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This case study looks at three versions of a Fortran program to solve the 
quadratic equation: a Fortran I version,  a Fortran 77 version and a Fortran 
90/95 version. It is an exercise in comprehension and comparison of the 

different versions of the program.
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Type: evolutionary language comparison

Language: Fortran I, Fortran 77, Fortran 95

Compiler: gfortran

Skills: program comprehension

Experience Level: novice

“FORTRAN is not a flower but a weed — it is hardy, occasionally blooms, 
and grows in every computer.”

Alan J. Perlis.
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FORTRAN I

This is the basic Fortran program, with fixed formatting, UPPERCASE code, labels and a series 
of  obsolete structures such as GOTO statements and arithmetic IFs. It is a classic piece of  
spaghetti code, although not too complex. One of  the main features is that the variables are 
intrinsic, i.e. they aren’t explicitly declared. Any variable used in such a manner starting with I, J, 
K, L, M, or N is an integer variable, with the remaining alphabetic characters being reals. 
Therefore A, B, C, DISCR, X1, and X2 are all real variables. The program also suffers from 
usability issues, with no input prompts or output information. The program is rather confusing, 
partially due to the mix of  labels related to jumps in the program, and those related to FORMAT 
statements.

C    SOLVE QUADRATIC EQUATION IN FORTRAN I
     READ 100,A,B,C
100  FORMAT(3F12.4)
     DISCR = B**2-4*A*C
     IF (DISCR) 10,20,30
10   X1=(-B)/2.*A
     X2=SQRTF(ABSF(DISCR))/2.*A
     PRINT 110,X1,X2
110  FORMAT(5H X = ,F12.3,4H +i ,F12.3)
     PRINT 120,X1,X2
120  FORMAT(5H X = ,F12.3,4H -i ,F12.3)
     GOTO 40
20   X1=(-B)/2.*A
     PRINT 130,X1
130  FORMAT(11H X1 = X2 = ,F12.3)
     GOTO 40
30   X1=((-B)+SQRTF(ABSF(DISCR)))/(2.*A)
     X2=((-B)-SQRTF(ABSF(DISCR)))/(2.*A)
     PRINT 140,X1
140  FORMAT(6H X1 = ,F12.3)
     PRINT 150,X2
150  FORMAT(6H X2 = ,F12.3)
40   CONTINUE
     STOP 
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FORTRAN 77
Once converted to Fortran 77, the program begins to resemble something more like a modern 
program, with input prompts, and output information. There is some rudimentary indentation, 
but the program still maintains its fixed format, and its UPPERCASE nature. Both the arithmetic 
IFs and the two GOTO statements have been removed, and replaced with an IF-ELSE 
sequence. All the labels have been removed, and the program is now reasonably well structured. 
Variables are still explicitly declared. 

     PROGRAM QUAD4
C    
C    SOLVE THE QUADRATIC EQUATION USING FORTRAN 77
C
     WRITE (*,*) ‘Enter the coefficients A, B, and C: ‘
     READ (*,*) A, B, C

     DISCR = B**2 - 4.*A*C
     IF (DISCR .LT. 0) THEN
         WRITE (*,*) ‘This equation has complex roots:’
!    WRITE (*,*) ‘X = ‘, -B/2*A, ‘ +i ‘, SQRT(ABS(DISCR))/2*A
!    WRITE (*,*) ‘X = ‘, -B/2*A, ‘ -i ‘, SQRT(ABS(DISCR))/2*A
     ELSE IF (DISCR .EQ. 0) THEN
         WRITE (*,*) ‘This equation has a single real root:’
         WRITE (*,*) ‘X = ‘, -B/2*A
     ELSE
         WRITE (*,*) ‘This equation has two distinct real roots:’
         WRITE (*,*) ‘X = ‘, (-B + SQRT(ABS(DISCR)))/2*A
         WRITE (*,*) ‘X = ‘, (-B - SQRT(ABS(DISCR)))/2*A
     END IF

     END

M.Wirth © 2013



FORTRAN 90/95

In the final version of  the program, re-engineered to Fortran 90/95 standards. The fixed 
formatting has been modified to free-format. Comment delimiters have changed from C to !, and 
code has been translated to lowercase. Usability has been further improved though additional 
information. All the variables have now been explicitly declared. it is a cleaner and much more 
readable program.

program roots
!    
!  Solve the quadratic equation using Fortran 90/95
!
implicit none

!  Declare the variables
real :: a, b, c, discriminant, imag_part, real_part, x1, x2

write (*,*) ‘This program solves for the roots of a ‘
write (*,*) ‘quadratic equation’
write (*,*) ‘Enter the coefficients A, B, and C: ‘
read (*,*) a, b, c

discriminant = b**2 -4. * a * c

if (discriminant > 0.) then 
    x1 = (-b + sqrt(discriminant)) / (2. * a)
    x2 = (-b - sqrt(discriminant)) / (2. * a)
    write (*,*) ‘This equation has two real roots:’
    write (*,*) ‘x1 = ‘, x1
    write (*,*) ‘x2 = ‘, x2
else if (discriminant == 0.) then
    x1 = (-b) / (2. * a)
    write (*,*) ‘This equation has a single real root:’
    write (*,*) ‘x1 = x2 = ‘, x1
else
    real_part = (-b) / (2. * a)
    imag_part = sqrt(abs(discriminant)) / (2. * a)
    write (*,*) ‘This equation has complex roots:’
    write (*,*) ‘x1 = ‘, real_part, ‘ +i ‘, imag_part
    write (*,*) ‘x2 = ‘, real_part, ‘ -i ‘, imag_part
end if

end program
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