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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
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and methodological research, the Development Analysis Study Program,
 
and field activities, primarily in the Republic of Korea.
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countries. A major component of the analytical capacity is a series
 
of system simulation models tailored to the needs of the individual 
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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, c;omponent, and 
utility routine computer software documented in the Compiter Library 
for Agricultural Systems Simulation. 

In full operation, the Computer Library for Agricultural Systems 
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computer programs and associated documentation. These computer 
programs are of generalized simulation models, components, and
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standards of admissibility for programs and documentation; catalogs
 
and indexes programs and documentation so as to facilitate their
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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 tile main vehicle for informing 
potential users of the substance of CLASS holdings and activities. 

July, 1976 George E. Rossmiller
 
Director
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PREFACE
 

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 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, 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. If 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
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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
 

specified range of TABEX and TABUX, straight line extrapolation is
 

used, where the slope of the line 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 .5.0) compiler and operating under HUSTLER 2, MSU's version of
 

CDC's SCOPE 3.2 operating system.
 

M. H. A.
 
C. J. W. 
T. W. C.
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CLASS Document
 

3. Typc 4. Verion No.S(inboeic Name 2. Name and Date 

Table Function with Equal Intervals routine 1A
TABEL 

6/1/75
and Limited Extrapolation 


TABEL Abstract
 

Component TABEL i5 i able 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 to end point values.
 
Inputs to TAPEL include a set of pcint values for the dependent
 

variable, the smal lest value of the independent variable, and the
 
To use the function, a value
difference between successive values. 


for the independent variable must be supplied; and the resulting
 

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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I. 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
 

nutrition;
variables. Examples are birth and death rates as functions of 


functions of
projections of production, prices, and other variables as 


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
 

the particular problem and the number of observations that are avail­on 


able. Two points may be connected Dy a straight line or by a curve with
 

If there are more than two points, a continuous
a constant growth rate. 


polynomial may be the most realistic way of connectinq them, because the
 

path between two points usually depends on the points beyond those two.
 

interpolation is quite sufficient.
However, in many cases a straight line 


TABEL is a table look-up routine specifically designed for the case
 

(I) point values of the dependent variable are known (or assumed)
where: 


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


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


point values. TABEL is based on Llewellyn's TAB.IE routine [111.
 

II. Technical Description
 

A. 	Mathematical model
 

Figure 	I illustrates the relationships among the variables 
and
 

To use a concrete example,
in the equations below.
parameters appearina 


Fiqure 	 i qives the qrowth rate Y of a populatiGn as a 
assume 	 the curve in 

function of temperature X relative to some base temperature.
 

dependinl

The computation of the output Y fails into three categori

c, 


on the value of the input X:
 

(1) if VX < X < VXi+1, then 

VY - VYi
 

+ - - VXi )
Y = 	 VY SVX i+1 - V xi 
X 

x -	Vx i 
ic{1, 2, ... , k-li}

VYi + 	 DX (VYi+l - VYi), 

(2) 	if X < VX1 , then
 

Y = VY1
 

(3) 	 if X > VXI, then 

V = VYk 

where:
 

X = the current value of the independent variable (the input to
 

TABEL)--i.e., relative temperature
 

Y = 	the corresponding value of the dependent variable (the output 

of IABEL)--i.e., the population growth rate 
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Figure 1
 

The TAUEL Table Look-Un Function
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VXi the I
th 

specified value of the independent variable*
 

VYi = the ith specified value of the dependent variable
 

DX = the constant dependent variable interval,* VXi - VXi_ I, i = 2,..., k
 

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

to the respective end point
Notice that for XJ[VX I, VXkI, Y is set equal 

value, VY, or VYk. 

one of a set of four table look-up routines (Table 1) whichTABEL is 


situations where straight-line extrapolations are made byeond the
cover 


intervals of the independent variable are
specified range and/or unequal 


used.
 

B. 	Sample run
 

The output for a sample run of TABEL appears in Figure 3. (TABEL
 

does not write any output itself.) For the sample run, the example
 

followed 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 lemporaluro is defined as the difference between ambient 

2). assumed knowntemperature and some base value (Fiqure Growth rates are 

at five-degree temperature intervals, and TABEL 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
 

*The 	equal interval feature of TABEL allows efficiencies in the
 

computer programming (see the program list and the TABEL Program
 

Documentation). Instead of requiring all k values for VXi, i = 1, ..., k,
 

TABEL only requires values for VXI, DX, and k. VXi is then found from
 

VXi = VX 1 + DX(i - 1), i =1, ..., k.
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growth rates are determined in the test 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 I 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.
 



TABEL-6
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Figure 2
 

TABEL Sample Run Table Function
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RELATI\VE G'RO.dTH 
TEMPERATURE RATE 

-12.5 -i-.O00 

-7.5 -5.00
 
-2.5 -1 .0)
2.5 i . 011 

7.5 2.5': 
12.5 4.01-1
17?.5 8.0 0 

22.5 11I. 01 

Figure 3 

TABEL Sample Run Output
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Ill. Program Information
 

A. Program Description
 

TABEL was programmed and tested in the following onerating environment:
 

Machine: CDC 6500
 
Operatino 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 library subprograms used: none
 

TADEL 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. 	Prooram Implementation
 

All input is transmitted through the argument list. The single output
 

value is transmitted throuoh the function name TABEL.
 

VAL must be dimensioned to at least K in the calling 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:
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TABEI.- 0
 

PRF1GPOM TZ.T T _:.'FlUTPIJ T
 
D I MEH7' I OIFH R. "I Q;'%.'AL I: -7"
 
DTRTFIHL1 " -.E.. , , ., . . . 1I1.
 
DATA ::APG -1'.5i -7.59 -:'.5%, .5. 12 .5 17.5, 2.5
 
DAT A L [.11 FF I...- ,
7I'l . 
P P I T ' 

"'.A'L = FIE:ELI1..'FII. 1 I'. .L iIFF ... P ;, I 'j 

PP Ir1 ?1, :FIF', I '. I
 
-OHT I NUE
 

TO P
 
FO RMAT I HI,I -?19 , :.:H ELAA I '.-'E :-v ,.HlPli.,1 T . 9::.,1 1H TEMPEPIATURE 7:,:' 

+ 4HRi'TE 1 
FOPMAT :2 ',A: - 15 .C.?.,7 I. F 

EHDt
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FUNCT I ON TABEL (VAL , K SMRLL. DIFF YARG', 

TITLE - TABLE FUrICTION IITH E'QUAL INTERVAL:. AND LIMITED
 

EXTRAPOLAT ION 

'V,'ER::ION - 1A, 

DATE - I JUNE 1975 

PURP0:E - TO CALCULATE THE APP.O',IMPTE VALUE OF A MATHEMATICAL 
FUNCTION FOPRAIVEri '"LUE OF THE INDEPENDENT VARIABLE 
BY LINEAR IrNTERPF'OLiIONr BETIIEEN PECIFIED POINT:: OF THE 
FUNCT I ON. 

INPUT REQU IREMENT:
 

V,"ALUE. TRANSMITTED THROUGH THE ARGUMENT LIST -- DIFF. K, 
"_.MALL., ',,'L,(I l K:,
".:F'G
 

VARPIABLES PEQUIRING A'LLE W,.IHICH WILL NOT CHANGE DURING A RUN 
-- DIFF, K .MALL. ,AL( I::, 

'V'RPIABLE:". REQ..UIFIrIG VALUE: WJlHICH MAR CHANGE DURIrG A RIN 
-- :XARG 

OUTPUT 'A'ARIABLE: 

THE :INGLE OUTPUT VALUE I:: TPRANMITTED THROUGH THE FUNCTION
 
NAME: TABEL. 

VARIABLE DEFINITION:
 

DIFF - THE COMMON DIFFERENCE, IN UNIT.: OF THE INDEPENDENT 
ARGUMENT, BETW.EErN AD'JACENT ,AUEi OF THE INDEPENDENT
 
ARGUMEriT FOR ,HICH THE FLINCTION 'V'ALUE I. .PECIFIED.
 

K:- THE NUMBER OF .PECIFIED POINT- OF THE FUNCTION. 
uN ITLE::. 

S:MALL - THE ..MF.LLE.T VALUE OF THE INDEPENDENT ARGUMENT, IN 
UNIT:S OF THE INDEPENDENT RPGUIMEIT, FOR WHICH THE 
FUNC:TION VALUE I. .:FECIFIED. 

VALKI) - AN ORDERED ARRAY CONTAINING THE ::PECIFIED FUNCTION 
VALUE:: IN UNIT. OF THE DEPENDENT VARIABLE.
 
(FUNC TION VRLUE'',
 

XARG - THE VALUE OF THE INDEPENDENT ARGUrIENT, IN UNITS OF THE 
INDEPENDENT RGUMENT, FOR WHICH THE FUNCTION I:: TO BE
 
EVALUATED.
 

DIMEN ION VAL::K:
 
DUM = :..RRG - SMALL
 
IF(DUM .LT. 0.) DUM = 0.
 
IF('DUM .GT. FLORTK:I-..DIFF) DUM = FLOAT,(K-I :'DIFF
 
I = 1. + DUM/DIFF
 
IFv I .E'. K.) I = K-i
 
TABEL = VALI: + ,(VAL::I+I - VAL<I::,'.,/DIFF*'.I:DUM - FLOAT(I-I.'.',
 

+- DIFF.
 
RETURN 
END
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Reference
 

[1] 	 Llewellyn, Robert W., FORDYN: An Industrial Dynamics Simulator
 

(Ralelgh, North Carolina, 1965).
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T.S~pnba. Name 2. Name T"pe. V3. 

TABEX Table Function with Equal routine 1Aand Vate 
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 CDC 6500 computer.


Related routines, which feature limited extrapolation and/or

arbitrary spacing of the independent variable, are TABEL, TABUL,
 
and TABUX.
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I. Process Description
 

Very frequently in simulation work, particularly with socloceonomic
 

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, 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. If there are more than two points, a continuous
 

polynomial may be the most realistic way of connecting them, because the
 

pa9h between two points usually depends on the points beyond those two.
 

However, In many cases a straight line Interpolation is quite sufficient.
 

TABEX Is a table look-up routine specifically designed for the case
 

where: (I) 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 TAGEXE routine [L].
 

II. 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) If VX i < X < VXi+, then
 

VYi+ 1 - VYi
 
y=Myi + V (X - MXi)
 

X - VX. 
VYi + DX (VYi+ 1 - VYi), i{1, 2, ... , k-l 

(2) if X < VX1 , then 

MY2 - VYl
 

Y = VY1 + V 2 VXI (X - VXI)
 

X - VXI
 
= VY1 + (VY2 - VY1 )
DX
 

(3) if X > VXk, then 

VYk - VYk_1
 
Y = VYk + VYk - VXk_1 (X VXk)
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VY( k ) 

VYk -

I , 
vx1 

VY3 

xY 3II 
1 vx2 

I 
/ ,-

DX 

I 
A- x4 vxP.-I 

I 
VXk 

vy 

Figure 1 

The TABEX Table Look-Up Function 

I
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VY Xk (VY VYk 


k DX k k-1
 

where:
 

the current value of the independent variable 
(the input to
 

X 

TABEX)--i.e., relative temperature
 

Y the corresponding value of the dependent variable 
(the output of
 

rateTABEX)--i.e., the population growth 

the Ith specified value of the independent variable*
 VX1I 
th
 

the dependent variable
VY. = the I specified value of 

- VX1 1, i = 2,..., k the constant dependent variable interval,* VXi
DX = 


= indexes the data points, I =, ... , k.
i 


Notice thai for Xe[VX i, VXkJ, Y is extrapolated beyond 
the range using the
 

slope of the last segment within the range.
 

four table look-up routines (Table 1) which
 TABEX Is one of a set of 


cover situations where extrapolations are limited to end point values and/
 

intervals of the independent variable are used.
 or unequal 


B. Sample run
 

The output for a sample run of TABEX appears 
inFigure 3. (TADEX does
 

For the sample run, the example followed
 not write any output itself.) 


a population Is
 
above is used; that is, the percentage growth rate of 


assumed to be determined as a function of relative 
temperature, where
 

relative temperature is defined as the difference between ambient temperature
 

feature of TABEX allows efficiencies in 
the
 

The equal interval 


computer programming (see the program list and the TABEX Program
 
= 1, ..., k,

Documentation). Instead of requiring all k values for VX i, i 

DX, and k. VXI Is then found from
 

TABEX only requires values for VXI, 


VXi = VX, + DX.(i - 1), i = 1, ... , k.
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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 Iscomputed to be 40d 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 show the compile and execution
 

central processor times and core storage required by TABEX (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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Percentage 
Grbwth 

5 

-10 

I 
-

3­

2 

2 -

0I 1 
5 

I I 
10 12.5 15 

Relative Temperature -. 

I 
20 

-

-8 
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TABEX Sample Run Table Function
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Ill. 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
 
Compiler: CDC FTN V3.O-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 linear interpolation between specified points
 

of 	the function. No COMMON blocks are used.
 

B. 	Prcoram 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 calling program. The
 

following must also be true:
 

K>I
 

D!FF > 0 

C. Program Lists
 

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

below:
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FUNCT ION. 

I HPUT U:E'UI RE ETI! 

','LES TRFI.MITTED THR:OIU3-i THE AR3UEHT LIST -- DIFF,, K, 

VRAFIF..IH LES F..E:.I R::INGi'. 'FL I. S .IHICH ,ILL rO" C:HFHGE DURIN.G A l.i 

','AF: I HI:,E .ES'I.II.Ii:; ''FL __.A '.,I. ::HNiGE DL F RUHI '.H i'1,t" ING 

OITF'UT 'RIABLES 

THE :INGLE JTPUT V'iLUE IS TRAIMITTED' THPOU:UH THE FIHC:TION 

'ARIBI'LE D-FIHIT I,:']" 

ri FF - THE COMi:jr LiiPFE:E'I"-. I KlliIT'T THE I,"iDEF'ENDENT0" 
H .IR iI=.ll, PEl..lEH 9= R...l I :..UE OF THE I EPENLE T 
ARG'_' E T F[]4 ,iH1'. IH '-' '.A.Hi I - i .I.';T I,-hON II ''PECIFIED 
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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 limited 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 milliseconds
 
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 system, or expert opinion can at
 

least specify corresponding point values of the dependent and independent
 

variables. Examples functions of
are birth and death rates as 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 participation
 

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. If there aro 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.
 

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 limited
 

to end point values. TABUL is based on Llewellyn's TABEL routine [I].
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I1. Technical Description
 

A. Mathematical 	model
 

Ficure 1 illustrates the relationships amona 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 / relative to some base temperature.
 

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

on the value of the input X:
 

(1) 	if VX < X < VXW, then
 

VYi+ - VY
i
 

y = VY + V+ i+1 - VY i (X - VX.) iE{1, 2, ..., k-i) 
I Xi+1 - Xi
 

(2) if X < VX1 , then 

y = VY 1
 

(3) if X > VXk, 	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 = the ith specified value of the independent variable 
th 

VY. = the i specified value of the dependent variable 

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

Notice that for XI[VX1 , VXk', Y i5 set equal to the respective end point 

value, MY1 or VYk '
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The TABUL Table Look-Up Function
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TABUL isone of a set of four table look-up routines (TaDle 1) which
 

cover situations where straight-line extrapolations are made beyond the
 

specified range and/or equal intervals of the independent variable are used.
 

B. 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 usecd; that i';, 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 temperature 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 TABUL for temperatures
 

(tfhe first coluni in Figure 5) al fhe mid-poins (if [h(, ,pecifird iriterva ls, 

,nd oit ',.id.-! th, df(,dr rl( . 

The last three columns of Table 1 show the compile and execution 

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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Ill. Program Information
 

A. 	Program Description
 

TABUL was programmed and tested in the following operating environment:
 

Machine: CDC 6500 
MSU HUSTLER 2 L239 LSD32--an extension ofOperating system: 

CDC SCOPE 3.2
 

Compiler: CDC FTN V3.0-P357 
Core requirements: 59 decimal words
 
CP compile time: .255 seconds
 
CP execution time: .26 milliseconds
 
Tapes : none
 

Direct access files: none
 
FORTRAN library subprograms used: none
 

TABUL 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 he function name TABUL.
 

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 TABUL and the program used for the sample run are
 

listed below:
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PROGRAM T..TTB'3(OLITPUT)::
 
DIME :I N A.'GI.7) ,",LI ,.7::' F.*C 'E:
 
DATA ., -10.,rRP - ,., -. :-., 
 1., 4., 9. /
DATA VAL1 .. -3.. -7., ., 0. .5. 4., ..o
 
DATA :'3 .1., -1., -5., -1, .5, 2 .5 .5 11 .5
 
PR INT9 0
 
DO 60 I=I ,1
 

'YVAL1 = TABIUL (VAL 1 7 , .f3,;.AR,(I) 
PRINT9 1 !:.FRG,: I:,., Y'AL I 

60 CONTINUE 
-TOP 

9 0 FORMAT 1HIH p1 ,I.HRELFtT I '."E, ._:::.HR 1.TH...-1 9 11 HTEMPERFTURE .T.., 
+ 4HRATE.) 

91 FOPMAT,: C0:.. F7 .1.,F15 .p., 
END 
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FUNCTI ON TABUL(YAL ,K .ARi , :lG'!R:') 

TITLE - TABLE FUrC:TION ,..ITH 'JNEOUAL INTERVPL3. AiND LIMITED 
EXTRAPOLAT I ON 

VERSION - IA 

DATE - I JUNE 1975 

PURPO:*E - TO CALCULATE THE APPROXIMATE VALUE OF A MATHEMATICAL 
FUNCTION FO. A GiIVEN'ALUE OF THE INDEPENDENT VARIABLE 
BY LINEAR INTERPOLFTIO EET.IEEI PECIFIED POINT- OF THE ..

FUNCT ION.
 

IMPLIT PEi.'UIPEMENT:­

'VALUE: TFAN.:MITTED THROUGH THE APGUMENT LI.T -- ARG(I., K 
VFL (I :' ARG 

,,'AIALE:. RE.UIRIHG ',,'ALUE7. WHIC:H W,ILL NOT CHANGE DURING A RUN 
-- ARG' , ::'*, 'v ,..IK 

V'AR IABLE:".. EiXII IiG 'ALLjEr- WHICH MAr CHANGE DUFRING A RUN 
-- :,KRPG
 

OUTPUT VARIELE-: 

THE SINGLE OUTPUT YALUE 1 TRAN:tIITTED THROUGH THE FINCTION 
NAME, TABUL 

VAR I ABLE DEFINITIO: 

ARG:.I) - AN ORDERED ARRAY -ONTAINING THE -.PECIFIED VALUE:S OF 
THE INDEPENDErIT AR'.GUMENTi IN lJiNIT: OF THE INDEPEN-
DENT APGUMENT. oAR''JMENT -,,ALUE). 

K - THE NUMBER OF .-.PECIFIED POINT.; OF THE FUNCTION. 
Ur41ITLE.U.::. 

VAL(I) - AN ORDERED ARRAY COrITAINING THE SPECIFIED FUNCTION 
VALUES IN IJIT7S OF THE DEPENDENT 'ARIABLE. 
(FUNCTION VALUE) 

XARG - THE ',,'ALUE OF THE INDEPENDENT ARGUMENT, IN UNITS OF THE 
INDEPENDENT ARGUMENT, FOP IsJHIC:H THE FUNCTION IS TO BE 
EVALUATED.
 

DIMENSION VAL(K) ,ARG'TK)
 
DUM = ',XARG
 
IF ( DUM .GT . AR K.. D'JM = AF.'G (W.
F K. 

IF(DUM .LT. ARG(1)) DUM = ARG,:1)
 
DO 10 I=2,K
 

IF (DUM .GT. AFRG I)':s GO TO 110
 
TABUL = VAL(I-I) + (.VAL(I) - VAL(I-I) !(AF.3(I) - ARG(I-))).


+ ,:D1UM - AR. 1 " 

RETURN
 
CONTINUE
 
END
 

10 
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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 limited extrapolation and/or
 
equal spacing of the independent variable, are TABEL, TABEX, and TABUL.
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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 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, 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. 
 If 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.
 

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-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. TABUX is
 

based on Llewellyn's TABEX routine [1].
 

II. Technical Description
 

A. Mathematical model
 

Fiqure I illustrates the relationships among the variables and
 

parameters appearing in the equations below. 
 To use a concrete example,
 

assume the curve 
in Figure I 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) if VXi < X < VXi+I, then
 

VY W - VYi 
Y = VYi + VX - VX. (X - VX i) iE{1, 2, ... , k-li}

i+1
 

(2) if X < VXI, then 

VY2 - VYI
 
Y = VY1 + - (X - VXI)
VX2 - VXI
 

(3) if X > VXk, then
 

y = VYk+ VYk - VYk-I (X - VXk)
 

k VXk - VXk I
 

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
 

VXi = the ith specified value of the independent variable
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The TABUX Table Look-Up Function
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=
VY.
I 

the ith specified value of the dependent variable 

i = Indexes the data points, I - 1, ... , k. 

Notice that for XI[VX I, VXk], Y is extrapolated beyond the range using 

the slope 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, where 

relative temperature is defined as ihe differonce between ambion-1 

temperature and some base value (Figure 2). Growth rates are assumed 

known at the plotted points and TABUX linearly interpolates between 

these points as shown in Figure 2. For example, if temperature 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 I 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 Siate 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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TABUX Sample Run Output
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IlI. 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
 

listed below:
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PROGRAM T:3TTBS(OUTPUl) 
DIMEN: ION ARG(7)' VALi(7),.AFRG(8
DATA ARG / -10., -8., -2, 
DATA VALI / -8.. -7., :3.,
DATA './XARi. -12., -9., -5., 

0.. 
0.., 

-1., 

1., 
.5, 
.5, 

4.q 
4., 

2.5, 

9. . 

2. . 
6.5, 11.5 . 

PRI NT 90 
DO 60 I=I ,8

YVAL I TABU .X(YAL 1 , 79ARG,;AP"_ : I::')
PRITl , AR ( I ) YVAL 1 

60 CONTINUE 
:3TOP 

90 FORMAT(1Hi .'19X 8HRELAT I VE .8,, q6HCROWJTH 
+ 4HRATE/) 

..19'.11jHTEMPERATURE. 7X, 

91 FORMAT(2OX,F7.1,F15.2) 
END 
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FINCT I ON TABU ('AL , RAG, ,..A'G 

TITLE - TABLE FUNCTION W.ITH IJrIECIUAL INTERVAL.: AND EXTRAPOLATION 

YER'.ION - IA 

DATE - 1 JUNE 1975 

PURPO.E - TO CALCULFiTE THE APPROX.IMATE VALUE OF A MATHEMATICAL 
FUNCTION FOR A GIV,'EN VALUE OF THE INDEPENDENT VARIABLE 
BY LINEAR INTERPOLATIOti BETWAIEEN .:PECIFIED POINT3 OF THE 
FUNCT I ON. 

INPUT REOUIREMENT.. 

VALLIE:' TRANMITTED THROUGH THE ARGUMENT LI.:T -- ARG(I), K, 
VAL( I .', 

'ARIABLES REQUIRING VALUE7' ,IHICH .iILL NOT CHANGE DURING A RUN 
-- ARG(I, K! YAL (I) 

V'ARIABLE.3 REQUIRING YALUE. ,i.jHCH MAY CHANGE DURING A RUN 
-- :ARG 

OUTPUT VA P IABLE'-

THE ._INGLE OUTPUT VALUE IS: TRAN.:MITTED THROUGH THE FUNCTION 
NAME ; TABLO; 

VA.'RIABLE DEFINITION... 

ARGI) - AN ORDERED ARRAY C:ONTAINING THE 7SPECIFIED VALUES OF 
THE INDEPENDENT APGUMENT, IN UNIT.S OF THE INDEPEN-
DENT AF.GUMENT. (APG,_MENT VALUE). 

K - THE NUMBER OF S.PECIFIED POINT.--; OF THE FUINCTION. 
IJr ITLE'S:, 

VALI) - AN ORDERED ARRAY C7:NTAINING THE SPECIFIED FUNCTION 
VALUES.: IN UNIT-_ OF THE DEPENDENT VARIABLE. 
(.FUrNCT I ON VALUE) 

XA'RG - THE VALUE OF THE INDEPENDENT AR'GUMENT. IN UNITS OF THE 
INDEPENDENT ARGUMENT FORlkHICH THE FUNCTION IS TO BE 
EVALUATED.
 

DIMENSION VAL(K) .,ARG,:., 
DO I: J=2:, ' 

IF(XARG ,LE. ARG( J.'.''GO TO 20 
10 CONTINUE 

J= K 
20 TABU:A' = VAL(J-1) + ('VAL,(J - VAL.J-1))./(ARG(J) - ARG (J-1)))* 

+ (:<ARG - AP. J- 1 
RETURN
 
END
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