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COMPUTER LIBRARY FOR AGRICULTURAL SYSTEMS SIMULATION

The Computer Library for Agricultural Systems Simulation (CLASS) is
one of the four major activities of the Agricultural Sector Analysis
and Simulation Projects at Michigan State Unviersity under U. S.
Agency for International Development Contract AID/csd-2975. The
other three major interrelated project activities include theoretical
and methodological research, the Development Analysis Study Program,
and field activities, primarily in the Republic of Korea.

The project objective is to develop an approach to institutionalizing
an analytical capacity for planning, policy formulation, program
development, and project implementation for agricultural sector
development within the public decision making structure of developing
countries. A major component of the analytical capacity is a series
of system simulation models tailored to the needs of the individual
country. Much of the experience gained from the field activity and
the knowledge gained from the theoretical and methodological research
added to the present stock of knowledge about building and maintaining
analytical capacities for agricultural sector development can be
preserved and extended in the training provided through the Develop-
ment Analysis Study Program and in the stock of model, component, and
utility routine computer software documented in the Computer Library
for Agricultural Systems Simulation.

In full operation, the Computer Library for Agricultural Systems
Simulation (CLASS) acquires, catalogs, maintains and distributes
computer programs and associated documentaticn. These computer
programs are of generalized simulation models, components, and
routines designed specifically for the analysis of agricultural
development problems and processes. In particular, the library sets
standards of admissibility for programs and documentation; catalogs
and indexes programs and documentation so as to facilitate their
retrieval by users seeking a set of programs to be used in a specific
problem analysis; and distributes programs and documentation to users.

To enhance the effectiveness of the library, its functions also

include identifying and soliciting needed models; actively bringing
programs and documentation up to the library's standards; and

providing limited consultation in identifying and implementing
appropriate library programs for a particular application. A subsidiary
function of the library in conjunction with the identification and
solicitation of models is to survey and catalog ongoing research in
agricultural systems modeling and simulation.

The CLASS document publication series is the main vehicle for informing
potential users of the substance of CLASS holdings and activities.

July, 1976 George E. Rossmiller
Director
Agricultural Sector Analysis and
Simulation Projects



PREFACE

Very frequently in simulation work, particularly with socloeconomic
systems, the situation arlses that one system varlable Is to be causally
related to another; and either an explicit mathematical function is not
known or one cannot be reasonably assumed. Often, however, experimental
results, direct observation of the real system, or expert opinion can at
least specify corresponding point values of the dependent and Independent
variables. Examples are birth and death rates as functions of nutrition;
projections of production, prices, and other variables as functicns of
time, i.e., where these variables are treated as inputs to a model rather
than as endogenously determined system variables; and labor force parti-
cipation rates as functions of real wage rates, unemployment rates,
education, etc.

The method of interpolation between these specified points depends
on the particular problem and the number of observations that are avail-
able. Two points may be connected by a straight line or by a curve with
a constant growth rate. |f there are more than two points, a continuous
polynomial may be the most realistic way of connecting them, because the
path between two points usually depends on the points beyond those two.
However, in many cases a straight line interpolation is quite sufficient.

This publication provides a set of documentations on four table
functions: TABEL, TABEX, TABUL, TABUX. In all four routines straight-

line interpolation is used between known points values of a dependent

vii
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variable. Table 1 summarizes the distinctive features of each routine
In terms of (a) the spacing of the point values of the independent
variable, and (b) the mode of extrapolation outside the range of known
values.

TABEL and TABEX handle cases in which there are equal Intervals
between the known values of the independent variable; TABUL and TABUX
handle cases in which there are unequal intervals. Beyond the
specifled range of TABEX and TABUX, straight line extrapolation Is
used, where the slope of the Iine is the same as that of the last
segment within the specified range; beyond the specified range of TABEL
and TABUL extrapolation is limited to end point values.

The last three columns of Table 1 show the compile and execution
central processor times and core storage required by the table functions
on Michigan State University's CDC 6500 computer with its FORTRAN Extended

(Version 3.0) compiler and operating under HUSTLER 2, MSU's version of

CDC's SCOPE 3.2 operating system.

0=
=«
O=>
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CLASS Document

", Symbolic Name 2. Name 3. Type 4. Version No.
' and Date
TABEL ‘ Table Function with Equal Intfervals routine 1A
and Limited Extrapolation 6/1/75

TABEL Abstract

Component TABEL is a table look-up function which approximates
an unknown explicit mathematical function relating two variables by
a linear interpolation between known (or assumed) point values of
the dependent variable (the output) corresponding to equally spaced

values of the independent variable (the input). Extrapolation beyond the

specified range is limited fo end point values.

Inputs to TAREL include a set of pcint values for the dependent
variable, the smallest value of the independent variable, and the
difference between successive values. To use the function, a value
for the independent variable must be supplied; and the resultinag
output is the corresponding value for the dependent variable.

TABEL requires 70 decimal words of core storage and .25 milli-
seconds to execute on a CDC 6500 computer.

Related routines, which feature limited extrapolation and/or
arbitrary spacing of the independent variable, are TABEX, TABUL, and

TABUX.
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{. Process Description

Very frequently in simulation work, particularly with socioceonomic
systems, the situation arises that one system variable is to be causally
related to another; and either an explicit mathematical function is not
known or one cannot be reasonably assumed. Often, however, experimental
results, direct observation of the real system, or expert opinion can at
least specity corresponding point values of the dependent and independent
variables. Examples are birth and death rates as functions of nutrition;
projections of production, prices, and other variables as functions of
+ime, 1.e., where these variables are treated as inputs to a model rather
than as endogenously determined system variables; and labor force parti-
cipation rates as functions of real wage rates, unemp loyment rates,
education, eftc.

The method of interpolation between these specified points depends
on the particular problem and the number of observations that are avail-
able. Two points may be connected by a straiaht line or by a curve with
a constant growth rate. |f there are more than two points, a continuous
polynomial may be the most realistic way of connectina them, because the
path between two points usually depends on the points beyond those two.
However, in many cases a stralaht line interpolation is quite sufficient.

TABEL is a table look-up routine specifically designed for the case
where: (1) point values of the dependent variable are known (or assumed)

tor equally spaced values of the independent variable; (2) straight-line

interpolation is used between points; and (3) extrapolation
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of the dependent variable beyond fhe specified range is limited to end

point values. TABEL is based on Llewellyn's TABLIE routinc [11.

It. Technical Description

A. Mathematical model
Figure 1 illustrates the relationships among the varlables and

parameters appearina in the equations below. To use a concrete example,
assume the curve in Fiqure 1 gives the growth rate Y of a populaticn as a
function of temperature X relative to some base temperature.

The computation of the output Y falls into three cateqorics, dependinq

on the value of the input X:

(1) if VX, <X < VXi4q, then

Y= VY, + oo (X = VX))
X = VX,
= VY, 4 e (Wi - VY, ielt, 2, .., k=1}
(2) if X < VXy, then
Y o= VY,
(3) if X > VX, then
V = VY
Kk
where:
X = the current value of the independent variable (the input to

TABEL)--i.e., relative temperature

= the corresponding value of the dependent variable (fhe output
of TABEL)--i.e., The population growth rate

—<
1
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The TAREL Table Look-Up Function
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the iJrh specified value of the independent variable¥

in =

VY; = the ith specified value of the dependent variable

DX = +he constant dependent variable interval,¥* VX; - VXio1» i = 2,000y K
i = indexes the data points, i =1, ..., k.

Notice that for Xé[VX1, ka], Y is set equal to the respective end point
value, VY] or VYk.

TABEL is one of a set of four table look-up routines (Table 1) which
cover situations where straight-line extrapolations are made byeond the
specified range and/or unequal intervals of the independent variable are
used.

B. Sample run

The output for a sample run of TABEL appears in Figure 3. (TAREL
dues not write any output itself.) For the sample run, the example
fol lowed above is used; that is, the percentage growth rate of a popula-
tion is assumed to be determined as a function of relative temperature,
where relative temperature is defined as the difference between amhient
temperature and some base value (Fiqure 2). Growth rates are assumed known
at five-degree temperature intervals, and TABEL tinearly interpolates between
these points as shown in Figure 2. For example, if temperature is 12.5

degrees, the arowth rate is computed fo be 4% per unit time. Percentage

*The equal interval feature of TABEL allows efficiencies in the
computer programming (see the program |ist and The TABEL Program
Documentation). Instead of requiring all k values for VX;, i =1, ..., k,
TABEL only requires values for VX,, DX, and k. VX; is then found from
in:\IX]+DX'(i“1), i=1, csey K.
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growth rates are determined in the fest program by TABEL for temperatures
(the first column in Figure 3) at the mid-points of the specified intervals
and outside the specified range.

The last three columns of Table 1 show the compile and execution
central processor times and core storage required by TABEL (and the
other table look-up routines for comparison) on Michigan State University's
CDC 6500 computer with its FORTRAN Extended (version 3.0) compiler and

operating under HUSTLER 2, MSU's version of CDC's SCOPE 3.2 operating

system.
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" -r
Percentage
Growth
5 — ,//////
4 —_— . — - — — _— - - /-—X'//
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Figure 2

TABEL Sample Run Table Function
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FELATIVE SROLTH
TEMFERATLIRE FATE

-1e.5 -3 .00
-7.5 -5 .00
—-2.9 -1.40

] 1.010
73 2.5
12.5 4,00
17.5 SL0n
22 .5 11.00

Figure 3

TABEL Sample Run Output
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Ill. Proqaram Information

A. Program Description

TABEL was programmed and tested in the followina oneratina environment:

Machine: CDC 6500

Operating system: MSU HUSTLER 2 L239 LSD32--an extension of

CDC SCOPE 3.2

Compiler: CDC FTN V3,.0-P357

Core requirements: 70decimal words

CP compile time: .285 seconds

CP execution time: .25 milliseconds

Tapes: none

Direct access files: none

FORTRAN |ibrary subprograms used: none

TA3EL consists of a single function subproaram which calculates the
approximate value of a single mathematical function for a given value of
the independent variable by linear interpolation between specified points

of the function. No COMMON blocks are used.

B. Proaram Implementation
All input is transmitted throuah the argument list. The single output
value is transmitted throuch the function name TABEL,
VAL must be dimensioned to at least K in the callina program., The
following must also be true:
K> 1

DIFF > 0

C. Program Lists

The function TABEL and the program used for the sample run are listed

below:



FROGFAM TETTEZCOUTRUIT
DIMEMZION HARFGCS WHL LT

DATH WALL < -2« =&, 0.

DATAR ARG« ~12.9. =7 .5 -2,

DATA THALL sDLFF < =10, S.
FRINTZO
00 &0 1=1.%

[ 1

TABEL.-10

S ! S 11. .
1y X8 TLSs 1803 LTS 22.9

YHLT = THEEL CWYHL L ST s MAL L DIFF s ARG T oy

FRIMTAL 2 AHFS T AL L

TONTIMUE

ITOF

FORMAT ¢ THY « 134 SHFELAT IVE » 2
4HRATE -

FOFMAT 204 +F7 . 1aF1S.2 0

ENT!

AreHEROWTH 13 L LTHTEMPERATURE s 74 »
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FUNCTION TRAEBEL CVWAL ok s SMALL s DIFF o ARG Y

TITLE - TRELE FUMCTION WITH EQURL IMTERVAL S AND LIMITED
EXTRAPDLATION

YERZION - 1A
DATE - 1 MIMHE 1375

PURFOZE - TO CALCULATE THE AFPRO<IMATE WALUE OF A MATHEMATICAL
FUNCTION FOR A SIVEM «9LJE OF THE IMDEFENDENT VARIAELE
B¢ LINEAR IMTERFOLATION BETWEEW ZFECIFIED FOINTS OF THE
FUMCTION.

INPUT RERUIREMENTZ

WALUELE TRANIZMITTED THROUGH THE ARGUMENT LIZT -- DIFFs Ko
EMALL s WALCT o ARG

VARIABLEE PEAUIRING ¢ALLEZ WHICH WILL HOT CHAMGE DURING R RUN
-= DIFFs K ZMALLs WALCT

WRARTABLES FEQUIRING WALUES WHICH MAY CHANGE DURIMG A RUN
—— HARG

QUTPUT “'ARIAEBLEZ

THE ZINGLE OUTPUT WALUE 1T TRAMIMITTED THROUWEH THE FUNCTION
MAME» THEEL.

VAR IRELE DEFINITIONE

DIFF - THE COMMON DIFFEFENCEs IM UNITZ OF THE IMDEFENDENT
ARGLUMEMT s BETWEEM ADJACEMT «ALUEZ OF THE INDEFENDENT
ARGUMENT FOR WHICH THE FUNCTION YALUE 13 ZFECIFIED.

k. - THE NUMBER OF ZPECIFIED FOINTT OF THE FUNCTIDN.
IHITLEZE .

EMALL - THE EMALLEET YALLE OF THE INDEFENDENT ARGLUMENTs IN
UNITZ OF THE IMDEFEMDENT ARSIUMEMT « FOR WHICH THE
FUNCTIOW “WALLE 12 TPECIFIED.

YALCIY - AN ORDERED ARFRAY COMTAINING THE IFECIFIED FUNCTION
MALWEZ IN UMITE OF THE DEFENDEMT VYARIRELE.
CRUNCTION WALLE

AARG - THE “YALUE OF THE INDEPENDENT ARGUMENTs IM UMITS OF THE
INDEPENDENT ARGUMEMT « FOR WHICH THE FUNCTION IS TO BE
EVALLUATED,

DIMENZION ALK

UM = “ARG - ZMALL

IFCDUM LT, 0.0 DUM = 0,

IFCIIM W3T. FLOATCK-12@BIFFY DM = FLOAT K-13eDIFF

I = 1. + DUM-DIFF

IFCT LER. K2 T = K-

THBEL = WALCID 4 COVALCI+LY - YALCI 2 <DIFFYecDUM - FLOATCI-10e
+ DIFF>

RETLIEN

EMD
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Reference

[1] Llewellyn, Robert W., FORDYN: An Industrial Dynamics Simulator
(Ralelgh, North Carolina, 1965).
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SipiboLac Name 2. Name 3. lype 4. Vers«on ivo.

TABEX

and Date
Table Function with Equal routine 1A

Intervals and Extrapolation

TABEX Abstract

Component TABEX is a table look-up function which approximates
an unknown explicit mathematical function relating two variables by
a linear interpolation between known (or assumed) point values of
the dependent variable (the output) corresponding to equally spaced
values of the independent variable (the input). Beyond the specified
range, a straight-line extrapolation Is used, where the slope of the
line is the same as that of the last segment within the specified
range.

Inputs to TABEX include a set of point values for the dependent
variable, the smallest value of the independent variable, and the
difference between successive values. To use the function, a value
for the independent variable must be supplied; and the resulting
output is the corresponding value for the dependent variable.

TABEX requires 56 decimal words of core storage and .21 milli-
seconds to execute on a COC 6500 computer.

Related routines, which feature |imited extrapolation and/or
arbltrary spacing of the independent variable, are TABEL, TABUL,
and TABUX.
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1. Process Description

Very frequently in simulation work, particularly with socioceonomic
systems, the situation arises that one system variable is to be causally
related to another; and either an explicit mathematical function Is not
known or one cannot be reasonably assumed. Often, however, experimental
results, direct observation of the real system, or expert opinion can at
least specify corresponding point values of the dependent and independent
variables. Examples are birth and death rates as functions of nutrition;
projections of production, prices, and other variables as functions of
time, l.e;, where these variables are treated as inputs to a model rather
than as endogenously determined system variables; and labor force parti-
cipation rates as functions of real wage rates, unemployment rates,
education, etc.

The method of Interpolation between these specified points depends
on the particular problem and the number of observations that are avail-
able. Two points may be connected by a straight line or by a curve with
a constant growth rate. |f there are more than two points, a continuous
polynomial may be the most realistic way of connecting them, because the
pa®h between two points usually depends on the points beyond those two.
However, in many cases a straight line interpolation is quite sufficlent.

TABEX Is a table look-up routine specifically designed for the case
where: (1) point values of the dependent variable are known (or assumed)

for equally spaced values of the independent variable; (2) straight-line

Interpolation is used between points; and (3) straight-line extrapolation
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of the dependent variable is used beyond the specified range. TABEX Is

based on Llewellyn's TABEXE routine [1].

ll. Technical Description

A. Mathematical model

Figure 1 illustrates the relationships among the variables and
parameters appearing In the equations below. To use a concrete example,
assume the curve In Figure 1 gives the growth rate Y of a population as a
function of temperature X relative to some base temperature.

The computation of the output Y falls into three categories, depending

on the value of the input X:

(1) 1f VX, < X < VXj4q, then
VY. - VY,
i+1 e
Y = VYi + V};:;“:*V%i (X = VX;)
X - VXi
= VY + gy (Wi - VYD), ie{1, 2, ..., k-1}
(2) 1f X < VX,, then
VY, - VYI
= + —— -
Y VY' VX2 " VXI (X VX‘)
X - in
= VY, + e (VYy = VYy)
(3) if X > ka, then
VY, - VY
k k=1
= VY O SN, .l -
Y = VY, + VR = VR (X = VX,)



TABEX-3

| | L {
] i 77 ] i
VX4 VX, VXt VX
DX
Figure 1

The TABEX Table Look-Up Function
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) X = VX _
= VY, + A A Y

where:

X = the current value of the independent variable (the input to
TABEX)--i.e., relative temperature

Y = the corresponding value of the dependent variable (the output of
TABEX)--i.c., the population growth rate

in = the (Th specified value of the independent variable*
VYi = the i*h specified value of the dependent variable

DX = the constant dependent variable inTerQal,* in - in—l’ i=2,000y Kk

i = indexes +the data points, | =1, ..., k.
Notice that for Xd[VXl, VXk], Y is extrapolated beyond the range using the
slope of the last segment within the range.

TABEX is one of a set of four table look-up routines (Table 1) which
cover situations where cxtrapolations are {imited to end point values and/
or uncqual intervals of the independent variable are used.
B. Sample run

The output for a sample run of TABEX appears in Figure 3. (TABEX does
not write any output itself.) For the sample run, the example fol lowed
above 15 used; that is, the percentage growth rate of a population Is
assumed to be determined as a function of relative temperature, where

relative temperature is defined as the difference between ambient temperature

*The equal interval feature of TABEX allows efficiencies in the
computer proaramming (see the program |ist and the TABEX Proaram
Documentation). Instead of requiring all k values for VXis i=1, ooy K,
TABEX only requires values for VXy, DX, and k. VX, is then found from
VXj = VX t OXeli = 1), i =1, «0v, Kt
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and some base value (Figure 2). Growth rates are assumed known at five-
degree temperature intervals, and TABEX linearly interpolates between

these points as shown in Figure 2. For example, if temperature is 12.5
degrees, the growth rate Is computed to be 4% per unit time. Percentage
growth rates are determined in the test program by TABEX for temperatures
(the first column in Figure 3) at the mid-points of the specified intervals
and outside the specified range.

The last three columns of Table 1 sho& the compile and execution
central processor times and core storage required by TABEX (and the other
table look-up routines for comparisoﬁ) on Michigan State University's
CDC 6500 computer with its FORTRAN Extended (version 3.0) compiler and
operating under HUSTLER 2, MSU's version of CDC's SCOPE 3,2 operating

system,



|

Percentage
Growth

TABEX- 6

Relative Temperature ———»

Fiogure 2

TABEX Sample Run Table Function
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Figure 3

TABEX Sample Run Output
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Itl. Program Information

A. Program Description

TABEX was programmed and tested in the following operating environment:

Machine: CDC 6500

Operating system: MSU HUSTLER 2 L239 LSD32--an extension of

CDC SCOPE 3,2

Compiter: CDC FTN V3.0-P357

Core requirements: 56 decimal words

CP compile time: .222 seconds

CP execution time: .21 milliseconds

Tapes: none

Direct access files: none

FORTRAN library subprograms used: none

TABEX consists of a single function subprogram which calculates the
approximate value of a single mathematical function for a given value of
the independent variable by linecar interpolation between specified points

of the function. No COMMON blocks are used.

B. Prcgram Implementation
All input is transmitted through the argument list. The single output
value is transmitted through the function name TABEX.
VAL must be dimensioned to at least K in the callina program. The
following must also be true:
K> 1
DIFF > 0

C. Program Lists

The function TABEX and the program used for the sample run are |isted

below:
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TABUL Abstract

Component TABUL is a table look-up function which approximates
an unknown explicit mathematical function relating two variables by
a linear interpolation between known (or assumed) point values of
the dependent variable (the output) corresponding to arbitrarily
spaced values of the independent variable (the input). Extrapolation
beyond the specified range is |imited to end point values.

Inputs to TABUL include a set of point values for the dependent
variable and a corresponding set of values for the independent variable.
To use the function, a value for the independent variable must be supplied;
and the resulting output is the corresponding value for the dependent
variable.

TABUL requires 59 decimal words of core storage and .26 milllseconds
to execute on a CDC 6500 computer.

Related routines, which feature extrapolation and/or equal spacing
of the independent variable, are TABEL, TABEX, and TABUX.
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I. Process Description

Very frequently in simulation work, particularly with socioeconomic
systems, the situation arises that one system variable is to be causally
related to another; and either an explicit mathematical function is not
known or one cannot be reasonably assumed. Often, however, experimental
results, direct observation of the real syster, or expert opinicn can at
least specify corresponding point values of the dependent and independent
variables. Examples are birth and death rates as functions of nutrition;
projections of production, prices, and other variables as functions of time,
i.e., where these variables are treated as inputs to a mode! rather than
as endogenously determined system variables; and labor force parT{éipaTion
rates as functions of real wage rates, unemployment rates, education, etc.

The method of interpolation between these specified points depends.
on the particular problem and the number of observations that are available.
Two points may be connected by a straight line or by a curve with a constant
growth rate. [|f there arc more than twe points, & continuous polynemial
may be the most realistic way of connecting them, because the path between
two points ucually depends on the points beyond those two. However, in many
cases a straight line interpolation is quite sufficient.

TABUL is a table look-up routine specifically designed for the case
where: (1) point values of the dependent variable are known (or assumed)

for arbitrarily spaced values of the independent variable; (2) straight-

line interpolation is used between points; and (3) extrapolation is |imited

to end point values., TABUL is based on Llewellyn's TABEL routine [1].
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Il. Technical Description

A. Mathematical model

Figure 1 illustrates the relationships amona the variables and parameters
appearing in the equations below. Tc use a concrete example, assume The
curve in Figure 1 gives the growth rate Y of & pcpulation as a functicn of
temperature ¥ relative tc some base temperature.

The computation of the output Y falls into three categories, depending

on the value of the input X:

(1) if in < X i_VXi+], then
Wi oYY,
Y = VYi +M (X - in) ie{1, 2, ..., k-1}
i+1 i
(2) if X < VX;, then
Y = VY]
(3) if X > ka’ then
Y = VYk

where:

X = the current value of the independent variable (the input to
TABUL)-~i.e., relative temperature

Y = the corresponding value of the dependent variable (the output
of TABUL)--i.e., the population growth rate

VX,
i

vy

the ifh specified value of the independent variable

the iTh specified value of the dependent variable

i indexes the data points, i ~ 1, ..., k.

Notice that for X{[VX], VX, ], Y is set equal to the respective end point

kl’

value, VY] or VYk'
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Figure 1
The TABUL Table Look-Up Function
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TABUL is one of a set of four table look-up routines (Table 1) which
cover situations where straight-line extrapolations are made beyond the
specified range and/or equal intervals of the independent variable are used.
8., Sample run

The output for a sample run of TABUL appears in Figure 3. (TABUL does
not write any output itself.) For the sample run, the example followed
above is uscd; that is, the percentage growth rate of a population is
assumed to be determined as a function of relative temperature, where
relative temperature is defined as the difference between ambient
temperature and some base value (Figure 2). Growth rates are assumed
known at the plotted points and TABUL linearly interpolates between
these points as shown in Figure 2. For example, if femperature is 6.5
degrees, the growth rate is computed fo be 3% per unit time. Percentage
growth rates are determined in the test program by TABUL for temperatures
(the firet column in Fiqure %) at the mid-points of the wpecitied intervals
and outaide the pecifiod range.

The last three columns of Table 1 show the compile and exccution
central processor times and core storage required by TABUL (and the other
table look-up routines for comparison) on Michigan State University's
CDC 6500 computer with its FORTRAN Extended (version 3.0) compiler and

operating under HUSTLER 2, MSU's version of CDC's SCOPE 3.2 operating

system.
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I1l. Program Information

A. Program Description

TABUL was programmed and tested in the following operating environment:

Machine: CDC 6500

Operating system: MSU HUSTLER 2 L239 LSD32--an extension of
CDC SCOPE 3.7

Compiler: CBC FTN V3.0-P357

Core requirements: 59 decimal words

CP compite time: 259 seconds

CP execution time: .26 milliscconds
Tapes: none

UDirect access files: none

FORTRAN [ibrary subprograms used: none

TABUL consists of a sinale function subprogram which calculates the
approximate value of a single mathematical function for a given value of
t+he independent variable by |inear interpolation between specified points
of the function. No COMMON blocks are used.

B. Program Implementation

All input is transmitted through the argument list. The single
output value is transmitted fthrough ihe function name TABUL.

K must be greater than 1. ARG and VAL must be dimensioned fo at
least K in the cal ling program. ARG must be arranged in ascending order,
i.e., each element must be greater than the preceding one.

C. Program Lists
The function TABUL and the program used for the sample run are

listed below:
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PROGEAM TITTEZCOUTPUT )

DIMENZION ARGOTY oALL L7 s 4ARISE S

DATA RARE ~ -10,s =-3,, =2, s L. d. 3.

DATA YALL » =2,y =7, S s T d.s 2.

DATA HARG « -12.s 3,8 =S,¢ =1.. <2y 2.9y B.Ss 11.5 -

PRINTZ2O
DO a0 I=1.2
VALY = TAEBUL VAL L » 7 s ARG s ARG T 30
FRINT s ZARECT 0 o fYALL
50 CONTIMUE
=TOP
20 FDRNHT(IHIsl?HsSHRELHTI?EsSﬁséHGPDMTHf19EsIlHTEMPEPﬂTUREs?%s
+ FHERTE <
1 FOPMAT 20 F7 L aF LS. 20
END
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FURHCTION THREUL CWYHL sk s 1R s AHRIG D

TITLE - TRELE FUNMCTIONW WITH UHEXMEL INTERVALEZ AMD LIMITED
EXTRAPOLATION

YERZION - 1A
DRTE - | JUHE 1375

PURPOZE - TO CALCULRTE THE AFPROAIMATE YALUE OF A MATHEMATICAL
FUNMCTION FOR A GIWEM wALUE OF THE INDEFENDENT VARIRELE
BY LIMERR INTERPOLRTION EBETWEEM ZPECIFIED POINTZ OF THE
FUMCTION.

INFUT REQUIREMEMTE

YALUES TRANZMITTED THROUGH THE ARGUMENT LIZT -- ARGIINs Ko
VAL O T D o SRARG

YARTABLES REGUIRIMG WALUEDT WHICH WILL MOT CHANGE DURING A RUN
—— ARGCIN s K WALCTD

WARTAELET PEOUIRIMG wALUET WHICH MAY CHAMSE DURING A RN
—— ARG

OUTFUT YHRIRELEZ

THE ZINGLE OUTPUT «ALUE IZ TRANIMITTED THROUGH THE FUNCTION
NHME « THREUL.

YHRIAELE DEFIMITIOME:

ARGCI? - AN ORDERED ARRAY COMTAINING THE ZPECIFIED “YALUEZ OF
THE IMDEPEMDENT ARGUMENT S IN UNITE OF THE INDEPEN-
DEMT ARGUMENT . CAFGUMENT ALUEDY.

k. = THE NUMEER OF ZFECIFIED FOINTZ OF THE FUMCTION.
UNITLEEE.

VAL I - AN ORDERED ARREAY COMTAIMIMG THE IPECIFIED FUNCTION
VALUEZ IN UNITE OF THE TEFEMDENT “ARIAELE.
CRUMCTION VRALULE

AHRE - THE YALUE OF THE IWMDEFENDENT ARGUMENT. IN UMITE OF THE
INDEFENDENT ARGUMEMT » FOF WHICH THE FUONCTION IZ TO BE
EYALURTED.

DIMENIION ALK sRRIGOK
DM = ARRG _
IFCDUM 3T, ARGOR 2 Tudm
IFCDIIM LT. ARGCL 22 DM
DO 10 I=2sK
IF (DM 5T, ARGCIX»E0 TO 10
TRBUL = VALCI-10 + COWALCT Y = VYALCI-130-CRARBCIY - ARGSI-123 e
+ CDM - ARGCTI-1 00
RETUFN
10Q CONTINLIE
END

AR CE D
ARG D
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Reference

[1] Llewellyn, Robert W., FORDYN: An Industrial Dynamics Simulator
(Raleigh, North Carolina, 1965).
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TABUX Abstract

Component TABUX is a table look-up function which approximates
an unknown explicit mathematical function relating two variables by
a linear interpolation between known (or assumed) point values of
the dependent variable (the output) corresponding to arbitrarily
spaced values of the independent variable (the input). Beyond the
specified range, a straight-line extrapolation is used, where the
slope of the line is the same as that of the last segment within the
specified range.

Inputs to TABUX include a set of point values for the dependent
variable and a corresponding set of values for the independent variable.
To use the function, a value for the independent variable must be supplied;
and the resulting output is the corresponding value for the dependent
variable.

TABUX requires 46 decimal words of core storage and .22 milli-
seconds to executeon a CDC 6500 computer.

Related routines, which feature |imited extrapolation and/or
equal spacing of the independent variable, are TABEL, TABEX, and TABUL.
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|. Process Description

Very frequently in simulation work, particularly with socioeconomic
systems, the situation arises that one system variable is to be causal ly
related to another; and either an explicit mathematical function is not
known or one cannot be reasonably assumed. Often, however, experimental
results, direct observation of the real system, or expert opinion can at
least specify corresponding point values of the dependent and independent
variables. Examples are birth and death rates as functions of nutrition;
projections of production, prices, and other variables as functions of
time, i.e., where these variables are treated as inputs to a model rather
than as endogenously determined system variables; and labor force parti-
cipation rates as functions of real wage rates, unemp loyment rates,
education, etc.

The method of interpolation between these specified points depends
on the particular problem and the number of observations that are avail-
able. Two points may be connected by a straight line or by a curve with
a constant growth rate. |f there are more than two points, a continuous
polynomial may be the most realistic way of connecting them, because the
path between two points usually depends on the points beyond those two.
However, in many cases a sfraight line interpolation is quite sufficient.

TABUX is a table look-up routine specifically designed for the case
where: (1) point values of the dependent variable are known (or assumed)

for arbitrarily spaced values of the independent variable; (2) straight-|ine

interpolation is used between points, and (3) straight-line extrapolation
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of the dependent variable is used beyond the specified range. TABUX is

based or Llewellyn's TABEX routine [1].

Il. Technical Description

A. Mathematical model

Figure 1 illustrates the relationships among the variables and
parameters appearing in the equations below. To use a concrete example,
assume the curve in Figure 1 gives the growth rate Y of a population as a
function of temperature X relative to some base temperature.

The computation of the output Y falls into three categories, depending
on the value of the input X:

(1) 0f VX; < X < VXj4q, then

Wigr - VY,
Y = vy, + VS VX, (X - VXi) ie{1, 2, ..., k-1}
i+1 !
(2) if X< VXy, then
Y=, o+ 27
= [ L -
b vX, - VX !
2 1
(3) if X > ka, then
VY = VY
Y = VY, + o (X - VX, )
k ka - ka_]
where:
X = the current value of the independent variable (the input to
TABUX)~-i.e., relative temperature
Y = the corresponding value of the dependent variable (the output
of TABUX)--i.e., the population growth rate
VX: = the ith specified value of the independent variable
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VX

The TABUX Table Look-Up Function
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th

VY, the | specified value of the dependent variable

i
indexes the data points, T - 1, ..., k.

i
Notice that for Xf[VX1, VXk], Y is extrapolated beyond the range using
the siope of the last segment within the range.

TABUX is one of a set of four table look-up routines (Table 1) which
cover situations where extrapolations are limited to end point values and/
or equal intervals of the independent variable are used.

B. Sample run

The output for a sample run of TABUX appears in Figure 3. (TABUX does
not write any output itself.) For the sample run, the example followed
above is used; that is, the percentage growth rate of a population is
assumed to be determined as a function of relative temperature, wherc
relative temperature is defined as 1he difference between ambicent
temperature and some base value (Figure 2). Growth rates arc assumed
known at the plotted points and TABUX linearly interpolates between
these points as shown in Figure 2. Ffor example, if femperature is 6.5
degrees, the growth rate is computed to be 3% per unit time. Percentage
growth rates are determined in the test program by TABUX for temperatures
(the first column in Figure 3) at the mid-points of the specified intervals
and outside the specified range.

The last three columns of Table 1 show the compile and execution
central processor times and core storage required by TABUX (and the other
table look-up routines for comparison) on Michigan State University's
CDC 6500 computer with i+ts FORTRAN Extended (version 3.0) compiler and

operating under HUSTLER 2, MSU's version of CDC's SCOPE 3.2 operating

system,
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FELRTIVE PrONTH
TEMFEFRATLURE FHTE
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Figure 3

TABUX Sample Run Output
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Ill. Program Information

A. Program Description

TABUX was programmed and tested in the following operating environment:

Machine: CDC 6500

Operating system: MSU HUSTLER 2 L239 LSD32--an extension of

CDC. SCOPE 3.2

Compiler: CDC FTN V3.0-P357

Core requirements: 46 decimal words

CP compile time: 187 seconds

CP execution time: .22 milliseconds

Tapes: none

Direct access files: none

FORTRAN library subprograms used: none

TABUX consists of a single function subprogram which calculates the
approximate value of a single mathematical function for a given value of
the independent variable by linear interpolation between specified points
of the function. No COMMON blocks are used.

B. Program Implementation

All input is transmitted through the argument list. The single
output value is transmitted through the function name TABUX.

K must be greater than 1. ARG and VAL must be dimensioned to at
least K in the calling program. ARG must be arranged in ascending order,
I.e., each element must be greater than the preceding one.

C. Program Lists

The function TABUX and the program used for the sample run are

ltsted below:
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PROGRAM TITTRZ(OUTPL &

DIMENZION ﬂpbf?J-VHLlfn)! ARFEG O

DATA ARG ~+ -10. —2.s —C.» Das 1. 4. F.o-

DATA “RL1 -~ "-:4.! =Ty 2o 0. S 3. 2. 7

DATR XARG ~ -12.s =9.,s =5, -1.» e 2.9y A.5s 11.5

PRINT3O
DO &0 I=1,3
YYALL = TABUACYALL o7 ARG ¢ 4AR G0 ] 30
PRINTA1 s AARGCI Y oYVALL
50 CONTINUE
=TOP
30 FDRMHT(IHIsl?%sEHRELHTlvEsSﬁséHERUwTHfl?H-llHTEMPERHTUREs?Ks
+ AHRATE~ »
21 FORMAT (20X sF7.15F15.2%
END



FUHCTION TRELACYAL sk s ARG o ARRIS
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TITLE - TAREBLE FUMCTION ITH UMEOUAL INTERWALE AND EXTRAPOLATION

YERZION - 1A
DATE - 1 JUME 1975

PURFOZE - TO CALCULATE THE AFPROAIMATE VALLE OF A MATHE
FUMCTION FOR A SIVEMW wALUE OF THE INDEPENDENT
BY LIMEAR INMTERPDOLATIOM BETWEEN =PECIFIED POI
FUMCTION.

INFUT REDUIREMENTE

YALUEZ TEANZMITTED THRDUGH THE ARGUMENT LIZT -- ARG
VALY I » o« ZARG

YAHRIRELES REQUIRIME WHLUE: wWHICH WILL NOT CHARNGE DU
-— ARGCIYy K YAHLOTDD

VARIREBLEZ REQUIRING WALUEZ WHICH MAY CHANGE DURING
-— ARRA

OQuUTPUT YARIABLEX

THE ZIMGLE OUTFUT YALUE I% TRANIMITTED THROUWSH THE
MAME s THELU-.

YARIARELE DEFINITIONE

RAEGCIY = AN ORDERED AFERY CONTRINING THE TPECIFIED
THE INDEFEMNDENT ARGUMENT. IH UHITE OF THE
DENT ARGUMENMT ., CARSUMEMT YALUE>.

k. -= THE MUMEER OF :PECIFIED FOINMTE OF THE FUNCTION.
LUNITLEZE.

YALCIY - AN ORDERED ARRRAY COMTRINING THE ZPECIFIED
VALUES IN UNIT: OF THE DEFENDEMT YARIAEBLE.
CRUMCTION “WALUE?

WHFG - THE YALUE OF THE INMDEPEMDEMTY ARGUMENTs IN LN
INDEPENDEMT ARSUMENT . FOR WHICH THE FUNMCTION
EVALURTED.

DIMENZION ALK ) sARIGOE
ng 10 Jd=2.k
IFCARRG JLE. ARGOID Y SO TO 20
COMTINUE
) = K

MATICAL
YARIARBLE
NT= OF THE

CIde Ko

FIND A RUN

A RUN

FUNCTION

YRLUEZ OF
IMDEPEN-

FUNCTION

IT: OF THE
Iz TO BE

%HBU? = VALCI=10 4+ COVAL G = VALCI-1 D SCRRGB DY - ARBCI=-1000e

CHAREG - ARGOI-100
RETURN
ENT
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Reference
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Manual," Claudia S. Winer anc Chris Wolf. (July 1976).

"Policy Analysis Language, Version 2.3, Guide to
Using a PAL Program," Claudia S. Winer and Chris Wolf.
(July 1976)

"DEMOGC: Demography with Distributed Age Cohorts,"
Michael H. Abkin and Chris Wolf. (July 1976)

"DEMOGD: Demography with Discrete Age Cohorts,"
Michael H. Abkin and Chris Wolf. (July 1976)

“Distributed Deiay Routines: DEL, DELS, DELF, DELLF,
DELVF, DELLVF," Michael H. Abkin and Chris Wolf.
(July 1976)

"Table Functions: TABEL, TABEX, TABUL, TABUX," Michael
H. Abkin, Chris Wolf, and Tom W. Carroll. (July 1976)

"AGACC: Accounting Routine for the Agricultural
Sector," Dennis Pervis and Chris Wolf. (July 1976)

"User's Guide for the Beef Cattle Enterprise Simulation
Model," Michael R. Jaske. (July 1976)

"User's Guide tc SYSOPT: An Interactive System
Optimization Computer Program," Marcus Buchner.
(August 1976)





