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COMP - A BASIC LANGUAGE NONLINEAR LEAST-SQUARES
CURVE FITTING PROGRAM

INTRODUCTION

Most mathematical models which describe biological processes contain
nonlinear terms. While there are many possible nonlinear mathematical models
that may describe and édequate]y fit biological data, usually only one (some-
times two and often none) are useful beyond descriptive purposes because they
are derived from a consideration of fundamental biological principles.
Parameters in these models are usually meaningful because they represent an
important aspect of the process. These parameters are usually estimated »
using nonlinear least-squares techniques on large computers. Fitting mathe-
matical expressions, thought to describe experimental data, is sometimes
considered an art because the final parameter estimates obtained from the
computer algorithm are a function of the accuracy of initial "quesstimates"
for these values. Thus, computer algorithms can either fail completely, give

erroneous estimates, or converge to best (true?) solutions.

The following steps typically lead to fitting a mathematical function to
biological data: 1) the data are organized and cursorily examined; 2) a
plot is devised (sometimes several are tried on different types of graph
paper); 3) a hypothesis is generated which may express the procéss as a model
(i.e., are the changes linear, exponential, or logistic?); 4) one model is
chosen to represent the process; 5) parameters in the model which allow the
best fit of the function (nonlinear least-squares estimates) to the data-are
calculated, usually by complicated codes on large computers. 0Often several
runs are necessary, using different initial "guesstimates" of parameters in
order to obtain a best fit (and sometimes failure); and, 6) the mathematical
‘mode1 and data are plotted. Sometimes residual (observed minus predicted)
plots are made to evaluate the adequacy of the model.




We have developed an interactive BASIC code which runs on both a PDP
11/70 or PDP 11/34 computer to help perform the steps outlined above and to
reduce the lengthy turnaround time associated with many runs on batch sys-
tems. The key to the system is the reenterant nature of the curve fitting
routine (a1lowed only with an interpreted language such as BASIC). In
general, the user supplies estimates of the parameters for a selected model
(18 are currently available). The program calculates a requested number of
iterative refinements (hopefully improvements) to the parameter estimates in
an attempt to minimize the squared deviations between the values predicted by
the model and the observed data. During program execution the user can |
observe whether the results are logical. If not, the process may be stopped,
new parameter estimates tried, the current fit examined, the process of
jteration started again, or a new model selected. Detailed users guides for
running COMP on the PDP 11/34 and 11/70 are in Appendices A and B, respectively..



COMPUTER ENVIRONMENT

COMP was written in CSTS BASIC for a UNIVAC 1108 and subsequently con-
verted to BASIC-11 on two different minicomputers. Operating parameters
relative to these three machines are summarized below:

NAME UNIVAC 1108 POP 11/70 PDP 11/34

OPERATING SYSTEM INFONET IAS RT-11

LANGUAGE CSTS BASIC sasIC-11 () sasc-17(@)

CORE AVAILABLE TO ~

BASIC USER 32K 8« T

NUMBER OF 1/0 DEVICES  MANY SEVERAL ONE VT 52

STORAGE AVAILABLE UNLIMITED MODERATE LIMITED
DRUMS ., DISK ONE 88M BYTE TO CAPACITY
% TAPE DISK. ONE TAPE  OF DISKETTE

DRIVE

Access to INFOMET from this location was terminated in June 1977, so we
have focused this document on the two PDP versions of COMP,

To reduce the size of COMP to fit available core in the 11/34, extensive
use of OVERLAY was necessary. OVERLAY allows the main part of the program to
reside in core, while certain segments such as the selected model, are added
to the program from a diskette as needed.

This feature is not available in IAS-BASIC-11 on the 11/70. Therefore,
COMP was divided into five separate prcgrams, each containing up to five
models. The User decides which program to request from the disk to run a
selected individual model. |

(a) Although these have the same name they are not‘identica1;







PROGRAM DESCRIPTION

COMP is an interactive nonlinear least squares routine written in BASIC
language and used to obtain estimates of parameters in nonlinear functions
and to approximate their associated statistical errors. The program uses the ‘
linearizing (or Taylor Series) expansion of partial derivatives outlined in
Draper and Smith, (1966, pp. 267-270). Therefore, partial derivatives must
be supplied (as well as the function) by the user for any new models not
currently contained in the programs. It should be noted that when a line-
arizing method is used to estimate parameters in a nonlinear model, all
the usual procedures of linear regression theory can be applied. However,
the results so obtained are only valid insofar as the linearized form approx-
imates the true model. A1l of the statistics computed by COMP should be
viewed with this restriction in mind.

The output of COMP inciudes the variance-covariance matrix, t-tests for'
parameters, Von MNeumann's ratio [Bennett and Franklin (1954, pp. 678-679)],
observed, predicted and residual values, the error mean square, and an
optional procedure to evaluate heteroscedasticity. In the latter procedure
the absolute values of the residuals are fit using a linear regression model.
Thus, deviations which are significantly larger as X increases (usua?]y X is
time) ﬁay be detected using the linear regression. One explanation for such
behavior may be multiplicative rather than additive errors. -
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REQUIRED INPUT

A summary of the dialogue is shown below (a return is implicit after each

User entry):‘

COMPUTER GENERATED PROGRAM VARIABLE USER SUPPLIED

QUESTION NAME ANSWERS
LISTING OF MODELS? Al 0 = No.

[II.T

—

Yes. Print a 1ist of available
models and their respective
code numbers.

‘First mode]
Second mode]l

and so on, until
18 = Eighteenth model

Number of (X,Y) pairs.

MODEL NUMBER K 1

N
Hon

ENTER # OF DATA POINTS

ENTER # OF PARAMETERS M 1 = Number of parameters for the
model: M>6 requires program
modifications.

INPUT FILE? D1 0 = No. Input will come from key-

=
H

board.
1 = Yes. Data are on a file.
OUTPUT FILE ALSO? 77 0= No
1 = Yes

SAVE ORIGINAL DATA :
OR RESIDUALS 78 Yes. Save a file of the
( original X, Y pairs.

2 = Save a file of the residuals

and corresponding X values.

—
1

Wnen using input or output files, their names will be requested, i.e.:

INPUT FILZ NAME?Z  =eee- .DAT
QUTPUT FILE NAMEZ? eemee- LOUT

If an input file is not used the following questions will be asked:

LIST OBSZRVATIONS ON Y




LIST SAMPLING TIMES
(Corresponding to X) T

After data input (either via files or keyboard) the following questions will
be asked:

ENTER PARAMETER GUESSES P(1)
P(2) .
P(3)
P(M)

ENTER # QF ITERATIOQNS N2 Zero will result in a check on’

"quesstimates" if entered at the
first iteration (i.e., observed

and predicted values are printed).
After one or more iterations, the
program will give summary statistics
as well, if zero is entered.

BASIC CODING FOR A MODEL SECTION OF COMP

To add a model to COMP, the User must write BASIC statements for the
model, the partial derivative(s), residuals and convergence criteria. We
illustrate this with the Gompertz Growth Model which is found on page 8
in Appendix C.

For the Gempertz Growth Model: Y. = ae

The BASIC representation is:

F(I,1) = P(1)Y*EXP(-P(2)*EXP(-P(3)*T(I)))




Where F(I,1) =Y
P(1) = a
P(2) = b
P(3) =c
‘T(I) = X or in this case -- time.

1 = sa e—be'cxi
: 3Y.i

- cX.:
2) = f$ = —ae7P® T xg™CH;

Is) .

]

n -cX.

3) = %%—-= TR *bX, e -eky

The BASIC representations are:

1) X(1,1) = EXP(-P(2)*EXP(-P(3)*T(1)))
2) X(2,1) = ~F(I,1)*EXP(=P(3)*T(1))
3) X(3,1) = F(I,1)*P(2)*T(1)*EXP(-P(3)*T(1))

ror the residuals:

R, =Y

i =Y (oss) Y

i (PREDICTED)

The BASIC statement always is:
R(ILT) = Y(I,1)-F(T,1)
To compute the convergence criterion:
n
C = ' . n

L R;(3a/3Y, +3b/3Y, + 3c¢/aY,)
i=1 :




The BASIC statement is:

1 1

C=20C+R(I,1) * (X(1,1) + X(2,1) + X(3,1))
For another model, the appropriate partials would be included in
the area bracketed.

A1l of the above BASIC statements are included in a FOR loop (I =1 to N)
terminated by NEXT I and RETURN.
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AVAILABLE MODELS
Page
: Number 1in
Description Equation Appendix C

One Compartment bt
Exponential Y = ae 6
Two Compartment _
Exponential y = a]e'b1t +ase byt 7
Three Compartment
Exponential y = a]e_b1t + aze'bZt + a3e'b3t 1
Exponential bt
Turnover Y = ate 3
Exponential Uptake
(Starts at y = 0, bt
t =0) Y =a(l - e ) 7
Power Function Yy = at? 7
Gompertz Growth _be—ct :
Curve Y = ae 8
Laird Reformulation
of Gompertz Growth -ct
Curve y = aelb/ell - e )] 12
Logistic Growth 3 :
Cury = 12
urve Y — e(b ey

Mitscherlich Y= a+peCt 6
Gamma Uotake Y = a[l - (1 + t/b)'c‘+ ]] 9
Gamma Decay Y = a[l + (t/b)]°° 9
Log Gamma Uptake Log Y = Log a + Log [1 - (1 + t/b)—C * 1] 10
Log -Gamma Decay Log Y = Log a - ¢ [Log (1 + t/b)] 10
Log Exponential
Uptake (Model . bt
Number 5) Log Y = Log a + Log (1 - e ) 10




One Compartment
with Exponential
Input

Quadratic

Linear

b-c
a + bt

a + bt

[e-ct -e'bt]

+ Cct

12




AN EXAMPLE OF COMP RUN ON A PDP 11/70

LOGIM PROCEDURE

1a5  PolGRAM CDEVLLOPMENT 3YSTEM VokdoIouw 1.1
JYyi:a7:59 1o~cEP~77
Fuo> LoGlas/lue mMll=4doul
racowonl s
voon vilio4000] UIC (30b,2¢06] 13lo: Thokh 10 0v:486:31 16~5LP-77

FI5> TYPE CLPTWC.DAT
1,91.3

5,04.49

14,41.7

1s,.7.¢

Zu,13.2

BRIV I I

1U,6.5

INVOKE BASIC INTERPRETER

FLuo> £A3IC

IAS BASIC val

READY




RUN COMP VERSION WHICH CONTAINS NEEDED MODEL

Ruu CUMF2.EAS
HCn—LIdnAK LEAST SCUARLS USING FIR
3

ST TERs OF TAYLUR SCRIES
SAXIMUa NUMBER OF CATA pOLNTS I3 58

3, MAX PRRAMS = 9o

Awswiok 1=Ygs, ¢=no

auwol LIS{? : . Obtain list of
1L models in COMP2
dirnlor
1l FCR LINLAK
2 FOor THREE CUMPARTHLNT ZAPUNENTIAL
3 FCR Twu CUMPARTMENT EXPUNENTIAL
4 £OR LUADRATIC
MO .
¢ 3 Select two compartment exponential model.
+ b DATA rPOInTd
¢ 14 There are 10 data pairs; see file listing above.
# o PanalcTZRS ]
g4 : ~The,model contains four parameters to estimate.
Lazul fILL?
¢l Data are from an input file; see above.
CuirUl Blun ALsus
d No output file will be created.
wPul CLLLE NAME

LAPiwU . OAT Name of previously created data file.
ARAMETLR GUESSES ‘

Y Users initial guesses at the four unknown
L parameters in:

L bt dt

22 Y = ae "+ ce

TERATIONS

SU T U sU U U L U sy
\C

U 1.

Allow five "passes," through the algorithm.
seeking better (improved) estimates of the
parameters, :

PARAMETER VALUES, CONVERGENCE CRITLRICON
(5) Successive Estimates of

the convergence

a = P(1) b = P(2) . c = P(3) d = P(4) criterion
39.4524 138471 11.4953 .6217557 -721.445
59.3733 .1083538 11.1773 9217387 ~-£4.56721
89.3722 L188239 11.17564 0217992 -.01577 ‘
5G9.3722 190539 11.1764 321794972 ~-7.86199E-93
8Y.3722 .1gC539 11,1734 .J2179¢2 ~4.7638¢CE-33

14




The fitting process is proceeding well because:

a) The parameter estimates stabilized (to 6 significant digits) at
iteration 3.

b) The convergence criterion is steadily approaching zero. Usually a

steady decline toward zero, but oscillating between plus and minus

values is desirable.

The following four additional (but probably not needed) iterations illustrate

this behavior for the convergence criterion:

ITERALYIUNS

202

cv.3722 103339 11.17¢4 LB21764d2 1.3347342-93
0d.L7122 L1dw3538 11.17584 0217522 -3.172574E-93
tleAadlons

[

0Y.2725 LluUonly 11.1704 Re17%92 -d.z70lon-4g4
EY.e3143 103535y 11.1733 221759 5.59%59758-13

Since satisfactory convergence has been obtained enter zero to obtain the

final results.

TTZRATIonS

S U R .
input X-values Input Y-values Calculated Y-values Input Y-calculated Y
Tiug CocSELRVED LAPECIED DEVIATIUNS
1 ' v1l.3 51.7612 .938u330
b vd £4.0555 ~.60654721
lu al.7 31.091 8.950035E-03
15 27.9 27.5427 .U37340%0
20 19.2 19.195 5.32777L-03
-39 1.2 12.192¢ 7.32108E-93
39 6.3 6.27763 9223099
59 4.2 4.34535 -.14c6347
60 3.25 3.23843 .0115671
78 2.6 2.510830 .0836452

15



The estimated variance - covariance matrix is arranged as follows:

P(1) P(2) P(3) P(4)
P(1) s2p(1) s2p(1)p(2) STp(1)p(3)  sep(1)p(4)
P(2) s%p(2) $p(2)p(3)  s%p(2)p(a)
P(3) s%p(3) $%p(3)p(4)
P(4) s%p(4)

and the blanks below the diagonal values would simply be repeats of the above
diagoha] values. The square root of the diagonal parameter variances (i.e.,
the standard deviations) are used to calculate the t-tests for the parameters
which are printed below (i.e., parameter estimate/standard deviation = t).
Parameter covariances can be interpreted "somewhat" 1like a simple correlation
coefficient. The sign indicates the direction of joint relationship and the
size indicates the strength of the joint relationship among the two param-
eters. Small covariances allow "easier" fits. In this example parameters a
and ¢ [P(1) and P(3)] are jointly related. Since they enter linearly the

asscciation did not cause extreme difficulty.

VARIANCL-COVARIANCE MATRIKL

.481678% -5.01320E-94 -.443221 -7.77353E~-064
-5.01320E-014 6.42914E-67 5.51226E-04 38.50792E-07
-.483221 5.51226E~-04 .516541 5.25356E~74
-=7.77393c~-94 3.5¢702E-07 8.25350E-64 1.37291E-356

The Von Neumann ratio is a statistic used to detect runs and is computed
using squared successive differences in residuals (labeled deviations above)
and the variance about regression. To determine statistical significance of
the calculated ratio compare it to the critical values in Table 1. The
expected value for a random series of runs is two, but as can be seen from
Table 1 a statistically significant value depends on sample size. In this
example (n=10) a calculated statistic less than 1.06 or greater than 2.94
would be statistically significant (P<0.05). A statistically high ratio
indicates short-term oscillations and significantly small values indicate
longer-term trends or nearly stable conditions (i.e. nonrandomness). For
ratios based on more than 25 observations the t-statistic is computed. High
positive t-values indicate long-term trends, high negative -values indicate

16




TABLE 1. Critical Values for the Von Neumann Ratio(a)

Upper Critical ‘Lower Critical
Values Values
Sample
Size % = 0.01 a = 0.05 a = 0.01 a = 0.05
4 0.63 0.78 3.37 3.22
5 0.54 0.32 3.46 3.18
6 0.56 0.89 3.44 3.1
7 0.61 0.94 3.39 3.06
8 0.66 0.98 3.34 3.02
9 0.71 1.02 3.29 2.98
19 0.75 1.06 3.25 2.94
1 0.79 1.10 3.2 2.90
12 0.83 1.13 3.17 2.87
15 0.92 1.21 3.08 2.99
20 1.04 1.30 2.96 2.70
25 1.13 1.37 2.87 2.63

(a) Adapted from Bennett and Franklin, p. 679, 1954 .

short, rapid oscillations. For practica1 purposes, a value for t of #2 can
be considered statistically significant (P<0.05). In the example, the ratio
(1.40) indicates no significant departure from expected "residual runs."

The calculated variance about the regression is the traditicnal error

mean square.

VON NEUMANN RATILIO CALCULATED VARIASCE
- CALCULATED N>Z5=T ABCUT REGRES-ION
1.40342 . ) 7.85932E-93




The parameter values and convergence criterion are repeated from above.
The t-test calculation was discussed in conjunction with the variance-
covariance matrix and a discussion of their validity is in the section on
program description. The statistical significance of each parameter should
be assessed using a t-table and N-M degrees of freedom. In this case, all

four parameters are significantly different (p <0.01) from zero (i.e., HO:

parameter = 0, Ha: parameter # Q).
PARAMETERs, CUNVERGENCE CRITERION

v9.3723 L1ldud 39 -11.1783 .9217%962 3.550697E-93
r=T23TS OF PARAMLTEKRS :

131.533

1¢2.545

15.5204

15.59673

A residual test for heteroscedasticity is requested. A zero would have
terminated this run. Using this procedure the absolute values of residuals
are fit using a linear regression model. Linearly increasing residual values
as a function of -time (X) may be detected. A statistically significant rela-
tionship may indicate that a multiplicative rather than an additive error
model  should have been assumed. Two iterations are always necessary if this
option is selected.

YEst RE3IOUALS?

721

7 ITSRATIOJIS
? 2

PARAMETER VALUES, CONVERGENCE CRITERION
.@§18146 5.16169E-04 -~29249.4
9317796 5.16926E~04 1.91280E-23

A1l of the output previously discussed is recalculated using the two
parameter linear regréssion model. The t-tests for the two parameters are
not statistically significant indicating the additive model assumptionvmay
have been correct. Any interpretation of the variance-covariance matrix
and Von Neumann ratio in this section should be carefully considered and
requires the help of a professional statistician.

18



ITZRATIONS
2

T1nE UbSERVED

1 J386356

5 $854721

13 .963358~-03
15 .0573446

Lo 5.0277768-03
3 7.02105E-03
4y 3223699

5y 140347

54 .911l5671

Ty 3896432

VARLIANCE-COVAKIANCE MATRIX
5.20693E~34 ~-1.34320&-05
-1.34520E-35  4.486311E-07
CVON NEusAuN RATIU
CALCULATED 8>25=T

5.829135c6-~93 J

"

rAaRANETERS, CO

.931779% 5.10928E-04
T-TLSTs OF PARAMETERS

1.25928

.773245

EXIT COMP

‘EST RESIDUALS?

(e

>
g

ADY

)

=
EXIT BASIC
Yz |

lv:50:51 TASK TEReINATION
CORE sIzL 18K

EXIT SYSTEM
£00> Louu

usch nIiCsabysl UIC

S L T Al
cuivinn el TIome 11 @

[3¢2¢,2

EXRPECTED
.03229065
J345042
.03569448Y
6395335
LUa2il31
.U372374
.63524507
Ld57625y
.0d273952
.0b79644

DEVIATIONS

05.53703%E-03
L0311uvy
.20279805
L3176271
LB576904
C5394003
.Jo8Yb00
ooTzll
.uol2edl
LG2lo780

CALCULATED VALRIAKCE
ABOUT RZuKRESS5ION

2.31987E~-d3

IWERCENCE CRITERION

CPU TIdMp 13.190

Bg] TTlo:

TASK 1¢1
SYSTEN UTILIZATIUON 14 4CTI5

l3:30:59

16-5E9~77
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APPENDIX A. USER'S GUIDE FOR COMP OM A DEDICATED PDP 11/34

A diskette labeled 'COMP' contains all the BASIC progranms nécessary for

using the overlayed version of COMP. A second diskette (labeled 'SYSTEMS')

contains the computer operating system (RT-11). Assuming the 'System' disk-
ette is loaded in the left slot (labeled DK-0) and the 'COMP' is loaded in
the right slot (labeled DK-1) the following procedure should be followed:

I.

IT.

I1T.

Iv.

DEAD START [f the computer is on, skip to step II. Turn computer
power switch to ON (located on computer). Turn the CRT
(Descope) power ON (switch on right side of CRT).
Depress the BOOT-INIT switch (on computer). The CRT
should respond by displaying four meaningless six-digit
numbers and a dollar sign. Depress the Caplock key (on
CRT) and enter DX on the CRT followed by (R).(a) The
CRT will display: RT-11SJ V02C-02. Enter today's date,
i.e., DATE 19-0T-77 (R)‘?) (do not fail to enter the
word DATE).
RUNNING BASIC
Enter: R BASIC (R)
CRT will display: BASIC V01B-02
Enter another (R).
CRT will display: READY
STARTING COMP  (If a data file must be éreated skip to Section V.)
Enter: OLD 'DX1:COMP" |
- CRT will display: READY
Enter: RUN

RUNNING COMP .

COMP is interactive, and generally self-explanatory (see preceeding

sections for more details). Remember that overlays are used to save
computer core, so if a model is chosen, then later a different model

is wanted, return to Step III. Failure to do this will result in

(a)Carriage return

Al




subjecting the data to two models simultaneously and unexpected results

will be obtained. The following hints may be useful:

a)

If data are to be read from a file, the file must have been pre-
viously created (see Section V). COMP will request the data file
name, and it should be supplied without quote marks (i.e., JOHN.DAT).

Getting back to READY - to interrupt the program enter two consecu-
tive Control-C's. The screen will display a period. Enter: RE
This latter step returns the BASIC mode with program intact. Note:
Control-S stops and Control-Q resumes output. '

Iterations - an answer greatér than 0 (zero) will cause the program
to try that many iterations. An answer of O (zero) will either
display a check on your guesstimates or go on to the next step
depending on how far the aha1ysis has progressed. An anéwer of
less than zero (a minus number) causes the program to branch back

to Tine 500 which will print the question:
ENTER PARAMETER GUESSES
?
(Note: Line 500 may be referenced when re-entering the program
from READY, i.e., GO TO 500)
Parameter guesses can be re-entered and the program run
again.

V. CREATING A DATA FILE
On our configuration the only way to create data files is through the
CRT keyboard. Those not familiar with PIP or RT-EDIT may use the BASIC
program 'DX1:COMPIN' - which will interactively lead one through the

file building process.

VI. ADDING NEW MODELS

1.

New models are easy to add to COMP. Assume a four compartment
exponential model, model 20, is to be added to COMP. Return to
BASIC (see Sectjon IVb above) and enter:

NEW 'DX1:COMP20'

A.2




Now enter model 20 with the following conventions:
a) Line 305 must be of the form:
305 PRINT 'FOUR COMPARTMENT EXPONENTIAL MODEL'
b) Line 320 must contain the number of parameters to be estimated:
320 M = 8
c) - The model must be inserted between lines 2000-4000 but the
1ine number incrementation is optional.
d) No RETURN or END statement should be used.
e) When finished enter:
SAVE 'DX1:COMP20".
2.. The Main Program - COMP - will need three changes to accept the new
model. Change lines:
240 - to list the new model when a model 1ist is requested
266 - to increase the maximum number of models (K)
285 - to overlay the new model when it is requested
a) To make these changes return to BASIC (Section IVb above)
and enter:
QLD 'DX1:COMP!
b) Type in the new lines 240, 266, and 285.
c) Enter: '
~ REPLACE 'DX1:COMP' _ v
d) Test the changes (make sure there are no errors) by entering:
RUN |
e) WARNING: If the new model does not run properly and you make
~changes while in COMP, DO NOT fix it and use the REPLACE |
command!!! If you do, COMP will contain .the model which you
called via OVERLAY. Make a note of successful changes, then
enter the OLD command and use the REPLACE command as outlined

in the previous steps.

A.3




APPENDIX B

USER'S GUIDE FOR INTERACTIVE USE OF
COMP ON A REMOTE PDP 11/70




APPENDIX B. USER'S GUIDE FOR INTERACTIVE USE QF COMP ON A REMOTE PDP 11/70

[. DEAD START (Using a DTC-300 equipped with Microfile)
' On the DTC-300 Teletypewriter: Depress the POWER and LINE buttons.
‘ Depress the CAP button on the lower
right hand side of the keyboard so
that all alphabetic characters
received and sent are in capital

letters. 4
On the Microfile: Depress both the POWER and middle
top white (labeled HOST) buttons.
On the Coupler: Make sure POWER is on (red button on)
, and duplex is set to FULL.
Dial the Computer number ' 942-7601. When whistling sigha1 is

heard, insert handset in coupler, and
check that green light is on. When
a PDS is received on the te]etypéwriter,
enter:
LOGIN USER D PASSWORD'3)
[f extraneous material is unwanted,
1oginfas shown below:
LOGIN/NO USER ID PASSWORD -
The /NO indicates that no user messages
are desired.(b)
List Files: For a listing of all the BASIC files,
or programs, enter [after the PDS]:
DIRECTORY *.BAS;*
or DIR *.BAS;*
To 1ist all data files, enter:
DIRECTORY *.DAT;*

or DIR *.DAT;*

(a) An example USER ID is MICB456681 and an example PASSWORD is GEORGE.
(b) See example on page 13. :




II. RUNNING BASIC: To invoke the BASIC interpreter enter:
‘ BA [after a PDS]

"~ The computer will return:
IAS BASIC VOI
READY

Enter:

RUN and the name of the program
selected for execution (i.e.,
RUN COMP1).

[II. STARTING COMP
Use the procedure in Section II to run BASIC. The appropriate
program to request will depend on the model chosen, (see Table B-1
and also the Chapter on available models for the mathematical represen-
tation of each model). ‘ -

IV, RUMNNING COMP .
 The program is self-explanatory but some detail of its operation is
included in Chapters 2 and 3. Some further operational details peculiar
to running COMP on the PDP 11/70 are given below.

a) Data files are created by entering EDIT after a PDS. In the
following example, words underlined are User replies while the
other material is printed from the computer.

ENTER EDIT PDS> EDIT

NAME FILE FILE? EXPONE.DAT
[EDI -- CREATING NEW FILE]
INPUT

ENTER DATA- 9.0, 2 (R)
8.0, 2 (R)

6.2, 5 (R)(R) [Two carfiage returns terminate data entry.]

TOP OF FILE  *TOF
[PAGE 1]




TABLE B.1. Models in Various COMP Versions Used on PDP 11/70

Name of Version Models
“COMP@ . BAS . 1  Gamma Decay Model

2 Gamma Uptake Model
3 Linear

4 Log Gamma Uptake
5 Log Gamma Decay

COMP1.BAS 1 QOne Compartment Exponential
2 0One Compartment With Exponential Input
3 Mitscherlich
4 Linear
5 Log Exponential Uptake (starts at zero)
COMP2.BAS 1 Linear
2 Three Compartment Exponeniial
3 Two Compartment Exponential
4 Quadratic
COMP3.BAS 1 Power Function
2 Gompertz Growth Curve _
3 A*T*EXP(-BT) Exponential Turnover
4 Linear
COMPADD.BAS 1 Linear
2 Laird Gompertz Growth:-Curve
3 Logistic Growth Curve
COMPBIGB.BAS One Compartment Exponential
(runs only on BIG One Compartment With Exponential Input
BASIC) Mitscherlich

Three Compartment Exponential

1

2

3

4 Linear
5

& Two Compartment Exponential
7

Quadratic

8.3




PRINT FILE * px
9.0, 2
8.0, 2
6.2, 5
[EDIT -- *EQB*]
TOP OF FILE  * TOF
[PAGE 1]
QUT OF EDIT * EXIT
‘ [ED--EXIT]
PDSS
Other uses of EDIT ére in appropriate PDP manuals.
b) To restart the program at the question'ENTER # OF PARAMETERS, type:
GO TO 460.

ADDTNG NEW MODELS TO COMP ON THE PDP 11/70

In order to add new models to the program COMP.BAS a new copy of the
existing program called COMPADD.BAS should be made. This vérsion was speci-
fically constructed to facilitate adding new models. A new copy of COMPADD.BAS
is. created by issuing the command COPY:

PDS> COPY

FROM? COMPADD.BAS

T0?  COMPLOGI.BAS
Note: The name COMPLOGI.BAS is an example name, any logical name can be used.
the .BAS portion of the command tells the computer that this file is a BASIC
file. :

As previously stated, underlined characters are typed by the User. This
sequence of commands produces a new version of the program COMPADD called ‘
COMPLOGI. Additional models can be added to COMPLOGI without changing the
orginal program. This is a safety step used in case something goes wrong in

changing the new version. If errors are made, delete the new program’and
| start over with the COPY command.




In order to change the file and add new models, put the file into EDIT
mode. This is done by issuing the command:
PDS> EDIT COMPLOGI.BAS

Lines 244-246 contain:

244 PRINT " MODELS:"

246 PRINT " 1 FOR LINEAR"
and can be printed by typing the FIND command:

’ _ * FIND 244 _

When the contents of line 244 are typed, give an (R) to inform the computer to
print the next line a1sq. In this case just after line 248 is the place to
insert the model name being added to the program. This 15 done by the
INSERT command:

*1
The I is a sufficient part of the command. After printing the I-the CRT or
TTY will drop down one line leaving no characters, just a blank line. The
1ine to be inserted is then typed:

250 PRINT " 4 FOR USER SELECTED NEW MODEL"
When through adding lines, issue two (R)s to return to asterisk, then the

next command can be keyed in,

Check a current 1isting to see where the calculations should be added.
In this case, the new model calculations are added at line 6040. REMARK (REM)
statements should be inserted just ahead of the lines of calculations. In
the COMP version COMPADD, line 8000 was used for the END statement so the
INSERT command needs to be implemented just after the line number prior to
1ine 3000.

After the 1ast line of the calculations have been added, enter-an (R)
which causes an asterisk to print. Enter:
*TOF
This command causes EDIT to take the program back to Top of File. At line
260 the model. # is requested using the variable K. To implement the new
model, add a line number to the statement at line 620.  First find line €20:
’ *FIND 620

Y-~




The computer prints:
| . . 620 ON K GOTO 900, 910, 9i5
Use the CHANGE command to add a new line number:
*CH/915/915, 925/

The computer prints:
620 ON X GOTO 900, 910, 915, 925
A correct GOSUB statement for the new model should be placed at 1ine 925.
Once again use the FIND command: |
*FIND 920
The computer prints:
920 GOTO 940
Input the letter I after the asterisk:

*1
Then type:
' 925 GOSUB 6040
930 GOTO 940

To EXIT the EDIT mode the letters ED are typed in after the asterisk:
*ED
This will save the present version and delete the unchanged program. If you

use the EXIT command:

*& ‘
both versions will be saved, but only version 2 will have the changes, so the
first copy must be manually deleted. When the computer returns:

' PDS>
A successful EXIT from EDIT has been made.

To disconnect the teletype from the computer type LOGOUT. 1If the BASIC
interpreter is being used, enter BYE and the computer will return a PDS.

B.6




APPENDIX C

PROGRAM LISTINGS




VARIABLES USED IN COMP

(n = number of pairs of points, m = number of parameters)

VARIABLE NAME

USE OF VARIABLE

Inverse of S{m,m).
Transpose of X(in,n).
Product of X(m,n) * R(n,1).

Product of A{m,m) * D(m,1) and change in parameter
value(s) for the current iteration.

Expected values for Y based on the selected model.

H(1,I) = New (refined) parameter estimates.
H(1,m+1) = Convergence criterion.

Initial parameter guesstimates and new (calculated)
parameter values.

Temporary storage for previous P(m) values.
Residuals, Y-F. '
Product of X{(m,n) * B(n,m).

Observations on X (usually sampling times).
Variance-Covariance matrix. .

Partial derivative of each parameter with respect
to Y, evaluated at each sampling time.

Observations on Y
Convergence Criterion
Model Selected

Mumber of Pairs of Points
Number of Parameters
Number of Iterations

Set to 0 (zero) when N2 is entered as zero.
Result in printing check on quesstimates.

Von Neumann Ratio (Test for residual runs)
Use Table 11.5 on page 679 in Bennett and Franklin,
1954, for Table 1, page 17, this report.

If N>25 this t-test approximation for significant
residual runs is printed. Use an ordinary t-table.

Residual Variance

C.1
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S0 FRINT “NUN-LINEAR LEAST SQUARES USTING FIRST TERM OF TAYLOR SERIES
TO PRINT "mAXIMUM NUMEBER OF FQINTS [H 507

30 FOR I=1 TO 1ONFWRINT NEXT |

100 PRINT 7 TU ANSWER YESy LMTER L

110 FRINT “TO ANzWER N0 FTER O )
120 LIM XCZe30) v BS0e3) im0y RUDO)« T I00 v PO

140 DIM S(avH vV Sea) eATAH )

1950 IIM D) v@iad s HOLDY P 0s )y v Ty

NIVERCR BT O AT MEN

1o FRINT MO0 L DaT N INFUT atNTE L =0 THEN 260

PO FRINT muDELs s SR INT EXFONENTIALY

199 FRINT ©2 = COMFARTMENT WITH EXFUONENT AL INFUTOSFRINT 3 = MITSCHERLICH”
200 FPRINT 4 = TWO COMFARTRMENT EXFONENT ol S FRINT 75 = UFTAKE

205 FPRINT 74 = FOWER FUNCTION MNFRINT 72 = GUOMPERTIONFERIMNT 8 = QUADRATIC
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242 FRINT 719 = LAIRD REFORMULATION OF GOMPERTZY

243 FRINT 20 = TWO COMFARTHMENT EXF., FORCINMG F3 = 1L - M1~

245 REM

260 FRINT “MODEL NUMEBERZININFUT KN

265 IF No=1 THEN 2446 NFRINT K+ Is NOT A VALl mODEL #1560 TD 190
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74 IF KoHS THEN 275 NOVERLAY CUXLICOMEPS.BAS NGO TO 200

75 IF K24 THEN 278 NOUVERLAY “DX1:COMFe,.BASY

76 IF Ko7 THEN 277 NOVERLAY ‘UXi'PDHP” EAS’

77 IF N-»8 THEN 278 -~QWERLAY OX1ICOMPE. BAS

78 IF K29 THEN 279 NOUVERLAY ’BXl.LﬂMIQ.bAR‘

279 IF K510 THEN 280 NOVERLLAY “OX1ICOMF10,EAS

28¢C IF N-o-11 THEN 281 NIOVERILAY IIX1IC0MF1IL.EBase

281 IF NIE12 THEN 232 NOVERLAY DX ICOMFLI2,.EBASY

282 1F K- 13 THEN 283 “OVERLAY “LUX1ICUMFLI RASS

213 [F K- 14 THEN 283 NQUERLAY “DX1I100MPLa.RASY

284 [F KN 1& THEN 285 NQUERLAY SLX L COMF LS, BAS Y

265 IF K917 THEN 290 NQUERLAY “OXL:COMFLY RAS7

290 [F K218 THEN 291 NOUERLAY 7OX1:CUOMFLS, RAY

291 IF K519 THEN 292 NOUVERLAY “OXLICOMFLY, Rasy

292 IF KU 20 THEN 209 NQUERLAY “UXLTCUOMPR0.EAS?

I00 FRINT “MODEL 7¢Ki7 7 HAS EBEEN ADNDED TO FROCRAM

I20 M=D

230 PRINT "TATA ON FILE SNINFUT DINIF D=0 THEN 350 NOVERLAY “OX1ICOMF99?,HBAS”
340 GO TO 140

3350 FRINT 7% OF DATA FOINTS SNINFUT NNIFE NT7=50 THEN 370

A0 FPRINT CTOO HMANY NGO TO 350

379 FRINT ENTER ORSERUVATIONG ON Y

I80 FOR [=1 70 NMNINFUT YOIDoNEXT |

370 FRINT CENTER ZamPPLING TImes”

130 FQOR T=1 TU MNCINFHT Top s NEXT T
500 MEM COnE HERE T START OVER e ZERQDUT ARRAY G
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OVERLAID MODELS FOR COMP (PDP 11/34)

COMP1.BAS

305 FRINT ‘EXFONENTIAL MODEL F = FLXEXF(-F2XT)
320 M=2 |

1810 REM SUBROUTINE FOR EXFONENTIAL MODEL
1820 C=0

1830 FOR L=1 TO M

1840 F (D) =R (1) KEXF (=F (20T (1))

1850 F(I)=Y(I)=F(I)

1860 KLy D) =EXF(=F(2)KT (1))

1870 X2, Iy ==F (1)KT D) XEXP (-F(2)%T (1))
1880 C=CHRODIKCXCLy DX, 1))

1850 NEXT I

COMP2.BAS

30T FRINT “COMEFARTMENT WITH EXFONENTIAL INFPUT Y
320 M=3

1920 REM SUBROUTINE FOR COMPARTMENT WLITH EXFONENTIAL INFUT

1930 £=0 -

1940 FOR [=1 TC N

1730 K1=0EXFO-F 04T L)) —~EXF -2« T D)D) /LR - (3))

1960 FCIy=y (I~ (0L kN1

1970 ToIys=ROL AN

1980 el l)zh]

19920 X{2y Ty =(FOLYRTCLOXKEXRF - 2YKT D)D) S F () =P (3 =F (L YRNL/A (P (2)-F(3))
2000 X(3yI0=(Fuld¥h1)/CF(2)=F 3y —(FCIDKTODYREXF (-~ (30T (L) 2 /(P {2)~F(3))
2010 C=CHROIIXCX Lo TDFX T2 I) XAy [

2020 NEXT 7

COMP3.BAS

305 FRINT “MITSCHERILICH MODEL -’

320 M=3 '

2030 REM SUBROUTINE FOR MITSCHERLICH MOREL

2050 C=0Q

2070 FOR I=1 TO N

20BO FOI)=P (1) +F(2YKEXFL(=F{ZYRT(I))

2020 ROID)=Y(I)-FCI)

2L00 X1, 1)=1

2110 X2y D) =EXF(-F(Z)¥T (1)) .

2120 X{ZAyI)=~F(20XTCTYKEXF (=F (3)%T (1))
2130 C=CAHRCIIR XLy [I X2y TYFX (I, T))
2140 NEXT I
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COMP4.BAS

TN CIEPOMENT

N

~TXP(“P"H)$T(I))
PP CAYRT LD )

PSR T CLYRERRP (- 04 )T
'”fx(X(iy[)+%‘L/I/§ (

(L0 R L ERE (o (2 KT (1))
MV<1)~F(L)
T sl EXEP (~F ) KT L))

AR T Y RO L e D42y T 00

YA (AKWTEY Y W O CORRES TO

B GUERDUTINE TO FIT Y=(AxW"™
C=0
Folv I=1 T3 N
FODy=RLoxaeTy I)"(“i)
ROT)=Y(CIY=F(I)
X1 ])~T([) P2

o 1=l fI/\\LOLw(TkJ\)
NI R CXKCL D YEX(2 1)
T .

FLAOMEMT T

SCLYET D) KEXF - 2T (

PTAKE Y = f -

FOR CUSHING U

- COMPONENT EXFONENT TAL

Al

MR (=

§ID)

CTY)

Ly CLORT DY REXF (R (20T (1))

AR

TCIY

&

I

#

b

EERRE S S N

MOTHEL

CORRES

AREXC-B%T) 7

T0

GIxT LD

TCL:




COMP7.BAS

305 FRINT “GOMFERTZ

320 =3 '

2830 REM SUBROGUTINE 170 FIT GOMFERTZ

2840 C=0

28%0 FOR TI=1 TOQ N

2L F D) =R LYXEXF =P (2 KEXF (-FCI)KRT I )
2870 ROIY=Y{I)~FCI)

2880 X1 Dy=EXF (P O2Y¥EXF (-F(3)%T I
2E0 X2y D) =-F (IVKEXF (-F{ZXXTCIN)

2900 X(F3» D)=FClakP O MT O REXF (- (32T (L))
2910 C=CHROIIR XLy IV4AX (2 IX+X (3 1)

2220 NEXT I

COMP8.BAS

303 PRINT "QUATRATIC MOUEL”

320 M=3

2950 REM SURRQUTINE TO FIT QUADRATIC
2950 C=0

L2270 FOR I=1 TO N

2OVO FI) =R CLYAR ) RTCIY+R ()% (T L)Y 72)
2970 RO =Y Li-F 1)

Z000 KLy 1)=1

3016 X2y =101

A020 X(IZyT2=T(I)"2

030 CaC+RAIDK (XL IXFX(2y IX+HX(Z» 1))
3040 NEXT I

COMP9.BAS

205 FRINT ‘FafPlXTREXF(-FXT)

320 M=12

3070 REM SUERQUTINE TO FIT ATEXF(-RT)
30830 =0

3090 FOR I=1 TQ N

3100 FOIy=fFlxT D) MEXF{-FC2)XT L))
3110 ROID)=YCIY-F I

120 XL D) =TI XEXF (-F (22T (1))
T30 X2 DY ==TOL)¥F T

3140 CsCHROTIRIX(L e IIHX 22 T0)

I1o0 NEXT I
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COMP12.BAS

IO FRINT ZLOG FORM OF LECAY MODEL’
320 M=3

IHUO REM LOG FORM QF OECAY MOUEL LOGY=L0GA-ALFHAXLLOG(1+T /&)
510 REM WHERE A=LAMBUAXT/ (CALFHA-L.)
C=0

FOrR I=1 TQ N

Al=14+TCIY P (2))

A= 272

FOry =106t Y =P 3 XLOGAL)
RETHY=1.06CY Ly -FCT)

XCLy Dy=1/F 010

K2 Dy=P XTI/ (ALKRAZ)

KO3 D) =-L0GALD
Ca=CHRATHYRXCLs T X2y IO4EX3 1)
NEXT T

COMP13.BAS

305 FRINT /LNY=LNA+LN (1-(T/7E) " (alF-~1)"

120 M=3

1550 REM LOG OF CUSH, UFTK. MOD.=- LNY=LNA+LN (1=(L1+T/B)"(ALF-1)
&S50 0=0 :

3470 FOR [=1 TO N

3680 AL=1HTCDY /FC2)) : f
TH90 AI=ALT (- (3

T700 A=Al T (=P (30 #1)

710 F O =06 (L) HL0GCL~(A3))

3720 ROTy=L0GCY () )=F(T)

3730 X{LlyId=1/FC1 0

3740 X(2v 1) =(~F 20+ XTI XAR/ ((1- (A3 XF(2) 72
3750 X3, I)=A3X.0GA1) /(A-(A3))

I78Q C=C+RODICXCLy IIFX(2yIX(35T)0)

3770 NEXT I ‘

COMP14.BAS

305 FRINT /LOG FORM OF UFTAKE MODEL

TT0 Ml

REM LOG. FORM OF UFTAKE MODEL

C=0 |

FOR T=1 TO N

FOTY=F (L) 4L0BCL=EXF (=F (2)%T(I)))

ROTY=Y (D) =F () )
X1y T)=1

GOXC2 Ty = (TCTYMEXF C~F (2)KT (1)) / CL=EXP (~F(2) KT (L))

30 CRCHR(IIH(XCL, T 4X (2, 1))

F30 NEXT I




COMP15.BAS

Model 15 is LINEAR in main program COMP (see lines 6000-6C90
page C.5)

COMP16.BAS

A0S PRINT T OOMEATRMENT EXFONENT LA YR O T FOKEXF (=TT ) FEXEXFE (-FxT )’
320 mM=s

2000 =y

FOR T=t 70 N

=0
FOoloslo Loy dF C-F oy kT OD0 G HF O3 KEXF (=R Ca ) KT CEY ) # B OO fEXF (- U5 XTC))
NN

=y ) -F [
Lo Ty mkxp o= 2y kT o[y
l

SELV KT REPC-F O kT D
LRI R I S R S A I BT AP
P U3 R T L RN e R LT
[ AU EERCR I 3 IO AR
el T KRN R oy kT
r I N R B N R S AN S A

COMP17.8BAS

Model 17 is unavailable for publication




COMP18.BAS

305 PRINT “LOGISTIC OGROWTH CURVE’
320 M=3

TOO0 REM LOGISTIC GROWTH CURME
2010 REM Y=81/C1+E(RI-B3XT)

20020 REM &

2020 0=Q

2040 FOR I=1 TQ N

D050 AL=EXF(RF(2)=F(3)YXT (L))

20860 FCIY=FCL) /(1AL

2070 ROIY=Y Y=

2080 X (1. Ty=1/C1+A1)

D000 XD Tral=F{1VKAL) /(1+ALY 2

D100 X3, [D=(R kT CINXALY A/ CLHALYTR
2110 C=0+R I ALy TI+X2y IV FX(Ey T
2120 MEXT T

COMP19.BAS

205 FRINT “LAIRD FORM OF GOMFERTZ
320 M=3
2000 RE|
2010 FEM

FARM QF GOMFERTZ
Slo= EGE WETGHT

1=A8TMIFTOTE? AT T=05 Y=g1/

CLHETRDD

SOZG et Y o= WL EXFTRI/BICL-EXE B3XT)

2030 C=0

2035 FOR I=1 70 N

2040 Al=F02) /R 03D

2050 AZ=EXFI-F{3)kT(I))

20EQ AZ=EXPIALXCL-AT))

2070 A= C3)KRT L) NAZ

2080 AG=FLIRFIE) /AR CE)7E

Q090 FLIdEROLYKAS

TI0Q KCLsdd)=A3

G110 X2y D) =R OL) AR I SR EY KT -0
2120 X3 D) =AtXANn2+Ad-1)

2130 RCIY=Y(I)-F DD

2000 C=04ROIIVK XLy D) +X(2 I +X(25 T 1)
21350 MEXT I '
X
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OVERLAY T0O READ DATA FILES (PDP 11/34)

COMPS9.BAS

160 REM GET FILE NaAME ANl READ DATA
190 FRINT ZENTER NAME OF DaTa FILE (NQ QUOTE MARKS!H!IEI LI 23 NINFUT RE
19% OFEN B$ FOR OINFUT AS FILE ¥t
200 FOR -T=1 7O 1000
SO0 IR ENDOEL THEN 223
. 200 NaN+HININFUT FLITCIY o YCTIIANEXT I
220 NEXT T
D220 FRINT CHAVE READ 7SN L TTEMS/NFRINT "UTEW iNINFUT D1
: 230 IF U1=Q THEN 270 ’
240 TEM
241 REM
REM
243 R
Ja4 REM

. A5 RETM
SO0 REM
250 FOR J=1 T0O NFRINT TOD oY ODIAMEXT U
- 255 REM
RER N G
270 OGO IO 00
ST ULOSE b
.
,'
¥
b
- o



LISTING OF COMP FOR PDP 11/70

M.lwxxxxxxxtxr*x**x‘xx*xxx*xxx‘***T**
raat rev ooy o Coel? /CALLLU cun AL . EAD

Reat inlo verolun nnd tarchk vobtlbe wnlCd Ablamo maaun f'UR

roet AupliIonal clookio 10U so ablou

RET Lnio wEXL Llon oPACES oy uiN rAsn — nuoPLLILJ uNbLY .

rur L= 1 oau 4 N ol N oonbeAl 1

amo oG Lloes 26U, 1239, 1« ab 1770 FUR VARLADLL K (sobLl #)

At Pun ouATREeENLD ~ LnANuL fun APrroerd AL ooboLs rur Lo

PrANL CowON~LINEAR LEAS =0y eAhES udbliws Flhol ltmn UF LAYLUK onnluo”
prInD "mAXloum NurwstER OF DALa pUILNTs 15 59, odxlvuel pARAMEIEZRS = o
Ll ’l‘nTo NEXLT LINE opPACES COwN Ui PAGE -\E‘Lth HEADING

fu I=1 U 4 \ PrINT B wix[ L

L C CuU

FUK 1= l TO N LapCT ¥ (1,1) \ wexT I
erINT "LIST sAMPLING fl«‘Lt.o'

Fer 1=1 TO.N \ J.urL(.L T N oAy 1
SRIND U PARAMETE R QULSSES”

pi

B

o)

o

1%}

[y

2

29 PraNl "Anowbhk 1=YES, O=NGT )
3¢ Ul Y (3d,1) ) (38) ,P10) A o,3J) E(:@,l),t(é,l),o(b,6
S ol v(é,6),o(30,o)AA(o,o), 50 ), to) s k(039,1) ,a(l,6
oY PRINIL "aukl LIST N Ll \\I

¢d IF Al=d GO 10 26¢

44 PrINT"  MODELS:™

46 PRINT "] POR LINEAR"

37 PRINT "7 POR LATSTIC CROwTh CURVE® .
45 PRINT " 3 FOR LAIRD FORM OF GUMPERTZ"

68 PRINT "ACD 3" N INPUT XK

on PKINT "4 OF DATA rOINIS” NINEPLT w

0d PRINT "# OF PARAMECTERS" NIwpPUl o

23 eRINT " INPUT FILE?" NInpPur D1 .
4y IE Dl=¢ GC 10 37¢

50 GC3UB 2454

od o 10 460

—gC cel T LIDT \)LJSER\/AI'IUND N Y

Ju

Yy

S MO O L LI LU PRI I NI PO RS R — b = — G ~J~20 b=

Ut ds
[T LAY N
c.orLT

rr

8

i

v

1]

b

i PRI NTNCINS (N 5 1 B T SR G
rrlwl # LAV TUvns )

519 Loeds N2 N lF Ne=UoGw LU Do

500 wml=wng AR i N\ w06l

Sou ~NiSw \ ul=l \ ) U ald \ Praas \ PRI

oveb FrawTl rrlal UZARAME LR vALLLo, CleivernGhaCon Chlibsiun”
olu Fuk J=1 1u wl

OozY UN K wu LU You,vlu,915

YoU subun 3Y7U \xEy LIncAn

9U5 LU0 vau

iU woous 4040 \orem Laolsilc GRuvila CLRVE
ylZ Ciu Y4¢e

9l> Guolo Swudl N\ oM LAlrl rOrer OF COoriPRERTL

AU 94d

I.i‘» \4"@ U lC llOO

<Lt merlACLo MAT 5(i, M) = The(a (v, N)) 'X TRANSPOSL

fer I=1 1O N \ o 11=1 10 wi N\ wo(l,11)=X(I1,1;

NEXT I1 N NEKT I N\ FOR i=1 1Tu a1 \ FUR 1l=1 TO ™

;fujl SEPLACES VAT S (e, ) = X(,N) * B(u,M)

(I, il)y=0 \ EOR I2=1 '[C o

> ,¢l,\ S(I ,Ll)+X(I,Iz_‘)"D(lA,L.‘)

\L(; Iz N\ NEXT I1 \ NEXT 1 :

REM oD A (M, M) = INV(3(4,M)) ' INVERSE

REM FFOM P. 142 OF 'oTA;Lb'lILo AND CATA ANALYSIS IN GECLOGY' LY CAVIS .
=EM SET A TO IDENTIZY MATRIX PNU 1O SAVE URIGINAL S5 MALRIX )
rOR I=1 TC 4 \ FOR Jl=1 T0 « \ A(I,J1)=0

NEXT J1 N A(T,I)=1 \ NEXT I

REM 2 = THE OETERMINANT \ T2=1
REM (.AL\_U[:ATL I&VERSE AOR I=1 TO v -
sfEM OIVIDE ITH v OF 3 AND A bY S(1,I)

[apTe QoI NOTeaY (BT Sl SIS NN T ENT Y s T FY )

F\LAONC O\ DAL AC\LAC O WD
(SN NN oY o BEN ENEN BN oY oY RTe STV A U1 33 N0

oG Jy=3{I,I) \ rCR Jl=1 TU:




am

L S S S S SIS S W) SO S

iU
Ly o
lul;
iuld
1oay
locl
loze
LuLv
1deu
luoyu
lbﬁJ

=
PL S o o
Loobod
~'0 r

.
UL
<

GV NSTo M UAN SN g o

ST BRI

Lo

2N LIU OO O

A VR oW R S B W MY SRV IV SRV RN ST o NI QU G S TG U]

R O el o e Sl ol Sl S UGS LotV R R oY o

e e e e
SN

-
[ S
o
<or

JREAN,

P 2 b b b b
(G119 SRR SN SV SN NN SN NI SN SN SN 8N
O ~ITO OO Ui dad- b b
LT U P ICLCE. Chd=— T

S(I,J0)=¢1,30)/Jdy
s(e,di)=A00, L) /dy  sexl ol
QUaNEH I\i_uk,:': Jv.\hli lid CobuewN \/F O OIU Lou
ro Joi=l w0 o\ Lo (1-ul)=d o v Ldeo
Kt Lo = omallu \ = =5(JLl, L) \ furn Jo=1 [u ul
o(Jdl,d0)=o(J1L, Ju)-;J *>5(+,J0)
aldl,do)=aldl, ) ~10™a(L,Jdo)
SLAL J3
weat Jl
e L
et Al O(m, L) = X (o) *RwG L)
roen L= L 10 i \ G(s,L) =9 N frerR Ul = 1L LU N
oL, Ly=u(l, Dyra(l,0l)*nJdL, 1)
oAl J \thl L : )
st REPLACES B (o, L) = &(M,m) % DM, 1) ‘eoidlealoo OF nbe. CUEF.
fun 1=l 10w \L(I,1)=_J \ tCRrR J7 = Lo il )
=il ) =e(l, ) +a(L,J7 )y *L(Jd7, 1)
wbXT J7 \\Lxx
ru1>I 1 EU o N o)y = 2(0) \ P(l) =

(I) 2 (1) L,l‘ ‘ \ ooeXl I

7SN I 1 1U J N oa(l,I) = 2(1)
‘b\T I VRl = o .
CN 1 Ko tu 10v4,1094,1¢906,1uYe, 1130 B
sRINT bl L) (L, 2) a0l ) \ WIC 1195
PEIND d{L, 1) ,n(l,2),0(L,3),a(l,3) N\ GUre 1195 )
PRaNT 7201,1),0(1,2),a(l,3) ,84¢1,4) ,6(1,2) \ SOTVU 1195
PRINT a(i,1);a(1,2);a(l,3) ;d(l,3) ;001,35 sci(l,0);d(1,7)
Nexr J - ]
PRINT "ITZRATICNS" \NInPul wz N\ I NZ=9 GUlu 1lod
ml=NZ \GJﬂJ 519
.\l \C‘(J‘I":) 6lJ
ir u3\>0 Su 10 1210
I NT "CRECK O wlEsolinales” WPRINT

i

vl oz, FS
e o=z wo U L3ov¢
Dnlhx FLy usxvu Hf,;(l)
Ir I=nv o 1V -JOU
PROwL Té/uDL‘U e5,0(1) ,x(1,1)
‘LL.' L—N A i L30u
»;=vz+(n\1+1‘;;—nkl,
vl= Vl*n\x,l) z
KT Gt

l...u/—vJ [CYRRY! 142
el wb,uolav PS
It &7—0 uu O &l
v1=vl/ (.

ri\L/L)

1)l

999, 9y

s~ Q

coonaVey

JSVaR]! ALPLrLLD CAL V(M) =
FOK I=1 ‘Iu o \NFCR J = 1 1runm
Vi(I,J)=V1i*a(Il,J)
NEAL U \NEXT I
ERINT "VARIANCE~CCVARIANCE MATRIX"

sEM EPLACES MAL PidaT V(HlJ)‘

carcCiced

\ wwlvu 13vv

(V1) * AQ,el)

fOR I=1 10U O \FUR J = 1 [0 N
PRINT LV (I,J)

NEXT J \PRINT \NEXT I
V2=V2/(N=1) \El = vV2/vl

I8 8N<K25 GC TO 153290

pZ=h=1 \ L3 = N=2 \ L4 = n+1

c.15

Dnvlf' JOR'NN
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