Physics 410: Using Fortran and C in the Unix Environment

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

Last updated October 2005

Index

Introduction and overview Compiling and linking Fortran programs:pgf77 Compiling and linking C programs:pgcc Using and creating libraries Debugging programs:pgdbg Organizing and automating program builds:make Recommended settings make

INTRODUCTION AND OVERVIEW

Fortran and C Fortran 77 (hereafter referred to as Fortran ) and C lnx machines, using the (abbreviated PG or PGI somewhat man

as C Fortran

by convention, Fortran .f

% ls *.f
first.f

% cat first.f
      write(*,*) ’Hello World!’
      stop
      end

Here the Fortran source filefirst.f Fortran pgf77

% pgf77 -g first.f -o first

The Fortran first

% ls -l first
-rwxr-xr-x  1 phys410 phys410 61891 Oct 11 06:16 first*

which, provided that.

% first
 Hello World!

Note that there is a leading space (blank) before theHello World! Fortran line printer

The pgf77 first.f, we supply as -g -o first that tellspgf77 first pgf77 in the above example: (1)-g first.f -o first

% pgf77 -o first -g first.f
% pgf77 first.f -o first -g

If you don’t specify a name for the executable using the-o pgf77 will call your executablea.out

% pgf77 -g first.f
% a.out
 Hello World!

code---known as we have twoFortran source files,greeting.f Fortran main program and sayhello.f Fortran subroutine

% cd ~phys410/f77/ex1
% ls *.f
greeting.f   sayhello.f
% cat greeting.f
c     This is the main program

      program  greeting

      call sayhello()

      stop
      end

% cat sayhello.f
c     This is the subroutine

      subroutine sayhello()
         write(*,*) ’Hello World!’
         return
      end

pgf77 command; we simply passboth

% pgf77 -g greeting.f sayhello.f -o greeting
greeting.f:
sayhello.f:

Note that this time, thepgf77 greeting

% greeting
 Hello World!

% ls
Makefile  greeting*  greeting.f  greeting.o  sayhello.f  sayhello.o

we notice that in addition to the executable,greeting pgf77 command created two files,greeting.o sayhello.o , both having.o extensions. These are object

The compilation The linking of object code (including code in

ld), you don’t have to invoke it directly---thepgf77 pgcc ) command will do it for you, . Such is -o option. However, we can also usepgf77 executable in two phases. First, by supplying the-c .f filesonly be compiled .o

% RM greeting *.o
% ls
Makefile     greeting.f   sayhello.f

% pgf77 -g -c greeting.f sayhello.f
greeting.f:
sayhello.f:

% ls
Makefile     greeting.f   greeting.o   sayhello.f   sayhello.o

Note that this lastpgf77 command didnot pgf77 of the.o we use the -o

% pgf77 -g greeting.o sayhello.o -o greeting

% ls
Makefile     greeting*    greeting.f   greeting.o   sayhello.f   sayhello.o

% greeting
 Hello World!

Here, pgf77 ld ld that is common to allFortran -c one of -c) the single source file all

We end this survey with a brief discussion oflibraries library archives

% cd ~phys410/f77/ex0
% cat tdmach.f
c-------------------------------------------------
c    Simple illustration of use of libraries
c
c    dmach is a function defined in the LINPACK
c    library
c
c    /usr/local/PGI/lib/liblinpack.a
c
c    It computes and returns information
c    concerning the invoking machine’s floating
c    point  model.
c-------------------------------------------------
     program    tdmach

     implicit   none

     real*8     dmach

     write(0,*) dmach(1)

     stop
     end

This simple program invokes the functiondmach dmach is not a basic part of the f77

% pgf77 -g tdmach.f -o tdmach
... /pgf77baaaaAAaaw.o(.text+0x52): In function ‘tdmach’:
/home/phys410/f77/ex0/tdmach.f:19: undefined reference to ‘dmach_’

which tells us that the loader,ld pgf77 code forany routine named dmach_ dmach_ rather than dmach C, C++, Fortran 77, Java different

named foo inFortran foo inC

To make a longish story relatively short, the way mostUnix PG Fortran C C We now return to the failedpgf77

% pgf77 -g -L/usr/local/PGI/lib tdmach.f -llinpack -o tdmach

tdmach

% tdmach
   1.0842021724855044E-019

-L/usr/local/PGI/lib -llinpack

liblinpack.a

/usr/local/PGI/lib

is sufficient to make things work. More specifically,-llinpack

liblinpack.a    or    liblinpack.so

-L/usr/local/PGI/lib tells the loader /usr/local/PGI/lib the library archive/usr/local/PGI/lib/linpack.a dmach_

COMPILING AND LINKING FORTRAN PROGRAMS: pgf77

Use the pgf77 command to compile and linkFortran USAGE EXAMPLES The following command compiles and loadspgm.f pgm

% pgf77 -g pgm.f -o pgm

The first of the following commands compilesmain.f and subs.f main.o and subs.o command loads both object files creating the executablemain

% pgf77 -g -c main.f subs.f
% pgf77 -g main.o subs.o -o main

/usr/local/PGI/lib/libp410f.a -L and -l

% pgf77 -g -c main.f subs.f
% pgf77 -g -L/usr/local/PGI/lib main.o subs.o -lp410f -o main

Note that-L/usr/local/PGI/lib adds the directory /usr/local/PGI/lib -lp410f strings lib .a are automatically (libp410f.a USEFUL pgf77 OPTIONS

See man pgf77 Fortran -g pgdbg -Mbounds -fast

COMPILING AND LINKING C PROGRAMS: pgcc

Use the pgcc command to compile and linkC USAGE EXAMPLES The following command compiles and loadspgm.c pgm

% pgcc -g pgm.c -o pgm

The first of the following commands compilesmain.c and routines.c main.o and routines.o second command loads both object files creating the executablemain

% pgcc -g -c main.c routines.c
% pgcc -g main.o routines.o -o main

/usr/local/PGI/lib/libp410f.a and /usr/lib/libmath.a -L and -l

% pgcc -g -c main.c routines.c
% pgcc -g -L/usr/local/PGI/lib routines.o subs.o -lp410f -lm -o main

once routine in thep410f m C

% pgcc -g -L/usr/local/lib routines.o subs.o -lm -lp410f -o main

#include’ing FILES FROM NON-STANDARD LOCATIONS

#include "mytypes.h"
#include <stdio.h>

are C C <> /usr/include #include files may be specified with the-I Thus, assuming that mytypes.h lives in/home/matt/include myinclude.c contains the

#include <mytypes.h>

then the pgcc

% pgcc -I/home/matt/include myinclude.c -o myinclude

USEFUL pgcc OPTIONS See man pgcc C -g pgdbg -fast

USING AND CREATING LIBRARIES

lib and end with.a

% cd /usr/lib
% ls lib*.a
libImlib.a        libfl.a           libimlib-bmp.a   libpcreposix.a
libSDL.a          libfontconfig.a   libimlib-gif.a   libpthread_nonshared.a
libSDL_gfx.a      libform.a         libimlib-jpeg.a  libreadline.a
libSDL_image.a    libg.a            libimlib-png.a   librpcsvc.a
                            .
                            .
                            .

Link to libraries located in standard locations (notably/lib /usr/lib) using the -l option to eitherpgf77 pgcc

% pgcc  -cpgm.o  -lm -lX11 -o cpgm
% pgf77 f77pgm.o -lblas -o f77pgm

Use the -L named /home/matt/lib/libvutil.a pgf77

% pgf77 -L/home/matt/lib pgm.o -lvutil -o pgm

CREATING LIBRARIES

Create and maintain library archives using thear

% ls *.o
procs1.o procs2.o procsio.o

then the followingar libmylib.a

% ar r libmylib.a procs1.o procs2.o procsio.o

Note that the r immediately followingar ar command: i.e.ar not have to ar there is usually a commandranlib

See man ar

DEBUGGING PROGRAMS: pgdbg

ClickHERE

ORGANIZING AND AUTOMATING PROGRAM BUILDS: make

The make

make is prepared in a file namedmakefile Makefile

The basic idea behind make Fortran 77 source, e.g.) as targets have one or more dependencies foo object filefoo.o foo.f of

Each target and its dependencies are separated by a colon ( :), The set of commands

. Here is a simple example (Makefile foo depends on foo.f executable from the source file using asingle pgf77

foo: foo.f

 ^
 |-------- TAB character

make

are up to date, so that we are

file asnot

Before proceeding to an examination of aMakefile

Important point 1: MUST begin with a NOT a message such as

Makefile:12: *** missing separator.  Stop.

Important point 2: environment variables to communicate withmake make defined at the instant the make make as make make HOME

     $(HOME)

     $HOME

<macroname>  = <macro definition>

where <macroname> <macro definition> an arbitrary not MYLIB HOME

MYLIB = $(HOME)/lib

Assuming, for concreteness, that$(HOME) evaluates to /home/matt $(MYLIB) will then evaluate to/home/matt/lib

make), along with their recommended settings on the lnx

# ’F77’ defines the name of the Fortran 77 compiler.
setenv  F77        ’pgf77’

# ’F77FLAGS’ defines options that are used in BOTH the compilation and load phases
setenv  F77FLAGS   ’-g’

# ’F77CFLAGS’ defines flags that are used ONLY in the compilation phase
setenv  F77CFLAGS  ’-c’

# ’F77LFLAGS’ defines flags that are used ONLY in the load phase
setenv  F77LFLAGS  ’-L/usr/local/PGI/lib’

# ’LIBBLAS’ defines the name of the BLAS (Basic Linear Algebra Software) library
setenv  LIBBLAS    ’-lblas’

HERE

Note that these variables should generally be set in your.cshrc

All of yourMakefile

On the lnx machines, I have modified the system-widetcsh /etc/csh.cshrc so that the variables are above; i.e. you donot have to add anything to your.cshrc

Important point 3: csh , tcsh , bash \) immediately

FILELIST = a.f b.f c.f

FILELIST = a.f \
           b.f \
           c.f

Note again that there can be NO white space following the\ make

Given the above preamble, we can now turn to an exampleMakefile ~phys410/f77/ex3 lnx

############################################################
# Lines beginning with a ’#’ are comments
############################################################

############################################################
# The .IGNORE: directive tells ’make’ to keep going if
# one or more commands executed as a result of the ’make’
# do not complete successfully.  The default is to bail
# out.
############################################################
.IGNORE:

############################################################
#  Note that this ’Makefile’ assumes that the following
#  environment variables are set:
#
#     F77         ->  name of f77 compiler
#     F77FLAGS    ->  generic f77 flags
#     F77CFLAGS   ->  f77 flags for compilation phase
#     F77LFLAGS   ->  f77 flags for load phase
############################################################
# Define some macros for
#
#    F77_COMPILE:  The command which will be used to compile
#                  Fortran source
#    F77_LOAD:     The command which will be used to load
#                  Fortran object files, link to libraries
#                  and create executables.
#
# In this Makefile, macros are used almost precisely like shell
# or environment variables.  Note, however, that macros are
# evaluated with the $(MACRONAME) construct: the () are CRUCIAL.
# Also note that ALL environment variables (HOME, DISPLAY,

# etc.) are automatically available as macros with the
# same name.  Thus, for example, $(HOME) will evaluate to
# your home directory.  We will use this feature to create
# Makefiles which are portable across systems provided that
# the appropriate environment variables are set properly
# (typically in your ’~/.cshrc’) on the various systems.
############################################################
F77_COMPILE  = $(F77) $(F77FLAGS) $(F77CFLAGS)
F77_LOAD     = $(F77) $(F77FLAGS) $(F77LFLAGS)

############################################################
# The following defines a GENERIC target (rule)
# which tells ’make’ how to produce a ’.o’ file from
# a ’.f’ file.  ’Make’ will automatically use such a rule
# unless a specific target overrides it.
############################################################
.f.o:
        $(F77_COMPILE) $*.f

############################################################
# Define a macro for all the executables in the directory
############################################################
EXECUTABLES = fdemo2 mysum tdvfrom tdvto

############################################################
# Since this is the first SPECIFIC target in the makefile,
# if ’make’ is invoked with no arguments, this is the target
# which will be made.  Since $(EXECUTABLES) evaluates to
# ’fdemo2 mysum tdvfrom tdvto’, ’make’ will make each of
# ’fdemo2’, ’mysum’, ’tdvfrom’ and ’tdvto’ in turn
############################################################
all: $(EXECUTABLES)

############################################################
# The target ’fdemo2’ depends on the object file ’fdemo2.o’.
# When ’fdemo2’ is being made, ’make’ figures out that it
# first needs to make ’fdemo2.o’ from ’fdemo2.f’ using
# the generic rule above.  Once the dependencies of any
# given  target have been updated, the commands which
# follow the target are executed in turn.  In this case,
# the object file is simply loaded and the executable
# ’fdemo2’ is created.  Again note that each command line
# MUST BEGIN WITH A TAB.  Continue long lines with \
# (backslash, followed by carriage return, with no
# intervening spaces).
############################################################
fdemo2: fdemo2.o
        $(F77_LOAD) fdemo2.o -o fdemo2

mysum: mysum.o
        $(F77_LOAD) mysum.o -o mysum

############################################################
# A little more complicated example since there are 2
# dependencies (’tdvfrom.o’ and ’dvfrom.o’) and we
# link to the ’p410f’ library
############################################################
tdvfrom: tdvfrom.o dvfrom.o
        $(F77_LOAD) tdvfrom.o dvfrom.o -lp410f -o tdvfrom

tdvto: tdvto.o dvto.o
        $(F77_LOAD) tdvto.o dvto.o -lp410f -o tdvto

############################################################
# Makefiles often have a ’clean’ target which cleans
# up object files, executables and other files which
# tend to consume precious disk space, and which can
# always be reconstructed (via ’make’ of course!)
############################################################
clean:
        rm *.o
        rm $(EXECUTABLES)

.IGNORE:

F77_COMPILE  = $(F77) $(F77FLAGS) $(F77CFLAGS)
F77_LOAD     = $(F77) $(F77FLAGS) $(F77LFLAGS)

.f.o:
        $(F77_COMPILE) $*.f

EXECUTABLES = fdemo2 mysum tdvfrom tdvto

all: $(EXECUTABLES)

fdemo2: fdemo2.o
        $(F77_LOAD) fdemo2.o -o fdemo2

mysum: mysum.o
        $(F77_LOAD) mysum.o -o mysum

tdvfrom: tdvfrom.o dvfrom.o
        $(F77_LOAD) tdvfrom.o dvfrom.o -lp410f -o tdvfrom

tdvto: tdvto.o dvto.o
        $(F77_LOAD) tdvto.o dvto.o -lp410f -o tdvto

clean:
        rm *.o
        rm $(EXECUTABLES)

and here’s some output frommake

% make
pgf77 -g -c fdemo2.f
pgf77 -g -L/usr/local/PGI/lib fdemo2.o -o fdemo2

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

pgf77 -g -c tdvfrom.f
pgf77 -g -c dvfrom.f
pgf77 -g -L/usr/local/PGI/lib tdvfrom.o dvfrom.o -lp410f -o tdvfrom

pgf77 -g -c tdvto.f
pgf77 -g -c dvto.f
pgf77 -g -L/usr/local/PGI/lib tdvto.o dvto.o -lp410f -o tdvto

Notice howmake

Since the first specific target in the makefile isall

% make all

The Unixtouch

% touch dvto.f
% make
pgf77 -g -c dvto.f
pgf77 -g -L/usr/local/PGI/lib tdvto.o dvto.o -lp410f -o tdvto

we see that make make

% make clean
rm *.o
rm fdemo2 mysum tdvfrom tdvto
% make fdemo2
pgf77 -g -c fdemo2.f
pgf77 -g -L/usr/local/PGI/lib fdemo2.o -o fdemo2

Finally ifmake

% make fdemo2
make: ‘fdemo2’ is up to date.

See man make