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ABSTRACT

This note describes an adaptive interative technique

based on Simpson*s 1/3 modified ruie for integrating a
function defined analytically in an interval or tabulated
at given points of an interval. A general subroutine,
named "AUTOMATIC INTEGRATOR" based on the above method
has been developed in FORTRAN IV and tested on an IBM
360/44 system. The program can be used to integrate
functions defined for both finite and infinite limits

CO‘tOoa)-—-;wEo o, *'*;“@‘3{:0*?-"90)
A complete documentation of the program and instructions
for execution are provided. Some sample results of various
test functions are given for illustration. The sukroutine
isstored in compiled form in the library 'PDSREL' which

resides on the system disk 'PLSYS' on unit ICO, at the

computer center of PRL, Ahmedabad. \



- INTRODUCTION

In this note, We describe a general algorithm
dnd a program to 1ntegrate functions that are elthef
deflned or tabulated over an interval. A brief
desCriptionAof the numerical algorithm is presented

in section 1.1. Sectiong 1.2 and 1.3, describe the

accuracy and convergence of the process respectively.

1.1 Numerical Algorithms
For a given function F (x), the Simpson's
Approximation‘is repréesented by,

Fo(x) dx 222 (F(a)+a 7 (D) + 5 (D) )

T 5 .
% h” _iv :
“""%F (g& ) .aonoc.-o.-( I)
where BV (2% ) denotes fourth Order ..sseesee

derivative of function at ‘x = %‘1_a¥ﬂ§25b, h=b~a,

For a given accuracy, this approximation can be

modified as follows:

Y |
5 P (x) dx = §Fi. 4+ F2
Or where, F1 = %%:F(a) + 4 F(t)+F(§%ﬁ§}
_ hf; (atb) T3
F2 = 3 E? >~ + 4 Flx,) + F(bz,g
h = boa D=2" , m= incfement
~ 4D |, '3

t=a+ (4m+ 1) h

Xy =X + %@' * '
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For a functioh that is analytically defined, the
functional wvalues needed‘in.eqn; (1) aré'calculafed by a
user's supplied function subprogram, while in case the
function is tabulated, they are calculated by using

Langrange's Interpolation formula given below:

n
F(x) = %} ’F(xi) 1T (s )
1=0 j =0 (xy-x)

The programyeQaluateévthe intégralfby eqn. (I). Then
iﬁ computes the integrai.ovér the interyal (a,at+4h) by
! eqn. (II). The absolggé{affféfeﬁce of these two integrals
+ s compared for the given accuracy. If this difference
is gfeéter.than the desired accuracy, tHé"interval
length is halved and the above calculation ié repeated.,
If the ébové differénce is less than or egual to the

given accuracy, summation of egn. (II) is performed.

..In case of infinite limits, the program takes into

account the convergence. The convergence prccess

""" is described in section 1,3.
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1.2 Accuracy of the process:

The pregram automaticaily generates step sizes
depending on the numﬁer of interations needed to attaiha:
the given accuracy. TFor a wide class of functions the
program can compute the values of the integral with an
accuracy of the 5th order., If an error occéurs for a
given accuracy and function, the intermediate
computed‘variables go beyond the storage capacity of
the computer, In such a case, the user is advised to
decrease the order of the accuracy.

1.3 Convergence of the processs

S N

The program uses the following convergence criteria
"the sequence:ﬁifnz,converges to finite limit if and
: A ng i e

only if | gy — £, €& "

In the case of infinite limits, the'program
generates new lower and upper limits with proper increment
The absolute difference of the two. consecutive.
integrals is compared withihrtﬁe‘tolerence for finite
number ef iterations . If the tolerence is attained,
fhe current Velue of the integréi and the corresponding
‘limits are retufned. Otherwise, the program eelects
the value of n for which



is minimum, and returns Fn as the value of the

integral as well as the corresponding limits aand b,

DOCUMENTATION OF THE PROGRAM

This section contains a general description of

the program,

2.1 Definition of the program:

SUBROUTING ATINT (NP, AP, AQ, NN, A, B, ACC, AINT)

242 Parameters of the program:

NP is used as a decilsion making parameter.

NP = 1 indicates that the function to be
integrated is tabulated

NP indicates that the function is defined

il
N

for finite limits

NP = 3 indicates that the function is defined

for limitg o Lo o

NP = 4 indicates that the function is defined
for limits ~— 2% o O

NP = 5 indicates that the function is defined

for limits e gAY b’@ "”"‘9‘0



AP

AQ

NN

ACC

AINT
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(1)

5
(REAL'* 4, ARRAY, IN-GOING, INTACT)

This array re?resents the abscissa of

the tabulated”functiOn.

(REAL * 4, ARRAY, IN-GOING, INTACT)

This arféy represents the ordinate of the
tabulated function,

(INTEGER * 4, SCALAR, IN-GOING, INTACT)

This variable represents the number of points

of the tabulated.function.“ In case a function

is defined analytidally NN = 1.

(REAL * 4, SCALAR, IN-GOIRG, DESTROYED)

This variable represents the lower limit of

Vthe function

(REAL * 4, SCALAR, IN-GOING, DESTROYED)
This variable represents the upper limit of

the function,

(REAL * 4, SCALAR, IN-GOING, INTACT)

This variable represents the desired

accuracy.

(REAL #% 4, SCALAR, OUT-COMING)

This variable represents the value of the

. . s \
integral for a given function.
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General characteristics of the Progams

© FORTRAN IV

s

(a) Language

Single, Double

(b) Precision
(¢) Names of the subprograms Called:
(i) Available in Programs
Subroutine 'PLAGN' which interpolates
for needed points. -
(11) " User's supplied subprograms
User should supply function subprogram

' for a function defined as followss

FUNCTION F(X)

(da) Total memory requirementss:

2788 (HEX) bytes

Qespription of the outputs

This program gives value of the integral 'AINT'

as output for a qiven input. Lower limit A and

upper limit B will remain the same in case of

a functlon that is tabulnted or a functlon that is
defined for finite limits.  Upper limit B will be
changed for the limitmtagm. Lower limit A will be
changed for the limit»ym§0; Lower limit A and

upper limit B will be change for the limit —e@ —3 4o
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2.5'-Special characteriétics of the Program :

(a)

(b)

(c)

(a)

(e).

(£)

The progrém.uses objective dimension for
arrays. |
In case of a function that is tabulated, user

\

can supply an upper.limit B, defined as

B (NN=-1) * H, if A=0.0

=NN*H  , if A # 0.0

where NN = No. of points
H = constant incremernt
in abcissa
A = Lower limit
User should supply function definition through

a function subprogram as follows :
FUNCTION F(X)

User can set lower limit A or upper limit B

exactly equal to 0.0 without worrying about

overflow error tnrough division by zero.

If there is an exponential underflow message
for given accuracy, user should decrease

the order of accuracy.

In case of double precision requirement, user

should call the program as *DATINT' and all
\

" real parameters should be defined in double

precision,
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HOW TO .EXECUTE THIS PROGRAM :

User can access this program by the following

statements

JOB CARD

// SYSREL- ACCESS -PDSREL -

 // EXEC FORTLIIx

Main Program

CALL ATINT (Parameters)

END

FUNCTION F (%)

. , , user's function
w - subprogram
END

“Sub:outines (if any)
/%

Data card (if any)
/*'7.
/&



SAMPLE PROBLEMS ¢

~ We have tested various functions for which
numerically computed values can bé‘compared to
analytically available values. . Results of these

test cases are given in Table 1.
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