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BOUNDARY VALUE PROBLEMS FOR ORDINARY
DIFFERENTIAL EQUATIONS
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C LINEAR SHOOTING

Rtk ok PR L - S g o

C TO APPROXIMATE THE SOLUTION OF THE BOUNDARY-VALUE
cPROBLEM
C  -Y"+PX)Y'+QX)Y +R(X)=0, A <=X<=B,
C Y(A) = ALPHA, Y(B) = BETA
C INPUT: ENDPOINTS A.B; BOUNDARY CONDITIONS ALPHA,
BETA; cNUMRBER OF
C SUBINTERVALS N.
OUTPUT: APPROXIMATIONS W(1,) TO YXX(D); W(2.)) TO Y'(X(D)
FOR EACH I=0,1,..N.
VECTORS WILL NOT BE USED FOR W1 AND W2
INITIALIZATION
DIMENSION U(2,25),V(2,25)
CHARACTER NAME1+*30,AA*1
INTEGER OUP,FLAG
LOGICAL OK
C CHANGE FUNCTIONS P, Q, AND R FOR A NEW PROBLEM.
P(X)=-2/X
QX)=2/X**2
R(X)=SIN(ALOG(X))/X**2
OPEN(UNIT=5,FILE="CON', ACCESS='SEQUENTIAL')
OPEN(UNIT=6,FILE='CON', ACCESS='SEQUENTIAL')

c
c
c
c
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WRITE(6,*) 'This is the Linear Shooting Method.'
WRITE(6,*) Have the functions P, Q and R been created? '
WRITE(6,*) Enter Y or N'
WRITE(®6,*) "'
READ(5,%) AA
IF(( AA EQ.'Y') .OR. ( AA EQ.'y')) THEN
OK = FALSE.
IF (OK) GOTO 11
WRITE(6,*) Tnput left and right endpoints separated by’
WRITE(6,*) 'a blank. '
READ(5,*) A, B
IF (A.GE.B) THEN
WRITE(6,*) Left endpoint must be less'
WRITE(6,*) 'than right endpoint’
ELSE
OK =.TRUE.
ENDIF
GOTO 110
OK = FALSE.
WRITE(6,*) ‘Input Y(*,A,")’
WRITE(6,¥)""
READ(5,*) ALPHA
WRITE(6.*) ‘Input Y(',B,")’
WRITE(6,*) "'
READ(S5,*) BETA
IF (OK) GOTO 13
WRITE(6,*) 'Input a positive integer for the number'
WRITE(6,*) 'of subinvervals '
WRITE(6,*) "'
READ(5,%) N
IF (N .LE. 0) THEN
WRITE(6,*) 'Must be positive integer '
ELSE
OK = TRUE.
ENDIF
GOTO 12
CONTINUE
ELSE
WRITE(6,*) 'The program will end so that the functions'
WRITE(6,*) P, Q and R can be created '
OK = FALSE.
ENDIF
IF(NOT.OK) GOTO 400
WRITE(6,*) 'Select output destination: '
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WRITE(6,*) '1. Screen'
WRITE(S6,*) '2. Text file '
WRITE(6,*) Enter 1 or 2
WRITE(6,*) "'
READ(5,*) FLAG
IF (FLAG .EQ. 2 ) THEN
WRITE(6,*) Tnput the file name in the form - '
WRITE(6,*) 'drive:name.ext’
WRITE(6,*) 'with the name contained within quotes'
WRITE(6,¥) 'as example: "A:QUTPUT.DTA"'
WRITE(®6,*) "'
READ(5,*) NAMEL1
QuUP=3
OPEN(UNIT=0UP,FILE-NAMEIL STATUS=NEW")
ELSE
QUP=6
ENDIF
WRITE(OUP,*) LINEAR SHOOTING METHOD'
STEP 1
H=(B-A)}N
U1=U(1,0), U2=U(2,0), V1=V(1,0), V2=V(2.,0)
Ul=ALPHA
U2=0.0
V1=0.0
V2=1.0
STEP 2
RUNGE-KUTTA METHOD FOR SYSTEMS IS USED IN STEPS 3, 4
THE INDEX 1 IS SHIFTED BY 1
DO 101=1,N
STEP 3
X=A+(I-1)*H
STEP 4
T=X+H/2
XK11=H*U2
XK12=H*(PX)*U2+QX)*UI+R(X))
XK21=H*(U2+XK12/2)
XK22=H*(P(T)*(U2+XK12/2) Y T)*(U1+XK1 1/2)+R(T))
XK31=H*(U2+XK22/2)
XK32=H*(P(T)*(U2+XK22/2)+HQT)*(U1+XK21/2)+R(T))
XK41=H*(U2+XK32)
XKA2=H*(P(XHH)*(U2+XK32HQ(X+H)*(U 1+XK3 1)+R(X+H))
Ul=UI+XK11+2*¥XK21+2*XK31+XK41)/6
U2=U2+XK12+2¥XK22+2*XK32+XK42)/6
XK11=H*V2
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XK12=H*PX)*V2+QX)*V1)
XK21=H*(V2+XK12/2)

XK22=H*P(T)*(V2+XK 12/2)+Q(T)*(V1+XK11/2))
XK31=H*(V2+XK22/2)
XK32=H*P(T)*(V2+XK22/2)+Q(T)*(V1+XK21/2))
XK41=H*(V2+XK32)
XKA42=H*PX+HH)*(V2-+XK32)HQXH)*(V1+XK31))
VI=VIHXK11+2*XK21+2%XK31+XK41)/6
V2=V2+XK12+2*XK22+2%XK32+XK42)/6
U(1,D=U1

U@.D=02

V(1,D=V1

V@, D=V2

10 CONTINUE

Cc

WRITE(OUP, 1)
STEP 5

W1= ALPHA

Z=(BETA-U(L,N))/V(1,N)

X=A

=0

WRITE(OUP,2) LX,W1,Z
STEP 6

DO 201=1,N

X=A+T*H
WI1=U(1,I+Z*V(1,)
W2=UQ2,IHZ*V(2,D)

C OUTPUT IS X(T), W(1,D), W(2,])
20 WRITE(OUP,2) LX,W1,W2

C STEP7

C PROCESS IS COMPLETE
400 CLOSE(UNIT=5)

1

CLOSE(UNIT=0OUP)

IF(OUP.NE.6) CLOSE(UNIT=6)

STOP
FORMAT(1X,'OUTPUT:LX(I),W(1,D),W(2,1)./)

2 FORMAT(IX,I2,3(3X,E15.8))

END
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11 17 17 17

1.4 13.4109 13.3886 13.3886

18 12.1454 12.1289 12.1289

2.2 12.1217 12.1127 12.1127

26 12.9172 12.9138 12.9138

3.0 14.3333 14.3333 14.3333
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C Ekkk ok * * *hEk *hkk *
C NONLINEAR SHOOTING
C ok * T+ Ehkhk* *
C TO APPROXIMATE THE SOLUTION OF THE NONLINEAR

BOUNDARY-VALUE PROBLEM

O

Y"=F(X,Y,Y'), A<<X<=B, Y(A)=ALPHA, Y(B)=BETA:

C INPUT: ENDPOINTS AB; BOUNDARY CONDITIONS ALPHA, cBETA,
NUMBER OF
SUBINTERVALS N; TOLERANCE TOL; MAXIMUM NUMBER cQF

aooOO00

ITERATIONS M.

OUTPUT: APPROXIMATIONS W(1,I) TO Y(X(D); W(2,I) TO Y'(X(I))
MAXIMUM

FOR EACH I=0,1,.. N OR A MESSAGE THAT THE
NUMBER OF ITERATIONS WAS EXCEEDED.
INITIALIZATION
DIMENSION W1(26),W2(26)
CHARACTER NAME1*30,AA*1
INTEGER OUP,FLAG
LOGICAL OK

CHANGE FUNCTIONS F, FY, AND FYP FOR A NEW PROBLEM.

FX Y, Z)=(32+2*X**3-Y*Z)/8
FY(X,Y,Z) REPRESENTS PARTIAL OF F WITH RESPECT TO Y
FYXY,Z~-Z/8
FYP(X,Y.Z) REPRESENTS PARTIAL OF F WITH RESPECT TO Y’
FYP(XY,Z)=-Y/8
OPEN(UNIT=5,FILE='CON',ACCESS="SEQUENTIAL")
OPEN(UNIT=6,FILE='CON', ACCESS="SEQUENTIAL")
WRITE(6,*) 'This is the Nonlinear Shooting Method.'
WRITE(6,*¥) Have the functions F, FY (partial of F'
WRITEC(6,*) 'with respect to y) and FYP (partial of’
WRITE(6,*) 'F with respect to y") been created? '
WRITE(6,*) Enter Y or N''
WRITE(6,*) "'
READ(5,*) AA
IF(( AA EQ.Y') .OR. { AA EQ.'y')) THEN
OK = FALSE.

110 IF (OK) GOTO 11

WRITE(6,*) Tnput left and right endpoints separated by’
WRITE(6,*) blank’

WRITE(6,*) '

READ(5,") A,B

IF (A.GE.B) THEN

WRITE(6,*) Left endpoint must be less'
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WRITE(6,*) 'than right endpoint'
ELSE

OK = .TRUE.

ENDIF

GOTO 110

OK = FALSE.

WRITE(6,*) Tuput Y(,A,)'
WRITE(6,%) "'

READ(5,*) ALPHA

WRITE(6,*) Toput Y(,B,"
WRITE(6,*) "’

READ(5,*) BETA

IF (OK) GOTO 13

WRITE(6,*) Tnput an integer > 1 for the nnmber’
WRITE(6,*) 'of subinvervals '
WRITE(6,*) "'

READ(5, ") N

IF (N LE. 1) THEN

WRITE(6,*) 'Integer must exceed 1.’
ELSE

OK = .TRUE.

ENDIF

GOTO 12

OK=.FALSE.

IF (OK) GOTO 15

WRITE(6,*) 'Input tolerance '
WRITE(6,*) "'

READ(5,*) TOL

IF (TOL.LE.0.0) THEN
WRITE(6,*) 'Tolerance must be positive '
WRITE(6,%) "'

ELSE

OK = . TRUE.

ENDIF

GOTO 14

OK = FALSE.

IF (OK) GOTO 17

WRITE(6,¥) Tnput maximum npmber of iterations '
WRITE(6,*) "'

READ(5,)M

IF (M LE. 0) THEN

WRITE(6,*) Must be positive integer '
WRITE(6,*)"'

ELSE

YYA
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OK = .TRUE.
ENDIF
GOTO 16

17 CONTINUE

C
100
C

ELSE

WRITE(6,*) 'The program will end so that the functions'
WRITE(6,*) 'F, FY and FYP can be created '

OK = FALSE.,

ENDIF

IF(NOT.CK) GOTO 400

WRITE(6,*) 'Select output destination; '

WRITE(6,*) '1. Screen’

WRITE(6,*) 2. Text file '

WRITE(6,*) Emter 1 or 2"’

WRITE(6,*) '’

READ(5,*) FLAG

IF (FLAG EQ. 2) THEN

WRITE(6,*) Tuput the file name in the form -’
WRITE(6,*) 'drive:name.ext'

WRITE(6,*) 'with the name contained within quotes’
WRITE(6.,*) 'as example: "A:QUTPUT.DTA"'
WRITE(6,*) "’

READ(5,*) NAME1

QUP =3
OPEN(UNIT=0OUP,FILEENAME],STATUS=NEW")
ELSE

OUP=6
ENDIF

WRITE(OUP,*) 'NONLINEAR SHOOTING METHOD'
STEP 1

H=(B-A)/N

K=1

TK=(BETA-ALPHA)/(B-A)

WRITE(S,*) 'TK =, TK

WRITE(6,*) 'Change TK? Enter Y or N (within quotes)’
READ(5,*) AA

IF(AAEQ.'Y").OR.(AA.EQ.¥")) THEN

WRITE(6,*) 'Input TK'

READ(5,%) TK
ENDIF

STEP 2

IF (K.GT.M) GOTO 200

STEP 3

C  WIQQ)=W(L,0), W2(1)=W(2,0), U1=U(1), U2=U(2)
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W1(1)=ALPHA
wW2(1)= TK
U1=0
U2=1
STEP 4
RUNGE-KUTTA METHOD FOR SYSTEMS IS USED IN STEPS 5, 6
DO 10 I=1N
STEP 5
X=A+I-1)*H
T=X+H/2
STEP 6
XK11=H*W2(D)
XK12=H*F(X,W1(D),W2(D)
XK21=H*(W2(D)+XK12/2)
XK22=H*F(T,W1([)+XK11/2,W2([)+XK12/2)
XK31=H*(W2([D)+XK22/2)
XK32=H*F(T,W1(D+XK21/2, W2+ XK22/2)
XK41=H*(W2(D)+XK32)
XK42=H*F(X+H,W1(D+XK31,W2()+XK32)
WI1I+H)=W1(DHXK 1142+ XK21+2* XK 3 1+XK41)/6
W2(I+1)=W2(D+HXK 12+2* XK 22+2* XK 32+ XK42)/6
YK11=H*U2
YK12=H*FY X, W1{),W2[D)*U1+FYPX, W1{),W2([D)*U2)
YK21=H*(U2+YK12/2)
YK22=H*FY(T,W1Q), W2(D)*U1+YK11/2)
+FYP(T, W1, W2(I)*(U2+YK21/2))
YK31=H*(U2+YK22/2)
YK32=H*(FY (T,W1(l), W2(D)*U1+YK21/2)
+FYP(T,W1(I), W2(I))*(U2+YK22/2))
YK41=H*(U2+YK32)
YKA42=H*(FY (X+H,W1(I), W2(D)*(U1+YK31 +FYP(X+H,W1(l),
W2(D)*(U2+YK32))
Ul=U1-HYK11+2*YK21+2*YK31+YK41)/6
U2=U2-+HYK21+2*YK22+2*YK32+YK42)/6
CONTINUE
TEST FOR ACCURACY
STEP 7
IF(ABS(W1(N+1)-BETA).LE. TOL) THEN
PROCESS IS COMPLETE
W1(J), W2(J) ARE THE APPROXIMATIONS FOR Y AND Y’
WRITE(OUP,2) K
STEP 8
WRITE(OUP,1) A,W1(1),W2(1)
DO 20 I=1N

Y
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J=I+1
X=A+*H
WRITE(OUP,1) X,W1(J),W2(J)
STEP 9
GOTO 400
END IF
STEP 10
NEWTON'S METHOD APPLIED TO IMPROVE TK
TK=TK-(W1N+1)}-BETA)/U1
K=K+1
GOTO 100
STEP 11
METHOD FAILED
WRITE(OUP,3) M
CLOSE(UNIT=5)
CLOSE(UNIT=OUP)
IF(OUP.NE.6) CLOSE(UNIT=6)
STOP
FORMAT(1X,3(E15.8,3X))
FORMAT(1X,'ORDER OF OUTPUT - X(I), W1(T), W2(I),1XI3,1X, TTERATIONS')
FORMAT(1X, METHOD FAILED AFTER ITERATION NO.' ,14)
END
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Hxy+yi =1, p(0)=1, y1)=3 -)
Y'=4(y - x), y0)=0, y)=2 -v

V'=y'+2y+cosx, ¥(0)=-0.3, y(%) =-0.1 -¥

i T
'y =0, y(0)=1, y(z)=1 -



b‘jJﬂ‘&Lg)M‘Jg’dlL}L& Yéy
.y"=100y, y©0) =1, y)=e" -o
Y'=y7 = y+in(x), y()=0, y(2)=4{n(2) -1

'y"=3y3s (1)_ s y(2)—

Y'=2y°—6y-2x°, y(l)——, y(2)——
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Finite Difference Method
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Y(X) = y(x)+hy'(x)+ y"( )+ y() “"(5) EYARS 2

]

Ll y

M) = Y6)~ B )+ Ty ()~ oy () + oy €k < <

W Ll e faad bl (ol aatts
y"(x;') — y(xx+l) 2};1(2x)+y( i 1) h [y(4)(5 ))+y(4)(§ )]
Y(x..) - 23;(;‘)‘*‘)’( 1) h (4)(6) Wy

y'(e)=

1+'I
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— Centereddifference formula dla o o}l 39 -2l Gz ol & jausy
Y"(x)
:L_,IL:J‘S 0455 V'(x;) Janadl daally

X)) =YX, h2 ”
=24 thy( ])‘zy @), % <n <%y,

y'(x,

I 5y gaa) Lutdt oy 801 Aslal OF Lo 201 13
Y'(x)+ p(x)y'(x} + g(x)y(x) =r(x)
y@ =y, wb)=y,
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C LINEAR FINITE-DIFFERENCE
T T TR * kR kk *

TO APPROXIMATE THE SOLUTION OF THE BOUNDARY-VALUE
PROBLEM
Y'=PCOY'+ Q)Y +R(X), A<=X <=B
Y(A) = ALPHA, Y(B) = BETA:

INPUT: ENDPOINTS A,B; BOUNDARY CONDITIONS ALPHA, BETA,
INTEGER N.

OUTPUT: APPROXIMATIONS W(I) TO Y(X(I)) FOR EACH
I=0,1,. .N+1.
INITIALIZATION
DIMENSION A(24),B(24),C(24),D(24). XL (24),XU(24),Z(24),W(24)
CHARACTER NAME1*30,AAA*1
INTEGER OUP,FLAG
LOGICAL OK
C CHANGE FUNCTIONS P, Q, AND R FOR A NEW PROBLEM.
PX)=-2/X
QCE=2/X %42
RX)=SIN(ALOG(X))/X**2
OPEN(UNIT=5 FILE='CON',ACCESS="SEQUENTIAL"
OPEN(UNIT=6 FILE='CON', ACCESS="SEQUENTIAL")
WRITEC(6,*) This is the Linear Finite Difference Method.'
‘WRITE(6,*) 'Have the functions P, Q and R been created? '
WRITE(6,*) 'Enter Y orN''
WRITE(6,*) "
READ(5,*) AAA
IF(( AAA .EQ.'Y").OR. ( AAA EQ.Y')) THEN
OK = FALSE.
110 IF (OK) GOTO 11
WRITE(6,*) Input left and right endpoints separated by’
WRITE(6,*) blank. '
READ(5.,*) AA, BB
IF (AA.GE.BB) THEN
WRITE(6,*) Left endpoint must be less'
WRITE(6,*) 'than right endpoint'
ELSE
OK = .TRUE.
ENDIF
GOTO 110
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11 OK = _FALSE.
WRITE(6,*) Tnput Y(,AA,)'
WRITE(®6,*) '
READ(5,*) ALPHA
WRITE(6,*) Input Y(,BB,")’
WRITE(®,*) "'
READ(5,*) BETA
12 IF (OK) GOTO 13
WRITE(6,*) Tnput an integer > 1 for the number'
WRITE(6,*) 'of subinvervals. note: h= (b-a)/(n+1) '
WRITE(6,*) "
READ(5,) N
IF (N .LE. 1) THEN
WRITE(6,*) 'Integer mmst exceed 1.’
ELSE
OK = .TRUE.
ENDIF
GOTO 12
13 CONTINUE
ELSE
WRITE(6,*) The program will end so that the functions'
WRITE(6,*) P, Q and R can be created '
OK = FALSE.
ENDIF
IF(.NOT.OK) GOTO 400
WRITEC(6,*) 'Select output destination: '
WRITE(6,*) '1. Screen'
WRITE(6,*) 2. Text file '
WRITE(6,*) "Enter 1 or 2
WRITE(6,*) '
READ(5,¥) FLAG
IF (FLAG .EQ. 2 ) THEN
WRITEC(6,*) 'Input the file name in the form -'
'WRITE(6,*) 'drive:name.ext’
WRITE(6,*) 'with the name contained within quotes'
‘WRITE(6,*) 'as example; "A:QUTPUT.DTA"'
WRITE(6,*) "
READ(5,*) NAME1
ouP=3
OPEN(UNIT=0QUP,FILEENAME1,STATUS=NEW"
ELSE
OUP=6
ENDIF
WRITE(OUP,*) LINEAR FINITE DIFFERENCE METHOD'
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STEP 1

H=(BB-AA)/(N+1)
X=AA+H

A(L)=2+H*H*Q(X)
B(L)=-1+H*P(X)/2
D(1)=-H*H*R(X)+(1+H*P(X)/2)* ALPHA
M=N-1

STEP 2

DO 10 [=2M

X=AA+*H
AD=2+H*H*Q(X)
B(@)=-1+H*P(X)/2

=-1-H*P(X)/2

D@)=-H*H*R(X)

STEP 3

X=BB-H

ANE2HI*H*QX)
CN)=-1-H*P(X)/2
DA)=-H*H*RX)+H(1-H*P(X)/2)*BETA
STEP 4

STEPS 4 THROUGH 8 SOLVE A TRIDIAGONAL LINEAR SYSTEM
USING

ALGORITHM 6.7

USE XL, XU FOR L, U RESP.
XL(1)=A(1)
XU(D=B(1)/A(1)
Z(1)=D(1)/XL(1)
STEP 5
DO 20 I=2M
XLI)=AQ)-CD*XU(I-1)
XUD=BA/XL()
ZM=M-CMO*ZA-1)/XLJ)
CONTINUE

STEP 6
XLN)=AMN)-CN)*XU(N-1)
Z(Ny=(DMN)-CNY*Z(N-1))/XT(N)

STEP 7

WQN)=ZN)

STEP 8

DO 40 I=1M

I=N-]
WO=ZD-XUD*WI+1)

STEP 9

WRITE(OUP, 1)
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WRITE(OUP,2) AA, ALPHA
DO 50 I=1N
X=AA+I*H
WRITE(OUP,2) X, W(l)
WRITE(OUP,2) BB.BETA
STEP 10
PROCEDURE IS COMPLETE
CLOSE(UNIT=5)
CLOSE(UNIT=0UP)
IF(OUP.NE.6) CLOSE(UNIT=6)
STOP
FORMAT(1X,'ORDER OF OUTPUT - X(I),W(D)")
FORMAT(1X,2(E15.8,3X))
END
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0 0 0 0

0.4 1.76 1.76 1.99E-15

0.8 3.84 384 6.66E-15

12 6.24 624 8.88E-15

16 .96 8.96 7.10E-15

2.0 12 12 0
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