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" AUTOMATIC INTERPOLATOR ™
A FORTRAN PROGRAM
- ToR :
INTERPOLATION

By
K.J. Sheh & V.R. Choksi

Physical Research Laboratory
Ahmedabad-~-380009

ABSTRACT

This note représeﬁts Lagrangian Form of Interpolat-
ing Polynomial to the single and multi-dimensional cases to
interpolate single and multivariate tables. In case of
periodic functional array, a Trigonometrical Interpolation
is performed by using Hermit's Formula. A general software
package named "Autometic Interpolator® based on the above
method has been developed in FORTRAN X and tested on
DEC-1090 system. The Program can be utilised to interpolate
single and multiveriate arrays. A complete documentation
of the Program and instruction set for execﬁtion are provided.
The Program is available in compiled form on System Disk, at

the Computer Center of PRL, Ahmedabad.

1. INTRODUCTION

In this article, we describe basis of Interpolation
and an alpgorithm to interpolate single and multivariate
arrays tabulated at equidistant or unequidistant arguments

for finite interval,



A Dbrief description of the basis o? interpolation
and its importance are presented in Section 1.1, Section
1.2 describes Numerical Algorithm and Section 1,3 presents

characteristics of the Numerical Process.

1.1 Interpolation:

Interpolation can be defined.as an art of reading
bétween the lines of a table. -In low level mafhematics9
Athe term usually denotes the process of computing inter-
mediate value of a functional array. In higher mathematics,
the term denotes the replacement of Function of complicated

nature by simple one,

In practical problems of Physics? Interpolation is
frequently used to deal with function whose analytical form
is either totally unknown or else the function is of such a
commlicated nature that it cannot be easily subjected to
arithmatical operations. Also, in order to .reduce comput-
ational éfforts over a certain interval, in some cases, it
may be required to resort to interpolate, even though

analytical representation of function is known.

o

There are several formulae for Numerical Interpola-
tion, namely Forward, Backward and Central difference
Formulae. Among these, most of the formulae are for

equidistant argument. But Lagrange's Interpolation Formula



3.

can be used Tor eqguidistant as well as unequidistant arguments
and Inverse Interpolation. Also, it is more convenient for
computer programming relative to time consumption and memory

requirement.

1.2 Numerical Algorithms

In the theory of Interpolation, a complicated funct-
ion is replaced by a polynomial or ﬁrigonometrié series.
This functional substitution is justified by the following

stated theorems proved by Weierstrass in 1885,
Theorm 1

Every continuous function in interval (a, b), can be
represented by a Polynomial to assign - degree of closeness
i.e. for arbitrarily chosen - ~x 0, there erist a Polynomial

P(x) such that for every x ¢ (a, b),

P F(x) - PO 2L €

Theorem 2:

Bvery continuous function F(x) of period 2 can

be represented by a finite trigonometric series in the form’
n -

g(x) =a_ + . ¢a. . sin ix + b,.cos ix ' ,

L s (.

such that ! ©(x) . g(x) ! 4. &



Let one variable functional array be tabulated at (n + 1)
pairs of points (Xi R Fi), i=1, 2 .0seo nt1 . The approxi-
: ' P

mate Lagrangian 5 Interpolating Polynomial passing

through above noints is piven by

n n X - x.
Po(x) = 7 T e—l F(x.) + R
n i£7 j=dix-x * n
&i J
1= ]
no &xe-x)
Where R = v O )
i=1 n i
(x_ <. 5, L X )

is the remainder tOTM. oo cocooooooensll)

If the given functional array is periodic the approximate
Hermite's Trigonometric Interpolating Polynomial passing
through above noints is given by

n n Sin(¥ - Y.)
J_ F(x.) +R
i n

Pn(x) = :
1= §o=1
1=t j

where Rn 18 as above i esecccan oo oo(1a)
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In case of multi-dimensional arrays, one can adopt

above Lagragian's Torm of Interpolating Polynomial.
this process, we hold one variable constant, write
of Lagrangian Polynomials for interpolation at the

value of the other variable and then combine these

a final Lagrangian form. Resulting

In
a series
given
values in

expressions for arrays

of two and three variables are respectively as follows:

Y - Y.,
op np ( J) np
Polx,Y) = L i e
| =1 et (€= Y ke
14}
+ R, where R_ is remainder
n n
np np (Z - Z.) np
Ekﬁv,Y,Z) = %W '@?TfEJT g
14 i=1 J:’] 1 J _].{:1
i#]
np np
T (x - x)
=" n=1 (X~ Xﬂ)
m#n
Where Rn is remainder

np (x - Xl? < )
W ————— PF(x,,Y.
! s ki
1=1 (Xk— Xl?
k#1
. cocoean (2)
np (X - 1)
T =
i=1 (lkm X“D
k;’ll.
F(X,, Y, 2.) + R
oooooooooooo . (3)
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In case of Periodic arrays for two and three vari-
ables, Hermite's Trigonometrical Interpolating formulae are

-respectively as follows:

8in(Y¥ - Y.) np  np  Sin(X - X))

np  np ok NP
Py (%, 1) '"'j_?‘}ﬁa' 24 " Lﬁ’l '
= = . V - = L= . -
43 Sin(¥- Y e Sin(- %)
F(¥, ¥;) + R N €29
np np Sin(z - Z.) np np Sin(¥ - Y,)
. 1 '-':,:" ™ ¥ J .;...‘ ‘—im:”' l‘
PH(X9Y9Z) = T' ' T 12::] L".’”l o _
i=1 j=1 8in(Z.~ Z.) =0 osin(y, -Y))
/ 1 J 1{7!1 £ L
i#1 a
np  np  Sin(X - Xn)
T .P(X, Y, Z)+R
m="1 n=1 sin(X - X.) m? "k? i n
m#£n me i

uuuuuu coeoaeal3a)

The program evaluates the interpolated value by
using BEgqn. (1) or Eqn. (2) or Ean. (3) according as the input
array 1is one, two or three dimensional; In case of periodic
array, it evaluates the interpclaeted values by virtue of
Egn. (1a), Bgn. (2a) or Egn. (3a) according as the inout
array is one, two or three dimensional. The program selects
Deg. + 1 consecutive array elements with center value for '

which interpolation is needed.,
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1.3 Characteristics of Numerical Process:

The program arranges the given functional arrays in
ascending order. Then, according to the linear or periodic
mode, supplied by the user, the program performs polynomial
or trigonometrical interpolation respectively, with the given

degree of freedom,

In case, the nature of functional array is many to
one in the neighbourhood of interpolating point, it assigns

the unique value as the interpolated value.

2. DOCUMENTATION OF TER PROGRAM

This section describes the contents of the program.

2.7 Definition of the Program:

SUBROUTINE MTITP (V, IC, JOSC, MT, N, X, Y, XIP, YIP,

9

z, 23, ZIP, W, IDG)

9

2.2 Parameters of the Program:

N : (Real * L4, SCALAR, OUT-COMING) This
variable represents the interpolated
value for the given argument,

10C ¢ (INTEGER * L4, SCALAR, INMCOMING,‘INTACT)

It is decision making parameter



Indicates that given functional array

IC =0 :
is in dscending or decending order.
IC = 1 : Indicates that given functional array

is not in order.

JOSC s (INTEGER * L

+, SCALAR, IN-GOING, INTACT)
It is decision making parameter.
I0SC = ¢ indicates that Fﬁnctional array
is th periodic.
IOSC_: 1 indicates that Functional‘array
ie periddica |

MT : (INTEGER * L, SCALAR, IN-GOING, INTACT)
It is decision making parameter.
MT = 1 indicates that functional array
is of one wvariable.
MT = 2 indicates that funétional array
is of two variable.
MI' = 3 indicates that functional array

is of three variable,

DG (INTEGER * Y, SCALAR, IN-GOTING, INTACT)

oo

This variable indicates the degree of
freedom, which may attain value 2, 3, 4,

5, 6, 7 according to user's need.



XIP

YIP

(INLEGER * Y, SCALAR, IN-COING, INTACT)

This variable represents the

nunber of

points of the functional array.

(REAL * Y, ARRAY, IN-GOTING, DESTROYED)

This array represents the abscissa of

the Functional array.

(REAL * L4, ARRAY, IN.GOING, DESTROYED)

This array represents the ordinates of

functional array.
(REAL * L SCALAR, IN-GOING,
This variable represents the

which interpolation is to be

(REAL * Y, SCALAR, IN-GOING,
This variable represents the
which interpolation is to be
(to be used for two variable

array)

INTACT)
value for

performed.
INTACT)
value for

verformed

functional

(REAL * Y  ARRAY, IN-GOING, DESTROYED)

This two dimensional array represents

the Tunctional value of two variable

array.

the
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2.4,

Z2IP

W

=10 -

s (BEAL * L4, ARRAY, IN-.GOING, DESTROYED)
This array represents the normel co-ordi-

nates of the functional array.

s (REAL * 4, SCALAR, IN-GOING, INTACT)
This variable represents the value for
which interpolation is to be performed.
(to be used for three variable functional

array) .

(REAL * 4, ARRAY, IN.GOING, DESTROYED)

Y3

This three dimensional array represents
~the functional value of three variable

array.

General Characteristics of the Programs:

(a)
(b)
(e)

Language 3 FORTRAN X

Precision : Single, Double

Name of the subprogram called : SUBROUTINE
"ASCND' which arranges given functional array

in ascending order.

(a)

The program uges object~time dimension for

arrays.
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(b) User should sunply the arguments in the CALL
statement according to the explanation given

in section 3.

(e¢) User should supply number of points of the

functional srray not less than six.

(@) 1In case of inverse interpolation abscissa and

ordinate should be interchanged.

(e) 1In case of double precision requirement, user
should call the program as ‘DMIITP!, and all
real parameters should be defined in double

precision,

2.5  Description cof the output:

This program gives interpolated value as output for

given innut.

3. HOW TO BXBCUTE THIS FROGRAM:

User can access this program by copying LEELFILE
from system disk and linking it with main program while

execution.

e.g. Copy DSKC: ( P, PY* LK

DskC: ( 342, 104) MIITP, REL,
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Main Progsram
?
18
i

CALL MTITP (V, IC, JOSC, M, N, X, Y, XIP, T1, T2,
T3, ™, T5, IDG) (For single variable)
OR -
CALL MIITP (V, IC, JOSC, MI, N, X, Y, XIP, YIP, 7,
T1, T2, T3, IDG) (For double variables)
OR |
CALL MTTTP (V, IC, JOSC, MT, N, X, Y, XIP, YIP, T1,

43, 2IP, W, IDG) (For triple variables)
i
§
il
!

BND

7

NOTE ¢ T1, T2, T3, T4, T5 should be supplied as

dummy arguments.
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