Aomcv For m'rl:aNA'rloNAo DEVELOPMENT T FOR AID USE o'.tvi
WASHING TON, D, C, 20828 - :
BIBLIOGRAPHIC INPUT SHEET o o BATQ“ .“: l

1A PRIMARY

‘tosusseer | Agriculture | - AAoowoooo“oooo
o ::'CA:::;N B, SECONDARY K ‘
General

" 2, TITLE AND SUBTITLE
The uses of Monte Carlo technlques and response surface methodology in complex
simulation models ‘ :

~3. AUTHOR(S) -
Turnqulst Mark Manetsch ,T. J .

.4, DOCUMENT DATE A 5. NUMBER OF PAGES | 6: ARC NUMBER
11971 : 4211 _ . ARGC

7. REFERENCE ORGANIZATION NAME AND ADDRESS *
Mich: State

8. SUPPLEMENTARY NOTES (Sponlotlna Omanln“on. Publishers, Availabllity)
(In Project: workmg paper 71-1)

9, ABSTRACT

10, CONTROL Nuuazn ' S o ;. |11 PRICE OF DOCUMENT
’“PN-RAA-723
) |2. DESCR!PTORS i g S L SRR e 13,'PROJECT NUMBER

;Monte Carlo methodb‘ “[Ta- contrRACT NUMBER

'|::CSD-1557 Res.

18, TYPE OF DOCUMENT

AlID 8901 (4e74) ‘



S// A SIMULATION MODEI, OF THE

NIGERIAN AGRICULTURAL ECONOMY

\7
szh\ Contract No., AID/csd-1557

The Uses of Monte Carlo Techniques and

Response Surface Methodology in Complex Simulation Models

Project Working Paper 71-1

Prepared By:

Mark Turnquist
Thomas J. Manetsch

February 20, 1971
East Lansing, Michigan



THE USES OF MONTE CARLO TECHNIQUES AND

RESPONSE SURFACE METHODOLOGY IN COMPLEX SIMULATION MODELS

Motivation

In the construction and implementation of a complex simulation model,
one very difficult task is specifying values for parameters and coefficients
of the model. Two of the difficulties are: f£first, by fixing values, one
may be treating deterministically variables which are actually subject to
random variation in the 'real world," and secondly, that even in variables
which are not so much subject to random variation, the specifications of
values are often made with something less than total confidence in their
accuracy.

In both of these cases it might then be desirable to observe the varia-
tions in certain outputs of the model as some of these parameters are allowed
to vary over a specified range.

Once one has delineated the set of parameters which he wishes to subject
to variation, he must further subdivide this set into those which will be
treated as random within runs and those which will be random between runs.
Those parameters which seem to exhibit random variation in the real world
should probably be treated as random within runs, while those which are
fixed, but with less than total certainty in their accuracy, lend themselves
to variation between runs.

In order to treat a parameter as random within a simulation run, the

model must incorporate the capability for stochastic variation within its
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time loop. In the second case, that of parameters random between runs, the
model remains deterministic; within each run the parameters are fixed, but
they assume different values for each simulation, It should be noted,
paranthetically, that these two sets are not necessarily mutually exclusive;
it may well be that one may wish to let a parameter vary over some range
about its mean within a run, and let its mean vary between runs.

This study is concerned solely with variables random between runs.

Monte Carlo Simulation

Monte Carlo simulation may be defined as the repeated subjection of a
stochastic model to the same set of initial conditions in order to generate
a probability distribution of outcomes.

It is important to note that it makes no difference whether the model
is actually stochastic in nature, i.e., certain variables are drawn from
probability distributions within a run, or is actually deterministic, but
with random variation of parameters between runs; for the purposes of Monte
Carlo studies, it behaves as a stochastic model.

Monte Carlo simulation can be a very powerful tool in the analysis of
stochastic models. The theory of this method is sufficiently developed so
that one obtains error estimates on statistics of the generated distribution
of outcomes as compared with the "real" distribution. Surprisingly, this
error i1s a function only of Q, the number of simulation runs, and not the
number of random variables involved., This is an added bonus, especially in
economic simulations, where one is often treating relatively large numbers of

stochastic parameters,
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Thus, if one makes a sufficiently large number of tuns, the expected
error of the statistics on the outputs may be reduced to any desired level,

However, the expected error of the standard deviation is proportional
to Q"l/2 and therefore reducing error can be a prohibitively expensive pro-
cess if the run time of the simulation model is at all substantial., For
example, at the 95 percent confidence level, 100 simulations produce standard
deviations of outputs with 14 percent error. To reduce the error to 1.4
percent requires 10,000 simulations.[?]

It would then seem to be advantageous to search for another method which
would produce comparable statistics with fewer simulations, and thus be more
financially feasible in certain instances. One way in which this can be

accomplished is through the construction of a response surface.

Response Surface Designs

If we are considering n input statistical variables, a response surface
is a function, generally a polynomial, in n+l space vielding an output
variable as a function of the n input variables.,

Since i1i 1is usually orders of magnitude faster to evaluate a polynomial
than to make a sim&lation run, if one could construct a polynomial for each
output variable of interest, and substitute evaluations of these polynomials
for most of the simulations involved in establishing statistics on the outputs,
one could save a considerable amount of computer time in many instances. (A
criterion for deciding when it is advantageous to construct such a surface

will be discussed later.)
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It is worthwhile to note that the replacement of a simulation run with
a response surface polynomial is a process of substituting a static model for
a dynamic one, which leads to both advantages and disadvantages,

One obvious advantage 1s that optimization of one sort or another becomes
much more feasible, Static optimization, even though very possibly non~linear,
is a much less demanding task than optimization on a dynamic system.

However, one must also consider the major disadvantage--that the response
surface adequately represents the simulation model at only one point in time.
Therefore, shifting the time horizon of the model requires the construction
of a new set of response surfaces,

However, given the desirability in many cases of constructing a response
surface, how does one go about finding the required polynomials?

This problem is really twofold; one must generate data points to which
a polynomial may be fitted, and then settle upon a method for fitting the
polynomial. In many instances, when one is concerned with relating one
output to two or three inputs, there are well-developed statistical methods
for constructing experiments to obtain the data points to which a polynomial
may be fitted. Full factorial, fractional factorial, Latin square, Youden
square, Greco-Latin square, and split-plot designs may all be applicable at
one time or another,

However, all of these designs may be overpowered by a large number of
input statistical variables, as are often encountered in economic simula-
tions. For example, to conduct a two-level full factorial experiment on a

model with 10 random inputs would require 210 = 1024 trials, or simulation
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runs, This is certainly no improvement on Monte Carlo methods. The
experimental design itself then becomes a major problem in constructing a
response surface when there are a large number of input variables.

There are also numerous approaches to fitting polynomials to the data
points, once one has generated them, Statistical regression and the con-
struction of an interpolating polynomial are two possible solutions to this
problem. The number of statistical inputs and the number of data points may
form a basis for the decision of which method to employ.

We will now proceed to describe the solutions that we adopted to the
problems of experimental design and polynomial construction, in finding

response surfaces for the model of the northern Nigerian beef industry.

The Nigerian Beef llodel
For the purposes of this investigation the beef model was considered
to have thirteen statistical inputs and eight outputs or performance
criteria,
The thirteen random inputs were as follows:
Cl: acres freed of f£ly/k expenditure on fly eradication
C3: #TDil/acre~year on fly-free grazing
C4: deterioration coefficient for range condition
C5: {ITDN/acre~year from food crop residues
C6:  {fbN/acre-year from cash crop residues
C7: {#TDN/acre~-year in fly region
C8: proportion of fly~infested land grazed during dry season

Cl2: proportion of natural deaths which are marketed
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C4l: coefficient in kirth rate function
C42: coefficient in death rate function

PA¢: normal animul price (in the absence of seasonal and secular
factors)

ALl: rate of increase of demand for animals
AL2: rate of increase of crop land
The eight criterion variables were:

PFT = final female beef population (traditional)

PMT = final male heef population (traditional)
RCAN = range condition
FARMI = farm income

CF = discounted cash flow criterion function

FPREX = foreign exchange earnings
YA = income from sale of animals
YM = income from sale of milk
The probability distribution from which values for the input variables

were drawn was chosen to be a "triangular" or 'pseudo-beta" distribution.

See figure 1.

P(x) N

xL ,ﬁﬂ. xn

Figure 1. The "Triangular" or "Pseudo~beta" Distribution
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Thus, to specify the probability density function (pdf) for any
varieble one needs three values,
Xy, ¢ the lower bound on the range of x
X: the most likely value of x, (the mode)

xp ¢ the upper bound on x,

There are two reasons why this distribution was chosen: 1) Since the
parameters could reasonably be expected to vary over only a finite range,
it was desired to have a distribution with finite "tails," as opposed to
the normal, for instance, and 2) the triangular type distribution was preferred
to the beta distribution because it allows for a wider variance than the beta,
and hence is more "pessimistic" about the behavior of the random variable
under construction,
The three parameters of the distribution for each input variable were
then specified (see Appendix A) and the distributions were sampled through
the use of the random number generatbr on the computer.
For the purposes of making a set of simulation runs, a policy (initial
tonditions of the gystem) was set by specifying four parameters:
PFTO = the initial female beef population (traditional)
PMTy, = the initial male beef population (traditional)
Cl8 = expenditures on tsetse~fly eradication

CSFT = a feedback parameter in sales of females (traditional).

It was determined to make a series of 200 Monte Carlo simulations for
tach of five different policies to serve as a standard by which to judge the

‘esults of our response surface investigations. The number 200 was chosen
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because that is the number of simulutions required to reduce the expected
error of standard deviation on outputs to 10 percent at the 95 percent con-
fidence level,[l]

At ten-run intervals, the means and standard deviations of the eight
outputs were calculated and printed, in order to observe the rates of their
convergence,

We were now ready to generate a surface to compare with our Monte Carlo
results. Actually, since there are eight output variables involved, there
are eight distinct surfaces to be constructed, each one yielding one output
as a function of the thirteen statistical inputs and/or combinations thereof.

After investigating the possibilities of a structured experimental
design, it was decided that since we were faced with such a large number of
input statistical variables, most of the various factorial methods were not
applicable. We then decided to use a series of random runs of the model as
data points for the fitting of polynomials.

The next question was how to go about fitting a polynomial to these
points; what variables to include, etc. As an injtial attempt we decided
to try the linear terms, their squares, and their cubes. No cross-product
terms were included on this trial. Thus we had 39 independent variables,
plus a constant term for a total of 40.

We took the data from 40 random runs of the model and fed it into the
stepwise-addition linear regression routine, LSADD, available on the MSU
computer.[zl This routine selects, one at a time, those independent variables
which are most significant in "explaining'" the variance of a dependent

variable, until a preset stopping criterion is satisfied. The routine does
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not calculate least-squares coefficients as it goes, as do many stepwise-
addition routines.
Once this set of "significant" variables had been obtained, the coefficients:
for the polynomial were calculated as follows, using the Lagrangian approach:
If we let y; denote the value of the output variable y on the
ith trial, and a; ... a4 the coefficients on the j statistical inputs,

X{) ore Xig» where the 1 again indicates the ith trial, we may write:

<
et
[

= a1X11 + asxjo + ve0 ajxlj

~
N
]

aixq1 +* agxqo + ... + ay%q4

___%—_——
[
n

yj = alle + azsz + ... + ajxjj

or in matrix notation:

1] *11 %12 eee x5l Ter]
v | = M1 Xy e Xyl |8y
Y ST PIITRE T
. . | . | .. -

or Y = XA, which implies A = Xle as long as X is non-singular,
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The reason for using this matrix inversion approach instead of directly
calculating least-squares coefficients is that it is much faster to invert
a matrix as long as the rank of the matrix remains within certain bounds.
The inversion was done using a generalized matrix inversion routine, MATINV,
for which the time required is proportional to n3, where n is the number of

&)

rows in the matrix.

When using this matrix inversion technique with random data points,
it is possible that two of the rows of the matrix may be almost linearly
dependent, or the matrix may be nearly singular. This leads to some very
spurious coefficients for the response surface. The problem can usually
be solved by using a slightly different set of random runs for data points.

Once the a's in the column matrix A are determined, the generation of
the y's is simply a matter of inputting a set of values for the x's and
multiplying.

For the purposes of comparison, the surface was subjected to the exact
same set of inputs as the actual model for 200 runs and evaluated on an
individual run basis by calculating total sum of squared errors for the eight

output criteria:

8
TSS = ) (Lu=$y)?
i=1 Yi
where:
9, = value of 1th output of surface

value of 1th output of simulation model

Yy



In addition, the means and standard deviations of all outputs over the
200 trials were calculated and compared to the same measures calculated on
the outputs of the simulation model.

As mentioned before, the first attempt at specification of variables
to be included in the set of pussibly significant variables was to include
the linear terms, their squares, and their cubes. The surface thus
generated was highly unsatisfactory and it was decided to include paired
interactions between linear terms also. Thus all terms of the form X{Xy
became part of the set of possible independent variables.

This greatly improved the fit of the surfaces generated, and it is
very possible the inclusion of higher order interactions may be beneficial
also, but a problem arises in evaluating this set of possible independent
variables with the statistical routines on the computer. Since we had 13
distinct input statistical variables, the inclusion of paired interactions
added (13] = 78 variables to the set of possible independent variables. Thus
one soon pushes the limits of the capacity of the LSADD routine, which is

about 120 variables,

Evaluation of Results

Since the objective of constructing response surfaces is to reduce
computer time while retaining as much as possible the ability to evaluate
the effects of random variations in parameters of the model, we should now
evaluate the ability of our surface to do just that.

Essentially, by making a series of Monte Carlo runs with the simulation

model itself, we obtain three kinds of useful information: 1) we can display
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the variation in outputs caused by random variation in parameters; 2) we can
display the change in output statistics induced by changing the distribution
function of an input;.and 3) we can evaluate the effects of different
policies on the output means and standard deviations.

These first two functions are a comparison of one group of runs with
another under the same policy (or initial condition)., In order to make this
same type of comparison with a response surface, it is important that the
surface '"preserve order of runs." That is to say, 1f a given output criterion
is vieved as a random variable, and the set of values of this variable
generated by a series of simulation runs as a sample from this random variable,
then the order statistics must be preserved between the sample obtained from
the model and the sample obtained from the surface. If the jth member of
the sample from the model constitutes the ith order statistic of that sample,
the jth member of the sample from the responce surface must also be the ith
order statistic of that sample,

The surfaces we constructed proved incapable of reliably preserving order
in this sense. Some surfaces did fairly well; others failed miserably.

Our method of surface construction seems to fall somewhat short in this -
respect. |

Hovever, perhaps the most important information is the effect of
differen! policies on the output means and standard deviations. The results
of the surface in this respect are very encouraging. The surface is capable
of very reliably exhibiting the effects of different policies. (See tabu~-

lated results in Appendix B.)
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The next question is, "How much computer time cam we save?"
In general, we may express the time requirement for a series

t
Carlo runs as:

Ty(r) = s + xr

where:
T; £ time
s = setup time (compilation, loading, etc.)
X £ run time of model
r = number of runs

Typically, the setup time will be about 25-30 seconds for a large
FORTRAN model, and the run time may vary from less than a second to several
minutes.

For the Nigerian beef model, x = 2.6 secs. Thus, 200 runs requires
slightly over 9 minutes of time on the CDC 3600,

On the other hand, to obtain the same information with a response sur-
face, one must find "significant" independent variables using the LSADD
routine, and then calculate coefficients and evaluate polynomials, which
we did with a program called SRFCE. (See listing in Appendix C.)

The time required to find significant variables on LSADD is primarily
a function of the number of outputs, ¥y, and thus the number of times it

must go through the list of possible independent variables. As a fairly

good approximation we may write:
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given a 40 run sample for data points. The time is also dependent upon the
number of data points to be considered, but this number is generally con-
stant for a glven application and thus its effect is absorbed into the
coefficient on y. It is interesting to note that the time for execution of
LSADD appears to be relatively insensitive to the total number of independent
varigbles- specified. Intuitively, it would seem that there should be some
dependence here, but its effect seems to be completely swamped out by the
dependence on the number of dependent variables which must be regressed
against this independent set, It should also be noted, however, that our
tests did not incorporate a very wide range of numbers of independent
variables, and so even if some relationship is in effect, it may not have
been apparent from our results. Thus 8 outputs requires about 2:30 of
computer time.

The time requirement for SRFCE is again largely a function of the

number of runs, r, and may be approximated as:

T3(r) = 17 + .06x

Thus 200 runs require about 29 seconds. We see that in the case of
the Nigerian beef model, the Monte Carlo runs required 9:07 of computer
time, while the surface approach required 3:10 for 40 runs of the model,

plus 2:30 for LSADD, and :29 for SRFCE, a total of 5:09, a considerable

saving.
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It should he obvious that as the model run time increases the potential
for saving time Lecomes greater and greater, and conversely, as the run
time decreases, one stands to gain much less. Indeed, if the run time is
small enough, it would even be faster to do Monte Carlo analysis.

It would then seem reasonable to calculate a "break-even" point for
run time of the model as one criterion for deciding whether or not response
surface techniques may be helpful.

Let us then attempt to express &, the "break-even" run as a
function of r, the number of runs desired, y, the number of outputs, and

r', the number of data points to be generated:

x = f(r,y,r')

Equating total times:

Tl(r) = Tl(r') + Tz(}’) + T3(r)

or .g+xc=s+r'x+ 70+ 10y + 17 + .06r
which implies x(r-r') = 87 + 10y + .06r

which Yields: x= 81+ 1OZ'+ .06x
r-

Thus, for r = 200, y = 8, and r' = 40, x = 1.05 sec/run
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Suggestions for Further Vork

Almost certainly the weakest area of this investigation was the method
used to obtain data points for the LSADD routine. There is certainly a
need for much effort in trying to arrive at an experimental design more
suitable than 40 random points.

The use of the LSADD routine itself may be less than an optimal way
of arriving at a set of "significant" independent variables. The routine is
quite time consuming and is limited to consideration of about 120 candi-
dates for independent variables. Tor larger models, this size restriction
is a very real constraint.

As it now stands, our method requires the construction of a completely
new surface for each policy one wishes to evaluate. If the policy variables
themselves could be incorporated into the surface, this would become unnec-
essary, and the response surface would be much better adapted to comparisons
of policies than the Monte Carlo method, which requires a whole new set of

runs for each policy specification.



APPENDIX A

Data used for specifying the probability density functions for the

statistical inputs:

Variable

Cl
C3
C4
C5
Cé
c7
c8
Cl2
C4l
C42
PAO
ALl

AL2

LA

+ lower bound

.15
130.
0.
150.
40,
200,

.1

.71

77
12,

.02

.02

mode

nzl

130.

e2
.94
.97
15.
.03

.035

upper bound
ob
248,
.009
350.
100,

500.

1.4
1.5
18.
.04

.05



3.

ST DEV

ST DEV

Model
Surface
Model
Surface

Model
Surface
Model
Surface

Model
Surface
Model
Surface

Model
Surface
Model
Surface

Model
Surface
Model
Surface

Policies:
1)
2)
3)
4)

5)

PFT PMT

3835. 1832.
3759. 1828.
780.9  379.0
808.1 388.5

3029. 1591.

3012.  1583.
469,2 279.0
477.1  283.7

4155. 1991.
4060.  2007.
822.9 401.3
1497, 398.5

3412,  1771.
3417. - 1754.
526.8 295.5
547.0  499.2

3035. 1594,
3055. 1585.
496,7 279.1
472.5 285.4

COMPARISON OF OUTPUT STATISTICS OF SIMULATION MODEL

PFT

5100.
5100,
5100.
5100.
3825.
RCON

.7814
7799
«1557
1461

.8494
.8471
1172
.1130

.8176
. 7482
.1330
.1415

. 8875
.8737
.09768
.09832

.8569
.8740
.1133
.1101

PMT

2400.
2400.
2400.
2400,
1800.
FARMI

119400.
119500.
7437.
7114,

114500.
114200.
5363.
5317.

122200.
122300.
7839.
7989.

117800,
109500.
5667.
16740.

114600.
105900.
5365.
19440,

C18 CSFT
0.0 0.0
0.0 1.0

1000. 0.0

1000. 1.0
0.0 1.0

CF FOREX

1196000. 98420.
1205000. 938820.
53290. 4981.
52510. 6026.

1141000. 99370.
1143000. 103300.
49130, 5355.
51370. 11130.

1192000. 99510.
1191000. 98360.
53980. 5111.
56110. 15810,

1139000. 100500.
1133000. 108900.
50060. 5574.
48000. 13520.

1103000. 99410.
1121000. 103100.
47640, 538s.
47620. 10550.

AND RESPONSE SURFACE BASED ON 200 RUNS

YA

14590.
13740.
2974.
4064,

14720.
13840,
3082.
4272,

15400.
15120.
3131.
3996.

15610.
16120.
3288.
4367,

14750.
13950.
3086.
4132,

™

28660.
28210.
4823.
4987.

23680.
23810.
3069.
2917.

30650.
30060.
5082.
9110.

26040,
26010.
3253.
3352,

23710.
23850.
3067.
2908.

g XIANIddv
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P

POR1 3A 08/21/70
PROGRAM MCSIM
DIMENSION X(13,3)»XVAL(13),PFT1¢200)5PMTL(200),RCON(200); — " ~—— -
1 FARMI(ZOO) CF(200),FOREX(200),YA(200),YM(200)
—~ KSWTCH = 0~
NR = 200
———ee——— NP = 1
11 IREAD = 0
IPRNT 8 0 - — = —~-~
DU 30 I=1, NP
NRC = @ -
READ 1000, C18, PMT PFT LSFT
PRINT 1003, PFT.PMT C18,CSFT .- -
IF(KSWYCH,EQ,1) GO TO 1
IFCIREAD,EQ,0)"READ-1001,— ¢ (X{KyJ)7Judid)1Keli1d)
IREAD a 1 .
1-D0 20 lI=1,NR "~ """ -
IF(KSWYCH,EQ,1) GO TO 3
Do 2 £=1,13 -————————— - 1 -
2 CALL BETA (XVAL(L)» xcu.l».x(L.a) X(kaS))
Bl VAL (L) T T T e s e
PAD = XVAL(2)
——— — C3IaxXVAL(3)"
CasxVAL(4)
ChexXNAL(3) -
CoHaXVAL(6)
C7sXVAL(7) e e
CBaXVAL(B)
= CL2=XVAL(9) - - “
Ca4aXVAL(10)
C42aXVAL(L1L1Yy - —~-———m —— —n — - e
ALL=XVAL(12)
AL2 XVA[_(l'S) ot ST A e T e e e e e e
PUNCH 1002, 11,01 PAO,CS,C4, cs cé6, c7
- PUNCH 1gp2, 11,C8,Ci2, C41 042 AL1 AL2 - e
GO TO ¢
3 READ 1000, Ci1, PAO.C3.C4 C5,C6,C7,C8,C12,C41,C42,AL1,ALLE" — -~
4 CALL BEEF(C1,PA0,C3,C4,C5, 06 c7,c8,C12,C41,C42,AL1,AL2, pFT.PMf,
p CsFT,C18, PFTi(ll) PMTlt!l).RCON(!l) FARMI(!l)oCFGII’a"“"“‘“‘“““
2 FOREX(II), YA(II) YM(ll) l!.NR>
NREC = VRC # 1 -~ - ---- T e e
\ IF(KSWTCH Eu. 1) GO TO 30 ‘
PUNCH 1002, - -PFTL(11), PMTECEEIRCONCEIITFARMICT 195 11§ £ B ) i
i FOIEXCILY,YA(IL), YM(!l>
IPRNT & IPRNT + 3 -~ ~——— P
IFCIPRNT (NE, 10) GO TO 20
PFTMsXMEAN(PFT1,NRC) - ——e
PMTMzXMEAN(PMT1,NRC)
== ——-—————RCONM=XMEAN(RCON, NRC) -
PARM!M:XMEAN(FARMI.NRC)
CFM=XMEAN(CF,NRC) e
FDREXMIXMEAN(FOREX NRC)
YAM=XMEAN(YA,NRC) -~ --" - —~— -
YMMaXMEAN(YM, NRC)
- PFTS = sORT(VAR(PFTi PFTM,NRC) ) -

PMTS a SQRT(VAR(PMTL,PMIM,NRC))

RCONS - lfSQRT(VAR(PGON RGONM 'NRO)?)
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FARMIS = SORT(VAR(FARMI,FARMIM,NRC))

FOR1,34

Tt s CF8§ = SQRT(VAR(CF,CFM,NKC)) T e e e
FOREXS = SART(VAR(FOREX,FOREXM,NRC))
T YAS 3 SQRT(VARCYA,YAM,NKC)) - - - - e s
YMS = SQRT(VAR(YMoYMMpNBC))
= s - e —— pR!NT 1004 - - . - - e . . R — ———
PRINT 1005, PFTM;PMTM,RQONM,FARMIM,CFM.FOREXH,YAM,YnM,prmS,
T 1 “MTS.RCONS;PARM[S,CFS,POREXSIYAS;YMS“"“””“‘*“;' e
IPANT = 0
s 200 CONTINJE e e —_
30 CONTINJE
"= 1000 FORMAT(ARFLN,3) L -

1001 FORMAT(3F10,3)
r————1002 FORMAT(BE10.3) L,
: 1003 FORMAT(#1PFT = #,E10,3,3X,4PMT = #,E10,3,3X,+C18 = «,310,3,3X,
- 1 «C3FT = »,E10,3) |
1004 FORMAT(w0%,4X, «PFTMa;9X ) #PMTM%,9X, ¢RCONM*)BXs «FARMIn®,7X, *CFM+,
1 10X, #FOREXMw*, 7X, *YAM* 210X ) #YMMe /5K, #PFTS¥, 9K, #PHTSw, OX,
2 1y ROONSw, X, #FARMIS, 7X) «CFS#, 10X, #FOREXS#, 7X, #YAS 4, 10X, ¢ YHS#)

T ———4005  FORMAT(1H0,8(E10433X)} T T T
31 END




FORL,3A. 68/21/70
SUBROUTINE REEF(C1,PA0,L3,C4,C5,C6,C7,C8,012,C44,C42,ALL,AL2,
Sttt § PFTY,PMT1,CSFT,C138, PPT PMT RLON FARM],CF, FOREX YA.YH.!I LRY)
REAL L:P LG.LCi L02 LC3 l.GM, LGT
e = = D[MENS 10N VAL1(9),VALZ(V)oVAL3(9)oVAL4(9’oUR°UTl(3) CROYT2(S)y, -
1 caou73(3) VAL5(9)
——--—0-CONSTANTS - - e e e
NR=1 , : :
e DT L - -
RLENTH 3 20,
e NCPPEL0 ¢ m e e e e
NITOL= RLENTH/(NCPP*DT)
e e~ e i —— INTRVL ) 5 - t e e em—— - o eme
DI=850., ’
~AL3=,05 - - - e
AL4=,02 ‘ ‘
—re— = CL028500 - - e
- CY = 263,
il 1 &

: ‘700. : . - . e e e mta— -
cL3 = 0,
. 017 = 0 . - —— - o - ———— —

cli9.= 100,

©oem— =020 = ,023 - . T e e s
c2L = ,29 '

e 022 =2, 47° ' e e
c23 = 3 »

. ,......._.--..024 = .6 — ————— C wm— e . . e s
Cc25 = ,57 '
C26 . . 7 - - e e e g P - i w4

C29=60, A
- —— v - C\so- . 0 35 —- — - . —— — . - e dees s e s
C31=42,
e w0325, 0056 L e
c33z0,
bmen =+ e e e e —ae 034 D - . - e e wame o e v ——
C35 = ,208
ceee s eem——e- BELASIEY, - . - — -
ELAS2=1, .
VN mr = e a ey GRDEPD=10 .._. —— - e cm—— e - — P
TONAD=3000,.
Tt T LG = 37000, : T T
RLTT = 0,
T ISPRS a2 00— ieabensbiiiaal
GRE = a 0

C RUN LOOP - .
- =-D0 22 ¥31,NR S : - romn e
c .

e (0285,75 - = e
.Cil=1,15 .
-Cl4=-,036 - e e e e
Cl5= 17, :
o === —-(0162,000333 - e ——
€Ce7=1,5 . .
e e = =02 888, 5 : : _ e
C36z,1 :
e a— e -...&_..-...c37g'285 ’... - s e e e



http:F'ORI.3A

FOR;.}A

,Dsul'_ -

C38z,100

C39=,0N00
C40M=,5
C40T=,6
GRGDELST,
FEGDEL=3,
PAN=3,

VALL1(1)s,06"

VAL1(2)=.1°
VAL1(3Y=,27
VALL1(4)=,33

VAL2(1)s,08-

VAL2(2)=z,29

-t = s e e ot e o ———
———— - —— - —

VAL2(3)=,44
VAL2(4)=,54
VAL3(1)=,55
VAL3(2)=022
VALS(3)=,13~
VALS(4)=,11
VALS(5Y=,1 -
VALS(6)=,09

VAL3(7)=,0R

VAL4(1y=,5

VALA(2)=,17 -

VAL4(3)=,1

VAL4(4)=,08"

VAL4(5)=,07
VALA(6)=,06
VAL4(7)=,05

VALS(l);lO
VALS5(2)=1,
CRIUTL(1)=0,
CROUTL(2)=0,
CROUT1(¢S)=0,
CROUT2¢1)=0,

CROUT2(2)=0,"

CROUT2(S)=0,

CROUT3(1)=0,

CROUTS(2)=0,

CROUT3(3)=0,"

LGF=74000,
Di=1, -
De=3,

D4=1,

N5=3,
PFCATx, 65

PFCAM= 65 —~

YMAT=950),

"YMAM=1200,

PR4T=,01
PRYM=,01
TONTAR =

PA 5 15,0

C- INITIAL CONDITIONS -

PMT = PMTA

08/21/70

2700, 4 L



FOR1, 34 | ' ‘0w/21/70

PFT = 2PTa
b et vmt b as  w——- RCON=1. o ot mm . e b e e e e -
) CF=n, ' -
enbee temme e crl:_.o‘ . Ta ¢ e ~:\ - .. . e e e e
CH2=0. -~ A"\\\r ~
s e e —— — L(,l\‘=1oou. N - ———— — »—.»..M._~. -
. TONM=C9»LGM o :
Cenm e e e pF\1=36 . 5. - . D ST Sy U R S
s o AT = 25«PFT . T m——— e
' ALPT=0,
T e “'DFT-,ltPFT“"“ S -
DMT=,1+040TwPMT
B V-1 P 241 wPFM _ R
AlPM=0, )
- e ERYz, 2 —_— ——
DFM=,07#PFM
T DMM=,07«PMM -
ERT=,08
e e e - e mar e v am LC1| =85 0 0 . - om—— ey mtm G G m — Bin cmag. e o d e
LC2=3000,
LCJ 0 P .-._....-._‘.._...__...._._....-._...A
LC20= 6000
. e—— T U —— - .. - — et - — v e e .
FARMIA:O.
= - FOREXA=0, -—-—-— : TTTomerT e e
SFT=C20«PFT
.. SF“':O. - i H ——— Cens - e e i mmme o en m—————— ——— - -
GRCAP=0,
TDNAM & 2400, ~ ——— —— === - == = - T
TONT = 14000000, ‘
©1075 DO 224 I=g,NITOL— oo
DO 236 J=;oNCPP . )
T T'.'DT e ammm e s emvecmm s sames ae e
C POLJICY VARIABLES
181 RLC2= Ct/*LP2D*AL4*EXP(AL4*T7"“‘**”"“""“"“”'“ e
182 RLEC3=RLTT~C17
183 EF==C18 e T T e e
184 EXGR=C19
185 SFT= PFTw(C20#ELASLI*SFTw(PAw PAO)/(PFTwPA))t(CSFTwcpP1nrowr/((1~c22;

I*TONTAR)Y))

186 SMT=C21 % (PUTCR224PFT)4CO5wPNT ~— e e
187 IF (SMT) 188,188)190
- 188-SMT=0, - e - S e

190 SFMs 023*(PFH-TDNM*C16*046)* 5*A2M-DFM*ELA32*SFM*(PAnPAD)/PA

1900 IF (SFY) 1901,1902,193- - - - e
1901 SFv=0,
191 SMM= C24*(PHM~C?5*PFM)¢ D*A2MwDMM- — . -
192 IF (SM4) 193,193, 194 : !
. 193 SMW 0. . ——w e e e e e - : - 4.. c————s e e e
194 PA=PAOs(1, *C330TmCS4*SIN(6 2816-7)) |
1941 PAA=,B8#pPA e e — : e
C MODEL STRJCTURE ;
195 LC3=LC3+DTWRLLC3 - ——= = omees . — S

196 AUX3=EXGR#C?2
" 197 CALL™DELAY(AUX3, AUX4,CROUT2 /GRODEL /DT, 3) = === oo mommsome

e —— e S s g amrebe e s e

A emirtemaan o rmimesat e e e medmmes o s o <e v -



FOR1,3A

1971
"t 1972
1973
1974
1975
1976

199
200
201
202

- 203
204
205
206

20061
207
208
209

-- 210
211
212
213
l214
215

216

2161
2162
2163
2164
217
2171
2172
218
2161
2132
219
2191
2192
220
225
- 221
223
2231
226
2261,
2262
2263
227
228
229
230

06721770

RTDN=zAJX1%C9+RLCI*C10

RAASRTON*C16+C36%(TONAM=TUNAD) - —--

RFTT= RAA*(PFT/(PFT*PHT))

RMTT=RAA=RFTT - S e e

RFTM==]FTT

RMTMz=RNTT : -

AUXLl = EFEwCls«C7,/C3

CALL DELAY(AUX1,AUX2,0R0UUTY,FEGDEL,NT,3)"

DEM= DI~FXP(AL1*T)

RLC1I=AL2#L.CLOXEXP(AL2*T) e mmm e

LG=LG+DT#(=RLC1m RLCZ-RLL3*Aux2)

LuM=LGY+DTwAUX4 —— m—— e

LGT=sLGmGM

GRT=L.GT/(PFT+PMT) e e e

RCOM=RCON+DT#CAw(GRTmGRE)

IF(R(‘O\’ LT. .l) RCON-.J. . e e em e ma s e e e e

TUNGT= QCON-C3wLﬁ

TONRES=CS5«L.C1+C6%LC2 - ST e

TOUNT= TDN&T+TDNRES*C7wCBtLGF

TDVAT=TDNT/(PFT#HPMT )" TTTm o mmee s

TUNGM={ GMw*C9

TOUNFC=LC3wC10 -

TONH=TONGM+TONFC

TONAM=TDNM/ (PFM+PMM)

CALL DEMOGCSFT,SMT,TDNAT,PFT,PMT,ERT,VALL, 680,,680,,3,VAL3,0680,,34
10.,,6,D1,02,D3, D4 D5 DMT, DFT A2T,ALPT,RFTT,RMTT,DT,8RT,DRT,ERPT,ALT
2,8RDELT, AST A4T, VAL5 QMT PFLAT YMAT PRMT YMT,BFT BM1,2407,C41,C42)

CallL Dz MOG(SFM.SMM TDNAM:PFM PMM, ERM VAL2o680,;680.,3,VAL4ab80,¢34
10,,6,D4,D2,D3,n4,D5,DMM,DFM, A2M, ALPM,RFTM,RMTM,DT, BRM, DRM,ERPM, A1M
2,5RDELM, AJH AaM, VALS uMM PFCAM YMAM PRMM YMM;BFM BMM, CAQM,C4a1, cqz;

QRT PMT/PFT

SRM=PMMU/PFM R e

TMM= ?*5RM/(BPM'L*DRM*SRM)

TFM=2/(BRMe2%DRM) T

SURT=SFT+SMT+C12%(DFT+DMT)

SUPM=CLIw (SFM+SMM)+CLEw (DFMmDMM ) -~

SUR=SURT+SlPM

CIvp=DEM-SUP D T e e

YAT=5U2T+PA#PAD*(DMT+DFT)

YAM=SUAM*PARPAD« (DMM4DFH) — ———-—

YAsYAT+YAM

YMEYMTeYMM - ommmmmm e e

OM=QMT+MNM

CUGR=LGM*C14 T R

LC1=LCL«DT#RLCY

LC2=LC2+DTw»RLC?2

YCC=C15«LC?

CALL DZLAY(EXGR,GRDEP,CROUT3,GRDEPD,DT,3) -~~~ - -

CF=CF+DT#((YA+YCC+YMmCOGR= FFE GRDEP*EXGR)*EXP(wALsa,))

CF1~CF14DT*((YAMwYMM)*EXP(-.obwT))

CF2=YM

CHFM=C345«CF1L+C37«CF2 — ——-

CO=EFE+COGR

CAPE=EXUR S e

FARMI=YA+YMaYCC

FARMIASFARMIA+DT*FARM]—- -~
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FOR1 .34 00/21/70

SUBROUTINE SUMHARY (MN,NR,T, W1l,W2,W3,WA,H5,W6, W/7ydB, W9,4d10,
1 w11,412,01,072,03,04,09,06,07,08,Q9,010,011, 032,11,12,13,14,15,
2 16,17, 18 19, 110.1¢1 1i2, J1 J2 JJ.J4 J5,J6, J7 J8 Jv J1a.J11 Jie,
3 \NV,N3)

DlﬂENbYON IMC30),V1(30),V2(30),V3(30),va(30), V5(30),V6(30), V7(30)‘
1 vacsa>,vocsu>,v10<30> Vll(JU) V1i2(30), Pl(SO),P?(Su) PS(350),

2 P4L30), P)(JO) P0(30)aP7(30) P8(60),P9(30) P10(30)pP11(30),
3 P12(3g)

M1 = (vN=1)/10

M = MN'lo*Ml . PP - . . . .‘-..-._,. — e ea

[H(M)=vN :

. Vl(M)zijl . femsem s eme e e e e s i v ae e re o emmme e s eene -

Va{M)=de

VJ(M)::AS e ar e 4 w6 i et ee i e eme v aarmrmrade s e e

VA(M)=d4 .

VS(M)='!5 eem e e ¢ eme mrme eeew - . ah e s ieme e e Ve - -

V6IMY=dp

V7 {MI=d7 CoTnTTmIm T T T

Vd{M)=aB

V9(|‘1>:A‘9 . - [ . v oea — - eee = eree  aesa

Vi0¢M)=Wlo

Vit(Myswis -~ - - - - R

Vl2(t)'H1&

P1CM)—31. L. et gttt aae m = ms o+ e eme s o w———e a—— o

P2(M)r=232
P;scr,‘)zgs - . PR ——n - .. . - — .

PA4t{M)=)4
P’D(M):.’Js . . . . e e e e - e s [ _— e . - .

Po(M)=36
P7(51)=:J7 . - - - e C iee i e e emm e emem e -

PB(M)=N8
PY9{MI=R9
PLO(MY=Q10
Pll(M).:Qll .. ——— . — . ee—— PO - .-

PL2(My=sql2

IF{MN ,EQ, NR) GO TO 9 - e mes e s

IF(M ,NE, 10) RETURN

9 PRINT L, T
GO TO(Lp,L0,11,12,13, 14 15 16 17 18 19 20)Nv

10 PRINT 2,11,12 : B30 T0 21
11 PRINT 2,711,12 ,13 §d0 TO 21
12 PRINT 2,11,12 ,13,14 - LT T s §60 TO 21
13 PRINT 2,141,112 ,13,14,15 . $40 TU 21
14 PRINT 2,11.12 213214,15,16 : S o0 BG0 TU 21
15 PRINT 2,11,12 ,13,14,15,16,(7 $50 TO 21
16 PRINT ,11 12 ,13,14,15,16,17,18 : - $30 TO 21
17 PRINT 2,11,12 ,13,14, 1),10.17 18,19 $u0 70 21
18 PRINT 2,11,12 ,13,14,15.10,17,18,19,140 340 TO 21
19 PRINY 2.11,12 ;13,14,15,16,17,18,19,110.111 $40 TO 21

20 PRINT 2,13,12 ,13,14;15.,16,17,18,19,120,111,122 -
21 GO TO(??,2? 23,24, 25 26 27,28 29 30 31 52)NP

22 PRINT 3,J1,J2 - == 340 TO 33
23 PRINT 3,J1,J2 ,J3 560 TO 33
24 PRINT 3,01,02 ,J3,d4 = = = oo o o $G0 TO 33
25 PRINT 3,J1,J2 4J3:J4)J5 $30 TO 33

26 PRINT 3,J1,J2 [J3,J4,J5,d6 ~- = omme woom o — o G0 TO 33 -

——— - - S e et ke e meie it s s sm e s com e v e b ane o aee e - . C e
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FOR1.3A

27 PRINT 3,J1,J2 ,J3,J4,45,40,J7
&8 PRINT 3,J1,42 s J32J,d5,d0,U7,48
29 PRINT 3,J1;J2 ‘J33J4;J5'J6'J7'J6;J9
SC PRINT 3,J1,42 ,J3,J4,J5,J0,47,J8,49,J10
31 PRINT 3.J1.J2 ,.13,J4,J5,J6.J7;JB;J91J10;J11
$2 PRINT 3,J1,J2 ;Js,J4,J5.Jb.d7,J8,J9,J10,J11,J12
33 DU 60 1=4,M
GO TO(34:34135036137;38r39040)41;42143a44)NV
34 PRINT a,IMmcly,vicly,vacy)
35 PRINT 4, INCDY,vaCD), V200 ,V3¢T)
36 PRINT A, IMCIY, VD), V201),V3CT),Va(])
S7 PRINT 4, IMCI),va (1), v2C0),V3Ci),Va(1),V5(])
S8 PRINT 4, IMCD),vaeD), V201, V3L, Va(ly,v5(1), V6!
39 PRINT 4,IM(I),Vi(l),V2<I)oV3(1),V4(I)pVS(I).Vét
1 Ve

[
h,

40 PRINT 4o TMOI) VL (LD V2010, V3EI) V4] ) V5L ,Vel]),

1 v7(I),ve(l) ) )
41 PRINT “.IM(I),Vl(l),VZ(I)on(I),V4(l)aV5(I),V6(I).

1 V72(1y,v8(),vo(l)

4z PRINT 4;IM(I);Vl(I)aV2(1);VS(I)oV4(I)pV5(I)oV6(I),

1 v7¢D),valIy,vocely,vioql)

43 PRINT 4'IM(I).Vl(l),VZ(L)‘VS(l)pV4(I>:V5(1)pV6(I)a
1 V7D, vecn),vael), Vi), vaacD)

A4 PRINT 4, TMCD),vaCI), V201D, V3 (1), V4(1),V5(]),V6(]),
I V70D, VB0, V(1) ,Vi0¢T1),v1a(1),vL2¢])

45 GU TO(46'4(),47.48.49;50'51‘52’53'54‘55'56)NP

46 PRINT 5,P1(]),P2(¢1)

47 PRINT 5,P1(1),P2(1),P3(1)

48 PRINT 5,P1(¢1),P2(1),P3(1),Pa(l)

49 PRINT 5,PLC1),P2(1),P3¢1),P4(1),P5(])

20 PRINT 35,PL¢1),P2¢1),PS¢1),P4(¢1),P5¢1),P6(])

51 PRINT 3,PL{IN, P21, P3CL),PACL),PSC]),PO(L),P7(])

52 PRINT 5,PLCL,P2C1),PECI),P4CIY,P5(]),POCTY,PI(TY,
1 P&

23 PRINT 5,P1(1),P2¢1),PSC1)sP4¢I),P5(]),P6(1),P7(1),
1 RE(IY,P9(])

54 PRINT 3,PLCLY,P2C1),P3CL),PAC]),P5¢1),PE()),P7(1),
1 P8¢1Y,Pot1)y,P10(l])

55 PRINT 5,P1(1),P2(1),P3(1)sP4C1),P5(])sP6(]),P7(1),
1 28¢1),P9(1),Pl0(1) ,PL1(])

56 PRINT 5.P1<1).p2<1>.P3<1),P4(I),P5<1>,P6<I>.P7<x>,
1 P8, POCI),PLO(T) ,P21CI) ,P12(])

60 CONTINJE

1 FORMAT(1HU,24X«SUMMARY OF OUTPUT FOR KEY VARIABLES,AT

1 F4,1,%x YEARSe/) .
FORMATC(LHO, »RUN*,2XA8,11(SXA8))
FORMAT(O6XAB,11(3XA8)) -
FORMAT (LHO, IS,1XEL0,3,11¢(LXEL0,3))
FORMAT(S5XELG,3,21(1X,ELu,3)) - oo
RETURN
"END

N ol

08721770

540
%40
Fad
$40
340

530

TO
TO
T
TO
TO

TO
TO
TO

TO
TO

TO
TO
TO
TO
TO

TO
T0
TU

TO
TO
TU
TU
TO
T0

TO

TIME T

[ 2NN 2 7V SN /N

BN G N NN

6l
6(
6(
ol
ol
ot
60
60
60

60



FOR1,34

231

232

233

234

235

- 236
c

00/21/70

FOREX=327*YCC-C28*CIMP*HA
FOREXA=FIREXA+NDTx (FOREX)
ANPROT=(29+SUP+C35+QM

CERPROT=C31*LCY
GRCAP=GRCAP+«NT»{EXGR=GRDEP)

VALCAP= (PFT+PMT+CLI*(PFM*PMM) ) *PAA+GRCAP

-C PREPARE SUMMARY TABLE

1392

1
2
S

4
°
(o]
224
c

22
c . -

FORL,3A

IFCINE,NITOL) GO TO 224
CALL SJUMMARY (I],LR,RLENTH,PFT,PMT,RCON,FARMI,CF, FOrEX,

YA,YM,C1, PA,TDNAT PFM G3,C4,C5,C6, c7.ca C12,C41,C4¢,AL1,AL2, PFCAM

, 8APFT - ,BHPMT - ,8HRCON-*~~,8HFARMI ) BHUF )
8+FOREX , BHYA ) BHYM , BHC1 1 8HPA )
adTDNAT : 'BHPFM o ,SHCS Tt ,8H04 ’ ,BHCS ?
8HC6H » 8HC? , 8HCS 1 8HC12 ) 8HGAL: '
gdC42 - ,8HALL - ) 8HAL2—~ , BHPFCAM "~ ,11,11)

CONTINUE

CONTINJE

RETURN

EnND

06/21/70

SU3IROUT[NE DEMOG(SF,SM,TDNA,PF,PM,ER,VALB,SMALLSB, DIFF3,4AB,VALD,SMA

©1LLD,DIFFD,KD,D1,N2,D3,D4,0U5,DM,DF,A2,ALP,RFT,RMT, DT,RR, UR ERP,A1,B
2RDEL, A3,A4,VALS,QM,PFCA, YMA PRM YM 8BF,BM, C40 C41, C4¢)

TN NDIN

e
N SO

13

e
L IEN

16
17
18
10
20
21
22

DI4ENS [ ON VALB(?) VALD(9>,VAL5(9)
BR=C4LwTABLIE(VALB,SMALLB,DIFFB,KB, TDNA)
DR=CA2~TABLIE(VALD,SMALLD,DIFFD,KD, TDNA)
ERP=PF e BR/(PF+PM)=DR

AlzBReaF e s
ALP=AL2+(DT/, 3)-(A1-A19>

IF (ALmAlpy 7,7,9 R
BROEL=D1

GOTU 10 - - . . e e c—————e = ¢ e——
BROEL=D2

A2=A2+(UT/BRDEL)*(AlmA2) - : e
BFs,9%A2

BM=BF : - - ———e e e - -
AS=PF DR

DF=DF«(NT/NE) % (A3~DF) - S e
AdzPMeDR »N40 '
DMeDM* (DT /N4)w (A4=DM) - === ommmem et e
ER=ER+(DT/N5)* (ERP=ER)

PFzPF=NTw (RF=DF=SF=RFT) -

PMEPM+DT* (BM=DM=SM=RMT)
QMzPF+«PPCAwYMAwTABLIE(VALS, 1360..1360..1,TDNA)~‘
YMEUMR PRM

RE YURN - o e e eaie gt e+ - = —a—— - b = wame mms
END



http:2RUEL,A3,A4,VAL5,QMPFCAYMAPM,YtiI3,BMC40,C41.C4

FOR1,3A

FOR1t3A

0721770

SU3ROUTINE DELAY(RINR,RUUTR,CROUTR,DEL,DT,K)

DIMENSTION CROUTR(3)

DELLl = DEL/(FLOAT(K)*DT)
RIN = INR

DO 1 I = 1,K

ABC = dPOUTR(I)

CROUTR(]) = ABC =+ (RIN-ABC)/DELi

RIvV = agcC

ROJTR = CROUTR(K)
RETURN

END

08/21/70

FUNCTION TABLIE(VAL,SMALL,D]IFF,K,DUMMY)

DIMENSTON VAL(9)

DUMz AMXNl(AMAxl(DUNMY~§MALL 0 0),FL0AT(K)'D:FF)

I=1,0+DUM/DIFF
IF(I E3,K+1) I=K

TABLIE-(VAL(I+1) oVALCI) ) *(DUMFLOAT(Iwl)w

‘DIFF)/DIFF*VAL(I)
RETURN -
END



FORL,3A - _ 08/21/70
; FUNCTION XMEAN (A.NR)
b~ DIMENSION-A(200) R
| . ASUM=0,
| D0 1 Ja1pNRT T R
, ' 1 ASUMSASUM + A(J)
] XMEAN s—ASUM/FLOATCNR) ——
! RETURN
Rt END -
| ] —
g,' e _
|
FORL,3A . Qurai/70
FUNCTION VAR (A,AM,NR)
=== N]MENSTON A(200) - —— - - -
VSUM=0,
e e DO L JELGNR Tt T m e e e e —_— -
1 VSUM = VSUM & ((ABS(A(J)mAM))ww2,)
e ————R = FLIAT(NR) — -——
VARs VSUM/(Rn1,)
RETURN e o
END




R4, 74 08/21770
SUIRTBUTINE HGETA (X, XL, XML, XH) HETA
: Y],
. :lirlF.("l)
e W07, (eLeXbyzd ) GO TO 190
Xo= oZ o~ TART( ReBw(XML=XL) )

1m

e Tuy
L T KM e SORT( (1, =R)I«Bw(XH=XML) )
L TURN
)

IN VAT TD AT 1019 =47
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FORl.SA 10/26/70

im0 e ememn s e e g1 o ta o e A rmrt e s S e b aer o e 4 e ———— e St~ © Amicn o o g s oevy ai — a e w e e s

19 STDDFV(K) = quT(vSUM(K)/FLOAT(I -1))

e TP QL (10 % (12409 93-. 20,191 5 20 ' I
191 PRINT 12.010
e . .PRINT 1011, XMEAN,STDDEY.. —.__ e

" 20 COMTINUE
rmee s om 3001 FORMATCLOX ) 7820 08 ) e o e e e
1002 FORMAT(E(AB,?2X))

e 221003 FORMAT(lPlawOUTPUT.MARIABLL w;AS;!::_COEFEJCIENTSrl,_n___”.,w_“w
1604 FORMAT(815)
~.1GUS FORMAT(BE10,%3) . . ... e e
1066 FORMAT(LHO,1n(5%XA8)) '

- - 1007 FORMAT(IHO,5Y,10(ELN.3,3%)) . . .
1008 FOR%AT(lHl,*PUN* 2X,*PFY¥, BX,*PMTt.SX;tRCON*;?X;*FARVl*o6X,*CF*o

L e LON L XFOREX R, 6Xa*YA*.9%,*Y“*a9Xa*C1*a9X.*PAO*.8X»*C’*/bX,.» :
., 2 *Cax, Qx,*PS* I xCH*, X, wC7%,94,%CB¥,9X,%C12x, 87,*&41*;8X‘
S wC42x, BXywALLw BX s *AL2*,8X,*TSS*») . . ..

, 009 FORMAT(lHU [3,11(LXE30.3)/74X,11(3XEL0.3))
e —1010. FORMAT(LHO, SX,*PFTN* 9X,*PMTM* 9X s #RCONM*,.8X s xFARMIM* 27X, #CF M,

1 10X, «FOREXM* p 7X, Y AM* , 10X, v YMH* /6 X, *PFTS#,9X, «PHTSw, 9%,
2. XRCONS*BX s xEARMIS#,.7X, xCESw, 10X s EOREXSh) ZXs #YAS*, 45X, . — .
3 *YSw)

s --1011 _FORMAT(1HQ,5%, 8(E10,43s3X)/6XeBCELD e 30 d3X) N

31 END
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FORL . 3A 10723770

‘SUBROUTINE: MATX_NV(A N I\‘MAX B M, PlVOT:IPIVOT IN[‘EX DETERHM)

3 C F1. CODA MATINV——MATRIX_INVERS ] ON e
c HATRIX INVERSION WITH AGCCOMPANYING SULUTION OF LINEAR EQUATIONS
e e B e e e
c MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS
C-- SO S ————
DIMENSION IPIVOTCND ¢ ACNHAX,NMAX),BCNMAX» 40 s INDEX(Ns2) s PIVOT(N)
C . e e — [
c INITIALIZATION
€ _ I
10 DETERM=1,0
e 15.D0 20.J=1,N . . e
20 IPIVOT(J)=0
30.D0-550-121,N —_
c
-..sC—— - SEARCH -FOR- P1VUT-ELEMENT- - S
c

o .60 .AWAX=0,0 e+ N e
45 N0 105 J=i,N
e B0 T (IPIVOT( U 01 )— 60, -105,-60-- : S
60 DO 100 K=1,N
e Z0-IF (IPIVOT(K3=1)-8U, 100, 740 — — e
80 IF (ABSF(AMAX)=ARSF(A(J, k))) 85, 100, 100
— _ 65..1ROW=g —- — e
90 I1CNLUM=K ,
e G5 _AMAKZACJ, KD - S
106 COMTINUE
—ee - 105 CONTINUE  —omo I . e
110 IPIVOT(ICOIUM)-IPIVOT(ICOLUM)*i

SO e e e e

c INT&RCHAHGF wows TO PUT PIVOT ELEMENT ON DIAGONAL
DU o SR e e e e e
130 IF (IRow-;FOLUM> i14n, 260. 140
e o= 140.NDETERM=mDETERM -~ - —— R —
150 DO 200 L=1,N
e e —— 2 1O60_SWAP= A(lRov,u) e e e e e e
170 A(CIROW,L)=a(!COLUM, L) '
ciee e 200 ACTICOLUM, L) =SWAP- . —
205 1F(M) 260, 260, 210 ’
e e 210.D0.250. L1, - —— e
220 SWAP=B(IROMW,L) ‘
i 230 BOIROW,LY=H(ICOLUMaLY) o o - _—
250 B{ICOLUM,L)=SKHAP ,
e 260 CINDEX (D, 1) = [ROMW —
270 INDEX(I,2)=1COLUM
oo 2310 PIVOT(I)=ACICOLUM,ICOLUM). — e
320 DETERM=DETERMtPIVOT(I)

B ¢SV, e

c D{VIDE PIVOT ROH BY vaor ELEMENT
R o e =
330 A(ICOLUhoXCOLUM) 1.0
e 2 340-DN0- 350 L=1,N —_ —_
350 A(ICOLUM,L)= A(ICOLUMaL)/PIVOT(I)
- 355._IF (M) 380,.-3804-.360— . —- . —_— .
360 DO 370 L=1,M
8370 BICOLUM, L) =R (.LCOLUM, L) /ZRINOTLT). . - —

¥
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e 705 -CONTINUE

FOR1.3A . 1072377
) c
- e —0 . . __REDUCE NGN~PIVOT._ROWS ... —_ e
c )

e eee.—— 380 DO 550 L1=1,N._ . __ ——— e
390 IF(L1~ ILOLUM) 400, 550. 400

~emee —e ADD . T=A(LL, ICOLUM)-- S— .- ——— ———— e e
420 A(L1, ICOLUN)=0 0

e o 480 N0 450 L=l N e —
450 A(L1,L)=A(LL, L) A(ICOLUMpL)*T

e e 455 TF (M) 550, S80,... 460 . ___. e
460 PO 500 L=1,M

—~ . =500 . B(L1,L)=B(LL,L)=BCICOLUMLLIWT - e

550 COMTINUE

- B O —_
C INTERCHANGE COLUMNS
U o — —— e - e

600 no 710 I 1 N

. 610 LsN#+1w] e et o
s20 1F (XNDEX(L 1)-INDEX(L,2)) 630, 710, 630

e 630 JROW= INDEX(L A A — -
640 JCOLUM= ImutxcL 2)

e 650 DO 705 K=1,N . . - e e
66N SWAP=A(K,JROW)

Y . X't A(K,JROW)=A(K,JC0LUM)_“_M-“_"
700 A(K,JCOLUM)=SWAP

710 CONTINUE
e e 740 RETURN_ - . _—
750 END
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10/23/70

FORZ,3A
' SURROUTINE TPANS1(I,MV)

DO 10 J=1,NV
“-___"*___._*XOUT(Jal)« .1 0 0 o

COMMON_/BLK1/ XIN(40,13). XO0UT(40,40)

GO TO (1,2,3,445)6, 7;5)1

1 -XOUT(Jds2) 5. XIN(J)7)—*_XIN(J, 8)
XOUT(J,3) = YIN(J,1) » XINCJ,5)
XOUT CJad) =2 XINLIL3)* _XINCJ,Z)

XOUT(Jys5) = XIN(J,5) * XIN(J,13)
XOUTCJa0) = XINCJ, 41 > XINCJ,T7) .
XQUT(J,7) = XIN(J)S) » XINCJ,10)

XOUT(J,8) =_XIN(Jy11I*_XINCJ,13)
XOUT(J,9) = XIN(J»4) * XINCJ,8)
XOUTLJ 202X INLS) L1 _XINCJ,11)

XOUT(J,11)=s XIN(J,6) * XIN(J,12)

—— KOUT(J912)5-XIN(dp2)--e-XINCJ, 8)
XOUT(Jy13)= XINCJ,7) * XINCJ,10)

XOUT(Jr14)3-YIN(Jp7) -#+—XIN(J,13)
GO TO 10
- 2-X0UT(Js2)--2-XIN(J)»7)-2-XIN(CJ,8)

XOUT(Jy3) = XIN(J,5) * XINCJ,10)
e XOUT (0 4) -2 Y INC U, 3) %X IN(J, 7). -
XOUTCJs5) = XIN(Js5) * XINCJ,11) v .
e XOUT(J»6). 2 XIN(Js2)—® XIN(JsB).
XOUT(Js7) = XIN(J,4) * XINCJ,B8)
XOUTCJ B8 =2 X INLJL6). . * _XINCJ,12)
XOUT(Jy9) = YIN(J,13)%e3

e XOUT (I 205X INCJ 2 1) —*XIN(J, 3)

XOUT(J,11)= YINCJ,7) * XINCJ,10)

S XOUTAJr12)s—XIN(J )52 _XINCJ,8)
GO TO 10
S_XO0UTAJp2)—=YINLIp4)—*_XINCJI,.8)

X0UT(J,3) = XIN(J,3) % XINC(J,5)
e XOUT (s 42 XN S s 70— %X INCJp13)

XOUT(J,5) = XIN(J,3) * XINCJ,10)

e XOUT(J06)2XIN(Jp 1= %= X IN(Jy12)
GO TO 15
4. XOUT(J 2= 2o NIN(  T)—%—X IN (. ,-8)

X0UT(Jp,3) = XIN(J,2) * XINCJ,10)
e XOUT A J 4 ) -5 X [IN(J - 3)— X INC(J, 5)

¥OUT(J)5) = XIN(Js1) * XINCJ,7)

. XOUT(Js6)— =X IN(Jp3 )X INCJp11)
XOUT(Js7) = XIN(J,2) * XINCJ,4)

XOUT (Js 802X 1N (J 43— X 1N J 4139
XOUT(Js9) = XINCJy10)*n3

XOUT(J210)=-XINCJs 3)—*—XIN(-Js9)
GO 10 10
e 5. XOUT (U9 2) ==X N(J,)B)—*_XINCJy10)

XOUT(J,3) = XIN(J,3) » XINCJ,7)
XOUT(Jp4) -=-XIN(J,2) eI .
X0UT(J,5) = XIN(J,5) « XIN(J 10)
s e e ROUT (I 6 )5 X IN S )7 ) X INCJ,8)
XOUT(Ja7) = XIN(J,3) » XINCJ,10)

e e XOUT (U, 82 X INCJP 1LY — o ol

XOUT(J9) = XINCJI5) * XIN(JN9)

C e XOUTJp 100 X NG e 2 X TN ( iy
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FOR1.3A

10723770

XOUT(Jy11)= YINC(CJL9) » XINCJ,11)
XOUT(Ja12)8-XIN(Jo»2)—%=XIN(J,9)

GO TO 10
i e e XOUT (S p )-8 X [N (JrB)—w_XINCJ,10)
XQUT(J,»3) = XIN(J,5) * XIN(J,12)
e e XOUT (U2 )2 - X IN(J )y 7 )% X IN(J, 8)
XQUT(J)5) = XIN(J,2) » XINCJ,11)

XOUT (Jy 6)—2—X [ N(Jy 3Dt XIN(J,11)

S XQUT(JL7) = XIN(JLT7) » XINCJ,9)
G0 TO 10 - — o e

7 XOUT(J,2) = XIN(J,2) * XINCJ,10)
o XOUT (J 3 )2 -¥IN(dp 7)—%—XINCJ, B)

XOUT(J,4) = XIN(J,3) = XIN(J,H5)
XOUTAJ -5 )X FNA-J 920 —%—K IN(J 1 1)

XOUT(Js6) = YIN(J,7) * XIN(J,9)
e XOUT (Jy 7)=2—X IN(Jp B)—rXINCJ, 10)
XOUT(J,8) = XIN(Js8) * XIN(J,11)
e XOUT(Jy9)—=—XIN(Jo 1)t XINCJ, 9)

GO TO 10
8- X0UT(JU)2)—2XIN(J)T)x_XIN(J,8).

XOUT(Jp3) = XIN(J,1) * XIN(J,H)
e = XOUT (J 0 4 ) X IN(J )3 )- 2 XINCI, 7).
YOUTC(J,5) = XIN(J,5) » XIN(J,13)
- XKOUTC(J»6) =—-YIN(J,4)—-2—XINLJ,7)
YOUT(Ja7) = XIN(JL5) * XInNCJ,10)
-XOUT (U9 B)—=—XINCJ s L2 —X IN(-J 5 1-3)

XOUT(Ja9) = XIN(J,4) *« XIN(J,8)
~—-XOUT(Jp10)=2-XIN(Jp1)—2-XINCJp11)
XOUT(Jdy11)= XIN(J,6) * XINCJ,8)

rem e XOUT A Jg 12 )8 X N0 2) X INCLy12)

10 CONTINUE
R RETURN

END
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P

SUBROUTINE TRANSZ2

=

COMMON../BLK2/ VARIN(13), VAROUT (40,82
DO 1 I[=1,8
VAROUT (dp [) =8 <4 oo e e oo .

VARQUT(2,1) = VARIN(7) w» VARIN(8)
VARQUT (-3 ,-1-)—a—VARINL1)—w—VARIN(5)

VAROUT(4,1) = VARIN(3) = VARIN(7)
VAROUT.(5,.3 "2 VARIN(E)L » VARLIN(13)

VARQUT(6,1) = VARIN(4) « VARINT7)
VAROUT(7,1)..=2_VARIN(S)_ »_VARIN(1D)

VAROUT(B,1) = VARIN(11)+ VARIN(13)
VAROUT(9,1). =_VARINC4) w VARIN(8)

VAROUT(10,1)= VARIN(1) w» -VARIN(11)
VARQUT.(11, 1) = VARIN(A)_*x_VARIN(12)

VAROUT(12,1)= VARIN(Z2) » VARIN(B)

VAROUT(13,1)a VARIN(7)__»_ VARIN(10)

VAROUT(14,1)= VARIN(7) « VARIN(13)
VAROUT(2,2) = VARIN(7) _w_VARIN(B)

VAROUT(3,2) = VARIN(S) v VARIN(10)
VAROUT(4,2) = VARIN(I)—w VARINCZ)

VAROUT(5,2) = VARIN(S) % VARIN(11) )

VAROUT(6,2)—= VARIN(L) _w_ VARIN(B)
VARQUT(7,2) = VARIN(4) « VARIN(8)
VARGUT.(8,2).-s-. VARIN(6).—%- VARIN(12)

VAROUT(9,2) = VARIN(13)w=*3
VARQUTA10,2)=—VARIN(L) «_ VARIN(3)

VAROUT(11,2)= VARIN(7) v VARINC(1D)

VAROUT(12,2)=_VARIN(S) a_VARIN(8)

VAROUT(2,3) = VARIN(4) « VARIN(S)
VARQUT (.3,.3)—2_VARIN(3)_«_VARIN(5).

[0SR R S

VARQUT(4,3) = VARIN(7) « VARIN(13)
VAROUT(5,4.3)—=VARIN(3)—w_. VARIN(10)

VAROUT(6,3) VARIN(1) = VARIN(12)

VARQUTAL2,4)--=-VARIN(Z)—w_VARIN(B)

VAROUT(3,4) = VARIN(2) » VARIN(10)
VARQUT(4,4)_=_VARIN(3) _»_VARIN(S)

VAROUT(5,4) = VARIN(1) « VARIN(7)

. VAROUT(6,4)-2_VARIN(3)_w_VARIN(LL)

VAROUT(7,4) = VARIN(2) » VARIN(4)

VAROUT(8,4) _=_VARIN(4).» VARIN(L13)

VAROUT(9,4) = VARIN(1N)«w3
VAROUT(10,4)2_VARIN(3)—%_VARIN(9)

VAROUT(2,5) = VARIN(B) » VARIN(10)
VAROUT(3,5)—=_VARINA3Z)—%_VARINLLY

VARQUT(4,5) = VARIN(2)w»3

VAROUT.C5, 502 VARIN(S) % VARIN(10]
VAROUT(6,5) = VARIN(7) » VARIN(B)
VAROUT(7,5)—= _VARIN(Z) _w VARLN{3,00

VARQUT(8,5) & VARIN(11)
VAROUT(9,5). = VARIN(E)_»_VARIN(9.)

VAROUT(10,5)= VARIN(2) » VARIN(7)

VAROUT(11,5)=_VARIN(9) _»_VARIN(11)
VAROUT(12,5)= VARIN(2) « VARIN(9)
VAROUT(2,6) e VARIN(S) »_VARIN(10)

VAROUT(S,6) = VARIN(S5) w VARIN(22)
VARQUT(4,6) o VARIN(Z) » VARIN(S)
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!
FOR

b cavmS et bm—_ s - e e —— - e [, e eeen

1,3A

PPV EESpS—

.10/23/70

VAROUT(5,6) = VARIN(2) % VARIN(11)
VARQUT(6,6)—=—VARIN(3)—eVARTN(11)

VAROUT(7,6) = VARIN(7) w VARIN(Y)
VAROUT(2,7)—3_VARIN(2)—»_ VARIN(1D)

VARQUT(3,7) = VARIN(7) # VARIN(S8)

VARQUT-(4,7)—r~-VARIN(3Z)—w—_VARIN(S).
VAROUT(5,7) = VARIN(2) « VARIN(11)

VAROUT(.6,7)—=2—VARIN(7)—e. VARIN(O)-

VARQUT(7,7) = VARIN(B) # VARIN(10)
VARQUT(8,7)—e—_VARIN(B)—». VARIN(11)

VARQUT(9,7) n VARIN(1) ¢ VARIN(9)

VAROUT(Z,8)—e.-VARIN(7) -»_ VARIN(8).
VAROQUT(3,8) = VARIN(1) « VARIN(5)

VAROUT(4,8)—2 VARIN(3)_«_VARIN(.7)-
VARQUT(5,8) = VARIN(5) « VARIN(13)
VARQUT(6,8)_=2_VARIN(4). .« VARIN(7)

VARQUT(7,8) = VARIN(S) » VARINC(10)
VAROUT(8,8)._s_VARIN(L11)w_VARIN(13)

VARQUT(9,8) = VARIN(4) + VARIN(8)
VAROUT(10,8)=_VARIN(1) »_ VARIN(11)

VARQUT(11,8)a VARIN(6) « VARIN(S8)

|- e -~ VARDUT12,B) s VARIN(2) « VARINI12)
I |

RUN,2,0,2100

RETURN
END

|EXECUTION STARTED AT 1532 »43

i

i
{
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