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SUMMARY

This report describes the computer program designed to gencrate the
dynamics of market substitution ot products and technologies. The report
includes a simplified description of the substitution model but does not go
into detail about the model. the results achieved by using it, or the meth-
odology of the analysis: this manual should be used in conjunction with
the report on energy substitution (Marchetti and Nakicenovic, RR-79-13).

The computer program is interactive: it prompts the user. and the
user responds with parameters affecting the course of program execution.
Input data (usually historical) are organized as time scries. Model coef-
ficients can be directly estimated by the program, or they can be assumed
beforchand. Model results can be projected for any specified time interval.
An output tile can be generated containing all inforr:ztion pertinent to
the results obtained. These results can be plotted on . linear or semilog
scale.






PREFACE

One of the objectives of the Energy Systems Program of the International
Institute for Applied Systems Analysis (IIASA) is to improve the method-
ology of medium- and long-range forecasting of the energy market and
energy use.

This is commonly accomplished by using models that try to capture
and put into equations the numerous relationships and feedbacks char-
acterizing the operation of an economic system or parts of it. Such an
approach encounters many difficulties, which are linked to the extreme
complexity of the system and the fairly short-term variation of the param-
eters and even of the equations used. Consequently, these models lend
themselves to short- and perhaps medium-range predictions, but usually
fail to be useful for predictions over a period of about 50 years, the time
horizon the Energy Systems Program has chosen for study.

Following the current scheme of attacking similar problems in the
physical sciences, we have left aside all details and interactions and have
attempted a macroscopic description of the system via the discovery of
long-term invariants. Heuristically, this approach is certainly not new. In
a broad sense, all science can in fact be seen as a systematic search for
invariants.

This work is dedicated to the empirical testing and theoretical formu-
lation of a certain invariant, namely, the logistic learning curve, as it applies
to the structural evolution of energy systems and systems related to energy,
such as coal mining, for example.

The great success of the model in organizing data of the past, and the
insensitivity of the structures obtained to major political and economic
perturbations seem to suggest that this invariant has great predictive power.
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This Research Report represents only part of the work done in this
area at the International Institute for Applied Systems Analysis, under a
grant from the Volkswagenwerk Foundation, of the Federal Republic of
Germany, for exploring the potential of logistic analysis in describing
energy systems. The work is completely documented in an Administrative
Report to the Foundation, The Dynamics of Energy Systems and the
Logistic Substitution Model, by C. Marchetti, N. Nakicenovic, V. Peterka,
and F. Fleck (AR-78-1A,B,C; July 1978).

The present paper describes the computer program designed to gen-
erate the dynamics of market substitution; it is a manual that includes a
complete FORTRAN source code as an Appendix. Although a simplified
description of the logistic substitution model is also given, the paper dis-
cusses in detail neither the model nor the results or the methodology of the
analysis. It should be used in conjunction with the descriptive part of the
analysis (AR-78-1B) reproduced in The Dynamics of Energy Systems and
the Logistic Substitution Model, by C. Marchetti and N. Nakicenovic
(RR-79-13).

As for the theoretical treatment in AR-78-1C, by V. Peterka, a new
issue of Macrodynamics of Technological Change: Market Penetration by
New Technologies (RR-77-22) is available. F. Fleck’s contributions on the
regularity of market penetration are part of his forthcoming doctoral
dissertation at the University of Karlsruhe.



1 INTRODUCTION

This report describes the computer program Pene.r that was designed to
generate the dynamics of market substitution. After formulating the phe-
nomenological model of market substitution, our primary goal was to
analyze as many substitution examples as possible, in order to gain a better
understanding of the substitution rule and also in the hope of learning
something about the exceptions to this rule. Each of these examples involves
considerable data handling and considerable calculation effort, especially
if the model is projected over long time intervals. Thus, it was obvious
that the model in its initial form had to be implemented on a computer.

The program itself is designed in modules, each having a distinct
function, so that it was possible to add new subroutines and modify or
delete existing ones as the model evolved, or if necessary for some special
applications. Thus the structure of the program is quite flexible, allowing
the application of the program to any substitution process, even though it
was designed primarily to handle energy substitution behavior.

The computer program was designed for interactive use; however, it
can be also used in batch mode. It gives prompts to the user, and the user
responds to them with parameters affecting the course of program execu-
tion. In batch mode, an input file called “Cards” controls the program
execution.

Input (historical) data are organized as time series, one series per
record, with a logical record number and name. They can then be used
selectively in the program by identifying the desired record number and
the program responds with the appropriate record name; this avoids pos-
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sible confusion if an incorrect record number should accidentally be chosen.

Model coefficients can be estimated directly by the program, read
from the coefficients input file, or explicitly specified during the program
execution. Finally, the market substitution simulation (projection) by the
model can be conducted for any desired time interval whether it overlaps
with the historical one (i.e., time period for which data are available) or
not. At the end, an output file that contains the results and the input data
can be generated, and all of this can be plotted on a linear or semilog scale.

A simplified description of the model is given in the next section.
This report does not go into the details of the model; these may be found
in The Dynamics of Energy Systems and the Logistic Substitution Model
(Marchetti and Nakicenovic, 1979). Next we will describe the Input and
Output file structure, shown in Figure 3, and then we will deal directly
with the computer program itself and its nine subroutines. Section 6 gives
a complete description of all input information (see Figure 4) necessary
for program execution, and, finally, Section 7 offers a simple tutorial
example.

2 THE LOGISTIC SUBSTITUTION MODEL

Substitution of a new way of satisfying a given need for the old way has
been the subject of a large number of studies. One general finding is that
almost all binary substitution processes, expressed in fractional terms,
follow characteristic S-shaped curves, which have been used for forecasting
further competition between the two alternative technologies or products,
and also for foreca«cing the final takeover by the new competitor.

One of the most notable models of binary technological substi-
tution was formulated by Fisher and Pry (1970). This model uses the two-
parameter logistic function to describe the substitution process. The basic
assumption postulated by Fisher and Pry is that once substitution of the
new for the old has progressed as far as a few percent, it will proceed to
completion along a logistic substitution curve

JI(L—= 1) = exp(at + B)

where ¢ is the independent variable usually representing some unit of time.
« and § are constants, f'is the fractional market share of the new competi-
tor, and 1 — f that of the old one.

In dealing with more than two competing technologies. we have had
to generalize the Fisher—Pry model since logistic substitution cannot be
preserved in all phases of the substitution process. Every given technology
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undergoes three distinct substitution phases: growth, saturation, and
decline. The growth phase is similar to the Fisher—Pry binary logistic
substitution, but it usually ends before full substitution is reached. Ii is
followed by the saturation phase, which is not logistic but which encom-
passes the slowing of growth and the beginning of decline. After the
saturation phase of a technology, its market share declines logistically.

We assume that only one technology saturates the market at any given
time, that declining technologies fade away steadily at logistic rates unin-
fluenced by competition from new technologies, and that new technologies
enter the market and grow at logistic rates. The current saturating tech-
nology is then left with the residual market share and is forced to follow a
nonlogistic path that connects its period of growth to its subsequent period
of decline. After the current saturating technology has reached a logistic
rate of decline, the next oldest technology enters its saturation phase, and
the process is repeated until all but the most recent technology are in
decline.

In effect, our model assumes that technologies that have already
entered their period of market phaseout are not influenced by the intro-
duction of new ones. The deadly competition exists between the saturating
technology and all other technologies.

Let us assume that there are n competing technologies ordered chro-
nologically in the sequence of their appearance in the market, technology 1
being the oldest and technology n the youngest. Over a certain historical
interval we estimate the coefficients of the logistic functions tor the tech-
nologies in the logistic substitution phases. Historical periods we have
investigated range from 130 to 20 years; the substitution process can be
simulated, however, over any desired time interval, which need not overlap
with the historical period. Let us call the beginning of this interval ¢y and
the end /.

After the coefficients have been estimated by the ordinary least squares
(OLS) method in the subroutine Fitlin.f (see section 5 and Figure 5), we
have n equations:

Si(6) = 11T + exp(—e,t — )]

where i = 1, ..., n and where o, and 3; are the estimated coefficients.
Now we identify the saturating technology, j, as the oldest technology still
increasing its market share. The market shares are then defined by

[0y =1/[1 + exp(—a;; — ;)] fori+j
and

[(O=1—2 f)
[E¥1
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At this time technology j is in its saturation phase, and all other technolo-
gies are either growing or declining logistically.

Now we need a criterion for the end of the saturation phase and the
beginning of decline for technology j, at which point the function fj(t)
will once again become logistic on its way down and the burdens of satu-
ration will fall on technology j + 1. To establish this criterion we use the
properties of the function

£0)

yi(1) = log = 70
If f}-(t) were logistic, yj(t) would be linear in t. However, for f]-(t) in its
saturation stage, the function y;(¢) has negative curvature, passes through
a maximum where technology j has its greatest market penetration, and
then starts down. The curvature diminishes for a time, indicating that
f]-(t) is approaching the logistic form, but then, unless technology j is
shifted into its period of decline, the curvature can begin to increase as
newer technologies enter the marketplace. Phenomenological evidence
from a number of substitutions suggests that the end of the saturation
phase should be identified with the time at which the curvature of yf(t),
relative to its slope, reaches its minimum value. We take this criterion as
the final constraint in our generalization of the substitution model, and
from it we determine the parameters for the jth technology in its logistic
decline.

In mathematical form, the criterion for termination of the saturation
phase for technology j is

y/-"(t)/y]-'(t) = minimum

(note that »” and »' are both negative in the region of the minimum). When
the minimum condition is satisfied, we call this time point livys the time
of the beginning of the saturation for technology j + 1, and we determine
coefficients o and B for the declining phase of technology j from the
relationships

aj = y/’(’]-{—])
B =ytt0) — oyt

Then the next oldest technology j + | enters its saturation phase, and the
process is repeated until the last technology » enters its saturation phase,
or the end of the time period ¢ is encountered.

These expressions determine the temporal relationships between the
competing technologies. They have been formulated in algorithmic form,



so that the interpretation of the subroutine Penetr.f (see section 5) that
estimates the fractional market shares is straightforward. We call this algo-
rithm Penetration; it is illustrated in Figure 6. Only time ¢ and the esti-
mated coefficients «; and §; extracted from historical data in subroutine
Fitlin.f have been treated as independent variables.

3 INPUT FILES

Punch

The Punch file contains the time series, their names and logical numbers.
The Punch file is compatible with the Norman’s Bank program (Norman
1977). The Bank program can create and maintain the time series on a
random file. Thus it can be used in conjunction with the Pene program to
generate, modify, and store the Punch file. Table 1 reproduces the primary
energy inputs for the world from different primary energy sources from
1860 to 1974 in the Punch file format with documentation. The original
data are from Schilling and Hildebrandt (1977) and Putnam (1953).

The Punch file can be also generated directly by a simple FORTRAN
program. An example of such a program is given in Table 2, and input and
output files in the Punch file format are shown in Table 3.

Coef

The coefficients file can be generated by the program Pene if the param-
eters are estimated or read directly by the program from the Coef file.
This file is compatible with Norman’s Auto program (Norman 1977), which
offers wider options than the OLS estimates of the Pene program. Thus the
coefficients can also be read by program Pene if they were generated either
by Auto or by Pene in some previous run. An Incards file is generated by
the program Pene when the option for the estimation of the coefficients
is used. This file can be renamed and used as Cards file. Table 4 gives an
example of a Coef file generated from the data given in Table 1.

Cards

Storing the program execution instructions on this file permits the omis-
sion of the interactive mode of program execution. An Incards file is
generated during each program execution, which can then be renamed and
used as Cards input file if a repetition or batchlike execution of a given
program run should be desired. An example of a Cards file is given in
Table 5.



4 OUTPUT FILES

Output

The Output file is generated with the original data, the estimated coeffi-
cients and their ¢-statistics, the correlation coefficients, the variance of the
estimates, and the estimated values. An example of the Output file is given
in Table 6.

Incoef

When the coefficients are estimated in the program, the Incoef file is
generated; it can be renamed Coef and used later as an input file (see
Table 4).

Incards

Each time the program is executed, an Incards file is generated; it can
be renamed Cards and used later to control the program execution (see
Table 5).

Plotter

The Plotter output can be sent either to the Plotter or to a file name
(chosen by the user); the file can be displayed or plotted later. Figures 1
and 2 give an example of Plotter output using the Punch file in Table 1!
and the Cards file in Table 5.

5 PROGRAM PENE.R

This program was designed to be executed on the PDP 11/70 with the
Unix operating system. The source code is written in FORTRAN.IV, so
that the program could be modified for implementation in another system.
With the exception of the plot subroutines, most modifications could
easily be made. Figure 3 shows the file structure of the program Pene.r,
and the complete FORTRAN source code is given in the Appendix. The
program Pene.r consists of a main program and nine subroutines:

Main.f

The Main program reads the input files, generates the output files, and
controls the course of execution in accordance with the execution pa-



rameters provided by the user. This is illustrated by the flowchart in
Figure 4.

Tdatfre. f

This subroutine converts the absolute values of the time series competing
for a market into fractional shares and puts them into a work matrix.

Fitlin.f

This subroutine generates OLS estimates of the coefficients for each
fractional time series and the time series of the sum of all absolute values.
The flow chart of this subroutine is given in Figure 5.

Penetr.f

This subroutine uses the estimated coefficients and the algorithm Pene-
tration to estimate the fractional market shares for the period specified
by the user. The flowchart of algorithm Penetration is illustrated in Figure
6.

Testtot.f

This subroutine uses the estimated fractional market shares and the es-
timated coefficients of the sum of all absolute values to estimate the
absolute market shares and puts them into the work matrix.

Tdattot.f

This subroutine transfers the time series of the absolute market shares
(original data) to the work matrix.

Func.f

This subroutine calculates the coefficients from two given values of
fractional market shares.

Plotf.f

This subroutine plots the content of the work matrix — either the original
absolute and/or original fractional market shares or the estimated absolute
and/or estimated fractional shares are plotted.



Plotlin.f

This subroutine establishes scale, axes, and labels for all linear plots.

Plotlog.f

This subroutine establishes scale, axes, and labels for all semilog plots.

6 INPUT LINES

In the interactive mode the program supplies as prompts mnemonic names
for program execution parameters. The user then assigns parameter values
under the mnemonic names right-adjusted (only names and titles are left-
adjusted) and enters CR (carriage return) when he is finished. If he wishes
to use default values for parameters, only CR is necessary (for names,
default values do not exist; however, if an input line starting with a name
should be omitted, $$83, left-adjusted, must be given). This section explains
the parameter values and their meanings. Error messages are supplied
before the prompts of the next input line. If it is possible to correct an
error, the program will correct it or repeat the input line in question.
Figure 4 gives the flowchart of the program execution in response to the
parameter lines (see above under Main.f).

A. Title

Market Penetration by N. Nakicenovic
IIASA Version 20.43.78

* give one-line title within this field *absolute units*

Under this prompt a title (up to 50 characters long) characterizing the
particular application of the model should be given within the specified
field: To the right, under *absolute units*, the units of the data under
analysis should be given (centered). Appropriate conversion of the units
should be given if the scaling option for the data is used (see parameter
exp in the next section).

B. Parameter Line

plt frc tot iy no dat est prt par sca exp



Mnemonic

plt

frc

tot

no

dat

est

prt

par

sca

exp

Default

0

100

Value

-1

4
Integer
Integer

0

O W N =

—_— O W N =

Explanation

To plot

Plot but do not draw or label the axis

No plot

Semilog plot for fractional market
shares

Linear plot for fractional market shares

Linear plot for summed fractional
shares

Semilog plot for absolute market shares

Linear plot for absolute market shares

Linear plot for summed absolute
shares

Semilog plot for summed absolute
shares

Initial year expressed as positive or
negative difference from 1900

Number of points (cannot be greater
than 300)

Original time series as fractions and
absolute values

Only fractions

Only absolute values

No original data

Estimated market shares as fractions
and absolute values

Only fractions

Only absolute values

No estimated market shares

No output file

Output file is generated; zeros are sup-
pressed

Output file is generated; zeros are not
suppressed

Do not sum absolute values

Sum only the absolute values

Time-scale of standard length
(4 cm/50 years)

Where n is an integer, time-scale will
be 1 + n/2 times standard length

Data will be unchanged

Where # is an integer, data will be
multiplied by 10**(n)
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The parameters iy and no should be used with care: iy specifies the
beginning of the time period to be investigated as the difference between
this point and the year 1900 — e.g., 1860 would be specified as iy = —40,
and 1940 as iy = 40. no determines the end of the time period under in-
vestigation. The parameter value is specified as the difference in years from
the initial time point iy, excluding the year 1900 — e.g., investigation of
the period 1860 to 2000 is specified by iy = —40 and no = 140. Further-
more, no is rounded by the program by default to the nearest half century.
For example, iy = —40 and no = 111 would imply the initial year 1860
and the final year 1971; however, the program will by default change no
to 140 making 2000 the final year. If this option is not desired 9000,
should be added to the desired value of no; thus iy = —40 and no = 9111
determine the interval of 1860 to 1971.

C. Parameter Line

write numbers of desired series from punzch file:
nul nu2 nu> nud nud nué nu?

Logical numbers of time series to be used in the model are to be given under
nul to nu7 (a maximum of seven separate time series can be entered). The
program will respond by giving the number and the names of the time
series extracted from the Punch file.

D. Parameter Line

enter $S8$ for default, wvalues otherwise:
default iyd nod

iyd stands for the initial year of the time series to be used, expressed as
positive or negative difference from 1900. If the default option is used,
the initial year will be the first year occurring in the time series.

The value entered for nod determines the number of observations of
the time series to be used. If the default option is used, all of the observa-
tions in the time series will be used.

E. Parameter Line

enter: % to reard coef
I to estimate
2 to aid’/change
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To read the model coefficients from the Coef file (see Coef and Incoef
files above), zero should be entered; this leads directly to G. Parameter
Line. To estimate coefficients (provided option dat = 3 in B. Parameter
Line is not used), 1 should be entered. The third option, entering 2, also
Ieads directly to G. Parameter Line, but in this case a/l coefficients are set

to zero.

F. Parameter Line

Yeal year na nu

If option 1 is used in E. Parameter Line, the user must give the time inter-
val for which the coefficients are to be estimated by typing in the first and
the last years of this interval. nu and na stand for the logical number and
the name of the time series in question and are provided by the program.
The time intervals for different series need not be the same.

G. Parameter Line

if you do not change/add zoef qive $$$ under name
name egn year fraction year fraction

This option offers the possibility of adding scenarios about the behavior
of new competitions that may not be available in the historical data base.
It can also be used to change the estimated coefficients. The name of the
competitor and its logical equation number (eqn) must be given, together
with the two desired fractional market shares (fraction) and the corre-
sponding year. $8$83 is typed left-adjusted under name in order to go to the
next parameter line.

The exponential growth rate of the sum of all absolute values can be
changed four times throughout the estimation period by entering total
under name and 8 under eqn. year in this case denotes the beginning year
for the new growth rate, and the growth rates should be entered under
fraction (in fractional terms). The values entered will be displayed.

H. Parameter Line

w~ite sequerce nunte-z T~ v equatio-s:
" 2 3 u 3
3

~a’ nn2 -3 ras res raf re
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Because of the possible changes of the coefficients in G. Parameter Line,
the user must establish a chronological order of competitors. n stands for
the number of competitors defined by the user in the previous steps, and
nal to na7 stand for the names of these competitors. Directly under these
names and the numbers displayed above, which denote the current chrono-
logical order, the new sequence numbers must be given by the user.

7 TUTORIAL EXAMPLE

The use of the program Pene.r is illustrated below by the example of pri-
mary energy consumption of the world given in the Punch file (Table 1).
The Punch file, containing the time series with consumption levels of dif-
ferent primary energy sources in million tons of coal equivalent between
the years 1860 and 1974, is read by the program. The model coefficients
are estimated over the whole historical period, and the file Incoef will be
generated automatically (Table 4). An alternative nuclear energy penetra-
tion scenario is included specifying a 1 percent nuclear share in 1970 and
a 6 percent share in 2000. In addition, total primary energy growth is
changed twice from the long-term historical growth rate estimated over
the period 1890 to 1950. The annual growth rate is changed to 6 percent
in 1955 and to 3 percent in 1970. The model estimates are generated only
for the historical period of 1860 to 1978. Two plots are generated in the
plotter file (Figures 1 and 2). The first shows fractional market substitution
on a linear axis plotted in the summed form, and the second shows the
absolute consumption levels plotted on the logarithmic axis. Incards and
Output files are also generated (Tables 5 and 6).

In the example below, the lines marked ““u” in the left column show
user input lines; other lines are program prompts.

Market renetration by N. Naxicenovic
IIASA Version 20.03.78

& give one-line title within this fileld #ahsolute units?®
world - prizary energy substitution bill. tce

pit frc tot 1y no dat est prt par sca exp
u 2 -5091138 1 1 =3
0 2 0 =50 114 0 o} 1 0 1 =3
write series numbers on punch file:
nul ru2 ru3 au¥d au5 aub nu?
u 1 4 5 7 3
1 4 5 7 ) 0 0
5 series are read from punch file to locatlons:
1 2 3 4 5 0 7
wood pt oil nat-gas coal-totnuclear
enter $3$ for default, values otherwise:
default iyd ned
u $33
-49 115
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enter: 0 to read coef
1 to estimate
2 to add/change
a1
year year 1 wood pt
u 1860 13974
1860 1974
year year 2 oil
u 1660 1974
1600 1974
year year 3 nat-gas
u 1860 1974
1860 13974
year year 4 coal-tot
u 1860 1974
1800 13974
year year 5 nuclear
u 1960 1974
1800 1974
LRROR #*#*# 2 opservations for this egn
therefore no statistics, both observations explained
year year 4 total
a 1860 1950

18560 19350
if you do not change/add coef give 3$$ under name
name eqn year fraction year fraction
@ nuclear 5 1970 0.01 2000 0.06
nuclear 5 1970 0.010000 2000 0.060000
name eqn year fraction year fraction
u total 8 1955 0.006 1970 0.03
total 8 year growth year growth
total 8 1955 0.060000 1970 0.030000
name eqn year fraction year fraction
u $%3%
Wwrite sequence numoers for 5 equations:
1 2 3 4 5 6 7
wood pt oil nat-gas cocal-totnuclear
u 1 3 4 2 5
1 3 4 2 5 0 ")
new 3equefice of equations is:
1 2 3 4 5 6 7
wood pt coal-totoil nat-gas nuclear
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TABLE 1 Punch file. World primary energy inputs, by source, 1860—
1974.
1 wood pt g1 =40 1 1
317.000 317.000 317.000 317.000 318.000 318,000 318,000 318.000
314.000 318.000 314,000 318,000 319.000 319.000 320.000 320.000
324.000 323.000 322.000 321,900 320.000 319,000 316.000 318.000
317.000 317.000 316.000 314,000 313.000 311,000 310,000 308.000
3048.000 307.000 304,000 302.000 301,000 299.000 297.000 296.000
290,000 293.000 292.000 288,000 288.000 287.000 284.000 282.000
281.000 276.000 275,000 274.000 273.000 270,000 266.000 263.000
201.000 259.000 257 .9000 252.000 249.000 247.000 242,000 231.000
230.000 227.000 226.000 224,000 2290.000 216,000 212.000 209.C00
203.000 202.000 198.000 194,000 191,000 91,000 184,000 181,000
176,000 173,000 169.000 166,000 162.000 159.000 157.000 152.000
149.000 147.000 T44.000
2 coal 115 -40 1 1
132.000 140,000 139.000 149,000 162.000 172.000 181.000 194,000
192,009 199,000 204,290 227,000 247.000 263.000 256,000 264,000
207.9000 273.000 273.000 287.000 314,000 338.300 363.000 388.000
390.000 381,000 382.900 408,000 441,000 448.900 475.200 494,000
499,300 437.000 509.000 536.000 552.000 577.000 608.000 067.000
731,000 718.300 T34.000 807.000 812.000 358.000 926.000 1023.000
oo ,Q00 1610,000 1057.000 1977.000 1134.000 1216.000 1086,C00 1070.9000
1152.000 1215.000 1195.000 1040.0400 1192.300 993.000 1056.900 1203.000
118¢.000 1185.000 1177.000 1245.000 1357.000 1325.300 1217.000 1072.9000
¥52.000 997.000 1092.000 1125,000 1233.000 1291,000 1204.000 1297.000
T417.000 148%,300 150%.000 1534.000 14986,000 1167.000 1215,000 1369.200
1405.300 1319.,000 1431.000 1504.000 1490.000 1489.000 1469.000 1530.000
1680.000 1733.000 1815.,000 1891.000 1975.200 1935.000 2051.000 2187.000
2200,000 2128.000 2308.000 2334.000 2035.000 2110.000 2166.000 2127.4G00
2200.500 2229 .600 2276.100
3 lig-coal 115 =40 1 1
2.000 2.9000 2.000 3.000 3.900 3.000 3.000 3.000
4.000 4,000 4,000 5.000 5.000 6.000 6.200 6.000
7.300 T.300 7.000 7.000 3.000 d.000 9.000 9.900
9.300 13,000 10.000 10.000 11.000 12,000 13.000 14,000
14,000 15.000 15.000 16.000 17.000 19.2400 20,000 21.000
24,000 25.200 25.000 26.000 27.0400 29.Q200 31.00¢0 34.300
35.000 36.000 36.000 37.000 41.000 43.000 40,000 41,000
44,000 45.000 47,000 44,000 52.000 56.000 60.000 54.300
37.300 $2.000 62.000 07.000 72.200 77.300 55.000 50.000
350,000 58.000 33.000 68.000 74.000 34,000 37.000 95.4000
102,400 104,000 103.000 105.030 93.000 53.900 30,300 38.000
J0.300 137.000 127.000 131.000 145,009 148.000 164,000 178.000
18¢.000 198.300 204,000 206,300 212.000 219,300 228.000 238.000
244 .4900 240.000 244,000 240.000 246,000 252.000 261.300 260.200
2c0, 400 272.200 274.3800
4 0il 113 -38 1 1
1,360 1,000 J.000 1.000 1.000 1.300 1,000 1.000
1.900 1.000 1.000 2.000 2.000 2.000 2.000 3.000
3.000 4,090 5.000 5.000 5.000 5,000 6.000 6.900
6.3G00Q 4.000 9.000 11,000 13.000 14,000 16.000 16.000
10,000 10,000 20.000 21,000 22.000 23.0090 26.000 29.000
32,000 34,300 38.000 38.300 37.360 46,000 50,000 52.200
57.200 60.900 02,000 ©3.000 71.000 75.309 30.300 38,000
86.0300 §7.000 121,000 134,000 151.009 173.300 178.000 187,000
152.000 221.0400 232.000 260.000 247.000 241,300 230.000 253.000
207,000 290,000 314,000 357.000 244.000 3656.000 377.000 339.000
267.000 396.000 454,000 455.000 431.000 530.300 202.000 337.090
230.000 705.000 T49.300 737.300 343,390 348.000 1026.009 1069.2300
1137.000 1222.000 1321.200 1402.000 1517.330 1952.300 1734.000 1521.000
«075.000 2218.000 2414,000 2511.000 2354.000 3029.300 3173.700 3425.500

3390.930
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TABLE 1 Continued.
5 nat-gas 90 =15 1 1
3.000 4.000 5.000 7.000 8.000 9.000 3.000 8.000
7.000 65.000 5.000 6.000 7.900 8.000 9.000 9.000
12,000 11,000 11.000 12.300 13,000 15.000 16.000 15.000
13.000 19.000 20,000 21.000 22,000 23.000 24,000 29.000
31.000 2y.000 30.000 33.000 27.000 3t1.000 41.000 46,000
46.000 53.000 58.000 83.000 78.000 79.000 69.000 64.000
05.000 74.000 79.000 97.000 108.000 104.000 112.000 116,000
124.000 130.000 145.000 157.000 169.000 176.000 196.000 220.000
234.000 273.000 318.000 340.000 361.000 382.000 397.000 428.000
404,000 505.000 566,000 §13.000 $65.000 729.000 793.000 864.000
923.000 1910.000 10064 ,000 1182.000 1295.000 1417.000 1513.000 1583.700
1619,.900 1646.100
o nydronuc 75 0 1 1
0,000 10,000 t1.000 13.000 15.000 18.000 21.000 25.000
25.000 28,9000 31.000 38,000 38.000 42,000 40.000 41,000
47.000 52.000 53.300 49.000 58.000 52.000 58.000 68.000
09.000 65.000 74.000 66.000 64,000 838.000 85,000 80.000
21.000 44,000 a7.000Q ¥6.000 105.000 119,000 120,000 127.000
128.000 137.000 140.000 156.000 140.000 136.000 145,000 153.000
181.000 156.000 189.000 149.000 204,000 204.000 207.000 222.000
236,000 246.000 263.000 272.000 290.000 299.000 310.000 318.000
333.000 353.000 389.000 390.000 410.000 440.000 452,000 481.000
517.400 543.700 583.600
7 coal-tot 115 =40 1 1
134,000 142,000 141.000 152.000 165.000 175.000 184,000 197.000
190,000 203.900 206.000 232.000 252.000 269.000 262.000 270,000
274.000 280.000 280.000 294.000 322.000 346.000 372.000 397.609
399.000 391.000 392.000 413,000 452,000 460.000 483,000 508,000
313.000 502.000 524 .000 552.000 569.000 5956.000 528.000 684 .000
725.000 743.000 759.000 433.000 439.000 387.000 957.000 1057.000
1003.000 1046.000 1093.000 1114.000 1175.000 1259.000 1126.000 1111.00C
1190.000 1260.,000 1242.000 1084,000 1244 .,000 1049.000 1116.200 1262.000
1245.000 1247.000 1239.000 131t2.000 1429,000 1402.,300 1282.000 1132.000
1008.2300 1055.000 1155.000 1163,0090 1307.000 1375.000 1291.000 1392.000
1519.000 1587.000 1613.000 1640,000 1591.,000 1225.000 1295.000 1457.000
1531.000 1420.000 1558.000 1635.000 1635.000 1637.000 1633.000 1768.000
1808.300 1931.000 2019.000 2047.000 2147.000 2137.000 2279.000 2425.000
2514,300 2574.000 2552.000 2574.200 22481.000 2362.000 2427.000 2387.000
2460.900 24yd.s500 2554.300
6 auyclear 14 01 1 1
1.760 2.000 4.240 6.200 9.680 13,340 16.760 29.380
24.040 30.320 42.000 57.280 76.240 93.440
333

1 Wood pt
world fuel w
2 coal

world cocal consuaption in

3 Lig-coa
world lig-co
4 o1l

world oil consuaption in

5 nat-gas

3

god consuaption in

g

1y

al consumptian in

J

9

10#=6 tce extrapolated by Putnaa

10%%6 tce from Hildeorandt, Schill

10%*6 tce from Hildebrandt, Sc

world natural gas consumption in 10%¢5 tce

o hydroau

¢ 9

world nydro & nuclear consumption in 10%%§

7 coali-te
world total
o nuclear

worla nuclear consuamption in 10443

2R

t 9

coal consumption in

bl

10%*6 tce from Hildeorandt, Schilli

from Hildebrandt,

ing, Petersa
hi., Pet,.

ng, Peters

3
3
3
$

3

Schi., Pet.

tce from Bildeorandt, S., P.

tce froam Hila.,

104¢6 tce from dildebrandt,

seni., (1

Schi., Pet.

TWnh=0.4tce)

3

3
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TABLE 2 Simple FORTRAN program.

105
106
107
108

pury

real%*8 t,for

dimension f£(300,7),t(7),for(g)
format(i2)

format(9a8)
format(i4,x,a8,4i4/(8f10.3))
format(5x%x,3n$$$/7/5x,3n$$$/)

read (5,105) n

read (5,106) (for(J3),j=1,9)

do 3 j=1,n

read (5,106) t(J)

do 1 i=1,300

read (5,for,end=2) iyi,(f(i,j),j=1,n)
no=i=-1

if (i.8t.1) go to 1

iy=iyi

continue

ni=iy-1900

ipi=1

ipti=1

do 9 j=1,n

write (8,107) 3,t(3j),no,ni,ipl,ib1,(f(i,3),1i=1,n0)
continue

write (8,108)

stop

end
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Input and Output files for the simple FORTRAN program.

TABLE 3
iNpuUT
5
(14,5(r10.2))
total
o1l
nat-gas
coal
auclear
19049 4126.00 1321.00 018,30 2187.00
1301 4225.78 1402.00 605.00 2157.00
1902 4527.60 1517.00 729.00 2279.20
1903 4gTU .24 1652.00 793.00 2425.400
1304 5108.90 17684.00 o64.00 2514.00
1903 5229.08 1921.00 325.0¢C 2374.00
1yo00 5650.34 2075.00 1010.00 2552.00 1
1907 5832.76 2215.030 1084.00 2574.00 1
1960 5897.3838 2414.00 1182.00 2281.00 2
iyey 6292.64 2611.00 1295.00 2362.00 2
1970 6728.92 2854 .00 1417.00 2427.00 3
1971 6971.50 3029.00 1513.30 2387.00 4
1y72 7287.538 317g.70 1583.70 2466.90 S
1973 7621.54 3426.60 1619.90 2498.30 7
1974 7091.34 3390.90 1646,10 2554.,90 3
oureurT
! total 15 60 1 1
4126,000 4225.760 4527,600 4874.240 51638.000
5897.880 65292.640 9728.920 6971.800 7287.580
2 oil 15 &0 1 1
1321.9000 1402.000 1517.000 1652.000 1734.000
2414.000 2611.,000 2854.9Q00 3029.000 3179.700
3 nat-gas 15 40 1 1
614,000 903.300 729.300 793.000 364.000
1182.000 1295.000 1417.900 1513.000 1583.700
4 zoal 15 00 1 1
2167.300 2157.000 2279.000 2425,000 2514,000
£201.000 2362.000 2427.000 238T7.000 2u466.300
3 anuclear 15 00 1 i
J.300 1.760 2.600 4,240 5.000
20,3800 24,040 30.920 42.300 57.280

9.00

2.60
4. 24
6.00
9.58
3.84
6.76
0.88
4.64
0.92
2.30
7.28
6.24
3.44

5229.680
7621.540

1921.900
3426.600

925.000
1619.900

2274.00¢C
2498.400

9.6480
76.2u40

5650.340
76%1.340

2075.300
3396.300

1010.G00
1646.100

2552.000
2554.900

13.340
93.440

5892.750

2218.000

1084.000

2574,200

13,782
323
33
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TABLE 4 Incoef and Coef files.
wood pt 12  -0.03968587  74.54809570
oil 2 2 0.04901962 -96.730u44546
nat-gas 3 2 0.043833411 -56.53026581
coal-tot 4 2 0.00273743 -4.88342714
nuclear 5 2 0.19531250 -389.94577026
total 3 2 0.01958038 -=37.19755936
$9%
$$8
TABLE 5 Incards and Cards files.
world - primary energy substitution bill, tce

0 2 0 -509118 0 0 1 Q 1 -3

1 4 5 7 3 0 0
393 0 0
1
1500 1974
1800 1974
1b00 1974
loo0 1974
19460 1974
1000 1950
nuclear 5 1970 0.010000 2000 0.060000
total 3 1955 0.000000 1970 0.030000
$%9 0 0 0.000000 J 0.900000

4 2 5 0 0




TABLE 6 Output file.

YEAR
1869
186y
18ke
1863
1864
13865
{a4n
1847
1864
1889
1879
1874
1972
1873
1874
1879
187h
1877
1879
18719
1R80
1441
1382
1A4%
t4A4
1388
1AAs
14AY
1888
1449
189¢a
139¢
1332
149y
1894«
139§
[ELL]
1397
1898
1494
13a2
1971
1902
198
1992
t3us
1908
|97
1904
1999
1912
191}

MARKET PENETRATION BT N, NAKICENQVIC
ILasa YERSION 29.43,78

#OALD = SRIMAAY EMERGY SUBSTITUTIAN

TaTag
A,a8
3,0k
3,04
2,87
a,as
J.49
.32
*.52
%2
2,52
3,53
2,55
3,57
a,5e
2,58
1,59
2,59
.81
LI
J.h2
R AS
S.87
3,1

NASERVED vaLyEs

«Q0On P
.32
a,32
@,32
3,32
2,32
2,32
2,32
4,32
a,32
.32
.32
2,32
2,3
*. 32
1,32
3,32
A, e
»,32
32
3,32
A,32
2,12
r.32
2,32
2,32
N 32
2,12
a,31
T3
2.5
3,31
L
2,31
2431
RIS ]
.3
a,3a
BT}
#, 32
X, 30
»,39
4,29
4,29

F
2,721
3,891
A,891
2,673
2,488
&, 648
A.nl2
A, 818
P.sl?
2,649
a,643
0,577
7,598
A, 541
a,%5a8
3,941
4,5am
1,533
n,832
2,512
4,495
a, 1%
2,494
3,942
2,439
ECYY
2,430
a8y
2,391
a, 398
2,374
2,384
2,384
9,389
1,398
o, 3ua
2,338
0,324
2,311
2,29
»,382
A, e12
»,é67
3,347
2,245
2,233
2,229
a,2ay
Z,20A
2,198
T, 1%
A, 147

oIt

.91

A,

r

4,022
9,932

2,282
2,202
3,002
a,z02
2,802
a,292
2,992
2,292
3,93
a,aa3
1,293
3.00%
3.40%
2,209
2,008
2,304
3,499
4,009
2,297
a,708
3,348
2.911¢
4,311
4,012
2,214
3,014
3,817
2,219
a,M9
1,319
14324
A,022
3,423
a0
3,323
2,229
2,227
129
3,829
A,A32
4,291
4,429
2,333
2,737
a,a87
»,289
4,481

NAT=GAS

jure 1]
2,20
2.3¢
2.2
2,41
d,nt
ANt
A3t
2.2t
D21
2,41
2,3l
2,01
RIT-2)
1,41
A
LI .AY
a,a1
2.1
A,
.M
2,22
2,9¢
2,22
1,22
1.42
4,9

AllL,

r

2,294
2,286
A,A08
2,789
2,412
3,211
LT AL
A, 309
a,298
2,267
2,308
4,397
1,248
4,208
2,299
7,209
2,218
A,a12
8,349
2.210
.21
1,212
2,311
.11
4,213
1.213
2214

TCE

CoaL=TOT
9,13
2,1a
4,14
3,15
.17
A.18
.18
3,29
2,20
3,28
9,31
2.23
3,38
4.7
3,28
.27
.27
q,28
2,28
4,29
2,32
¥, 3%
3.37
2,42
2.3¢
0,39
32,39
3,42
AL a9
A, 48
A, 49
2.5¢
2,51
3,54
2,52
4,58
.57
A,89
A,03
J.a9
e, 13
4,18
A,78
3,33
2,38
3,49
2,98
1,34
1L
1,48
1,19
tell

F
9,297
3,329
2,307
3. 323
4,382
3,354
2,360
e.382
3,381
3,349
2,395
g, %21
3,441
2,456
3,449
4,458
2,697
d,6862
3,483
@,475
A,498
9.518
2,534
3,591
4,553
a,5a8
3,584
3,360
2.579
2,582
1,59%
2,526
2,047
2,53%
2,816
4,529
A,818
d.bdbd
¢.h%8
3,577
3,087
2,992
2,99a
.74
2,713
2,724
2,742
2,7%«
2,744
2,75%%
e, 797
4,759

NUCLEAR

r



TABLE 6 Continued.

YEAR

1912
1913
1914
19tS
1918
1917
1914
1919
1922
1921
1922
1923
1924
1929
1926
1927
1928
1929
19%
1931
1932
1933
{93
1935
1934
1937
1934
1939
t9ua
1941
1942
1943
1944
19a%
1748
1%a7
1948
1949
1352
195y
1952
1983
19%4
1955
1858
1957
1954
19589
1962
134}
1982
1983
[SL T}
1349
1966
1967
1944
1349
1970
137

TaT4L

1.93
1,02
1,4q
1,47
1,57
1e84d
1.b2
Ladn
1,69

ML
a,27
2,217
a7
4,26
a,2h
2,2m
r,2%
2,29
2,25
£,2%
2,20
2,23
“,25
2,2
2,23
.22
2,22
-\.22

A 19
.19
A,13
A%

Wi

¥

3,178
2,167
a,179
@118
a,16e?
2,158
2,159
a, 172
2,151
@179
2,157
2.13%
a,138
2,133
2,132
2,123
RS
119
2,118
3,127
#, 138
2,128
a, 117
LISRW]
2,109
1,494
2,191
2,784
2,087
3,774
a,27a
2,371
Y, 340
1,479
r.8r6
3,988
EMFLY)
2,241
2,758

3,26
a,87
3,97
4,48
2,29
3,89
2,19
8,12
.13
4,15
2,18
2,18
.19
3,19
2,22
3.23
2,28
1,29
n,28
2,2%
J.2%
E 24
2,29
2.3
a.3s
a,25
3.37
IS L]
2,39
3,37
n L 4a
x.4%
2,46
2,48
31,53
EINY
1,60
3,44
2.7t
2,78
3.2
A,A4

1,03
1,47
1,14
1,22
1,32
1,42

52
1,65
1,78
1,92
2,48
2,22
2,41
2.81
2,35
3,93

¥

2,269
2,242
N,268
8,452
2,251
3,254
4,298
YL
2,073
3,092
A,2098
3,124
2,102%
3, 19
112
2,122
2,119
2,133
1,138
A,146
153
Bals1
3.158
J.108
2,168
a,178
2,138
3.178
2,172
EPRRA
A.141
A 109
o192
4,227
r,228
2,227
3,248
.24k
1,834
4,285
44275
".295
7,29%
4,309
2,329
9,349
.31
2,518
2,329
A.532
2,335
3,339
2,348
9,387
2,387
2,374
A,4A9
2,815
A,424
deuda

NAT=GAS
a,02
2,02
A,32
2,02
2,43
2,23
4,33
a.a3
2.23
2.q3
2,23
4,24
2,45
2,8%
2,A%
2,28
3,26
2,n8
4,28
w.aT
3,26
a.ar
a,ar
.08
a9
.11
A.10
Aot
.12
2,12
2,13
2419
A.18
A.17
4,18
3429
2.22
2,23
2,21
a,32
2,34
2.36
2,18
R, e
.43
2,uh
A,54
2,57
2,462
.67
2.73
a,79
a,se
2,93
el
1,78
1et8
1,30
1,92
1.51

A,714
a,ats
3,215
EFT LY
4,319
2, M9
4,418
2,321
»,220
2,219
*,329
2,728
2,227
3,228
3,231
3,052
2,032
1,288
2,243
2,242
2,343
4,341
2,248
1,249
q,291
3,293
3,297
2,259
2,293
N A8
A,257
A,262
EPRIYY
2,284
3,783
7,384
2,289
A,297
7,143
2,129
2,129
A,129
2,134
A,128
2,129
2,138
»,138
A,lue
2,182
A, 187
A lsl
3,163
4,187
2,177
3,179
2,18
4,209
7,208
2l
2,217

CoAL=TOT
1.18
1.26
1.13
{a11
1.20
1,20
.28
1.08
1.24
1.2%
.12
1.2%
1.25
1,29
1,28

2.57
2,28
2.36
2,43
2,39

3

2,787
q,776
2,758
a,7%4
2,764
2,769
3. 789
g, 74l
3,755
3.729
3,725
8,737
3,733
2,732
2,725
4,723
2,738
3,717
4,790
A,288
A,b72
2,678
4,682
3,879
2,585
3,877
a,1a7
2,679
0,594
2,698
2,748
3,099
3,073
3,019
2,614
3,624
2,697
3,593
4,597
Jeb1S
2,609
4,58
.57
3,588
Q,50¢
4,357
3,951
2,542
3,532
w512
9.583
2,494
AT T
4,458
A5
B,437
a')AY
378
S.381
2,342

NUCLEAR

2,70
2,20
3,29
A,
2,1
3,21
4,22
3,22
a,22
2,23
2,24

r

2,080@
3,201
3,301
d,39!
A,202
a,0a82
A,0@5%
3,004
A,204
3,29¢
4,30n
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TABLE 6 Continued.

YEAR
1972
1973
197a

™TmraL

7,29
7,62
7,89

wagan »7

F

oIt
3,18
3,43
3.4

INTEGRALS FROM {AsA TO 1973 ARF1I

vEAR
1469
1561
1de2
1963
1844
1849
184
18h7
1864
1367
1370
1874
1872
147%
1872
187%
187
1877
1478
1879
1380

EON

Ean

EAQN

aN

EAN

1

o

22n,

24,

2.106

53,

F

2,436
2,a5¢@
2,aa2

2,233

COEFFICIENTS ESTIMATED IN FITLIN,F

4000 T[S

o1l

18

NAT=Gas [32

CosL=far [St

TOTAL & H

NHOLERR 18y

ToTaL 181

TATAL 18t

TAL

A4QeTe 73,548

[ 33,514y

(=73,97%)

t=68,698}

Y s 3
{=94, 8a5)

Y s 2,249sTs <98,730
t 12,318

Y &« 3,pumete =96,532
{ 98,088)

Y 5 D,ad3a7¢ 3,883

1,0h8) ( =1,%37)

Y 8 J.020¢Ts =17 (38

s

§.5719)

(=5%,412)

Y e G.a012Teei2%,097

Y 4 4,3088Tee]]b6,21A

Yy 3 2,alaers «87,118

ESTYIMAYED v

4Qnn AT
2N

F
a,a78%
A, E6T
2,558
n,b49
2,640
B,630
2,021
2,612
2,602
“,593
2,583
A,573
3,564
2,954
2,54
2,938
a,924
2,314
2,528
», 9%
c,u8%

ALUES

CoaL-TOY
2,15
2,18
e,16
a1z
e,.18
2,18
A, 19
a.em
2.1
2.22
2,23
2,26
a,29
2,26
2.27
3.28
3,29
e, 30
2,32
2,33
E T

4,319
2,328
2,537
2,345
2,353
2,363
2,572
3,381\
a.39%
*.399
a,408
2,918
a,627
2,438
3,044
3,458
a,a44
a,ala
2,483
2,192
1,592

NAT=GAS

1
1
1

Fam

Reng

Reed

EPTT

»58
obe
N3]

2a,

14

2,217
2,213
A218

d,1048

a,998

9,984

2,919

0,228

2,972

STARTING 1888

STARTING

1995

STARYING 1972

are

F

2,010

CaaL=TOT
2,47
2,50
2.99%

124,

VAR s 2,011

VAR & 3,227

VAR ® a,22%

<
»
El
-

3,344

VAR & J,3d8

NAT=mGAS

r

2,539
v,328
8.332

2,558

F

NUCLEAR

2,06
3,28
2,09

NUCLEAR

4

2,208
2,010
2,812

a,282

4



TABLE 6 Continued.

veaR

188
1842
(483
1444
1843
1878
1887
1848
1889
1892
183¢
1492
1893
1894
1395
1494
1897
1893
1899
19¢q0
19at
1902
1903
1974
192%
1948
19a7
1908
19929
1919
191t
1912
1913
1914
1918
1918
1917
1918
1919
1922
1921
1932
1923
1924
1925
1926
1927
1924
1939
1932
1991
1912
1933
1934
193%
1938
1937
1934
1939
1949

ravaL

a,69
a,Tm
2,72
2,73
3,78
e, 76
0,78
®, 79
2,81

“00Nn PY

2,33
"33
a,33
4,33
4,13
2,13
", 32
a,%2
n,32
»,52
2,32
2,32
3,32
.31
2,35!
2,31
LR
2,12
2,32
a,3n
2,32
2,29
v, 29
7,29
1,29
2,25
1,28
28

.24
2,27
2,27
n,27
3,27
2,24
2,28
A,28
.29
2,25

4,22

Nee
LIT3)
2,24
M at
9,22
a 2am
n, 24
A,19
9,19
a9
A,19
A 18
3,14
2.18

F

3,378
9,465
2,455
2,945
a,438
a,828
2,816
3,486
2,397

a,28a

o1

4,38

1,93

2,731

2,737
3,730
2,742
3,748
1,708
2,747
2,748
2,799
3,749
2,749
a,74d
e,7a8
2,741
a,745
3,743
2,794
2,739
1,736
2,73
A, 727
a.r23
¢, 718
2,713
A 708
3,122
2,598

NAT=GAY
2,91
3,81
LX1a}
2,2t
2,31
A,91
3.2t
a.at
2.01
#.21
2,31
L .T]
a,a
a,22
a,32
A.22
2,82
2.22
2,23
*,23
3,03
3,23
2,23
2,28
A,238
2,24
2,0
3,25
2,25
a,2%
@.n
A.2%
3,26
2,27
2,27
2,28
A,28
2,29

3,340
29,32

3.9

[ 4
a,011
2,711
7.M2
a,a12
2,213
2,214
2,014
2,215
2,316
2,217
a,217
a,218
1,319
A,229
3,22
a,222
2,323
A,324
3,226
1,327
2,728
A.,229
2,331
3,232
2,334
2,436
”,237
4,339
2,081
2,243
3,248
7,247
2,749
4,792
2,394
a,nsr
@, 282
2,262
3,368
»,868
a, 272
a,aIs
2,078
a,282
2,288
2,290
a,898
2,298
2,102
2,107
At
2,117
a,td2
2,187
2,133
a,138
a,14e
24191
4,197
2,464

25

COAL-TOY

8,2t
1,31
2,21
3,21
a,at
3,02
LPrY
¢,22
3,32
a.,02
Q.02
2.22
a,32
2,23
A,33
Q.23
a,23
2,23
3,28
2,34
3,38
4.2%
2.4%
9,25
3,28
2,06
9,26
e,a?
@,37
2,28
3,28
¢,29

[4

2,312
3.at1
A.812
Ad12
d,213
a,a13
Bed14
2,219
2,015
2,016
A 012
v.818
2,019
4,919
a,d22
a,221
3,322
8,22y
A,029
3,324
d.a27
2,828
3,230
J,431
A,233
3,334
3,038
A.037
4,239
d.d4t
1,343
9,345
2,247
A.049
3,252
9,054
2,397
14359

NUCLEAR

[4
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TABLE 6 Continued.

YEAR
1943
1932
1943
19du
194%
1940
1947
1948
1949
19%9
1391

1952
1993
1954
195§
19%0
1957
1353
1959
1960
1964

1962
1943
1904
19695
{9h6
1987
1944
1989
1973
197

1972
1973
1974
1975
1974
1977
1978

IMTEGRAIL3 FenM

INTERKALS Fans

mray
2,23
2,29
2,33
2,38
2,43
2,a7
2,52
2,57
2,82
ERL
2,73
2,78
2,3a
2,39
2,95
3.1y
.3
3. 53
3,75
3,24
1,23
4,49
1,17
S.08
5.33
5.7
b,%%
b,ud
~od4
7,28
T.a4
Ton
?.%4a
A8
3,48
8.869
8,35
2,23

229

.

s,

waah Pt
17
1,17
e,17
a,1n
a,1e
a,1n
1,18
?,15
f,19
2,15
2,15
IR
ALl
ALt
2,13
7.{2
2,14
0']"
4,19
2,19
A5
A.0e
LT
Ay ln
A,17
a,1?
[T ]
.14
18
a,19
2,18
.18
13
3,18
2,18
2,18
2,18
a,1fr

18n3 TQ
2,

13718 10

te

’ 349
a,317
n,a%a
2,272
2,200
a,887
a,284
ECLY
*,262
4,237
3,258
3,383
2,281
3,269
2,748
n,Aak
2,044
2,282
4,41
a,439
a,234
2,234
@,335
2,434
.23
2,331
1,232
229
1,828
2,227
N,220
9,22%
1,224
7,823
3,822
3,821
2,220
e,r20
2,219

1379 aRE:
1,122
1978 a3

2,220

1,58
1,56
1,57
1,58
1,59
1,64
t.ot
Let?
1,62
1,62
1,63
1,62

2.4
2.49
2,07
2,53
2,52
2,%9
2,49
2,47
2,45
2,43
2,41
2,38

r
4,68%
3,641
3,678
a,680
2,657
d, 648
4,638
9,628
@,618
9,607
”,596
3,%8a
a,571
2,559
2,549
3,5%2
3,518
A.50%
2,092
A, 78
9,488
34,9851
2.438
¥l42%
2,412
2,399
2,388
2,373
2,361
3,33y
2,337
u,32%
2,513
2,322
a,2%
»,279
9,269
2,258

2, 54¢

4,279

NAT=GAS
38
a,d1
8,83
2,38
e,a8
2,51
4,58
9,58
2,81
2,65
LY
A 72
3.7
2,81
.85
a,9
1.23
.12
1.23
1.3a
1,46
1.58
1,72
1.88
2,22
2418
2.39
2,53
2.73
2,93
3.2%
3,47
3,29
J.a2
3.58
3.68
3,78
3.99

53,

14
LIRRL ]
LI RAS
?,148%
3,192
a,229
A,298
3,218
2,228
3,233
@,242
2,251
3,204
2,279
3,280
8,29
2,299
3,309
2,318
a. 32?7
2,338
4,348
4,353
3,381
2,368
2,378
2,382
3,384
7,393
#,399
2,393
2,48
2,812
@418
a,817
9,420
3,421
9,022
a,423

A,2n

2,421

CoaL~107
a,1a
2,19
a,1s
3.7
2,18
2,19
2,21
a,22
.2y
2,25
d.2¢
.20
2,3a
0,32
2,34
ea,3a
0,82
2,a8
2,51
.57
2,613
2,69
B,r7
2,85
3,98

1,76
1439

2,30
2,4%
2,52

24,

[
1,362
a,885
d.868
2.371
3,874
B,a78
89,381
2,485
8,289
9,493
2,397
2,141
a,108
aallt
3,115
a.120
0,120
2,131
2,137
Q,l42
2,148
6,195%
d.181
d,108
IR R4
e,182
2,189
4,198
3,200
2,212
2,229
Q0,229
2,237
4,248
2,2%5%
2.28S
3.278
2,284

3,i2%

2,265

HUCLEAR

2,38
2,29
3,10
a,1@
3,11

W13
a,14
2,15

r

3.211
4,211
3,412
2,213
2,214
3,214
2,215
2,010

3,381

2,214




wORLD - PRIMARY ENERGY SUBSTITUTION

FRACTION (F)

1.0 | w—

e LA N

2 | \ N

I

0.0 .
1BS0 1800 1950 2000
FIGURE 1 Example of Plotter output using Punch and Cards files.
WORLD - PRIMARY ENERGY SUBSTITUTION
BILL. TCE
102
10!
100 ~,A<xgr‘*c7’7‘t7rdfi> Affi
el - A 2
g e & -
r/ 3
1 —— — AN +
! L~ T
P A sl 3
. V2.4 ré 3
= ——
N . xS 4
1B50 1900 1850 2000

FIGURE 2 Example of Plotter output using Punch and Cards files.
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A. TITLE
ENTER TITLE

8. PARAMETER LINE
ENTER CONTROL VALUES

E.PARAMETER LINE C.PARAMETER LINE

SPECIFY WHETHER ENTER LOGICAL
TO READ OR ESTI- NUMBERS OF TIME-
MATE MODEL CO- SERIES TO BE READ

EFFICIENTS FROM PUNCH FILE

D.PARAMETER LINE
SPECIFY POINTS TO
BE USED FROM TIME-
SERIES
— 1

F.PARAMETER LINE
SPECIFY INTERVALS
FOR COEFFICIENTS
SPECIFICATION

READ COEFFICIENTS
FROM COEF FILE

x
G.PARAMETER LINE

ADD SCENARIOS ABOUT

NEW COMPETITORS AND/
OR CHANGE HISTORICAL
TRENDS

CALL TOAT FRC.F
CALL FITLIN.F

|
CALL PLOTLOG.F L CALL ;UNC.F |

CALL PLOTF.F
CALL PLOTLOG.F

I

CALL PLOTLIN.F
CALL PLOTF.F

HPARAMETER LINE

SPECIFY CHRONOLO-
o] o GICAL SEQUENCE OF

COMPETITORS

]
|__CALLPENETRF ]

CALL PLOTLINF ;
[caLL ToaTTOTF F= (EST=0.V.EST=1.V.DAT=0.
V.DAT=1
[ ]

L1:=EST=0.V.EST=2
L2: =DAT=0.V.DAT=2

CALL PLOTLOG.F
CALLPLOTF.F
CALLPLOTLINF CALL PLOTLOG.F
CALLPLOTF.F T

CALL PLOTLIN.F A
-

FIGURE 4 Flowchart of the main program: Pene.r.

GENERATE
OQUTPUT FILE
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FITLIN (fi(t), ivd, nod, a;, §;)

y

t;: =iyd + 1900 + nod
ty: =iyd+ 1900

v

y(t): = log [f;(t)/(1 -- f,(t))]

v

viToT, *fv(t)
t._tz_tl u%t

v

ag={%[mMﬁMN1—ﬁhH]—V]*U—E*/%ﬁ—az
=y

P

.

*Zylt) —a « t =)’

1
var: =
ty — tl

m*Jm—4n~§u—ﬂz

t/3: =
B \A/ar * 2 tz
af\/zn-ﬂz
t/a: = ——
“ A/ var

FIGURE 5 Flowchart of the estimation subroutine fitlin.f. var is the variance of y(¢);
t/a and ¢/B are t-statistics with 1, — £, — 2 degrees of freedom under the hypotheses
a=0andf3=0.
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PENE(f;(t), a;, §;, ivo, no)

v

1901 + iyvo + no
1900 + ivo

v

t=t+1

—~
I\

il

NO YES
RETURN

I

f{th=1/01 +exp(—ai’t -8h

NO if
Ei)fi(t)¢1 =0 |7F’I“='”|
NO YES
f{t)=1—- % *(t)
! i#
yt) = log [f(t)/(1 — fio
a=vy'(t)
Bj=vit) —y'{t) »t
NO YES

FIGURE 6 Flowchart of the market substitution subprogram: Penetr.f (algorithm

Penetration).
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Main.f

e
121
172
133

194

126
127
108
109

113
114
115
116
117
116

119
1e¢e
12!
12¢
1e3

COMON /DATAZu (7,157 DLAR(T 1P NI, TYE,NOL,
NGD(T) AR Ty NI Ty, TY ()
/TRAC/F(7,3:50),FLAR(T,12),NF, IYE,NOF,
NUF (7)Y ,NAF (BY ,CUEF (12,2)YEAR(4)
SO/ (7Y, IYG, TP, IR, FRT,PAR,FOR(R),
PLY,FRC,TFRC, TOT NAT,EST, YMAX, YMIN

ce o 0

REAL«R N AR, FLAS, WA, NAF ,NAL,Y8,185,BL,NATOT,NAT, TITLE,BE,FOR

INTEGFE PLT,PRY,F&RC,TOT,NAT,EST,FIT,FPAR,SCA,EXP

LOGIL AL LOGIC

OTCTasSTIYy w(?), 1-(7), TITLEL(2,7),TYPE(2,R)

DATE 13,185,%L,T1P0, 1B0,SCALEL/IHS,3HE8S,4H r101,2.7

DATG 1 ATRT, ¥y oD%, YMAX/BHTUTAL ey 2,/

DATL Ty®E(2,2),TYPFR(2,3) ) TYPE(2,4)/UHFRAC ,4HTION,un (F)/

DATA A@SAL, T8, U1, TS/4NARSD, 4HLUTE, 81 UNT,aHTS /

CATL FOVE, NEF,RLA/ZUHF/ (), 4H=F) ,aMH /

UETA RE,YEAR(1)/BHSTARTING,1.E302/

PaTa FARE(1),FO-(2),FOR({3),FNR(4),FOR(5),FOR(6),FOR(T),FOR(B)
B/ G R e 1, R e, 2, F T 3, 03X, 80,0, 6X, 400, 0 (14, 7))/

CALL SETFTIL (R, "M TH#uT’)
CALL SETFIC (4P 2 Cu?)
CaLL SFTFTL(3,°00EF")
CalL S TFIL(2,%15CaRnS ")
CaLl SETFIL(1, T CSEFT)

FORMAY (Tu, 1x,25,4Td4/(8F 2, 3))
FORULAT (10X, "ERrOF =ww SERIES’,T2,°: JB,G1.IP’%)
FORMAT(A&,13,% YE&® GROWTM  YEAR GROWTH®)
FOXMAT (1,12, SERIES ARE KEAD FROM PUNCH FILE
8 T LUCATINNS: /7 (Ta,uX)/Tab)
FORMLT(* WRITE “u“MRERS OF DESIRED SERIES FROM PUNCH FILE:’
& /° MUt onJd? NGT had MyYS NUe NUT®)
FORMAT (/8x,* MaWwKfT PENETRATION BY N, NAKICENOVIC®/
& 16X,°11454 VEPSTON 23,23,78%/)
FORIAT (14, 1%, A6,13/7(948))
FORMAY (/° PLT FRC TOT JY NU DAT EST PRT PAR SCa EXP?)
FOFMLT (11T4)
FORYAT (y1x,]12,° ENLTIONS ARE HEaAD FROM COEF FILE
& TO LCCATINNS: /7(lu,aX)/B8aB)
Fnauat¢s wrITE SEQUFNCE LJMBERS FOP ¢
AyIV,% EGUIATIONS: /7 (14, ux)/748)
FOF+aT(7(14,4X))
FORMAT (° “NEW SEQUENCE OF EGUATIONS IS¢
AP/ (T4, ax)/148)
FORMAT(*IF YDu &0 "NT CHANGE/ZADD COEF GIVE $%% UNDEF NAME®)
FORMAT (*rAnE*,4X, "ENt. YEAR FRACTION YEAR FRACTION®)
FORVET(28,13,2(15,FQ,8))
FOLMAT(RX, *EFROR wax EQN7,I2,” SAME TITLE 85 EQN’,I2,’ ¢ *,AB)
FAR“AT (5%, "ERFGR wew EGL*,12,°,61,7°)
FORMAT (#ENTER: 2 TC READ COLF*y
TX, 1 Y0 ESTINATL?/
& Tx, 2 tn aDD/CHALGE®)
FARMAT (T1)
FORMAT (a8,216,0F 14,8,/ (16x,4F14,8))
FORMAT (*YEAR YEAP *, 11,1 ,48)
FOR“BT (T4,19)
FOF“ AT (*ENTEF $8% FDR DEFAULT, VALUES OTHERWISE:®/
&°DEFaiLLY Iyl NOP7)

'd
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Main.f continued

124 FORMAT (AE,P14)

125 FORMAT (#588°//°255°/)

12¢ FORMAT (% a LIVE ONE-LINE TITLE WITHIN THIS FJELD®
Ly * wABSOLUTE UNTITgw?)

127 FORMET (TAR,4L4)

128 FORMET (/792X , "CREFFYCIENTS FROM FILE COEF*/)

129 FOPMAY (/5X, "EdN’, 12, *,8b,° 181 ¥ =’ ,F7,3,°+74" ~
&,4%,45,15/7)

137 FOEMET (//710%, “COLFFICTIENTS ESTIMATER IN FITLIN,F*/

131 FOFR“ET (/SX, "ERRAF www KO,AT 300 «TRY AGAIN'//;

13¢ FOPMLY (/5X, ERFOP wwr WRONG PARAMETER SPECIFICAT™ NS °
&, °«TRY pafalne?//)

133 FORMAT (/5X%, “ERFOF wwe *,10,°,G7,7,14,° *»TRY AGA x°//)

13%d FORMLY (/5X, “ERVOF wwa MO _EQ,2 NN OBSERVATIONS :AD”)

125 FORMET (/?ELTER DATE SCaLInG; MULTIPLICATION FACIOK, ',

87 FAPOLEMT AND UNITS IF CrHangED:?/
§°FACTOF FXxP #»aBSOLUTE UNITSw*)

136 FORMAT (Fb,4,14,1X,444)
137 FORMBT (/SX, “ERROK wax SEFTES’, 12,7t NODLGT,152 «TRY AGAIN®’//)
134 FORMLT (4 KNUMRERS AL TITLES OF SERIES ON PUNCh FILE:®)
129 FORMET (1¢ (14,4x))
14n FOP AT (1048)
LAY |
[V

YEAR(2)eYEAR())
YEAR(IYeYELR (1)
YEAR(u)=sYELR (1)
Do 21 1=1,7
NUF (D) =T
NaD (1) =RL
21 NAF (1) eRL
WRITE (6,105)
wRITE (6,12h)
READ  (S5,127) (TITLE(L,1),1=1,7),(x(J),J=1,4a)
WRITE (2,127) (TITLE(!,J),J=8,7), (W (), J51,4)
WRITE (4,127) (TITLE(),J),d=1,7),(w(J),J=l,4)
58 WRITE (4,1i7)
READ (S,138) PLT,IFRC,TDY,1Y0,NOO,IDAY,EST,PRT,PAR,SCA,EXP
NOAEL DG
1F (non,GE,92082) NDOEhC0=gRgd
FRCeIFRC
1F (FRL,ER,=1) FRC=P
LAT=INAY
IF (DaY GE _ 9n07) NALT2NAT=qapa
IF (1.0c,G7,3D2) WRITE (6,131)
IF (n00,6T7,322) GO TO S8
IF (NDO,ER,M) NNJEIRAR
wRITE (~,10P8) PLT,FPC,T0T, 1v0,NOO,DAY,EST,PRT,PAR,SCA,EXP
wPITE (2,128) PLY,IFRC,TOT,1Y0,N0Q,DAT,EST,PRT,PAR,SCA,EXP
LNGICe FALSE,
LOSICEPL T, LT, -1,0R ,PLT G 1 OR,
FRC,LTY, ¢,0R,FRC,G6T,2,0R,
T0T,L7, 2,0R,TOT,67 4,0R,
10T, 2.O0R,NOD,ER B, OR,
DAT LY, €,0R,DAT,GT 3,UR,
EST,.LT, €,0R,EST,GT 3 0R,
FRT LT, C.OR,PRT GT _&,UR,
FAR,LY, 2,0P ,PAR GT 1 Uk,

Or O Do Qv @e 2 De



Main.f

bk

67

7

1.}

13
T4

continued

TNT e, 3
IF (LrGTS) wrITE (6,132)
IF (LPRICY GO TO S
SCalrx=SCALEX+FLOAT(SCA)
JPARZP AR
PARS:
Xy,
1F (EXP,LT,999) RO Ty 66
wRITE (6,135
READ (5,136) XK JL,EXF,(TYPE(1,]),J021,4d)
Tz
IF (X"UL,LE.1e) GO TO 67
XMYLEXryL/1o,
I=zl+1
IF (XxMyL,GT,1.) GO Ti b8
EXPEEYP+]
WRITE (2,136) XMUL,EXP, (TyPE(],J),J8]1,4)
on e Jgs1,4
IF (TYPF(),J) , NF,BL4Y LOGIC, TRUE,
DO 69 J=z1,w
IF (LOGTICY ~(3)=TYPF(1,])
TYPE(],0)eRL 4
WRITE (R, 13m) XMUL,FXP, (~(Jd),J)=1,4)
IF (PFRT,FS5.2) 69 1O 57
vBITE (3,1.9)
wPITL (R,127) (TITLr(llJ)‘J=1:77l(*(I)ll‘llu)
L0GIC=, TRUE,
20 56 1=1,4
LOSICE NGYL ,ANE LS, Eu,w (1)
1¥ (LngIC) S TO 45
ARSDL=. (1)
UTEzw (D)
UNTEA ()
TSEW(4)
IF (PLY,LE.?) CALL P1130
IF (NDAT,LT,.3) GO T 4b
1vFzlyp
JYyDelvYQ
I1=1
IF (NeT,E3,3) 62 T2 18

REAN ARYCGINAL DATAE FRQ™M PynCH FILE

JF (INATLT,.922) GO T4 75

Mz

Ke]

WRITE (h,138)

DC 73 1s1,72

READ (4,122) “ul,DLAB(rM,xy,NDy,TIYY,IPL, 1R, (G,J=21,NOY)
NBE

1F (DLAR(™,XK)F5,155) Nakal

LOGRTICEK EQ, 12,00, 0LAB(M,KYEG,TSS

IF (LOGIC) WRITE (6,135) (J,Jsi,N)

IF (LOGICY WRITE (6,140) (DLAB(M,J),Js1,N)
1F (DLAB(Y,K).E3,188) GC 70 74

KeK+f

IF (K,6T,10) MeMey

IF (*x,67,12) K=|

REAINE &
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Main.f

75

o
i

continued

CALL SETTIL(a BuUniH®)
WRITE (h, 1240

READ (4,12 LTl ks, )
WRITE [6,t C (tun (1), T1st, 1)
WRITF (7 (Nub{Ie),1221,7)
Do 1=y,

IF (vim(1).,6T62) whsitheg

DO 1 J=1,157

IO FNAFTIN

JzJ+)

RELD (4,120) NU1,%E1,¥01, 1Y), 1P1, 1B, (D(1,1),121,ND1)
IF (1%y,51,1F1) wRITE (b,171) muUd
IF (101 ,57,157) ~R1TE(6,137) Nt}
IF (] .6T,153) GO T2 BR

IF (i4y,.53,185) 5N TC 2

Xz

L2 ¢ 1=9,00

IF (~un (1) Eqevul) x=z1

IF (rn,FR,2) GO T2 5

Na 65 J121,157

FLI,d1y=n(y,81)

IF (J1, RT,.0G1) R5TI0 69

DL, ysD,

Lo TINGF

NuD ()=

AT (JYenkd

NO{J)ennt

Iv(Jyerv!

GC 1o 03

0o 7y gt=t, 152

L{1,J1y=2,

JzJe1

60 TU 2

RRITE (6,133) 7, (LyL=1, 73, (MAD (1), 151, ND)
Ivyp=23ras

NOREC

DA e T=1,ND
Ixs1920+1Y(1)+(\0(1)+[EO=2)/1PO
TyPamIne (IvD, Iy (1))

ROUsMAyA (5T, IX)

NODE (NN 1922=TYN) 2 IPO=16N+2
WRITE (8,123)

REAC (5,124) ~al,1vq(,N01
WRITE(2,12a) WAL, 1Y, N0

IF (h4),.53,138) IvislvD

IF (1vy,oT,1vyD) Ivyis=lyn

1€ (wby ,£3,7158) MDYenQD

IF (1vy.,57,1vNeN0ON) 1Y =lyDeNOD
IF (1v1+401,5T,1YNeNDD) NAL1=40N+1YD=]1Y]
ARITE (6,124) BL,TY1,NOt

Iynsivy

IvFzlvn

IF (Ivg,L7,1vyD) 1Yos1YD

IF (Iv0=lYD,LT.?) NOO=NNDWIYD-TYD
IF (Ivp=1v5,L7,.8) 1vp=lvd
I121-1vD+1YD

NODENO Y

IF (WOD.EQ,@) WRITE (6,134)

1F (LOp EG,7) GN TO 63




Main.f continued

ST dzy D
12z1v(JY=1v1

Ls=12

Nitliey

IF (12,57,2) hirslesd
A0 7 lzig, 0y

7 G0y IYeF (I, Tel)ex™ jialy, wakxP

c REAN NOCUMENTATIN, FROW PUNCH FILE
1 =22

2L Izl

READ (4,17 Muf,Nat, 12, (FLas(l,J),Js!,12)
TF (i1 ,EG,,T) &2 T2 12
IF (.41,E3,IS88) 60 T0 12
Kz?
06 12 J=1.,10
1c IF (an ()Y, EGenAL) ksl
JF (A.FQ.0) G5 TU &
Do 1y geg,1”
11 DILaB (¥, 1yafLan(t,)
G~ TC 27
’ Iz]=}
Gn Tu v
12 Co T1ner
18 InvExszr
IF (PLT.LT,2
LOSICznat LY
IF (Pev,e7,3
Y4Lxzy,
ym»ine?,
IF (FRe EG.7) y"axeal0G(In2,)
IF (FBC,E3.7) YAIN3ALOG(P _C1)
LGSIC= NS0 0R,EST LT,2
XMINZTIYDe]92¢(13D+T1-2)/1PC
XMAKz=TYN+1932+ (1A% 20=2)/1PU
YI1slF Y (XMAX/Z1D:,) =100
YI2exax=vIl
IF (Y12.,57,3.) YIisvYli+5¢,
IF (v1o2.6T7,50,)Y11=Y11e¢SP,
NOF2(IFTA(Y]1)=~TYF=1920)«1PD+2=1B0
IF (0o 5T, 97028) NOFzNCO+)
LOGIC= 1010, AND  PLT LE,2
TYPE (¢,P2)cFNVE
TyPE(},3)="4EF
IF (LOGTC.ANLLFRLLEG,2
& CALL P_OTLOG(INDEY, xMAX, kMIN, YMaX, YMIN,SCALEX, TITLE, TYPE)
TYPE(1,?)eTYPE(2,2)
TYPE(L,3)=TYPE(2,1)
TYPE(1,u)sTYPE(2,4)
IF (LOGTIC  ANDL(FRI,EN.1,O0R,FRC ,EQ,2))
§ CaLL PLATLIN(InNEX, XMAX, XMIN, YMAX, YMIN,SCALEX, TITLE, TYPE)
IF (EST,E3.3) 60O To 19

) INMNEXEPLT

WD NADLGET,2) CALL TDATFRC

o RELN ZOEFFICIENTS FROM CUEF FILE

64 whITE (5,118)
RE&D (5,119) FIT
~RITE (2,119) FIT
15 (DAY LT 3,440 N0DL,EG,?Y) WRITE (b6,134)
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Main.f continued

TJF (AT LY, 3, 80D NGOLEQ, M G TO 4dg
1F (FIT,20,1) 60 7O 4
IF (FIT,EQ,P) GO TN 42
TF (Y17,67,2,00,FIT,LT,0) WRITE (6,132)
IF (FIT,GT,P2.0R, FIT,LT,2) LA TO 64
1F (PPYT,E5,1,0R,PRT EU.2) ~RITE (8,128)
11:7
1222
13 JzJ+1
READ £3,12C) AL, 5UMCMC, 04(L),L31,MC)
IF (hay FA,T85) ho TO 14
IF (PRY E5.1,0RPRT FG,2) WRITE (8,129) NUMC,NAL, (w(L),L=®l,MC)
WRITE (&,129) HUAC,NAL, (W(LY,LE),MC)
K3J
no 1% y=3,4%
15 IF (tisy JEG,naD(T)) k=1
1IF (< ,nE, @) 12212+
IfF (K, ,mE,?) GO 7O 1A
Tisl1+y
K3Nd+ly
Mg
IF (A1 ,E5,4aT0T) K=3R
IF (m 1 T,RBY 6% T, 16
I1=11ay
NAT=Z Ay
16 NAF ()Y =NAY
ne 17 Lsy,nc
17 COEF (¥ ,L)sw (L)
IF (k,er,8) k=
GD To 43
14 LF=1de 11
NFzlle1p
wWRITE (b,139) wF, (31,1121, 7), (NAF(12),1221,7),NAT

ETIMATES COEFFICIENTS IN FITLIN,F

Y

GO T 42
a1 1IF (PPY_EQ,1,0K,PRY _ER,2) #RITE (&,13@)
DD 43 1=1,ND
b2 WRITE (46,121) I,NADCI1)
READ (S5,122) Ivi,lve
11219gn+1YD+ (IRD=1) /130
IF (Ivy,LT.T1) Ivisly
IF (Ivo,.7,11) 1v2=1y
19213704l vue (NDD+T1RNe2) /IR0
IF (1vy,GT,12) 1vi=lp
IF (lv2.67,12) Ivesle
IF (Ivp,L7,1v1) WRITE (6,133) Iv1,1v2
IF {Ivp,L7,1v1) GO TO &2
WRITE(6,122) Tv1,1ve
wRITE(2,122) Ivi,lve
NAF (1) =140 (1)
CALL FITLIN(I,IYL,IY2)
43 ARITE (1,122) HNAF(1),1,2, (COEF(T,0),051,2)
T2 WRITE (6,121) A,NHATOT
READ  (S5,122) 1Ivi,1lve
T121930+1vha(180=1)/130
IF (Ivy.L7,.11) Ivizly
IF (Tvp.uT.13) IvPely



Main.f

25

27
23

Sd

continued

122197+ 1YNe (1DD+T1R0=2) 7 1RY

IF (1vy,37.12) IvieT?

IF (Ivp GT,12) Jveel?

IF (Ivo, T,1v1) walTE (&,13%3) Ivy,lve
IF (Iva, T, Uyl) GO T 72

WRITE (nm,128) 1Y1,]1Y2

WRITE (2,122) 1Y1,1IY2

teat (B)=1aTnT

Cabl FIT T, 1v8,1Y2)

WRITL (1,122) tafF(F),8,2,¢CoLF(8,1),1%1,2)
WRITE (1,125)

HEz I

LFswn

CHalGE/ADT COFFFICENTS

WRITE (6,113)

WRITE (h,114)

KEAD (A, 11%) Nay, aM™Mu, 1y, ,Py,1v2,P2
~RTTE (P2, 11S)NAY, ML, TY L My, Ty, PR
IF (eay,8%,188) »0 T 28

Ji="
IF (om0 ,E5%,999) J12939
IF (imrn B ,Q999) thiifisd

IF (il Filebedid 'idl JEQ,HATUTY 6N TO Sd
IF (G GT,7) 60 TN 31

LA 2o 131,!7

L& B¢

1€ (e, m3,%av (1)) no Yo p7

LE3LTey

HF 2l ey

xe[F

50 T p8

JF (ko NE,NUME) 6D TN 29

WRITE (h,115) tat1,4n1C,1vy,P1,1Y2,P2
PI=ALOGIP1/(1.~P1))
Pe=ALOG(RP2/(1.=P2Y)

YIg=lvy

Yieg=lvp

CALL FuNC(Py,P2,¥v11,YIR2,C0F(K,)),COEF(X,2))
NAF (r ) zriay

Ivy2=3930+1vn

GO0 T4 8%

WRITE (h,102) a1, uMC

WRITE (b,115) Jdag,nunc,ivy,pl, 1v2,P2
Yllsly)

yleslvp

COEF (9,2)=sCOEF(B,1)=YI1+COLF(8,2)
CNEF (9,1) 3Py

COfF (9,p)=CO0EF (9,2)=COEF(9,1)sY]}
CNEF (10,2)=CNEF(9,1)xYIR+COE} (9,2)
COEF (13,1)=P2

CAEF (10,2)=C0EF (17,2)=CNEF(12,1)sY]2
IF (v1y,83,8,) vIl=sYEAR(])

IF (YIP.E3,2,) YI2aYEAR(2)
YEAR(1y=vI1

YEAR(R2)=v]2

IF (PRT _ E3,1,UR,PRT EG,2)

WRITE (8,129) 'JHMC,w~at,COFF(9,1),C0EF(9,2),B8,1Y1

Kz113

41
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Main.f continued

IF (Jy 3,7 60 Tn 85
IF (P2 D), 1,00,PRT EW,?2)

6 WRITL (R,129) nUMC,wal,COEF (F,1),COEF(K,2),hn,1Ye
WRITD (A, 102) nHat,nunc
REAN (5, 115) aat,unC,Ivy,ey,1v2,pP2
WRITE (4,115) wal,wunC,Ive,Pt,1Y2,P2
WRITT (P2, 115) nAal,NUMC,TYYy,PLl,TIY2,PP
IF (10 HE o8 AR GNAL NE L 9aTNTY GO TO 30
YIislvy
Yi2zivp
COFF(11,2Y=CaEF (3, 1)«Y114LOLF (10,2)
COEF(11,1)=F]
COEF(yy,2Y=CnEF (11,2)=COEF(11,1)=Y])
COEF(12,2)=CaEF(11,1)nYIP+COEF(11,2)
COEF 4 2,103P2
COEF{1p,2)=CaEK(12,2)=CNEF(12,1)nY]e
IF (r11,80,.7.) YlisYEAK (3
IF (YIP.ERLD,) YI2=YEAF (&)
YFAR(3y=v]1)
YEan{aysvyIp
IF (PRY FD NPT EG,2)

s WRITE (R, 1P9Y UNC,NAY,COEF (11,1),C06F (11,2),808,1Y1

rayp
BN IV (PRT L3, 0RPET EG,2)
& wWEITE (A, 129) LUUC,NAL,COFF En, 1Y, COEF (R, 2), R, JY
GG T oy
29 WPITEL (m,116) "0C,K, A
ofi T 3~
31 WEITE (m,117) LU
G, T X
o SPECIFY SENURNEE
25 WRITE (6,117) uF, (L,L31,7Y, (NAF(I2),12e1,7)

REAT  (S,111) (lv(),b=t,7)
WRITE (a,111) (T(LY,LE1,T)
WPITL (2,111) (ViU e=1,7)
0N 2P 1=21,7
DD 22 J=1,7

22 I (14(1),EQ.J) NF(J)e]

wRITE (6,112) (L, L=1,7), (VAF CHUF (1)), 021, NF)
16 IF (FRLME 2 UK DAT ,Lu,3) 6N TN s

DG 41 1si,M0N

Yitss,

DO k1 J=l,00
FOUOV (Y, 1)=sf (LdF (Y, TY)+ved
b1 YIlst (iafF(3), 1)
62 IF (LOGTC AND AT LT 2, aNNNON 6T ,0) CalL PLOTF
IF (EST,EQ.3) 6D YO 59
IF (E587,LT,3) CalLl PENETK
IF (LNGIC,ANDLEST,LT,2) CalL PLAOTF
59 INDEXeEp
00 44 1:=1,7
TITLE (2, T)=snaF (RUF (1))
44 IF (EST,E3,3) TITLE(2,I)3NAD(T)
IF (LOGTC ANDFRL,EN, D)
& CALL PLOTLOG (INDEX, XMAX, XMIN, ¥YMAX,YMIN,SCALEX, TITLE,TYPE)
IF (LOGIL ,AND L (FRC,EQ. L, ORFKC E£G,2))
& CALL PLOTLIN(IGDEX, XWAX, XMIN, YMAX, YMIN,SCALEX,TITLE, TYPE)
INpEXxse



Main.f continued

P

>

PaRslr e

17 (PLr,eT .0y T ExsrLY

LOGTIC s ST 60,0, M ,FST,EG, P

IF (LOGI0Y Cabkl TESTTOY

I8 vy FG.yitax) G0 T 24

LA51C=08T 73,2, 09 FST k0, n

LOGtl= NLIC AN ,PLT L8N

TYPE(Y, 1124830

TYRE(1,2)=0TE

TYPE(1,3)= 101

TYRPE(1,4)=75

TF (LG TC,ant  (TuT EQ.0,R.TOT JEL, 4))

CaiLL PLAaTLNG(ILDE Y, XAx, XMIN, YAX, YMYi,SCALEX, TITLE, TYPE)
1¢ (Ln,;I:',“rlf‘,,(Tl’)T_(»_’C)_\,[)Q,T'.]T.Fﬁ.e))

CALl PnT T (THDEX , XA X, X1, yHax , yMIn, SCALEX, TITLE, TYPE)
'MJ]!]"-)

1F (1LAGICY Cabil PLNTF

TF (LORICY GO TN 23

yMINz4y B3

YMAXs~] BE=3

wdys st

LI TanaT F3,2,07 AT £G,

LOSTIO=NSI0, a0  PLT LB, 0

IF (UNAT B0, 0 0RGIAT EQ, 21 40D N0, 6GT.0) CaLl TDATTOY

IF (UTRTL A il BN D, AN (10T £Q, 2, 0K, T0UT EG,4))

CaLL PynTLG(Ionex, sHax, Xuly, yMax, YHIN, SCALEX, TITLE,TYRPE)
TF 4uDnTIC, AN, UL EG, A, ANN, (TOTEN,1,0R,TNT EU,.2))

CALL PLOTLIN(THNE X, XA, XMIN, YMAX , YMIN, SCALFX,TITLE,TYPE)
TF (LR TC AN NN 6T 3)Y DAl PLNTF

InnExzy

LOGICsLNGIC  NF EST Fij, B, 0R,EST EG, 2
LOGIC= D510, L PLT LE, B

IF (NG IC, 8%, (TUT ,FA,00R, TUT FU,4))

CALL P . NTLOG(IHNEX, X TAX , XMIN, Y 1AX , YMIN,SCALEX, TITLE, TYPE)
TF (LOGTIC ANO  (TUT (Fa1,2R.TUT ,EQ,2))

CALL PLATLIN(INDEX, XIIAX, XMIN, ¥YAX, YMIN, SCALEX, TITLE, TYRPE)
STCP

END

43
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Tdatfrc.f

SURRNITINE TDATFRE
CoMMO /DATA/D(7,15M),0LAaR(7,10),ND,TIYN,NOD,
NUD(T) ANy, WD), 1Y ()
/FRAaC/F (7,370),FLARLT 1Y, NF, IYF ,NOF,
NUF (7)), AV (BYy,COEF(12,2) 2 YERAR(A)
JCAMMNUN (7Y, IYG, 100, IR, PRT, PAR,FOR (8),
PLY,FRC,IFRC,TOT, DAY, EST,YHMAX, YMIN

oo

[ - St

EFaie8 DLak, FLAA, VAN, NAF ,FOR,FORMUAY
INTERER PLT,PRT,FRC, FOT,D0aT,EST,P4R
DINENS TN S (8),FF(T),FORNAT(17)
NATSE qy /4H /
1o FORAAT (s27%, "OBSERVED VALUES®, //
& “yLap  °, % YOTAL’,3Ix,T(BR,4X,*F’,ux)//)
101 FOPMAT (/2% , 2INTFLRALS FROM °,14,° T0%,15,* ARE:‘//
A FLW.3,7(F10,2,F1.30
IBEGs1Qms+]YD
175z IRFG+ (11004 ]1BU=-2) /17D
no 3 a=t1,7
504 () &N(J, 1172,
Jig2xT4
Jo=2xle?
FORMAT (12)=TNR(4)
FOR AT (11)YRFOF (3)
ono3 I1=zt,30r
3 FlJ,11=",
TF (0RY ED, 1, DE PRT EG,2) vRITE(bH,12R) (NAD(J),J=1,KD)
hn 1 T=1,N00
5§87,
PO 2 Mz, D
IF (I.,cQ.1) GO Ta e
SUM () =SUM )+ (D (M, T)+0 (%, 11 ) /2,
2 §5355+n ("1, 1)
IF (85,8G,2,) GO TG 1
NN S Jz1,N0
5 F(J,1yen(Jt,1)/88
I1YRIYN+1922+(IBO+1=2) /1PN
IF (PRT,EQ,Q) GO TO B
FORMAY (1) eFAR(T)
FORMAT (2)sFOR(Y)
IF (55,57,999939,99) FORMaAT(2)=FOR(2)
IF (§3,7T7,9999999,9) FOIMaAT(2)=FOR(1)
IF (5S,Eeve AN PRT ENG1Y FURMAT(2)8FNR(Y)
IF (55,F1,0,,AND PRY EQ, 1) SS=8L
FOR4aT (17)FOR(R)
Do9 g=1,un
Jie2xTay
JosPxled
FORaiT (J1YeFOR(3)
FOPMATY (JR)sFUR (4)
XX3399q96 999
Do 1P gJ=1,2
AXSCX%y2,
18 IF (D(J,1V,6GT.4X) FORMAT(J1)=FAR (3=J])
1F (PRY,EQ,2) GO TU 9
IF (0D(¢J,1),En.0,) FORMAT(J1)SFOR(6)
IF (F(J,1),E6Q.0,) FORAAT(J2)EFNR(S)
IF (FeJ,1).EQa2.) F(J,I)EAL
IF (D¢, 1).EQ.3.) DCJ,T)=RL
9 CONTINGE



Tdatfrc.f continued

WRITE(H,FORMATY I1v,88,(U(Jd,1),F(J,1),Js1,ND)
& DO 4 I=zp,N0
IF (2(J,1),ESauL) U(Je1)En,
IF (5(J,1),E6.8L) F(J. )=,
I (F(J,1),G1,,99399) F(J,1)=2,9999
IfF (FRC,EG,1,0%,.FRC,EQ,2) GO TO ¢
FO, D eF 0, 1)/ (1e=F(J, 1))
IF (F(J,1).LT.C.021) F(J, 118,
IF (FQJ, 1) LTema 1,440 TFRE HE =) F(J,I)=0,
IF (F(J,1) Ec.0,) 60 70 4
F(J,1)=AL0G(F (J, 1))
CONTINF
1 CONTINUE
SumM(By=P,
N0 o J=z1, N0

=

L SuM(B)z5uA(8)+5uUM(J)
no 7 J=t, N0
7 FF{J)esurt(JY/78uM(y)

IF (PRT.EQ,1,0R ,PRT EQ,R)
b WRITE (A,171) IREG,I75,5UM(R), (SUM(J),FF(J),Jei,ND)

RET IR

EhT
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Fitlin.f

SUBROUTTE FITLT (), 1Y1,1ve)
COAM0N /OATAZD(T7,150),DILAR(T,12),ND,TY0,NOD,
D CT) AT Ty NUCT), 1Y (T)
FRAC/F(T,3°00),FLAR(T,1™),NF,IYF,NOF,
f (7Y, AF (RY,COEF(12,2), YEAR(4)
JCA YD), 1Y, 1R, IR0, PRT, PAR,FOR(B),
PLT,FEC,IFRE, TNT, NAT, EST, YMAX, YMIN

RIS

REAL=" NDUAR,FLAF, 480, WAF FIP
&, 1AT
INTEGER PLT,PRT,FRE,TOT,DAT,E5T,FPAR

1¢2 FORABT (5X, E%RP(Y wws [ESg Trati 2 ARSERVATIONS FOR THIS EQre/
B SX,'CAFFFICIE.Ty 4RE SFT T9 ZFR0, CwWANGE OR TRY AGAIN !°)
123 FNRBTrSx, *YRwDE exsx ¢ USSERVATIONS FNR THIS EON®/
5 Sx,*THFREFONE =0 S5TeTISTICS, BNTH QRSERVATIONS EXPLAINED®)
1aa FaRueT(/Sx, *Ee, 32, *,AB,° 15: Y =°,F7,3,°4T+°,F8,3,
« ! Fasp =" ,Fo,3,* vae 3°,FhR,3)
125 FORAET (28,9 (*,F7,3,%) (*,57,3,7)°)
T_s(Ivi=190 =1V alFyalbnep
TJ2(lyPm132 1Y) x]lPNaTinep
IF (11 FL.IY8) GO Ta 8

YisALn6(99,)
AR VI Sl ISR INS T Y
Xz,

sYxz>,

S«ee’,

Sx=7,

Svys -,

Sy2=¢,

0C 2 1=1L,1u

IF (J,LT.8) G 70 7

-n
)

DN & yzl,u4b
8 Y=Y+n(k, 1)
IF (Y, RT,D,)
IF (v Fdums)
GO TN &
7 IF (F(J,1).ER,2.) 6O TO 5
vyeS (J, 1)
IF (FeC,Sa.0.) 6O Yo g
YEALOG (Y /7 (1,.=Y))
IF (v, fT vy DR Y, LT,YL) 60 T0 2
& XzIYN+1922¢ (15041=2) /1PN
SYXaXseYVe+SYX
SXP2Yex+3X2
SXx=aesX
SYsYeSY
SY22YeY+3YP2
XHEXNGT,
2 COMTINUE
IF (xn,LT,2,) 50 70 S
COEF (0, 1) s (XaSYXaSXn5Y) /7 {xhaSX2=5X45X)
CIEF (J,2) =Sy /x4=C0FEF (J,1y"8X /XN
IF (xr ,£3,2,) G2 70 12
SI1G2=z(SY2=8veSY /X)) /{AN=2,)
$feg,

sE2=r

ALDG(Y)
I0 ¢

Y
IS
o



Fitlin.f

ie

47

continued

S003 1=l o

IF (J,L7,8) G 10 9

vs2,

"Aogm vy,

YYe+ (n, 1)

IF (v, 0T,.2,) v=saLoG(Y)
6T Y o1

16 (F(J,[),EW,0,) 60 T 3
veF (1,10

TF (FRC.ENed) S50 Thod
YIALOG(Y/Z(1,.=Y))

TF (Y RT YU, 0R, Y LT, YY) RO TO 3
xz2Ivi o190+ (1RDT=2) /PO
YHSCAET (J, 1) e+ COCF (J,2)

-VYi

SE2=SFP+Fakl

CONTIIVE

VARzZSFR/ (Xe=2,)

Res) , =-VAaR/S5IGe

Y2zCrFF (J,2) 2502 T (XnuasXPaS*8X) /SART (VARXSXZ)
TIECAFF (J,1)%53”T(842=-5X45%/x),)/5QRY (VAR)

IF (PRY EL, 1) & 10 13

A VTE (R, 104 Jd,wAF (J),COLF(J,1),CO0FF(J,2),R2,VAR
AR ITE (g, 17%%) 11,12

BEY 1w

WHITE fo,132)

COEF (J,1)=22,

CIEF(],2)=2,

RET RN

ARITF (0,173)

RE TR,

(23]
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Penetr.f

SURKGITTF P& T Ts
CO e yFReT/7F (7,300),FLAR(T 1) NF,IYF,NDF,

& LUF (7)), A (A),CUEF (12,2) YEAR(Y)
] 7O 0Ty, 1YL, 1P, IBN,PRY,PAR,FOR(R),
a PLT,FRC,IFRZ,TOT,DAT ,EST, YMAX, YHM]IN
LN3108 LIRIL
REAL AR FLAL, AT AL, FOk
INTELFE PLT,PPY,FRC,TNT DaT, EST, FaAR
CIME:SINY 2(7),Y(7)
DLT& 8L /un
P2l IR E S
N2y 1=y, 307
! FlJ,3)ye .
N 3% Jrsg,ciF
JeviF (J31)
TF [RaF (M) JEG.BL) Gu TO 84
DO 52 Tsy,unF
XE19rnp s IYFe(lallin=2)/IF
5¢ F{J,1)2COFF (J,2)+x*xCOEF (J,1)
5% CONTINIE
N7 51 Jisy, it
JeF 1)
TE (NaFf (1) ,E5,8L) A0 TM 5t
Foso,
yleo,
yll=sgo,
FINDECye,
RaTINny=11",
DO 2 1=1,40F
Sumsg
x2190meIYFe(Taldu=2)/1P0
NEKI=T,
NER2=¢,
DC 3 M1z, NF
Mz b (#1)
Y(#)sF(4,1)
Y(J)=COEF (J,2)+X«TCEF (J,1)
IF (Y (™) GT,67,) Yi)=en,
IF (Y(M),nT,=62,) Y(M)zap?,
2(MYI=1 .= (1,7 (), +2XP(Y(X))))
1IF (7().67.1.0) 2(M)=1,
IF (2(") o TeullY Z(M)2n,
SuMsS 1.7 ()
c DETERMINE SLOPE NF Z(J»

IF (»,£4,3) G0 Tn 3
DERI=NFRI=COEF (1, 1) %2 (M) w(1e=Z(™))
DER2z(EA2=COEF (4, () #COEF (1, 1) x (1. =Z2(M)) a2 (M) (1,=2,%2(M))
3 CONTINUE
IF (COEFtJ, 1), LT,i2,) GO T &
I7 (SutaNEols) 2(J)=z1l,=8uMel(J)
1F (FINDEX,37,3,) 60 70 9
1fF (SiM.3T.1.) FINWDEX=Z())
9 CANTIuE
IF (2(¢(1.E,8,) 2(J)=,22)
IF (2 (1) ,EG,1,) 2(J)E,999
Y (I =ALOG (2 (N /(1. =201
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Penetr.f continued

wn

TF (FINDEX,,ES,0,) GO TO ¢

ANz (). =2(]))=2(J)

YDERY=NER1/DEN
YOEF22nER2/NEu=DERI#DERLa (1 4=2,%2(J))/ (DEN®DEN)
RAYInz>,

I1F (anS(YNERPZ),uT,1,E=15) RATINeYNERE/YDER)
LUGIC=RATID, GY,RATIOD] AND,RATID]I,GT, 0,
TF (YNER1,LT.7,.AND,L0GIZ) LD TD S

G) Tr »

COANTINE

CALL FirdC(YT,Y!l,Xe1,,%=2,,C0EF (J,1),CQEF(J,2))
Y(J)=sgnEF (J,2)+xxC0EF (J, 1)

CONTTIIE

F(J,Iy=y ()

yil=vyy

Yisv(g

RATIQI=SRATID

CONTINUE

YHAX=2ALDG(16D,)

YMIvsaLIG (L)

IF (FRELEG,.D) GO TO 4

YitAx=y,

Y4Tusn,

oD 7 ts{,ulF

viso,

Nl 7 sy, 0F

J=var )

17 (FRZ,EQ.1,0RLFRC,EG,2) GO 0 8

TF (FeJ, D)LY, Yyl F(J, 1=,

IF (FRL,E49,8) 67 Y0 7

IF (F(J,1).RE,7,) 6o T 7

F(J, Tyl =(1./7 (1, +EXP(F(J, 100

IF (FRC.,EQ,2) F(J,1)sF(J,1)+Y1
Yi=F(J, I

IF (F(J, D), LE,2.221) F(J,1)=0,
CONTIUE

RETURI

END
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Testtot.f

P-4

SUAROOTTHE TESTT T
COVSD /DaTazD0T, 157 (DLARLT, 1), 80, 1YD, N0,
NS LTY e AT (T, NUTY IV ()
JERLC/F (7,380),V{ A3(7,17),NF, 1YF,NOF,
MUF (), AR (B, COEF (12,2), YEAR (4)
JCAM gy, 1Ya,1P0, 180, PRT, PAR,FDR (8],
PUTFRE,TFRC, TOT, DAT,EST, YMAX, YMIN

REAL &R N_AH,FLAA, AN, NAF,FUR,FORMAT
TUTZGFe PLY,PRYT,FRL,TAT,NAT,EST,PAR
SINMTsIn. FF LTy, 50 (5,42),FURMAT{LY)
DaTa Ay za- /

FORPMAT (/23X, *ESTIMATED VALUES?//
TYLAR ¢, T0TAL’,3x,7(AR,uX,*F*,4ax)//)
FAGUAT (72X, *1ITEGRALS FROM »,14,” T07,15,° ARE:"//
Fld, 2,2 (F13,3,77,3)0

TF (PRY,EU,1,0R,PRT (EG,2) WRITE(B, 120) (NAF(NUF (J)),Js{,NF)
a6 17 121,82

o017 124,48

syN(d,1y=0,

INATEnzlyd+ (ION+IRNR) /IPL

TF D=z 1QN e JYE+ (NOF+THD=2) /1P

IF (Ive BT, 10hTEun) TOATENOE]YF
YMINZey Fe37

YVAXZ=] =32

DG 1 T=y,NOF

X=19724TYFe (1+]RN=2) /10PN

Ix=x

nEd

IF (X,GE,YEAK(1)) =%

IF (X GE,YEAR(Q)) r=10

IfF (x,GE.YEAR(3)) ¥=11l

IF (x.nF.YEAR(4)) ket

X=COEF (K, 1)»g+COEF (¥, 2)

IF (X,67,60.) Xxz0d,

IF (£,LT,=6%,) xzend,

X=EXP (x)

LN 4 Jgosi,NF

JeNUF (FeJ2el)

1F (F(J,1),ER.D,.DR,FRC,ME,A) 6O T 8
FdoDrst, =1,/ (1, +ExP(F(J,1))))

IF (Fry,1).bTe,01) FOJ, 120,

IF (FRg NE,2) GO T0 15

XXz7,

IF (512,57, 7) xXsF(NUF(nfeJ2),1)
FOI, Y20 (I, I)=ux

IF (F (1, D) uTa00.21) FUJ, 122,

Jis=1

IF (1.GE.IDATENDIYF+]) J1=2

SSE(FF (J)+F(J,1)rX)/2,
3UM0), 985U (], J1)+S8S
SuMis,1)esu(3,J1)+85
FF{J)=sF(J,T)eX

IF (PRY_E3,2) GO TN 5
FORMAT (1) EFOR(T)

FORMAT (2)2F0R(3)

IF (X.67,999999,99) FORMAT(2)sFOR(2)
IF (x.67,9999999,9) FORMAT(2)2FOR(1)
IF (X EN.C.o ANDPPT EQ,1) FORMaT(2)zFIR(6)
IF (X,EN,D, . ANT,PRT EL,1) XeBL



Testtot.f continued

FaRaaT17)=F 08 1(35)
00 14 1ey,?
J1s2ale
J2z2ala?
FORYMAT (11)=FaR(3)
ty VO AaT (32VeF DR (d)
R TR N U
Jis2aley
JPslnle?
X¥=23399G6,999
£o {3 g1=g,?
XXz Laafi,
13 IF [FF (et (J)),6T.%X) FORMAT(J1)18FDR(3=-JJ)
1F (PRT,E3,2) G 10 e
IF (Frnaf (1)) Eul..) FOPMAT(J1VSFOR(b)
17 (FuiF (J), 1) .6 3.8,) FORAT(JIR)RFGRI(S)
TF(F P (), 1),07,2,) F(NUF(d), T)e8L
Ir (FFOWUF (Y)Y Fu, 0,y FRINUF (DY) =aL
12 CATINGF
SRITO (R, FrrmaT) T, X, (FFINUF (D)), F(RUF (J) 1), J=1,NF)
IF (X, £7,00) x=0,
5 IF (Par E2,1) G0 Th &
Xxe’,
a0 ey, b
Je b 31
15 (F(J, 1V, Euanl) F(d. =0,
1P (TAT.%50,4.00, TOTEGL2) F(J,1)=F (I, 1)+xX
xx=sF{J,T)
9 1IF (Paw ER,1) Js1
Ir (Pa2,E2,1) F(1,1)=X
T (I, 1) JEQeR.) GO TE
IF (PAR E3,™) F(J,11eF(d, 1) X
YMAXzAAXL(YNAK,F (1, 1))
18 ((TOT,EQ.0.0R, 10T EG,4) ,AND F(J,1),iT,.21) GO 70
YMIwzATNY (YU, F(J,1))

3 IF (T07.E0.1,0R,TOT,EG,2) 60 T0
IF (F(J,1).67.7,) F(J,1)=aL06(F(J,1))
1 CONTINE

IF (PRT,E2.D) 60 TG »
DO 7 J=i,nF
IF (Sumfa, 1) ,EG..) 63 TO 1s
7 FE(J)ssa (1, 1) /5U04(8,1)
J1=1973+1YF
TNaTENN=193 e IDATE D
IT (160 LT INATENDY IDATENDSTEND
WRITO (A, 171 J1, IDAYRLD, SiM(h, 1),
& (SuMNUR ()Y L), FECauR (J)) ,dal,NF)

1o DO 11 Jgsi,NF
IF (S.11(6,2) ,EQete) 6N TO ©
11 FF{J)=sim(d,2)/571(8,2)

WRITE (R, 1%1) IDATEND, TEND, Syt (8,2),
B (SUM(NUE(J),2) ,FFHUFCI) ), Jal,NF)

6 IF (TNT,EQ.1,0%,TAT EL,2) GO TC 2
IF (yMax, LE.d,) YMaXeidZ,
IF (yM1%,LE,0.) YMINaZ, 01
YMax=AL NG LYMAX)
YHINZALAG(YHIN)

2 RETUNI
END
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Tdattot.f

504871715 THATTAT
COM ZYATA/D (7, 150), 0088 (7, 101) KL, IYL,NOD,

~ AIDLT) 80Ty (7Y, 1Y (7)

a JFRAC/F (T, 347 ),FLAR(T,10),NF,TIYF,NDF,

IS NUF (7)Y, wRF (BY,CUEF(12,2) ) YEAR (W)

3 78O AN ), IV L R TR, PRT, RAR,FOR(8),

& PLY,FRC,IFRC,TNT ,NaT ,EST, YMAX  YMIN
REAL&B Ny Ab,fLad, val NAF nay,15,185,8L,F0R
JHTELEL PLY,PRT,FIL, 10T, AT, EST,PAN
"R gz, 7
N3 Tz, 3

3 Y, =",

YMAX|ze] E=3
Yalysey Fods
D1 1=y, N80T
Se,
x=7,
DO Y gm0
JedF()1)
Fd,1)=0(J,1)
XEx+lifg, 11
IF (707 ,872,2.00, 707 Lw,d) Fed,IVsF (J,1)+8
Sef (J, 1)
IF (Pav ,En,1) F(1,1Y=x
IT (PA, 50,0 J=t
YAarlzital] (Y axl,F L, 1))
I€ (TaT, Ry, o P TuT EL a) o alD  F (I, D)ol T, 1) 50D TG S
YAL S s Tty AT, F(d, T
IF (TRT K2 1,08, TOT E0G,2) b TP )
IF (Feg,1).LTe,21) FLJ,10el,
IF (W), 1), GT.00) FOI, D) salnGtF(Jd, 1))
} CoiTlag
IF (YAl LT YNAX L ,ANT ,YMAL NE, =1 ,E=31) YHaxeYMAX]
TF vy 0,1 W30, A%D, YMAX NE =1 ,E=32) GO T2 2
YMAXIVYHAX Y
YMINEY T
IF (TAY E5,1,08,TAT EG,2) Hha TO 2
YMAXEL NS(YMAX)
YHINZA G (YMIN)
? RET UK
END

N



Func.t

SUARMTIIF FURL(YL,Ye, X1,%2,4,8)
A (Y1aV¥Y2) /7 (K1mXP)

ResYReanKe

RETUL,,

[ EP]
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Plotf.f
&

2

!

SURR jpr T 08 PLaTs
CONl /rRal/sy (7,307),FLAR(T, 1Y NF,JYF,NOF,
WAF (T, HAE (#) ,CUEF (12,2), YEAR(4)
JTOAS (7Y, Y0, 1PU, LR, PRT,PAR,FOR(8),
LT, P TERL,TAT ,NAT,EST, YMaX, YMIN

REAL «¥ F| AT, 08F ,FO¢

INTEGER PLT,PRT,FRC,TOT,HaT ,E5T,PaR
YMIH =y T

IF (IFRCLEN,=1) YHIH1sAL NGB, 0))
IF [rrtr LT YTal) fHRINy eyl
I1s1=TvEeTy)

IV (FPAR, LG, 0N BT 1) RO T

l’whf

T)olbileleadheb (J,1).06T,YMaYX
), tFeyMItg) 60 Tn 2

937+ ([he]e2)/]1PD

—_.t.n
~ .

KEK+ ]

IF (MaETW1) LALL FPLOT(=2,a,F(J,1))
Cagl FPLAT (™, X, F{,1))

CorTy of

CaLl FEN IR

COMT I F

RET -

o
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Plotlin.f

SUBKRDTINE PLOTL T CIRUEY, Xsax, X" 1IN, YMAX, YHIN,SCALEX, TITLE, TYPE)

SUBROTINE FSTAGLISHES SCaLt, AXIS AWD LABELS FOR LINEAK PLOTTING
THE PR TS ASSUMFL TO O Bf a1l PUATTFR UNITS IN X DIRECTION AND
«4 CLNTTIOR ONITS I0 Y NIPECTION awaY FOPM THE PLOTTING ORIGIN
(s, Y1) 2> "RATTON OF THE PAPFR"
WHE L CALLED WITe:
1008x=n SCALE wilty BFE SET anp aXES wlil BE DRAWN AND LABELED
Tl seit SCALE a0 aXES Greln wILl BE SFT
14D X»? PEM #ILL BE RETUPNED TQ THE "BOTTOY OF THE PAPER" FQR
THE WEXT PLOT

X AX MAX TMUy VaLUE ON yepaXTs

2
XI5 e “TaVreUs val gl N x=aAX1S AND YeaXIS INTERCEPT
Y'ieka =z "MaXThuUr VALUE GI, vy=aXIS
YAl s ATuladis VapdE 0i y=aXT1S BUT INTERCEPT OF X=AXIS wWILL

aLAAYS PE AT ve(,
SCALEY = Tur MUy TIPLICATION FACTOR FOR THE LENGTH OF THE
xeAx]5, LENGTH 15 S _ «SCALEX PLOTTER UNITS PER USER UNITS
Yeax ]S 1S 4lL#AYS 5 PLOTTER UNITS HIGH
TITLFc1,7) & LITERAL TITLE OF THE PLOT
TITLE (P, 7) LITERAL TITLE w~HEN INDEX>P
TYPE (1, 12) LITERAL TYPF NF yNITS NW THE YeAXIS
TYRE (2, 1M VITERAL, BUT wWas WO FUNCTINON

OO0DOODOONDONDOOODODOOO 0N

REAL®» TITLE
DIMENSTA TITLE(2,7),TYPE(2,10),IDATE(6)
12 FORYMAT(FI17,1)
11 FORMAT (T A)
12 FORAAT( *,*11454 VERSION 2,2(4a2,*,°), 42,
a? RY , NAKICENAVIC?®)
13 FORMAT(1nad)
14 FORMAT(? *,TAR)
15 FOR™AT (¢ *,7(aB,* *))

IF CINBEX,5T.Y) 6O To |
o SET INITIAL DATA FOR PLOTTING

XMTHLSIFTX(XMTHN/132,) 210D
CHrex i THaXMI%]
IF (e GE.S2,) XMINIRXMIN|+5A,
XMAK1=IFTx (XxMAX/100,)Yx100
CHKsx"MaAx=X™AaX]
IF (LK GT,7,) XMaXl=xMaxie5Q,
TF (L 60,52,) X'TAX1EXNAX 450,
TF (Y TH E3,YMAY) YrAxsYMIne(C
IF (ABS(vy"IN) ,LEL ). F=5) YiTlisC
YHMIrttaymTy
YHAx]l=zyrAx
IF (Y"ax,93.2,) 50 TD 4
YMMzY'ay
TF (Y1 LT,.0,) YHiMzaYHM
GU T 4s

4a CHKsY"1Ax /10, %2l]
1€ (CHK 67,0,) CHAsCHK+D,999999
YMAX|SIFTX(CrHK)®1D, 2]l

46 IF (vr1n EQ.0.) 50 T 43
YMMz YT
IF (Y% 1LT,0,) YMYE=YHF

45 DO 41 I1=4,5
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Plotlin.f continued

11z}

IF (Y 4 E,1,) 1l==1

Crkzyii 17 wall

IF (CAx LT,10, .88 0hn GEy.) G 7T 42
di CONTInuF

I (Yav RE 1., A0, Y LT 1a,) T]=7
4e IF (v v EL,a85(Y14x)) 6C Tn a4

CHK3Y"Y /10 wnl]

1F (29 ,LT,.71,) CH+sC0HK=,999999

YMINLFLNAT(IFIX(Cr) ) ot an]]

Cowzyitpayyz7yl

IF (CHK AT 10, G840 1 CHRGGE ,YMTI0)) YMINYED,
43 CONTI g

YL=%,

Tys(YHAYE=Y“Inl) /7 (1%,)

Txe1?,

YS2YL/ (v AX=YMT 1)

X525, 2eSCALEX

MAXzIF Iy (X4A4X1)

MINZTF Ty (X™IN1)

PlE(MAYSMINY /LY

STEPYzan wlYevy™].]

YSTAzYvy 1=TYed, 7S

X3z T =9", /STALER

o

SET SCalf, XIS AN LAaAk[ THE':

CaLL SCagF(1.,1,,!
CajL FPLAT(1,0e,=!
CaLl SZatF(i1,,1,4,",
CaLy FPUNT(1,4,,2,.)

C IF INDEA<s DHLY BRIND THE AxLS

CALL SCALF(X3,Y53,Xx"INL,YMIND)
CaLl FGRIN(A, XxMTy, YMINL, Ty, M)

IF (TUNEX,LT,2) 60 10 6

DO 3 Jsretid,Hax,S0
XI=FLnaT(I)=la,/50A0LEX
CALL FCUARIXI,YSTA, 12,415,E,)
WRITE (7,11) I

3 CaLe PFRLAS(L

5 CALL FRET 01, x TN, YT, Ty, 1)

TF (IMNEX,T.0) 61 T8 2

DU u I=zy,n
STEPY=STrPYe2 »TY
IF (1.Eu.1.0R,1.Fh,6) 6O Tg 5
CALL FPLOT(=2,4111,STERY)
CaLL FPINT(=), X ax),5TEPY)
S STEPYVEQYEPY=(),"7TS5=TY
CalL Fopae (x391%,3TEPYV, 12,,15,2.)
ARITE(?,12) STEPY
4 CALL PFLas(y)
TITi=y, 18=YM8X1
CaLL FCHAR(X31,TITY, . 12,.15,7,)
WRITE (7,13) (TYPE(L,1),I=sq,1i0)
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Plotlin.f continued

CALL PFAGY)
TIT1=s],3%aY1Ax]
CaLe FCuAx(x"T L, TIT1,.12,,15.¢,)
WwRTTE 7,14y (TITLE(Y,1),1=20,7)
CaLi FFLAG(1)
CaLL FPLAT (=2, x™1H],Y"AX]L)
Ca_. o R (n,xtaXl,v4axy)
CaLi FPLAT (e, xAXY,¥YNI0g)
Cabe DATINE(IDATED
TITI=Yuyl=N,35aYi0X]
CALL Froadr(x~In1,TiT1,,12,,15,7,)
WRIYE (7,12) (ILATE(IT),I1=1,3)
CALL ©FLan(1)

2 RETUR-,

If InxnbExs?
o “OvE THE PE. K02 ThbE HNEXTY PLOT

1 TIiTiavuynle?, 27 aY AR
Calt Fruan(x”14y,TITL,.12,.15,0,)
WRITE (7,15) (TITLE(P,1),1=8,7)
Calt, PRy an ()
Caly FoUNT (T, x1akt, YINY)
CALL STalF (1., ia004s0)
Chf FOUOT (0,0,,=4,)
RET. R

Enp
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Plotlog.f

SUBRIITINE PLOTLAG(TINGEY , xMAx, YMTh, YMAX , YHIn, SCALEX, TITLE, TYPE)

SUBWOLOYTIC E3TAULISHES SCALE, AXIS AND LARELS FOUP L0OG £ (al0G)

Y=AXJS A LINFAM Xx=AX1S

FOF GRIN AYMD LABELS OF YaaxX1s SUBROUTINE YLOGA,F IS CALLED

THE PE 1S ASSUMEY TU BE el PLOTTER UNITS IN X DIRECTION AND

«3 PLATTER JHITs TN Y NISECTION awaY FROM THE PLOTTING DRIGIN

(X41:, ¢ (1) => "ANTINC GF THF PAPER"

wHE S CALLEN WITH:

TNz SZaLk JILL AFE SET AND AXFS wlLL RE DRAWH AND [ARELED

TNEXxed SCaLE aun axE5 GRIN WILL BE SET

IDEx>™ PErn 4ILL HE WETURNED TD THE "BOTTOM OF THE PAPER"™ FOR
THE HEXT PLOT WITH "PIGHTY YeaXIS LABELED AND TITLED

IHCEX=1 THE SaML AS WHEN INPDEX>0 BUT NO LABELS OR TITLE

YMAX 2 rAXIMUM VALUE ON x=aX15

XIh oz IATNUM VALIE 0% x=aXIS AND Y=aXIS INTERCEPT

YA = MAXTHJM VaLilE 0O v=aXIS (FOR PLOTTING % 1P3,)

YT g tINDe VALY DN veaXIS (FOR PLOTTING X B,01)

SCLALEx = Tdp MULTIPLICATYION FACTNR FOR THE LENGTH OF THE
Xoax1S, LENGTH IS5 5 «5CALfX PLOTTER UNITS PER JSER UNITS
Yel¥IS 15 ALWAYS § PLATTER UNITS AIGH

TYPP (3,17) = LITCRAL TYPe NF UNTTS ON THE "LEFT" Y=axIs

TYPO (2, 117) LTITERAL TYPF OF ynITS O THE "RIGHT™ CLOSING

-AXI>

LUTEy AL TITE UF THE PLOT

L ITERAL TITLE wdAFN INDEX>D

TITLE(1,7)
TITLE (2,7)

islsisNaNoNalaNaNaloaNaNalsNaNaaNaNeYaaRe ks Ra kel

"wao<n

REAL«R YITLF
GINENSINY TITLI(R,73,TYPOr2,17),INATE(b)

47 FORMAT 1+ )

53 FOR4aT (Fd,2)

6y FORMAT (14)

I FORMAT (7x,°1A°)

B FOPHAT 19x,1p)

90 FOR“AT (° *,°11aS4 VERSTION *,2(A2,°.°),4A2,
8° Ry ., NAKICFNOVIC®)

140 FORMAT (14 ,3(10X,E14.7))

102 FORAAT (* 7,19 (44))

11" FORMAY (° *,7(aR,* *))

122 FORYAT (* *,748)

[« SET TuITIAL DATA FOR PLATTING

AMINL2IRIR (XTI N/Z10 )y el
CHE 2 (M1 imx!" T }1
1F (Lo ,RF 52, ) xTh1sXMInN1+9),
AMAXLIEIF I (X14x/7170,) %120
CHraxMayaxitaxt
IF (CHK,GT,0,) XHAX1=XYMAX(*S50D,
1F (CHK,GT,50,) XMAX1aXMAX1e50,
YMMzEXp (YMTN)
11
IF (Yt GE 1, AND,YMM,LT 18,) 60 TO 4!
DO 4 1%1,5
CHAZYMuw1Z wal
16 (yan GT,1,) CHKaYMM/1D =al
IF (CHK,LE, 13,410, CAX,GF 1) 1137
4e ConNTINNE
41 YMINI=E] /10, xx]1]
JF (yMM GT,1,) YMINY=1C,%a]l



Plotlog.f continued

IF (v, tT,1,.) 1Is=11
T1=71=y

YHAX tmy] flaldan,

X211 0zyiT N =3 /0L FY
XZ TazxTuy=ar, /53041 FX
a4 T sy lned, /50ALFX
XMIhiy=y Tt ets,/75C0aLEA
SCxe 1, nPeSCALE)
Mre(ilAy =X 1) /00
YHM&EX]] xalLOGIYHAXT)
YHMIN wALDG Y] 1Y)
YLehing (,S5xy"Tii])
YLIBALNG (@, daxY" "] )
MaxsIfFry (xaxl)
PrtEIf T {xyln]

JF (IMDEXGT,0) G0 T 3a

C SET sCall, AKIS AND LABEL THEM

CALL SCALF(l,.0ler”aiiis)

CALL FoLOT(L,d,,=1u,)

Cart scalF{l.y1.s24/9%0)

Capt FpLNT(1,4,,2,.)

CA{L Y IGa(Y~ I if,Yax),¥Y"1%%1,4,5,,0,,X4IN1,8C%,8CY)
CALL FaRID(T, XxnIny,ylng,10,.,M)

c TF 100Exe™ ULY LRTD THE AAFS

IF (IHDER.LT ) 6D T g

DN T TeMln, X, 5"
XIEFLOAT(T)=16,/5CALEX
CALL FOHAR{XI YL, ,12,,15,0,)
WRITE (7,60) I

8 CaLl FPFLALCY)
DO 7 1z3,%
11811+
BEZY 1 Tv 1 a2 (]1=1)
BLL=ALAGAL)
CatL TCHARP(XIMIN,RLL,.12,.15/0,)
MRITE (7,70)
CaLL PFRLAG(!)
BEzBF»xy,3
BEL=ALNG (HE)
CAaLL FCHAR(XaMYH, R0, 412,,15,2,)
WRITE (7,80 I

7 CaLL PrLLnR(])
TIT A DG lYtART»h,)
CALL FCHAR(XZMTY, TIT1,.12,415,0,)
WRITE (7,127) (TYPE(1,1),124,10)
Catl PFLAGTY)

C FLUT EVERY SFCONI DECANY

YHIG=Yn] 4y

00 295 16=1,4d
YHIGLI=sYHIGeYHICG
YHIGLBALOG(YHIGT)

CALL FRLOT (1, X189y , YyHIGL)
Call FPLOT(2,X1aX],YnIGL)
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Plotlog.f continued

Poo2e 1723,3
YRIGLzvHIn142,xYill
YHIGLEA, DR 0Ye 101D
Lol FrLaY(r, «m]a), vufGL)
Call FPLUT(2,XMax1, 41010
2o COTINF
YHIGsYHTIG) T,
YHIGL2ALOG (YLD
Capl FpLuT (), xnl«y,Y9I60)
Cal.l FpLaT (e, xnaxt, YHIGL)
2% [ofs IR ATN1 4
CALL FRLUT (L, XNAX], YRIGL)
TITHs N, {vtaXtied )
CALL FLHAR(PNIN, T1TH, J12,,415,0.)
WRITE (7,327) (TITLE(1,h1),Kiz1,7)
Cail PFLAG(!1)
CALL NATIME(10£TE)
CaLl Fesap(xIg,Yiy,,.12,,15,8,)
WARITE (7,92) (INATE(RNZ),rn2=1,3)
CALL PFRiafi(l
9 CNuT it F
KETUR -~

L IF InnExs?
% GRIe, LARLE atin TITLE THL “RPIGHMT" vy=iX]S &ND
c MOVE THE PE: FOR THE NExT PLNOY

3y TITH=L AG (YT ne  OB)
Capl Frear(xtlng,TiTn, . 12,.,15,0.)
WETTE (7,117) (TITLE(P,KiV, k1=, )
CALL PFLAG(Y)
CaLl FPREOT (L, xMax], YHIt11)y
CALL vENGa(YMIn], YAAXL, YMINY,4,5,,2,,XHINL,S5CX,SCY)

¢ IF IrDE«=) Do 00T LABREL VR TITLE
IF (INBEX.EG,1) 60 T2 b

CaLL FrHar(xmItita, YMINIL, 12,,15,F.)
FMINEYTINY/(1.4YMIY)
wPITE (7,52) FHIn
CalLl PELAG(Y)
DO 17 1s81,9,2
YvasFy AT LY /710,
YLazapan (Yva/ (), =7VAa))
CALL FrHerexnIviti,YLa,,12,415,¢,)
WRITE (7,5u) Yva
CALL PFLAB(Y)
17 ConTIY urp
CALL FCHAR(XRIN11,YMAXIL, 12,,15,¢,)
FHAXEYMARNL/ (] ¢YITAXY)
WRITE (7,950) Fuax
CaLl PFLAG(])
AMOEXMINT+150,
TIT13A NG(YMaX b))
CaLL FCYAR(X3IMIN,TITY,,12,.15,2.)
WRITE (7,100) (TYPE(2,1),1%1.,10)
CALL PFLAG(1)
b CONTINYE
CALL FRLITCL,x07 31, viiIngL)y



Plotlog.f continued

CALL STt {iaeles aeiie)
Cai L r“l"'(‘,,b.,"“.\
KET U

£r
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