Physics 555B: Mixed Language (Fortran and C) Programming

Please report all errors/typos. etc tochoptuik@physics.ubc.ca

Last updated January 2007

not PG

(scalars or 1-dimensional arrays): integer variables in Fortran,int variables in C 8-byte reals: i.e.real*8 double

C implements so-called for passing actual scalar arrays addresses passed in C (call-by-address all

_ GNUFortran compilers,

two option to thef77, namely-fno-second-underscore

Call-by-value versus call-by-address

#include <stdio.h>
/*==========================================================
  Simple example to illustrate fact that scalar parameters
  are passed BY VALUE in C.  Calling function ’c_fcn’ has
  NO side effect vis a vis the value of ’i’ in the main
  routine.
==========================================================*/
void c_fcn(int ival);

int main(int argc, char ** argv) {
   int   i;

   i = 10;
   printf("c_call: In main before call to c_fcn, i = %d\n\n",i);
   (void) c_fcn(i);
   printf("c_call: In main after call to c_fcn, i = %d\n",i);

}

void c_fcn(int ival) {
   printf("c_fcn: Entering routine, ival = %d\n",ival);
   ival = 0;
   printf("c_fcn: Exiting routine, ival = %d\n\n",ival);
}

% make c-call

pgcc -g -c c-call.c
pgcc -g -L/usr/local/PGI/lib c-call.o -o c-call

% c_call

c_call: In main before call to c_fcn, i = 10

c_fcn: Entering routine, ival = 10
c_fcn: Exiting routine, ival = 0

c_call: In main after call to c_fcn, i = 10

   ival = 0;

in the functionc_fcn i new storage for the variableival storage by copying the value ofi

c===========================================================
c     f77_call:
c
c     Simple example to illustrate fact that ALL routine
c     parameters, including scalars, are passed BY
c     ADDRESS in f77.  Calling subroutine ’f77_sub’ has
c     side-effect of setting the value of ’i’ in the
c     main routine to 0.
c===========================================================
      program     f77_call

      implicit    none

      integer     i

      i = 10
      write(*,*) ’f77_call: In main before call to f77_sub,’,
     &           ’ i = ’, i
      write(*,*)
      call f77_sub(i)
      write(*,*) ’f77_call: In main after call to f77_sub,’,
     &           ’ i = ’, i

      stop

      end

      subroutine  f77_sub(ival)
         implicit  none

         integer   ival

         write(*,*) ’f77_sub: Entering routine, ival = ’, ival

         ival = 0
         write(*,*) ’f77_sub: Exiting routine, ival = ’, ival
         write(*,*)

         return
      end

% make f77-call

pgf77 -g -c f77-call.f
pgf77 -g -L/usr/local/PGI/lib f77-call.o -o f77-call

and execution off77-call

% f77-call

 f77_call: In main before call to f77_sub, i =           10

 f77_sub: Entering routine, ival =           10
 f77_sub: Exiting routine, ival =            0

 f77_call: In main after call to f77_sub, i =            0

         ival = 0

in thef77_sub subroutine does i, that is supplied as an argument to f77_sub i ival in the subroutineoccupy,

Calling Fortran routines from C

f77-routines.f

c===========================================================
c     Definitions of f77 routines that are to be called from
c     C.
c===========================================================

      integer function f77_int_fcn(isc, iarray, liarray)
         implicit    none

         integer     isc, liarray, iarray(liarray)
         integer     i

         write(*,*) ’f77_int_fcn: Entering routine’
         write(*,*) ’ isc = ’, isc
         do i = 1 , liarray
            write(*,*) ’ iarray(’, i, ’) = ’, iarray(i)
         end do
         write(*,*) ’f77_int_fcn: Exiting routine’
         write(*,*)

         f77_int_fcn = -1

         return

      end

      real*8 function f77_real8_fcn(rsc, rarray, lrarray)
         implicit    none

         integer     lrarray
         real*8      rsc, rarray(lrarray)
         integer     i

         write(*,*) ’f77_real8_fcn: Entering routine’
         write(*,*) ’ rsc = ’, rsc
         do i = 1 , lrarray
            write(*,*) ’ rarray(’, i, ’) = ’, rarray(i)
         end do
         write(*,*) ’f77_real8_fcn: Exiting routine’
         write(*,*)

         f77_real8_fcn = -1.0d0

         return

      end

      subroutine f77_sub(isc, rsc)
         implicit    none

         integer     isc
         real*8      rsc

         write(*,*) ’f77_sub: Entering routine’
         write(*,*) ’ isc = ’, isc
         write(*,*) ’ rsc = ’, rsc
         write(*,*) ’f77_sub: Exiting routine’
         write(*,*)

         return
      end

c-calls-f77.c

#include <stdio.h>
/*==========================================================
   c_calls_f77

   Illustrates invocation of f77 routines from C program
   assuming that the compiler system uses "append single
   underscore" conventiopn for translating f77 names to
   external symbols.

   f77 routines are defined in source file ’f77-routines.f’
==========================================================*/

/*---------------------------------------------------------
   Declarations of f77 routines.
---------------------------------------------------------*/
int     f77_int_fcn_(int * pisc, int * iarray, int * pliarray);
double  f77_real8_fcn_(double * prsc, double * rarray, int * plrarray);
void    f77_sub_(int * pisc, double * prsc);

int main(int argc, char ** argv) {

/*---------------------------------------------------------
   Variables to be passed to f77 routines.
---------------------------------------------------------*/
   int     isc,  liarray,  lrarray,  iarray[10];
   double  rsc,  rarray[10];

/*---------------------------------------------------------
   Miscellaneous variables.
---------------------------------------------------------*/
   int     i,    ival;
   double  rval;

   isc = 0;
   rsc = 0;
   liarray = 10;
   lrarray = 10;

   for( i = 0; i < liarray; i++ ) {
      iarray[i] = i;
      rarray[i] = i;
   }

/*---------------------------------------------------------
   Invoke f77 routines.  Note that ADDRESSES of scalar vbls
   must be passed for those parameters where the f77 routine
   expects a scalar.
---------------------------------------------------------*/
   ival = f77_int_fcn_(&isc, iarray, &liarray);
   rval = f77_real8_fcn_(&rsc, rarray, &liarray);
   (void) f77_sub_(&isc, &rsc);

   printf("f77_int_fcn(...) returns %d\n",ival);
   printf("f77_real8_fcn(...) returns %g\n",rval);

   exit(0);
}

addresses of scalar variables such as isc and rsc & c-calls-f77.c and f77-routines.f the appropriate compiler, using the-c c-calls-f77.o and f77-routines.o ld

Fortran programs must be always depend on which compiler suite is being used,

For the version of thePG libpgftnftl.a

   -lpgftnrtl

% make c-calls-f77

pgcc -g -c c-calls-f77.c
pgf77 -g -c f77-routines.f
pgcc -g -L/usr/local/PGI/lib c-calls-f77.o f77-routines.o -lpgftnrtl \
   -o c-calls-f77

Note that if we had omitted-lpgftnrtl

% pgcc -g -L/usr/local/PGI/lib c-calls-f77.o f77-routines.o -o c-calls-f77

f77-routines.o(.text+0x3c): In function ‘f77_int_fcn’:
f77-routines.f:12: undefined reference to ‘fio_src_info’
f77-routines.o(.text+0x55):f77-routines.f:12: undefined reference to ‘fio_ldw_init’
f77-routines.o(.text+0x83):f77-routines.f:12: undefined reference to ‘fio_ldw’
                                  .
                                  .
                                  .
f77-routines.o(.text+0x2e3):f77-routines.f:18: undefined reference to ‘fio_ldw_end’
f77-routines.o(.text+0x32c): In function ‘f77_real8_fcn’:
f77-routines.f:33: undefined reference to ‘fio_src_info’
f77-routines.o(.text+0x345):f77-routines.f:33: undefined reference to ‘fio_ldw_init’
f77-routines.o(.text+0x373):f77-routines.f:33: undefined reference to ‘fio_ldw’
                                  .
                                  .
                                  .

f77-routines.o(.text+0x5d3):f77-routines.f:39: undefined reference to ‘fio_ldw_end’
f77-routines.o(.text+0x611): In function ‘f77_sub’:
f77-routines.f:53: undefined reference to ‘fio_src_info’
f77-routines.o(.text+0x62a):f77-routines.f:53: undefined reference to ‘fio_ldw_init’
f77-routines.o(.text+0x658):f77-routines.f:53: undefined reference to ‘fio_ldw’
                                  .
                                  .
                                  .
f77-routines.o(.text+0x825):f77-routines.f:57: undefined reference to ‘fio_ldw_end’

c-calls-f77

% c-calls-f77

 f77_int_fcn: Entering routine
  isc =            0
  iarray(           1) =            0
  iarray(           2) =            1
  iarray(           3) =            2
  iarray(           4) =            3
  iarray(           5) =            4
  iarray(           6) =            5
  iarray(           7) =            6
  iarray(           8) =            7
  iarray(           9) =            8
  iarray(          10) =            9
 f77_int_fcn: Exiting routine

 f77_real8_fcn: Entering routine
  rsc =   0.0000000000000000E+000
  rarray(           1) =   0.0000000000000000E+000
  rarray(           2) =    1.000000000000000
  rarray(           3) =    2.000000000000000
  rarray(           4) =    3.000000000000000
  rarray(           5) =    4.000000000000000
  rarray(           6) =    5.000000000000000
  rarray(           7) =    6.000000000000000
  rarray(           8) =    7.000000000000000
  rarray(           9) =    8.000000000000000
  rarray(          10) =    9.000000000000000
 f77_real8_fcn: Exiting routine

 f77_sub: Entering routine
  isc =            0
  rsc =   0.0000000000000000E+000
 f77_sub: Exiting routine

f77_int_fcn(...) returns -1
f77_real8_fcn(...) returns -1

GNU compilers:-lg2c PG compilers:-lpgftnrtl Intel compilers, version 8 and later:-lsvml -lifcore

Calling C routines from Fortran

not end in an does end in

The source code filec-routines.c f-routines.f

#include <stdio.h>
#include "c-routines.h"

/*=============================================================
   Definitions of interface routines that can be invoked
   DIRECTLY from Fortran.

   Note that since all arguments in f77 are passed BY ADDRESS,
   arguments that are scalar in the f77 call must be defined as
   pointer-to-appropriate-type in the code for the C function.
=============================================================*/

int c_int_fcn_(int * pisc, int * iarray, int * pliarray) {
   return c_int_fcn(*pisc, iarray, *pliarray);
}

double c_double_fcn_(double * prsc, double * rarray, int * plrarray) {
   return c_double_fcn(*prsc, rarray, *plrarray);
}

void c_void_fcn_(int * pisc,double * prsc) {
   (void) c_void_fcn(*pisc, *prsc);
   return;
}

/*=============================================================
   Definitions of C routines that are to be called (indirectly)
   from Fortran
=============================================================*/

int c_int_fcn(int isc, int * iarray, int liarray) {
   int   i;

   printf("c_int_fcn: Entering routine ... \n");
   printf(" isc = %d\n",isc);
   printf(" liarray = %d\n",liarray);
   for( i = 0; i < liarray; i++) {
      printf("iarray[%d] = %d\n", i, iarray[i]);
   }
   printf("c_int_fcn: Exiting routine ... \n\n");

   return -1;
}

double c_double_fcn(double rsc, double * rarray, int lrarray) {
   int   i;

   printf("c_double_fcn: Entering routine ... \n");
   printf(" rsc = %d\n",rsc);
   printf(" liarray = %d\n",lrarray);
   for( i = 0; i < lrarray; i++) {
      printf("rarray[%d] = %g\n", i, rarray[i]);
   }
   printf("c_double_fcn: Exiting routine ... \n\n");

   return -1.0;
}

void c_void_fcn(int isc,double rsc) {
   printf("c_void_fcn: Entering routine ... \n");
   printf(" isc = %d\n",isc);
   printf(" rsc = %d\n",rsc);
   printf("c_void_fcn: Exiting routine ... \n\n");
}

* f77-calls-c.f

c===========================================================
c     f77_calls_c:
c
c     Illustrates invocation of C routines from f77 program
c     assuming that the compiler system uses "append single
c     underscore" convention for translating f77 names to
c     external symbols.
c
c     C routines are defined in source file ’c-routines.c’.
c===========================================================
      program     f77_calls_c

      implicit    none

c-----------------------------------------------------------
c     Declaration of C-callable functions, no declarations
c     are necessary/possible for ’void’ functions.
c     C routines per se must have ’_’ appended to the
c     function name in definition (see ’c-routines.c’).
c-----------------------------------------------------------
      integer     c_int_fcn
      real*8      c_double_fcn

c-----------------------------------------------------------
c     Variables to be passed to C routines.
c-----------------------------------------------------------
      integer     isc,  liarray,  lrarray, iarray(10)
      real*8      rsc,  rarray(10)

c-----------------------------------------------------------
c     Miscellaneous variables.
c-----------------------------------------------------------
      integer     i,    ival
      real*8      rval

      isc = 0
      rsc = 0
      liarray = 10
      lrarray = 10
      do i = 1 , 10
         iarray(i) = i
         rarray(i) = i
      end do

c-----------------------------------------------------------
c     Corresponding C routines must have ’_’ appended to
c     function name: see ’c-routines.c’
c-----------------------------------------------------------
      ival = c_int_fcn(isc,iarray,liarray)
      rval = c_double_fcn(rsc,rarray,lrarray)
      call c_void_fcn(isc,rsc)

      write(*,*) ’c_int_fcn(...) returns’, ival
      write(*,*) ’c_double_fcn(...) returns’, rval

      stop
      end

f77-calls-c f77-calls-c.f c-routines.c , must be -c

% make f77-calls-c
pgf77 -g -c f77-calls-c.f
pgcc -g -c c-routines.c
pgf77 -g -L/usr/local/PGI/lib f77-calls-c.o c-routines.o -o f77-calls-c

and, again, execution off77-calls-c

% f77-calls-c

c_int_fcn: Entering routine ...
 isc = 0
 liarray = 10
iarray[0] = 1
iarray[1] = 2
iarray[2] = 3
iarray[3] = 4
iarray[4] = 5
iarray[5] = 6
iarray[6] = 7
iarray[7] = 8
iarray[8] = 9
iarray[9] = 10
c_int_fcn: Exiting routine ...

c_double_fcn: Entering routine ...
 rsc = 0
 liarray = 10
rarray[0] = 1
rarray[1] = 2
rarray[2] = 3
rarray[3] = 4
rarray[4] = 5
rarray[5] = 6
rarray[6] = 7
rarray[7] = 8
rarray[8] = 9
rarray[9] = 10
c_double_fcn: Exiting routine ...

c_void_fcn: Entering routine ...
 isc = 0
 rsc = 0
c_void_fcn: Exiting routine ...

 c_int_fcn(...) returns          -1
 c_double_fcn(...) returns  -1.000000000000000