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Part I

-«vv

V -, Case of One Integrand

(Elie followijig Portran subrogram is to carry on numerically tiie

f  f(3r) dx using Simpson's one-thijrd rule of iategration<» If

the function f(x) is coii:s)uted at the n+1 points;

a,a + , a-f a , a+5 , , h i.e. the points

a»a -f h I a-t 2 ^ 9 ^ 9 9 ^

_  "b-a
Where h -

n

Then Simpson* one-third rule of integration states that:

^ f(x) dx = jj^f(a)44f (a+h) + 2f (a+2h) + + 4-f(a+(n-l)h)
+ f(a+rLh) j + E = + E

Whore B the truncation error is given'hy E = f^^ ( O
V/here f^^ (^ ) is the fourth derivative of f(x) at ;

Our Fortran subroutine starts with given intial interval n and

compute and then repeat the computation with doubling '

the .interval to get From \ we set for
the trunction error 16 - S„ Sp- « S_

\ - ■" 'If " " ^15 *
The truncation error is gompared with>g>regiven value of

tolerance (which may be absolute or relative).- If it exceeds
that tolerance, the program is repeated with doubling the
ixitervals to get ^4ii, • . and so on

The program gives as output the final number of intervals
used and the value of integration (after allowing for correction
term).

z 3ee fo^ example• ZDMEIC EOPAh, Numerical Malysia, Page 405

f*
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Description of the Subroutines

Name of the subroutiineg SIICPS (A,B,N,EPS, S)

' Input of the Subroutines

A  s the lower limit of the integration

B  : the upper limit of the integration

N  : number of intial intervals

EPS s absolute tolerance or relatlTe with respect to the

value of Integration.

Oatput of the Subroutine:

N  s number of the final intervals of the integration

S  s the value of the integratioh.

Sabpro^ram Called by the Subroutines

Ihe subroutine calls the function subprogram F (u) where

P (u) is the mathematical expression for the integrand and u the

argument of the integration.

description of the Function Subprogram F Cu) s

She Fortran program for the function subprogram tahe the following

iox^m,

Flinction F(u)

mv

The statements following the first statement may be control. Common

as well as arrthematic statements to carry on the necessary steps,

to compute the function given by the integrand.



Jxi the subprogram one should allow for such cases;

1. {Dhe absolute value of the integrand is less than the "

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 limit®

Description of the mains

In the main program we carry ons

1, Read and / or compute the limits of the integration

2e Read and / or compute the parameters of the integration

The parameters of the integration may appear in the integrand®

For generality to avoid in eluding it in the subroutine we put
it as common variable between the Main program and the Function

subprogram by a common statements® '
^® To call the subroutine

4® To print and / or punch the results®

Part II

The case of many Integrands

In practical application of the above subprogram we had been

met with the situation where the problem under consideration is to car

ry different integration. The same situation appears also when

we are solving niumerical 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 4jitroduction of an integer parameter
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in the definition of the Etinction suhrprograms which define, the
integnandSe That means that the suhprogram functions will be
replaced ■ ^7 subprogram function FC 1»,u) where L an integer
parameter defining the order nf integrand. For example if we
have three integrations to be carriedj then

L = 1,2,3 and so on

In the computation of the integrand in the subprogram we have
to use the Fortran statement "Computed Go To" to choose the

proper function corresponding to the required integrand.

of the subroutines

Kame of the subroutines SIMPS (A,B,H,L,EPS,S)

where AjBgU,EPISsS are as in the case of. one integrand and L an

Input integer parameter defining the order of the intggrand

considered.

Subrog;ram Called by the subroutine

Ig calls the function subprogram F (L,U) where U the argument of

the integration andLthe . integer - parameter defined above.

Description of the Function ̂ Subprogram

The Function subprogram takeg the..forms



Function F (L,U)

COMON

GO TO (1,2, ....

F =

EETUEH

2  .

F =

mTum

F =

EETUM

v. .

-5-

) , L

■  4

<jb

*5

RETUEK

EED
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SUBROUTIN®

sues (A,B,N,BES, S)

J = 1

l.-,_ " IP ■

H = (B-A) / N

t
S = ? (u)

J = J+1-

> »

0: = 2N -

4

'Gas

u = u + 2 H

±

1 = 1

S = S-^-F (a-H)+2 F(u)"
PimCTIQN

F (2)

(s-FCu))

(S-G) / 15

S = S + COR

Flow Chart

FOE .

SIMPSON RUID SUBROUTINE FOR

SINGIE INTEGRAND.
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f
SUBROUTINE SIMPS FOR COMPUTE INTEGRATION WITH ONE INTEGRAND

INTEGRATION BY SIMPSON RULE

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

J=1

7 AN=N

H==(B-A)/AN

U=A

Nl!=N/2

S:rF(U)

DO10I=-1,N1

U=U+H+H

10 S=:;S+i^.^F(U-H)+2.*F(U)

S=^S-F(U)

S:=S^W3-

iF(J-l)11,12,n

11 C0R«(S--G)/15. '■

IFCABSF(COR)-EPS*S)16,16,13

12 J=rJ+l

13 N=2^N

Gr^S

GO TO?

16 S=S+COR

,  RETURN

END

I
J
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SUBBOUTIKE

SIICPS (A, B, H, EES, S )

&

H = (B-A) / N

S = E ( 1,11)

i
a = u + 2. Si.

1 = 1

i

S=S-rt-F(L,U-H)+2E(L,U)
EDUCTION

E(L,X)

I

1= I-i-1

J= J+1

1
. a = s

S = (S-E(L,L())* H/3

Flow Chart

^ (S"G) / 15

SUBROUTINE F0R SlIylESSOH RUIE
F0R SEVERAL IRTBGRARDS.

S 1= S + P0R

RETURN"
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SUBROUTINE SIMPS FOR COMPUTE INTEGRATIONS WITH MANY INTEGRANDS

INTEGRATION BY SIMPSON RULE

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

,  .J=l

7 AN=N

' H=(B-A)/AN
, U=A

N1=N/2

S=F(L,U)

D013!«t,Nt

U'-U+H-i-H

10 S=--S+£>.*F(L,U-H)+2,*F(L,U)
S=S-F(L,U)

S--=S*H/3.

tF(j=nn,i2,ii

11 C0R=(S-G)/15/ '
(F(ABSF(COR)-EPS*S)16,16,13

12 J=J+1

13 N=2*N

G=S

GO TO?

16 s=s+cbR
RETURN

END
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Bxamplels Case of Single Integrand

r""lo Compute INTG = I Sin (Jx) 6x
0

C  MAIM PROGRAM

C  INTEGRATION OF F{X) FROM Al TO A2 BY SIMPSON RULE
1 READ2,A,B,EPS,M
2 FORMAT(2X,2F10.ifpE13.6.[3)

CALL SIMPS(A,.B,M,EPS,S)
PRI NTS Al A2 EPS M S

5 FORMATh5X10HTHE'RESULT/2Xp3HA1»F10,A,3X,3HA2=F10.4,3X,
X^fHEPS-E13.6,3X,2HM=l5/5X,5HINTG=E13.6)
GO T01
END

C  FUNCTION SUBPROGRAM

FUNCTION F(X)
F=:SINF(5.^X)
RETURN .
END

THE RESULTS

eccaooaag3iji.kiwi"'i ni'

A1= 0.000 A2- ^5,1416 EPS= 1.000000E-05 M=96
tNTG=3.999999E-01 , . : . ■

EXACT SOLUTION INTEG-0,A
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Example 2s Case of Several inteFiirajads;^

Do computes

S(l) = / [e ̂  ̂  ]
0

S(2)

SO)

S(4)

x.-*.»

""r ( i=■ /r='^
0

1  )^- (^)^J
-1

0

I

0

1' r< f <^)'j

i  ̂ ^ ' Sv

0

where c , j; has many valueso
we can write first and second integration in the forms

S(1) = Sj_(i) + SgCi)
3(2) = S;j_(2) + 32(2)

wnere

SOD

83(2) =

ri/C-
y

-1

ri/(3-^) ■
,  ̂ r _i

dy

We shall use in the programs the symbol GN forl^ , DN for 21^
and SGM for ,

The above example has been referred to us by Dr. M. SL-Bakry
Applied iiaauhematic Bepartement - Faculty of science - Cairo
University o
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j  . main program

c  ' program 1 FOR DR, BAKRY PROBLEM(S)COMPUTE THE INTGRATIONS
'  dimension S(7) .)
COMMON GN.SGM.DN

1 READ5,EPS,N M0,A
s F0RMAT{E12. 6,2I3,FA, 1)

• READ6,SGM, , , , ..
6 FORMAT (F6,10
,  PR1NT7,SGM,
punchy;SGH
print's

I F0R^T|ix*2HNUp9X,'fHS(1),3X,I|HS(2) ,9X,4HS(3) ,9X,AHS(A) ,9X,AHS
DO20 J.i,N^ ' ' '
READ 9,TH,GN,DN

9 F0RMATC3F8.A) ,
SQRT=(2.*GN/200.)**(1./9.)
DO 10 i^U7 . .. . , , ,,, , i
GO TD(1U12,13,13,1A,1'+;lA),l

II B=SQRT/.;C2,.)**(1../9»)
,, GO TO 18.
12 B=SQRT.. '
... GO TO 18
13 B=rSGM*SQRT
.  GO TO 18
11+ 8=0., 0
1.8 M=M0
., CALL SiMPS(B,A,M,5,EPS,T)
10 S(T)=T
.. . S(1)=S(1)+S(S) '

S(2)iS(2)+S(7)
!F(SENSE SWIT.CH1)15,16

15 PRINT 17,GN,(S(1.)..1,-.1,,5) ,
.1,6 PUNCH 22.TH,GN„(S(I).,1-m1,5)
.1.7 F0RMAT(F8.4,5(2X,E12.6)-.), ..
11 F0R»4AT ( 2F7„3 ,2E 11.5, 3ET2,6)
20 CONTINUE'.O.V'. i
i ', GO TO 1' '' ■' ' ■■ '■

END . ,
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FUNCTION SUBPROGRAM

C  PROGRAM 3 FOR DR. BAKRY PROBLEM
C  SUBPROGRAM FOR CALCULATION OF INTGRAMD FUNCTIONSOF

RATIONS
FUNCTION F(i,Y'
COMMON GM,SGM,DN
GO TO

1 RY-1./Y
FrEXPFC GN*( RY**3-RY^))
RETURN

2 f^Y-r 1 ̂  /Y

F=rEXPF(DNA( RY^*3-RY**9))
RETURN

3 RSV=SGH/Y
F:=EXPF(DN*(RSY-'^*3-RSY^^))
RETURN

if RSY=rSGH/Y
F=EXPFCDN*(RSY**3-RSY**9))n
RETURN

5 SY-SGIW "
F=r(Y-U/15-^Y*^7)*EXPF(DN^(SY**3-SY^))
RETURh^

6 IF(Y)9,8,9
5

RETURN
q  EXPF(GN*(Y'^B-Y'^^) H.)/Y**2-l.

RETURN

7 IF(Y)11,10,11
10 F=r-1. .
.  - RETURN

11 F=(EXPF(DN*{Y**3-Y^))-U)/(Y*Y)-1,
RETURN

END

NTEG-

/

tJ. "rtm IT' If . ii.
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