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SOLUTIONS OF NONLINEAR EQUATIONS IN ONE
VARIABLE
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C TOFIND A SOLUTION TO F(X)=0 GIVEN THE CONTINOUS CC
CCCFUNCTION

F ON THE INTERVAL <A B>, WHERE F(A) AND F(B) HAVE
OPPOSITE SIGNS:

INPUT: ENDPOINTS A,B; TOLERANCE TOL;

MAXIMUM INTERATIONS NO.

OUTPUT: APPROXIMATE SOLUTION P OR A

MESSAGE THAT THE ALGORITHM FAILS.

CHARACTER NAME1*14,AA*1

oNoNoNoNoNe



INTEGER OUP.,FLAG

LOGICAL OK

REAL A,B.FAFB,X, TOL

INTEGER NO

C DEFINEF

FOO=(X+4)*X*X-10
OPEN(UNIT=5,FILE-'CON' ACCESS='SEQUENTIAL"
OPEN(UNIT=6,FILE-'CON' ACCESS='SEQUENTIAL")
WRITE(6,*) 'This is the Bisection Method.'
WRITE(6,*) Has the function F been created in the program? '
WRITE(®,*) Enter Y or N’

WRITE(6,%) '

READ(5,*) AA

IF(( AA .EQ. 'Y").OR. ( AA EQ.'Y")) THEN
OK = FALSE.

10 IF (OK) GOTO 11

WRITE(6,*) Tnput endpoints A <B separated by blank '
WRITE(@6,*)""

READ(5.%) A,B

IF (A.GT.B) THEN

X=A

A=B

B=X

ENDIF

IF (A.EQ.B) THEN

WRITE(6,*) 'A cannot equal B
WRITE(6,*)"'

ELSE

FA=F(A)

FB=F(B)

IF (FA * FB .GT. 0.0 ) THEN

WRITE(6,*) 'F(A) and F(B) have same sign’
WRITE(6,%) "'

ELSE

OK =.TRUE.,

ENDIF

ENDIF

GOTO 10

11 OK = FALSE.
12 IF (OK) GOTO 13

WRITE(6,*) Tnput tolerance '

WRITE(@6,*)""

READ(5,*) TOL

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

ELSE

OK = .TRUE.

ENDIF

GOTO 12

OK = FALSE.

IF (OK) GOTO 15

WRITE(6,*) Tnput maximum mumber of iterations '
WRITE(6,*) '- no decimal point '

WRITE®6,*)""

READ(5,*) NO

IF (NO .LE. 0 ) THEN

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

ELSE

OK = .TRUE.

ENDIF

GOTO 14

CONTINUE

ELSE

WRITE(6,*) 'The program will end so that the function F '
WRITE(6,*) 'can be created '

OK = FALSE.

ENDIF

IF (NOT.OK) GOTO 40

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

WRITE(6,*) 'Input the file name in the form - '
WRITE(6,*) 'drive:name.cxt'

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

READ(5,*) NAME1

OUP=3

OPEN(UNIT=0UP FILEENAME1,STATUS=NEW")
ELSE

OUP=6

ENDIF
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WRITEC(6,*) 'Select amount of output '
WRITE(6,*) '1. Answer only ’
WRITE(6,*) 2. All intermediate approximations '
WRITE(6,*) 'Enter 1 or2 '
WRITE(6,*) "'
READ(5,*) FLAG
WRITE(QUP,*) BISECTION METHOD'
[F (FLAG.EQ.2) THEN
WRITE(OUF,004)
004 FORMAT(3X,T,15X,'P', 12X, F(P)"
ENDIF
C STEP1
=1
C STEP2
016 IF (I.GT.N0) GOTO 020
C STEP3
C COMPUTEPQ)
P=AHB-A)/2
FP=F(P)
IF (FLAG.EQ.2) THEN
WRITE(OUP,005) L.P,FP
005 FORMAT(1X,I3,2X E15.8,2X E15.8)
ENDIF
C STEP4
IF( ABS(FP).LE.1.0E-20 .OR. (B-A)/2 LT. TOL) THEN
C PROCEDURE COMPLETED SUCCESSFULLY
‘WRITE(QOUP,002) P, I, TOL
GOTQ 040
ENDIF
C STEPS
I=I+1
C STEPé
C COMPUTE A(I) AND B(D)
IF( FA*FP .GT. 0) THEN
A=P
FA=
ELSE
B=P
FB=FP
ENDIF
GOTO 016
020 CONTINUE
C STEP7
C PROCEDURE COMPLETED UNSUCCESSFULLY
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IF(OUP.NE.6) WRITE(6,3) NO,P,TOL
WRITE(OUP,3) NO,P,TOL

040 CLOSE(UNIT=5)

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

STOP

002 FORMAT(1X,'THE APPROXIMATE SOLUTION IS'/,1X
* E15.8,1X,'AFTER",1X,12,1X TTERATIONS, WITH TOLERANCE'

* 1XE15.8)

003 FORMAT(IX,TTERATION NUMBER',1X,13,1X,'GAVE

*APPROXIMATION',
*/E15.8,1X,'NOT WITHIN TOLERANCE',1X E15.8)

END

.@gw@bﬂnhéb}

BISECTION METHOD

I P F(P)

1 .15000000E+01 .23750000E+01
2 .12500000E+01 -17968750E+01
3 .13750000E+H01 .16210940E+00
4 13125000E+01 -84838870E+00
5 .13437500EH01 -35098270E+00
6 .13593750EH01 -.96408840E-01
7 .13671880E+01 .32355790E-01
8 .13632810E+01 -32149970E-01
9 .13652340E+01 .72024760E-04
10 13642580E+01 -.16046690E-01
11 .13647460EHI1 -79892630E-02
12 13649900EH01 -39591020E-02
13 .13651120EH01 -,19436590E-02
14 .13651730EH01 -93584730E-03

THE APPROXIMATE SOLUTION IS

.13651730E+01 AFTER 14 ITERATIONS, WITH TOLERANCE .10000000E-03.
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TO FIND A SOLUTION TO P=G(P) GIVEN AN
C INITIAL APPROXIMATION PO:
C INPUT: INITIAL APPROXIMATION PQ; TOLERANCE TOL;
C MAXIMUM NUMBER OF ITERATIONS NO.
C OUTPUT: APPROXIMATE SOLUTION P OR MESSAGE THAT
C THE METHOD FAILS.
REAL TOL,PO,P
INTEGER INO,FLAG
CHARACTER NAME1*30,AA*1
INTEGER OQUP
LOGICAL OK
C DEFINE FUNCTION G
G(O=SQRT(10/(4+X))
OPEN(UNIT=5 FILE='CON',ACCESS='SEQUENTIAL"
OPEN(UNIT=6,FILE='CON',ACCESS='SEQUENTIAL"
WRITE(6,*) This is the Fixed-Point Method.'
WRITE(6,*) Has the function G been created in the program? '
WRITE(6,*) Enter Y or N’
WRITE(6,*) "'
READ(5,*) AA
IF(( AA .EQ.'Y") .OR. (AA EQ. Y')) THEN
WRITE(6,*) Tnput initial approximation '
WRITE(6,*) "'
READ(5,*) PO
OK = FALSE.
12 IF (OK) GOTO 13
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 12
13 OK = FALSE.
14 IF (OK) GOTO 15
WRITE(6,*) Tnput maximum mumber of iterations '
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WRITE(6,*) '- no decimal point '

WRITE(6,*) "

READ(5,*¥) NO

IF (NO LE. 0) THEN

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

ELSE

OK =.TRUE.

ENDIF

GOTO 14

CONTINUE

ELSE

WRITE(6,*) 'The program will end so that the function F'
WRITE(6,*) 'can be created '

OK = FALSE.

ENDIF

IF (NOT.OK) GOTO 040

WRITE(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

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

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

READ(5,*) NAME1

OUP =3
OPEN(UNIT=0UP,FILEENAME1,STATUS="NEW")
ELSE

OUP =6

ENDIF

WRITE(S, *) 'Select amount of output '
WRITE(6,*) '1. Answer only '

WRITE(S,*) '2. All intermediate approximations '
WRITE(6,*) Enter 1 or2'

WRITE(6,*) "'

READ(5,*) FLAG

WRITE(OUP,*) FIXED-POINT METHOD'

IF (FLAG.EQ.2) THEN

WRITE(OUP,004)
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004 FORMAT(3X,T,16X,P")
ENDIF
C STEP1
=1
C STEP2
010 IF (I .GT. NO ) GOTO 020
C STEP3
C COMPUTE P())
P=G(P0)
IF (FLAG.EQ.2) THEN
WRITE(OUP,006) LP
006 FORMAT(1X,I3,2X,E15.8)
ENDIF
C STEP4
IF( ABS(P-P0) LT. TOL ) THEN
C PROCEDURE COMPLETED SUCCESSFULLY
WRITE(OUP,2) P, I, TOL
GOTO 040
END IF
C STEPS
I=I+1
C STEP6
C TUPDATE PO
PO=P
GOTO 010
020 CONTINUE
C STEP7
C PROCEDURE COMPLETED UNSUCCESSFULLY
IF(OUP.NE.6) WRITE(6,3) NO,P, TOL
WRITE(OUP,3) NO,P,TOL
040 CLOSE(UNIT=5)
CLOSE(UNIT=0UP)
IF(OUP.NE.6) CLOSE(UNIT=6)
STOP
2  FORMAT(1X,'APPROXIMATE SOLUTION IS',1X,E15.8,1X
* 'AFTER',1X 12, 1X, TTERATIONS,'/,' WITH TOLERANCE', 1X,E15.8)
3 FORMAT(LX, TTERATION NUMBER',1X,13,1X,'GAVE
+ APPROXIMATION',
*/ E15.8,1X, NOT WITHIN TOLERANCE!,1XE15 8)
END
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FIXED-POINT METHOD

P
.13484000E+01
.13673760E+01
.13649570E+01
.13652650E+01
.13652260E+01
.13652310E+01

QU b LN ey

APPROXIMATE SOLUTION IS .13652310E+01 AFTER 6 ITERATIONS,
WITH TOLERANCE .10000000E-04
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TO FIND A SOLUTION TO F(X)=0 GIVEN AN
INITIAL APPROXIMATION PO:;
INPUT: INITIAL APPROXIMATION PO; TOLERANCE TOL;
MAXTMUM NUMBER OF ITERATIONS NO.
OUTPUT: APPROXIMATE SOLUTION P OR A MESSAGE
THAT THE ALGORITHM FAILS.

REAL TOL,P0,D.F0,FPO

INTEGER I,NO.FLAG,OUP

CHARACTER NAMEI1*30,AA*1

LOGICAL OK

DEFINE FUNCTIONS F AND F' (DENOTED FF)

FX)=COS(X)-X

FP(X)=-SIN(X)-1

OPEN(UNIT=5,FILE='CON', ACCESS='"SEQUENTIAL")

OPEN(UNIT=6 FILE='CON', ACCESS="SEQUENTIAL'")

WRITE(6,*) 'This is Newtons Method.'

WRITE(6,*) Have the functions F and F" been'

WRITE(6,*) 'created in the program? '

WRITE(6,*) Enter Y or N '

WRITE(6,*) "'

READ(5,*) AA

IF(( AA EQ.'Y') .OR. (AA EQ.'y'")) THEN
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14

15
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WRITE(6,*) 'Input initial approximation '
WRITE(6,*) '
READ(5,*) PO
OK = FALSE,
IF (OK) GOTO 13
WRITE(6,*) 'Input tolerance '
WRITE®,*) "
READ(5,*) TOL
IF (TOL.LE.0.0) THEN
WRITE(6,*) 'Tolerance must be positive '
WRITE(®,*) '
ELSE
OK = .TRUE.
ENDIF
GOTO 12
OK = FALSE.
IF (OK) GOTO 15
‘WRITE(6,*) 'Input maximnm number of iterations '
‘WRITE(6,*) '- no decimal point '
‘WRITE(6,*) "'
READ(5,*) NO
IF (NO .LE. 0 ) THEN
‘WRITE(6,*) 'Must be positive integer '
‘WRITE(6,*) ''
ELSE
OK = .TRUE.
ENDIF
GOTO 14
CONTINUE
ELSE
WRITE(6,*) 'The program will end so that the functions F '
WRITE(6,*) 'and F" can be created '
OK = FALSE.
ENDIF
IF (NOT.OK) GOTO 040
WRITE(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
‘WRITE(6,*) Tnput the file name in the form - '
WRITE(6,*) 'drive:name.ext’

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

READ(5,*) NAMEL1

OuP=3

OPEN(UNIT=0UP, FILE=ENAME1,STATUS="NEW")
ELSE

OUP=6

ENDIF

‘WRITE(6,*) 'Select amount of output '

‘WRITE(6,*) '1. Answer only '

‘WRITE(6,*) 2. All intermediate approximations '
‘WRITE(6,*) Exter 1 or2'

‘WRITE(6,%)""

READ(5,*) FLAG

WRITE(OUP,*) 'NEWTONS METHOD'

IF (FLAG.EQ.2) THEN

WRITE(OUP,004)

004 FORMAT(3X,T,16X.P,13X,F(P)"

C

C

ENDIF
STEP 1
I=1
FO=F(P0)
STEP 2

010 IF (I.GT.NO)GOTO 020

C
C

C

STEP 3
COMPUTE P(l)
FPO=FP(P0)
D=F0/FP0
STEP 6
P0O=P0-D
FO=F(P0)
IF (FLAG.EQ.2) THEN
WRITE(OUP,005) L,P0,F0

005 FORMAT(1X,I13,2X,E15.8,2X,E15.8)

C
C

C

ENDIF
STEP 4
IF( ABS(D) LT. TOL ) THEN
PROCEDURE COMPLETED SUCCESSFULLY
WRITE(6,2) PO, TOL
GOTO 040
END IF
STEP 5
=1+1
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GOTO 010
020 CONTINUE
C STEP7
C PROCEDURE COMPLETED UNSUCCESSFULLY
IF(OUP.NE.6) WRITE(6,3) NO,P0,TOL
WRITE(OUP,3) NO,PO,TOL
040 CLOSE(UNIT=5)
CLOSE(UNIT=0UP)
IF(OUP.NE.6) CLOSE(UNIT=6)
STOP
2 FORMAT(1X,APPROXIMATE SOLUTION IS',1X,E15.8,1X,'AFTER,
*]1X,12,1X, TTERATIONS,/,' WITH TOLERANCE!,1X,E15.8)
3 FORMAT(1X,TTERATION NUMBER',1X,13,1X,GAVE APPROXIMATION',
*/E15.8,1X, NOT WITHIN TOLERANCE',1XE15.8)
END
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