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The following Fortran subrogram is to carry on numerically the
z f£(x) dx using Simpson's one~third rule of integration. If

the function £(x) is computed at the n+l poinfs;

D= b-a b-a .
a,a +'_ﬁ‘£ 9 a‘}z -ﬁ_ 9 a-l-; "'"ﬂ"' g ®esceae g b Le€o the POin'bS

8,8 + h 9 a'ira h 9 a'i'j h 95 oevccee g b

Where h = 2:%%

Then .S:mersonll one=-third rule of integration states that:
f £lx) dx %[f(a)#i—f (a+h) + 2f (a+2h) + ... + 4f(a+(n-1)h)

Where E the truncation error is given by E = '}g% BRAEET $)

+f(a+nh)]+E = 8, +E

Where fiv ({ ) is the fourth derivative of £(x) at ; ag g <P

Our Fortren subroutine starts with given intial interval n and
compute Sn. and then repeat the computation with doubling -

the .interval to get S, . From 8, & S, we get for

the trunction error 16 8,.. = 8 o S - B
% n ' n
By = % = Bgy 15

The truncation error is gompared wii:h,ggregiven value of
tolerance (which mey be absolute or relative). If it exceeds
that tolerance, the program is repeated with doubling the
intervals to get Spn Eﬂn and so on

The prosﬁam gives as 6u.tput the final number of intervals
used and the value of integration (after allowing for correction
term)

* See for exémple. ZDENEK KOPAL, Numerical Analysis, Page 405



Description of the Subroutines

Name of the subroutines SIUPS (A,B,N,EPS, S)

Input of the Subroutines:

A 3 the lower limit of the integration
B ¢ +the upper limit of the integration
N : number of intial intervals
UPS : absolute tolerance or relative with respect to the

value of Integration.

Qutput of the Subroutines

N s number of the final intervals of the integration
3 s +the value of the integratioh.

Subprogram Called by the Subroutines

The subroutine calls the function subprogram F (u) where
' {u) is the mathematical expression for the integrand and u the
argument of the integration.

Description of the Function Subprogram F (u) @

The Forbtren program for the function subprogram take the following
DM e

Funetion F(w)

RETURN
END
The statements following the first statement may be control, Common

as well as aribhematic stabtements to cabry on the necessary steps
o compute the function given by the integrand.
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Tn the subprogram one should allow for such cases:

1. The absolute value of the integrand is less than the 87 -
underflow limit then the integrand is replaced by zero

2. The integrand takesan indefinite value for a given value
or values of the argument then it is replaced its
mathematical 1limit,

Description of the main:

In the main program we carry ons
1, Read and / or compute the limits of the integration
e Reéd and / or compute the parameters of the integration
The parameters of the integration may appear in the integrand.
For generality to avoid in cluding it in the subrautlne we put

it as common varisble between the llain program and the Function
subprogram by a common statements.

3o To eall the subroutine

4, To print and / or punch the results.

Part 11

The case of many Infbegrands

In practical application of the above subprogram we had been

mnet with the situation where the problem under considerationis to car-
ry different integration. The same situation appears also when
we are solving numerical integration of different problems. It is
obvious that such situation can be met by reproducing the program

seVeral time each time corresponding to a separate integrand. It
may be more convenient, however to include all these different
integrands in one program through .introduction of an integer paraméter

K
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in +the definition of the Function subrprograms which define, the
integrands. That means that the subprogram functions F(u) will be

~ peplaced . by the subprogram function F( L,u) where L an integer
parameter defining the order of integrand. For example if we
have three integrationsg to be. carried, then

i

L = 1,2,5 and so on

Tn the computation of the integrand in the subprogram we have
o use the Fortran statement "Computed Go To" +to choose the
proper function corresponding to the required integrand.

Description of the subroutines

Name of the Subroutine: SINPS (A,B,N,L,EPS,S)

where A,B,N,EPS,S are as in the case of one integrand and@ L an

inpub integer parameter defining the order of the integrand
corsidered.

subrogram Called by the subroutine
A *

I5 cails the function subprogram F (L,U) where U the argument of
the inbegration andlLthe . integer - parameter defined above.

Description of the Function Subprogram

'he Function subprozram takes the forms:
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Function F (L,U)
COIIJMON 9@ 0 ® 00 85 000 e 000
GOIEO (H,2% wravsenses) o1

e

F =
RETURN
F =
RETURN
Boo=
RETURN
RETURN
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SUBROUT TN &

SIMPS (4,B,N,EPFS, S)

J =1

-—

H= (B-A) / N

Y

S:F(u)

I+l

J+1

no

yeg

S = S+4F (H-H)+2 F(ll)J F (X)

FUNCTION

Is
I > N/p

; yes

n
]

(s - F(w)) ;?E

—Jpw—
el —

Flow Chart
FOR ..

SIMPSON RULE SUBROUTINE FOR
SINGLE INTEGRAND.
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SUBROUTINE SIMPS FOR COMPUTE INTEGRATION WITH ONE |NTEGRAND
INTEGRATION BY SIMPSON RULE
SUBROUTINE SIMPS(A,B,N,EPS,S)
J=1
7 AN=N
H=(B=A) /AN
U=A
N1=N/2
S=F(U)
pO1gi=1,N1
U=UsHeH
10 S=S+h, #F (U-H)+2,*F(U)
S=S5=F(U)
S=S%H/3.
IF(J=1)11,12,11
11 COR=(S=G)/15., *
" IF(ABSF(COR)-EPS*S)16,16,13
12 Jedi e
13 N=2#N
e G=S
GO T07
16 S=S+COR
. RETURN
END
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i

SIMPS (4,

SUBROUTINE

B, N, EPS, S )

yes

‘Is
A=B
no

| =no
T= T41

o
Vi

S=S+4F (L

FUNCTION

vi

JU=H) +28(L,U)

y yes
S = (S“F(LQU))' H/B

J= J+1

Je3 /J’;\-f Flow Chart

J=1

yno SUBROUTINE FgR SIMPSSON RULE

1 CPR = (8=G) / 15

FPR SEVERAL INTEGRANDS.




SUBROUTINE SIMPS FOR COMPUTE INTEGRATIONS WITH MANY INTEGRANDS

[NTEGRATION BY SIMPSON RULE

' SUBROUTINE SIMPS(A,B,N,L,EPS,S)

7

4

i0

J=1

ANsN

H=(B=A) /AN

<A

Ni=N/2

$=F(L,U)

DO1g1=1,N1

UsUsHeH

S=Selt, #F (L, U=H)+2, *F (L, U)

ges=E(L, )

11

12
13

16

§=5#1/3.

(F(J=1)11,12,11

COR=(S=G) /15,

[ F(ABSF(COR)=EPS*S) 16,16,13
S s
N=2#N

G=S

GO TO7

$=5+COR

RETURN

END
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Examplels Case of Single Integrand
1w

To Compute INTG = J Sin (5x%) dx
0
C MAIN PROGRAM
R C INTEGRATION OF F(X) FRUM A1 TO A2 BY SIMPSON RULE

1 READ2, A B4EPS M
2 FORMAT(2X.2F10.4,E13.6,13)
" CALL SIMPS(A,B,M.EPS,S)
PRINT5,A1,A2 EPS M S
5 FORMAT( 15X1@HTHE RESULT/ 2X,3HA1=F10. 4, 3X, 3HA2=F10.4, 3X,
XLHEPS=E13. 6,3X, 2HM=15/5X, 5HI NTG=E 13, 6
GO TO1
END

C FUNCTICN SUBPROGRAM

FUNCTION F(X)
F=SINF(5.,%X)
RETURN

END

THE RESULTS

M= 0.000 A2= 3.1416 EPS= 1.00000@E-p5 M=96
[NTG=3. 99999 9E~@1 . . ‘

EXACT SOLUTION [NTEGed. L



xample 23

-1]-

Case of Several integrands:®

To computes

S(1)

i

S(2) =

il

S(3)

S(4) =

in
ey
\Ji
Sl
iH

where g ,

f{e(%- %9)-1} dy
o

* (L - 1
jﬂ (e 32 39)_ ] dy
0

j’ z»f(—f‘s} - (£)7] -
Q2

G O i )

f‘ Zﬂ[k =) (°&) J -
0

o ST
g 2 W= J A

A has many values.

we can write first and second integration in the form:

S(l) - Sl(l) + Sz(l)

S(2) =

where

5,(1)

8,(2)

We shall

5,(2) + 8,(2)

o
e

| g
piks - L)
g[e R
7=
J
use in the programs the symbol GN for</ , DN for 2V

i

o}

and SGM for o,

iThergbqvg example has been referred to us by Dr. M. EL-Bakry
applied Mathematic Departement - Faculty of science — Cairo
University.



¥ MAIN PROGRAM

4 At hisd s

c ' PROGRAM 1 FOR DR. BAKRY PRDBLEM@COMPUTE THE | NTGRATIONS
- DIMENSION S(7) :
COMMON GN,SGM,DN
READS,EPS,N, M@ A
FORMAT(E12 6 213 Fh 1)
iREAD6,SGM, , , .
6 FORMAT(F610
: PR[NT; ,SGM
PUNCH7,SGM
PRINTS’
g FORMAT{!@X , iHSGM=F8, L)
FORMAT (X, 2HNU,9X, hHs(1).9x,hHS(2),9x,uHs(3),9x,uHs(u),9x,uHs

Do2g J 1 N SN
READ 9, TH, GN, DN
0 FORMAT(3FS, L)
SORT={2.,*GN/20d. ) **(1. /9 )
- bo ¢ I=157
GO T0(11, 1? 13 13 1& th,IL) I
11 B= sQ“r/(z )**(1 /9,) :
.. 60 T0 18,
12 B=SQRT..
6o TO 18
13 B=SGM*SQRT
.. G0 TO 1
1}'}‘ Buﬁal{j i
18 M=Mg '’
VALL biMPS(B A,M S,EPS T)

S(1)
s(1)-s(1)+s(6)
S(2)=5(2)+5(7)
i F(SENSE SWITCH1
PRINT 17,GN, (S(J,
PUNCH 22.TH,GN, (
FORMAT (F8. L, 5(2x
FORMAT{ 2F743,2E1
CONTINUE ", : et
GO TG 1""" e
- END

AT -

(5))

e Y [T S = el
LSS PP WU
E — U'l‘-"-’
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c FUNCT!ON SUBPROGRAM

C PROGRAM 3 FOR = DR, BAKRY PROBLEM

gA SUBPROGRAM FOR CALCULATION OF INTGRAND FUNCTIONSOF INTEG-
TIONS

FUNCTION F(1,Y}
COMMON GN, SGM, DN
60 TO (1,2:3,5:5.6.7).1
1 RY=1./Y..
F=EXPF { GN*(RY**3=RY#*%9 ))
RETURN
2 RY=1./Y
F=EXPF{DN#*( RY*%3=RY%*%9))
RETURN
3 RSY=SGM/Y
F=EXPF{DN*(RSY**3=RSY#**9) )
RETURN
L RSY=8GM/Y
F=EXPF{DN*(RSY#*%3=RSY**9) ) *Y
RETURN
5 SY=SGM%Y
F={Y=1, /15.*Y**7)*EXPFTDN*(SY**B—SY**S))
nETUvﬂ
[F(1)9,8,9
r"“ia
RETUR}
g ra(EK?k(GN*(Y**B—Y**9)}1 )/Y**Z-
RETURN
{F{W}a‘i 'iﬁ i1
1 r'""“'lo". X
RE:URN
11 §§§EF(DN*(Y**3-Y**9))-I ) /(YRY) =1
I\E. i i3

END

Qo

R
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THE RESULTS

SGM=  ,9580

MU S(1) S(2) S(3) S(4) S(5)

8410 . 10099E+02 . 17461E+03 Lp6362E~p@ . Lp1362E-00 «9254L59E+02
?q§07 < 3LL28E+A1 .26228E+02 - 18589 1E~(i@ . 182805E~0@ . 133458E+02
4,205 ,16890E+01 . 10099E+02 .133LL5E-00 . 130742E-pP .528895E+01
3,364 »92078E~A@ L54561E+01 .113¢86E-P . 110434E-00 , 31035HE+P1
2,803 L L9B29E-@P . 34h28E+@1 . 1@3L22E-0Q L100701E-00 .220217E+01
2403 «22965E-0( ;23571E+@1".9843@6E-ﬂ1“.955868E-¢1'.145813E+01
2.,10% «47259E-P1 - 16890E+01,95832 1E-¢1...928365E-01 . 173567E+01

1,869, 85325E=-01 .12L10E+@1 " 9LE9L1E-p1 ,9143@8E-G1 . 127708E+@1

sans L7290

Ng o SO . 5 S(2) $(3) S(4) 8(5)
9.551 , 14973E+02 . 38504ELD3 42312656403 . 205858E+03 ,366095E+02
10,750 ,22448E+0 . B929GE+03 . 556130E+03 ,195112E403 .717886E+02
15 280 . 37L82E4P2 .26699E+BL . 172337E+@L . 153423E+0L 1735 78E+03
14,330 (Th668E+02 o 11713E+05 o JA2070E+0 69602 3E+@L ,57628LE+03
17,190 »19835E+03 <95738E+05 «AEINIBE+DS . 586149E+05 ,320967E+@kL
31800 B92GPE+03 .22999E+07 o 1624IPE+A7 L TLk31TEGY . Lh11H3EL05
28,660 . 12813E+85 » 5159 1E+@9, . 35155746 .3114ABELRD » 38249 6E407
42,980 .23956E+07 ,26325E+1h ,176816E+1h L 15613HE+14 »356250E+11



