e50
2 7B6SGL+LT
«774782+Go
0763245+0y
0751869+G0
C7H3667 400
v729633+0¢G
+718763+0Q0
v 708555+00
0 6975C6+50

e CGOCO0U
=-¢357211+CC
=e7033779+C0O
s 103994401
=0136593+01
=s | 6B1F6+C1
-e |98835¢C1
-e228513+01
=-e257266+01
-0285113+CG1
=e312G73¢01
=e338166+01
=0363412+01
=0387831+C1
=e411442+01
=e434263+C1
-e456313+0L1
-2 477609+01
-e498170+01
=+5]18012+01
=e537152+01
=e5556(C7+C1
=¢573393+CG1L
-s59¢c525+C1)
~e607G20+C1
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. 08893465=3 @ *e423214=0) 2 +6B7119+80  =06228%2+01 .

0671496=-03 =e332320-01 «676878+00 -e638157+01
e506998=-03 ~e26056)1=01 - «666794+00 -e652828+01
+382798«03 =e204u18=G1 0 656860+G0 -1666921+01
0289023=03 =+ 159540=C) - 647074400 ~s680449+01
0218221=03  ~=e}24611-G1 e637433+00 ~0693426+01
vt 647 63=GI——=v 9221 2=02 627937 +0u" "~ =v705865+01
e12534¢01-03 ~e757726=02 +618582+350 «+71778G+01
0939260=04 " =¢589983=52 " 657366900 «0729382+01
0709168=-04 =e458952«02 v 6GG288+50 =e7400586+01
¢535442-54 -:38567 1402 " 591345450 =¢750503+01
e 4427454 ~e277324~C2 +582535+0 -s760446+01
2305238 YT w e YT T=G2 T i573856100 " =v769925+01
0 230463~G4 -0 166696=(2 e565307+3¢ ~e778954+01
s 1740C6=C4. =~e129172=C2 «556885+G0 -=e787542+01
¢+ 133380=04 e 1G0B29-52 «54B58B+p0 ~2795702+01
e991954-35 =a7749132=03 . +5H0415+00 803444401
074895305 ~e598748=(;3 ¢532364+00 ~e810778+01
56548t wGS v 46283503 524433+GU " e8I TTIEVOT
e 426954=95 -¢35758p=03 05 166206+G0 -e824267+01
0322362=05 T =e276119=03 «S538923+G0 =e830441+01
¢243393-u5 ~e2)3111=C3 e5C1341+3¢ -1 536248+01
¢e183768={15 =e1b44G2=¢3 « 493872400 -2841698+01
0138750=(05 ~e}126775-C3 e 486514+G0 ~e84680u+01
e YT EGmOS T TIIBEwOH T i T P266+00 T se851563+401 .
e 790970=06 .=¢752783=-(4 «472126+00 -+855997+01
¢ 597205=36 =57 9THDP=CGH T L 465392400° ~+860109+01
450907 =06 e 4463GI-04- «+458163+00 -e$639G68+01
«IH0H4T7 =06 T =e343452=04 " «451338+00 = 8567404+01
e257047~-06 e 2b642¢8=uH4 JAHGEIHIPC «e8736(G3+01
17407 8w 2 IF TGN s HITIIR0D C =e873515+01
e146534=06 ~s156195=04 «H31464+G0 e 876147+01
e110638=06 =+ 120G38~G4 s 425536+00 -+ 878507+01)
¢B835345-y7 ~e§922218=(5 CH1B87uH+Go -e880601+01
e 63G709%9=07 ~e7038306-05 cH12496464+G0 «-1882439+01
e 4762G3=07 -e543B55=;5 e4u632L+350 «e884326+01
¢359547«07 i g T IHTG=05 T T JH0G268+5G T =iBB5374+01
0271468-07 ~e320369-05 «394305+50 ~e886477+G1
e254966=07° =e245789=055 »38843C+00 ~e887356+01
e154755=97 ~+188523~{5 0e382643+00 -+ 8B8CI1+01
et 168447 e 1448584235  +376943¢00 ~+¢8884505+01
+882259~y8 =e110829=05 . +371327+30 ~ =+888678+01
e b66UPI=P8 - -e BYF4T73I=E6 - - 4365795+G0 -+888703+G1
BTelveB )
0232595+¢1 -e587538+51 0 393528%+gG1 -0 415829+G1
- 58738401) 0 4B6R 2 ~-e215654+2 +532206+02<
e390289+41l -e215654+52 e294226+02 «s241823+03
e 41GE29+4) 25322G6+02 “e241823+G3 2321212+04
. INVERSE OF BTeneg - e mmme—e—nmm e -
856977400 «1219741-01 -e255456+00 =+183380=0}
e121971=0U1  «B35688=01° .122212+G3 " «788133-02
=+255456+)0 +122212+y0 0362295+ 50 +249237=01
. =¢18338u=U1  +788133=32 «249237=01 - 02G3365=02
INVERSE TIMES OKJGINAL MATRIX _
e 1BOUUD*0Y e b637153= 17— - ¢69388F=17 w5565 112~i6
e271uS1=-18 c1O0uGGH+U ~e173472=17 ©277556=16
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+135525=18 " =,650521~18 e433681t=}8 e 1OQUUG+0! -

2 QUOUEU— - 2693889=17 L ju0auu+0d— «900806—- —

DETERMINANT VALUVE
——3522963+06
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OBSERVED RESPONSE, COMPUTED RESPONSE AND RESIDUALS

RESLIDUAL

OBSERVED COMPUTED
e P3G —— v TS5 OO 44 E g -
o 740ulu+00 +B895831+G0 -e3155831+¢0
e IGUO0FI0 ~ +TG6GETHDVT =+9660608=01
«5300U0C+00 e568294+Qy - 382939=01
«47G6000+00 s 4O6LTBHFFT -  +321428=p2
¢ 42500G+00 +392G26+00 «329741=01
——- e 385000FU0  +33IGEBYFOU <983V EISOTT T T
«34S50G0+00 e 295444+00 e 495561=-01
231QUTGPUD - - 26445295 45547 B=gi
«2855G0+00 e240914+00 e390862=01
«255G00+00 0222802900 T 4321982=(1
«23GUUG+GL e208644+00 «213536=01
vZ1outo+us s19738T+00 T 12518701 R
«19500U+00 188233400 e676698~02
e 1BSUUULO0 e 180640%0G T a435%66=52
e 175000+00 e174196+450 «8354076=C3
e 165U0D+00 ~ +16B604%00  =4360399=02
¢ 155000+00 e 163650400 -e864970-02
s ISOUUU+00 +159t77%00 s YI7e8Y=sg2
e 145000+00 «155472+00 -e130718=01}
“CI4QUCUO0 S IST252+4G0 = 112517501
v 135G00+00 v 147656+50 e 126562=01
- 130GU0F00 T 14424100 T =s192%11-01
+1250G0+00 «140974+00 -y 159740=01
— gt RGO 0G00 . . ———
«120000+00 e 134794400 .o | 47944 =01
e 120000+00 "  «131851+p0 —~s118512=01
0 1150006+00 «128991+00 -e}39913=01
+115000+00 " e 126207%00 T =.1T2375=-p1
«11Q000G+00 e123494+00 -e}]34937=31
e 100 F 00 T 1 2084 0D = TUBdSTsgt
¢ 10500000 e 118260+G0 ~e132597=01
+13500G+00 “e115733+400  =.107327=-01
« 145UD+00 +113263+G0 ~eB8262B%=p2
2 1CUGO0+0OU «11084C+GD" =s 10847601
¢ 130UOU+00 « 1OBH85+0GU =.848530=02
B R” 17 i1 A na 17 e B+ 1o oA 0+ 1t N MU ¢ A ¥ I
¢ LOOGULTU+00 «133913+00 -s391349=02
¢ 95000~V S YOr7H1¥ug T EveTGI2%502
e95000U=0) «9953464=01 - 453659=02
e 959U00~01 2 974183=031 = =,2%1825=32
¢ FG06U0=0Y +953452=01 «e534522=42 _
S S TPUOO=0T T YIS0 T =e3NNEHSSgTT T T
« 70GGEAG=01 «913383-G1 ~e133396-0G2
* «BSQLGO=-01 +893878=01T T 43877%s52
+850000-01 +874860~0)  =,24B8603=02
+B5QU00SDT ™ T « 85624850 T w6247 74=03
«8503000-01 +83833]1=01 e119686=02
g 3 —— 82020301 e 2979Tiw g2 T T
«850000=01 . «802754=D1 472461 =02
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+8500GL=UL . «785674=ul +143239=32

s BuGuuu=ul 2 708962-01 23133822
85guaL~ul °7526¢3=51 $473969=-92
e BoGuGU=01 0736592=31 63457602
«850u006=! «720%22-G1 795776252
BaBUBL=01 v 7u5586=,1 944§ 202 . _
BusuUC-Ul 69157551 e 139425=01
e BLLuS=Y) v475884=y1 «124116=(1
eBudunt=ul eb61556=51 «138494=31
eB8GLCUG=ul «647433=31 e 152567-51
e BROLVGU~L «6336653=01 «166345=p1
e 755600=01 62388501 129820~y 1
e 756upu=0l L6987t 14351331t
e 750ult=-G1 e 594074l - 15592631 - A - -
e 7530gb=Ul «58{436=1 . 168564=31
e 755 0G=-ul «569567=_1 «18u933-(1
«755LGU~G) 556961 =31 $193639=ui
e 755udt=J) 5651} 2-,1 «2uH4B888=0]

PARAMETER CORRECTIONS

DELAL= ~-+269235~31 DELBI1= e252625=-g1 DELAZ2= +489338-01 prLB2= e324644-02

IMPROVED PARAMETER ESTIMATES
Alm «F24798%, Bi= 216378340y, A2m e23y238+g0 B2= «167515-u1t

RESPONSE VARIABLE STANDARD DEVIATION
SIGYis ©359525=y1 sS1gY2=s «341503-31

COEFFICIENT STANDARD UVEVIATION
sGal= $223921-(:} S6B1= e534b 4202 SGAl= 0629584=(2 $682= W b6(312557-03

TOLERE =4§26342-3

END OF CYCLE NUMBER t

83



REFERENCES

Worsley, B. H.; and Lax, L. C.: Selection of a Numerical Technique

For Analyzing Experimental Data of the Decay Type with Special
Reference to the Use of Tracers in Biological Systems. Biochim,
Biophys, Acta, vol. 59, 1962, pp. 1-24.

Worsley, B. H.: Analysis of Decay-Type Data. Comm. ACM 6, 1964, . .
pp. 39-44.

Grard, F.: A General Program For Statistical Analysis Using the
Maximum - Likelihood Method. UCRL-10153, Lawrence Radiation
Laboratory, University of California, Berkeley, California, 1962.

Foss, S. D.: A Method of Exponential Curve Fitting by Numerical
Integration. Biometrics, December 1970, pp. 815-821.

Behrns, V.: Least Squares Fitting of Exponential Functions. Center
for Naval Analysis, CNA Research Contribution No. 149, March 1970.

Perl, W.: A Method for Curve-Fitting by Exponential Functions.
Int. J. Appl. Radiat. Isotop. , vol. 8, 1960, pp. 211-222,

Gardner, D. G., et al.: Method for the Analysis of Multicomponent
Exponential Decay Curves. Journal Chem. Phys., vol. 31, 1959,
pp. 978-986.

Cornell, R. G.: A Method for Fitting Linear Combinations of Expo-
nentials. Biometrics, vol. 18, 1962, pp. 104-113.

85



APPROVAL

A METHOD FOR NONLINEAR EXPONENTIAL REGRESSION ANALYSIS
By Bobby G. Junkin

The information in this report has been reviewed for security classifi-
cation. Review of any information concerning Department of Defense or Atomic
Energy Commission programs has been made by the MSFC Security Classifica-
tion Officer. This report, in its entirety, has been determined to be unclassi-
fied.

This document has also been reviewed and approved for technical
accuracy.

(LR

H, HOELZER
Director, Computation Laboratory

86



—_INTERNAL

DISTRIBUTION

DIR
Dr, Rees

" DEP-T
Dr. W. R. Lucas
Mr. E. W. Neubert

AD-S
Dr. E. Stuhlinger

S&E-DIR
Mr., H. Weidner

S&E-COMP-DIR
Dr. H. Hoelzer
Mr., C. Prince

S&E-COMP-R
Mr. R. J. Cochran

S& E-COMP-RD
Mr. D. G. Aichele

S& E-COMP-RDA
Mr. B. G. Junkin (30)

S&E-COMP-RRG
Mr. Paul O, Hurst

S& E-COMP-RRV
Mr. J. A. Jones

$& E-COMP-RRP
Mr. P. R. Harness

S& E-COMP-DS
Mr. J. C. Lynn

_S&E-AERO=-DIR_ _ _ _
Dr. E. Geissler

S& E-CSE-DIR
Dr. W. Haeussermann

S&E-R-DIR
Mr. W. G. Johnson

S&E~-ASTR-DIR
Mr. F. B. Moore

S&E-ASTN-DIR
Mr. K. L. Heimburg

S&E-SSL-DIR
Mr, G. B. Heller

S&E-SSL-TR
Mr. M. C. Davidson

S&E-PT-DIR
Dr. M. Siebel

S& E-QUAL-DIR
Mr. D. Grau

PD-DIR
Mr. J. T. Murphy
Mr. J. A. Downey
Dr. W. A. Mrazek

PD-SA-DIR
Mr. W. G. Huber

PD-DO-DIR
Mr. E. Goerner

PD-PS-DIR
Mr. J.. C. Goodrum

87



INTERNAL (Concluded)

PD-MP-DIR
Mr. H. P. Gierow

PM-DIR
Mr. L. B. James

PM-SL-MGR
Mr. L. F. Belew

PM-MO-MGR
Dr. F. A, Speer

PM-SAT-MGR
Mr. R. G. Smith

PM-MO-0O
Mr. F. Kurtz
Mr. M. Horst
PM-PR-M
A&TS-MS-IL (8)
A&TS-MS-IP (2)

A&TS-MS-H

A&TS-PAT

Mr. L. D. Wofford, Jr.

A&TS-TU (6)

MSFC—RSA, Ala

88

DISTRIBUTION (Concluded)

EXTERNAL

Scientific and Technical Information
Facility (25)

P. O. Box 33

College Park, Maryland 20740

Attn: NASA Representative, S-AK/RKT

Computer Sciences Corporation
Huntsville, Alabama 35802
Attn: Mr. Don Stout (2)

Mr, Ron Henry

Delta State College
Cleveland, Mississippi
Attn: Dr. E. B. Walters
Head, Mathematics Department



