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Published by the Free Software Foundation
59 Temple Place - Suite 330
Boston, MA 02111-1307, USA

Permission is granted to make and distribute verbatim copies of this manual provided the
copyright notice and this permission notice are preserved on al copies.

Permission is granted to copy and distribute modified versions of this manual under the conditions
for verbatim copying, provided also that the sections entitled “GNU General Public License,”
“Funding for Free Software,” and “Protect Your Freedom—Fight ‘Look And Feel’ ” areincluded
exactly asin the original, and provided that the entire resulting derived work is distributed under
the terms of a permission notice identical to this one.

Permission is granted to copy and distribute trand ations of this manual into another language,
under the above conditions for modified versions, except that the sections entitled “GNU General
Public License,” “Funding for Free Software,” and “Protect Your Freedom—Fight ‘' Look And
Feel’ 7, and this permission notice, may be included in trand ations approved by the Free Software
Foundation instead of in the origina English.
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Preamble

Thelicenses for most software are designed to take away your freedom to share and changeit.
By contrast, the GNU Genera Public Licenseis intended to guarantee your freedom to share and
change free software—to make sure the softwareis freefor al its users. This General Public
License appliesto most of the Free Software Foundation’ s software and to any other program
whose authors commit to using it. (Some other Free Software Foundation software is covered by
the GNU Library General Public Licenseinstead.) You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public
Licenses are designed to make sure that you have the freedom to distribute copies of free software
(and chargefor this serviceif you wish), that you receive source code or can get it if you want it,
that you can change the software or use pieces of it in new free programs; and that you know you
can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or
to ask you to surrender therights. These restrictions translate to certain responsibilities for you if
you distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for afee, you must give
the recipients all the rights that you have. You must make sure that they, too, receive or can get
the source code. And you must show them these terms so they know their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you this license
which gives you legal permission to copy, distribute and/or modify the software.

Also, for each author’ s protection and ours, we want to make certain that everyone understands
that there is no warranty for this free software. If the softwareis modified by someone else and
passed on, we want its recipients to know that what they have is not the original, so that any
problemsintroduced by otherswill not reflect on the original authors' reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid the
danger that redistributors of afree program will individually obtain patent licenses, in effect
making the program proprietary. To prevent this, we have made it clear that any patent must be
licensed for everyone sfree use or not licensed at al.

The precise terms and conditions for copying, distribution and modification follow.

TERMSAND CONDITIONSFOR COPYING, DISTRIBUTION AND
MODIFICATION

1. ThisLicense appliesto any program or other work which contains a notice placed by the
copyright holder saying it may be distributed under the terms of this General Public
License. The“Program”, below, refersto any such program or work, and a“work based on
the Program” means either the Program or any derivative work under copyright law: that is
to say, awork containing the Program or a portion of it, either verbatim or with
maodifications and/or tranglated into another language. (Hereinafter, trandation is included
without limitation in the term “modification”.) Each licenseeis addressed as*“you”.

Activities other than copying, distribution and modification are not covered by this License;
they are outside its scope. The act of running the Program is not restricted, and the output
from the Program is covered only if its contents constitute awork based on the Program
(independent of having been made by running the Program). Whether that is true depends
on what the Program does.

2. You may copy and distribute verbatim copies of the Program’ s source code as you receive
it, in any medium, provided that you conspicuously and appropriately publish on each copy
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an appropriate copyright notice and disclaimer of warranty; keep intact al the notices that
refer to this License and to the absence of any warranty; and give any other recipients of the
Program a copy of this License along with the Program.

You may charge afeefor the physical act of transferring a copy, and you may at your option
offer warranty protection in exchange for afee.

3. You may modify your copy or copies of the Program or any portion of it, thus forming a
work based on the Program, and copy and distribute such modifications or work under the
terms of Section 1 above, provided that you also meet al of these conditions:

a.  You must cause the modified files to carry prominent notices stating that you changed
the files and the date of any change.

b. You must cause any work that you distribute or publish, that in whole or in part
contains or is derived from the Program or any part thereof, to be licensed as awhole
at no chargeto all third parties under the terms of this License.

c. If themodified program normally reads commands interactively when run, you must
causeit, when started running for such interactive usein the most ordinary way, to
print or display an announcement including an appropriate copyright notice and a
notice that thereis no warranty (or else, saying that you provide awarranty) and that
users may redistribute the program under these conditions, and telling the user how to
view acopy of thisLicense. (Exception: if the Programitself isinteractive but does
not normally print such an announcement, your work based on the Program is not
required to print an announcement.)

These requirements apply to the modified work asawhole. If identifiable sections of that
work are not derived from the Program, and can be reasonably considered independent and
separate works in themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you distribute the same
sections as part of awhole which isawork based on the Program, the distribution of the
whole must be on the terms of this License, whose permissions for other licensees extend to
the entire whole, and thus to each and every part regardless of who wroteit.

Thus, it is not the intent of this section to claim rights or contest your rights to work written
entirely by you; rather, the intent is to exercise the right to control the distribution of
derivative or collective works based on the Program.

In addition, mere aggregation of another work not based on the Program with the Program
(or with awork based on the Program) on avolume of a storage or distribution medium
does not bring the other work under the scope of this License.

4. You may copy and distribute the Program (or awork based on it, under Section 2) in object
code or executable form under the terms of Sections 1 and 2 above provided that you also
do one of the following:

a.  Accompany it with the complete corresponding machine-readabl e source code, which
must be distributed under the terms of Sections 1 and 2 above on amedium
customarily used for software interchange; or,

b. Accompany it with awritten offer, valid for at least three years, to give any third
party, for acharge no more than your cost of physically performing source
distribution, a complete machine-readable copy of the corresponding source code, to
be distributed under the terms of Sections 1 and 2 above on a medium customarily
used for software interchange; or,

c. Accompany it with the information you received as to the offer to distribute
corresponding source code. (Thisalternativeis allowed only for noncommercial
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distribution and only if you received the program in object code or executable form
with such an offer, in accord with Subsection b above.)

The source code for awork means the preferred form of the work for making modifications
toit. For an executable work, complete source code means al the source code for all
modules it contains, plus any associated interface definition files, plus the scripts used to
control compilation and installation of the executable. However, as a special exception, the
source code distributed need not include anything that is normally distributed (in either
source or binary form) with the major components (compiler, kernel, and so on) of the
operating system on which the executable runs, unless that component itself accompanies
the executable.

If distribution of executable or object code is made by offering accessto copy from a
designated place, then offering equivalent accessto copy the source code from the same
place counts as distribution of the source code, even though third parties are not compelled
to copy the source along with the object code.

5. You may not copy, modify, sublicense, or distribute the Program except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense or
distribute the Program is void, and will automatically terminate your rights under this
License. However, parties who have received copies, or rights, from you under this License
will not have their licenses terminated so long as such parties remain in full compliance.

6. You arenot required to accept this License, since you have not signed it. However, nothing
else grants you permission to modify or distribute the Program or its derivative works.
These actions are prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Program (or any work based on the Program), you indicate
your acceptance of this Licenseto do so, and al its terms and conditions for copying,
distributing or modifying the Program or works based on it.

7. Each time you redistribute the Program (or any work based on the Program), the recipient
automatically receivesalicense from the original licensor to copy, distribute or modify the
Program subject to these terms and conditions. You may not impose any further restrictions
on therecipients’ exercise of the rights granted herein. You are not responsible for
enforcing compliance by third partiesto this License.

8. If, asaconsequence of acourt judgment or allegation of patent infringement or for any
other reason (not limited to patent issues), conditions areimposed on you (whether by court
order, agreement or otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot distribute so asto satisfy
simultaneously your obligations under this License and any other pertinent obligations,
then as a consequence you may not distribute the Program at all. For example, if a patent
license would not permit royalty-free redistribution of the Program by all those who receive
copiesdirectly or indirectly through you, then the only way you could satisfy both it and
this License would be to refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular
circumstance, the balance of the section is intended to apply and the section asawholeis
intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property
right claims or to contest validity of any such claims; this section has the sole purpose of
protecting the integrity of the free software distribution system, which isimplemented by
public license practices. Many people have made generous contributions to the wide range
of software distributed through that system in reliance on consistent application of that
system; it is up to the author/donor to decideif he or sheiswilling to distribute software
through any other system and alicensee cannot impose that choice.
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10.

11.

This section isintended to make thoroughly clear what is believed to be a consequence of
therest of thisLicense.

If the distribution and/or use of the Program is restricted in certain countries either by
patents or by copyrighted interfaces, the original copyright holder who places the Program
under this License may add an explicit geographical distribution limitation excluding those
countries, so that distribution is permitted only in or among countries not thus excluded. In
such case, this License incorporates the limitation as if written in the body of this License.

The Free Software Foundation may publish revised and/or new versions of the General
Public License from time to time. Such new versionswill be similar in spirit to the present
version, but may differ in detail to address new problems or concerns.

Each version is given adistinguishing version number. If the Program specifiesaversion
number of this License which appliesto it and “any later version”, you have the option of
following the terms and conditions either of that version or of any later version published
by the Free Software Foundation. If the Program does not specify aversion number of this
License, you may choose any version ever published by the Free Software Foundation.

If you wish to incorporate parts of the Program into other free programs whose distribution
conditions are different, write to the author to ask for permission. For softwarewhichis
copyrighted by the Free Software Foundation, write to the Free Software Foundation; we
sometimes make exceptions for this. Our decision will be guided by the two goals of
preserving the free status of all derivatives of our free software and of promoting the
sharing and reuse of software generally.

NO WARRANTY

1

BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE ISNO
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE
COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS
IS WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESSFOR A PARTICULAR PURPOSE. THE
ENTIRERISK ASTO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS
WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE
COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

IN NO EVENT UNLESSREQUIRED BY APPLICABLE LAW ORAGREED TOIN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY
MODIFY AND/OR REDISTRIBUTE THE PROGRAM ASPERMITTED ABOVE, BE
LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL,
INCIDENTAL OR CONSEQUENTIAL DAMAGESARISING OUT OF THE USE OR
INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS
OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED
BY YOU OR THIRD PARTIESOR A FAILURE OF THE PROGRAM TO OPERATE
WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY
HASBEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMSAND CONDITIONS
How to Apply These Termsto Your New Programs

If you develop anew program, and you want it to be of the greatest possible use to the public, the
best way to achievethisisto make it free software which everyone can redistribute and change



GNU Fortran (0.5.21) 7

under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of
each source file to most effectively convey the exclusion of warranty; and each file should have at
least the “copyright” line and a pointer to wherethe full noticeis found.

one line to give the progranis nane and
a brief idea of what it does.
Copyright (C 19yy nanme of author

This programis free software; you can redistribute
it and/or nodify it under the terns of the G\U
General Public License as published by the Free
Sof t war e Foundation; either version 2 of the License,
or (at your option) any | ater version.

This programis distributed in the hope that it wll
be useful, but WTHOUT ANY WARRANTY; w t hout even

the inplied warranty of MERCHANTABI LI TY or FI TNESS
FOR A PARTI CULAR PURPCSE. See the GNU Ceneral Public
Li cense for nore details.

You shoul d have received a copy of the GNU Ceneral
Public License along with this program if not,
wite to the Free Software Foundation, Inc., 59
Tenpl e Place - Suite 330, Boston, MA 02111-1307,
USA.

Also add information on how to contact you by electronic and paper mail.

If the program isinteractive, make it output a short notice like thiswhen it startsin an interactive
mode:

Gnonovi si on version 69, Copyright (C 19yy nane of author
Gnonovi si on comes wi th ABSOLUTELY NO WARRANTY; for details
type ‘show w .

This is free software, and you are welconme to redistribute it
under certain conditions; type ‘showc’ for details.

The hypothetical commands show w and show ¢ should show the appropriate parts of the General
Public License. Of course, the commands you use may be called something other than show w
and show c; they could even be mouse-clicks or menu items—whatever suits your program.

You should also get your employer (if you work as a programmer) or your school, if any, to sign a
“copyright disclaimer” for the program, if necessary. Hereis asample; alter the names:

Yoyodyne, Inc., hereby disclains all copyright interest in the program
“Gnonovi sion’ (whi ch nakes passes at conpilers) witten by Janmes Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary
programs. If your program is asubroutine library, you may consider it more useful to permit
linking proprietary applications with the library. If thisiswhat you want to do, use the GNU
Library General Public Licenseinstead of this License.
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Contributorsto GNU Fortran

In addition to James Craig Burley, who wrote the front end, many people have helped create and
improve GNU Fortran.

+ The packaging and compiler portions of GNU Fortran are based largely on the GNU CC
compiler. See*Contributersto GNU CC” in Using and Porting GNU CC for more
information.

+ Therun-time library used by GNU Fortran is arepackaged version of the libf2c library
(combined from the libF77 and libl 77 libraries) provided as part of f2c, available for free from
netlib sites on the Internet.

+ Cygnus Support and The Free Software Foundation contributed significant money and/or
equipment to Craig’s efforts.

+ Thefollowing individuals served as alphatesters prior to g77’'s public release. Thiswork
consisted of testing, researching, sometimes debugging, and occasionally providing small
amounts of code and fixesfor g77, plus offering plenty of helpful adviceto Craig:

— Jonathan Corbet

— Dr. Mark Fernyhough

— Takafumi Hayashi (The University of Alzu)—takafumi@u-aizu.ac.jp
— Kate Hedstrom

— Michel Kern (INRIA and Rice University)—Michel . Kern@inriafr
— Dr.A.O.V. LeBlanc

— Davelove

— Rick Lutowski

— Toon Moene

— Rick Niles

— Derk Reefman

— Wayne K. Schroll

— Bill Thorson

— Pedro A. M. Vazquez

— lan Watson

« Scott Snyder (snyder@dOsgif.fnal.gov) provided the patch to add rudimentary support for
INTEGER*1, INTEGER*2, and LOGICAL*1. Thisinspired Craig to add further support,
even though the resulting support would still be incomplete, because version 0.6 is still aways
off.

« David Ronis (ronis@onsager.chem.mcgill.ca) inspired and encouraged Craig to rewrite the
documentation in texinfo format by contributing afirst pass at atrand ation of the old g77-
0.5.16/f/DOC file.

» Toon Moene (toon@moene.indiv.nluug.nl) performed some analysis of generated code as part
of an overall project to improve g77 code generation to at least be as good as f2c used in
conjunction with gcc. So far, this has resulted in the three, somewhat experimental, options
added by g77 to the gcc compiler and its back end.

+ John Carr (jfc@mit.edu) wrote the alias analysis improvements.

» Thanksto Mary Cortani and the staff at Craftwork Solutions (support@craftwork.com) for all
of their support.

« Many other individuals have helped debug, test, and improve g77 over the past severa years,
and undoubtedly more people will be doing so in the future. If you have done so, and would
like to see your name listed in the above list, please ask! The default is that people wish to
remain anonymous.
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Funding Free Software

If you want to have more free software afew years from now, it makes sense for you to help
encourage people to contribute funds for its development. The most effective approach known is
to encourage commercial redistributors to donate.

Users of free software systems can boost the pace of development by encouraging for-a-fee
distributors to donate part of their selling price to free software devel opers—the Free Software
Foundation, and others.

Theway to convince distributors to do thisis to demand it and expect it from them. So when you
compare distributors, judge them partly by how much they give to free software devel opment.
Show distributors they must compete to be the one who gives the most.

To make this approach work, you must insist on numbers that you can compare, such as, “We will
donate ten dollars to the Frobnitz project for each disk sold.” Don’t be satisfied with avague
promise, such as“A portion of the profits are donated,” since it doesn't give abasis for
comparison.

Even aprecisefraction * of the profits from this disk” is not very meaningful, since creative
accounting and unrelated business decisions can greatly ater what fraction of the sales price
counts as profit. If the price you pay is $50, ten percent of the profit is probably less than a dollar;
it might be afew cents, or nothing at all.

Some redistributors do development work themselves. Thisis useful too; but to keep everyone
honest, you need to inquire how much they do, and what kind. Some kinds of development make
much more long-term difference than others. For example, maintaining a separate version of a
program contributes very little; maintaining the standard version of a program for the whole
community contributes much. Easy new ports contribute little, since someone else would surely
do them; difficult ports such as adding anew CPU to the GNU C compiler contribute more; major
new features or packages contribute the most.

By establishing the ideathat supporting further development is “the proper thing to do” when
distributing free software for afee, we can assure a steady flow of resourcesinto making more free
software.

Copyright (C) 1994 Free Software Foundation, Inc.
Ver bati mcopying and redi stribution of this sectionis permtted
wi thout royalty; alterationis not permtted.

Funding GNU Fortran

Work on GNU Fortran is still being done mostly by its author, James Craig Burley
(burley@gnu.ai.mit.edu), who is avolunteer for, not an employee of, the Free Software
Foundation (FSF). Aswith other GNU software, funding isimportant becauseit can pay for
needed equipment, personnel, and so on.

The FSF providesinformation on the best way to fund ongoing development of GNU software
(such as GNU Fortran) in documents such as the “GNUS Bulletin”. Email gnu@prep.ai.mit.edu
for information on funding the FSF.

To fund specific GNU Fortran work in particular, the FSF might provide a means for that, but the
FSF does not provide direct funding to the author of GNU Fortran to continue hiswork. The FSF
has employee salary restrictions that can be incompatible with the financial needs of some
volunteers, who therefore choose to remain volunteers and thus be able to be free to do contract
work and otherwise make their own schedules for doing GNU work.

Still, funding the FSF at Ieast indirectly benefits work on specific projects like GNU Fortran
because it ensures the continuing operation of the FSF offices, their workstations, their network
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connections, and so on, which areinvaluable to volunteers. (Similarly, hiring Cygnus Support can
help aproject like GNU Fortran—Cygnus has been along-time donor of equipment usage to the
author of GNU Fortran, and this too has been invaluable—see * Contributors’.)

Currently, the only way to directly fund the author of GNU Fortran in hiswork on that project is
to hire him for the work you want him to do, or donate money to him. Several people have done
this already, with the result that he has not needed to immediately find contract work on afew
occasions. If more people did this, he would be able to plan on not doing contract work for many
months and could thus devote that time to work on projects (such as the planned changes for 0.6)
that require longer timeframes to complete. For the latest information on the status of the author,
do

finger -1 burley@ate.gnu.ai.mt.edu
on aUNIX system (or any system with acommand like UNIX finger).

Another important way to support work on GNU Fortran isto volunteer to help out. Work is
needed on documentation, testing, porting to various machines, and in some cases, coding
(although major changes planned for version 0.6 make it difficult to add manpower to this area).
Email fortran@gnu.ai.mit.edu to volunteer for this work.

See “Funding Free Software” for more information.

Protect Your Freedom—Fight “L ook And Feel”
Fight “Look And Feel”"

To preservethe ability to write free software, including replacements for proprietary software,
authors must be freeto replicate the user interface to which users of existing software have
become accustomed.

See “Protect Your Freedom—Fight ‘ Look And Feel’ ” in Using and Porting GNU CC for more
information.

Getting Started

If you don’'t need help getting started reading the portions of this manual that are most important
to you, you should skip this portion of the manual.

If you are new to compilers, especially Fortran compilers, or new to how compilers are structured
under UNIX and UNIX-like systems, you'll want to see“What is GNU Fortran?’.

If you are new to GNU compilers, or have used only one GNU compiler in the past and not had to
delveinto how it lets you manage various versions and configurations of gcc, you should see
“G77 and GCC".

Everyone except experienced g77 users should see* Invoking G77”.

If you’ re acquainted with previous versions of g77, you should see “News’. Further, if you've
actually used previous versions of g77, especially if you’ ve written or modified Fortran codeto be
compiled by previous versions of g77, you should see“Changes’.

If you intend to write or otherwise compile code that is not already strictly conforming ANS
FORTRAN 77—and thisis probably everyone—you should see “Language’.

If you don't already have g77 installed on your system, you must see “Installation”.

If you run into trouble getting Fortran code to compile, link, run, or work properly, you might find
answersif you see “ Debugging and Interfacing”, see * Collected Fortran Wisdom”, and see
“Trouble”. You might also find that the problems you are encountering are bugsin g77—see
“Bugs’, for information on reporting them, after reading the other material.



GNU Fortran (0.5.21) 11

If you need further help with g77, or with freely redistributable softwarein general, see “ Service”.

If you would like to help the g77 project, see* Funding GNU Fortran”, for information on helping
financially, and see “Projects’, for information on helping in other ways.

If you’'re generally curious about the future of g77, see“Projects’. If you're curious about its past,
see“ Contributors’, and see “Funding GNU Fortran”.

To see afew of the questions maintainers of g77 have, and that you might be able to answer, see
“Open Questions”.
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1. What isGNU Fortran?

GNU Fortran, or g77, isdesigned initially as afree replacement for, or alternative to, the UNIX
f77 command. (Similarly, gccis designed as areplacement for the UNIX cc command.)

g77 also isdesigned to fit in well with the other fine GNU compilers and tools.

Sometimes these design goals conflict—in such cases, resolution often is made in favor of fitting
in well with Project GNU. These cases are usually identified in the appropriate sections of this
manual .

Ascompilers, g77, gcc, and f77 share the following characteristics:

+ They read auser’s program, stored in afile and containing instructions written in the
appropriate language (Fortran, C, and so on). Thisfile contains sour ce code.

+ They translate the user’ s program into instructions a computer can carry out more quickly than
it takesto trandate the instructions in thefirst place. These instructions are called machine
code—code designed to be efficiently translated and processed by a machine such asa
computer. Humans usually aren’t as good writing machine code as they are at writing Fortran
or C, becauseit is easy to make tiny mistakes writing machine code. When writing Fortran or
C, it is easy to make big mistakes.

+ They provideinformation in the generated machine code that can makeit easier to find bugsin
the program (using a debugging tool, called adebugger, such as gdb).

» They locate and gather machine code already generated to perform actions requested by
statements in the user’ s program. This machine code is organized into librariesand is located
and gathered during the link phase of the compilation process. (Linking often isthought of as
a separate step, becauseit can be directly invoked viathe ld command. However, the g77 and
gcc commands, as with most compiler commands, automatically perform the linking step by
caling on Id directly, unless asked to not do so by the user.)

» They attempt to diagnose cases where the user’ s program contains incorrect usages of the
language. The diagnostics produced by the compiler indicate the problem and the location in
the user’ s source file where the problem was first noticed. The user can use this information to
locate and fix the problem. (Sometimes an incorrect usage of the language leads to asituation
where the compiler can no longer make any sense of what follows—while a human might be
able to—and thus ends up complaining about many “problems” it encountersthat, in fact,
stem from just one problem, usually the first one reported.)

+ They attempt to diagnose cases where the user’ s program contains a correct usage of the
language, but instructs the computer to do something questionable. These diagnostics often
arein the form of war nings, instead of the error sthat indicate incorrect usage of the
language.

How these actions are performed is generally under the control of the user. Using command-line
options, the user can specify how persnickety the compiler is to be regarding the program
(whether to diagnose questionable usage of the language), how much time to spend making the
generated machine code run faster, and so on.

g77 consists of several components:

» A modified version of the gcc command, which also might beinstalled as the system’s cc
command. (In many cases, cc refersto the system’s “native” C compiler, which might be a
non-GNU compiler, or an older version of gcc considered more stable or that is used to build
the operating system kernel.)

+ The g77 command itself, which also might beinstalled as the system’ s 77 command.
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» Thelibf2c run-timelibrary. Thislibrary contains the machine code needed to support
capabilities of the Fortran language that are not directly provided by the machine code
generated by the g77 compilation phase.

» The compiler itself, internally named f771.

Note that f771 does not generate machine code directly—it generates assembly codethat is a
more readable form of machine code, leaving the conversion to actual machine code to an
assembler, usualy named as.

gcc is often thought of as “the C compiler” only, but it does more than that. Based on command-
line options and the names given for files on the command line, gcc determines which actions to
perform, including preprocessing, compiling (in avariety of possible languages), assembling, and
linking.

For example, the command gcc foo.c drives the file foo.c through the preprocessor cpp, then the C
compiler (internally named ccl), then the assembler (usually as), then the linker (1d), producing an
executable program named a.out (on UNIX systems).

As another example, the command gcc foo.cc would do much the same as gec foo.c, but instead of
using the C compiler named ccl, gcc would use the C++ compiler (named cclplus).

InaGNU Fortran installation, gcc recognizes Fortran source files by namejust like it does C and
C++ sourcefiles. It knows to use the Fortran compiler named 771, instead of ccl or cclplus, to
compile Fortran files.

Non-Fortran-rel ated operation of gcc is generaly unaffected by installing the GNU Fortran
version of gcc. However, without the installed version of gcc being the GNU Fortran version, gcc
will not be able to compile and link Fortran programs—and since g77 uses gcc to do most of the
actual work, neither will g77!

The g77 command is essentially just afront-end for the gcc command. Fortran userswill
normally use g77 instead of gcc, because g77 knows how to specify the libraries needed to link
with Fortran programs libf2c and Im). g77 can still compile and link programs and source files
written in other languages, just like gcc.

The command g77 —v isaquick way to display lots of version information for the various
programs used to compile atypical preprocessed Fortran source file—this produces much more
output than gcc —v currently does. (If it produces an error message near the end of the output—
diagnostics from the linker, usually |d—you might have an out-of-date libf2c that improperly
handles complex arithmetic.) In the output of this command, the line beginning GNU Fortran
Front End identifies the version number of GNU Fortran; immediately preceding that lineisa
line identifying the version of gcc with which that version of g77 was built.

Thelibf2c library is distributed with GNU Fortran for the convenience of its users, but is not part
of GNU Fortran. It contains the procedures needed by Fortran programs while they are running.

For example, while code generated by g77 islikely to do additions, subtractions, and
multiplications in line—in the actual compiled code—it is not likely to do trigonometric
functions this way.

Instead, operations like trigonometric functions are compiled by the f771 compiler (invoked by
g77 when compiling Fortran code) into machine code that, when run, calls on functionsin libf2c,
so libf2c must be linked with almost every useful program having any component compiled by
GNU Fortran. (As mentioned above, the g77 command takes care of al this for you.)

The f771 program represents most of what is unique to GNU Fortran. While much of the libf2c
component isreally part of f2c, afree Fortran-to-C converter distributed by Bellcore (AT&T),
pluslibU77, provided by Dave Love, and the g77 command is just asmall front-end to gcc, f771
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isacombination of two rather large chunks of code.

One chunk is the so-called GNU Back End, or GBE, which knows how to generatefast codefor a
wide variety of processors. The same GBE is used by the C, C++, and Fortran compiler programs
ccl, cclplus, and f771, plus others. Often the GBE isreferred to as the “ gcc back end” or even
just “gec”—in this manual, the term GBE is used whenever the distinction isimportant.

The other chunk of 771 is the majority of what is unique about GNU Fortran—the code that
knows how to interpret Fortran programs to determine what they areintending to do, and then
communicate that knowledge to the GBE for actual compilation of those programs. This chunk is
caled the Fortran Front End (FFE). The ccl and cclplus programs have their own front ends,
for the C and C++ languages, respectively. These fronts ends are responsible for diagnosing
incorrect usage of their respective languages by the programs the process, and are responsible for
most of the warnings about questionable constructs aswell. (The GBE handles producing some
warnings, like those concerning possible referencesto undefined variables.)

Because so much is shared among the compilers for various languages, much of the behavior and
many of the user-selectable options for these compilers are similar. For example, diagnostics
(error messages and warnings) are similar in appearance; command-line options like “Wall have
generally similar effects; and the quality of generated code (in terms of speed and size) is roughly
similar (since that work is done by the shared GBE).
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2. CompileFortran, C, or Other Programs
A GNU Fortran installation includes a modified version of the gcc command.
In anon-Fortran installation, gecc recognizes C, C++, and Objective-C sourcefiles.

InaGNU Fortran installation, gcc also recognizes Fortran source files and accepts Fortran-specific
command-line options, plus some command-line options that are designed to cater to Fortran
users but apply to other languages aswell.

See“G++ and GCC”, “Compile C”, “C++" or “Objective-C” in Using and Porting GNU CC for
information on the way different languages are handled by the GNU CC compiler (gcc).

Also provided as part of GNU Fortran isthe g77 command. The g77 command is designed to
make compiling and linking Fortran programs somewhat easier than when using the gcc
command for these tasks. It does this by analyzing the command line somewhat and changing it
appropriately before submitting it to the gcc command.

Use the—v option with g77 to see what is going on—thefirst line of output is the invocation of the
gcc command. Use—driver=trueto disable actual invocation of gcc (this works becausetrueis
the name of aUNIX command that simply returns success status).
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3. GNU Fortran Command Options

The g77 command supports all the options supported by the gcc command. See“GNU CC
Command Options’ in Using and Porting GNU CC for information on the non-Fortran-specific
aspects of the gcc command (and, therefore, the g77 command).

The g77 command supports one option not supported by the gcc command:

——driver=command
Specifiesthat command, rather than gcc, isto beinvoked by g77 to doitsjob. For
example, within the gcc build directory after building GNU Fortran (but without having
toinstall it):

.1g77 --driver=./xgcc foo.f -B./

All other options are supported both by g77 and by gcc as modified (and reinstalled) by the g77
distribution. 1n some cases, options have positive and negative forms; the negative form of —ffoo
would be —fno-foo. This manua documents only one of these two forms, whichever one is not
the default.

3.1 Option Summary

Hereisasummary of all the options specific to GNU Fortran, grouped by type. Explanations are
in the following sections.

Type Section Options

Overall Options Options Controlling the —driver -fversion -fset-g77-defaults -fno-
Kind of Output silent

Shorthand Options  Shorthand Options -ff66 -fno-f66 -ff77 -fno-f77 -fugly -fno-ugly

Fortran Language Options Controlling -ffree-form -fno-fixed-form -ff90 -fvxt -

Options Fortran Dialect fdollar-ok -fno-backslash -fno-ugly-args -

fno-ugly-assign -fno-ugly-assumed -fugly-
comma -fugly-complex -fugly-init -fugly-
logint -fonetrip -ftypeless-boz -fintrin-case-
initcap -fintrin-case-upper -fintrin-case-lower
-fintrin-case-any -fmatch-case-initcap -
fmatch-case-upper -fmatch-case-lower -
fmatch-case-any -fsour ce-case-upper

-fsour ce-case-lower -fsource-case-preserve
-fsymbol-case-initcap -fsymbol-case-upper
-fsymbol-case-lower -fsymbol-case-any
-fcase-strict-upper -fcase-strict-lower -fcase-
initcap -fcase-upper -fcase-lower -fcase-
preserve-ff2c-intrinsics-delete -ff2c-
intrinsics-hide-ff2c-intrinsics-disable -ff2c-
intrinsics-enable-ff90-intrinsics-delete -ff90-
intrinsics-hide-ff90-intrinsics-disable -ff90-
intrinsics-enable-fgnu-intrinsics-delete -
fgnu-intrinsics-hide-fgnu-intrinsics-disable -
fgnu-intrinsics-enable-fmil-intrinsics-delete
-fmil-intrinsics-hide-fmil-intrinsics-disable -
fmil-intrinsics-enable-funix-intrinsics-delete
-funix-intrinsics-hide-funix-intrinsics-disable
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-funix-intrinsics-enable-fvxt-intrinsics-delete
-fuxt-intrinsics-hide-fvxt-intrinsics-disable -
fuxt-intrinsics-enable-ffixed-line-length-n -
ffixed-line-length-none

Warning Options Optionsto Request or  -fsyntax-only -pedantic -pedantic-errors -
Suppress Warnings fpedantic-w -Wno-globals -Wimplicit
-Wunused -Wuninitialized -Wall -
Wsurprising-Werror -W
Debugging Options  Options for Debugging —g
Your Program or GCC
Optimization Options Options that Control -malign-double-ffloat-store -fforce-mem -
Optimization fforce-addr -fno-inline-ffast-math -
fstrength-reduce -frerun-cse-after-loop
-fexpensive-optimizations -fdelayed-branch
-fschedule-insns -fschedule-insn2 -fcaller-
saves -funroll-loops -funroll-all-loops-fno-
move-all-movables -fno-reduce-all-givs-fno-
rer un-loop-opt
Directory Options  Optionsfor Directory -ldi r -I-

Search
Code Generation Options for Code -fno-automatic -finit-local-zero -fno-f2c
Options Generation Conventions -ff2c-library -fno-underscoring -fno-ident

-fpce-struct-return -freg-struct-return
-fshort-double -fno-common -fpack-struct
-fzer os -fno-second-under scor e-fdebug-
kludge -fno-emulate-complex -falias-check -
fargument-alias-fargument-noalias -fno-
argument-noalias-global -fno-globals

3.2 Options Controlling the Kind of Output

Compilation can involve as many as four stages: preprocessing, code generation (often what is
really meant by the term “compilation”), assembly, and linking, alwaysin that order. Thefirst
three stages apply to anindividua sourcefile, and end by producing an object file; linking
combines all the object files (those newly compiled, and those specified asinput) into an
executablefile.

For any given input file, the file name suffix determines what kind of programis contained in the
file—that is, the language in which the program is written is generally indicated by the suffix.
Suffixes specific to GNU Fortran arelisted below. See*Overall Options’ in Using and Porting
GNU CC for information on suffixes recognized by GNU CC.

file.f
filefor  Fortran source code that should not be preprocessed.

Such source code cannot contain any preprocessor directives, such as#include, #define,

#f, and so on.

file.F

filefpp Fortran source code that must be preprocessed (by the C preprocessor cpp, which is part
of GNU CC).

Note that preprocessing is not extended to the contents of filesincluded by the
INCL UDE directive—the #include preprocessor directive must be used instead.
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filer
Ratfor source code, which must be preprocessed by the ratfor command, whichis
available separately (asit is not yet part of the GNU Fortran distribution).

UNIX userstypically use the var .f and var .F nomenclature. Users of other operating systems,
especially those that cannot distinguish upper-case letters from lower-case lettersin their file
names, typically use thefile.for and file.fpp nomenclature.

Note: Onan INTERIX system, file names are case-sensitive only on alocal NTFS drive. Ona
networked drive or on a FAT filesystem, file names are case-insensitive.

Use of the preprocessor cpp alows use of C-like constructs such as #defineand #include, but can
lead to unexpected, even mistaken, results due to Fortran’ s source file format. It is recommended
that use of the C preprocessor be limited to #include and, in conjunction with #define, only #if
and related directives, thus avoiding in-line macro expansion entirely. This recommendation
applies especially when using the traditional fixed source form. With free source form, fewer
unexpected transformations are likely to happen, but use of constructs such as Hollerith and
character constants can nevertheless present problems, especially when these are continued across
multiple source lines. These problems result, primarily, from differences between the way such
constants areinterpreted by the C preprocessor and by a Fortran compiler.

Another example of aproblem that results from using the C preprocessor is that a Fortran
comment line that happens to contain any characters“interesting” to the C preprocessor, such asa
backslash at the end of the line, is not recognized by the preprocessor as acomment line, so
instead of being passed through “raw”, the lineis edited according to the rules for the
preprocessor. For example, the backslash at the end of the line is removed, along with the
subsequent newline, resulting in the next line being effectively commented out—unfortunate if
that line is anon-comment line of important code!

Note: The—traditional and —undef flags are supplied to cpp by default, to avoid unpleasant
surprises. See“Options Controlling the Preprocessor” in Using and Porting GNU CC. This
means that ANSI C preprocessor features (such as the # operator) aren’t available, and only
variablesin the C reserved namespace (generally, names with aleading underscore) areliable to
substitution by C predefines. Thus, if you want to do system-specific tests, use, for example,
#ifdef __linux__ rather than #ifdef linux. Usethe—v option to see exactly how the preprocessor
isinvoked.

The following options that affect overall processing are recognized by the g77 and gcc commands
in a GNU Fortran installation:

——driver=command
Thisworks when invoking only the g77 command, not when invoking the gcc
command. See“GNU Fortran Command Options’ for information on this option.

—fversion
Ensure that the g77-specific version of the compiler phaseisreported, if run. (Thisis
supplied automatically when —v or —verboseis specified as a command-line option for
g77 or gcc and when the resulting commands compile Fortran source files.)

—fset-g77-defaults
Set up whatever gcc options are to apply to Fortran compilations, and avoid running
internal consistency checks that might take some time.

Asof version 0.5.20, thisis equivaent to -fmove-all-movables—freduce-all-givs
—frerun-loop-opt —fargument-noalias-global.

This option is supplied automatically when compiling Fortran code viathe g77 or gcc
command. The description of this option is provided so that users seeing it in the
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output of, say, g77 —v understand why it is there.

Also, developerswho run f771 directly might want to specify it by hand to get the same
defaults as they would running f771 viag77 or gcc. However, such devel opers should,
after linking anew 771 executable, invoke it without this option once, e.g. via

771 -quiet < /dev/null

to ensure that they have not introduced any internal inconsistencies (such asin the table
of intrinsics) before proceeding—g77 will crash with adiagnostic if it detects an
inconsi stency.

f2c compatibility f2c

—fno-silent
Print (to stderr) the names of the program units as they are compiled, in aform similar
to that used by popular UNIX f77 implementations and f2c.

See “Options Controlling the Kind of Output” in Using and Porting GNU CC for information on
more options that control the overall operation of the gcc command (and, by extension, the g77
command).

3.3 Shorthand Options
The following options serve as “shorthand” for other options accepted by the compiler:

—fugly
Specify that certain “ugly” constructs are to be quietly accepted. Same as:

-fugly-args -fugly-assign -fugly-assuned
-fugly-comma -fugly-conplex -fugly-init
-fugl y-1ogint

These constructs are considered inappropriate to use in new or well-maintained portable
Fortran code, but widely used in old code. See*Distensions’ for more information.

Note: The—fugly option islikely to beremoved in afuture version. Implicitly
enabling all the—fugly-* optionsis unlikely to be feasible, or sensible, in the future, so
users should learn to specify only those —fugly-* options they really need for a
particular sourcefile.

—fno-ugly
Specify that al “ugly” constructs areto be noisily rejected. Sameas. —fno-ugly-args
—fno-ugly-assign —fno-ugly-assumed —fno-ugly-comma—fno-ugly-complex —fno-
ugly-init —fno-ugly-logint
See“Distensions’ for more information.

—ff66

Specify that the program is written in idiomatic FORTRAN 66. Same as—fonetrip
—fugly-assumed

The—no-f66 option isthe inverse of —ff66. Assuch, it isthe same as—fno-onetrip
—fno-ugly-assumed.

The meaning of this option islikely to be refined as future versions of g77 provide more
compatibility with other existing and obsolete Fortran implementations.
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—ff77

—fno-f77

f2c or f77 compatibility. Specify that the program is written in idiomatic UNIX
FORTRAN 77 and/or the dialect accepted by the f2c product. Same as—fbackslash
—fno-typeless-boz.

The meaning of this option islikely to be refined as future versions of g77 provide more
compatibility with other existing and obsolete Fortran implementations.

The—fno-f77 option is not the inverse of —ff77. It specifiesthat the programis not
written in idiomatic UNIX FORTRAN 77 or f2c, but in amore widely portable dial ect.
—fno-f77 is the same as —fno-backslash.

The meaning of this option islikely to be refined as future versions of g77 provide more
compatibility with other existing and obsol ete Fortran implementations.

3.4 OptionsControlling Fortran Dialect
The following options control the dialect of Fortran that the compiler accepts:

—ffree-form
—fno-fixed-form

—f90

—fuxt

Specify that the sourcefileis written in free form (introduced in Fortran 90) instead of
the more-traditional fixed form.

Allow certain Fortran-90 constructs.

This option controls whether certain Fortran 90 constructs are recognized. (Other
Fortran 90 constructs might or might not be recognized depending on other options such
as—fvxt, —ff90-intrinsics-enable and the current level of support for Fortran 90.)

See“Fortran 90" for more information.

Specify the treatment of certain constructs that have different meanings depending on
whether the codeis written in GNU Fortran (based on FORTRAN 77 and akin to
Fortran 90) or VXT Fortran (more like VAX FORTRAN).

The default is—fno-vxt. —fvxt specifiesthat the VXT Fortran interpretations for those
constructs are to be chosen.

See“VXT Fortran” for more information.

—fdollar-ok

Allow $ asavalid character in asymbol name.

—fno-backdash

Specify that and Hollerith constants ala C and many UNIX Fortran compilers.

For example, with —fbackslash in effect, A\nB specifies three characters, with the
second one being newline. With —fno-backdlash, it specifiesfour characters, A, \, n,
and B.

Note that g77 implements afairly general form of backslash processing that is
incompatible with the narrower forms supported by some other compilers. For
example,’A 03B’ isathree-character string in g77, whereas other compilers that
support backslash might not support the three-octal-digit form, and thus treat that string
aslonger than three characters.

See“Backdash in Constants’ for information on why —fbackslash is the default instead
of —-fno-backslash.
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—fno-ugly-args
Disallow passing Hollerith and typel ess constants as actual arguments (for example,
CALL FOO(4HABCD)).
See“Ugly Implicit Argument Conversion” for more information.

—fugly-assign
Use the same storage for a given variable regardless of whether it isused to hold an
assigned-statement label (asin ASSIGN 10 TO 1) or used to hold numeric data(asin |
=3).

See“Ugly Assigned Labels’ for more information.

—fugly-assumed
Assume any dummy array with afinal dimension specified as 1 isreally an assumed-
sizearray, asif * had been specified for the final dimension instead of 1.

For example, DIMENSION X(1) istreated asif it had read DIMENSION X(*).
See“Ugly Assumed-Size Arrays’ for more information.

—fugly-comma
Treat atrailing commain an argument list as specification of atrailing null argument,
and treat an empty argument list as specification of asingle null argument.
For example, CALL FOO(,) istreated as CALL FOO(% VAL (0), % VAL (0)).

That is, two null arguments are specified by the procedure call when —fugly-commaiis
inforce. And F = FUNC() istreated asF = FUNC(% VAL (0)).

The default behavior, —-fno-ugly-commea, isto ignore asingle trailing commain an
argument list.

See“Ugly Null Arguments” for more information.

—fugly-complex
Do not complain about REAL (expr) or AIMAG(expr) when expr isa COMPLEX
type other than COMPL EX(KIND=1)—usually thisis used to permit
COMPLEX(KIND=2) (DOUBLE COMPLEX) operands.

The —ff90 option controls the interpretation of this construct.
See“Ugly Complex Part Extraction” for more information.

—fno-ugly-init
Disallow use of Hollerith and typeless constants as initial values (in PARAMETER
and DATA statements), and use of character constants to initialize numeric types and
viceversa.

For example, DATA I/'F’/, CHRVAR/65/, J/JAHABCD!/ is disalowed by —fno-ugly-
init.
See“Ugly Conversion of Initializers’ for more information.

—fugly-logint
Treat INTEGER and LOGICAL variables and expressions as potential stand-ins for
each other.

For example, automatic conversion between INTEGER and LOGICAL isenabled, for
many contexts, viathis option.

See“Ugly Integer Conversions’ for more information.
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Imperative executable DO loops are to be executed at |east once each time they are
reached.

ANSI FORTRAN 77 and more recent versions of the Fortran standard specify that the
body of an imperative DO loop is not executed if the number of iterations cal culated
from the parameters of theloop islessthan 1. (For example, DO 101 =1, 0.)

Such aloop is called azero-trip loop.

Prior to ANSI FORTRAN 77, many compilersimplemented DO loops such that the
body of aloop would be executed at least once, even if the iteration count was zero.
Fortran code written assuming this behavior is said to require one-trip loops. For
example, some code written to the FORTRAN 66 standard expects this behavior from
its DO loops, although that standard did not specify this behavior.

The—fonetrip option specifies that the sourcefile(s) being compiled require one-trip
loops.

This option affects only those loops specified by the (imperative) DO statement and by
implied-DO listsin I/O statements. Loops specified by implied-DO listsin DATA and
specification (non-executable) statements are not affected.

—ftypeless-boz

Specifiesthat prefix-radix non-decimal constants, suchasZ’ABCD’, aretypeless
instead of INGEGER(KIND=1).

You can test for yourself whether a particular compiler treats the prefix form as
INTEGER(KIND=1) or typeless by running the following program:

EQUI VALENCE (I, R

R = Z ABCD1234’

J = Z ABCD1234’

IF (J .EQ I) PRINT *, 'Prefix formis TYPELESS
IF (J .NE. 1) PRINT *, "Prefix formis | NTEGER
END

Reports indicate that many compilers processthis form asINTEGER(KIND=1),
though afew astypeless, and at least one based on a command-line option specifying
some kind of compatibility.

—fintrin-case-initcap
—fintrin-case-upper
—fintrin-case-lower
—fintrin-case-any

Specify expected case for intrinsic names. —fintrin-case-lower isthe default.

—fmatch-case-initcap
—fmatch-case-upper
—fmatch-case-lower
—fmatch-case-any

Specify expected case for keywords. —fmatch-case-lower isthe default.

—fsour ce-case-upper
—fsour ce-case-lower
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—fsour ce-case-preserve
Specify whether source text other than character and Hollerith constantsisto be
tranglated to uppercase, to lowercase, or preserved asis. —fsour ce-case-lower isthe
default.

—fsymbol-case-initcap
—fsymbol-case-upper
—fsymbol-case-lower
—fsymbol-case-any
Specify valid cases for user-defined symbol names. —fsymbol-case-any is the default.

—fcase-strict-upper
Same as—fintrin-case-upper -fmatch-case-upper —fsour ce-case-pr eser ve—fsymbol -
case-upper. (Requiresall pertinent sourceto bein uppercase.)

—fcase-strict-lower
Same as—fintrin-case-lower —fmatch-case-lower —fsour ce-case-pr eser ve—fsymbol-
case-lower. (Requiresall pertinent sourceto bein lowercase.)

—fcase-initcap
Same as —fintrin-case-initcap —fmatch-case-initcap —fsour ce-case-pr eserve
—fsymbol-case-initcap. (Requiresall pertinent sourceto bein initial capitals, asin
Print *,SgRt(Value).)

—fcase-upper
Same as —fintrin-case-any —fmatch-case-any —fsour ce-case-upper —fsymbol-case-
any. (Mapsall pertinent source to uppercase.)

—fcase-lower
Same as—fintrin-case-any —-fmatch-case-any —fsour ce-case-lower —fsymbol-case-any.
(Maps all pertinent source to lowercase.)

—fcase-preserve
Same as—fintrin-case-any —-fmatch-case-any —fsour ce-case-pr eser ve—fsymbol-case-
any. (Preservesall casein user-defined symbols, while allowing any-case matching of
intrinsics and keywords. For example, call Foo(i,I) would pass two different variables
named i and | to a procedure named Foo.

—ff2c-intrinsics-delete
—ff2c-intrinsics-hide
—ff2c-intrinsics-disable
—ff2c-intrinsics-enable
Specify status of f2c-specificintrinsics. —ff2c-intrinsics-enableis the default.

—ff90-intrinsics-delete
—ff90-intrinsics-hide
—ff90-intrinsics-disable
—ff90-intrinsics-enable
Specify status of F90-specificintrinsics. —ff90-intrinsics-enableis the default.

—fgnu-intrinsics-delete

—fgnu-intrinsics-hide

—fgnu-intrinsics-disable

—fgnu-intrinsics-enable
Specify status of Digital’s COMPLEX-related intrinsics. —fgnu-intrinsics-enableisthe
default.
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—fmil-intrinsics-delete

—fmil-intrinsics-hide

—fmil-intrinsics-disable

—fmil-intrinsics-enable
Specify status of MIL-STD-1753-specificintrinsics. —fmil-intrinsics-enableisthe
default.

—funix-intrinsics-delete
—funix-intrinsics-hide
—funix-intrinsics-disable
—funix-intrinsics-enable
Specify status of UNIX intrinsics. —funix-intrinsics-enableis the default.

—fvxt-intrinsics-delete
—fvxt-intrinsics-hide
—fvxt-intrinsics-disable
—fvxt-intrinsics-enable
Specify status of VXT intrinsics. —fvxt-intrinsics-enableis the default.

—ffixed-line-length-n
Set column after which charactersareignored in typical fixed-form linesin the source
file, and through which spaces are assumed (asif padded to that length) after the ends of
short fixed-form lines.

Popular values for n include 72 (the standard and the default), 80 (card image), and 132
(correspondsto “ extended-source” options in some popular compilers). n may be none,
meaning that the entire line is meaningful and that continued character constants never
have implicit spaces appended to them to fill out the line. —ffixed-line-length-0O means
the same thing as —ffixed-line-length-none

See “ Source Form” for more information.
3.5 Optionsto Request or Suppress Warnings

Warnings are diagnostic messages that report constructions which are not inherently erroneous
but which are risky or suggest there might have been an error.

You can request many specific warnings with options beginning W, for example -Wimplicit to
request warnings on implicit declarations. Each of these specific warning options also has a
negative form beginning “Wno- to turn off warnings; for example, “Wno-implicit.

This manual lists only one of the two forms, whichever is not the defauilt.

These options control the amount and kinds of warnings produced by GNU Fortran:

—fsyntax-only
Check the code for syntax errors, but don’t do anything beyond that.

—pedantic
Issue warnings for uses of extensionsto ANSI FORTRAN 77. —pedantic also applies
to C-language constructs where they occur in GNU Fortran source files, such as use of \
in acharacter constant within a directive like #include.

Vaid ANSI FORTRAN 77 programs should compile properly with or without this
option. However, without this option, certain GNU extensions and traditional Fortran
features are supported aswell. With this option, many of them are rejected.

Some userstry to use —pedantic to check programsfor strict ANSI conformance. They
soon find that it does not do quite what they want—it finds some non-ANSI practices,
but not all. However, improvementsto g77 in this area are welcome.
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—pedantic-errors
Like —pedantic, except that errors are produced rather than warnings.

—fpedantic
Like —pedantic, but applies only to Fortran constructs.

—W Inhibit all warning messages.

—Wno-globals
Inhibit warnings about use of a name as both a global name (a subroutine, function, or
block data program unit, or acommon block) and implicitly asthe name of an intrinsic
inasourcefile.

Also inhibit warnings about inconsistent invocations and/or definitions of global
procedures (function and subroutines). Such inconsistencies include different numbers
of arguments and different types of arguments.

—Wimplicit
Warn whenever avariable, array, or function isimplicitly declared. Has an effect
similar to using the IMPLICIT NONE statement in every program unit. (Some
Fortran compilers provide this feature by an option named —u or
/WARNINGS=DECLARATIONS)

—Wunused
Warn whenever avariableis unused aside from its declaration.

—Wuninitialized
Warn whenever an automatic variable is used without first being initialized.
These warnings are possible only in optimizing compilation, because they require data-
flow information that is computed only when optimizing. 1f you don’t specify —O, you
simply won'’t get these warnings.

These warnings occur only for variables that are candidates for register allocation.
Therefore, they do not occur for avariable VOLATILE, or whose addressis taken, or
whose sizeis other than 1, 2, 4 or 8 bytes. Also, they do not occur for arrays, even when
they arein registers.

Note that there might be no warning about avariable that is used only to compute a
valuethat itself is never used, because such computations may be deleted by data-flow
analysis before the warnings are printed.

These warnings are made optional because GNU Fortran is hot smart enough to see all
the reasons why the code might be correct despite appearing to have an error. Hereis
one example of how this can happen:

SUBROUTI NE DI SPAT(J)
IF (J.EQ1) I=1

IF (J.EQ2) I=4
IF (J.EQ3) I=5
CALL FOO(1)
END

If thevalue of Jisalways1, 2 or 3, then | isawaysinitialized, but GNU Fortran
doesn’t know this. Hereis another common case:

SUBROUTI NE MAYBE( FLAG)
LOE CAL FLAG
IF (FLAG VALUE = 9.4
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| F (FLAG PRINT *, VALUE
END

This has no bug because VALUE isused only if it is set.

-Wall  The—-Wunused and “Wuninitialized options combined. Theseare al the options
which pertain to usage that we recommend avoiding and that we believeis easy to
avoid. (Asmorewarnings are added to g77, some might be added to the list enabled by
-Wall.)

Theremaining —W... options are not implied by —“Wall because they warn about constructions
that we consider reasonableto use, on occasion, in clean programs.

—Wsurprising
Warn about “suspicious’ constructs that areinterpreted by the compiler in away that
might well be surprising to someone reading the code. These differencescan result in
subtle, compiler-dependent (even machine-dependent) behavioral differences. The
constructs warned about include:

+ Expressions having two arithmetic operatorsin arow, such as X*-Y. Sucha
construct is nonstandard, and can produce unexpected results in more complicated
situations such as X**-Y*Z. g77, along with many other compilers, interprets this
example differently than many programmers, and afew other compilers.
Specifically, g77 interprets X**-Y*Z as (X**(-Y))*Z, while others might think it
should beinterpreted as X** (-(Y*Z)).

A revealing exampleis the constant expression 2**-2* 1., which g77 evaluates to
.25, while others might evaluate it to 0., the difference resulting from the way
precedence affects type promotion.

(The—fpedantic option also warns about expressions having two arithmetic
operatorsin arow.)

» Expressions with aunary minus followed by an operand and then a binary operator
other than plus or minus. For example, —2**2 produces a warning, because the
precedenceis—(2**2), yielding -4, not (-2)** 2, which yields 4, and which might
represent what a programmer expects.

An example of an expression producing different resultsin a surprising way is—1*S,
where | holds the value —2147483648 and Sholds 0.5. On many systems, negating |
results in the same value, not a positive number, becauseit is already the lower
bound of what an INTEGER(KIND=1) variable can hold. So, the expression
evaluates to a positive number, while the “expected” interpretation, (-1)* S, would
evaluate to a negative number.

Even cases such as—1*J produce warnings, even though, in most configurations and
situations, there is no computational difference between the results of the two
interpretations—the purpose of this warning is to warn about differing
interpretations and encourage a better style of coding, not to identify only those
places where bugs might exist in the user’s code.

+ DO loops with DO variablesthat are not of integral type—that is, using REAL
variables asloop control variables. Although such loops can be written to work in
the “obvious’ way, the way g77 is required by the Fortran standard to interpret such
codeislikely to be quite different from the way many programmers expect. (Thisis
true of all DO loops, but the differences are pronounced for non-integral loop
control variables.)
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See“Loops’ for more information.

—Werror
Make all warningsinto errors.

-W Turnson “extrawarnings’ and, if optimization is specified via—O, the -Wuninitialized
option. (Thismight changein future versions of g77.)

“Extrawarnings’ areissued for:
+ Unused parametersto a procedure (when -Wunused also is specified).

« Overflowsinvolving floating-point constants (not available for certain
configurations).

See “Options to Request or Suppress Warnings® in Using and Porting GNU CC for information
on more options offered by the GBE shared by g77, gcc, and other GNU compilers.

Some of these have no effect when compiling programs written in Fortran:

—Wcomment

—Wformat

—Wparentheses

-Wswitch

—Wtraditional

—Wshadow

-Wid-clash-len

—Wilarger-than-len

—Wconversion

—Waggregate-return

—Wredundant-decls
These options all could have some relevant meaning for GNU Fortran programs, but are
not yet supported.

3.6 Optionsfor Debugging Your Program or GNU Fortran
GNU Fortran has various special options that are used for debugging either your program or g77.

- Produce debugging information in the operating system’ s native format (stabs, COFF,
XCOFF, or DWARF). GDB can work with this debugging information.

Support for this option in Fortran programsisincomplete. In particular, names of
variables and arraysin common blocks or that are storage-associated via
EQUIVALENCE are unavailable to the debugger.

However, version 0.5.19 of g77 does provide this information in arudimentary way, as
controlled by the fdebug-kludge option.

See “Options for Code Generation Conventions’ for more information.

See “Options for Debugging Your Program or GNU CC” in Using and Porting GNU CC for more
information on debugging options.

3.7 Options That Control Optimization

Most Fortran users will want to use no optimization when devel oping and testing programs, and
use —O or —02 when compiling programsfor late-cycletesting and for production use.

The following flags have particul ar applicability when compiling Fortran programs:
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—malign-double
(Intel 386 architecture only.)

Noticeably improves performance of g77 programs making heavy use of

REAL (KIND=2) (DOUBL E PRECISION) data on some systems. In particular,
systems using Pentium, Pentium Pro, 586, and 686 implementations of the 1386
architecture execute programs faster when REAL (KIND=2) (DOUBLE PRECI SION)
data are aligned on 64-bit boundariesin memory.

This option can, at least, make benchmark results more consistent across various system
configurations, versions of the program, and data sets.

Note: Thewarning in the gcc documentation about this option does not apply,
generally speaking, to Fortran code compiled by g77.

Also note: g77 fixes agec backend bug to allow —malign-doubleto work generally,
not just with statically-allocated data.

Also also note: The negative form of —malign-doubleis—mno-align-double, not
—benign-double

—ffloat-store
Might help a Fortran program that depends on exact | EEE conformance on some
machines, but might slow down a program that doesn't.

—fforce-mem
—ffor ce-addr
Might improve optimization of loops.

—fno-inline
Don’'t compile statement functionsinline. Might reduce the size of a program unit—
which might be at expense of some speed (though it should compile faster). Notethat if
you are not optimizing, no functions can be expanded inline.

—ffast-math
Might allow some programs designed to not be too dependent on | EEE behavior for
floating-point to run faster, or die trying.

—fstrength-reduce
Might make some loops run faster.

—frerun-cse-after-loop
—fexpensive-optimizations
—fdelayed-branch
—fschedule-insns
—fschedule-insns2
—fcaller-saves
Might improve performance on some code.

—funroll-loops
Definitely improves performance on some code.

—funroll-all-loops
Definitely improves performance on some code.

—fno-move-all-movables
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—fno-reduce-all-givs
—fno-rerun-loop-opt
Each of these might improve performance on some code.

Analysis of Fortran code optimization and the resulting optimizations triggered by the
above options were contributed by Toon Moene (toon@moene.indiv.nluug.nl).

These three options are intended to be removed someday, once they have hel ped
determine the efficacy of various approachesto improving the performance of Fortran
code.

Please let us know how use of these options affects the performance of your production
code. We're particularly interested in code that runs faster when these options are
disabled, and in non-Fortran code that benefits when they are enabled via the above gcc
command-line options.

See “Options That Control Optimization” in Using and Porting GNU CC for more information on
options to optimize the generated machine code.

3.8 Options Controlling the Preprocessor

These options control the C preprocessor, which is run on each C source file before actual
compilation.

See “Options Controlling the Preprocessor” in Using and Porting GNU CC, for information on C
preprocessor options.

Some of these options also affect how g77 processesthe INCLUDE directive. Sincethis
directiveis processed even when preprocessing is not requested, it is not described in this section.
See“Options for Directory Search” for information on how g77 processesthe INCLUDE
directive.

However, the INCL UDE directive does not apply preprocessing to the contents of the included
fileitself.

Therefore, any file that contains preprocessor directives (such as#include, #define, and #if) must
beincluded viathe #include directive, not viathe INCLUDE directive. Therefore, any file
containing preprocessor directives, if included, is necessarily included by afilethat itself contains
preprocessor directives.

3.9 Optionsfor Directory Search

These options affect how the cpp preprocessor searchesfor files specified viathe #include
directive. Therefore, when compiling Fortran programs, they are meaningful when the
preproecssor is used.

Some of these options also affect how g77 searchesfor files specified viathe INCLUDE
directive, although filesincluded by that directive are not, themselves, preprocessed. These
options are:

-
—ldir These affect interpretation of the INCLUDE directive (aswell as of the #include
directive of the cpp preprocessor).

Note that — dir must be specified without any spaces between —| and the directory
name—that is, -l foo/bar isvalid, but —I foo/bar is rejected by the g77 compiler (though
the preprocessor supports the latter form). Also note that the general behavior of - and
INCLUDE is pretty much the same as of —| with #includein the cpp preprocessor, with
regard to looking for header.gcc files and other such things.
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See“ Options for Directory Search” in UsingandPorting GNUCC for information on the
—| option.

3.10 Optionsfor Code Generation Conventions
These machine-independent options control the interface conventions used in code generation.

Most of them have both positive and negative forms; the negative form of —ffoo would be —fno-
foo.

In the table below, only one of the formsis listed—the one which is not the default. You can
figure out the other form by either removing no- or adding it.

—fno-automatic
Treat each program unit asif the SAVE statement was specified for every local variable
and array referenced in it. Does not affect common blocks. (Some Fortran compilers
provide this option under the name —static.)

—finit-local-zero
Specify that variables and arraysthat are local to a program unit (not in acommon block
and not passed as an argument) areto beinitialized to binary zeros.

Sincethereis arun-time penalty for initialization of variablesthat are not given the
SAVE attribute, it might be agood ideato aso use —-fno-automatic with —finit-local-
zero.

—fno-f2c
f2c compatibility f2c Do not generate code designed to be compatible with code
generated by f2c; use the GNU calling conventions instead.

The f2c calling conventions require functions that return type REAL (KIND=1) to
actually return the C type double, and functions that return type COMPLEX to return
the values via an extraargument in the calling sequence that points to whereto store the
return value. Under the GNU calling conventions, such functions simply return their
results as they would in GNU C—REAL (KIND=1) functions return the C type float,
and COMPLEX functions return the GNU C type complex (or its struct equivalent).

This does not affect the generation of code that interfaces with the libf2c library.

However, because the libf2c library uses f2c calling conventions, g77 rejects attempts to
pass intrinsics implemented by routines in this library as actual arguments when —fno-
f2cisused, to avoid bugs when they are actually called by code expecting the GNU
calling conventions to work.

For example, INTRINSIC ABS;CALL FOO(ABYS) isrejected when —fno-f2cisin
force. (Futureversions of the g77 run-time library might offer routines that provide
GNU-callable versions of the routines that implement the f2c-callable intrinsics that
may be passed as actual arguments, so that valid programs need not be rejected when
—fno-f2cisused.)

Caution: If -fno-f2cis used when compiling any source file used in a program, it must
be used when compiling all Fortran source files used in that program.

—ff2c-library
Specify that use of libf2cisrequired. Thisisthe default for the current version of g77.

Currently it isnot valid to specify —fno-f2c-library. Thisoption is provided so users
can specify it in shell scripts that build programs and libraries that require the libf2c
library, even when being compiled by future versions of g77 that might otherwise
default to generating code for an incompatible library.
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—fno-underscoring
Do not transform names of entities specified in the Fortran source file by appending
underscoresto them.

With —funder scoringin effect, g77 appends two underscores to names with
underscores and one underscore to external names with no underscores. (g77 also
appends two underscoresto internal names with underscores to avoid naming collisions
with external names. The —fno-second-under scor eoption disables appending of the
second underscorein all cases.)

Thisis done to ensure compatibility with code produced by many UNIX Fortran
compilers, including f2c, which perform the same transformations.

Use of —-fho-under scoringis not recommended unless you are experimenting with
issues such asintegration of (GNU) Fortran into existing system environments (vis-a
visexisting libraries, tools, and so on).

For example, with -funder scoring, and assuming other defaults like —fcase-lower and
that j() and max_count() are external functions while my_var and Ivar areloca
variables, astatement like

I = J() + MAX_COUNT ( MY_VAR, LVAR)
isimplemented as something akin to:

i =j_() + max_count__ (&y_var__, & var);
With —fno-under scoring, the same statement isimplemented as:

i =j() + max_count (&my_var, & var);

Use of —fno-under scoring allows direct specification of user-defined names while
debugging and when interfacing g77-compiled code with other languages.

Note that just because the names match does not mean that the interface implemented
by g77 for an external name matches the interface implemented by some other language
for that same name. That is, getting code produced by g77 to link to code produced by
some other compiler using this or any other method can be only asmall part of the
overall solution—getting the code generated by both compilers to agree on issues other
than naming can require significant effort, and, unlike naming disagreements, linkers
normally cannot detect disagreementsin these other areas.

Also, note that with -fno-under scoring, the lack of appended underscoresintroduces
the very real possihility that a user-defined external name will conflict with anamein a
system library, which could make finding unresolved-reference bugs quite difficult in
some cases—they might occur at program run time, and show up only as buggy
behavior at run time.

In future versions of g77, we hope to improve naming and linking issues so that
debugging alwaysinvolves using the names as they appear in the source, evenif the
names as seen by the linker are mangled to prevent accidental linking between
procedures with incompatible interfaces.

—fno-second-under score
Do not append a second underscore to names of entities specified in the Fortran source
file.

This option has no effect if -fno-under scoringisin effect.

Otherwise, with this option, an external name such asMAX_COUNT isimplemented
as areferenceto the link-time external symbol max_count_, instead of max_count__.
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—fno-ident

—fzeros

Ignore the #ident directive.
Treat initial values of zero asif they were any other value.

Asof version 0.5.18, g77 normally treats DATA and other statements that are used to
specify initial values of zero for variables and arrays as if no values were actually
specified, in the sense that no diagnostics regarding multiple initializations are
produced.

Thisis doneto speed up compiling of programsthat initialize large arraysto zeros.

Use —fzer osto revert to the simpler, ower behavior that can catch multiple
initializations by keeping track of all initializations, zero or otherwise.

Caution: Futureversionsof g77 might disregard this option (and its negative form, the
default) or interpret it somewhat differently. Theinterpretation changeswill affect only
non-standard programs; standard-conforming programs should not be affected.

—fdebug-kludge

Emit information on COMMON and EQUIVAL ENCE members that might help users
of debuggerswork around lack of proper debugging information on such members.

Asof version 0.5.19, g77 offersthis option to emit information on members of
aggregate areasto help userswhile debugging. Thisinformation consists of
establishing the type and contents of each such member so that, when adebugger is
asked to print the contents, the printed information provides rudimentary debugging
information. Thisinformation identifies the name of the aggregate area (either the
COMMON block name, or the g77-assigned name for the EQUIVAL ENCE name)
and the offset, in bytes, of the member from the beginning of the area.

Using gdb, thisinformation is not coherently displayed in the Fortran language mode,
so temporarily switching to the C language mode to display the information is
suggested. Use set language ¢ and set language fortran to accomplish this.

For example:
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COWON / X/ A, B

EQUI VALENCE ( C, D)
CHARACTER XX* 50

EQUI VALENCE (1, XX( 20: 20))
END

GB is free software and you are wel conme to distribute
copies of it under certain conditions; type "show copyi ng"
to see the conditions. There is absolutely no warranty
for GDB; type "show warranty" for details.

GDB 4.16 (I mgnits-dwi nm), Copyright 1996 Free Software
Foundation, Inc. ..

(gdb) b MAIN__

Breakpoi nt 1 at 0t 1200000201120112: file cd.f, line 5.
(gdb) r

Starting program /hone/user/a. out

Breakpoint 1, MAIN__ () at cd.f:5

Current | anguage: auto; currently fortran

(gdb) set | anguage c

Warni ng: the current | anguage does not match this frame.

(gdb) p a

$2 = "At (COWODN) ‘x_’' plus O bytes"

(gdb) p b

$3 = "At (COWODN) ‘x_' plus 4 bytes"

(gdb) p ¢ .

$4 = "At (EQU VALENCE) ‘__g77_equiv_c' plus O bytes”
(gdb) p d .

$5 = "At (EQUI VALENCE) ‘ __g77_equiv_c’ plus O bytes"
(gdb) p i

$6 = "At (EQUI VALENCE) ‘' __g77_equi v_xx' plus 20 bytes"
(gdb) p xx

$7 = "At (EQUI VALENCE) ‘ _ g77_equi v_xx' plus 1 bytes"
(gdb) set | anguage fortran
(gdb)

Use —fdebug-kludgeto generate this information, which might make some programs
noticeably larger.

Caution: Future versions of g77 might disregard this option (and its negative form).
Current plans call for this to happen when published versions of g77 and gdb exist that
provide proper accessto debugging information on COMMON and EQUIVALENCE
members.

—fno-emulate-complex
Implement COMPLEX arithmetic using the facilities in the gcc back end that provide
direct support of complex arithmetic, instead of emulating the arithmetic.

gcc has some known problems in its back-end support for complex arithmetic, due
primarily to the support not being completed as of version 2.7.2.2. Other front ends for
the gcc back end avoid this problem by emulating complex arithmetic at a higher level,
so the back end sees arithmetic on the real and imaginary components. To make g77
more portable to systems where complex support in the gcc back end is particularly
troublesome, g77 now defaults to performing the same kinds of emulations done by
these other front ends.
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Use —fno-emulate-complex to try the complex support in the gcc back end, in case it
works and produces faster programs. So far, all the known bugs seem to involve
compile-time crashes, rather than the generation of incorrect code.

Use of this option should not affect how Fortran code compiled by g77 worksin terms
of itsinterfacesto other code, e.g. that compiled by f2c.

Caution: Futureversionsof g77 arelikely to change the default for this option to
—fno-emulate-complex, and perhaps someday ignore both forms of this option.

Also, it is possible that use of the -fno-emulate-complex option could result in
incorrect code being silently produced by g77. But, thisis generaly true of compilers
anyway, so, as usual, test the programs you compile before assuming they are working.

—falias-check

—fargument-alias

—fargument-noalias

—fno-argument-noalias-global
These options specify to what degree aliasing (overlap) is permitted between arguments
(passed as pointers) and COMM ON (external, or public) storage.

The default for Fortran code, as mandated by the FORTRAN 77 and Fortran 90
standards, is—fargument-noalias-global. The default for code written in the C
language family is—fargument-alias.

Note that, on some systems, compiling with —ffor ce-addr in effect can produce more
optimal code when the default aliasing options are in effect (and when optimization is
enabled).

See“Aliasing Assumed To WorkOcd for detailed information on the implications of
compiling Fortran code that depends on the ability to alias dummy arguments.

—fno-globals
Disable diagnostics about inter-procedural analysis problems, such as disagreements
about the type of afunction or a procedure’ s argument, that might cause a compiler
crash when attempting to inline areferenceto a procedure within a program unit. (The
diagnostics themselves are still produced, but as warnings, unless—-Wno-globalsis
specified, in which case no relevant diagnostics are produced.)

Further, this option disables such inlining, to avoid compiler crashes resulting from
incorrect code that would otherwise be diagnosed.

As such, this option might be quite useful when compiling existing, “working” code
that happens to have afew bugs that do not generally show themselves, but g77 exposes
viaadiagnostic.

Use of this option therefore has the effect of instructing g77 to behave morelikeit did
up through version 0.5.19.1, when it paid little or no attention to disagreements between
program units about a procedure’ stype and argument information, and when it
performed no inlining of procedures (except statement functions).

Without this option, g77 defaults to performing the potentially inlining procedures as it
started doing in version 0.5.20, but as of version 0.5.21, it also diagnoses disagreements
that might cause such inlining to crash the compiler.

See " Options for Code Generation Conventions’ in UsingandPorting GNUCC for information on
more options offered by the GBE shared by g77, gcc, and other GNU compilers.

Some of these do not work when compiling programs written in Fortran:
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—fpce-struct-return

—freg-struct-return
You should not use these except strictly the same way as you used them to build the
version of libf2c with which you will belinking al code compiled by g77 with the
same option.

—fshort-double
This probably either has no effect on Fortran programs, or makes them act loopy.

—fno-common
Do not use this when compiling Fortran programs, or there will be Trouble.

—fpack-struct
This probably will break any callsto the libf2c library, at the very least, evenif it is
built with the same option.

3.11 Environment Variables Affecting GNU Fortran

GNU Fortran currently does not make use of any environment variables to control its operation
above and beyond those that affect the operation of gcc.

See “Environment Variables Affecting GNU CC” in Using and Porting GNU CC for information
on environment variables.
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4. User-visible Changes

This section describes changesto g77 that are visible to the programmers who actually write and

maintain Fortran code they compile with g77. Information on changesto installation procedures,
changes to the documentation, and bug fixesis not provided here, unlessit islikely to affect how
usersuse g77. See“NewsAbout GNU Fortran” for information on such changesto g77.

To find out about existing bugs and ongoing plans for GNU Fortran, retrieve
ftp://alpha.gnu.ai.mit.edu/g77.planor, if you cannot do that, email fortran@gnu.ai.mit.edu
asking for arecent copy of the GNU Fortran .plan file.

4.1 In 0.5.21:

+ When the—-W option is specified, gcc, g77, and other GNU compilers that incorporate the gcc
back end as modified by g77, issue awarning about integer division by constant zero.

+ New option -Wno-globals disables warnings about “ suspicious’ use of aname both asa
global name and asthe implicit name of an intrinsic, and warnings about disagreements over
the number or natures of arguments passed to global procedures, or the natures of the
procedures themselves.

The default isto issue such warnings, which are new as of this version of g77.

+ New option —fno-globals disables diagnostics about potentially fatal disagreements analysis
problems, such as disagreements over the number or natures of arguments passed to global
procedures, or the natures of those procedures themselves.

The default isto issue such diagnostics and flag the compilation as unsuccessful. With this
option, the diagnostics areissued as warnings, or, if “\WWno-globalsis specified, are not issued
at all.

This option aso disablesinlining of global procedures, to avoid compiler crashesresulting
from coding errorsthat these diagnostics normally would identify.

« Fix libU77 routines that accept file namesto strip trailing spaces from them, for consistency
with other implementations.

+ Fix SIGNAL intrinsic so it accepts an optional third Status argument.
+ Make many changesto libU77 intrinsics to support existing code more directly.

Such changes include allowing both subroutine and function forms of many routines,
changing M CLOCK () and TIME() to return INTEGER(KIND=1) values, introducing
MCLOCKS8() and TIMES() to return INTEGER(KIND=2) values, and placing functions
that are intended to perform side effectsin anew intrinsic group, badu77.

« Add options fbadu77-intrinsics-delete -fbadu77-intrinsics-hide and so on.

+ AddINT2 and INT8 intrinsics.

+ Add CPU_TIME intrinsic.

« CTIME intrinsic now acceptsany INTEGER argument, not just INTEGER(KIND=2).
4.2 1n 0.5.20:

+ The—fno-typeless-boz option is now the default.

This option specifies that non-decimal-radix constants using the prefixed-radix form (such as
Z’1234’) areto beinterpreted as INTEGER(KIND=1) constants. Specify —ftypeless-boz to



GNU Fortran (0.5.21) 37

cause such constants to be interpreted as typeless.

(Version 0.5.19 introduced —fno-typeless-boz and its inverse.)

See “Options Controlling Fortran Dialect” for information on the —ftypeless-boz option.
+ Options —f90-intrinsics-enableand —fvxt-intrinsics-enable now are the defaults.

Some programs might use names that clash with intrinsic names defined (and now enabled) by
these options or by the new libU77 intrinsics. Users of such programs might need to compile
them differently (using, for example, —ff90-intrinsics-disable) or, better yet, insert appropriate
EXTERNAL statements specifying that these names are not intended to be names of
intrinsics.

+ The ALWAYS_FLUSH macrois no longer defined when building libf2c, which should result
inimproved 1/O performance, especially over NFS.

Note: If you have code that depends on the behavior of libf2c when built with
ALWAY S _FLUSH defined, you will have to modify libf2c accordingly before building it
from this and future versions of g77.

See “Output Assumed To Flush” for more information.

» Dave Love simplementation of libU77 has been added to the version of libf2c distributed
with and built by g77. g77 now knows about the routines in this library asintrinsics.

+ New option —fvxt specifiesthat the sourcefileiswritten in VXT Fortran, instead of GNU
Fortran.

See*“VXT Fortran” for more information on the constructs recognized when the —fvxt option
is specified.

» The—fvxt-not-f90 option has been deleted, along with its inverse, —ff90-not-vxt.
If you used one of these deleted options, you should re-read the pertinent documentation to

determine which options, if any, are appropriate for compiling your code with this version of
g77.

See* Other Dialects’ for more information.
+ The—fugly option now issues awarning, asit likely will be removed in afuture version.

(Enabling all the—fugly-* optionsisunlikely to befeasible, or sensible, in the future, so users
should learn to specify only those —fugly-* options they really need for aparticular source
file)

+ The—fugly-assumed option, introduced in version 0.5.19, has been changed to better
accommodate old and new code. See*“Ugly Assumed-Size Arrays’ for more information.

+ Related to supporting Alpha (AXP) machines, the LOC() intrinsic and % L OC() construct
now return values of INTEGER(KIND=0) type, as defined by the GNU Fortran language.

Thistypeis wide enough (holds the same number of bits) as the character-pointer type on the
machine.

On most systems, this won't make a noticable difference, whereas on Alphas and other
systems with 64-bit pointers, the INTEGER(KIND=0) typeis equivalent to
INTEGER(KIND=2) (often referred to as INTEGER*8) instead of the more common
INTEGER(KIND=1) (often referredto asINTEGER*4).

« Emulate COMPLEX arithmetic in the g77 front end, to avoid bugs in complex support in the
gce back end. New option —fho-emulate-complex causes g77 to revert the 0.5.19 behavior.
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Dummy arguments are no longer assumed to potentially alias (overlap) other dummy
arguments or COMM ON areas when any of these are defined (assigned to) by Fortran code.

This can result in faster and/or smaller programs when compiling with optimization enabled,
though on some systems this effect is observed only when —ffor ce-addr also is specified.

New options —falias-check, -fargument-alias,
-fargument-noalias
and —fno-ar gument-noalias-global control the way g77 handles potential aliasing.

See“Aliasing Assumed To Work” for detailed information on why the new defaults might
result in some programs no longer working the way they did when compiled by previous
versions of g77.

New option —fugly-assign specifiesthat the same memory locations are to be used to hold the
values assigned by both statements| =3 and ASSIGN 10 TO I, for example. (Normally, g77
uses a separate memory location to hold assigned statement labels.)

See“Ugly Assigned Labels’ for more information.

FORMAT and ENTRY statements now are allowed to precedeIMPLICIT NONE
statements.

Enable full support of INTEGER(KIND=2) (often referred to as INTEGER*8) availablein
libf2c and f2c.h so that f2c users may make full use of its featuresviathe g77 version of f2c.h
and the INTEGER(KIND=2) support routines in the g77 version of libf2c.

Improve g77 driver and libf2c so that g77 —v yields version information on the library.

The SNGL and FLOAT intrinsics now are specific intrinsics, instead of synonyms for the
genericintrinsic REAL.

New intrinsics have been added. Theseare REALPART, IMAGPART, COMPLEX,
LONG, and SHORT.

A new group of intrinsics, gnu, has been added to contain the new REAL PART,
IMAGPART, and COMPLEX intrinsics. Anold group, dcp, has been removed.

4.3 In 0.5.19:

3

A temporary kludge option provides bare-bonesinformation on COMMON and
EQUIVALENCE members at debug time. See“Options for Code Generation Conventions’
for information on the —fdebug-kludgeoption.

New —fonetrip option specifies FORTRAN-66-style one-trip DO loops.

New —fno-silent option causes names of program units to be printed as they are compiled, in a
fashion similar to UNIX 77 and f2c.

New —fugly-assumed option specifiesthat arrays dimensioned viaDIMENSION X(1), for
example, areto be treated as assumed-size.

New —fno-typeless-boz option specifies that non-decimal-radix constants using the prefixed-
radix form (such asZ’1234’) areto beinterpreted as INTEGER(KIND=1) constants.

New —ff66 option isa“shorthand” option that specifies behaviors considered appropriate for
FORTRAN 66 programs.

New —ff77 option is a“shorthand” option that specifies behaviors considered appropriate for
UNIX f77 programs.
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» New —fugly-comma and —fugly-logint options provided to perform some of what —fugly used

to do. —fugly and —fno-ugly are now “shorthand” options, in that they do nothing more than
enable (or disable) other -fugly-* options.

+ Change code generation for list-directed I/O so it alows for new versions of libf2c that might

return non-zero status codes for some operations previously assumed to always return zero.

This change not only affectshow |OSTAT = variables are set by list-directed 1/0O, it aso
affectswhether END= and ERR= |abels are reached by these operations.

Add intrinsic support for new FTELL and FSEEK proceduresin libf2c.

Add options ——help and ——ver sion to the g77 command, to conform to GNU coding
guidelines. Also add printing of g77 version number when the —verbose (—v) option is used.

44 |In 0.5.18:

.

The BYTE and WORD statements now are supported, to alimited extent.

INTEGER*1, INTEGER*2, INTEGER*8, and their LOGICAL equivalents, now are
supported to alimited extent. Among the missing elements are complete intrinsic and
constant support.

Support automatic arraysin procedures. For example, REAL A(N), where A is not adummy
argument, specifiesthat A is an automatic array. The size of A is calculated from the value of
N each time the procedureis called, that amount of spaceis allocated, and that spaceis freed
when the procedurereturnsto its caller.

Add —fno-zer os option, enabled by default, to reduce compile-time CPU and memory usage
for code that providesinitial zero valuesfor variables and arrays.

Introduce three new options that apply to all compilations by g77-aware GNU compiler s—-
fmove-all-movables,

—freduce-all-givs, and —fr er un-loop-opt—which can improve the run-time performance of
some programs.

Replace much of the existing documentation with a single Info document.
New option —fno-second-under scor e

45 In0.5.17:

The ERF() and ERFC() intrinsics now are generic intrinsics, mapping to ERF/DERF and
ERFC/DERFC, respectively. Note: UseINTRINSIC ERF,ERFC in any code that might
referencethese as generic intrinsics, to improve the likelihood of diagnostics (instead of subtle
run-time bugs) when using compilers that don’t support these asintrinsics.

New option -Wsur prising.

DO loops with non-INTEGER variables now diagnosed only when —W sur prising specified.
Previously, this was diagnosed unless —fpedantic or —fugly was specified.

46 In0.5.16:

libf2c changed to output aleading zero (0) digit for floating-point values output vialist-
directed and formatted output (to bring g77 moreinto line with many existing Fortran
implementations—the ANSI FORTRAN 77 standard |eaves this choice to the



GNU Fortran (0.5.21) 40

implementation).
« libf2c no longer built with debugging information intact, making it much smaller.
+ Automatic installation of the g77 command now works.
« Diagnostic messages now moreinformative, alagcc, including messages like
In function ‘foo’:
and
In file included from..:

» New group of intrinsics called unix, including ABORT, DERF, DERFC, ERF, ERFC,
EXIT, FLUSH, GETARG, GETENV, SIGNAL, and SYSTEM.

« —funix-intrinsics{ delete,hide,disable,enable}
options added.
+ —fno-under scoring option added.
+ —driver option added to the g77 command.
«+ Support for the gcc options —fident and —fno-ident added.
+ g77 —v returns much more version info, making the submission of better bug reports easily.

« Many improvements to the g77 command to better fulfill its role as afront-end to the gcc
driver. For example, g77 now recognizes—ver bose as a verbose way of specifying —v.

« Compiling preprocessed (.Fi *.F and *.fpp) files now results in better diagnostics and
debugging information, as the source-location info now is passed al the way through the
compilation processinstead of being lost.
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5. The GNU Fortran Language

GNU Fortran supports avariety of extensionsto, and dialects of, the Fortran language. Its
primary baseisthe ANSI FORTRAN 77 standard, currently available on the network at
http://kumo.swcp.com/fortran/F77_std/f77_std.htmlor in
ftp://ftp.ast.cam.ac.uk/pub/michael/. It offers some extensions that are popular among users of
UNIX f77 and f2c compilers, some that are popular among users of other compilers (such as
Digital products), some that are popular among users of the newer Fortran 90 standard, and some
that are introduced by GNU Fortran.

(If you need atext on Fortran, afew freely available electronic references have pointers from
http://www.for tran.com/for tran/Books/.)

Part of what defines a particular implementation of a Fortran system, such asg77, isthe particular
characteristics of how it supports types, constants, and so on. Much of thisisleft up to the
implementation by the various Fortran standards and accepted practice in the industry.

The GNU Fortran language is described below. Much of the material is organized along the same
lines asthe ANSI FORTRAN 77 standard itself.

See “Other Dialects’ for information on features g77 supports that are not part of the GNU
Fortran language.

Note: This portion of the documentation definitely needs alot of work!
5.1 Direction of Language Development

The purpose of the following description of the GNU Fortran language is to promote wide
portability of GNU Fortran programs.

GNU Fortran is an evolving language, due to the fact that g77 itself isin betatest. Some current
features of the language might later be redefined as dialects of Fortran supported by g77 when
better ways to express these features are added to g77, for example. Such features would still be
supported by g77, but would be available only when one or more command-line options were
used.

The GNU Fortran language is distinct from the GNU Fortran compilation system (g77).

For example, g77 supports various dialects of Fortran—in a sense, these are languages other than
GNU Fortran—though its primary purpose is to support the GNU Fortran language, which alsois
described in its documentation and by its implementation.

On the other hand, non-GNU compilers might offer support for the GNU Fortran language, and
are encouraged to do so.

Currently, the GNU Fortran language is afairly fuzzy abject. It represents something of across
between what g77 accepts when compiling using the prevailing defaults and what this document
describes as being part of the language.

Future versions of g77 are expected to clarify the definition of the language in the documentation.
Often, this will mean adding new featuresto the language, in the form of both new documentation
and new support in g77. However, it might occasionally mean removing afeature from the
language itself to “dialect” status. In such acase, the documentation would be adjusted to reflect
the change, and g77 itself would likely be changed to require one or more command-line options
to continue supporting the feature.

The development of the GNU Fortran languageis intended to strike a balance between:

+ Serving as a mostly-upwards-compatible language from the de facto UNIX Fortran dialect as
supported by 77.
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«» Offering new, well-designed language features. Attributes of such featuresinclude not
making existing code any harder to read (for those who might be unaware that the new
features are not in use) and not making state-of-the-art compilers take longer to issue
diagnostics, among others.

« Supporting existing, well-written code without gratuitously rejecting non-standard constructs,
regardless of the origin of the code (its dialect).

«» Offering default behavior and command-line options to reduce and, where reasonable,
eliminate the need for programmers to make any modifications to code that already worksin
existing production environments.

+ Diagnosing constructs that have different meanings in different systems, languages, and
dialects, while offering clear, less ambiguous ways to express each of the different meanings
S0 programmers can change their code appropriately.

One of the biggest practical challenges for the devel opers of the GNU Fortran language is meeting
the sometimes contradictory demands of the aboveitems.

For example, afeature might be widely used in one popular environment, but the exact same code
that utilizes that feature might not work as expected—perhapsit might mean something entirely
different—in another popular environment.

Traditionally, Fortran compilers—even portable ones—have solved this problem by simply
offering the appropriate feature to users of the respective systems. This approach treats users of
various Fortran systems and dialects as remote “islands’, or camps, of programmers, and assume
that these camps rarely come into contact with each other (or, especially, with each other’ s code).

Project GNU takes aradically different approach to software and language design, in that it
assumes that users of GNU software do not necessarily carewhat kind of underlying system they
are using, regardless of whether they are using software (at the user-interface level) or writing it
(for example, writing Fortran or C code).

Assuch, GNU usersrarely need consider just what kind of underlying hardware (or, in many
cases, operating system) they are using at any particular time. They can use and write software
designed for a general-purpose, widely portable, heteregenous environment—the GNU
environment.

In line with this philosophy, GNU Fortran must evolve into a product that is widely ported and
portable not only in the sense that it can be successfully built, installed, and run by users, but in
the larger sensethat its users can useit in the same way, and expect largely the same behaviors
from it, regardless of the kind of system they are using at any particular time.

This approach constrains the solutions g77 can use to resolve conflicts between various camps of
Fortran users. If these two camps disagree about what a particular construct should mean, g77
cannot simply be changed to treat that particular construct as having one meaning without
comment (such as awarning), lest the users expecting it to have the other meaning are
unpleasantly surprised that their code misbehaves when executed.

The use of the ASCII backslash character in character constants is an excellent (and still
somewhat unresolved) example of thiskind of controversy. See“Backslash in Constants’. Other
examples arelikely to arise in the future, as g77 devel opers strive to improve its ability to accept
an ever-wider variety of existing Fortran code without requiring significant modifications to said
code.

Development of GNU Fortran is further constrained by the desire to avoid requiring programmers
to changetheir code. Thisisimportant becauseit allows programmers, administrators, and others
to more faithfully evaluate and validate g77 (as an overall product and as new versions are

distributed) without having to support multiple versions of their programs so that they continue to
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work the same way on their existing systems (non-GNU perhaps, but possibly also earlier
versions of g77).

5.2 ANSI FORTRAN 77 Standard Support

GNU Fortran supports ANSI FORTRAN 77 with the following caveats. In summary, the only
ANSI FORTRAN 77 features g77 doesn’t support are those that are probably rarely used in actual
code, some of which are explicitly disallowed by the Fortran 90 standard.

5.2.1 No Passing External Assumed-length

g77 disalows passing of an external procedure as an actual argument if the procedure’ stypeis
declared CHARACTER*(*).

For example:

CHARACTER* (*) CFUNC
EXTERNAL CFUNC

CALL FOO( CFUNC)

END

It isn't clear whether the standard considers this conforming.

5.2.2 No Passing Dummy Assumed-length
g77 disalows passing of adummy procedure as an actual argument if the procedure stypeis
declared CHARACTER*(*).

SUBROUTI NE BAR( CFUNC)
CHARACTER* (*) CFUNC
EXTERNAL CFUNC

CALL FOO( CFUNC)

END

It isn't clear whether the standard considers this conforming.

5.2.3 No Pathological Implied-DO
The DO variable for an implied-DO construct in aDATA statement may not be used asthe DO
variable for an outer implied-DO construct. For example, this fragment is disallowed by g77:

DATA ((A(C!, 1), I=1, 10), I1=1, 10) /.../
Thisalso is disalowed by Fortran 90, asit offers no additional capabilities and would have a
variety of possible meanings.

Notethat it is very unlikely that any production Fortran code tries to use this unsupported
construct.

5.2.4 No UselessImplied-DO

An array element initializer in an implied-DO construct in aDATA statement must contain at
least one referenceto the DO variables of each outer implied-DO construct. For example, this
fragment is disallowed by g77:

DATA (A I=1, 1) /1./

Thisalso is disalowed by Fortran 90, as FORTRAN 77’ s more permissive regquirements offer no
additional capabilities. However, g77 doesn’t necessarily diagnose al cases wherethis
requirement is not met.

Notethat it isvery unlikely that any production Fortran code tries to use this unsupported
construct.
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5.3 Conformance

(Thefollowing information augments or overrides the information in Section 1.4 of ANSI X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 1 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

The definition of the GNU Fortran language is akin to that of the ANSI FORTRAN 77 language
in that it does not generally require conforming implementations to diagnose caseswhere
programs do not conform to the language.

However, g77 asacompiler is being developed in away that isintended to enableit to diagnose
such cases in an easy-to-understand manner.

A program that conforms to the GNU Fortran language should, when compiled, linked, and
executed using a properly installed g77 system, perform as described by the GNU Fortran
language definition. Reasons for different behavior include, among others:

+ Use of resources (memory—heap, stack, and so on; disk space; CPU time; etc.) exceeds those
of the system.

+ Range and/or precision of calculations required by the program exceeds that of the system.
+ Excessive reliance on behaviors that are system-dependent (non-portable Fortran code).

3

Bugs in the program.

3

Buging77.
+ Bugsin the system.

Despite these “loopholes’, the availability of a clear specification of the language of programs
submitted to g77, asthis document isintended to provide, is considered an important aspect of
providing arobust, clean, predictable Fortran implementation.

The definition of the GNU Fortran language, while having no special lega status, can therefore be
viewed asasort of contract, or agreement. This agreement says, in essence, “if you write a
program in this language, and run it in an environment (such as ag77 system) that supports this
language, the program should behave in alargely predictable way”.

5.4 Notation Used in This Chapter

(Thefollowing information augments or overrides the information in Section 1.5 of ANSI X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 1 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

In this chapter, “must” denotes arequirement, “may” denotes permission, and “must not” and
“may not” denote prohibition. Termssuch as“might”, “should”, and “can” generally add little or
nothing in the way of weight to the GNU Fortran language itself, but are used to explain or
illustrate the language.

For example:

“The FROBNITZ statement must precede all executable statements in a program unit,
and may not specify any dummy arguments. It may specify local or common variables
and arrays. Itsuse should be limited to portions of the program designed to be non-
portable and system-specific, because it might cause the containing program unit to behave
quite differently on different systems.”

Insofar as the GNU Fortran language is specified, the requirements and permissions denoted by
the above sample statement are limited to the placement of the statement and the kinds of things it
may specify. Therest of the statement—the content regarding non-portable portions of the
program and the differing behavior of program units containing the FROBNITZ statement—does
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not pertain the GNU Fortran languageitself. That content offers advice and warnings about the
FROBNITZ statement.

Remember: The GNU Fortran language definition specifies both what constitutes avalid GNU
Fortran program and how, given such aprogram, avalid GNU Fortran implementation is to
interpret that program.

It is not incumbent upon avalid GNU Fortran implementation to behave in any particular way,
any consistent way, or any predictable way when it is asked to interpret input that is not avalid
GNU Fortran program.

Such input is said to have undefined behavior when interpreted by avalid GNU Fortran
implementation, though an implementation may choose to specify behaviors for some cases of
inputs that are not valid GNU Fortran programs.

Other notation used herein isthat of the GNU texinfo format, which is used to generate printed
hardcopy, on-line hypertext (Info), and on-line HTML versions, al from asingle source
document. This notation is used as follows:

+ Keywords defined by the GNU Fortran language are shown in uppercase, asin. COMMON,
INTEGER, and BLOCK DATA.

Note that, in practice, many Fortran programs are written in lowercase—uppercaseis used in
this manual as ameans to readily distinguish keywords and sample Fortran-related text from
the prose in this document.

« Portions of actual sample program, input, or output text look like this: Actual program text.

Generally, uppercaseis used for all Fortran-specific and Fortran-related text, though this does
not always include literal text within Fortran code.

For example: PRINT *,”"My nameisBob’.

+ A metasyntactic variable—that is, a name used in this document to serve as a placeholder for
whatever text is used by the user or programmer—appears as shown in the following example:

“TheINTEGER ivar statement specifiesthat ivar isavariable or array of type INTEGER.”

In the above example, any valid text may be substituted for the metasyntactic variableivar to
make the statement apply to a specific instance, aslong as the same text is substituted for both
occurrencesof ivar.

« Ellipses (“...”) are used to indicate further text that is either unimportant or expanded upon
further, elsewhere.

« Names of datatypes arein the style of Fortran 90, in most cases.

See“Kind Notation” for information on the relationship between Fortran 90 nomenclature
(such asINTEGER(KIND=1)) and the more traditional, less portably concise nomenclature
(such asINTEGER*4).

5.5 Fortran Terms and Concepts

(Thefollowing information augments or overrides the information in Chapter 2 of ANS| X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 2 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

5.5.1 Syntacticltems
(Corresponds to Section 2.2 of ANSI X3.9-1978 FORTRAN 77.)

In GNU Fortran, asymbolic name is at |east one character long, and has no arbitrary upper limit
on length. However, names of entities requiring external linkage (such as external functions,
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external subroutines, and COM M ON areas) might be restricted to some arbitrary length by the
system. Such arestriction is no more constrained than that of one through six characters.

Underscores () are accepted in symbol names after the first character (which must be aletter).

5.5.2 Statements, Comments, and Lines
(Corresponds to Section 2.3 of ANSI X3.9-1978 FORTRAN 77.)

Use of an exclamation point (!) to begin atrailing comment (a comment that extends to the end of
the same sourceline) is permitted under the following conditions:

+ The exclamation point does not appear in column 6. Otherwise, it is treated as an indicator of
acontinuation line.

+ The exclamation point appears outside a character or hollerith constant. Otherwise, the
exclamation point is considered part of the constant.

+ The exclamation point appearsto the left of any other possible trailing comment. That is, a
trailing comment may contain exclamation pointsin their commentary text.

Use of asemicolon (;) as a statement separator is permitted under the following conditions:

+ The semicolon appears outside a character or hollerith constant. Otherwise, the semicolonis
considered part of the constant.

+ The semicolon appearsto the |eft of atrailing comment. Otherwise, the semicolon is
considered part of that comment.

» Neither alogical | F statement nor a non-construct WHERE statement (a Fortran 90 feature)
may be followed (in the same, possibly continued, line) by asemicolon used as a statement
Separator.

This restriction avoids the confusion that can result when reading aline such as:
| F (VALI DP) CALL FOO, CALL BAR

Some readers might think the CALL BAR isexecuted only if VALIDP is . TRUE., while
others might assume its execution is unconditional .

(At present, g77 does not diagnose code that violates this restriction.)

5.5.3 Scope of Symbolic Names and Statement L abels
(Corresponds to Section 2.9 of ANS| X3.9-1978 FORTRAN 77.)

Included in the list of entities that have a scope of a program unit are construct names (a Fortran
90 feature). See*“Construct Names’ for more information.

5.6 Characters, Lines, and Execution Sequence

(Thefollowing information augments or overrides the information in Chapter 3 of ANSI X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 3 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

5.6.1 GNU Fortran Character Set
(Corresponds to Section 3.1 of ANSI X3.9-1978 FORTRAN 77.)

L ettersinclude uppercase | etters (the twenty-six characters of the English alphabet) and lowercase
letters (their lowercase equivalent). Generaly, lowercase letters may be used in place of
uppercase letters, though in character and hollerith constants, they are distinct.

Special charactersinclude:
« Semicolon (;)
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» Exclamation point (!)
+ Double quote (")

» Backdash (\)

+ Question mark (?)

« Hash mark (#)

« Ampersand (&)

« Percent sign (%)

+ Underscore ()

» Openangle (<)

» Closeangle (>)

« The FORTRAN 77 special charactersSPC, =, +,— *,/,(,), ,, . $,’,and ;)

Note that this document refersto SPC as space, while X3.9-1978 FORTRAN 77 refersto it as
blank.

5.6.2 Lines
(Correspondsto Section 3.2 of ANSI X3.9-1978 FORTRAN 77.)

Theway a Fortran compiler views source files depends entirely on the implementation choices
made for the compiler, since those choices are explicitly |eft to the implementation by the
published Fortran standards.

The GNU Fortran language mandates a view applicable to UNIX-like text files—filesthat are
made up of an arbitrary number of lines, each with an arbitrary number of characters (sometimes
called stream-based files).

This view does not apply to types of filesthat are specified as having a particular number of
characterson every single line (sometimes referred to as record-based files).

Becausea“linein aprogram unit is asequence of 72 characters’, to quote X3.9-1978, the GNU
Fortran language specifiesthat a stream-based text fileis trandated to GNU Fortran lines as
follows:

+ A newlinein thefileis the character that represents the end of aline of text to the underlying
system. For example, on ASCII-based systems, anewlineisthe NL character, which has
ASCII value 12 (decimal).

» Each newlinein thefile servesto end the line of text that precedesit (and that does not contain
anewline).

+ The end-of-file marker (EOF) also servesto end the line of text that precedesit (and that does
not contain anewline).

« Any line of text that is shorter than 72 charactersis padded to that length with spaces (called
“blanks” in the standard).

« Any line of text that islonger than 72 charactersis truncated to that length, but the truncated
remainder must consist entirely of spaces.

« Characters other than newline and the GNU Fortran character set areinvalid.

For the purposes of the remainder of this description of the GNU Fortran language, the trand ation
described above has already taken place, unless otherwise specified.
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The result of the above trandlation is that the source file appears, in terms of the remainder of this
description of the GNU Fortran language, asif it had an arbitrary number of 72-character lines,
each character being among the GNU Fortran character set.

For example, if the sourcefileitself has two newlinesin arow, the second newline becomes, after
the above trandlation, asingle line containing 72 spaces.

5.6.3 Continuation Line
(Correspondsto Section 3.2.3 of ANSI X3.9-1978 FORTRAN 77.)

A continuation lineis any line that both
» Contains a continuation character, and
+ Contains only spacesin columns 1 through 5

A continuation character is any character of the GNU Fortran character set other than space (SPC)
or zero (0) in column 6, or adigit (O through 9) in column 7 through 72 of aline that has only
spaces to the left of that digit.

The continuation character isignored as far as the content of the statement is concerned.

The GNU Fortran language places no limit on the number of continuation linesin astatement. In
practice, the limit depends on avariety of factors, such as available memory, statement content,
and so on, but no GNU Fortran system may impose an arbitrary limit.

5.6.4 Statements
(Corresponds to Section 3.3 of ANSI X3.9-1978 FORTRAN 77.)

Statements may be written using an arbitrary number of continuation lines.

Statements may be separated using the semicolon (;), except that the logical | F and non-construct
WHERE statements may not be separated from subsequent statements using only a semicolon as
statement separator.

The END PROGRAM, END SUBROUTINE, END FUNCTION, and END BLOCK DATA
statements are alternatives to the END statement. These alternatives may be written as normal
statements—they are not subject to the restrictions of the END statement.

However, no statement other than END may have an initial line that appearsto be an END
statement—even END PROGRAM, for example, must not be written as:

END
&PROGRAM

5.6.5 Statement Labels
(Correspondsto Section 3.4 of ANSI X3.9-1978 FORTRAN 77.)

A statement separated from its predecessor via a semicolon may be labeled asfollows:
+ The semicolon is followed by the label for the statement, which in turn follows the label.
+ Thelabel must be no more than five digits in length.

+ Thefirst digit of the label for the statement is not the first non-space character on aline.
Otherwise, that character is treated as a continuation character.

A statement may have only one label defined for it.

5.6.6 Order of Statementsand Lines
(Correspondsto Section 3.5 of ANSI X3.9-1978 FORTRAN 77.)

Generally, DATA statements may precede executable statements. However, specification
statements pertaining to any entities initialized by aDATA statement must precedethat DATA
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statement. For example, after DATA /1, INTEGER | is not permitted, but INTEGER J is
permitted.

Thelast line of aprogram unit may be an END statement, or may be:
+ An END PROGRAM statement, if the program unit isamain program.
« An END SUBROUTINE statement, if the program unit is a subroutine.
« An END FUNCTION statement, if the program unit is afunction.
« An END BLOCK DATA statement, if the program unit is ablock data.

5.6.7 Including Sour ce Text
Additional sourcetext may be included in the processing of the source file viathe INCLUDE
directive:

| NCLUDE fil enane

The source text to be included isidentified by filename, whichisaliteral GNU Fortran character
constant. The meaning and interpretation of filename depends on the implementation, but
typically isafilename.

(g77 treatsit asafilename that it searchesfor in the current directory and/or directories specified
viathe—-I command-line option.)

The effect of the INCLUDE directiveisasif the included text directly replaced the directivein
the sourcefile prior to interpretation of the program. Included text may itself use INCLUDE.
The depth of nested INCL UDE references depends on the implementation, but typically isa
positive integer.

Thisvirtual replacement treats the statements and INCL UDE directivesin the included text as
syntactically distinct from those in the including text.

Therefore, the first non-comment line of the included text must not be acontinuation line. The
included text must therefore have, after the non-comment lines, either aninitial line (statement),
an INCL UDE directive, or nothing (the end of the included text).

Similarly, the including text may end the INCL UDE directive with a semicolon or the end of the
ling, but it cannot follow an INCL UDE directive at the end of its line with a continuation line.
Thus, the last statement in an included text may not be continued.

Any statements between two INCL UDE directives on the same line are treated asif they
appeared in between the respective included texts. For example:

INCLUDE " A'; PRINT *, "B'; INCLUDE ' C; END PROGRAM

If thetext included by INCLUDE 'A’ constitutesa PRINT *,’A’ statement and the text included
by INCLUDE 'C’ constitutesaPRINT *,’C’ statement, then the output of the above sample
program would be

A
B
C

(with suitable alowances for how an implementation definesits handling of output).

Included text must not include itself directly or indirectly, regardless of whether the filename used
to referencethe text is the same.

Note that INCL UDE is not astatement. Assuch, it is neither a non-executable or executable
statement. However, if the text it includes constitutes one or more executabl e statements, then the
placement of INCL UDE is subject to effectively the same restrictions as those on executable
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statements.

AnINCLUDE directive may be continued across multiple lines asif it were astatement. This
permits long names to be used for filename.

5.7 Data Typesand Constants

(Thefollowing information augments or overrides the information in Chapter 4 of ANS| X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 4 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

To more concisely express the appropriate types for entities, this document uses the more concise
Fortran 90 nomenclature such asINTEGER(KIND=1) instead of the more traditional, but less
portably concise, byte-size-based nomenclature such as INTEGER* 4, wherever reasonable.

When referring to generic types—in contexts where the specific precision and range of atype are
not important—this document uses the generic type names INTEGER, LOGICAL , REAL,
COMPLEX, and CHARACTER.

In some cases, the context requires specification of a particular type. This document usesthe
K1ND= notation to accomplish this throughout, sometimes supplying the more traditional
notation for clarification, though the traditional notation might not work the same way on all GNU
Fortran implementations.

Use of KIND= makes this document more concise because g77 is able to define values for
KIND= that have the same meanings on all systems, due to the way the Fortran 90 standard
specifies these values are to be used.

(In particular, that standard permits an implementation to arbitrarily assign nonnegative values.
There arefour distinct sets of assignments: oneto the CHARACTER type; oneto the INTEGER
type; oneto the LOGICAL type; and the fourth to both the REAL and COMPLEX types.
Implementations are free to assign these values in any order, leave gaps in the ordering of
assignments, and assign more than one value to a representation.)

This makes KIND= values superior to the values used in non-standard statements such as
INTEGER*4, because the meanings of the values in those statements vary from machine to
machine, compiler to compiler, even operating system to operating system.

However, use of KIND= is not generally recommended when writing portable code (unless, for
example, the codeis going to be compiled only viag77, which isawidely ported compiler).

GNU Fortran does not yet have adequate language constructs to permit use of KIND= in afashion
that would make the code portable to Fortran 90 implementations; and, this construct is known to
not be accepted by many popular FORTRAN 77 implementations, so it cannot be used in code
that isto be ported to those.

The distinction hereisthat this document is able to use specific values for KIND= to concisely
document the types of various operations and operands.

A Fortran program should use the FORTRAN 77 designations for the appropriate GNU Fortran
types—such asINTEGER for INTEGER(KIND=1), REAL for REAL (KIND=1), and
DOUBLE COMPLEX for COMPLEX(KIND=2)—and, where no such designations exist,
make use of appropriate techniques (preprocessor macros, parameters, and so on) to specify the
typesin afashion that may be easily adjusted to suit each particular implementation to which the
program is ported. (Thesetypes generally won't need to be adjusted for ports of g77.)

Further details regarding GNU Fortran data types and constants are provided below.

5.7.1 Data Types
(Corresponds to Section 4.1 of ANSI X3.9-1978 FORTRAN 77.)
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GNU Fortran supports these types:
Integer (generictype INTEGER)
Real (generic type REAL)
Double precision
Complex (generic type COMPLEX)
Logical (generictype LOGICAL)
Character (generictype CHARACTER)
7. Double Complex
(The types numbered 1 through 6 above are standard FORTRAN 77 types.)

The generic types shown above are referred to in this document using only their generic type
names. Such referencesusually indicate that any specific type (kind) of that generic typeisvalid.

o g~ w DN

For example, a context described in this document as acceptingthe COMPLEX typeasois
likely to accept the DOUBLE COMPLEX type.

The GNU Fortran language supports three ways to specify a specific kind of ageneric type.

5.7.1.1 Double Notation
The GNU Fortran language supports two uses of the keyword DOUBL E to specify a specific
kind of type:

+ DOUBLEPRECISION, equivalent to REAL (KIND=2)
+ DOUBLECOMPLEX, equivalent to COMPLEX(KIND=2)
Use one of the above forms where atype nameisvalid.

While use of this notation is popular, it doesn’t scale well in alanguage or dialect rich inintrinsic
types, asisthe casefor the GNU Fortran language (especially planned future versions of it).

After al, onerarely seestype names such as DOUBLE INTEGER, QUADRUPLE REAL, or
QUARTER INTEGER. Instead, INTEGER*8, REAL*16, and INTEGER*1 often are
substituted for these, respectively, even though they do not always have the same meanings on all
systems. (And, thefact that DOUBLE REAL does not exist as such is an inconsistency.)

Therefore, this document uses “double notation” only on occasion for the benefit of those readers
who are accustomed to it.

5.7.1.2 Star Notation
The following notation specifies the storage size for atype:
generic-typen

generic-type must be ageneric type—one of INTEGER, REAL, COMPLEX, LOGICAL, or
CHARACTER. nmust be one or more digits comprising a decimal integer number greater than
zero.

Use the above form where atype nameis valid.

The*n notation specifiesthat the amount of storage occupied by variables and array elements of
that typeis n times the storage occupied by aCHARACTER* 1 variable.

This notation might indicate a different degree of precision and/or range for such variables and
array elements, and the functions that return values of types using this notation. It does not limit
the precision or range of values of that type in any particular way—use explicit code to do that.
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Further, the GNU Fortran language requires no particular values for n to be supported by an
implementation viathe *n notation. g77 supports INTEGER*1 (asINTEGER(KIND=3)) on al
systems, for example, but not all implementations are required to do so, and g77 is known to not
support REAL*1 on most (or all) systems.

Asaresult, except for generic-type of CHARACTER, uses of this notation should be limited to
isolated portions of a program that are intended to handle system-specific tasks and are expected
to be non-portable.

(Standard FORTRAN 77 supports the * n notation for only CHARACTER, whereit signifies not
only the amount of storage occupied, but the number of charactersin entities of that type.
However, amost all Fortran compilers have supported this notation for generic types, though with
avariety of meanings for n.)

Specifications of types using the * n notation always are interpreted as specifications of the
appropriate types described in this document using the KIND=n notation, described below.

While use of this notation is popular, it doesn’t serve well in the context of awidely portable
dialect of Fortran, such asthe GNU Fortran language.

For example, even on one particular machine, two or more popular Fortran compilers might well
disagree on the size of atype declared INTEGER*2 or REAL*16. Certainly thereisknown to
be disagreement over such things among Fortran compilers on different systems.

Further, this notation offers no elegant way to specify sizesthat are not even multiples of the “byte
size” typicaly designated by INTEGER*1. Use of “absurd” values (such as INTEGER* 1000)
would certainly be possible, but would perhaps be stretching the original intent of this notation
beyond the breaking point in terms of widespread readability of documentation and code making
use of it.

Therefore, this document uses “ star notation” only on occasion for the benefit of those readers
who are accustomed to it.

5.7.1.3 Kind Notation
The following notation specifies the kind-type selector of atype:

generi c-typée Kl ND=n)
Use the above form where atype nameis valid.

generic-type must be ageneric type—one of INTEGER, REAL, COMPLEX, LOGICAL}, or
CHARACTER. nmust be an integer initialization expression that is a positive, nonzero value.

Programmers are discouraged from writing these values directly into their code. Future versions
of the GNU Fortran language will offer facilities that will make the writing of code portable to
g77 and Fortran 90 implementations simpler.

However, writing code that ports to existing FORTRAN 77 implementations depends on avoiding
the KIND= construct.

The KIND= construct is thus useful in the context of GNU Fortran for two reasons:

« It provides ameans to specify atypein afashion that is portable across all GNU Fortran
implementations (though not other FORTRAN 77 and Fortran 90 implementations).

« It provides asort of Rosetta stone for this document to use to concisely describe the types of
various operations and operands.

The values of nin the GNU Fortran language are assigned using a scheme that:

« Attempts to maximize the ability of readers of this document to quickly familiarize
themselves with assignments for popular types
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«» Provides aunique value for each specific desired meaning

+ Provides ameans to automatically assign new values so they have a“ natural” relationship to
existing values, if appropriate, or, if no such relationship exists, will not interfere with future
values assigned on the basis of such relationships

+ Avoids using values that are similar to values used in the existing, popular * n notation, to
prevent readers from expecting that these implied correspondences work on all GNU Fortran
implementations

The assignment system accomplishes this by assigning to each “fundamental meaning” of a
specific type a unique prime number. Combinations of fundamental meanings—for example, a
type that is two times the size of some other type—are assigned values of n that are the products
of the values for those fundamental meanings.

A prime value of nisnever given more than one fundamental meaning, to avoid situations where
some code or system cannot reasonably provide those meanings in the form of asingle type.

The values of n assigned so far are:
KIND=0 Thisvaueisreserved for future use.

The planned future useis for this value to designate, explicitly, context-sensitive kind-
type selection. For example, the expression 1D0* 0.1_0 would be equivalent to 1D0 *
0.1D0.

KIND=1 This correspondsto the default typesfor REAL, INTEGER, LOGICAL,
COMPLEX, and CHARACTER, as appropriate.

These are the “default” types described in the Fortran 90 standard, though that standard
does not assign any particular KIND= value to these types.

(Typically, theseare REAL*4, INTEGER*4, LOGICAL*4, and COMPLEX*8.)

KIND=2 This correspondsto types that occupy twice as much storage as the default types.
REAL (KIND=2) isDOUBLE PRECISION (typicaly REAL*8),
COMPLEX(KIND=2) isDOUBLE COMPLEX (typicaly COMPLEX*16),

These are the “doubl e precision” types described in the Fortran 90 standard, though that
standard does not assign any particular KIND= value to these types.

n of 4 thus correspondsto types that occupy four times as much storage as the default
types, n of 8 to types that occupy eight times as much storage, and so on.

The INTEGER(KIND=2) and LOGICAL (KIND=2) types are not necessarily
supported by every GNU Fortran implementation.

KIND=3 This correspondsto types that occupy as much storage as the default CHARACTER
type, which is the same effective type as CHARACTER(KIND=1) (making that type
effectively the same as CHARACTER(KIND=3)).

(Typically, these are INTEGER*1 and LOGICAL*1.)

n of 6 thus correspondsto types that occupy twice as much storage as the n=3 types, n
of 12 to typesthat occupy four times as much storage, and so on.

These are not necessarily supported by every GNU Fortran implementation.
KIND=5 This correspondsto types that occupy half the storage as the default (n=1) types.
(Typically, theseareINTEGER*2 and LOGICAL*2.)
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n of 25 thus corresponds to types that occupy one-quarter as much storage as the default
types.
These are not necessarily supported by every GNU Fortran implementation.

KIND=7 Thisisvalid only asINTEGER(KIND=7) and denotesthe INTEGER type that has
the smallest storage size that holds a pointer on the system.

A pointer representable by this typeis capable of uniquely addressing a
CHARACTER*1 variable, array, array element, or substring.

(Typicaly thisisequivalent to INTEGER*4 or, on 64-bit systems, INTEGER*8. Ina
compatible C implementation, it typically would be the same size and semantics of the
Ctypevoid *.)

Note that these are proposed correspondences and might change in future versions of g77—avoid
writing code depending on them while g77, and therefore the GNU Fortran language it defines, is
in betatesting.

Values not specified in the abovelist are reserved to future versions of the GNU Fortran language.

I mplementati on-dependent meanings will be assigned new, unique prime numbers so as to not
interfere with other implementati on-dependent meanings, and offer the possibility of increasing
the portability of code depending on such types by offering support for them in other GNU
Fortran implementations.

Other meanings that might be given unique values are:
+ Typesthat make use of only half their storage size for representing precision and range.

For example, some compilers offer options that cause INTEGER types to occupy the amount
of storage that would be needed for INTEGER(K1ND=2) types, but the range remains that of
INTEGER(KIND=1).

+ The |EEE single floating-point type.

+ Typeswith aspecific bit pattern (endianness), such asthe little-endian form of
INTEGER(KIND=1). These could permit, conceptually, use of portable code and
implementations on data files written by existing systems.

Future prime numbers should be given meanings in asincremental afashion as possible, to alow
for flexibility and expressiveness in combining types.

For example, instead of defining a prime number for little-endian |EEE doubles, one prime
number might be assigned the meaning “little-endian”, another the meaning “1EEE double”, and
the value of n for alittle-endian |EEE double would thus naturally be the product of those two
respective assigned values. (It could even be reasonableto have |EEE values result from the
products of prime values denoting exponent and fraction sizes and meanings, hidden bit usage,
availability and representations of special values such as subnormals, infinities, and Not-A-
Numbers (NaNs), and so on.)

This assignment mechanism, while not inherently required for future versions of the GNU Fortran
language, is worth using because it could ease management of the “space” of supported types
much easier in thelong run.

The above approach suggests a mechanism for specifying inheritance of intrinsic (built-in) types
for an entire, widely portable product line. It is certainly reasonable that, unlike programmers of
other languages offering inheritance mechanisms that employ verbose names for classes and
subclasses, along with graphical browsers to elucidate the relationships, Fortran programmers
would employ a mechanism that works by multiplying prime numbers together and finding the
prime factors of such products.
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Most of the advantages for the above scheme have been explained above. One disadvantageis
that it could lead to the defining, by the GNU Fortran language, of some fairly large prime
numbers. This could lead to the GNU Fortran language being declared “munitions’ by the United
States Department of Defense.

5.7.2 Constants
(Corresponds to Section 4.2 of ANSI X3.9-1978 FORTRAN 77.)

A typeless constant has one of the following forms:

binary-digits, octal-digits, and hexadecimal-digits are nonempty strings of charactersin the set
01, 01234567,

and 0123456789ABCDEFabcdef, respectively. (Thevaluefor A (and a) is 10, for Band b is 11,
and so on.)

Typeless constants have values that depend on the context in which they are used.

All other constants, called typed constants, are interpreted—converted to internal form—
according to their inherent type. Thus, context is never a determining factor for the type, and
hencethe interpretation, of atyped constant. (All constantsin the ANSI FORTRAN 77 language
aretyped constants.)

For example, 1 isawaystype INTEGER(KIND=1) in GNU Fortran (called default INTEGER in
Fortran 90), 9.435784839284958 is alwaystype REAL (KIND=1) (evenif the additional

precision specified islost, and even when used in aREAL (KIND=2) context), 1E0 is awaystype
REAL (KIND=2), and 1D0 is awaystype REAL (KIND=2).

5.7.3 Integer Type
(Correspondsto Section 4.3 of ANSI X3.9-1978 FORTRAN 77.)

An integer constant also may have one of the following forms:

B binary-digits

O octal-digits

Z' hexadecimal -digits

X hexadecimal -digits
binary-digits, octal-digits, and hexadecimal-digits are nonempty strings of charactersin the set
01, 01234567,

and 0123456789ABCDEFabcdef, respectively. (Thevaluefor A (and a) is 10, for Bandbis 11,
and so on.)

5.7.4 Character Type
(Correspondsto Section 4.8 of ANSI X3.9-1978 FORTRAN 77.)

A character constant may be delimited by a pair of double quotes (") instead of apostrophes. In
this case, an apostrophe within the constant represents a single apostrophe, while adouble quoteis
represented in the source text of the constant by two consecutive double quotes with no
intervening spaces.

A character constant may be empty (have alength of zero).

A character constant may include a substring specification, The value of such a constant is the
value of the substring—for example, the value of "hello’(3:5) is the same asthe value of 'llo’.

5.8 Expressions

(Thefollowing information augments or overrides the information in Chapter 6 of ANS| X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 6 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)
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5.8.1 The%LOC() Construct

%.OC( ar g)

The %L OC() construct is an expression that yields the value of the location of its argument, arg,
in memory. The size of the type of the expression depends on the system—typically, it is
equivalent to either INTEGER(KIND=1) or INTEGER(KIND=2), though it is actually type
INTEGER(KIND=7).

The argument to % L OC() must be suitable as the left-hand side of an assignment statement. That
is, it may not be ageneral expression involving operators such as addition, subtraction, and so on,
nor may it be a constant.

Use of %L OC() isrecommended only for code that is accessing facilities outside of GNU
Fortran, such as operating system or windowing facilities. 1t is best to constrain such usesto
isolated portions of a program—portions that deal specifically and exclusively with low-level,
system-dependent facilities. Such portions might well provide a portable interface for use by the
program as awhole, but are themselves not portable, and should be thoroughly tested each time
they arerebuilt using a new compiler or version of acompiler.

Do not depend on % L OC() returning a pointer that can be safely used to define (change) the
argument. While this might work in some circumstances, it is hard to predict whether it will
continue to work when a program (that works using this unsafe behavior) is recompiled using
different command-line options or adifferent version of g77.

Generally, %L OC() is safe when used as an argument to a procedure that makes use of the value
of the corresponding dummy argument only during its activation, and only when such useis
restricted to referencing (reading) the value of the argument to % L OC().

Implementation Note: Currently, g77 passes arguments (those not passed using a construct such
as % VAL ()) by reference or descriptor, depending on the type of the actual argument. Thus,
given INTEGER I, CALL FOO(I) would seem to mean the same thing as CALL
FOO(%LOC(l)), and in fact might compile to identical code.

However, CALL FOO(% L OC(1)) emphatically means* pass the address of | in memory”.

While CALL FOO(l) might use that same approach in a particular version of g77, another
version or compiler might choose a different implementation, such as copy-in/copy-out, to effect
the desired behavior—and which will therefore not necessarily compile to the same code as would
CALL FOO(%LOC(l)) using the same version or compiler.

See “Debugging and Interfacing” for detailed information on how this particular version of g77
implements various constructs.

5.9 Specification Statements

(Thefollowing information augments or overrides the information in Chapter 8 of ANS| X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 8 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

5.9.1 NAMELIST Statement
The NAMELIST statement, and related 1/O constructs, are supported by the GNU Fortran
language in essentially the same way asthey are by f2c.

5.9.2 DOUBLE COMPLEX Statement
DOUBLE COMPLEX isatype-statement (and type) that specifiesthe type
COMPLEX(KIND=2) in GNU Fortran.
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5.10 Control Statements

(Thefollowing information augments or overrides the information in Chapter 11 of ANSI X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 11 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

5.10.1 DO WHILE
The DO WHILE statement, afeature of both the MIL-STD 1753 and Fortran 90 standards, is
provided by the GNU Fortran language.

5.10.2 END DO
The END DO statement is provided by the GNU Fortran language.

This statement is used in one of two ways:

+ The Fortran 90 meaning, in which it specifies the termination point of asingle DO loop started
with aDO statement that specifies no termination label.

+ The MIL-STD 1753 meaning, in which it specifiesthe termination point of one or more DO
loops, all of which start with aDO statement that specify the label defined for the END DO
statement.

Thiskind of END DO statement is merely asynonym for CONTINUE, except it is permitted
only when the statement is |abeled and atarget of one or more labeled DO |oops.

It is expected that this use of END DO will be removed from the GNU Fortran language in the
future, though it islikely that it will long be supported by g77 asadialect form.

5.10.3 Construct Names
The GNU Fortran language supports construct names as defined by the Fortran 90 standard.
These names arelocal to the program unit and are defined as follows:

construct-nane bl ock-stat enent

Here, construct-name is the construct name itself; its definition is connoted by the single colon (:);
and block-statement isan | F, DO, or SELECT CASE statement that begins a block.

A block that is given aconstruct name must also specify the same construct namein its
termination statement:

END b/ ock construct-nane
Here, block must be | F, DO, or SELECT, as appropriate.

5.10.4 TheCYCLE and EXIT Statements
TheCYCLE and EXIT statements specify that the remaining statements in the current iteration
of aparticular active (enclosing) DO loop are to be skipped.

CY CLE specifiesthat these statements are skipped, but the END DO statement that marks the
end of the DO loop be executed—that is, the next iteration, if any, isto be started. If the statement
marking the end of the DO loop is not ENDDO—in other words, if the loop is not ablock DO—
the CY CL E statement does not execute that statement, but does start the next iteration (if any).

EXIT specifiesthat the loop specified by the DO construct is terminated.

The DO loop affected by CYCLE and EXIT isthe innermost enclosing DO |oop when the
following forms are used:

CYCLE
EXIT

Otherwise, the following forms specify the construct name of the pertinent DO loop:
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CYCLE construct-name
EXI T construct-nane

CYCLE and EXIT can beviewed as glorified GO TO statements. However, they cannot be
easily thought of as GO TO statements in obscure cases involving FORTRAN 77 loops. For
example:

10 PRINT *, °
20  CONTI NUE

In particular, neither the EXIT nor CY CLE statements above are equivalent toaGO TO
statement to either label 10 or 20.

To understand the effect of CYCLE and EXIT in the above fragment, it is helpful to first trandlate
it toits equivalent using only block DO loops:

m o1

F Q 3) CYCLE
10 PRINT *, 1=, 1, " J=, J, " K=, K

20 CONTI NUE

Adding new labels allowstrandation of CYCLE and EXIT to GO TO so they may be more
easily understood by programmers accustomed to FORTRAN coding:

DOl =1, 5
DOJ =1, 5
IF (J .EQ 5) GOTO 18
DOK=1, 5
IF (K.EQ 3) GO TO 12
10 PRINT *, 'I=", I, J=', J, ' K=, K
12 END DO
END DO
18  END DO

20 CONTI NUE

Thus, the CY CL E statement in the innermost 1oop skips over the PRINT statement asit begins
the next iteration of the loop, while the EXIT statement in the middle loop ends that |oop but not
the outermost loop.

5.11 Functionsand Subroutines

(Thefollowing information augments or overrides the information in Chapter 15 of ANSI X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 15 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)
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5.11.1 The% VAL () Construct

W/AL( arg)

The % VAL () construct specifiesthat an argument, arg, isto be passed by value, instead of by
reference or descriptor.

% VAL () isrestricted to actual arguments in invocations of external procedures.

Use of % VAL () isrecommended only for code that is accessing facilities outside of GNU Fortran,
such as operating system or windowing facilities. 1t is best to constrain such usesto isolated
portions of a program—portions the deal specifically and exclusively with low-level, system-
dependent facilities. Such portions might well provide a portable interface for use by the program
asawhole, but are themselves not portable, and should be thoroughly tested each time they are
rebuilt using anew compiler or version of acompiler.

Implementation Note: Currently, g77 passes all arguments either by reference or by descriptor.

Thus, use of % VAL () tendsto be restricted to cases where the called procedureis writtenin a
language other than Fortran that supports call-by-value semantics. (C isan example of such a
language.)

See“Procedures (SUBROUTINE and FUNCTION)” for detailed information on how this
particular version of g77 passes arguments to procedures.

5.11.2 The % REF() Construct

UREF( ar g)

The % REF() construct specifiesthat an argument, arg, isto be passed by reference, instead of by
value or descriptor.

% REF() isrestricted to actual argumentsin invocations of external procedures.

Use of % REF() is recommended only for code that is accessing facilities outside of GNU
Fortran, such as operating system or windowing facilities. It is best to constrain such usesto
isolated portions of a program—portions the deal specifically and exclusively with low-level,
system-dependent facilities. Such portions might well provide a portable interface for use by the
program as awhole, but are themselves not portable, and should be thoroughly tested each time
they arerebuilt using anew compiler or version of acompiler.

Do not depend on % REF() supplying a pointer to the procedure being invoked. Whilethat isa
likely implementation choice, other implementation choices are available that preserve Fortran
pass-by-reference semantics without passing a pointer to the argument, arg. (For example, a
copy-in/copy-out implementation.)

Implementation Note: Currently, g77 passes all arguments (other than variables and arrays of type
CHARACTER) by reference. Future versions of, or dialects supported by, g77 might not pass
CHARACTER functions by reference.

Thus, use of % REF() tends to be restricted to caseswhere arg istype CHARACTER but the
called procedure accessesit via a means other than the method used for Fortran CHARACTER
arguments.

See “Procedures (SUBROUTINE and FUNCTION)” for detailed information on how this
particular version of g77 passes arguments to procedures.

5.11.3 The % DESCR() Construct

YDESCR( ar g)



GNU Fortran (0.5.21) 60

The % DESCR() construct specifies that an argument, arg, is to be passed by descriptor, instead
of by value or reference.

% DESCR() isrestricted to actual argumentsin invocations of external procedures.

Use of % DESCR() is recommended only for code that is accessing facilities outside of GNU
Fortran, such as operating system or windowing facilities. It is best to constrain such usesto
isolated portions of a program—portions the deal specifically and exclusively with low-level,
system-dependent facilities. Such portions might well provide a portable interface for use by the
program as awhole, but are themselves not portable, and should be thoroughly tested each time
they arerebuilt using anew compiler or version of acompiler.

Do not depend on % DESCR() supplying apointer and/or alength passed by valueto the
procedure being invoked. Whilethat is alikely implementation choice, other implementation
choices are available that preserve the pass-by-reference semantics without passing a pointer to
the argument, arg. (For example, a copy-in/copy-out implementation.) And, future versions of
g77 might change the way descriptors are implemented, such as passing a single argument
pointing to arecord containing the pointer/length information instead of passing that same
information viatwo arguments asit currently does.

Implementation Note: Currently, g77 passes all variables and arrays of type CHARACTER by
descriptor. Future versions of, or dialects supported by, g77 might pass CHARACTER functions
by descriptor as well.

Thus, use of % DESCR() tendsto be restricted to caseswhere arg is not type CHARACTER but
the called procedure accessesit viaameans similar to the method used for Fortran
CHARACTER arguments.

See “Procedures (SUBROUTINE and FUNCTION)” for detailed information on how this
particular version of g77 passes arguments to procedures.

5.11.4 Genericsand Specifics
The ANSI FORTRAN 77 language defines generic and specificintrinsics. In short, the
distinctions are:

+ Specific intrinsics have specific types for their arguments and a specific return type.

» Genericintrinsics aretreated, on a case-by-case basis in the program’ s source code, as one of
severa possible specificintrinsics.

Typically, ageneric intrinsic has areturn type that is determined by the type of one or more of
its arguments.

The GNU Fortran language generalizes these concepts somewhat, especially by providing
intrinsic subroutines and generic intrinsics that are treated as either a specific intrinsic subroutine
or aspecificintrinsic function (e.g. SECOND).

However, GNU Fortran avoids generalizing this concept to the point where existing code would
be accepted as meaning something possibly different than what was intended.

For example, ABSisagenericintrinsic, so all working code written using ABS of an INTEGER
argument expectsan INTEGER return value. Similarly, all such code expectsthat ABS of an
INTEGER*2 argument returnsan INTEGER* 2 return value.

Yet, IABSisaspecificintrinsic that acceptsonly an INTEGER(KIND=1) argument. Code that
passes something other than an INTEGER(KIND=1) argument to | ABSis not valid GNU
Fortran code, becauseit is not clear what the author intended.

For example, if JisINTEGER(KIND=6), |ABS(J) is not defined by the GNU Fortran language,
because the programmer might have used that construct to mean any of the following, subtly
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different, things:
» Convert Jto INTEGER(KIND=1) first (asif IABS(INT(J)) had been written).

+ Convert theresult of theintrinsic to INTEGER(KIND=1) (asif INT(ABS(J)) had been
written).

» No conversion (asif ABS(J) had been written).

The distinctions matter especially when types and values wider than INTEGER(KIND=1) (such
asINTEGER(KIND=2)), or when operations performing more “arithmetic” than absolute-value,
areinvolved.

Thefollowing sample programis not avalid GNU Fortran program, but might be accepted by
other compilers. If so, the output islikely to be revealing in terms of how agiven compiler treats
intrinsics (that normally are specific) when they are given arguments that do not conform to their
stated requirements:

PROGRAM JCB002
C Version 1:
C Modified 1997-05-21 (Burley) to accommpdate conpil ers that inplenent
INT(11-12) as INT(11)-1NT(12) given INTEGER*2 11,1 2.

Ver si on O:
Witten by Janmes Craig Burley 1997-02-20.
Contact via Internet email: burley@nu.ai.mt.edu

C
C
C
C
C
C
C Pur pose:

C Det erm ne how conpil ers handl e non-standard | DIM

C on | NTEGER*2 oper ands, which presumably can be

C extrapol ated i nto under st andi ng how t he conpi |l er

C generally treats specific intrinsics that are passed
C argunents not of the correct types.

C
C
C
C
C

If your conpiler inplements | NTEGER*2 and | NTEGER
as the sane type, change all I NTEGER*2 below to
| NTEGER* 1.

INTEGER*2 10, 14
INTEGER I'1, 12, 13

I NTEGER*2 | SMALL, | LARGE
I NTEGER*2 | TOOLG, | TWO

| NTEGER*2 | TMP

LOGE CAL L2, L3, L4

C
C Find small est | NTEGER*2 nunber.
C
| SMALL=0
10 10 = | SVMALL-1
IF ((10 .GE. ISMALL) .OR (10+1 .NE. |ISMALL)) GOTO 20
ISMALL = 10
GOr0 10
20 CONTI NUE
C

C Find | argest | NTEGER*2 nunber .
C
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| LARGE=0
30 10 = | LARGE+1
IF ((10 .LE. ILARGE) .OR (10-1 .NE. |ILARGE)) GOTO 40
ILARGE = 10
GOTO 30
40  CONTI NUE
C
C Multiplying by two adds stress to the situation.
C
| TWO = 2
Cc
C Need a nunber that, added to -2, is too wide to fit in |*2.
C
| TOOLG = | SMALL
C
C Use IDIMthe straightforward way.
C
1 = 1D M(ILARGE, |SMALL) * ITWO + | TOOLG
Cc
C Calculate result for first interpretation.
C
12 = (INT (ILARGE) - INT (ISMALL)) * ITWO + | TOOLG
C
C Calculate result for second interpretation.
C

| TMP = | LARGE - | SMALL
13 = (INT (ITMP)) * | TWO + | TOOLG

C
C Calculate result for third interpretation.
C

4 = (I LARGE - | SMALL) * ITWD + I TOOLG
C
C Print results.
C

PRI NT *, ' | LARGE=", |LARGE

PRINT *, "I TWO=", | TWD

PRINT *, 1 TOOLG=", | TOOLG

PRI NT *, ° | SMALL=", | SMALL

PRINT *, "11=", |1

PRINT *, "12=", |2

PRINT *, "13=", |3

PRINT *, "14=, 14

PRI NT *

L2 = (11 .EQ 12)

L3 = (11 .EQ 13)

L4 = (11 .EQ 14)

IF (L2 . AND. . NOT.L3 .AND. . NOT.L4) THEN

PRINT *, "Interp 1: IDIMI1*2,1*2) => IDIMINT(I*2), I NT(1*2))’
STOP
END | F

| F (L3 .AND. .NOT.L2 . AND. .NOT.L4) THEN
PRINT *, "Interp 2: IDIMI1*2,1%2) => INT(DIM1*2,1%2))"
STOP
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END | F

IF (L4 . AND. .NOT.L2 . AND. .NOT.L3) THEN
PRINT *, "Interp 3: IDDMI1*2,1*2) => DIMI*2,1*2)’
STOP

END | F

PRI NT *, "Results need careful analysis.’

END

No future version of the GNU Fortran language will likely permit specific intrinsic invocations
with wrong-typed arguments (such as I DIM in the above example), sinceit has been determined
that disagreements exist among many production compilers on the interpretation of such
invocations. These disagreements strongly suggest that Fortran programmers, and certainly
existing Fortran programs, disagree about the meaning of such invocations.

Thefirst version of JCB002 didn’t accommodate some compilers' treatment of INT (I 1-12) where
I1and 12 areINTEGER*2. In such acase, these compilers apparently convert both operands to
INTEGER*4 and then do an INTEGER*4 subtraction, instead of doing an INTEGER*2
subtraction on the original valuesin |1 and12.

However, the results of the careful analyses done on the outputs of programs compiled by these
various compilers show that they all implement either Interp 1 or Interp 2 above.

Specifically, it is believed that the new version of JCB002 above will confirm that:

+ Digital Semiconductor (*DEC”) Alpha OSF/1, HP-UX 10.0.1, AIX 3.2.5f77 compilers all
implement Interp 1.

+ IRIX 5.3 177 compiler implements Interp 2.

+ Solaris 2.5, Sun0OS 4.1.3, DECstation ULTRIX 4.3, and IRIX 6.1 f77 compilers all implement
Interp 3.

If you get different results than the above for the stated compilers, or have results for other
compilers that might be worth adding to the above list, please let us know the details (compiler
product, version, machine, results, and so on).

5.11.5 REAL() and AIMAG() of Complex

The GNU Fortran language disallows REAL (expr) and AIMAG(expr), where expr is any
COMPLEX type other than COM PLEX(KIND=1), except when they are used in the following
way:

REAL( REAL(expr))

REAL( Al MAG(expr))

The above forms explicitly specify that the desired effect isto convert the real or imaginary part

of expr, which might be some REAL type other than REAL (KIND=1), to type
REAL (KIND=1), and have that serve asthe value of the expression.

The GNU Fortran language offers clearly named intrinsics to extract the real and imaginary parts
of acomplex entity without any conversion:

REALPART( expr)
| MAGPART( expr)

To express the above using typical extended FORTRAN 77, use the following constructs (when
expr is COMPLEX(KIND=2)):

DBLE( expr)

DI MAG expr)
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The FORTRAN 77 language offers no way to explicitly specify the real and imaginary parts of a
complex expression of arbitrary type, apparently as aresult of requiring support for only one
COMPLEX type (COMPLEX(KIND=1)). The concepts of converting an expression to type
REAL (KIND=1) and of extracting the real part of acomplex expression were thus “ smooshed”
by FORTRAN 77 into asingle intrinsic, since they happened to have the exact same effect in that
language (due to having only one COMPLEX type).

Note: When —f90isin effect, g77 treats REAL (expr ), where expr is of type COMPLEX, as
REALPART (expr ), whereas with —fugly-complex —fno-f90 in effect, it is treated as
REAL (REALPART (expr)).

See “Ugly Complex Part Extraction” for more information.

5.11.6 CMPLX() of DOUBLE PRECISION

In accordance with Fortran 90 and at least some (perhaps all) other compilers, the GNU Fortran
language defines CM PL X() as always returning aresult that istype COM PLEX(KIND=1).

This means CM PL X(D1,D2), where D1 and D2 are REAL (KIND=2) (DOUBLE
PRECISION), istreated as:

CMPLX( SNGL(D1), SNGL(D2))

(It was necessary for Fortran 90 to specify this behavior for DOUBLE PRECI SION arguments,
sincethat is the behavior mandated by FORTRAN 77.)

The GNU Fortran language also providesthe DCM PL X() intrinsic, which is provided by some
FORTRAN 77 compilersto construct aDOUBLE COMPLEX entity from of DOUBLE
PRECI SION operands. However, this solution does not scale well when more COMPLEX
types (having various precisions and ranges) are offered by Fortran implementations.

Fortran 90 extends the CM PL X() intrinsic by adding an extra argument used to specify the
desired kind of complex result. However, this solution is somewhat awkward to use, and g77
currently does not support it.

The GNU Fortran language provides a simple way to build a complex value out of two numbers,
with the precise type of the value determined by the types of the two numbers (viathe usual type-
promotion mechanism):

COVPLEX(real, inag)

When real and imag are the same REAL types, COMPL EX() performs no conversion other than
to put them together to form acomplex result of the same (complex version of real) type.

See“Complex Intrinsic” for more information.

5.11.7 MIL-STD 1753 Support
The GNU Fortran language includes the MIL-STD 1753 intrinsics BTEST, IAND, IBCLR,
IBITS, IBSET, |IEOR, IOR, ISHFT, ISHFTC, MVBITS, and NOT.

5.11.8 f77/f2cIntrinsics
The bit-manipulation intrinsics supported by traditional 77 and by f2c are available in the GNU
Fortran language. Theseinclude AND, LSHIFT, OR, RSHIFT, and XOR.

Also supported arethe intrinsics CDABS, CDCOS, CDEXP, CDLOG, CDSIN, CDSQRT,
DCMPLX, DCONJG, DFLOAT, DIMAG, DREAL, and IMAG, ZABS, ZCOS, ZEXP,
ZLOG, ZSIN, and ZSQRT.

5.11.9 Tableof Intrinsic Functions
(Corresponds to Section 15.10 of ANSI X3.9-1978 FORTRAN 77.)



GNU Fortran (0.5.21) 65

The GNU Fortran language adds various functions, subroutines, types, and arguments to the set of
intrinsic functionsin ANSI FORTRAN 77. The complete set of intrinsics supported by the GNU
Fortran language is described below.

Note that anameis not treated as that of an intrinsic if it is specifiedin an EXTERNAL statement
in the same program unit; if acommand-line option is used to disable the groups to which the
intrinsic belongs; or if theintrinsic is not named in an INTRINSI C statement and a command-
line option is used to hide the groups to which the intrinsic belongs.

So, it is recommended that any referencein a program unit to an intrinsic procedure that is not a
standard FORTRAN 77 intrinsic be accompanied by an appropriate INTRINSI C statement in
that program unit. This sort of defensive programming makes it more likely that an
implementation will issue adiagnostic rather than generate incorrect code for such areference.

The terminology used below is based on that of the Fortran 90 standard, so that the text may be
more concise and accurate:

+ OPTIONAL meansthe argument may be omitted.
+ A-1, A-2, ..., A-n means more than one argument (generally named A) may be specified.

« scalar means the argument must not be an array (must be avariable or array element, or
perhaps a constant if expressions are permitted).

+ DIMENSION(4) means the argument must be an array having 4 elements.

« INTENT (IN) means the argument must be an expression (such as a constant or a variable that
is defined upon invocation of theintrinsic).

« INTENT(OUT) means the argument must be definable by the invocation of the intrinsic (that
is, must not be a constant nor an expression involving operators other than array referenceand
substring reference).

« INTENT(INOUT) means the argument must be defined prior to, and definable by, invocation
of theintrinsic (acombination of the requirementsof INTENT(IN) and INTENT(OUT).

+ See“Kind Notation” for explanation of KIND.

The actual documentation for intrinsics comes from intdoc.texi, which in turn is automatically
generated from theinternal g77 tablesin intrin.def _and_ the largely hand-written text in intdoc.h.
So, if you want to change or add to existing documentation on intrinsics, you probably want to
edit intdoc.h.

5.12 Scope and Classes of Symbolic Names

(Thefollowing information augments or overrides the information in Chapter 18 of ANSI X3.9-
1978 FORTRAN 77 in specifying the GNU Fortran language. Chapter 18 of that document
otherwise serves as the basis for the relevant aspects of GNU Fortran.)

5.12.1 Underscoresin Symbol Names
Underscores () are accepted in symbol names after the first character (which must be aletter).
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6. Other Dialects

GNU Fortran supports avariety of featuresthat are not considered part of the GNU Fortran
language itself, but are representative of various dialects of Fortran that g77 supports in whole or
in part.

Any of the featureslisted below might be disallowed by g77 unless some command-line option is
specified. Currently, some of the features are accepted using the default invocation of g77, but
that might changein the future. Note: This portion of the documentation definitely needsa lot
of work!

6.1 SourceForm
GNU Fortran accepts programs written in either fixed form or freeform.

Fixed form correspondsto ANSI FORTRAN 77 (plus popular extensions, such as allowing tabs)
and Fortran 90’ s fixed form.

Freeform correspondsto Fortran 90’ s free form (though possibly not entirely up-to-date, and
without complaining about some things that for which Fortran 90 requires diagnostics, such asthe
spacesintheconstantinR =3. 1).

Theway aFortran compiler views source files depends entirely on the implementation choices
made for the compiler, since those choices are explicitly |eft to the implementation by the
published Fortran standards. GNU Fortran currently triesto be somewhat like afew popular
compilersf2c, Digital (“DEC”") Fortran, and so on), though a cleaner default definition along with
more flexibility offered by command-line optionsislikely to be offered in version 0.6.

This section describes how g77 interprets source lines.

6.1.1 Carriage Returns

Carriagereturns (\r) in source lines areignored. Thisis somewhat different from f2c, which
seems to treat them as spaces outside character/Hollerith constants, and encodes them as\r inside
such constants.

6.1.2 Tabs

A sourceline with a TAB character anywherein it istreated as entirely significant—however long
it is—instead of ending in column 72 (for fixed-form source) or 132 (for free-form source). This
also isdifferent from f2c, which encodes tabs as\t (the ASCII TAB character) inside character and
Hollerith constants, but neverthel ess seemsto treat the column position asif it had been affected
by the canonical tab positioning.

g77 effectively trandates tabs to the appropriate number of spaces (alathe default for the UNIX
expand command) before doing any other processing, other than (currently) noting whether atab
was found on aline and using this information to decide how to interpret the length of the line and
continued constants.

Note that this default behavior probably will change for version 0.6, when it will presumably be
available viaacommand-line option. The default as of version 0.6 is planned to be a“pure
visual” model, where tabs areimmediately converted to spaces and otherwise have no effect, so
the way atypical user sees source lines produces a consistent result no matter how the spacing in
those source linesis actually implemented via tabs, spaces, and trailing tabs/spaces before
newline. Command-line options arelikely to be added to specify whether al or just-tabbed lines
areto be extended to 132 or full input-line length, and perhaps even an option will be added to
specify the truncated-line behavior to which some Digital compilers default (and which affectsthe
way continued character/Hollerith constants are interpreted).
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6.1.3 Short Lines
Source lines shorter than the applicable fixed-form length are treated asif they were padded with
spaces to that length. (None of thisis relevant to source files written in freeform.)

This affects only continued character and Hollerith constants, and is a different interpretation than
provided by some other popular compilers (although a bit more consistent with the traditional
punched-card basis of Fortran and the way the Fortran standard expressed fixed source form).

g77 might someday offer an option to warn about cases where differencesmight be seenasa
result of this treatment, and perhaps an option to specify the alternate behavior as well.

Note that this padding cannot apply to linesthat are effectively of infinite length—such lines are
specified using command-line options like —ffixed-line-length-none for example.

6.1.4 LongLines

Source lines longer than the applicable length are truncated to that length. Currently, g77 does
not warn if the truncated characters are not spaces, to accommodate existing code written for
systems that treated truncated text as commentary (especialy in columns 73 through 80).

See* Options Controlling Fortran Dialect” for information on the —ffixed-line-length-n option,
which can be used to set the line length applicable to fixed-form sourcefiles.

6.1.5 Ampersand Continuation Line
A & in column 1 of fixed-form source denotes an arbitrary-length continuation line, imitating the
behavior of f2c.

6.2 Trailing Comment

g77 supports use of /* to start atrailing comment. Inthe GNU Fortran language, ! isused for
this purpose.

/* isnot in the GNU Fortran language because the use of /* in aprogram might suggest to some
readersthat a block, not trailing, comment is started (and thus ended by */, not end of line), since
that is the meaning of /* in C.

Also, such readers might think they can use// to start atrailing comment as an alternative to /*,
but // already denotes concatenation, and such a*comment” might actually result in a program
that compiles without error (though it would likely behave incorrectly).

6.3 DebugLine
Useof D or d asthefirst character (column 1) of a source line denotes a debug line.

In turn, adebug line is treated as either acomment line or anormal line, depending on whether
debug lines are enabled.

When treated as acomment line, aline beginning with D or d is treated asiif it the first character
was C or ¢, respectively. When treated asanormal line, such alineistreated asif thefirst
character was SPC (space).

(Currently, g77 provides no means for treating debug lines as normal lines.)
6.4 Dollar Signsin Symbol Names

Dollar signs ($) are alowed in symbol names (after the first character) when the —fdollar -ok
option is specified.

6.5 Case Senditivity

GNU Fortran offers the programmer way too much flexibility in deciding how sourcefilesareto
be treated vis-a-vis uppercase and |owercase characters. There are 66 useful settings that affect
case sensitivity, plus 10 settings that are nearly useless, with the remaining 116 settings being
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ether redundant or useless.

None of these settings have any effect on the contents of comments (the text after ac or C in
Column 1, for example) or of character or Hollerith constants. Note that things like the E in the
statement CALL FOO(3.2E10) and the TO in ASSIGN 10 TO LAB are considered built-in
keywords, and so are affected by these settings.

Low-level switches areidentified in this section as follows:
A Source Case Conversion:

0 Preserve (see Note 1)
1 Convert to Upper Case
2 Convert to Lower Case

B Built-in Keyword Matching:

Match Any Case (per-character basis)

Match Upper Case Only

Match Lower Case Only

Match Initial Caps Only (seetablesfor spellings)

AwWDNPE

C Built-in Intrinsic Matching:

Match Any Case (per-character basis)

Match Upper Case Only

Match Lower Case Only

Match Initial Caps Only (seetablesfor spellings)

AW PE

D User-defined Symbol Possibilities (warnings only):

Allow Any Case (per-character basis)
Allow Upper Case Only

Allow Lower Case Only

Allow Initial Caps Only (see Note 2)

AwWDNPE

Note 1. g77 eventually will support NAMELIST in amanner that is consistent with these source
switches—in the sense that input will be expected to meet the same requirements as source code
in terms of matching symbol names and keywords (for the exponent |etters).

Currently, however, NAMELI ST is supported by libf2c, which uppercasesNAMEL I ST input
and symbol names for matching. This means not only that NAMELI ST output currently shows
symbol (and keyword) names in uppercase even if lower-case source conversion (option A2) is
selected, but that NAMEL I ST cannot be adequately supported when source case preservation
(option AQ) is selected.

If AOis selected, awarning message will be output for each NAMELIST statement to this effect.
The behavior of the program is undefined at run time if two or more symbol names appear in a
given NAMELI ST such that the names are identical when converted to upper case (e.g.
NAMELIST /X/ VAR, Var, var). For complete and total elegance, perhapsthere should be a
warning when option A2 is selected, since the output of NAMELIST is currently in uppercase but
will someday be lowercase (when alibg77 iswritten), but that seemsto be overkill for a product
in betatest.

Note 2: Rules for Initial Caps names are:
— Must be asingle uppercase | etter, or
— Must start with an uppercase letter and contain at least one lowercase | etter.
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S0 A, Ab, ABc, AbC, and Abc arevalid Initial Caps names, but AB, A2, and ABC arenot. Note
that most, but not al, built-in names meet these requirements—the exceptions are some of the
two-letter format specifiers, such asBN and BZ.

Here are the names of the corresponding command-line options:

AO: -fsource-case-preserve
Al: -fsource-case-upper
A2: -fsource-case-| ower

BO: -fmatch-case-any

B1l: -fmatch-case-upper
B2: -fmatch-case-| ower
B3: -fmatch-case-initcap

CO: -fintrin-case-any

Cl: -fintrin-case-upper
C2: -fintrin-case-|ower
C3: -fintrin-case-initcap

DO: -fsynbol -case-any

D1: -fsynbol - case- upper
D2: -fsynbol -case-| ower
D3: -fsynbol -case-initcap

Useful combinations of the above settings, along with abbreviated option names that set some of
these combinations all at once:

1. AO-- BO— CO— DO— -fcase-preserve
2: AO-- BO— CO— D 1--
3: AO-- BO— CO— D--2-
4: AO-- BO— C0— D=3

5. AO-- BO— C1-- DO—
6: AO-- BO— C1-- D 1--
7. AO-- BO— C1-- D--2-
8: A0O-- BO— C1-- D=3
9: A0O-- BO— GC-2- DO—
10: A0-- BO— G -2- D 1--
11: A0-- BO0— G -2- D-2-
12: AO-- BO— GC-2- D=3
13: AO-- BO— C3 DO—
14: AO-- BO— C3 D 1--
15: A0O-- BO— C3 D--2-
16: AO-- BO— C3 D3

17: AO-- B-1-- C0— DO—
18: A0O-- B-1-- CO— D 1--
19: A0O-- B-1-- CO— D-2-

20: A0-- B-1-- CO— D=3
21: AO-- B-1-- C1-- DO—
22: AO-- B-1-- C1-- D1-- -fcase-strict-upper

23: AO-- B-1-- C1-- D-2-
24: AO-- B-1-- C1-- D3
25: AO-- B-1-- GC-2- DO—
26: AO-- B-1-- GC-2- D1--
27 AO-- B-1-- GC-2- D-2-
28: AO-- B-1-- C-2- D3
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29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:

AO-- B-1--
AO-- B-1--
AO-- B-1--
AO-- B-1--
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B--2-
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
AO-- B3
A-1- BO1--
A--2 BO-2-

70

C3 DO0—
C3 D1--
C3 D-2-
C3 D3
00— DO—
— D 1--
— D--2-
— D3
C1-- DO—
C1l1-- D1--
C1-- D-2-
C1-- D3
C-2- DO—
C-2- D1--
G-2- D-2- -fcase-strict-Iower
C-2- D3
C3 DO0—
C3 D1--
C3 D-2-
C3 D3
00— DO0—
C0— D-1--
— D--2-
— D3
C1-- DO—
C1-- D1--
C1-- D-2-
C1-- D3
C-2- DO—
C-2- D1--
C-2- D-2-
C-2- D3
C3 DO0—
C3 D1--
C3 D-2-
C3 D=3 -fcase-initcap
C01-- DO1-- -f case- upper
C0-2- DO-2- -fcase-| ower

Number 22 isthe “strict” ANSI FORTRAN 77 model wherein all input (except comments,
character constants, and Hollerith strings) must be entered in uppercase. Use —fcase-strict-upper
to specify this combination.

Number 43 is like Number 22 except all input must be lowercase. Use—fcase-strict-lower to
specify this combination.

Number 65 isthe “classic” ANSI FORTRAN 77 model asimplemented on many non-UNIX
machines whereby al the sourceis tranglated to uppercase. Use—fcase-upper to specify this
combination.

Number 66 isthe “canonical” UNIX model whereby all the sourceistransated to lowercase. Use
—fcase-lower to specify this combination.

There are afew nearly usel ess combinations:
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67: A-1- BO01-- CO01l-- D--2-
68: A-1- BOl-- (C01-- D3
69: A-1- BO1l-- C-23 DO1--
70: A-1- BO1l-- C-23 D--2-
71: A-1- BOl-- C-23 D3
72 A--2 B01-- CO0-2- D 1--
73: A--2 BOl-- (C0-2- D3
74: A--2 BOl1l-- C1-3 DO-2-
75: A--2 BO1l-- C1-3 D-1--
76: A--2 BOl-- C1-3 D3

The above alow some programs to be compiled but with restrictions that make most useful
programs impossible: Numbers 67 and 72 warn about any user-defined symbol names (such as
SUBROUTINE FOOQO); Numbers 68 and 73 warn about any user-defined symbol names longer
than one character that don’'t have at least one non-alphabetic character after the first; Numbers 69
and 74 disallow any referencesto intrinsics; and Numbers 70, 71, 75, and 76 are combinations of
therestrictions in 67+69, 68+69, 72+74, and 73+74, respectively.

All redundant combinations are shown in the above tabl es anyplace where more than one setting
is shown for alow-level switch. For example, BO-2- means either setting O or 2 isvalid for switch
B. The*“proper” setting in such a caseis the one that copies the setting of switch A—any other
setting might slightly reduce the speed of the compiler, though possibly to an unmeasurable
extent.

All remaining combinations are useless in that they prevent successful compilation of non-null
source files (source files with something other than comments).

6.6 VXT Fortran

g77 supports certain constructs that have different meaningsin VXT Fortran than they do in the
GNU Fortran language.

Generally, this manual uses the invented term VXT Fortran to refer VAX FORTRAN (circav4).
That compiler offered many popular features, though not necessarily those that are specific to the
VAX processor architecture, the VM S operating system, or Digital Equipment Corporation’s
Fortran product line. (VAX and VMS probably are trademarks of Digital Equipment
Corporation.)

An extension offered by aDigital Fortran product that also is offered by several other Fortran
products for different kinds of systemsis probably going to be considered for inclusion in g77
someday, and is considered aVV X T Fortran feature.

The—fvxt option generally specifies that, where the meaning of a construct is ambiguous (means
onething in GNU Fortran and another in VXT Fortran), the VXT Fortran meaning is to be
assumed.

6.6.1 Meaning of Double Quote
g77 treats double-quote (') as beginning an octal constant of INTEGER(KIND=1) type when
the -fvxt option is specified. Theform of this octal constant is

“octal -digits
where octal-digits is a nonempty string of charactersin the set 01234567.
For example, the -fvxt option permitsthis:

PRI NT *, "20
END



GNU Fortran (0.5.21) 72

The above program would print the value 16.

See“Integer Type” for information on the preferred construct for integer constants specified using
GNU Fortran’s octal notation.

(In the GNU Fortran language, the double-quote character (") delimits a character constant just as
does apostrophe ('). Thereisno way to allow both constructs in the general case, since statements
like PRINT *," 2000 'comment?" would be ambiguous.)

6.6.2 Meaning of Exclamation Point in Column 6

g77 treats an exclamation point (!) in column 6 of afixed-form source file as a continuation
character rather than as the beginning of acomment (asit doesin any other column) when the -
fvxt option is specified.

The following program, when run, prints amessage indicating whether it is interpreted according
to GNU Fortran (and Fortran 90) rules or VXT Fortran rules:

C234567 (This line begins in colum 1.)

I =0

Il

IF (1.EQO) PRINT *, * | ama VXT Fortran program

IF (1.EQ1) PRINT *, * | ama Fortran 90 prograni

IF (I.LT.0 .OR 1.GI.1) PRINT *, ' | ama HAL 9000 conputer’
END

(In the GNU Fortran and Fortran 90 languages, exclamation point is avalid character and, unlike
space (SPC) or zero (0), marks aline as a continuation line when it appearsin column 6.)

6.7 Fortran 90

The GNU Fortran language includes a number of featuresthat are part of Fortran 90, even when
the —ff90 option is not specified. The features enabled by —ff90 are intended to be those that,
when —f90 is not specified, would have another meaning to g77—usually meaning something
invalid in the GNU Fortran language.

S0, the purpose of —f90 is not to specify whether g77 isto gratuitously reject Fortran 90
constructs. The —pedantic option specified with -fno-f90 isintended to do that, although its
implementation is certainly incomplete at this point.

When —f90 is specified:

+ Thetype of REAL (expr) and AIMAG(expr), where expr is COMPLEX type, isthe same
type asthereal part of expr.

For example, assuming Z istype COMPLEX(KIND=2), REAL (Z) would return avalue of
type REAL (KIND=2), not of type REAL (KIND=1), since —f90 is specified.

6.8 Pedantic Compilation

The —fpedantic command-line option specifiesthat g77 is to warn about code that is not
standard-conforming. Thisisuseful for finding some extensions g77 accepts that other compilers
might not accept. (Note that the pedantic and —pedantic-er ror soptions awaysimply
—fpedantic.)

With —fno-f90in force, ANSI FORTRAN 77 is used as the standard for conforming code. With
—ff90 in force, Fortran 90 is used.

The constructs for which g77 issues diagnostics when —fpedantic and —fno-f90 arein force are:
« Automatic arrays, asin
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SUBROUTI NE X(N)
REAL A(N)

where A isnot listed in any ENTRY statement, and thus is not adummy argument.
» Thecommasin READ (5),| and WRITE (10), J.

These commas are disallowed by FORTRAN 77, but, while strictly superfluous, are
syntactically elegant, especially given that commas are required in statements such asREAD
99, | and PRINT *, J. Many compilers permit the superfluous commas for this reason.

« DOUBLE COMPLEX, either explicitly or implicitly.

An explicit use of thistypeisviaaDOUBLE COMPLEX or IMPLICIT DOUBLE
COMPLEX statement, for examples.

An example of animplicit useisthe expression C*D, where C is COMPLEX(KIND=1) and

D isDOUBLE PRECISION. Thisexpressionis prohibited by ANSI FORTRAN 77 because
the rules of promotion would suggest that it produceaDOUBLE COMPLEX result—atype

not provided for by that standard.

+ Automatic conversion of numeric expressionsto INTEGER(KIND=1) in contexts such as:
— Array-referenceindexes.
— Alternate-return values.
— Computed GOTO.
— FORMAT run-time expressions (not yet supported).
— Dimension lists in specification statements.
— Numbersfor |/O statements (such as READ (UNIT=3.2), 1)
— Sizesof CHARACTER entities in specification statements.
— Kind typesin specification entities (a Fortran 90 feature).

— Initia, terminal, and incrementation parametersfor implied-DO constructsin DATA
statements.

+ Automatic conversion of LOGICAL expressionsto INTEGER in contexts such as
arithmetic | F (where COMPLEX expressions are disallowed anyway).

» Zero-sizearray dimensions, asin:
| NTEGER | (10, 20, 4: 2)
» Zero-length CHARACTER entities, asin:
PRI NT *, ”
« Substring operators applied to character constants and named constants, asin:
PRINT *, " hello’ (3:5)
+ Null arguments passed to statement function, asin:
PRI NT *, FOO(, 3)

+ Disagreement among program units regarding whether agiven COMMON areais SAVEd
(for targets where program units in asingle sourcefile are“glued” together asthey typicaly
arefor UNIX development environments).
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« Disagreement among program units regarding the size of anamed COM M ON block.
« Specification statements following first DATA statement.

(In the GNU Fortran language, DATA 1/1/ may befollowed by INTEGER J, but not
INTEGER I. The—fpedantic option disallows both of these.)

« Semicolon as statement separator, asin:
CALL FOO, CALL BAR

+ Useof & in column 1 of fixed-form source (to indicate continuation).

« Useof CHARACTER constants to initialize numeric entities, and vice versa

+ Expressions having two arithmetic operatorsin arow, such as X*-Y.
If fpedanticis specified along with —f90, the following constructs result in diagnostics:

» Use of semicolon as a statement separator on aline that hasan INCLUDE directive.
6.9 Distensions

The —fugly-* command-line options determine whether certain features supported by VAX
FORTRAN and other such compilers, but considered too ugly to bein code that can be changed to
use safer and/or more portabl e constructs, are accepted. These are humorously referredto as
“distensions’, extensions that just plain look ugly in the harsh light of day.

Note: The—fugly option, which currently serves as shorthand to enable all of the distensions
below, islikely to be removed in afuture version of g77. That’'s becauseit’s likely new
distensions will be added that conflict with existing ones in terms of assigning meaning to agiven
chunk of code. (Also, it’s pretty clear that users should not use —fugly as shorthand when the next
release of g77 might add a distension to that that causes their existing code, when recompiled, to
behave differently—perhaps even fail to compile or run correctly.)

6.9.1 Implicit Argument Conversion
The —fno-ugly-ar gs option disables passing typeless and Hollerith constants as actual arguments
in procedure invocations. For example:

CALL FOO( 4HABCD)
CALL BAR(’ 123’ O

These constructs can be too easily used to create non-portable code, but are not considered as
“ugly” asothers. Further, they arewidely used in existing Fortran source code in ways that often
are quite portable. Therefore, they are enabled by default.

6.9.2 Ugly Assumed-Size Arrays
The —fugly-assumed option enables the treatment of any array with afinal dimension specified as
1 asan assumed-size array, asif * had been specified instead.

For example, DIMENSION X (1) istreated asif it had read DIMENSION X(*) if X islisted asa
dummy argument in a preceding SUBROUTINE, FUNCTION, or ENTRY statement in the
same program unit.

Use an explicit lower bound to avoid this interpretation. For example, DIMENSION X(1:1) is
never treated asif it had read DIMENSION X(*) or DIMENSION X(1:*). NorisDIMENSION
X(2-1) affected by this option, since that kind of expression is unlikely to have been intended to
designate an assumed-size array.

This option is used to prevent warnings being issued about apparent out-of-bounds reference such
as X(2) = 99.
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It also preventsthe array from being used in contexts that disallow assumed-size arrays, such as
PRINT *,X. Insuch cases, adiagnostic is generated and the source file is not compiled.

The construct affected by this option is used only in old code that pre-exists the widespread
acceptance of adjustable and assumed-size arraysin the Fortran community.

Note: This option does not affect how DIMENSION X (1) istreated if X islisted as adummy
argument only after the DIMENSI ON statement (presumably inan ENTRY statement). For
example, —fugly-assumed has no effect on the following program unit:

SUBROUTI NE X
REAL A(1)
RETURN
ENTRY Y(A)
PRINT *, A
END

6.9.3 Ugly Complex Part Extraction
The —fugly-complex option enables use of the REAL () and AIMAG() intrinsics with arguments
that are COMPLEX types other than COM PLEX(KIND=1).

With —f90 in effect, these intrinsics return the unconverted real and imaginary parts (respectively)
of their argument.

With —fno-f90 in effect, these intrinsics convert the real and imaginary partsto REAL (KIND=1),
and return the result of that conversion.

Due to this ambiguity, the GNU Fortran language defines these constructs asinvalid, except in the
specific case where they are entirely and solely passed as an argument to an invocation of the
REAL () intrinsic. For example,

REAL ( REAL(Z) )

is permitted even when Z is COM PL EX(KIND=2) and —fno-ugly-complex isin effect, because
the meaning is clear.

g77 enforcesthis restriction, unless —fugly-complex is specified, in which case the appropriate
interpretation is chosen and no diagnostic is issued.

See“CMPAMBIG” for information on how to cope with existing code with unclear expectations
of REAL () and AIMAG() with COMPL EX(KIND=2) arguments.

See“RedPart Intrinsic” for information on the REALPART () intrinsic, used to extract the redl
part of acomplex expression without conversion. See“ImagPart Intrinsic” for information on the
IMAGPART() intrinsic, used to extract the imaginary part of acomplex expression without
conversion.

6.9.4 Ugly Null Arguments

The —fugly-comma option enables use of asingle trailing commato mean “pass an extratrailing
null argument” in alist of actual arguments to a procedure other than a statement function, and
use of an empty list of argumentsto mean “pass asingle null argument”.

(Null arguments often are used in some procedure-calling schemes to indicate omitted
arguments.)

For example, CALL FOO(,) means “pass two null arguments”, rather than “ pass one null
argument”. Also, CALL BAR() means*pass one null argument”.

This construct is considered “ugly” becauseit does not provide an elegant way to passasingle
null argument that is syntactically distinct from passing no arguments. That is, this construct
changes the meaning of code that makes no use of the construct.
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So, with —fugly-commain force, CALL FOO() and | = JFUNC() pass asingle null argument,
instead of passing no arguments as required by the Fortran 77 and 90 standards.

Note: Many systems gracefully alow the case where a procedure call passes one extra argument
that the called procedure does not expect.

So, in practice, there might be no differencein the behavior of a program that does CALL FOO()
or | = JFUNC() and is compiled with —fugly-comma in force as compared to its behavior when
compiled with the default, -fno-ugly-comma, in force, assuming FOO and JFUNC do not expect
any arguments to be passed.

6.9.5 Ugly Conversion of Initializers
The constructs disabled by —fno-ugly-init are:

+ Useof Hollerith and typeless constants in contexts where they set initial (compile-time)
valuesfor variables, arrays, and named constants—that is, DATA and PARAMETER
statements, plus type-declaration statements specifying initial values.

Here are some sample initializations that are disabled by the -fno-ugly-init option:

PARAVETER ( VAL=" 9A304FFE’ X)
REAL*8 STRI NG 8HOUTPUTO00/
DATA VAR/ 4HABCD

« Inthe same contexts as above, use of character constants to initialize numeric items and vice
versa (one constant per item).

Here are more sample initializations that are disabled by the —fno-ugly-init option:

| NTEGER | A
CHARACTER BELL
PARAVETER (1A = ' A')
PARAVETER ( BELL = 7)

+ Use of Hollerith and typeless constants on the right-hand side of assignment statements to
numeric types, and in other contexts (such as passing arguments in invocations of intrinsic
procedures and statement functions) that are treated as assignments to known types (the
dummy arguments, in these cases).

Here are sample statements that are disabled by the -fno-ugly-init option:

| VAR = 4HABCD
PRI NT *, | MAXO(2HAB, 2HBA)

The above constructs, when used, can tend to result in non-portable code. But, they are widely
used in existing Fortran code in ways that often are quite portable. Therefore, they are enabled by
default.

6.9.6 Ugly Integer Conversions
The constructs enabled via—fugly-logint are:

+ Automatic conversion between INTEGER and LOGICAL as dictated by context (typically
implies nonportable dependencies on how a particular implementation encodes . TRUE. and
.FALSE.).

+ Useof aLOGICAL variablein ASSIGN and assigned-GOTO statements.

The above constructs are disabled by default because use of them tends to lead to non-portable
code. Even existing Fortran code that uses that often turns out to be non-portable, if not outright

buggy.
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Some of thisis due to differences among implementations as far ashow .TRUE. and .FAL SE.
areencoded as INTEGER values—Fortran code that assumes a particular coding islikely to use
one of the above constructs, and is aso likely to not work correctly on implementations using
different encodings.

See“Equivalence Versus Equality” for more information.

6.9.7 Ugly Assigned L abels
The —fugly-assign option forces g77 to use the same storage for assigned labels asit would for a
normal assignment to the same variable.

For example, consider the following code fragment:

I =3
ASSI GN 10 TO |

Normally, for portability and improved diagnostics, g77 reserves distinct storage for a“sibling” of
I, used only for ASSI GN statements to that variable (along with the corresponding assigned-
GOTO and assigned-FORMAT-I/O

statements that referencethe variable).

However, some code (that violates the ANSI FORTRAN 77 standard) attempts to copy assigned
labels among variables involved with ASSIGN statements, asin:

ASSI GN 10 TO |
| STATE(5) = |

J = I STATE(] CUR)
GOTO J

Such code doesn’t work under g77 unless —fugly-assign is specified on the command-line,
ensuring that the value of | referenced in the second line is whatever value g77 uses to designate
statement label 10, so the value may be copied into the | STATE array, later retrieved into a
variable of the appropriate type (J), and used as the target of an assigned-GOT O statement.

Note: To avoid subtle program bugs, when —fugly-assign is specified, g77 requires the type of
variables specified in assigned-label contexts must be the same type returned by % L OC(). On
many systems, this typeis effectively the same asINTEGER(KIND=1), while, on others, itis
effectively the sameas INTEGER(KIND=2).

Do not depend on g77 actually writing valid pointers to these variables, however. While g77
currently chooses that implementation, it might be changed in the future.

See“Assigned Statement Labels (ASSIGN and GOTO)” for implementation details on assigned-
statement labels.
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7. The GNU Fortran Compiler

The GNU Fortran compiler, g77, supports programs written in the GNU Fortran language and in
some other dialects of Fortran.

Some aspects of how g77 works are universal regardless of dialect, and yet are not properly part of
the GNU Fortran language itself. These are described below.

Note: This portion of the documentation definitely needsa lot of work!
7.1 Compiler Limits

g77, aswith GNU tools in general, imposes few arbitrary restrictions on lengths of identifiers,
number of continuation lines, number of external symbolsin aprogram, and so on.

For example, some other Fortran compiler have an option (such as—NIx) to increase the limit on
the number of continuation lines. Also, some Fortran compilation systems have an option (such
as—Nxx) to increase the limit on the number of external symbols.

g77, gcc, and GNU Id (the GNU linker) have no equivalent options, since they do not impose
arbitrary limits in these areas.

g77 does currently limit the number of dimensionsin an array to the same degree as do the
Fortran standards—seven (7). Thisrestriction might well be lifted in afuture version.

7.2 Compiler Types

Fortran implementations have afair amount of freedom given them by the standard as far as how
much storage spaceis used and how much precision and range is offered by the various types such
asLOGICAL (KIND=1), INTEGER(KIND=1), REAL (KIND=1), REAL (KIND=2),
COMPLEX(KIND=1), and CHARACTER. Further, many compilers offer so-called *n
notation, but the interpretation of n varies across compilers and target architectures.

The standard requiresthat LOGICAL (KIND=1), INTEGER(KIND=1), and REAL (KIND=1)
occupy the same amount of storage space, and that COM PL EX(KIND=1) and REAL (KIND=2)
take twice as much storage space as REAL (KIND=1). Further, it requires that
COMPLEX(KIND=1) entities be ordered such that when aCOMPLEX(KIND=1) variableis
storage-associated (such asvia EQUIVALENCE) with atwo-element REAL (KIND=1) array
named R, R(1) corresponds to the real element and R(2) to the imaginary element of the
COMPLEX(KIND=1) variable.

(Few requirements asto precision or ranges of any of these are placed on the implementation, nor
isthe relationship of storage sizes of these types to the CHARACTER type specified, by the
standard.)

g77 follows the above requirements, warning when compiling a program requires placement of
items in memory that contradict the requirements of the target architecture. (For example, a
program can require placement of aREAL (KIND=2) on aboundary that is not an even multiple
of its size, but still an even multiple of the size of aREAL (KIND=1) variable. On some target
architectures, using the canonical mapping of Fortran types to underlying architectural types, such
placement is prohibited by the machine definition or the Application Binary Interface (ABI) in
force for the configuration defined for building gcc and g77. g77 warns about such situations
when it encounters them.)

g77 follows consistent rules for configuring the mapping between Fortran types, including the*n
notation, and the underlying architectural types as accessed by a similarly-configured applicable
version of the gcc compiler. Theserules offer awidely portable, consistent Fortran/C
environment, although they might well conflict with the expectations of users of Fortran
compilers designed and written for particular architectures.
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These rules are based on the configuration that is in force for the version of gcc built in the same
release as g77 (and which was therefore used to build both the g77 compiler components and the
libf2c run-time library):

REAL (KIND=1)
Same as float type.

REAL (KIND=2)
Same as whatever floating-point type that is twice the size of afloat—usually, thisisa
double.

INTEGER(KIND=1)
Same as an integral type that is occupies the same amount of memory storage as
float—usually, thisis either anint or alongint.

LOGICAL(KIND=1)
SamegcctypeasINTEGER(KIND=1).

INTEGER(KIND=2)
Twicethe size, and usually nearly twice the range, asINTEGER(KIND=1)—usually,
thisiseither alongint or alonglong int.

LOGICAL(KIND=2)
Samegcctype asINTEGER(KIND=2).

INTEGER(KIND=3)
Same gcc type as signed char.

LOGICAL(KIND=3)
Samegcctype asINTEGER(KIND=3).

INTEGER(KIND=6)
Twicethe size, and usually nearly twicethe range, as INTEGER(KIND=3)—usually,
thisisashort.

LOGICAL(KIND=6)
Same gcctype as INTEGER(KIND=6).

COMPLEX(KIND=1)
Two REAL (KIND=1) scalars (onefor the real part followed by one for the imaginary
part).
COMPLEX(KIND=2)
Two REAL (KIND=2) scalars.
numeric-type* n
(Where numeric-typeis any type other than CHARACTER.)

Same as whatever gcc type occupies n times the storage space of agcc char item.

DOUBLE PRECISION
Sameas REAL (KIND=2).

DOUBLE COMPLEX
Same as COMPLEX(KIND=2).

Note that the above are proposed correspondences and might change in future versions of g77—
avoid writing code depending on them.

Other types supported by g77 are derived from gcc types such as char, short, int, longint,
longlongint, long double, and so on. That is, whatever types gcc already supports, g77 supports
now or probably will support in afuture version. The rulesfor the numeric-type* n notation apply



GNU Fortran (0.5.21) 80

to these types, and new values for numeric-type(K1ND=n) will be assigned in away that
encourages clarity, consistency, and portability.

7.3 Compiler Constants

g77 strictly assigns typesto all constants not documented as “typeless’ (typeless constants
including'1'Z, for example). Many other Fortran compilers attempt to assign types to typed
constants based on their context. This resultsin hard-to-find bugs, nonportable code, and isnot in
the spirit (though it strictly follows the letter) of the 77 and 90 standards.

g77 might offer, in afuture release, explicit constructs by which awider variety of typeless
constants may be specified, and/or user-requested warnings indicating places where g77 might
differ from how other compilers assign types to constants.

See“ Context-Sensitive Constants’ for more information on this issue.
7.4 Compiler Intrinsics

g77 offersan ever-widening set of intrinsics. Currently these all are procedures (functions and
subroutines).

Some of these intrinsics are unimplemented, but their names reserved to reduce future problems
with existing code asthey areimplemented. Others areimplemented as part of the GNU Fortran
language, while yet others are provided for compatibility with other dialects of Fortran but are not
part of the GNU Fortran language.

To manage these distinctions, g77 providesintrinsic groups, afacility that is simply an extension
of theintrinsic groups provided by the GNU Fortran language.

7.4.1 Intrinsic Groups
A given specific intrinsic belongs in one or more groups. Each group is deleted, disabled, hidden,
or enabled by default or acommand-line option. The meaning of each term follows.

Deleted Nointrinsics are recognized as belonging to that group.

Disabled Intrinsics are recognized as belonging to the group, but referencesto them (other than
viathe INTRINSI C statement) are disallowed through that group.

Hidden Intrinsicsin that group are recognized and enabled (if implemented) only if the first
mention of the actual name of anintrinsicin aprogram unitisinan INTRINSIC
statement.

Enabled Intrinsicsin that group are recognized and enabled (if implemented).

The distinction between deleting and disabling agroup isillustrated by the following
example. Assumeintrinsic FOO belongs only to group FGR. If group FGR is deleted,
the following program unit will successfully compile, because FOO() will be seen asa
referenceto an external function named FOO:

PRI NT *, FOO()
END

If group FGR is disabled, compiling the above program will produce diagnostics, either
becausethe FOO intrinsic isimproperly invoked or, if properly invoked, it is not
enabled. To change the above program so it references an external function FOO
instead of the disabled FOO intrinsic, add the following line to the top:

EXTERNAL FOO

S0, deleting agroup tells g77 to pretend as though the intrinsics in that group do not
exist at al, whereas disabling it tells g77 to recognize them as (disabled) intrinsicsin
intrinsic-like contexts.
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Hiding agroup is like enabling it, but the intrinsic must be first named in an
INTRINSIC statement to be considered areferenceto the intrinsic rather than to an
external procedure. This might be the “safest” way to treat anew group of intrinsics
when compiling old code, becauseit alows the old code to be generally written asiif
those new intrinsics never existed, but to be changed to use them by inserting
INTRINSIC statements in the appropriate places. However, it should be the goal of
development to use EXTERNAL for all names of external procedures that might be
intrinsic names.

If anintrinsic isin more than one group, it is enabled if any of its containing groups are
enabled; if not so enabled, it is hidden if any of its containing groups are hidden; if not
so hidden, it is disabled if any of its containing groups are disabled; if not so disabled, it
isdeleted. Thisextracomplication is necessary because some intrinsics, such asIBITS,
belong to more than one group, and hence should be enabled if any of the groups to
which they belong are enabled, and so on.

The groups are:

badu77 UNIX intrinsics having inappropriate forms (usually functions that have
intended side effects).

gnu Intrinsics the GNU Fortran language supports that are extensions to the
Fortran standards (77 and 90).

f2c Intrinsics supported by AT& T’ s f2c converter and/or libf2c.

f90 Fortran 90 intrinsics.

mil MIL-STD 1753 intrinsics (MVBITS, IAND, BTEST, and so on).

unix UNIX intrinsics (IARGC, EXIT, ERF, and so on).
vxt VAX/VMS FORTRAN (current as of v4) intrinsics.

7.4.2 Other Intrinsics
g77 supports intrinsics other than those in the GNU Fortran language proper. This set of
intrinsics is described below.

The actua documentation for intrinsics comes from intdoc.texi, which in turn is automatically
generated from the internal g77 tablesin and the largely hand-written text in

So, if you want to change or add to existing documentation on intrinsics, you probably want to
edit

Note: Thistext to be added | ater.
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8. Other Compilers

Anindividua Fortran source file can be compiled to an object (*.0) file instead of to the final
program executable. This allows severa portions of aprogram to be compiled at different times
and linked together whenever anew version of the program is needed. However, it introduces the
issue of object compatibility across the various object files (and libraries, or *.afiles) that are
linked together to produce any particular executablefile.

Object compatibility is an issue when combining, in one program, Fortran code compiled by more
than one compiler (or more than one configuration of acompiler). If the compilers disagree on
how to transform the names of procedures, there will normally be errors when linking such
programs. Worse, if the compilers agree on naming, but disagree on issues like how to pass
parameters, return arguments, and lay out COM M ON aress, the earliest detected errors might be
the incorrect results produced by the program (and that assumes these errors are detected, whichis
not always the case).

Normally, g77 generates code that is object-compatible with code generated by a version of f2c
configured (with, for example, f2c.h definitions) to be generally compatible with g77 as built by
gcc. (Normally, f2c will, by default, conform to the appropriate configuration, but it is possible
that older or perhaps even newer versions of f2c, or versions having certain configuration changes
to f2c internals, will produce object files that are incompatible with g77.)

For example, a Fortran string subroutine argument will become two arguments on the C side: a
char * and an int length.

Much of this compatibility results from the fact that g77 uses the same run-time library, libf2c,
used by f2c.

Other compilers might or might not generate code that is object-compatible with libf2c and
current g77, and some might offer such compatibility only when explicitly selected viaa
command-line option to the compiler.

Note: This portion of thedocumentation definitely needsa lot of work!
8.1 Droppingf2c Compatibility

Specifying —fno-f2c allows g77 to generate, in some cases, faster code, by not needing to allow to
the possibility of linking with code compiled by f2c.

For example, this affectshow REAL (KIND=1), COMPLEX(KIND=1), and
COMPLEX(KIND=2) functions are called. With —fno-f2c, they are compiled as returning the
appropriate gcc type (float, _complex__float, _complex__ double, in many configurations).

With —ff2cin force, they are compiled differently (with perhaps slower run-time performance) to
accommodate the restrictions inherent in f2¢’ s use of K& R C as an intermediate |anguage—
REAL (KIND=1) functionsreturn C's doubletype, while COMPLEX functions return void and
use an extra argument pointing to aplace for the functionsto return their values.

Itis possible that, in some cases, leaving —ff2c in force might produce faster code than using
—fno-f2c. Feel freeto experiment, but remember to experiment with changing the way entire
programs and their Fortran libraries are compiled at atime, since this sort of experimentation
affectsthe interface of code generated for a Fortran source file—that is, it affects object
compatibility.

Note that f2c compatibility isafairly static target to achieve, though not necessarily perfectly so,
since, like g77, it is still being improved. However, specifying —fno-f2c causes g77 to generate
code that will probably be incompatible with code generated by future versions of g77 when the
same option isin force. You should make sure you are always able to recompile complete
programs from source code when upgrading to new versions of g77 or f2c, especially when using
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options such as—fno-f2c.

Therefore, if you are using g77 to compile libraries and other object filesfor possible future use
and you don’t want to require recompilation for future use with subsequent versions of g77, you
might want to stick with f2c compatibility for now, and carefully watch for any announcements
about changesto the f2c/libf2c interface that might affect existing programs (thus requiring
recompilation).

It is probable that afuture version of g77 will not, by default, generate object files compatible with
f2c, and that version probably would no longer use libf2c. If you expect to depend on this
compatibility in the long term, use the options —ff2c —ff2c-library when compiling all of the
applicable code. This should cause future versions of g77 either to produce compatible code (at
the expense of the availability of some features and performance), or at the very least, to produce
diagnostics.

8.2 Compilers Other Than f2c

On systems with Fortran compilers other than f2c and g77, code compiled by g77 is not expected
to work well with code compiled by the native compiler. (Thisis true for f2c-compiled objects as
well.) Libraries compiled with the native compiler probably will have to be recompiled with g77
to be used with g77-compiled code.

Reasons for such incompatibilities include:

+ There might be differencesin the way names of Fortran procedures are translated for use in the
system’ s object-fileformat. For example, the statement CALL FOO might be compiled by
g77 to call aprocedurethe linker |d sees given the name _foo_, while the apparently
corresponding statement SUBROUTINE FOO might be compiled by the native compiler to
definethe linker-visible name _foo, or _FOO_, and so on.

+ There might be subtle type mismatches which cause subroutine arguments and function return
valuesto get corrupted.

Thisiswhy simply getting g77 to transform procedure names the same way a native compiler
doesis not usually agood idea—unless some effort has been made to ensure that, aside from
the way the two compilers transform procedure names, everything el se about the way they
generate code for procedure interfacesis identical.

» Native compilers use libraries of private 1/0O routines which will not be available at link time
unless you have the native compiler—and you would have to explicitly ask for them.

For example, on the Sun you would haveto add —L /usr/lang/SCx.x -IF77 <V 77 to the link
command.
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9. Other Languages
Note: This portion of the documentation definitely needsa lot of work!
9.1 Toolsand advicefor interoperatingwith C and C++

The following discussion assumes that you are running g77 in f2c compatibility mode, i.e. not
using —fno-f2c. It provides some advice about quick and simple techniques for linking Fortran
and C (or C++), the most common requirement. For the full story consult the description of code
generation. See*Debugging and Interfacing”.

When linking Fortran and C, it’s usually best to use g77 to do the linking so that the correct
libraries areincluded (including the maths one). If you'relinking with C++ you will want to add
-lstdc++,

—g++ or whatever. If you need to use another driver program (or Id directly), you can find out
what linkage options g77 passes by running g77 -v.

9.1.1 CInterfacing Tools

Even if you don't actually useit as acompiler, f2c from ftp://ftp.netlib.or g/f2c/sr ¢, can bea
useful tool when you' reinterfacing (linking) Fortran and C. See“Generating Skeletons and
Prototypes with f2c”.

To use f2c for this purpose you only need retrieve and build the src directory from the
distribution, consult the READM E instructions there for machine-specifics, and install the f2c
program on your path.

Something else that might be useful is cfortran.h from ftp://zebra/desy.de/cfortran. Thisisa
fairly general tool which can be used to generate interfacesfor calling in both directions between
Fortran and C. It can be used in f2c mode with g77—consult its documentation for details.

9.1.2 Accessing TypeInformationin C

Generally, C code written to link with g77 code—calling and/or being called from Fortran—
should #include <f2c.h> to define the C versions of the Fortran types. Don’t assume Fortran
INTEGER types correspond to C ints, for instance; instead, declarethem asinteger, atype
defined by f2c.h. f2c.h isinstaled where gcc will find it by default, assuming you use a copy of
gcc compatible with g77, probably built at the same time as g77.

9.1.3 Generating Skeletonsand Prototypeswith f2c

A simple and foolproof way to write g77-callable C routines—e.g. to interface with an existing
library—is to write afile (named, for example, fred.f) of dummy Fortran skeletons comprising
just the declaration of the routine(s) and dummy arguments plus END statements. Then run f2c
on filefred.f to produce fred.cinto which you can edit useful code, confident the calling sequence
iscorrect, at least. (There are some errors otherwise commonly made in generating C interfaces
with f2c conventions, such as not using doubler eal asthe return type of aREAL FUNCTION.)

f2c also can help with calling Fortran from C, using its—P option to generate C prototypes
appropriate for calling the Fortran.! If the Fortran code containing any routines to be called from
Cisinfilejoelf, use the command

f2c -P joe.f

1. The files generated like this can also be used for inter-unit consistency checking of dummy and actual arguments,
although the ftnchek tool from ftp://ftp.netlib.org/fortran or ftp://ftp.dsm.fordham.edu is probably better for this
purpose.
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to generate the filejoe.P containing prototype information. #includethisin the C which hasto
call the Fortran routines to make sure you get it right.

See“Arrays (DIMENSION” for information on the differences between the way Fortran
(including compilers like g77) and C handle arrays.

9.14 C++ Considerations

f2c can be used to generate suitable code for compilation with a C++ system using the -C++
option. Theimportant thing about linking g77-compiled code with C++ is that the prototypes for
the g77 routines must specify C linkage to avoid name mangling. So, use an extern C"
declaration. f2c’'s—C++ option will take care of this when generating skeletons or prototype files
as above, and also avoid clashes with C++ reserved words in addition to thosein C.

9.1.5 Startup Code

Unlike with some runtime systems, it shouldn’t be necessary (unless there are bugs) to use a
Fortran main program to ensure the runtime—specifically the i/o system—is initialized.

However, to use the g77 intrinsics GETARG() and | ARGC() the main() routine from the libf2c
library must be used, either explicitly or implicitly by using a Fortran main program. This main()
program calls MAIN__ () (where the names are C-type exter n names, i.e. not mangled). You need
to provide this nullary procedure as the entry point for your C codeif using libf2c’'smain. In
some casesit might be necessary to provide a dummy version of this to avoid linkers complaining
about failureto resolve MAIN__ () if linking against libf2c and not using main() from it.
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10. Debugging and Interfacing

GNU Fortran currently generates code that is object-compatible with the f2c converter. Also, it
avoids limitations in the current GBE, such asthe inability to generate a procedure with multiple
entry points, by generating code that is structured differently (in terms of procedure names,
scopes, arguments, and so on) than might be expected.

Asaresult, writing code in other languages that calls on, is called by, or sharesin-memory data
with g77-compiled code generally requires some understanding of the way g77 compiles code for
various constructs.

Similarly, using a debugger to debug g77-compiled code, even if that debugger supports native
Fortran debugging, generally requiresthis sort of information.

This section describes some of the basic information on how g77 compiles code for constructs
involving interfacesto other languages and to debuggers.

Caution: Much or al of thisinformation pertainsto only the current release of g77, sometimes
even to using certain compiler options with g77 (such as—fno-f2c). Do not write code that
depends on this information without clearly marking said code as nonportable and subject to
review for every new release of g77. Thisinformation is provided primarily to make debugging
of code generated by this particular release of g77 easier for the user, and partly to make writing
(generally nonportable) interface code easier. Both of these activities require tracking changesin
new version of g77 asthey areinstalled, because new versions can change the behaviors described
in this section.

10.1 Main Program Unit (PROGRAM)

When g77 compiles amain program unit, it givesit the public procedurename MAIN__. The
libf2c library has the actual main() procedure asistypical of C-based environments, and it isthis
procedure that performs someinitial start-up activity and then callsMAIN__.

Generally, g77 and libf2c are designed so that you need not include amain program unit written
in Fortran in your program—it can be written in C or some other language. Especialy for I/O
handling, thisis the case, although g77 version 0.5.16 includes a bug fix for libf2c that solved a
problem with using the OPEN statement as the first Fortran I/O activity in aprogram without a
Fortran main program unit.

However, if you don’t intend to use g77 (or f2c) to compile your main program unit—that is, if
you intend to compile amain() procedure using some other language—you should carefully
examine the code for main() in libf2c, found in the source file gcc/f/runtime/libF77/main.c, to
see what kinds of things might need to be done by your main() in order to provide the Fortran
environment your Fortran code is expecting.

For example, libf2c’s main() sets up the information used by the|ARGC and GETARG
intrinsics. Bypassing libf2c’'s main() without providing asubstitute for this activity would mean
that invoking |ARGC and GETARG would produce undefined results.

When debugging, one implication of the fact that main(), which is the place where the debugged
program “starts” from the debugger’ s point of view, isin libf2c is that you won'’t be starting your
Fortran program at a point you recognize as your Fortran code.

The standard way to get around this problem is to set a break point (a one-time, or temporary,
break point will do) at the entranceto MAIN__, and then run the program. A convenient way to
do so isto add the gdb command

tbreak MAIN
to the file .gdbinit in the directory in which you' re debugging (using gdb).
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After doing this, the debugger will see the current execution point of the program as at the
beginning of the main program unit of your program.

Of course, if you really want to set abreak point at some other place in your program and just start
the program running, without first breaking at MAIN__, that should work fine.

10.2 Procedures (SUBROUTINE and FUNCTION)

Currently, g77 passes arguments via reference—specifically, by passing a pointer to the location
in memory of avariable, array, array element, atemporary location that holds the result of
evaluating an expression, or atemporary or permanent location that holds the value of a constant.

Proceduresthat accept CHARACTER arguments are implemented by g77 so that each
CHARACTER argument has two actual arguments.

Thefirst argument occupies the expected position in the argument list and has the user-specified
name. Thisargument is a pointer to an array of characters, passed by the caller.

The second argument is appended to the end of the user-specified calling sequence and is named
__g77_length_ x, wherex is the user-specified name. Thisargument is of the C type ftnlen (see
gec/f/runtime/f2c.h.in for information on that type) and is the number of charactersthe caller has
alocated in the array pointed to by the first argument.

A procedurewill ignore the length argument if X is not declared CHARACTER* (*), because for
other declarations, it knowsthe length. Not all callers necessarily “know” this, however, whichis
why they all passthe extraargument.

The contents of the CHARACTER argument are specified by the address passed in the first
argument (named after it). The procedure can read or write these contents as appropriate.

When more than one CHARACTER argument is present in the argument list, the length
arguments are appended in the order the original arguments appear. So CALL

FOO('HI', THERE") isimplemented in C asfoo(hi","there",2,5);", ignoring the fact that g77
does not provide the trailing null bytes on the constant strings (f2c does provide them, but they are
unnecessary in aFortran environment, and you should not expect them to be there).

Note that the above information appliesto CHARACTER variables and arraysonly. 1t doesnote
apply to external CHARACTER functions or to intrinsic CHARACTER functions. That is, no
second length argument is passed to FOO in this case:

CHARACTER X
EXTERNAL X

CALL FOO( X)

Nor does FOO expect such an argument in this case:

SUBROUTI NE FOO( X)
CHARACTER X
EXTERNAL X

Because of this implementation detail, if a program has a bug such that there is disagreement as to
whether an argument is a procedure, and the type of the argument is CHARACTER, subtle
symptoms might appear.

10.3 Functions (FUNCTION and RETURN)

g77 handles in a special way functions that return the following types:
« CHARACTER
+ COMPLEX
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. REAL(KIND=1)

For CHARACTER, g77 implements a subroutine (a C function returning void) with two
arguments prepended: __g77_result, which the caller passes as a pointer to achar array expected
to hold the return value, and __g77_length, which the caller passes as an ftnlen value specifying
the length of the return value as declared in the calling program. For CHARACTER* (*), the
called function uses __g77_length to determine the size of the array that __g77_result points to;
otherwise, it ignores that argument.

For COMPLEX, when—ff2cisin force, g77 implements a subroutine with one argument
prepended: _ g77_result, which the caller passes as a pointer to avariable of the type of the
function. The called function writes the return value into this variable instead of returning it asa
function value. When —fno-f2cisin force, g77 implementsa COMPLEX function asgcc's
__complex__ float or __complex__ doublefunction (or an emulation thereof, when —femulate-
complex isin effect), returning the result of the function in the same way as gcc would.

For REAL (KIND=1), when —ff2cisin force, g77 implements a function that actually returns
REAL (KIND=2) (typically C'sdoubletype). When—fno-f2cisinforce, REAL (KIND=1)
functions return float.

10.4 Names

Fortran permits each implementation to decide how to represent names as far as how they’re seen
in other contexts, such as debuggers and when interfacing to other languages, and especially asfar
as how casing is handled.

External names—names of entities that are public, or “accessible”, to all modulesin a program—
normally have an underscore (_) appended by g77, to generate code that is compatible with f2c.
External names include names of Fortran things like common blocks, external procedures
(subroutines and functions, but not including statement functions, which areinternal procedures),
and entry point names.

However, use of the —fno-under scoring option disables this kind of transformation of external
names (though inhibiting the transformation certainly improves the chances of colliding with
incompatible externals written in other languages—but that might be intentional.

When —funder scoringisin force, any name (external or local) that already has at least one
underscorein it isimplemented by g77 by appending two underscores. (This second underscore
can be disabled viathe —-fno-second-under scoreoption.) External names are changed this way
for f2c compatibility. Local names are changed this way to avoid collisions with external names
that are different in the source code—f2c does the same thing, but there’ s no compatibility issue
there except for user expectations while debugging.

For example:
Max_Cost = 0

Here, auser would, in the debugger, refer to this variable using the name max_cost__ (or
MAX_COST__ or Max_Cost__, asdescribed below). (We hopeto improveg77inthisregardin
the future—don’t write scripts depending on this behavior! Also, consider experimenting with the
—fno-under scoring option to try out debugging without having to massage names by hand like
this.)

g77 provides anumber of command-line options that allow the user to control how case mapping
is handled for sourcefiles. The default isthe traditional UNIX model for Fortran compilers—
names are mapped to lower case. Other command-line options can be specified to map names to
upper case, or to leave them exactly aswritten in the sourcefile.
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For example:

Foo = 9. 436

Here, it isnormally the casethat the variable assigned will be named foo.
Thiswould be the name to enter when using a debugger to accessthe variable.

However, depending on the command-line options specified, the name implemented by g77 might
instead be FOO or even Faoo, thus affecting how debugging is done.

Also;
Cal |l Foo

Thiswould normally call a procedurethat, if it werein aseparate C program, be defined starting
with the line:

void foo ()

However, g77 command-line options could be used to change the casing of hames, resulting in the
name FOO _ or Foo_ being given to the procedure instead of foo , and the—fno-under scoring
option could be used to inhibit the appending of the underscore to the name.

10.5 Common Blocks (COMMON)
g77 names and lays out COM M ON areas the same way f2c does, for compatibility with f2c.

Currently, g77 does not emit “true” debugging information for members of aCOMMON area,
due to an apparent bug in the GBE.

(Asof Version 0.5.19, g77 emits debugging information for such membersin the form of a
constant string specifying the base name of the aggregate area and the offset of the member in
bytes from the start of the area. Use the fdebug-kludgeoption to enable this behavior. In gdb,
use set language c before printing the value of the member, then set language fortran to restore
the default language, since gdb doesn’t provide away to print areadable version of a character
string in Fortran language mode.

This kludge will be removed in afuture version of g77 that, in conjunction with a contemporary
version of gdb, properly supports Fortran-language debugging, including accessto members of
COMMON areas.)

See “Options for Code Generation Conventions’ for information on the —fdebug-kludgeoption.

Moreover, g77 currently implements a COMMON areasuch that itstypeis an array of the C char
datatype.

So, when debugging, you must know the offset into aCOMMON areafor aparticular itemin that
area, and you have to take into account the appropriate multiplier for the respective sizes of the
types (as declared in your code) for the items preceding the item in question as compared to the
size of the char type.

For example, using default implicit typing, the statement
COWDN 1 (15), R(20), T

resultsin apublic 144-byte char array named BLNK __ with | placedat BLNK __[0], R at
_BLNK__[60],and T at_ BLNK __[140]. (Thisis assuming that the target machine for the
compilation has 4-byte INTEGER(KIND=1) and REAL (KIND=1) types.)

10.6 Local Equivalence Areas (EQUIVALENCE)

g77 treats storage-associated areasinvolving a COMM ON block as explained in the section on
common blocks.
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A local EQUIVALENCE areaisacollection of variables and arrays connected to each other in
any way viaEQUIVAL ENCE, none of which arelistedinaCOMM ON statement.

Currently, g77 does not emit “true” debugging information for membersin alocal
EQUIVALENCE area, due to an apparent bug in the GBE.

(Asof Version 0.5.19, g77 does emit debugging information for such membersin the form of a
constant string specifying the base name of the aggregate area and the offset of the member in
bytes from the start of the area. Use the fdebug-kludgeoption to enable this behavior. In gdb,
use set language c before printing the value of the member, then set language fortran to restore
the default language, since gdb doesn’t provide away to print areadable version of a character
string in Fortran language mode.

This kludge will be removed in afuture version of g77 that, in conjunction with a contemporary
version of gdb, properly supports Fortran-language debugging, including accessto members of
EQUIVALENCE areas.)

See “Options for Code Generation Conventions’ for information on the —fdebug-kludgeoption.

Moreover, g77 implements alocal EQUIVAL ENCE areasuch that itstypeisan array of the C
char datatype.

The name g77 givesthis array of char typeis__g77_equiv_x, wherex is the name of theitem
that is placed at the beginning (offset 0) of thisarray. If morethan one suchitem is placed at the
beginning, x isthe name that sorts to the top in an alphabetical sort of thelist of suchitems.

When debugging, you must therefore access members of EQUIVAL ENCE areas by specifying
the appropriate __g77_equiv_ x array section with the appropriate offset. See the explanation of
debugging COMMON blocks for info applicable to debugging local EQUIVALENCE aress.

(Note: g77 version 0.5.18 and earlier chose the name for x using a different method when more
than one name was in thelist of names of entities placed at the beginning of the array. Though the
documentation specified that the first name listed in the EQUI VAL ENCE statements was chosen
for x, g77 in fact chose the name using a method that was so complicated, it seemed easier to
changeit to an alphabetical sort than to describe the previous method in the documentation.)

10.7 Complex Variables (COMPLEX)

Asof 0.5.20, g77 defaults to handling COM PLEX types (and related intrinsics, constants,
functions, and so on) in a manner that makes direct debugging involving these typesin Fortran
language mode difficult.

Essentially, g77 implements these types using an internal construct similar to C’'s struct, at least
as seen by the gcc back end.

Currently, the back end, when outputting debugging info with the compiled code for the
assembler to digest, does not detect these struct types as being substitutes for Fortran complex.
Asaresult, the Fortran language modes of debuggers such as gdb see these types as C struct
types, which they might or might not support.

Until thisisfixed, switch to C language mode to work with entities of COMPL EX type and then
switch back to Fortran language mode afterward. (In gdb, thisis accomplished via set lang c and
either set lang fortran or set lang auto.)

Note: Compiling with the —fno-emulate-complex option avoids the debugging problem, but is
known to cause other problems like compiler crashes and generation of incorrect code, so it is not
recommended.
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10.8 Arrays (DIMENSION)

Fortran uses “column-major ordering” inits arrays. Thisdiffersfrom other languages, such as C,
which use “row-major ordering”. The differenceisthat, with Fortran, array elements agdjacent to
each other in memory differ in the first subscript instead of the last; A(5,10,20) immediately
follows A(4,10,20), whereas with row-major ordering it would follow A(5,10,19).

This consideration affects not only interfacing with and debugging Fortran code, it can greatly
affect how code is designed and written, especially when code speed and sizeis a concern.

Fortran also differsfrom C, apopular language for interfacing and to support directly in
debuggers, in the way arraysaretreated. In C, arraysare single-dimensional and have interesting
relationships to pointers, neither of which istrue for Fortran. Asaresult, dealing with Fortran
arrays from within an environment limited to C concepts can be challenging.

For example, accessing the array element A(5,10,20) is easy enough in Fortran (use A(5,10,20)),
but in C some difficult machinations are needed. First, C would treat the A array asasingle-
dimension array. Second, C does not understand low bounds for arrays as does Fortran. Third, C
assumes alow bound of zero (0), while Fortran defaults to alow bound of one (1) and can
supports an arbitrary low bound. Therefore, calculations must be done to determine what the C
equivalent of A(5,10,20) would be, and these calculations require knowing the dimensions of A.

For DIMENSION A(2:11,21,0:29), the calculation of the offset of A(5,10,20) would be:

(5-2)

(10-1) *(11- 2+1)

(20-0) *(11- 2+1) * (21- 1+1)
4293

So the C equivalent in this case would be a[4293].

When using adebugger directly on Fortran code, the C equivalent might not work, because some
debuggers cannot understand the notion of low bounds other than zero. However, unlike f2c, g77
doesinform the GBE that amulti-dimensional array (like A in the above example) isreally
multi-dimensional, rather than asingle-dimensional array, so at least the dimensionality of the
array is preserved.

I+ +

Debuggers that understand Fortran should have no trouble with non-zero low bounds, but for
non-Fortran debuggers, especially C debuggers, the above example might have a C equivalent of
a[4305].

Thiscalculationis arrived at by eliminating the subtraction of the lower bound in the first
parenthesized expression on each line—that is, for (5-2) substitute (5), for (10-1) substitute (10),
and for (20-0) substitute (20). Actually, theimplication of this can be that the expression
*(&a[2][1][0] + 4293) works fine, but that a[20][10][5] produces the equivalent of * (& a[0][O][0]
+ 4305) because of the missing lower bounds.

Cometo think of it, perhapsthe behavior is due to the debugger internally compensating for the
lower bounds by offsetting the base address of a, leaving & a set lower, in this case, than

& a[2][1][0] (the address of its first element asidentified by subscripts equal to the corresponding
lower bounds).

You know, maybe nobody really needs to use arrays.
10.9 Adjustable Arrays (DIMENSION)

Adjustable and automatic arraysin Fortran require the implementation (in this case, the g77
compiler) to “memorize’ the expressions that dimension the arrays each time the procedure is
invoked. Thisis so that subsequent changesto variables used in those expressions, made during
execution of the procedure, do not have any effect on the dimensions of those arrays.
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For example:

REAL ARRAY( 5)
DATA ARRAY/ 5* 2/
CALL X(ARRAY, 5)
END

SUBROUTI NE X(A, N)
DI MENSI ON A( N)

N = 20

PRINT *, N, A

END

Here, the implementation should, when running the program, print something like:
20 2. 2. 2. 2. 2.

Note that this shows that while the value of N was successfully changed, the size of the A array
remained at 5 elements.

To support this, g77 generates code that executes before any user code (and before the internally
generated computed GOT O to handle alternate entry points, as described below) that evaluates
each (nonconstant) expression in the list of subscripts for an array, and saves the result of each
such evaluation to be used when determining the size of the array (instead of re-evaluating the
expressions).

So, in the above example, when X isfirst invoked, codeis executed that copiesthe value of N to a
temporary. And that same temporary serves as the actual high bound for the single dimension of
the A array (the low bound being the constant 1). Since the user program cannot (legitimately)
change the value of the temporary during execution of the procedure, the size of the array remains
constant during each invocation.

For alternate entry points, the code g77 generates takes into account the possibility that a dummy
adjustable array is not actually passed to the actual entry point being invoked at that time. In that
case, the public procedure implementing the entry point passesto the master private procedure
implementing al the code for the entry pointsaNULL pointer where a pointer to that adjustable
array would be expected. The g77-generated code doesn't attempt to evaluate any of the
expressions in the subscripts for an array if the pointer to that array isNULL at run time in such
cases. (Don’'t depend on this particular implementation by writing code that purposely passes
NULL pointers where the callee expects adjustable arrays, even if you know the callee won’t
referencethe arrays—nor should you pass NUL L pointers for any dummy arguments used in
calculating the bounds of such arrays or leave undefined any values used for that purposein
COMM ON—Dbecause the way g77 implements these things might change in the future!)

10.10 Alternate Entry Points (ENTRY)

The GBE does not understand the general concept of alternate entry points as Fortran provides
viathe ENTRY statement. g77 gets around this by using an approach to compiling procedures
having at least one ENTRY statement that is almost identical to the approach used by f2c. (An
alternate approach could be used that would probably generate faster, but larger, code that would
also be abit easier to debug.)

Information on how g77 implements ENTRY is provided for those trying to debug such code.
The choice of implementation seems unlikely to affect code (compiled in other languages) that
interfaces to such code.

g77 compiles exactly one public procedurefor the primary entry point of a procedure plus each
ENTRY point it specifies, asusual. That is, in terms of the public interface, thereis no difference
between
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SUBROUTI NE X
END
SUBRQUTI NE 'Y
END

and:

SUBROUTI NE X
ENTRY Y
END

The difference between the above two casesliesin the code compiled for the X and Y procedures
themselves, plus the fact that, for the second case, an extrainternal procedureis compiled.

For every Fortran procedure with at least one ENTRY statement, g77 compiles an extra procedure
named __g77_masterfun_x, wherex is the name of the primary entry point (which, in the above
case, using the standard compiler options, would be x_in C).

This extra procedureis compiled as a private procedure—that is, a procedure not accessible by
name to separately compiled modules. It contains all the code in the program unit, including the
code for the primary entry point plus for every entry point. (The code for each public procedureis
quite short, and explained later.)

The extra procedure has some other interesting characteristics.

The argument list for this procedureisinvented by g77. It contains asingle integer argument
named __g77_which_entrypoint, passed by value (asin Fortran’s % VAL () intrinsic), specifying
the entry point index—O for the primary entry point, 1 for the first entry point (thefirst ENTRY
statement encountered), 2 for the second entry point, and so on.

It also contains, for functions returning CHARACTER and (when —ff2cisin effect) COMPLEX
functions, and for functions returning different types among the ENTRY statements (e.g. REAL
FUNCTION R() containing ENTRY 1()), an argument named __g77_result that is expected at
run time to contain a pointer to where to store the result of the entry point. For CHARACTER
functions, this storage areais an array of the appropriate number of characters; for COMPLEX
functions, it is the appropriate areafor the return type; for multiple-return-type functions, it isa
union of al the supported return types (which cannot include CHARACTER, since combining
CHARACTER and non-CHARACTER return typesviaENTRY in asingle function is not
supported by g77).

For CHARACTER functions, the___g77_result argument is followed by yet another argument
named __g77_length that, at run time, specifiesthe caller’ s expected length of the returned value.
Note that only CHARACTER* (*) functions and entry points actually make use of this argument,
even though it is always passed by all callers of public CHARACTER functions (since the caller
does not generally know whether such afunctionis CHARACTER*(*) or whether there are any
other callersthat don’'t have that information).

Therest of the argument list is the union of all the arguments specified for all the entry points (in
their usual forms, eg. CHARACTER arguments have extralength arguments, all appended at
the end of thislist). Thisisconsidered the “master list” of arguments.

The codefor this procedure has, before the code for the first executable statement, code much like
that for the following Fortran statement:

GOTO (100000, 100001, 100002), __g77_whi ch_entrypoi nt
100000 ...code for primary entry point...
100001 ...code inmedi ately followi ng first ENTRY statenent. ..
100002 ...code inmedi ately fol |l owi ng second ENTRY statenent. ..
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(Note that invalid Fortran statement labels and variable names are used in the above example to
highlight the fact that it represents code generated by the g77 internals, not code to be written by
the user.)

It isthis code that, when the procedureis called, picks which entry point to start executing.

Getting back to the public procedures (x and Y in the original example), those procedures are
fairly simple. Their interfacesarejust like they would be if they were self-contained procedures
(without ENTRY), of course, since that is what the callers expect. Their code consists of simply
calling the private procedure, described above, with the appropriate extra arguments (the entry
point index, and perhaps a pointer to a multiple-type- return variable, local to the public
procedure, that contains all the supported returnable non-character types). For arguments that are
not listed for agiven entry point that arelisted for other entry points, and thereforethat arein the
“master list” for the private procedure, null pointers (in C, the NULL macro) are passed. Also, for
entry points that are part of amultiple-type- returning function, code is compiled after the call of
the private procedure to extract from the multi-type union the appropriate result, depending on the
type of the entry point in question, returning that result to the original caller.

When debugging a procedure containing alternate entry points, you can either set abreak point on
the public procedureitself (e.g. abreak point on X or Y) or on the private procedure that contains
most of the pertinent code (e.g. __g77_masterfun_x). If you do the former, you should use the
debugger’s command to “step into” the called procedure to get to the actual code; with the latter
approach, the break point leaves you right at the actual code, skipping over the public entry point
and its call to the private procedure (unless you have set a break point there aswell, of course).

Further, the list of dummy arguments that is visible when the private procedureis active is going
to be the expanded version of the list for whichever particular entry point is active, as explained
above, and the way in which return values are handled might well be different from how they
would be handled for an equivalent single-entry function.

10.11 Alternate Returns (SUBROUTINE and RETURN)

Subroutines with alternate returns (e.g. SUBROUTINE X(*) and CALL X(*50)) are
implemented by g77 asfunctions returning the C int type. The actual alternate-return arguments
are omitted from the calling sequence. Instead, the caller uses the return value to do arough
equivalent of the Fortran computed-GOT O statement, asin GOTO (50), X() in the example
above (where X is quietly declared asan INTEGER(K1ND=1) function), and the callee just
returns whatever integer is specified in the RETURN statement for the subroutine For example,
RETURN lisimplemented as X = 1 followed by RETURN in C, and RETURN by itself isX =
0 and RETURN).

10.12 Assigned Statement Labels (ASSIGN and GOTO)

For portability to machines where a pointer (such asto alabel, which is how g77 implements
ASSIGN and its relatives, the assigned-GOT O and assigned-FORM AT -I/Ostatements) is wider
(bitwise) than an INTEGER(KIND=1), g77 uses adifferent memory location to hold the
ASSIGNed value of avariable than it does the numerical value in that variable, unlessthe
variable is wide enough (can hold enough bits).

In particular, while g77 implements

I =10

as, in C notation, i = 10;, it implements
ASSIGN 10 TO |

as, in GNU’sextended C notation (for the label syntax), _ g77_ASSIGN_| = & & L 10; (where
L 10 isjust amassaging of the Fortran label 10 to make the syntax C-like; g77 doesn’t actually
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generate the name L 10 or any other name like that, since debuggers cannot access |abels anyway).

While this currently means that an ASSIGN statement does not overwrite the numeric contents of
its target variable, do not write any code depending on this feature. g77 has already changed this
implementation across versions and might do so in the future. Thisinformation is provided only
to make debugging Fortran programs compiled with the current version of g77 somewhat easier.
If there’ s no debugger-visible variable named __g77_ASSIGN_I in aprogram unit that does
ASSIGN 10 TO I, that probably means g77 has decided it can store the pointer to the |abel
directly into | itself.

See“Ugly Assigned Labels’ for information on acommand-line option to force g77 to use the
same storage for both normal and assigned-label uses of avariable.

10.13 Run-timeLibrary Errors

Thelibf2c library currently has the following table to relate error code numbers, returned in
IOSTAT= variables, to messages. Thisinformation should, in future versions of this document,
be expanded upon to include detailed descriptions of each message.

In line with good coding practices, any of the numbersin the list below should not be directly
written into Fortran code you write. Instead, make aseparate INCL UDE file that defines
PARAMETER names for them, and use those in your code, so you can more easily change the
actual numbersin the future.

The information below is culled from the definition of F_err in f/runtime/libl 77/err.cin the g77
source tree.
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100: "error in format"

101: "illegal unit number”

102: "formatted i o not all owed"
103: "unformatted i o not all owed"
104: "direct io not all owed"

105: "sequential io not allowed"
106: "can't backspace file"

107: "null file nane"

108: "can’t stat file"

109: "unit not connected"

110: "off end of record"

111: "truncation failed in endfile"
112: "inconprehensiblelist input”
113: "out of free space”

114: "unit not connected"

115: "read unexpected character"
116: "bad | ogi cal input field"
117: "bad vari abl e type"

118: "bad nanelist nane"

119: "variable not in nanelist”
120: "no end record"

121: "variabl e count incorrect”
122: "subscript for scal ar vari able"
123: "invalid array section"

124: "substring out of bounds"
125: "subscript out of bounds"”
126: "can’t read file"

127: "can’t wite file"

128: "'new file exists"

129: "can't append to file"

130: "non-positive record nunmber”
131: "I/Ostarted while already doing I/ O
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11. Collected Fortran Wisdom

Most users of g77 can be divided into two camps:
+ Those writing new Fortran code to be compiled by g77.
+ Those using g77 to compile existing, “legacy” code.

Userswriting new code generally understand most of the necessary aspects of Fortran to write
“mainstream” code, but often need help deciding how to handle problems, such asthe
construction of libraries containing BLOCK DATA.

Usersdealing with “legacy” code sometimes don’t have much experience with Fortran, but
believe that the code they’ re compiling already works when compiled by other compilers (and
might not understand why, as is sometimes the case, it doesn’'t work when compiled by g77).

Thefollowing information is designed to help users do a better job coping with existing, “legacy”
Fortran code, and with writing new code as well.

11.1 AdvantagesOver f2c

Without f2c, g77 would have taken much longer to do and probably not been as good for quite a
while. Sometimes people who naotice how much g77 depends on, and documents encouragement
to use, f2c ask why g77 was created if f2c already existed.

This section gives some basic answers to these questions, though it is not intended to be
comprehensive.

11.1.1 Language Extensions
g77 offers several extensions to the Fortran language that f2c doesn’t.

However, f2c offersafew that g77 doesn't, like fairly complete support for INTEGER*2. Itis
expected that g77 will offer some or all of these missing features at some time in the future.
(Version 0.5.18 of g77 offers some rudimentary support for some of these features.)

11.1.2 Compiler Options
g77 offersawhole bunch of compiler options that f2c doesn't.

However, f2c offersafew that g77 doesn't, like an option to generate code to check array
subscripts at run time. It is expected that g77 will offer some or all of these missing options at
sometime in the future.

11.1.3 Compiler Speed
Saving the steps of writing and then rereading C codeis abig reason why g77 should be able to
compile code much faster than using f2c in conjunction with the equivalent invocation of gcc.

However, dueto g77’ syouth, lots of self-checking is still being performed. Asaresult, this
improvement is as yet unrealized (though the potential seems to be there for quite abig speedup in
the future). It is possible that, as of version 0.5.18, g77 is noticeably faster compiling many
Fortran source files than using f2c in conjunction with gcc.

11.1.4 Program Speed

g77 has the potential to better optimize code than f2c, even when gec is used to compile the
output of f2c, because f2c must necessarily trandlate Fortran into a somewhat lower-level language
(C) that cannot preserve all the information that is potentially useful for optimization, while g77
can gather, preserve, and transmit that information directly to the GBE.

For example, g77 implements ASSIGN and assigned GOT O using direct assignment of pointers
to labels and direct jJumps to labels, whereas f2c maps the assigned labels to integer values and
then uses a C switch statement to encode the assigned GOTO statements.
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However, asistypical, theory and reality don’'t quite match, at least not in all cases, soit is till
the case that f2c plus gcc can generate code that is faster than g77.

Version 0.5.18 of g77 offered default settings and options, via patches to the gcc back end, that
allow for better program speed, though some of these improvements also affected the performance
of programs translated by f2c and then compiled by g77’s version of gcc.

Version 0.5.20 of g77 offersfurther performance improvements, at least one of which (alias
analysis) is not generally applicable to f2¢ (though f2c could presumably be changed to also take
advantage of this new capability of the gcc back end, assuming thisis made availablein an
upcoming release of gcc).

11.1.5 Ease of Debugging
Because g77 compiles directly to assembler code like gec, instead of translating to an
intermediate language (C) as does f2c, support for debugging can be better for g77 than f2c.

However, although g77 might be somewhat more “ native” in terms of debugging support than f2c
plus gcc, there still arealot of things “not quite right”. Many of the important ones should be
resolved in the near future.

For example, g77 doesn’t have to worry about reserved names like f2c does. Given FOR =
WHILE, f2c must necessarily trandate this to something other than for = while;, because C
reserves those words.

However, g77 does still uses things like an extralevel of indirection for ENTRY -laden
procedures—in this case, because the back end doesn’t yet support multiple entry points.

Another exampleisthat, given

COWON A, B
EQUI VALENCE (B, ©)

the g77 user should be able to access the variables directly, by name, without having to traverse
C-like structures and unions, while f2c is unlikely to ever offer this ability (dueto limitationsin
the C language).

However, due to apparent bugs in the back end, g77 currently doesn’t take advantage of this
facility at all—it doesn’t emit any debugging information for COMM ON and EQUIVALENCE
areas, other than information on the array of char it creates (and, in the case of local
EQUIVALENCE, names) for each such area.

Yet another exampleis arrays. g77 represents them to the debugger using the same
“dimensionality” asin the source code, while f2c must necessarily convert them all to one-
dimensional arraysto fit into the confines of the C language. However, the level of support
offered by debuggersfor interactive Fortran-style accessto arrays as compiled by g77 can vary
widely. In some cases, it can actually be an advantage that f2c converts everything to widely
supported C semantics.

Infairness, g77 could do many of the things f2c does to get things working at least aswell as
f2c—for now, the devel opers prefer making g77 work the way they think it is supposed to, and
finding help improving the other products (the back end of gcc; gdb; and so on) to get things
working properly.

11.1.6 Character and Hollerith Constants

To avoid the extensive hassle that would be needed to avoid this, f2c uses C character constants to
encode character and Hollerith constants. That means aconstant like’'HELL O’ istrandated to
helloin C, which further means that an extranull byte is present at the end of the constant. This
null byteis superfluous.
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g77 does not generate such null bytes. This represents significant savings of resources, such ason
systems where /dev/null or /dev/zer o represent bottlenecksin the systems’ performance, because
g77 simply asks for fewer zeros from the operating system than f2c.

11.2 Block Dataand Libraries

To ensure that block data program units are linked, especially a concern when they are put into
libraries, give each one aname (asin BLOCK DATA FOO) and make surethereis an
EXTERNAL FOO statement in every program unit that uses any common block initialized by
the corresponding BLOCK DATA. g77 currently compilesaBLOCK DATA asif it werea
SUBROUTINE, that is, it generates an actual procedure having the appropriate name. The
procedure does nothing but return immediately if it happensto be called. For EXTERNAL
FOO, where FOO is not otherwise referenced in the same program unit, g77 assumes there exists
aBLOCK DATA FOO inthe program and ensuresthat by generating areferenceto it so the
linker will make sureit is present. (Specifically, g77 outputs in the data section a static pointer to
the external name FOO.)

The implementation g77 currently uses to make this work is one of the few things not compatible
with f2c as currently shipped. f2c currently does nothing with EXTERNAL FOO except issue a
warning that FOO is not otherwise referenced, and for BLOCK DATA FOO, f2c doesn’t
generate adummy procedure with the name FOO. The upshot is that you shouldn’t mix f2c and
g77 in this particular case. If you usef2c to compile BLOCK DATA FOO, then any g77-
compiled program unit that says EXTERNAL FOO will result in an unresolved referencewhen
linked. If you do the opposite, then FOO might not be linked in under various circumstances
(such aswhen FOO isin alibrary, or you're using a*“clever” linker—so clever, it producesa
broken program with little or no warning by omitting initializations of global data because they
are contained in unreferenced procedures).

The changes you make to your code to make g77 handle this situation, however, appear to be a
widely portable way to handleit. That is, many systems permit it (asthey should, since the
FORTRAN 77 standard permits EXTERNAL FOO when FOO isablock data program unit),
and of the ones that might not link BLOCK DATA FOO under some circumstances, most of
them appear to do so once EXTERNAL FOO is present in the appropriate program units.

Hereis the recommended approach to modifying a program containing a program unit such asthe
following:

BLOCK DATA FOO

COMMON / VARS/ X, Y, Z
DATA X, Y, Zz/ 3., 4., 5./
END

If the above program unit might be placed in alibrary module, then ensure that every program
unit in every program that referencesthat particular COMM ON areauses the EXTERNAL
statement to force the areato beinitialized.

For example, change a program unit that starts with

I NTEGER FUNCTI ON CURX()
COMMON / VARS/ X, Y, Z
CURX = X

END

s0 that it usesthe EXTERNAL statement, asin:
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| NTEGER FUNCTI ON CURX()
COWON / VARS X, Y, Z

EXTERNAL FOO
CURX = X
END

That way, CURX is compiled by g77 (and many other compilers) so that the linker knows it must
include FOO, the BLOCK DATA program unit that sets theinitia valuesfor the variablesin
VAR, in the executable program.

11.3 Loops

The meaning of aDO loop in Fortran is precisely specified in the Fortran standard...and is quite
different from what many programmers might expect.

In particular, Fortran DO loops areimplemented as if the number of trips through the loop is
calculated before the loop is entered.

The number of tripsfor aloop is calculated from the start, end, and increment values specified in
astatement such as:

DO jter = start, end, increnent

Thetrip count is evaluated using afairly simple formula based on the three values following the =
in the statement, and it is that trip count that is effectively decremented during each iteration of
theloop. If, at the beginning of an iteration of the loop, the trip count is zero or negative, the loop
terminates. The per-loop-iteration modifications to iter are not related to determining whether to
terminate the loop.

There are two important things to remember about the trip count:

« It can be negative, in which caseit istreated asif it was zero—meaning the loop is not
executed at all.

+ Thetype used to calculate the trip count is the same type asiter, but the final calculation, and
thus the type of the trip count itself, alwaysisSINTEGER(KIND=1).

These two items mean that there are loops that cannot be written in straightforward fashion using
the Fortran DO.

For example, on a system with the canonical 32-bit two’s-complement implementation of
INTEGER(KIND=1), the following loop will not work:

DO I = -2000000000, 2000000000

Although the start and end values are well within the range of INTEGER(KIND=1), thetrip
count isnot. The expected trip count is 40000000001, which is outside the range of
INTEGER(KIND=1) on many systems.

Instead, the above loop should be constructed this way:

I = -2000000000
DO
IF (I .GI. 2000000000) EXIT

I =1 +1
END DO

The simple DO construct and the EXIT statement (used to |eave the innermost loop) are FOO
featuresthat g77 supports.
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Some Fortran compilers have buggy implementations of DO, in that they don’t follow the
standard. They implement DO as a straightforward translation to what, in C, would be afor
statement. Instead of creating atemporary variable to hold the trip count as calculated at run time,
these compilers use the iteration variableiter to control whether the loop continues at each
iteration.

The bug in such an implementation shows up when the trip count is within the range of the type of
iter, but the magnitude of ABS( end ) + BS(incr) exceedsthat range. For example:

DO | = 2147483600, 2147483647

A loop started by the above statement will work asimplemented by g77, but the use, by some
compilers, of amore C-like implementation akin to

for (i = 2147483600; i <= 2147483647; ++i)

produces aloop that does not terminate, becausei can never be greater than 2147483647, since
incrementing it beyond that value overflowsi, setting it to -2147483648. Thisisalarge, negative
number that still islessthan 2147483647.

Another example of unexpected behavior of DO involves using a nonintegral iteration variable
iter, that is, aREAL variable. Consider the following program:

DATA BEG N, END, STEP /.1, .31, .007/
DO 10 R = BEG N, END, STEP

IF (R.GI. END) PRINT *, R ' .GI. ', END, "!!I”
PRI NT *, R
10 CONTI NUE
PRI NT *,” LAST = ', R
IF (R.LE. END) PRINT *, R, ' .LE. ', END, "1’
END

A C-like view of DO would hold that the two “exclamatory” PRINT statements are never
executed. However, thisisthe output of running the above program as compiled by g77 on a
GNU/Linux ix86 system:

. 100000001
. 107000001
. 114

. 120999999

. 289000005
. 296000004
. 303000003
LAST = . 310000002
. 310000002 . LE. . 310000002! !

Note that one of the two checksin the program turned up an apparent violation of the
programmer’ s expectation—yet, the loop is correctly implemented by g77, in that it has 30
iterations. Thistrip count of 30 is correct when evaluated using the floating-point representations
for the begin, end, and incr values (.1, .31, .007) on GNU/Linux ix86 are used. On other systems,
an apparently more accurate trip count of 31 might result, but, nevertheless, g77 is faithfully
following the Fortran standard, and the result is not what the author of the sample program above
apparently expected. (Such other systems might, for different valuesin the DATA statement,
violate the other programmer’ s expectation, for example.)

Due to this combination of imprecise representation of floating-point values and the often-
misunderstood interpretation of DO by standard-conforming compilers such asg77, use of DO
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loops with REAL iteration variablesis not recommended. Such use can be caught by specifying
—Wsurprising. See“Warning Options’ for more information on this option.

11.4 Working Programs

Getting Fortran programs to work in the first place can be quite a challenge—even when the
programs already work on other systems, or when using other compilers.

g77 offers some facilities that might be useful for tracking down bugs in such programs.

11.4.1 Not My Type

A fruitful source of bugsin Fortran source code is use, or mis-use, of Fortran’simplicit-typing
feature, whereby the type of avariable, array, or function is determined by the first character of its
name.

Simple cases of this include statements like L OGX=9.227, without a statement such as REAL
LOGX. Inthiscase, LOGX isimplicitly given INTEGER(KIND=1) type, with the result of the
assignment being that it is given the value 9.

Moreinvolved casesinclude afunction that is defined starting with a statement like DOUBL E
PRECISION FUNCTION IPS(...). Any caller of thisfunction that does not also declare | PS as
type DOUBLE PRECISION (or, in GNU Fortran, REAL (KIND=2)) islikely to assume it
returns INTEGER, or some other type, leading to invalid results or even program crashes.

The-Wimplicit option might catch failuresto properly specify the types of variables, arrays, and
functions in the code.

However, in code that makes heavy use of Fortran’ simplicit-typing facility, this option might
produce so many warnings about cases that are working, it would be hard to find the one or two
that represent bugs. Thisiswhy so many experienced Fortran programmers strongly recommend
widespread use of the IMPLICIT NONE statement, despite it not being standard FORTRAN 77,
to completely turn off implicit typing. (g77 supports IMPLICITNONE, asdo almost all
FORTRAN 77 compilers.)

Note that “Wimplicit catches only implicit typing of names. It does not catch implicit typing of
expressions such as X**(2/3). Such expressions can be buggy aswell—in fact, X**(2/3) is
equivalent to X**0, due to the way Fortran expressions are given types and then evaluated. (In
this particular case, the programmer probably wanted X**(2./3.).)

11.4.2 VariablesAssumed ToBeZero

Many Fortran programs were devel oped on systems that provided automatic initiaization of all,
or some, variables and arraysto zero. Asaresult, many of these programs depend, sometimes
inadvertently, on this behavior, though to do so violates the Fortran standards.

You can ask g77 for this behavior by specifying the —finit-local-zer o option when compiling
Fortran code. (You might want to specify —fno-automatic aswell, to avoid code-sizeinflation for
non-optimized compilations.)

Note that a program that works better when compiled with the —finit-local-zer o option is amost
certainly depending on a particular system’s, or compiler’s, tendency to initialize some variables
to zero. It might be worthwhile finding such cases and fixing them, using techniques such as
compiling with the—-O —Wuninitialized options using g77.

11.4.3 Variables Assumed To Be Saved

Many Fortran programs were devel oped on systems that saved the values of all, or some,
variables and arrays across procedure calls. Asaresult, many of these programs depend,
sometimes inadvertently, on being able to assign avalue to avariable, perform aRETURN to a
calling procedure, and, upon subsequent invocation, reference the previously assigned variableto
obtain the value.
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They expect this despite not using the SAVE statement to specify that the valuein avariableis
expected to survive procedurereturns and calls. Depending on variables and arraysto retain
values across procedure calls without using SAVE to requireit violates the Fortran standards.

You can ask g77 to assume SAVE is specified for all relevant (local) variables and arrays by using
the —fno-automatic option.

Note that a program that works better when compiled with the -fno-automatic option is almost
certainly depending on not having to use the SAVE statement as required by the Fortran standard.
It might be worthwhile finding such cases and fixing them, using techniques such as compiling
with the —O —-Wuninitialized options using g77.

11.4.4 Unwanted Variables

The -Wunused option can find bugs involving implicit typing, sometimes more easily than using
—Wimplicit in code that makes heavy use of implicit typing. An unused variable or array might
indicate that the spelling for its declaration is different from that of itsintended uses.

Other than casesinvolving typos, unused variables rarely indicate actual bugsin a program.
However, investigating such cases thoroughly has, on occasion, led to the discovery of code that
had not been compl etely written—where the programmer wrote declarations as needed for the
whole agorithm, wrote some or even most of the code for that algorithm, then got distracted and
forgot that the job was not complete.

11.4.5 Unused Arguments
Aswith unused variables, It is possible that unused arguments to a procedure might indicate a
bug. Compile with W —Wunused option to catch cases of unused arguments.

Note that W also enables warnings regarding overflow of floating-point constants under certain
circumstances.

11.4.6 Surprising Interpretationsof Code

The—-Wsuprising option can help find bugs involving expression evaluation or in the way DO
loops with non-integral iteration variables are handled. Cases found by this option might indicate
adifference of interpretation between the author of the code involved, and a standard-conforming
compiler such asg77. Such adifference might produce actual bugs.

In any case, changing the code to explicitly do what the programmer might have expected it to do,
so g77 and other compilers are more likely to follow the programmer’ s expectations, might be
worthwhile, especially if such changes make the program work better.

11.4.7 Aliasing Assumed To Work
The —falias-check, -fargument-alias,

-fargument-noalias,

and —fno-ar gument-noalias-global options, introduced in version 0.5.20 and g77’ sversion
2.7.2.2.f.2 of gcc, control the assumptions regarding aliasing (overlapping) of writes and reads to
main memory (core) made by the gcc back end.

They are effective only when compiling with —O (specifying any level other than —O0) or with
—falias-check.

The default for Fortran code is —far gument-noalias-global. (The default for C code and code
written in other C-based languages is —far gument-alias. These defaults apply regardless of
whether you use g77 or gcc to compile your code.)

Note that, on some systems, compiling with —ffor ce-addr in effect can produce more optimal
code when the default aliasing options arein effect (and when optimization is enabled).
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If your program is not working when compiled with optimization, it is possible it is violating the
Fortran standards (77 and 90) by relying on the ability to “safely” modify variables and arraysthat
arealiased, via procedure calls, to other variables and arrays, without using EQUIVALENCE to
explicitly set up thiskind of aliasing.

(The FORTRAN 77 standard’ s prohibition of this sort of overlap, generally referred to therein as
“storage assocation”, appearsin Sections 15.9.3.6. This prohibition allows implementations, such
asg77, to, for example, implement the passing of procedures and even valuesin COMMON via
copy operations into local, perhaps more efficiently accessed temporaries at entry to a procedure,
and, where appropriate, via copy operations back out to their original locationsin memory at exit
from that procedure, without having to take into consideration the order in which the local copies
are updated by the code, among other things.)

To test this hypothesis, try compiling your program with the —far gument-alias option, which
causes the compiler to revert to assumptions essentially the same as made by versions of g77 prior
to 0.5.20.

If the program works using this option, that strongly suggests that the bug isin your program.
Finding and fixing the bug(s) should result in a program that is more standard-conforming and
that can be compiled by g77 in away that resultsin afaster executable.

(You might want to try compiling with —fargument-noalias, akind of half-way point, to seeif the
problem islimited to aliasing between dummy arguments and COM M ON variables—this option
assumes that such aliasing is not done, while still allowing aliasing among dummy arguments.)

An example of aliasing that isinvalid according to the standardsis shown in the following
program, which might not produce the expected results when executed:

| =1
CALL FOO(I, 1)
PRINT *, |
END

SUBROUTI NE FOO(J, K)
J=J+K
K=J*K

PRINT *, J, K

END

The above program attempts to use the temporary aliasing of the J and K argumentsin FOO to
effect a pathological behavior—the simultaneous changing of the values of both J and K when
either one of them is written.

The programmer likely expects the program to print these values:

2 4
4

However, since the program is not standard-conforming, an implementation’ s behavior when
running it is undefined, because subroutine FOO modifies at least one of the arguments, and they
are aliased with each other. (Even if one of the assignment statements was del eted, the program
would still violate theserules. Thiskind of on-the-fly aliasing is permitted by the standard only
when none of the aliased items are defined, or written, while the aliasing isin effect.)

Asapractical example, an optimizing compiler might schedule the J= part of the second line of
FOO after thereading of J and K for the J * K expression, resulting in the following output:

2 2
2
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Essentially, compilers are promised (by the standard and, therefore, by programmers who write
code they claim to be standard-conforming) that if they cannot detect aliasing via static analysis of
asingle program unit's EQUIVALENCE and COMMON statements, no such aliasing exists. In
such cases, compilers are free to assume that an assignment to one variable will not change the
value of another variable, allowing it to avoid generating code to re-read the value of the other
variable, to re-schedule reads and writes, and so on, to produce afaster executable.

The same promise holds true for arrays (as seen by the called procedure)—an element of one
dummy array cannot be aliased with, or overlap, any element of another dummy array or bein a
COMMON areaknown to the procedure.

(Theserestrictions apply only when the procedure defines, or writes to, one of the aliased
variables or arrays.)

Unfortunately, there is no way to find all possible cases of violations of the prohibitions against
aliasing in Fortran code. Static analysisis certainly imperfect, asis run-time analysis, since
neither can catch all violations. (Static analysis can catch al likely violations, and some that
might never actually happen, while run-time analysis can catch only those violations that actually
happen during a particular run. Neither approach can cope with programs mixing Fortran code
with routines written in other languages, however.)

Currently, g77 provides neither static nor run-time facilities to detect any cases of this problem,
although other products might. Run-time facilities are more likely to be offered by future
versions of g77, though patches improving g77 so that it provides either form of detection are
welcome.

11.4.8 Output Assumed To Flush
For several versions prior to 0.5.20, g77 configured its version of the libf2c run-time library so
that one of its configuration macros, ALWAY S _FL USH, was defined.

Thiswas done as aresult of abelief that many programs expected output to be flushed to the
operating system (under UNIX, viathe fflush() library call) with the result that errors, such as disk
full, would beimmediately flagged viathe relevant ERR= and | OSTAT = mechanism.

Because of the adverse effects this approach had on the performance of many programs, g77 no
longer configures libf2c to always flush outpui.

If your program depends on this behavior, either insert the appropriate CALL FLUSH statements,
or modify the sourcesto the libf2c, rebuild and reinstall g77, and relink your programs with the
modified library.

(Ideadlly, libf2c would offer the choice at run-time, so that a compile-time option to g77 or f2c
could result in generating the appropriate calls to flushing or non-flushing library routines.)

See “ Always Flush Output” for information on how to modify the g77 sourcetree so that a
version of libf2c can be built and installed with the ALWAY S FL USH macro defined.

11.4.9 LargeFile Unit Numbers
If your program crashes at run time with amessage including the text illegal unit number, that
probably is amessage from the run-time library, libf2c, used, and distributed with, g77.

The message means that your program has attempted to use afile unit number that is out of the
range accepted by libf2c. Normally, thisrangeis 0 through 99, and the high end of the rangeis
controlled by alibf2c source-file macro named M XUNIT.

If you can easily change your program to use unit numbersin the range O through 99, you should
do so.

Otherwise, see”Larger File Unit Numbers’, for information on how to change M XUNIT in libf2c
so you can build and install anew version of libf2c that supports the larger unit numbers you
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need.

Note: Whilelibf2c placesalimit on the range of Fortran file-unit numbers, the underlying library
and operating system might impose different kinds of limits. For example, some systems limit
the number of files smultaneously open by arunning program. Information on how to increase
these limits should be found in your system’s documentation.

11.5 Overly Convenient Command-line Options

These options should be used only as a quick-and-dirty way to determine how well your program

will run under different compilation models without having to change the source. Some are more
problematic than others, depending on how portable and maintainable you want the program to be
(and, of course, whether you are allowed to changeit at all is crucial).

You should not continue to use these command-line options to compile a given program, but
rather should make changes to the source code:

—finit-local-zero
(This option specifiesthat any uninitialized local variables and arrays have default
initialization to binary zeros.)

Many other compilers do this automatically, which means|ots of Fortran code
devel oped with those compilers depends onit.

It is safer (and probably would produce afaster program) to find the variables and arrays
that need such initiaization and provide it explicitly viaDATA, so that —finit-local-
zerois not needed.

Consider using “Wuninitialized (which requires—O) to find likely candidates, but do
not specify —finit-local-zer o or —-fno-automatic, or this technique won’t work.

—fno-automatic
(This option specifiesthat all local variables and arraysareto be treated asif they were
named in SAVE statements.)

Many other compilers do this automatically, which means|ots of Fortran code
devel oped with those compilers depends on it.

The effect of thisisthat all non-automatic variables and arrays are made static, that is,
not placed on the stack or in heap storage. This might cause abuggy program to appear
to work better. If so, rather than relying on this command-line option (and hoping al
compilers provide the equivalent one), add SAVE statements to some or all program
unit sources, as appropriate. Consider using —“Wuninitialized (which requires—O) to
find likely candidates, but do not specify —finit-local-zer o or -fno-automatic, or this
technique won't work.

The default is—fautomatic, which tells g77 to try and put variables and arrays on the
stack (or in fast registers) where possible and reasonable. This tendsto make programs
faster.

Note: Automatic variables and arrays are not affected by this option. These are
variables and arraysthat are necessarily automatic, either due to explicit statements, or
due to the way they are declared. Examplesinclude local variablesand arrays not given
the SAVE attribute in procedures declared RECURSIVE, and local arrays declared
with non-constant bounds (automatic arrays). Currently, g77 supports only automatic
arrays, not RECURSI VE procedures or other means of explicitly specifying that
variables or arrays are automatic.
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—fugly
Fix the source code so that —fno-ugly will work. Notethat, for many programs, it is
difficult to practically avoid using the features enabled via—fugly-init, and these
features pose the lowest risk of writing nonportable code, among the various “ ugly”
features.

—fgroup-intrinsics-hide
Change the source code to use EXTERNAL for any external procedure that might be
the name of anintrinsic. Itis easy to find these using —fgroup-intrinsics-disable}.

11.6 Faster Programs

Aside from the usual gcc options, such as—O, —ffast-math, and so on, consider trying some of
the following approachesto speed up your program (once you get it working).

11.6.1 Aligned Data

On some systems, such as those with Pentium Pro CPUs, programs that make heavy use of
REAL (KIND=2) (DOUBL E PRECISION) might run much slower than possible due to the
compiler not aligning these 64-bit values to 64-bit boundariesin memory. (Theeffectasois
present, though to alesser extent, on the 586 (Pentium) architecture.)

The Intel x86 architecture generally ensures that these programs will work on al its
implementations, but particular implementations (such as Pentium Pro) perform better with more
strict alignment. (Such behavior isn’t unique to the Intel x86 architecture.) Other architectures
might demand 64-bit alignment of 64-bit data.

There areavariety of approachesto use to address this problem:

+ Order your COMMON and EQUIVAL ENCE areas such that the variables and arrayswith
the widest alignment guidelines comefirst.

For example, on most systems, this would mean placing COMPLEX(KIND=2),

REAL (KIND=2), and INTEGER(KIND=2) entitiesfirst, followed by REAL (KIND=1),
INTEGER(KIND=1), and LOGICAL (KIND=1) entities, then INTEGER(K|ND=6)
entities, and finally CHARACTER and INTEGER(KIND=3) entities.

The reason to use such placement is it makes it more likely that your datawill be aigned
properly, without requiring you to do detailed analysis of each aggregate (COMM ON and
EQUIVALENCE) area.

Specifically, on systems where the above guidelines are appropriate, placing CHARACTER
entities before REAL (KIND=2) entities can work just aswell, but only if the number of bytes
occupied by the CHARACTER entities is divisible by the recommended alignment for
REAL (KIND=2).

By ordering the placement of entities in aggregate areas according to the simple guidelines
above, you avoid having to carefully count the number of bytes occupied by each entity to
determine whether the actual alignment of each subsequent entity meets the alignment
guidelines for the type of that entity.

If you don’'t ensure correct alignment of COM M ON elements, the compiler may be forced by
some systems to violate the Fortran semantics by adding padding to get DOUBL E

PRECI SION data properly aligned. If the unfortunate practice is employed of overlaying
different types of datain the COM M ON block, the different variants of this block may
become misaligned with respect to each other. Evenif your platform doesn't require strict
alignment, COM M ON should be laid out as above for portability. (Unfortunately the
FORTRAN 77 standard didn’t anticipate this possible requirement, which is compiler-
independent on agiven platform.)
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+ Use the (x86-specific) —malign-double option when compiling programs for the Pentium and
Pentium Pro architectures (called 586 and 686 in the gcc configuration subsystem). The
warning about thisin the gcc manual isn't generally relevant to Fortran, but using it will force
COMMON to be padded if necessary to align DOUBL E PRECISION data.

+ Ensurethat crt0.0 or crtl.0 on your system guarantees a 64-bit aligned stack for main(). The
recent one from GNU (glibc2 will do this on x86 systems, but we don’t know of any other x86
setups whereit will beright. Read your system’s documentation to determineif it is
appropriate to upgrade to a more recent version to obtain the optimal alignment.

Progressis being made on making this work “out of the box” on future versions of g77, gcc, and
some of the relevant operating systems (such as GNU/Linux).

11.6.2 Prefer Automatic Uninitialized Variables
If you' re using —-fno-automatic already, you probably should change your code to allow
compilation with —fautomatic (the default), to alow the program to run faster.

Similarly, you should be able to use —fno-init-local-zer o (the default) instead of —finit-local-zero.
Thisis becauseit israrethat every variable affected by these options in a given program actually
needs to be so affected.

For example, -fho-automatic, which effectively SAVEs every local non-automatic variable and
array, affectseven things like DO iteration variables, which rarely need to be SAVEd, and this
often reduces run-time performances. Similarly, —fno-init-local-zer o forces such variablesto be
initialized to zero—when SAVEd (such as when —fno-automatic), this by itself generally affects
only startup time for a program, but when not SAVEGA, it can slow down the procedure every time
itiscalled.

See “Overly Convenient Command-Line Options’ for information on the —fno-automatic and
—finit-local-zer o options and how to convert their use into selective changesin your own code.

11.6.3 Avoid f2c Compatibility
f2c compatibility f2c

If you aren’t linking with any code compiled using f2c, try using the —-fno-f2c option when
compiling all the codein your program. (Note that libf2c is not an example of codethat is
compiled using f2c—it is compiled by a C compiler, typically gcc.)

11.6.4 Use Submodel Options

Using an appropriate —m option to generate specific code for your CPU may be worthwhile,

though it may mean the executable won't run on other versions of the CPU that don’t support the
same instruction set. See“Hardware Models and Configurations’ in Using and Porting GNU CC.

For recent CPUs that don’t have explicit support in the released version of gcc, it may still be
possible to get improvements. For instance, the flags recommended for 586/686 (Pentium(Pro))
chipsfor building the Linux kernel are:

-mi86 -malign-1oops=2 -malign-junps=2 -malign-functions=2

-fom t-franme-pointer

—fomit-frame-pointer will, however, inhibit debugging on x86 systems.
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12. Known Causes of Trouble with GNU Fortran

This section describes known problems that affect users of GNU Fortran. Most of these are not
GNU Fortran bugs per se—if they were, we would fix them. But the result for auser might be
like the result of abug.

Some of these problems are due to bugs in other software, some are missing featuresthat are too
much work to add, and some are places where peopl€’ s opinions differ asto what is best.

Information on bugs that show up when configuring, porting, building, or installing g77 is not
provided here. See”Problemsinstalling” .

To find out about major bugs discovered in the current release and possible workarounds for them,
retrieve ftp://alpha.gnu.ai.mit.edu/g77.plan.

(Note that some of this portion of the manual islifted directly from the gcc manual, with minor
modifications to tailor it to users of g77. Anytime abug seems to have more to do with the gcc
portion of g77, see “Known Causes of Troublewith GNU CC” in Using and Porting GNU CC.)

12.1 BugsNot In GNU Fortran

These are bugs to which the maintainers often have to reply, “but that isn’t abug in g77...”. Some
of these already are fixed in new versions of other software; some still need to be fixed; some are
problems with how g77 isinstalled or is being used; some are the result of bad hardware that
causes software to misbehave in sometimes bizarre ways; some just cannot be addressed at this
time until more is known about the problem.

Please don't re-report these bugs to the g77 maintainers—if you must remind someone how
important it isto you that the problem be fixed, talk to the people responsible for the other
products identified below, but preferably only after you' ve tried the latest versions of those
products. The g77 maintainers have their hands full working on just fixing and improving g77,
without serving as a clearinghouse for all bugs that happen to affect g77 users.

See“ Collected Fortran Wisdom” for information on behavior of Fortran programs, and the
programs that compile them, that might be thought to indicate bugs.

12.1.1 Signal 11 and Friends

A whole variety of strange behaviors can occur when the software, or the way you are using the
software, stresses the hardware in away that triggers hardware bugs. This might seem hard to
believe, but it happens frequently enough that there exist documents explaining in detail what the
various causes of the problems are, what typical symptoms look like, and so on.

Generally these problems arereferred to in this document as “signal 11" crashes, because the
Linux kernel, running on the most popular hardware (the Intel x86 line), often stresses the
hardware more than other popular operating systems. When hardware problems do occur under
GNUY/Linux on x86 systems, these often manifest themselves as“signal 11” problems, as
illustrated by the following diagnostic:

sh# g77 myprog.f
gcc: Internal conpiler error: programf771 got fatal signal 11
sh#

It is very important to remember that the above messageis not the only one that indicates a
hardware problem, nor doesit always indicate a hardware problem.

In particular, on systems other than those running the Linux kernel, the message might appear
somewhat or very different, asit will if the error manifestsitself while running a program other
than the g77 compiler. For example, it will appear somewhat different when running your
program, when running Emacs, and so on.
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How to cope with such problems is well beyond the scope of this manual.

However, users of Linux-based systems (such as GNU/Linux) should review
http://www.bitwizar d.nl/sigl1, a source of detailed information on diagnosing hardware
problems, by recognizing their common symptoms.

Users of other operating systems and hardware might find this reference useful aswell. If you
know of similar material for another hardware/software combination, please let us know so we
can consider including areferenceto it in future versions of this manual.

12.1.2 Cannot Link Fortran Programs
On some systems, perhapsjust those with out-of-date (shared?) libraries, unresolved-reference
errors happen when linking g77-compiled programs (which should be done using g77).

If this happensto you, try appending — ¢ to the command you useto link the program, e.g. g77
foo.f -lc. g77 aready specifies—f2c 4m when it calls the linker, but it cannot also specify —c
because not al systems have afile named libc.a.

It isunclear at this point whether there are legitimately installed systems where—f2c{m is
insufficient to resolve code produced by g77.

If your program doesn’t link due to unresolved referencesto nameslike _main, make sureyou're
using the g77 command to do the link, since this command ensures that the necessary libraries are
loaded by specifying —f2c -Im when it invokes the gcc command to do the actual link. (Usethe
—Vv option to discover more about what actually happens when you use the g77 and gcc
commands.)

Also, try specifying —c asthe last item on the g77 command line, in casethat helps.

12.1.3 Large Common Blocks
On some older GNU/Linux systems, programs with common blocks larger than 16MB cannot be
linked without some kind of error message being produced.

Thisisabug in older versions of Id, fixed in more recent versions of binutils, such asversion 2.6.

12.1.4 Debugger Problems

gdb support gdb There are some known problems when using gdb on code compiled by g77.
Inadequate investigation as of the release of 0.5.16 results in not knowing which products are the
culprit, but gdb-4.14 definitely crashes when, for example, an attempt is made to print the
contents of a COM PL EX(K1ND=2) dummy array, on at |east some GNU/Linux machines, plus
some others.

12.1.5 NeXT Step Problems

Developers of Fortran code on NeXTStep (all architectures) have to watch out for the following
problem when writing programs with large, statically allocated (i.e. non-stack based) data
structures (common blocks, saved arrays).

Due to the way the native loader ($INTERIX_ROOT/usr/contrib/bin/ld) lays out data structures
invirtual memory, it is very easy to create an executable whereinthe _ DATA segment overlaps
(has addresses in common) with the UNI X STACK segment.

Thisleadsto all sorts of trouble, from the executable simply not executing, to bus errors. The
NeXTStep command line tool ebadexec points to the problem as follows:

% / bi n/ ebadexec a. out

/ bi n/ ebadexec: __LINKEDI T segnent (truncated address = 0x3de000
rounded si ze = 0x2a000) of executable file: a.out overlaps with UNI X
STACK segnent (truncated address = 0x400000 rounded size =
0x3c00000) of executable file: a.out
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(Inthe above casg, it isthe_ LINKEDIT segment that overlaps the stack segment.)

This can be cured by assigning the_ DATA segment (virtual) addresses beyond the stack
segment. A conservative estimate for this is from address 6000000 (hexadecimal) onwards—this
has always worked for me [Toon Moene]:

% g77 -segaddr __ DATA 6000000 test.f

% ebadexec a. out

ebadexec: file: a.out appears to be executable
%

Browsing through gec/f/M akefile.in, you will find that the f771 program itself also hasto be
linked with these flags—it has large statically allocated data structures. (Version 0.5.18 reduces
this somewhat, but probably not enough.)

(The above item was contributed by Toon M oene (toon@moene.indiv.nluug.nl).)

12.1.6 Stack Overflow

g77 code might fail at runtime (probably with a“segmentation violation™) due to overflowing the
stack. This happens most often on systems with an environment that provides substantially more
heap space (for use when arbitrarily allocating and freeing memory) than stack space.

Often this can be cured by increasing or removing your shell’ s limit on stack usage, typically
using
[imt stacksize
in csh and derivatives) or
ulimt -s
in sh and derivatives).

Increasing the allowed stack size might, however, require changing some operating system or
system configuration parameters.

You might be able to work around the problem by compiling with the -fno-automatic option to
reduce stack usage, probably at the expense of speed.

See“Maximum Stackable Size” for information on patching g77 to use different criteriafor
placing local non-automatic variables and arrays on the stack.

However, if your program uses large automatic arrays (for example, has declarations like REAL
A(N) where A isaloca array and N isadummy or COMMON variable that can have alarge
value), neither use of —-fho-automatic, nor changing the cut-off point for g77 for using the stack,
will solve the problem by changing the placement of these large arrays, as they are necessarily
automatic.

g77 currently provides no means to specify that automatic arrays are to be allocated on the heap
instead of the stack. So, other than increasing the stack size, your best bet is to change your
source codeto avoid large automatic arrays. Methods for doing this currently are outside the
scope of this document.

Note: If your system puts stack and heap space in the same memory area, such that they are
effectively combined, then a stack overflow probably indicates aprogram that is either smply too
large for the system, or buggy.)

12.1.7 Nothing Happens

test test programstest It is occasionally reported that a“simple” program, such asa“Hello,
World!” program, does nothing when it is run, even though the compiler reported no errors,
despite the program containing nothing other than asimple PRINT statement.
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This most often happens because the program has been compiled and linked on a UNIX system
and named test, though other names can lead to similarly unexpected run-time behavior on
various systems.

Essentially this problem boils down to giving your program aname that is already known to the
shell you are using to identify some other program, which the shell continues to execute instead of
your program when you invoke it via, for example:

sh# test
sh#

Under UNIX and many other system, a simple command name invokes a searching mechanism
that might well not choose the program located in the current working directory if thereis another
alternative (such asthe test command commonly installed on UNIX systems).

Thereliable way to invoke a program you just linked in the current directory under UNIX isto
specify it using an explicit pathname, asin:

sh# ./test
Hel | o, Wbrl d!
sh#

Userswho encounter this problem should take the time to read up on how their shell searchesfor
commands, how to set their search path, and so on. The relevant UNIX commands to learn about
include man, info (on GNU systems), setenv (or set and env), which, and find.

12.1.8 Strange Behavior at Run Time
g77 code might fail at runtime with “segmentation violation”, “bus error”, or even something as
subtle as a procedure call overwriting avariable or array element that it is not supposed to touch.

These can be symptoms of awide variety of actual bugs that occurred earlier during the program’s
run, but manifested themselves as visible problems some time | ater.

Overflowing the bounds of an array—usually by writing beyond the end of it—is one of two kinds
of bug that often occursin Fortran code.

The other kind of bug is amismatch between the actual arguments passed to a procedure and the
dummy arguments as declared by that procedure.

Both of these kinds of bugs, and some others as well, can be difficult to track down, becausethe
bug can change its behavior, or even appear to not occur, when using a debugger.

That is, these bugs can be quite sensitive to data, including data representing the placement of
other datain memory (that is, pointers, such as the placement of stack framesin memory).

Plans call for improving g77 so that it can offer the ability to catch and report some of these
problems at compile, link, or run time, such as by generating code to detect referencesto beyond
the bounds of an array, or checking for agreement between calling and called procedures.

In the meantime, finding and fixing the programming bugs that lead to these behaviorsis,
ultimately, the user’ sresponsihility, as difficult as that task can sometimes be.

One runtime problem that has been observed might have asimple solution. |f aformatted
WRITE produces an endless stream of spaces, check that your program is linked against the
correct version of the C library. The configuration process takes care to account for your system’s
normal libc not being ANSI-standard, which will otherwise cause this behaviour. If your system’s
default library is ANSI-standard and you subsequently link against a non-ANSI one, there might
be problems such as this one.

Specifically, on Solaris2 systems, avoid picking up the BSD library from /usr/ucblib.
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12.1.9 Floating-point Errors
Some programs appear to produce inconsistent floating-point results compiled by g77 versus by
other compilers.

Often the reason for this behavior is the fact that floating-point values are represented on amost
all Fortran systems by approximations, and these approximations are inexact even for apparently
simplevaueslike0.1, 0.2,0.3,0.4,0.6,0.7,0.8,0.9, 1.1, and so on. Most Fortran systems,
including al current ports of g77, use binary arithmetic to represent these approximations.

Therefore, the exact value of any floating-point approximation as manipulated by g77-compiled
code is representable by adding some combination of the values 1.0, 0.5, 0.25, 0.125, and so on
(just keep dividing by two) through the precision of the fraction (typically around 23 bits for
REAL (KIND=1), 52 for REAL (KIND=2)), then multiplying the sum by aintegral power of two
(in Fortran, by 2**N) that typically is between -127 and +128 for REAL (KIND=1) and -1023
and +1024 for REAL (KIND=2), then multiplying by -1 if the number is negative.

So, avauelike 0.2 is exactly represented in decimal—sinceit isafraction, 2/10, with a
denomenator that is compatible with the base of the number system (base 10). However, 2/10
cannot be represented by any finite number of sums of any of 1.0, 0.5, 0.25, and so on, so 0.2
cannot be exactly represented in binary notation.

(On the other hand, decimal notation can represent any binary number in afinite number of digits.
Decimal notation cannot do so with ternary, or base-3, notation, which would represent floating-
point numbers as sums of any of 1/1, 1/3, 1/9, and so on. After al, no finite number of decimal
digits can exactly represent 1/3. Fortunately, few systems use ternary notation.)

Moreover, differencesin the way run-time 1/O libraries convert between these approximations and
the decimal representation often used by programmers and the programs they write can result in
apparent differences between results that do not actually exist, or exist to such asmall degreethat
they usually are not worth worrying about.

For example, consider the following program:

PRI NT *, 0.2
END

When compiled by g77, the above program might output 0.20000003, while another compiler
might produce a executabl e that outputs 0.2.

This particular differenceis due to the fact that, currently, conversion of floating-point values by
the libf2c library, used by g77, handles only double-precision values.

Since 0.2 in the program is asingle-precision value, it is converted to double precision (still in
binary notation) before being converted back to decimal. The conversion to binary appends
_binary_ zero digits to the original value—which, again, is an inexact approximation of 0.2—
resulting in an approximation that is much less exact than is connoted by the use of double
precision.

(The appending of binary zero digits has essentially the same effect astaking a particular decimal
approximation of 1/3, such as 0.3333333, and appending decimal zerosto it, producing
0.33333330000000000. Treating the resulting decimal approximation asif it really had 18 or so
digits of valid precision would make it seem avery poor approximation of 1/3.)

Asaresult of converting the single-precision approximation to double precision by appending
binary zeros, the conversion of the resulting double-precision value to decimal produces what
looks like an incorrect result, when in fact the result is inexact, and is probably no less inaccurate
or imprecise an approximation of 0.2 than is produced by other compilers that happen to output
the converted value as “exactly” 0.2. (Some compilers behavein away that can make them
appear to retain more accuracy across a conversion of a single-precision constant to double
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precision. See“Context-Sensitive Constants” to see why this practiceisillusory and even
dangerous.)

Note that a more exact approximation of the constant is computed when the program is changed to
specify a double-precision constant:

PRI NT *, 0.2D0
END

Future versions of g77 and/or libf2c might convert single-precision values directly to decimal,
instead of converting them to double precision first. Thiswould tend to result in output that is
more consistent with that produced by some other Fortran implementations.

12.2 Missing Features

This section lists features we know are missing from g77, and which we want to add someday.
(Thereis no priority implied in the ordering below.)

12.2.1 Better Source M odel

g77 needsto provide, as the default source-line model, a“pure visual” mode, where the
interpretation of a source program in this mode can be accurately determined by a user looking at
atraditionally displayed rendition of the program (assuming the user knows whether the program
isfixed or freeform).

The design should assume the user cannot tell tabs from spaces and cannot see trailing spaceson
lines, but has canonical tab stops and, for fixed-form source, has the ability to always know
exactly where column 72 is (since the Fortran standard itself requiresthis for fixed-form source).

Thiswould change the default treatment of fixed-form source to not treat lines with tabs asif they
were infinitely long—instead, they would end at column 72 just asif the tabs were replaced by
spacesin the canonical way.

As part of this, provide common alternate models (Digital, f2c, and so on) via command-line
options. Thisincludes allowing arbitrarily long lines for free-form source as well as fixed-form
source and providing various limits and diagnostics as appropriate.

Also, g77 should offer, perhaps even default to, warnings when characters beyond the last valid
column are anything other than spaces. Thiswould mean code with “sequence numbers’ in
columns 73 through 80 would be rejected, and there’ salot of that kind of code around, but one of
the most frequent bugs encountered by new usersis accidentally writing fixed-form source code
into and beyond column 73. So, maybe the users of old code would be able to more easily handle
having to specify, say, a-Wno-col 73to80 option.

12.2.2 Fortran 90 Support
g77 does not support many of the features that distinguish Fortran 90 (and, now, Fortran 95) from
ANSI FORTRAN 77.

Some Fortran 90 features are supported, because they make sense to offer even to die-hard users
of F77. For example, many of them codify various ways F77 has been extended to meet users
needs during its tenure, so g77 might as well offer them asthe primary way to meet those same
needs, even if it offers compatibility with one or more of the ways those needs were met by other
F77 compilersin the industry.

Still, many important FOO features are not supported, because no attempt has been made to
research each and every feature and assess its viability in g77. Inthe meantime, users who need
those features must use Fortran 90 compilers anyway, and the best approach to adding some F90
featuresto GNU Fortran might well be to fund a comprehensive project to create GNU Fortran 95.
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12.2.3 Intrinsicsin PARAMETER Statements
g77 doesn’'t dlow intrinsicsin PARAMETER statements. Thisfeatureis considered to be
absolutely vital, even though it is not standard-conforming, and is scheduled for version 0.6.

Related to this, g77 doesn’'t allow non-integral exponentiation in PARAMETER statements, such
as PARAMETER (R=2**.25).

It isunlikely g77 will ever support this feature, as doing it properly requires complete emulation
of atarget computer’ s floating-point facilities when building g77 as a cross-compiler. But, if the
gce back end is enhanced to provide such afacility, g77 will likely use that facility in
implementing this feature soon afterwards.

12.2.4 SELECT CASE on CHARACTER Type
Character-type selector/casesfor SELECT CASE currently are not supported.

12.2.5 RECURSIVE Keyword
g77 doesn't support the RECURSIVE keyword that FO0 compilersdo. Nor doesit provide any
means for compiling procedures designed to do recursion.

All recursive code can be rewritten to not use recursion, but the result is not pretty.

12.2.6 Increasing Precision/Range

Some compilers, such asf2c, have an option (—r8 or similar) that provides automatic treatment of
REAL entities such that they have twice the storage size, and a corresponding increasein the
range and precision, of what would normally be the REAL (KIND=1) (default REAL ) type.
(Thisaffects COMPLEX the same way.)

They also typically offer another option (—8) to increase INTEGER entities so they aretwice as
large (with roughly twice as much range).

(There are potential pitfallsin using these options.)

g77 does not yet offer any option that performs these kinds of transformations. Part of the
problem isthe lack of detailed specifications regarding exactly how these options affect the
interpretation of constants, intrinsics, and so on.

Until g77 addresses this need, programmers could improve the portability of their code by
modifying it to not require compile-time options to produce correct results. Some freetools are
available which may help, specifically in Toolpack (which one would expect to be sound) and the
fortran section of the Netlib repository.

Use of preprocessors can provide afairly portable means to work around the lack of widely
portable methods in the Fortran language itself (though increasing acceptance of Fortran 90 would
aleviate this problem).

12.2.7 Popular Non-standard Types

g77 doesn't fully support INTEGER*2, LOGICAL*1, and similar. Version 0.6 will provide
full support for this very popular set of features. In the meantime, version 0.5.18 provides
rudimentary support for them.

12.2.8 Full Support for Compiler Types

g77 doesn't support INTEGER, REAL, and COMPLEX equivalentsfor all applicable back-
end-supported types (char, short int, int, long int, long long int, and long double). This means
providing intrinsic support, and maybe constant support (using F90 syntax) as well, and, for most
machines will result in automatic support of INTEGER*1, INTEGER*2, INTEGER*8, maybe
even REAL*16, and so on. Thisis scheduled for version 0.6.

12.2.9 Array Bounds Expressions
g77 doesn’t support more general expressions to dimension arrays, such as array element
references, function references, etc.
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For example, g77 currently does not accept the following:

SUBROUTI NE X(M N
| NTEGER N(10), M N(2), N(1))

12.2.10 POINTER Statements

g77 doesn't support pointers or allocatable objects (other than automatic arrays). This set of
featuresis probably considered just behind intrinsicsin PARAMETER statements on the list of
large, important things to add to g77.

In the meantime, consider using the INTEGER(KIND=7) declaration to specify that avariable
must be ableto hold apointer. This construct is not portable to other non-GNU compilers, but it
is portable to al machines GNU Fortran supports when g77 is used.

See “Functions and Subroutines’ for information on % VAL (), % REF(), and % DESCR()
constructs, which are useful for passing pointers to procedureswritten in languages other than
Fortran.

12.2.11 Sensible Non-standard Constructs

g77 rejects things other compilers accept, like INTRINSIC SQRT,SQRT. Astime permitsin
the future, some of these things that are easy for humans to read and write and unlikely to be
intended to mean something else will be accepted by g77 (though —fpedantic should trigger
warnings about such non-standard constructs).

Until g77 no longer gratuitously rejects sensible code, you might aswell fix your code to be more
standard-conforming and portable.

Thekind of casethat isimportant to except from the recommendation to change your codeis one
where following good coding rules would force you to write non-standard code that neverthel ess
has a clear meaning.

For example, when writing an INCL UDE file that defines acommon block, it might be
appropriate to include a SAVE statement for the common block (such as SAVE /CBL OCKY/), so
that variables defined in the common block retain their values even when all procedures declaring
the common block become inactive (return to their callers).

However, putting SAVE statementsin an INCL UDE filewould prevent otherwise standard-
conforming code from also specifying the SAVE statement, by itself, to indicate that all local
variables and arrays are to have the SAVE attribute.

For this reason, g77 aready has been changed to allow this combination, because although the
general problem of gratuitously rejecting unambiguous and “safe” constructs till existsin g77,
this particular construct was deemed useful enough that it was worth fixing g77 for just this case.

So, while there is no need to change your code to avoid using this particular construct, there might
be other, equally appropriate but non-standard constructs, that you shouldn’t have to stop using
just because g77 (or any other compiler) gratuitously rejectsit.

Until the general problem is solved, if you have any such construct you believeis worthwhile
using (e.g. not just an arbitrary, redundant specification of an attribute), please submit abug report
with an explanation, so we can consider fixing g77 just for caseslike yours.

12.2.12 FLUSH Statement

g77 could perhapsuse aFL USH statement that doeswhat CALL FLUSH does, but that
supports * asthe unit designator (same unit asfor PRINT) and accepts ERR= and/or IOSTAT=
specifiers.

12.2.13 Expressionsin FORMAT Statements

g77 doesn't support FORMAT (I<J>) and the like. Supporting this requires a significant
redesign or replacement of libf2c.
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However, afuture version of g77 might support this construct when the expression is constant.
For example:

PARAVETER (| W DTH = 12)
10  FORMAT (I <I W DTH>)

In the meantime, at least for output (PRINT and WRITE), Fortran code making use of this
feature can be rewritten to avoid it by constructing the FORMAT stringinaCHARACTER
variable or array, then using that variable or array in place of the FORM AT statement label to do
theoriginal PRINT or WRITE.

Many uses of this feature on input can be rewritten this way aswell, but not al can. For example,
this can be rewritten:

READ 20, |
20  FORMAT (I<J>)

However, this cannot, in general, be rewritten, especially when ERR= and END= constructs are
employed:

READ 30, J, |
30  FORMAT (I<J>)

12.2.14 Explicit Assembler Code
g77 needs to provide some way, alagcc, for g77 code to specify explicit assembler code.

12.2.15 Q Edit Descriptor

The Q edit descriptor in FORMATsisn't supported. (Thisis meant to get the number of
charactersremaining in an input record.) Supporting this requires a significant redesign or
replacement of libf2c.

A workaround might be using internal 1/O or the stream-based intrinsics. See“FGetC Intrinsic
(subroutine)”.

12.2.16 Old-style PARAMETER Statements

g77 doesn't accept PARAMETER |=1. Supporting this obsolete form of the PARAMETER
statement would not be particularly hard, as most of the parsing codeis already in place and
working.

Until time/money is spent implementing it, you might aswell fix your code to use the standard
form, PARAMETER (I1=1) (possibly needing INTEGER | preceding the PARAMETER
statement as well, otherwise, in the obsolete form of PARAMETER, the type of the variableis
set from the type of the constant being assigned to it).

12.2.17 TYPE and ACCEPT I/O Statements
g77 doesn't support the 1/0O statements TY PE and ACCEPT. These are common extensions that
should be easy to support, but also arefairly easy to work around in user code.

Generdly, any TYPE fmt,list 1/O statement can be replaced by PRINT fmt,list. And, any
ACCEPT fmt,list statement can be replaced by READ fmt,list.

12.2.18 STRUCTURE, UNION, RECORD, MAP

g77 doesn’'t support STRUCTURE, UNION, RECORD, MAP. This set of extensionsis quitea
bit lower on the list of large, important things to add to g77, partly becauseit requires agreat deal
of work either upgrading or replacing libf2c.

12.2.19 OPEN, CLOSE , and INQUIRE Keywords

g77 doesn't have support for keywords such as DISP="DELETE’ in the OPEN, CLOSE, and
INQUIRE statements. These extensions are easy to add to g77 itself, but require much more
work on libf2c.
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12.2.20 ENCODE and DECODE
g77 doesn't support ENCODE or DECODE.

These statements are best replaced by READ and WRITE statements involving internal files
(CHARACTER variables and arrays).

For example, replace a code fragment like
| NTEGER*1 LI NE( 80)

DECODE (80, 9000, LINE) A, B, C

9000 FORMAT (1X, 3(F10.5))
with:
CHARACTER* 80 LI NE

READ (UNI T=LI NE, FMI=9000) A, B, C

9000 FORMAT (1X, 3(F10.5))
Similarly, replace a code fragment like
| NTEGER*1 LI NE( 80)

ENCODE (80, 9000, LINE) A, B, C

9000 FORMAT (1X, 'OUTPUT IS ', 3(F10.5))
with:
CHARACTER*80 LI NE

WRI TE (UNI T=LI NE, FMI=9000) A, B, C

9000 FORMAT (1X, 'OUTPUT IS ', 3(F10.5))
Itisentirely possible that ENCODE and DECODE will be supported by afuture version of g77.

12.2.21 Suppressing Space Padding of SourcelLines
g77 should offer VX T-Fortran-style suppression of virtual spaces at the end of asourcelineif an
appropriate command-line option is specified.

This affects cases where a character constant is continued onto the next line in afixed-form source
file, asin the following example:

10 PRI NT *, " HON MANY
1 SPACES?’

g77, and many other compilers, virtually extend the continued line through column 72 with spaces
that become part of the character constant, but Digital Fortran normally didn’t, leaving only one
space between MANY and SPACES? in the output of the above statement.

Fairly recently, at least one version of Digital Fortran was enhanced to provide the other behavior
when a command-line option is specified, apparently due to demand from readers of the USENET
group comp.lang.fortran to offer conformanceto this widespread practicein theindustry. g77
should return the favor by offering conformanceto Digital’ s approach to handling the above
example.
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12.2.22 Fortran Preprocessor
g77 should offer a preprocessor designed specifically for Fortran to replace cpp -traditional.
There are several out there worth evaluating, at least.

Such a preprocessor would recognize Hollerith constants, properly parse comments and character
constants, and so on. It might aso recognize, process, and thus preprocessfilesincluded viathe
INCLUDE directive.

12.2.23 Bit Operationson Floating-point Data
g77 does not allow REAL and other non-integral types for arguments to intrinsics like AND,
OR, and SHIFT.

For example, this program is rejected by g77, because theintrinsic | AND does not accept REAL
arguments:

DATA A/ 7.54/, B/ 9.112/
PRINT *, |AND(A B)
END

12.2.24 POSIX Standard
g77 should support the POSIX standard for Fortran.

12.2.25 Floating-point Exception Handling

The gce backend and, consequently, g77, currently provides no control over whether or not
floating-point exceptions are trapped or ignored. (Ignoring them typically resultsin NaN values
being propagated in systems that conform to IEEE 754.) The behaviour isinherited from the
system-dependent startup code.

Most systems provide some C-callable mechanism to change this; this can be invoked at startup
using gcc' s constr uctor attribute. For example, just compiling and linking the following C code
with your program will turn on exception trapping for the “common” exceptions on an x86-based
GNU system:

#i ncl ude <fpu_control . h>
void __attribute__ ((constructor))
trapfpe ()
(void) __ setfpucw (_FPU DEFAULT &
"(_FPU_MASK_IM| _FPU MASK ZM| _FPU MASK QM );
}

12.2.26 Nonportable Conversions

g77 doesn't accept some particularly nonportable, silent data-type conversions such as
LOGICAL toREAL (asin A=.FALSE., where A istype REAL), that other compilers might
quietly accept.

Some of these conversions are accepted by g77 when the —fugly option is specified. Perhapsit
should accept more or all of them.

12.2.27 Large Automatic Arrays

Currently, automatic arrays always are alocated on the stack. For situations where the stack
cannot be made large enough, g77 should offer acompiler option that specifies allocation of
automatic arraysin heap storage.

12.2.28 Support for Threads

Neither the code produced by g77 nor the libf2c library are thread-safe, nor does g77 have
support for parallel processing (other than the instruction-level parallelism available on some
processors). A package such as PVM might help here.
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12.2.29 Gracefully Handle Sensible Bad Code
g77 generally should continue processing for warnings and recoverable (user) errors whenever
possible—that is, it shouldn’t gratuitously make bad or useless code.

For example:

| NTRI NSI C ZABS
CALL FOO( ZABS)
END

When compiling the above with —ff2c-intrinsics-disable g77 should indeed complain about
passing ZABS, but it still should compile, instead of rejecting the entire CALL statement. (Some
of thisisrelated to improving the compiler internalsto improve how statements are analyzed.)

12.2.30 Non-standard Conversions
—Wconver sion and related should flag places where non-standard conversions are found.
Perhaps much of this would be part of “Wugly*.

12.2.31 Non-standard Intrinsics

g77 needs a new option, like -Wintrinsics, to warn about use of non-standard intrinsics without
explicit INTRINSIC statements for them. Thiswould help find code that might fail silently
when ported to another compiler.

12.2.32 Modifying DO Variable

g77 should warn about modifying DO variablesviaEQUIVALENCE. (Theinterna
information gathered to produce this warning might also be useful in setting the internal “ doiter”
flag for avariable or even array referencewithin aloop, since that might produce faster code
someday.)

For example, this code isinvalid, so g77 should warn about the invalid assignment to NOTHER:

EQUI VALENCE (I, NOTHER)
DOI =1, 100

IF (I.EQ 10) NOTHER = 20
END DO

12.2.33 Better Pedantic Compilation

g77 needs to support —fpedantic more thoroughly, and use it only to generate warnings instead of
rejecting constructs outright. Haveit warn: if avariable that dimensions an array is not adummy
or placed explicitly in COMMON (F77 does not alow it to be placedin COMMON via
EQUIVALENCE); if specification statements follow statement-function-definition statements;
about al sorts of syntactic extensions.

12.2.34 Warn About Implicit Conversions

g77 needs a—\W promotions option to warn if source code appears to expect automatic, silent,
and somewhat dangerous compiler-assisted conversion of REAL (KI1ND=1) constants to
REAL (KIND=2) based on context.

For example, it would warn about caseslike this:

DOUBLE PRECI SI ON FOO
PARAMETER (TZPHI = 9. 435784839284958)
FOO = TZPH * 3DO

12.2.35 Invalid Use of Hollerith Constant

g77 should disallow statements like RETURN 2HAB, which areinvalid in both source forms
(unlike RETURN (2HAB), which probably still makes no sense but at least can be reliably
parsed). Fixed-form processing rejectsit, but not free-form, except in away that is a bit difficult
to understand.
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12.2.36 Dummy Array Without Dimensioning Dummy
g77 should complain when alist of dummy arguments containing an adjustable dummy array
does not also contain every variable listed in the dimension list of the adjustable array.

Currently, g77 does complain about avariable that dimensions an array but doesn’t appear in any
dummy list or COMMON area, but this needs to be extended to catch cases whereit doesn’'t
appear in every dummy list that also lists any arraysit dimensions.

For example, g77 should warn about the entry point ALT below, sinceit includes ARRAY but
not ISIZE initslist of arguments:

SUBROUTI NE PRI MARY( ARRAY, | S| ZE)
REAL ARRAY( | S| ZE)
ENTRY ALT(ARRAY)

12.2.37 Invalid FORMAT Specifiers
g77 should check FORMAT specifiersfor validity asit does FORMAT statements.

For example, adiagnostic would be produced for:
PRINT "H THERE!" !User neant PRINT *, 'H THERE!

12.2.38 AmbiguousDialects

g77 needs a set of options such as—Wugly*, “Wautomatic, “Wuxt, “Wf90, and so on. These
would warn about placesin the user’ s source where ambiguities are found, helpful in resolving
ambiguities in the program’ s dialect or dialects.

12.2.39 Unused Labels
g77 should warn about unused labels when “Wunused isin effect.

12.2.40 Informational M essages
g77 needs an option to suppress information messages (notes). —w does this but also suppresses
warnings. The default should be to suppressinfo messages.

Perhaps info messages should simply be eliminated.

12.2.41 Uninitialized Variablesat Run Time

g77 needs an option to initialize everything (not otherwise explicitly initialized) to “weird”
(machine-dependent) values, e.g. NaNs, bad (non-NULL) pointers, and largest-magnitude integers,
would help track down referencesto some kinds of uninitialized variables at run time.

Note that use of the options —-O —“Wuninitialized can catch many such bugs at compile time.

12.2.42 Bounds Checking at Run Time
g77 should offer run-time bounds-checking of array/subscript referencesin afashion similar to
f2c.

Note that g77 already warns about referencesto out-of-bounds elements of arrayswhen it detects
these at compiletime.

12.2.43 LabelsVisibleto Debugger

g77 should output debugging information for statements labels, for use by debuggers that know
how to support them. Same with weirder things like construct names. It is not yet known if any
debug formats or debuggers support these.

12.3 Disappointmentsand Misunder standings

These problems are perhaps regrettable, but we don’t know any practical way around them for
NOW.



GNU Fortran (0.5.21) 122

12.3.1 Mangling of Namesin Source Code

The current external-interface design, which includes naming of external procedures, COMMON
blocks, and the library interface, has various usability problems, including things like adding
underscores where not really necessary (and preventing easier inter-language operability) and yet
not providing complete namespace freedom for user C code linked with Fortran apps (due to the
naming of functionsin the library, among other things).

Project GNU should at least get all this“right” for systemsit fully controls, such asthe Hurd, and
provide defaults and options for compatibility with existing systems and interoperability with
popular existing compilers.

12.3.2 Multiple Definitions of Exter nal Names
g77 doesn't allow acommon block and an external procedure or BLOCK DATA to havethe
same name. Some systems allow this, but g77 does not, to be compatible with f2c.

g77 could specia-casethe way it handlesBLOCK DATA, sinceit is not compatible with f2c in
this particular area (necessarily, since g77 offersan important feature here), but it islikely that
such special-casing would be very annoying to people with programsthat use EXTERNAL
FOO, with no other mention of FOO in the same program unit, to refer to external procedures,
since the result would be that g77 would treat these references as requests to force-load BLOCK
DATA program units.

Inthat case, if g77 modified names of BLOCK DATA so they could have the same names as
COMMON, userswould find that their programs wouldn’t link because the FOO procedure
didn’t have its name trand ated the same way.

(Strictly speaking, g77 could emit a null-but-externally-satisfying definition of FOO with its
name transformed asif it had been aBL OCK DATA, but that probably invites more trouble than
it'sworth.)

12.3.3 Limitation on Implicit Declar ations
g77 disalows IMPLICIT CHARACTER*(*). Thisis not standard-conforming.

12.4 Certain ChangesWe Don’t Want to Make

This section lists changes that people frequently request, but which we do not make because we
think GNU Fortran is better without them.

12.4.1 Backdash in Constants

In the opinion of many experienced Fortran users, —fno-backslash should be the default, not
—fbackdash, as currently set by g77.

First of al, you can aways specify —fno-backslash to turn off this processing.

Despite not being within the spirit (though apparently within the letter) of the ANSI FORTRAN
77 standard, g77 defaults to —fbackslash because that is what most UNIX 77 commands default
to, and apparently lots of code depends on this feature.

Thisisaparticularly troubling issue. The use of aC construct in the midst of Fortran codeis bad
enough, worse when it makes existing Fortran programs stop working (as happens when programs
written for non-UNIX systems are ported to UNIX systems with compilers that provide the
—fbacksd ash feature as the default—sometimes with no option to turn it off).

The author of GNU Fortran wished, for reasons of linguistic purity, to make —fno-backslash the
default for GNU Fortran and thus require users of UNIX f77 and f2c to specify —fbackslash to get
the UNIX behavior.

However, the redlization that g77 isintended as a replacement for UNIX f77, caused the author to
choose to make g77 as compatible with f77 as feasible, which meant making —fbackslash the
default.
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The primary focus on compatibility is at the source-code level, and the question became “What
will users expect areplacement for f77 to do, by default?’ Although at least one UNIX 77 does
not provide —fbackslash as a default, it appears that the majority of them do, which suggests that
the majority of code that is compiled by UNIX 77 compilers expects —fbackslash to be the
default.

Itis probably the case that more code exists that would not work with —fbackslash in force than
code that requiresit bein force.

However, most of that codeis not being compiled with 77, and when it is, new build procedures
(snell scripts, makefiles, and so on) must be set up anyway so that they work under UNIX. That
makes a much more natural and safe opportunity for non-UNIX users to adapt their build
proceduresfor g77’ s default of —-fbackslash than would exist for the majority of UNIX f77 users
who would have to modify existing, working build proceduresto explicitly specify —fbackslash if
that was not the default.

One suggestion has been to configure the default for —fbackslash (and perhaps other options as
well) based on the configuration of g77.

Thisistechnically quite straightforward, but will be avoided even in cases where not configuring
defaults to be dependent on a particular configuration greatly inconveniences some users of legacy
code.

Many users appreciate the GNU compilers because they provide an environment that is uniform
across machines. These users would be inconvenienced if the compiler treated things like the
format of the source code differently on certain machines.

Occasionally userswrite programsintended only for a particular machinetype. On these
occasions, the users would benefit if the GNU Fortran compiler were to support by default the
same dialect as the other compilers on that machine. But such applications arerare. And users
writing a program to run on more than one type of machine cannot possibly benefit from this kind
of compatibility. (Thisis consistent with the design goalsfor gcc. To change them for g77, you
must first change them for gcc. Do not ask the maintainers of g77 to do thisfor you, or to
disassociate g77 from the widely understood, if not widely agreed-upon, goals for GNU compilers
in general.)

Thisiswhy GNU Fortran does and will treat backslashesin the same fashion on al types of
machines (by default). See“Direction of Language Development” for more information on this
overall philosophy guiding the development of the GNU Fortran language.

Of course, users strongly concerned about portability should indicate explicitly in their build
procedures which options are expected by their source code, or write source code that has as few
such expectations as possible.

For example, avoid writing code that depends on backslash (\) being interpreted either way in
particular, such as by starting a program unit with:

CHARACTER BACKSL
PARAMETER (BACKSL = ' ")

Then, use concatenation of BACK SL anyplace abackslash isdesired. In thisway, users can write
programs which have the same meaning in many Fortran dialects.

(However, this technigue does not work for Hollerith constants—which isjust aswell, since the
only generally portable uses for Hollerith constants arein places where character constants can
and should be used instead, for readability.)
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12.4.2 Initializing Befor e Specifying
g77 does not allow DATA VAR/1/ to appear in the source code before COMMON VAR,
DIMENSION VAR(10),

INTEGER VAR, and so on. Ingeneral, g77 requiresinitialization of avariable or array to be
specified after all other specifications of attributes (type, size, placement, and so on) of that
variable or array are specified (though confirmation of datatypeis permitted).

It is possible g77 will someday allow al of this, even though it is not allowed by the FORTRAN
77 standard.

Then again, maybe it is better to have g77 always require placement of DATA so that it can
possibly immediately write constants to the output file, thus saving time and space.

That is, DATA A/1000000* 1/ should perhaps always be immediately writable to canonical
assembler, unlessit’ s already known to bein aCOMMON areafollowing as-yet-uninitialized
stuff, and to do this it cannot be followed by COMMON A.

12.4.3 Context-Sensitivelntrinsicness
g77 treats procedure referencesto possible intrinsic names as always enabling their intrinsic
nature, regardless of whether the form of the referenceisvalid for that intrinsic.

For example, CALL SQRT isinterpreted by g77 asan invalid referenceto the SQRT intrinsic
function, because the referenceis a subroutine invocation.

First, g77 recognizesthe statement CALL SQRT asareferenceto aprocedure named SQRT, not
to avariable with that name (asit would for a statement such asV = SQRT).

Next, g77 establishes that, in the program unit being compiled, SQRT isanintrinsic—not a
subroutine that happens to have the same name as an intrinsic (as would be the caseif, for
example, EXTERNAL SQRT was present).

Finally, g77 recognizesthat the form of the referenceisinvalid for that particular intrinsic. That
is, it recognizesthat it isinvalid for anintrinsic function, such as SQRT, to beinvoked as a
subroutine.

At that point, g77 issues adiagnostic.

Some usersclaim that it is“obvious’ that CALL SQRT referencesan external subroutine of their
own, not an intrinsic function.

However, g77 knows about intrinsic subroutines, not just functions, and is able to support both
having the same names, for example.

Asaresult of this, g77 rejects calls to intrinsics that are not subroutines, and function invocations
of intrinsics that are not functions, just asit (and most compilers) rejects invocations of intrinsics
with the wrong number (or types) of arguments.

S0, usethe EXTERNAL SQRT statement in a program unit that calls a user-written subroutine
named SQRT.

12.4.4 Context-Sensitive Constants
g77 does not use context to determine the types of constants or named constants
(PARAMETER), except for (non-standard) typel ess constants such as’ 123 O.

For example, consider the following statement:
PRI NT *, 9.435784839284958 * 2D0

g77 will interpret the (truncated) constant 9.435784839284958 asa REAL (KIND=1), not
REAL (KIND=2), constant, because the suffix DO is not specified.
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Asaresult, the output of the above statement when compiled by g77 will appear to have “less
precision” than when compiled by other compilers.

In these and other cases, some compilers detect the fact that a single-precision constant is used in
adouble-precision context and therefore interpret the single-precision constant asif it was
explicitly specified as adouble-precision constant. (This has the effect of appending decimal , not
binary, zerosto the fractional part of the number—producing different computational results.)

The reason this misfeature is dangerous is that a slight, apparently innocuous change to the source
code can change the computational results. Consider:

REAL ALMOST, CLOSE

DOUBLE PRECI SI ON FI VE

PARAMVETER ( ALMOST = 5. 000000000001)
FIVE = 5

CLCSE = 5. 000000000001

PRI NT *, 5.000000000001 - FI VE

PRI NT *, ALMOST - FI VE

PRI NT *, CLCSE - FIVE

END

Running the above program should result in the same value being printed three times. With g77
asthe compiler, it does.

However, compiled by many other compilers, running the above program would print two or three
distinct values, because in two or three of the statements, the constant 5.000000000001, which on
most systemsis exactly equal to 5. when interpreted as a single-precision constant, isinstead
interpreted as a double-precision constant, preserving the represented precision. However, this
“clever” promotion of type does not extend to variables or, in some compilers, to named

constants.

Since programmers often are encouraged to replace manifest constants or permanently-assigned
variables with named constants (PARAMETER in Fortran), and might need to replace some
constants with variables having the same values for pertinent portions of code, it isimportant that
compilers treat code so modified in the same way so that the results of such programs are the
same. g77 helpsin thisregard by treating constants just the same as variablesin terms of
determining their typesin a context-independent way.

Still, thereis alot of existing Fortran code that has been written to depend on the way other
compilersfregly interpret constants' types based on context, so anything g77 can do to help flag
cases of thisin such code could be very helpful.

12.4.5 Equivalence Versus Equality
Useof .EQ. and .NE. on LOGICAL operandsis not supported, except via—fugly, which is not
recommended except for legacy code (where the behavior expected by the code is assumed).

Legacy code should be changed, as resources permit, to use .EQV. and .NEQV. instead, asthese
are permitted by the various Fortran standards.

New code should never be written expecting .EQ. or .NE. towork if either of its operandsis
LOGICAL.

The problem with supporting this “feature” isthat there is unlikely to be consensus on how it
works, asillustrated by the following sample program:
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LOG CAL L, M N

DATA L, M N / 3*. FALSE. /

IF (L.AND.MEQN PRINT *,”L. AND.M EQ N
END

The issue raised by the above sample program is: what is the precedenceof .EQ. (and .NE.)
when applied to LOGICAL operands?

Some programmers will arguethat it is the same as the precedencefor .EQ. when applied to
numeric (such asINTEGER) operands. By this interpretation, the subexpression M.EQ.N must
be evaluated first in the above program, resulting in a program that, when run, does not execute
the PRINT statement.

Other programmerswill argue that the precedenceis the same as the precedencefor .EQV., which
isrestricted by the standardsto LOGICAL operands. By thisinterpretation, the subexpression
L.AND.M must be evaluated first, resulting in a program that does executethe PRINT statement.

Assigning arbitrary semantic interpretations to syntactic expressions that might legitimately have
more than one “obvious’ interpretation is generally unwise.

The creators of the various Fortran standards have done agood job in this case, requiring adistinct
set of operators (which have their own distinct precedence) to compare LOGICAL operands.
This requirement resultsin expression syntax with more certain precedence (without requiring
substantial context), making it easier for programmersto read existing code. g77 will avoid
muddying up elements of the Fortran language that were well-designed in the first place.

(Ask C programmers about the precedence of expressions such as (a) & (b) and (a) - (b)—they
cannot even tell you, without knowing more context, whether the & and — operators are infix
(binary) or unary!)

12.4.6 Order of Side Effects

g77 does not necessarily produce code that, when run, performs side effects (such asthose
performed by function invocations) in the same order asin some other compiler—or evenin the
same order as another version, port, or invocation (using different command-line options) of g77.

It is never safe to depend on the order of evaluation of side effects. For example, an expression
like this may very well behave differently from one compiler to another:

J = IFUNC() - | FUNC()

Thereis no guaranteethat IFUNC will be evaluated in any particular order. Either invocation
might happen first. If IFUNC returns 5 thefirst timeit isinvoked, and returns 12 the second time,
J might end up with the value 7, or it might end up with —7.

Generally, in Fortran, procedures with side-effectsintended to be visible to the caller are best
designed as subroutines, not functions. Examples of such side-effectsinclude:

+ The generation of random numbers that are intended to influence return values.
+ Performing 1/O (other than internal 1/0 to local variables).
«» Updating information in common blocks.

An example of aside-effect that is not intended to be visible to the caller is afunction that
maintains a cache of recently calculated results, intended solely to speed repeated invocations of
the function with identical arguments. Such afunction can be safely used in expressions, because
if the compiler optimizes away one or more calls to the function, operation of the program s
unaffected (aside from being speeded up).
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12.5 Warning Messages and Error M essages

The GNU compiler can produce two kinds of diagnostics: errors and warnings. Each kind hasa
different purpose:

+ Errorsreport problems that make it impossible to compile your program. GNU Fortran
reports errors with the source file name, line number, and column within the line where the
problem is apparent.

+ Warningsreport other unusual conditions in your code that might indicate a problem,
although compilation can (and does) proceed. Warning messages also report the sourcefile
name, line number, and column information, but include the text war ning: to distinguish
them from error messages.

Warnings might indicate danger points where you should check to make sure that your program
really does what you intend; or the use of obsolete features; or the use of nonstandard features of
GNU Fortran. Many warnings areissued only if you ask for them, with one of the -W options
(for instance, “Wall requests avariety of useful warnings).

Note: Currently, the text of the line and apointer to the column is printed in most g77
diagnostics. Probably, as of version 0.6, g77 will no longer print the text of the sourceline,
instead printing the column number following the file name and line number in aform that GNU
Emacs recognizes. This changeis expected to speed up and reduce the memory usage of the g77
compiler.

See* Options to Request or Suppress Warnings’, for more detail on these and related command-
line options.
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13. Open Questions
Please consider offering useful answersto these questions!

+ How do system administrators and users manage multiple incompatible Fortran compilers on
their systems? How can g77 contribute to this, or at |east avoiding intefering with it?

Currently, g77 provides rudimentary ways to choose whether to overwrite portions of other
Fortran compilation systems (such as the f77 command and the libf2c library). Isthis
sufficient? What happens when users choose not to overwrite these—does g77 work properly
in all such installations, picking up its own versions, or doesit pick up the existing “alien”
versionsit didn’t overwrite with its own, possibly leading to subtle bugs?

+ LOC() and other intrinsics are probably somewhat misclassified. |sthe aneed for more
precise classification of intrinsics, and if so, what are the appropriate groupings? Istherea
need to individually enable/disable/del ete/hide intrinsics from the command line?
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14. Reporting Bugs
Your bug reports play an essential rolein making GNU Fortran reliable.

When you encounter a problem, the first thing to do isto seeif it is already known. See
“Trouble™. If itisn't known, then you should report the problem.

Reporting a bug might help you by bringing a solution to your problem, or it might not. (If it
does nat, look in the service directory; see“ Service’.) In any case, the principal function of abug
report isto help the entire community by making the next version of GNU Fortran work better.
Bug reports are your contribution to the maintenance of GNU Fortran.

Sincethe maintainers are very overloaded, we cannot respond to every bug report. However, if
the bug has not been fixed, we are likely to send you a patch and ask you to tell us whether it
works.

In order for abug report to serveits purpose, you must include the information that makes for
fixing the bug.

See “Known Causes of Trouble with GNU Fortran” for information on problems we already know
about.

See“How To Get Help with GNU Fortran” for information on where to ask for help.
14.1 Have You Found a Bug?
If you are not sure whether you have found a bug, here are some guidelines:

« If the compiler gets afatal signal, for any input whatever, that is acompiler bug. Reliable
compilers never crash—they just remain obsol ete.

« If the compiler produces invalid assembly code, for any input whatever, asm statement), that
isacompiler bug, unless the compiler reports errors (not just warnings) which would
ordinarily prevent the assembler from being run.

« If the compiler produces valid assembly code that does not correctly execute the input source
code, that is acompiler bug.

However, you must double-check to make sure, because you might have run into an
incompatibility between GNU Fortran and traditional Fortran. These incompatibilities might
be considered bugs, but they areinescapable consequences of valuable features.

Or you might have a program whose behavior is undefined, which happened by chanceto give
the desired results with another Fortran compiler. It is best to check the relevant Fortran
standard thoroughly if it is possible that the program indeed does something undefined.

After you have localized the error to asingle source line, it should be easy to check for these
things. If your program is correct and well defined, you have found a compiler bug.

It might help if, in your submission, you identified the specific language in the relevant
Fortran standard that specifiesthe desired behavior, if it isn't likely to be obvious and agreed-
upon by all Fortran users.

« If the compiler produces an error message for valid input, that is a compiler bug.

« If the compiler does not produce an error message for invalid input, that is acompiler bug.
However, you should note that your idea of “invalid input” might be someone else’ sidea of
“an extension” or “support for traditional practice”.

« If you are an experienced user of Fortran compilers, your suggestions for improvement of
GNU Fortran are welcomein any case.
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Many, perhaps most, bug reports against g77 turn out to be bugsin the user’ s code. Whilewefind
such bug reports educational, they sometimes take a considerable amount of time to track down or
at least respond to—time we could be spending making g77, not some user’ s code, better.

Some steps you can take to verify that the bug is not certainly in the code you' re compiling with
grr:

« Compile your code using the g77 options -W —Wall —O. These options enable many useful
warning; the —O option enables flow analysis that enables the uninitialized-variable warning.

If you investigate the warnings and find evidence of possible bugsin your code, fix them first
and retry g77.

« Compile your code using the g77 options —finit-local-zer o, -fno-automatic, —ffloat-store,
and various combinations thereof.

If your code works with any of these combinations, that is not proof that the bugisn'tin
g77—ag77 bug exposed by your code might simply be avoided, or have a different, more
subtle effect, when different options are used—nbut it can be a strong indicator that your code
is making unawarranted assumptions about the Fortran dialect and/or underlying machineit is
being compiled and run on.

See “Overly Convenient Command-Line Options’ for information on the —fno-automatic and
—finit-local-zer o options and how to convert their use into selective changesin your own
code.

« Validate your code with ftnchek or asimilar code-checking tool. ftncheck can be found at
ftp://ftp.netlib.org/fortran or ftp://ftp.dsm.fordham.edu.

« Try your code out using other Fortran compilers, such asf2c. If it does not work on at least
one other compiler (assuming the compiler supports the features the code needs), that is a
strong indicator of abug in the code.

However, even if your code works on many compilers except g77, that does not mean the bug
ising77. 1t might mean the bugisin your code, and that g77 simply exposes it more readily
than other compilers.

14.2 Whereto Report Bugs
Send bug reportsfor GNU Fortran to fortran@gnu.ai.mit.edu.

Often people think of posting bug reports to a newsgroup instead of mailing them. This
sometimes appears to work, but it has one problem which can be crucial: a newsgroup posting
does not contain amail path back to the sender. Thus, if maintainers need more information, they
might be unable to reach you. For this reason, you should always send bug reports by mail to the
proper mailing list.

Asalast resort, send bug reports on paper to:

GNU Compiler Bugs

Free Software Foundation

59 Temple Place - Suite 330
Boston, MA 02111-1307, USA

14.3 How to Report Bugs

The fundamental principle of reporting bugs usefully isthis: report all thefacts. If you are not
sure whether to state afact or leaveit out, state it!

Often people omit facts because they think they know what causes the problem and they conclude
that some details don’t matter. Thus, you might assume that the name of the variable you usein
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an example does not matter. Well, probably it doesn’t, but one cannot be sure. Perhapsthebugis
astray memory reference which happensto fetch from the location where that nameis stored in
memory; perhaps, if the name were different, the contents of that location would fool the compiler
into doing the right thing despite the bug. Play it safe and give a specific, complete example.

That is the easiest thing for you to do, and the most helpful.

Keep in mind that the purpose of abug report is to enable someone to fix the bug if it is not
known. Itisn’t very important what happensif the bug is aready known. Therefore, always write
your bug reports on the assumption that the bug is not known.

Sometimes people give afew sketchy facts and ask, “Doesthisring abell?” This cannot help us
fix abug, soitisrarely helpful. We respond by asking for enough details to enable us to
investigate. You might aswell expedite matters by sending them to begin with. (Besides, there
are enough bells ringing around hereasit is.)

Try to make your bug report self-contained. If we have to ask you for more information, it is best
if you include all the previousinformation in your response, as well as the information that was
missing.

Please report each bug in a separate message. This makesit easier for us to track which bugs have
been fixed and to forward your bugs reports to the appropriate maintainer.

Do not compress and encode any part of your bug report using programs such as uuencode. If
you do so it will slow down the processing of your bug. If you must submit multiple largefiles,
use shar, which alows usto read your message without having to run any decompression
programs.

(Asaspecia exception for GNU Fortran bug-reporting, at least for now, if you are sending more
than afew lines of code, if your program’ s sourcefile format contains “interesting” things like
trailing spaces or strange characters, or if you need to include binary datafiles, it is acceptable to
put al thefilestogether in atar archive, and, whether you need to do that, it is acceptable to then
compressthe singlefile (tar archive or source file) using gzip and encodeit viauuencode Do not
use any MIME stuff—the current maintainer can’t decode this. Using compressinstead of gzip is
acceptable, assuming you have licensed the use of the patented algorithm in compressfrom
Unisys.)

To enable someone to investigate the bug, you should include all these things:

+ Theversion of GNU Fortran. You can get this by running g77 with the —v option. (Ignoreany
error messages that might be displayed when the linker isrun.)

Without this, we won’'t know whether thereis any point in looking for the bug in the current
version of GNU Fortran.

+ A complete input file that will reproducethe bug. If the bug isin the compiler proper (f771)
and you are using the C preprocessor, run your source file through the C preprocessor by doing

977 —-E sourcefile > outfile

then include the contents of outfile in the bug report. (When you do this, use the same—I, -D
or —U options that you used in actual compilation.)

A single statement is not enough of an example. In order to compileit, it must be embedded
in acomplete file of compiler input; and the bug might depend on the details of how thisis
done.

Without areal example one can compile, all anyone can do about your bug report is wish you
luck. It would befutile to try to guess how to provoke the bug. For example, bugsin register
allocation and reloading frequently depend on every little detail of the function they happen
in.
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» Note that you should include with your bug report any filesincluded by the sourcefile (viathe
#includeor INCLUDE directive) that you send, and any filesthey include, and so on.

It is not necessary to replace the #include and INCL UDE directives with the actual filesin the
version of the source file that you send, but it might make submitting the bug report easier in
the end. However, be sure to reproduce the bug using the exact version of the source material
you submit, to avoid wild-goose chases.

+ The command arguments you gave GNU Fortran to compile that example and observe the
bug. For example, did you use—O?
To guarantee you won'’t omit something important, list all the options.

If wewereto try to guess the arguments, we would probably guess wrong and then we would
not encounter the bug.

+ Thetype of machine you are using, and the operating system name and version numbe.
(Much of thisinformation is printed by g77 -v—if you include that, send aong any additional
info you have that you don’t see clearly represented in that output.)

+ The operands you gave to the configur e command when you installed the compiler.

+ A completelist of any modifications you have made to the compiler source. (Wedon't
promise to investigate the bug unlessit happensin an unmodified compiler. But if you've
made modifications and don’t tell us, then you are sending us on awild-goose chase.)

Be precise about these changes. A description in English is not enough—send a context diff
for them.

Adding files of your own (such as a machine description for a machine we don’t support) isa
modification of the compiler source.

+ Details of any other deviations from the standard procedure for installing GNU Fortran.

« A description of what behavior you observe that you believe isincorrect. For example, “The
compiler gets afatal signal,” or, “The assembler instruction at line 208 in the output is
incorrect.”

Of courseg, if the bug is that the compiler gets afatal signal, then one can’t missit. But if the
bug isincorrect output, the maintainer might not notice unlessit is glaringly wrong. None of
us has time to study all the assembler code from a 50-line Fortran program just on the chance
that one instruction might be wrong. We need you to do this part!

Even if the problem you experienceis afatal signal, you should still say so explicitly.
Suppose something strange is going on, such as, your copy of the compiler is out of synch, or
you have encountered abug in the C library on your system. (This has happened!) Your copy
might crash and the copy here would not. If you said to expect a crash, then when the
compiler herefailsto crash, we would know that the bug was not happening. If you don’t say
to expect a crash, then we would not know whether the bug was happening. We would not be
able to draw any conclusion from our observations.

If the problem is a diagnostic when building GNU Fortran with some other compiler, say
whether it isawarning or an error.

Often the observed symptom isincorrect output when your program isrun. Sad to say, thisis
not enough information unless the program is short and simple. None of us has time to study
alarge program to figure out how it would work if compiled correctly, much less which line of
it was compiled wrong. So you will haveto do that. Tell uswhich sourcelineit is, and what
incorrect result happens when that lineis executed. A person who understands the program
can find this as easily as finding a bug in the program itself.
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« If you send examples of assembler code output from GNU Fortran, please use —g when you
make them. The debugging information includes source line numbers which are essential for
correlating the output with the inpuit.

« If you wish to mention something in the GNU Fortran source, refer to it by context, not by line
number.

Theline numbers in the devel opment sources don’t match those in your sources. Your line
numbers would convey no convenient information to the maintainers.

« Additional information from a debugger might enable someoneto find a problem on a
machine which he does not have available. However, you need to think when you collect this
information if you want it to have any chance of being useful.

For example, many people send just a backtrace, but that is never useful by itself. A simple
backtrace with arguments conveyslittle about GNU Fortran because the compiler islargely
data-driven; the same functions are called over and over for different RTL insns, doing
different things depending on the details of the insn.

Most of the arguments listed in the backtrace are usel ess because they are pointersto RTL list
structure. The numeric values of the pointers, which the debugger prints in the backtrace,
have no significance whatever; all that mattersis the contents of the objects they point to (and
most of the contents are other such pointers).

In addition, most compiler passes consist of one or more loops that scan the RTL insn
sequence. The most vital piece of information about such aloop—which insn it has
reached—isusually in alocal variable, not in an argument.

What you need to provide in addition to a backtrace are the values of thelocal variablesfor
several stack framesup. When alocal variable or an argument isan RTX, first print its value
and then use the GDB command pr to print the RTL expression that it pointsto. (If GDB
doesn’'t run on your machine, use your debugger to call the function debug_rtx with the RTX
asan argument.) In general, whenever avariableis apointer, its valueis no use without the
datait points to.

Here are some things that are not necessary:
« A description of the envel ope of the bug.

Often people who encounter a bug spend alot of time investigating which changes to the input
filewill make the bug go away and which changes will not affect it.

Thisis often time consuming and not very useful, because the way we will find the bug is by
running a single example under the debugger with breakpoints, not by pure deduction from a
series of examples. You might aswell save your time for something else.

Of course, if you can find asimpler example to report instead of the original one, that isa
convenience. Errorsin the output will be easier to spot, running under the debugger will take
lesstime, etc. Most GNU Fortran bugs involve just one function, so the most straightforward
way to simplify an exampleisto delete all the function definitions except the one where the
bug occurs. Those earlier in the file may be replaced by external declarationsif the crucial
function depends on them. (Exception: inline functions might affect compilation of functions
defined later in thefile.)

However, simplification is not vital; if you don’t want to do this, report the bug anyway and
send the entire test case you used.

« In particular, some people insert conditionals #ifdef BUG around a statement which, if
removed, makes the bug not happen. These arejust clutter; we won't pay any attention to
them anyway. Besides, you should send us preprocessor output, and that can’'t have
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conditionals.
« A patch for the bug.

A patch for the bug is useful if it isagood one. But don't omit the necessary information,
such asthe test case, on the assumption that a patch is all we need. We might see problems
with your patch and decide to fix the problem another way, or we might not understand it at
all.

Sometimes with a program as complicated as GNU Fortran it is very hard to construct an
example that will make the program follow a certain path through the code. If you don’t send
the example, we won't be able to construct one, so we won’t be able to verify that the bug is
fixed.

And if we can’t understand what bug you are trying to fix, or why your patch should be an
improvement, wewon't install it. A test casewill help usto understand.

See “ Sending Patches’ for guidelines on how to make it easy for us to understand and install
your patches.

+ A guess about what the bug is or what it depends on.

Such guesses are usually wrong. Even the maintainer can’t guess right about such things
without first using the debugger to find the facts.

+ A coredump file.

We have no way of examining a core dump for your type of machine unless we have an
identical system—and if we do have one, we should be able to reproduce the crash ourselves.

14.4 Sending Patchesfor GNU Fortran

If you would like to write bug fixes or improvements for the GNU Fortran compiler, that is very
helpful. Send suggested fixes to the bug report mailing list, fortran@gnu.ai.mit.edu.

Please follow these guidelines so we can study your patches efficiently. If you don't follow these
guidelines, your information might still be useful, but using it will take extrawork. Maintaining
GNU Fortranisalot of work in the best of circumstances, and we can’'t keep up unless you do
your best to help.

+ Send an explanation with your changes of what problem they fix or what improvement they
bring about. For abug fix, just include a copy of the bug report, and explain why the change
fixesthe bug.

(Referring to abug report is not as good as including it, because then we will have to look it
up, and we have probably already deleted it if we've already fixed the bug.)

+ Alwaysinclude a proper bug report for the problem you think you have fixed. We need to
convince ourselves that the changeisright beforeinstalling it. Evenif it isright, we might
have trouble judging it if we don’t have away to reproduce the problem.

« Include al the comments that are appropriate to help people reading the sourcein the future
understand why this change was needed.

« Don't mix together changes made for different reasons. Send them individually.

If you make two changes for separate reasons, then we might not want to install them both.
We might want to install just one. If you send them all jumbled together in asingle set of
diffs, we have to do extrawork to disentangle them—to figure out which parts of the change
serve which purpose. If wedon't have time for this, we might have to ignore your changes
entirely.
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If you send each change as soon as you have written it, with its own explanation, then the two
changes never get tangled up, and we can consider each one properly without any extrawork
to disentangle them.

Ideally, each change you send should be impossible to subdivide into parts that we might want
to consider separately, because each of its parts gets its motivation from the other parts.

+ Send each change as soon as that change is finished. Sometimes people think they are helping
us by accumulating many changes to send them all together. As explained above, thisis
absolutely the worst thing you could do.

Since you should send each change separately, you might aswell send it right away. That
gives us the option of installing it immediately if it isimportant.

+ Usediff —c to make your diffs. Diffswithout context are hard for usto install reliably. More
than that, they make it hard for usto study the diffs to decide whether we want to install them.
Unidiff format is better than contextless diffs, but not as easy to read as — format.

If you have GNU diff, use diff -cp, which shows the name of the function that each change
occursin. (The maintainer of GNU Fortran currently uses diff -rcp2N.)

+ Write the change log entries for your changes. We get lots of changes, and we don’t have time
to do all the change log writing ourselves.

Read the Changel og file to see what sorts of information to put in, and to learn the style that
weuse. The purpose of the changelog isto show people whereto find what was changed. So
you need to be specific about what functions you changed; in large functions, it’s often helpful
to indicate where within the function the change was.

On the other hand, once you have shown people where to find the change, you need not
explainits purpose. Thus, if you add anew function, al you need to say about it isthat it is
new. If you feel that the purpose needs explaining, it probably does—but the explanation will
be much more useful if you put it in comments in the code.

If you would like your name to appear in the header line for who made the change, send usthe
header line.

« When you write the fix, keep in mind that we can't install achange that would break other
systems.

People often suggest fixing a problem by changing machine-independent files such astoplev.c
to do something special that a particular system needs. Sometimesit istotally obvious that
such changeswould break GNU Fortran for amost all users. We can't possibly make a
changelikethat. At bestit might tell us how to write another patch that would solve the
problem acceptably.

Sometimes people send fixes that might be an improvement in general—but it is hard to be
sure of this. It'shard to install such changes because we have to study them very carefully.
Of course, agood explanation of the reasoning by which you concluded the change was
correct can help convince us.

The safest changes are changes to the configuration files for a particular machine. These are
saf e because they can’t create new bugs on other machines.

Please help us keep up with the workload by designing the patch in aform that is good to
install.
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15. How To Get Help with GNU Fortran

If you need help installing, using or changing GNU Fortran, there are two ways to find it:

+ Look in the service directory for someone who might help you for afee. The service directory
isfound in the file named SERVICE in the GNU CC distribution.

+ Send amessage to fortran@gnu.ai.mit.edu.
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16. Adding Options

To add anew command-line option to g77, first decide what kind of option you wish to add.
Search the g77 and gcc documentation for one or more options that is most closely like the one
you want to add (in terms of what kind of effect it has, and so on) to help clarify its nature.

« Fortran options are options that apply only when compiling Fortran programs. They are
accepted by g77 and gcc, but they apply only when compiling Fortran programs.

« Compiler options are options that apply when compiling most any kind of program.

Fortran options arelisted in the file gcc/f/lang-options.h, which is used during the build of gcc to
build alist of al options that are accepted by at least one language' s compiler. Thislist goesinto
the lang_optionsarray in gcc/toplev.c, which uses this array to determine whether a particular
option should be offered to the linked-in front end for processing by calling lang_option_decode,
which, for g77, isin gcc/f/com.c and just calls ffe_decode_option.

If the linked-in front end “rejects’ a particular option passed to it, toplev.c just ignores the option,
because some language’' s compiler is willing to accept it.

This allows commands like gcc -fno-asm foo.c bar.f to work, even though Fortran compilation
does not currently support the —fno-asm option; even though the f771 version of
lang_decode_option rejects—fno-asm, toplev.c doesn’t produce a diagnostic because some other
language (C) does accept it.

This also means that commands like g77 -fno-asm foo.f yield no diagnostics, despite the fact that
no phase of the command was able to recognize and process —fno-asm—yperhaps a warning about
thiswould be helpful if it were possible.

Code that processes Fortran optionsis found in gcc/f/top.c, function ffe_decode_option. This
code needs to check positive and negative forms of each option.

The defaults for Fortran options are set in their global definitions, also found in gec/f/top.c. Many
of these defaults are actually macros defined in gcc/f/tar get.h, since they might be machine-
specific. However, since, in practice, GNU compilers should behave the same way on all
configurations (especially when it comes to language constructs), the practice of setting defaultsin
target.hislikely to be deprecated and, ultimately, stopped in future versions of g77.

Accessor macros for Fortran options, used by code in the g77 FFE, are defined in gcc/f/top.h.

Compiler options arelisted in gcc/toplev.cinthe array f_options. An option not listed in
lang_optionsislooked up in f_options and handled from there.

The defaults for compiler options are set in the global definitions for the corresponding variables,
some of which arein gcc/toplev.c.

You can set different defaults for Fortran-oriented or Fortran-reticent compiler options by
changing the way 771 handles the fset-g77-defaults option, which is always provided as the
first option when called by g77 or gcc.

Thiscodeisin ffe_decode optionsin gcc/f/top.c. Haveit change just the variables that you want
to default to a different setting for Fortran compiles compared to compiles of other languages.

The —fset-g77-defaultsoption is passed to 771 automatically because of the specification
information kept in gec/f/lang-specs.h. Thisfiletells the gcc command how to recognize, in this
case, Fortran source files (those to be preprocessed, and those that are not), and further, how to
invoke the appropriate programs (including f771) to process those sourcefiles.

It isin gcc/f/lang-specs.h that —fset-g77-defaults —fversion, and other options are passed, as
appropriate, even when the user has not explicitly specified them. Other “internal” options such
as—quiet also are passed via this mechanism.
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17. Projects

If you want to contribute to g77 by doing research, design, specification, documentation, coding,
or testing, the following information should give you some ideas.

17.1 Improve Efficiency

Don't bother doing any performance analysis until most of the following items are taken care of,
because there’ s no question they represent serious space/time problems, although some of them
show up only given certain kinds of (popular) input.

+ Improve malloc package and its uses to specify moreinfo about memory pools and, where
feasible, use obstacks to implement them.

« Skip over uninitialized portions of aggregate areas (arrays, COMMON areas,
EQUIVALENCE areas) so zeros need not be output. Thiswould reduce memory usage for
large initialized aggregate areas, even ones with only one initialized element.

Asof version 0.5.18, a portion of this item has already been accomplished.

+ Prescan the statement (in sta.c) so that the nature of the statement is determined as much as
possible by looking entirely at its form, and not looking at any context (previous statements,
including types of symbols). Thiswould allow ripping out of the statement-confirmation,
symbol retraction/confirmation, and diagnostic inhibition mechanisms. Plus, it would result
in much-improved diagnostics. For example, CALL some-intrinsic(...), wheretheintrinsicis
not a subroutine intrinsic, would result actual error instead of the unimplemented-statement
catch-all.

« Throughout g77, don’t pass line/column pairs where a simple ffewher etype, which points to
the error as much asis desired by the configuration, will do, and don't pass ffelexToken types
where asimple ffewheretype will do. Then, allow new default configuration of ffewhere
such that the source line text is not preserved, and leave it to things like Emacs’ next-error
function to point to them (now that next-error supports column, or, perhaps, character-offset,
numbers). The changein calling sequences should improve performance somewhat, as should
not having to save sourcelines. (Whether this wholeitem will improve performanceis
questionable, but it should improve maintainability.)

« Handle DATA (A(l),1=1,1000000)/1000000* 2/ more efficiently, especially asregardsthe
assembly output. Some of this might requireimproving the back end, but |ots of improvement
in space/time required in g77 itself can befairly easily obtained without touching the back
end. Maybe type-conversion, where necessary, can be speeded up aswell in cases like the one
shown (converting the 2 into 2.).

+ If analysis shows it to be worthwhile, optimize lex.c.

+ Consider redesigning lex.c to not need any feedback during tokenization, by keeping track of
enough parse state on its own.

17.2 Better Optimization

Much of this work should be put off until after g77 has al the features necessary for its
widespread acceptance as auseful F77 compiler. However, perhaps this work can be donein
paralel during the feature-adding work.

+ Do the equivalent of thetrick of putting extern inlinein front of every function definitionin
libf2c and #include' ing the resulting filein f2c+gcc—that is, inline al run-time-library
functions that are at all worth inlining. (Some of this has already been done, such asfor
integral exponentiation.)
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+ When doing CHAR_VAR = CHAR_FUNC(...), and it’s clear that types line up and
CHAR_VAR isaddressable or not aVAR_DECL, make CHAR_VAR, not atemporary, be
the receiver for CHAR_FUNC. (Thisisnow donefor COMPLEX variables.)

+ Design and implement Fortran-specific optimizations that don’t really belong in the back end,
or where the front end needs to give the back end moreinfo than it currently does.

+ Design and implement anew run-time library interface, with the code going into libgcc so no
special linking isrequired to link Fortran programs using standard language features. This
library would speed up lots of things, from I/O (using precompiled formats, doing just one, or,
at most, very few, callsfor arrays or array sections, and so on) to general computing
(array/section implementations of variousintrinsics, implementation of commonly performed
loops that aren’t likely to be optimally compiled otherwise, etc.).

Among the important things the library would do are:

+ Beaone-stop-shop-type library, hence shareable and usable by al, in that what are now
library-build-time options in libf2c would be moved at least to the g77 compile phase, if
not to finer grains (such as choosing how list-directed 1/O formatting is done by default at
OPEN time, for preconnected units via options or even statements in the main program
unit, maybe even on a per-1/0 basis with appropriate pragma-like devices).

« Probably requiring the new library design, change interface to normally have COMPLEX
functions return their values in the way gcc would if they were declared __complex__ float,
rather than using the mechanism currently used by CHARACTER functions (whereby the
functions are compiled as returning void and their first arg is apointer to whereto store the
result). (Don't append underscores to external names for COMPLEX functions in some cases
once g77 uses gec rather than f2c calling conventions.)

» Do something useful with doiter referenceswhere possible. For example, CALL FOO(l)
cannot modify | if within aDO loop that uses| asthe iteration variable, and the back end
might find that info useful in determining whether it needsto read | back into aregister after
thecall. (It normally hasto do that, unlessit knows FOO never modifies its passed-by-
reference argument, which is rarely the case for Fortran-77 code.)

17.3 Simplify Porting

Making g77 easier to configure, port, build, and install, either as a single-system compiler or asa
cross-compiler, would be very useful.

+ A new library (replacing libf2c) should improve portability aswell as produce more optimal
code. Further, g77 and the new library should conspire to simplify naming of externals, such
as by removing unnecessarily added underscores, and to reduce/eliminate the possibility of
naming conflicts, while making debugger more straightforward.

Also, it should make multi-language applications more feasible, such as by providing Fortran
intrinsics that get Fortran unit numbers given C FILE * descriptors.

+ Possibly related to anew library, g77 should produce the equivalent of agcc main(argc, argv)
function when it compiles amain program unit, instead of compiling something that must be
called by alibrary implementation of main().

Thiswould do many useful things such as provide more flexibility in terms of setting up
exception handling, not requiring programmers to start their debugging sessions with
breakpoint MAIN__ followed by run, and so on.

» The GBE needsto understand the difference between alignment requirements and desires. For
example, on Intel x86 machines, g77 currently imposes overly strict alignment requirements,
due to the back end, but it would be useful for Fortran and C programmersto be ableto
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override these recommendations as long as they don’t violate the actual processor
requirements.

17.4 More Extensions

These extensions are not the sort of things users ask for “by name”, but they might improve the
usability of g77, and Fortranin general, in the long run. Some of these itemsreally pertain to
improving g77 internals so that some popular extensions can be more easily supported.

Look through all the documentation on the GNU Fortran language, dialects, compiler, missing
features, bugs, and so on. Many mentions of incomplete or missing features are sprinkled
throughout. It is not worth repeating them here.

Support arbitrary operands for concatenation, even in contexts where run-time allocation is
required.

Consider adding aNUM ERI C type to designate typeless numeric constants, named and
unnamed. Theideaisto provide aforward-looking, effective replacement for things like the
old-style PARAMETER statement when people really need typel essness in amaintainable,
portable, clearly documented way. Maybe TYPEL ESS would include CHARACTER,
POINTER, and whatever else might come along. (Thisisnot really acall for polymorphism
per se, just an ability to express limited, syntactic polymorphism.)

Support OPEN(...,.KEY=(...),...).

Support arbitrary file unit numbers, instead of limiting them to 0 through MXUNIT-1. (This
isalibf2cissue.)

OPEN(NOSPANBLOCKS,...) istreated as OPEN(UNIT=NOSPANBLOCKS,...),s0 a
later UNIT=in thefirst exampleisinvalid. Make surethisiswhat users of this feature would
expect.

Currently g77 disallows READ(1’ 10) since it is an obnoxious syntax, but supporting it might
be pretty easy if needed. More details are needed, such as whether general expressions
separated by an apostrophe are supported, or maybe the record number can be ageneral
expression, and so on.

Support STRUCTURE, UNION, MAP, and RECORD fully. Currently thereis no support
at al for % FILL in STRUCTURE and related syntax, whereasthe rest of the stuff has at
least some parsing support. This requires either major changesto libf2c or its replacement.

F90 and g77 probably disagree about label scoping relativeto INTERFACE and END
INTERFACE, and their contained procedure interface bodies (blocks?).

ENTRY doesn’t support F90 RESUL T () yet, since that was added after S8.112.

Empty-statement handling (10 ;;CONTINUE;;) probably isn’t consistent with the final form
of the standard (it was vague at S8.112).

It seemsto be an “open” question whether afile, immediately after being OPENed, is
positioned at the beginning, the end, or wherever—it might be nice to offer an option of
opening to “undefined” status, requiring an explicit absolute-positioning operation to be
performed before any other (besides CL OSE) to assist in making applications port to systems
(some IBM?) that OPEN to the end of afile or some such thing.

17.5 Machine M odd

Thisitems pertain to generalizing g77’ s view of the machine model to more fully accept
whatever the GBE providesit viaits configuration.
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Switch to using REAL_VALUE_TY PE to represent floating-point constants exclusively so
the target float format need not be required. This means changing the way g77 handles
initialization of aggregate areas having more than one type, such asREAL and INTEGER,
because currently it initializes them asif they were arrays of char and uses the bit patterns of
the constants of the various types in them to determine what to stuff in elements of the arrays.

Rely more and more on back-end info and capabilities, especialy in the area of constants
(where having the g77 front-end’ s IL just store the appropriate tree nodes containing constants
might be best).

Suite of C and Fortran programs that a user/administrator can run on amachine to help
determine the configuration for g77 before building and help determine if the compiler works
(especialy with whatever libraries are installed) after building.

17.6 Internals Documentation

Better info on how g77 works and how to port it is needed. Much of this should be done only
after the redesign planned for 0.6 is compl ete.

17.7 Internals | mprovements
Some more items that would make g77 more reliable and easier to maintain:

.

Generally make expression handling focus more on critical syntax stuff, leaving semantics to
callers. For example, anything acaller can check, semantically, let it do so, rather than having
expr.cdoit. (Exceptions might include things like diagnosing FOO(I--K:)=BAR where
FOO isaPARAMETER—if it seemsimportant to preserve the left-to-right-in-source order
of production of diagnostics.)

Come up with better naming conventions for —D to establish regquirements to achieve desired
implementation dialect viaproj.h.

Clean up used tokens and ffewheresin ffeglobal _terminate 1.
Replace sta.c outpool disp mechanism with malloc_pool_use.

Check for opANY in more placesin com.c, std.c, and ste.c, and get rid of the
OpCONVERT (0opANY) kludge (after determining if thereisindeed no real need for it).

Utility to read and check bad.def messages and their referencesin the code, to make sure calls
are consistent with message templates.

Search and fix & ffe... and similar so that ffe...ptr... macros are available instead (agood
argument for wishing this could have written all this stuff in C++, perhaps). On the other
hand, it’s questionable whether this sort of improvement isreally necessary, given the
availability of tools such as Emacs and Perl, which make finding any address-taking of
structure members easy enough?

Some modules truly export the member names of their structures (and the structures
themselves), maybe fix this, and fix other modules that just appear to aswell (by appending _,
though it'd be ugly and probably not worth the time).

Implement C macros RETURNS(value) and SET S(something,value) in pr oj.h and use them
throughout g77 source code (especially in the definitions of access macrosin .h files) so they
can be tailored to catch code writing into aRETURNS() or reading from a SET S().

Decorate throughout with const and other such stuff.

All FO0 notational derivationsin the source code are still based on the S8.112 version of the
draft standard. Probably should update to the official standard, or put documentation of the
rules as used in the code...uh...inthe code.
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+ Some ffebld_new calls (those outside of ffeexpr.c or inside but invoked via paths not
involving ffeexpr_lhsor ffeexpr_rhs) might be creating things in improper pools, leading to
such things staying around too long or (doubtful, but possible and dangerous) not long
enough.

+ Someffebld_list_new (or whatever) calls might not be matched by ffebld_list_bottom (or
whatever) calls, which might someday matter. (It definitely is not aproblem just yet.)

+ Probably not doing clean things when we fail to EQUIVAL ENCE something due to
alignment/mismatch or other problems—they end up without ffestor ag objects, so maybe the
backend (and other parts of the front end) can notice that and handle like an opANY (do what
it wants, just don’t complain or crash). Most of this seemsto have been addressed by now, but
acodereview wouldn’t hurt.

17.8 Better Diagnostics

These are things users might not ask about, or that need to be looked into, before worrying abouit.
Also here are items that involve reducing unnecessary diagnostic clutter.

+ When FUNCTION and ENTRY point types disagree (CHARACTER lengths, type classes,
and so on), ANY -ize the offending ENTRY point and any new dummies it specifies.

» Speed up and improve error handling for data when repeat-count is specified. For example,
don’t output 20 unnecessary messages after the first necessary onefor:

| NTEGER X( 20)

CONTI NUE

DATA (X(1), J= 1, 20) /20*5/
END

(The CONTINUE statement ensuresthe DATA statement is processed in the context of
executable, not specification, statements.)
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18. Diagnostics

Some diagnostics produced by g77 require sufficient explanation that the explanations are given
below, and the diagnostics themsel ves identify the appropriate explanation.

| dentification uses the GNU Info format—specifically, the info command that displays the
explanation is given in within square bracketsin the diagnostic. For example:

foo.f:5: Invalid statenent [info -f g77 M FOCEY]

More details about the above diagnostic is found in the g77 Info documentation, menu item M,
submenu item FOOEY , which is displayed by typing the UNIX command info —f g77 M
FOOEY.

Other Info readers, such as EMACS, may bejust as easily used to display the pertinent node. In
the above example, g77 is the Info document name, M is the top-level menu item to select, and, in
that node (named Diagnostics, the name of this chapter, which is the very text you're reading
now), FOOEY isthe menu item to select.

In this printed version of the g77 manual, the above example points to a section, below, entitled
FOOEY —though, of course, asthe aboveisjust asample, no such section exists.

18.1 CMPAMBIG

Anmbi guous use of intrinsic intrinsic ...

The type of the argument to the invocation of theintrinsic intrinsicisaCOMPLEX type other
than COMPLEX(KIND=1). Typicaly, itisCOMPLEX(KIND=2), also known as DOUBL E
COMPLEX.

Theinterpretation of this invocation depends on the particular dialect of Fortran for which the
code was written. Some dialects convert the real part of the argument to REAL (KIND=1), thus
losing precision; other dialects, and Fortran 90, do no such conversion.

So, GNU Fortran rejects such invocations except under certain circumstances, to avoid making an
incorrect assumption that results in generating the wrong code.

To determine the dialect of the program unit, perhaps even whether that particular invocation is
properly coded, determine how the result of theintrinsic is used.

Theresult of intrinsic is expected (by the original programmer) to be REAL (KIND=1) (the non-
Fortran-90 interpretation) if:

« Itispassed as an argument to aprocedure that explicitly or implicitly declaresthat argument
REAL (KIND=1).

For example, a procedure with no DOUBLE PRECISION or IMPLICIT DOUBLE

PRECI SION statement specifying the dummy argument corresponding to an actual argument
of REAL(Z), where Z is declared DOUBLECOMPLEX, strongly suggests that the
programmer expected REAL (Z) to return REAL (KIND=1) instead of REAL (KIND=2).

« Itisused in acontext that would otherwise not include any REAL (KIND=2) but where
treating the intrinsic invocation as REAL (KIND=2) would result in unnecessary promotions
and (typically) more expensive operations on the wider type.

For example:
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DOUBLE COVPLEX Z

R(1) = T * REAL(2)
The above example suggests the programmer expected the real part of Z to be converted to

REAL (KIND=1) before being multiplied by T (presumed, along with R above, to be type
REAL (KIND=1)).

Otherwise, the conversion would have to be delayed until after the multiplication, requiring
not only an extra conversion (of T to REAL (KIND=2)), but a (typically) more expensive
multiplication (adouble-precision multiplication instead of a single-precision one).

Theresult of intrinsic is expected (by the original programmer) to be REAL (KIND=2) (the
Fortran 90 interpretation) if:

+ Itis passed as an argument to a procedure that explicitly or implicitly declaresthat argument
REAL (KIND=2).

For example, aprocedure specifying aDOUBL E PRECI SION dummy argument
corresponding to an actual argument of REAL (Z), where Z is declared DOUBLE
COMPLEX, strongly suggests that the programmer expected REAL (Z) to return
REAL (KIND=2) instead of REAL (KIND=1).

« Itisused in an expression context that includes other REAL (KIND=2) operands, or is
assigned to aREAL (KIND=2) variable or array element.

For example:

DOUBLE COMPLEX Z
DOUBLE PRECISION R, T

R(1) = T * REAL(2)
The above example suggests the programmer expected the real part of Z to not be converted to
REAL (KIND=1) by the REAL () intrinsic.

Otherwise, the conversion would have to be immediately followed by a conversion back to
REAL (KIND=2), losing the original, full precision of thereal part of Z, before being
multiplied by T.

Once you have determined whether a particular invocation of intrinsic expects the Fortran 90
interpretation, you can:
+ Changeit to DBLE(expr) (if intrinsicisREAL) or DIMAG(expr) (if intrinsicisAIMAG) if
it expected the Fortran 90 interpretation.
This assumes expr is COM PLEX(KIND=2)—if it is some other type, such as

COMPLEX*32, you should use the appropriate intrinsic, such as the one to convert to
REAL*16 (perhaps DBL EQ() in place of DBLE(), and QIMAG() in place of DIMAG()).

+ Changeit to REAL (intrinsic(expr)), otherwise. This convertsto REAL(KIND=1) in all
working Fortran compilers.

If you don’t want to change the code, and you are certain that all ambiguous invocations of
intrinsic in the source file have the same expectation regarding interpretation, you can:

» Compile with the g77 option —f90, to enable the Fortran 90 interpretation.

+ Compile with the g77 options —fno-f90 —fugly-complex, to enable the non-Fortran-90
interpretations.
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See“REAL() and AIMAG() of Complex” for more information on thisissue.

Note: If the above suggestions don’t produce enough evidence as to whether a particular program
expects the Fortran 90 interpretation of this ambiguous invocation of intrinsic, thereis one more
thing you can try.

If you have accessto most or all the compilers used on the program to create successfully tested
and deployed executables, read the documentation for, and also test out, each compiler to
determine how it treatstheintrinsic intrinsic in this case. (If all the compilers don’t agree on an
interpretation, there might be lurking bugs in the deployed versions of the program.)

The following sample program might help:
PROGRAM JCB003

C
C Witten by Janes Craig Burley 1997-02-23.
C Contact via Internet email: burley@nu.ai.mt.edu
C
C Det erm ne how conpil ers handl e non-standard REAL
C and Al MAG on DOUBLE COWMPLEX oper ands.
C
DOUBLE COWPLEX Z
REAL R
Z = (3.3D0, 4.4D0)
R=12z
CALL DUMDUM Z, R)
R = REAL(Z) - R
IF (R.NE. 0.) PRINT *, "REAL() is Fortran 90’
IF (R.EQ 0.) PRINT *, "REAL() is not Fortran 90’
R = 4.4D0
CALL DUMDUM Z, R)
R=AMEZ - R
IF (R.NE. 0.) PRINT *, "AIMAK) is Fortran 90’
IF (R.EQ 0.) PRINT *, "AIMAE) is not Fortran 90’
END
C
C Just to nake sure conpiler doesn't use naive flow
C analysis to optim ze away careful work above,
C which might invalidate results....
C

SUBROUTI NE DUMDUM Z, R)
DOUBLE COVPLEX Z

REAL R

END

If the above program prints contradictory results on a particular compiler, run away!

18.2 EXPIMP

Intrinsic intrinsic referenced ...

Theintrinsic is explicitly declared in one program unit in the source file and implicitly used as an
intrinsic in another program unit in the same sourcefile.

This diagnostic is designed to catch cases where a program might depend on using the name
intrinsic asan intrinsic in one program unit and as a global name (such asthe name of a
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subroutine or function) in another, but g77 recognizes the name as an intrinsic in both cases.

After verifying that the program unit making implicit use of the intrinsic is indeed written
expecting theintrinsic, add an INTRINSI C intrinsic statement to that program unit to prevent
thiswarning.

This and related warnings are disabled by using the -\WWno-global s option when compiling.

Note that this warning is not issued for standard intrinsics. Standard intrinsics include those
described in the FORTRAN 77 standard and, if —ff90 is specified, those described in the Fortran
90 standard. Such intrinsics are not aslikely to be confused with user procedures asintrinsics
provided as extensions to the standard by g77.

18.3 INTGLOB

Sane nane ‘intrinsic given ...

Thenameintrinsic is used for aglobal entity (a common block or a program unit) in one program
unit and implicitly used as an intrinsic in another program unit.

This diagnostic is designed to catch cases where a program intends to use aname entirely asa
global name, but g77 recognizes the name as an intrinsic in the program unit that referencesthe
name, a situation that would likely produceincorrect code.

For example:
| NTEGER FUNCTI ON TI ME()
END
PROGRAM SAMP
| NTEGER TI MVE

PRINT *, 'Time is ', TIME)
END

The above example defines a program unit named TIME, but the referenceto TIME in themain
program unit SAM P is normally treated by g77 as areferenceto theintrinsic TIME() (unlessa
command-line option that prevents such treatment has been specified).

Asaresult, the program SAM P will not invoke the TIM E function in the same sourcefile.

Since g77 recognizeslibU77 procedures as intrinsics, and since some existing code uses the same
names for its own procedures as used by some libU77 procedures, this situation is expected to
arise often enough to make this sort of warning worth issuing.

After verifying that the program unit making implicit use of the intrinsic is indeed written
expecting theintrinsic, add an INTRINSI C intrinsic statement to that program unit to prevent
thiswarning.

Or, if you believe the program unit is designed to invoke the program-defined procedure instead of
the intrinsic (as recognized by g77), add an EXTERNAL intrinsic statement to the program unit
that referencesthe name to prevent this warning.

This and related warnings are disabled by using the “Wno-globals option when compiling.

Note that this warning is not issued for standard intrinsics. Standard intrinsics include those
described in the FORTRAN 77 standard and, if —ff90 is specified, those described in the Fortran
90 standard. Suchintrinsics are not aslikely to be confused with user procedures asintrinsics
provided as extensions to the standard by g77.
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184 LEX

Unr ecogni zed character ...

Invalid first character ...

Line too long ...

Non- nuneri ¢ character ...

Continuation indicator ...

Label at ... invalid with continuation line indicator ...
Char act er const ant

Continuationline ...

Statenent at ... begins with invalid token

Although the diagnostics identify specific problems, they can be produced when general problems
such as the following occur:

+ The source file contains something other than Fortran code.

If the code in the file does not look like many of the examples elsewherein this document, it
might not be Fortran code. (Note that Fortran code often iswritten in lower case letters, while
the examplesin this document use upper case letters, for stylistic reasons.)

For example, if thefile contains lots of strange-looking characters, it might be APL source
code; if it contains lots of parentheses, it might be Lisp source code; if it contains lots of bugs,
it might be C++ source code.

» The sourcefile contains free-form Fortran code, but —ffr ee-for m was not specified on the
command line to compileit.

Freeform is anewer form for Fortran code. The older, classic form is called fixed form.

Fixed-form codeisvisually fairly distinctive, because numerical l1abels and comments are al
that appear in the first five columns of aline, the sixth column is reserved to denote
continuation lines, and actual statements start at or beyond column 7. Spaces generally are not
significant, so if you see statements such as REAL X,Y and DO101=1,100, you are looking at
fixed-form code. Comment lines are indicated by the letter C or the symbol * in column 1.
(Somecodeuses! or /* to begin in-line comments, which many compilers support.)

Free-form code is distinguished from fixed-form source primarily by the fact that statements
may start anywhere. (If lots of statements start in columns 1 through 6, that’ s a strong
indicator of free-form source.) Consecutive keywords must be separated by spaces, so
REALX,Y isnot valid, while REAL X,Y is. Thereare no comment lines per se, but ! startsa
comment anywherein aline (other than within a character or hollerith constant).

See " Source Form™ for more information.

» The sourcefileisin fixed form and has been edited without sensitivity to the column
reguirements.

Statements in fixed-form code must be entirely contained within columns 7 through 72 on a
givenline. Starting them “early” ismore likely to result in diagnostics than finishing them
“late”, though both kinds of errors are often caught at compile time.

For example, if the following code fragment is edited by following the commented
instructions literally, the result, shown afterward, would produce a diagnostic when compiled:

C On XYZZY systens, renove "C' on next |ine:
C CALL XYZZY_RESET
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The result of editing the above line might be:

C On XYZZY systens, renove "C' on next |ine:
CALL XYZZY_RESET

However, that leavesthefirst C inthe CALL statement in column 6, making it acomment
line, which is not really what the author intended, and which is likely to result in one of the
above-listed diagnostics.

Replacing the C in column 1 with a spaceis the proper change to make, to ensure the CAL L
keyword startsin or after column 7.

Another common mistake like thisis to forget that fixed-form source lines are significant
through only column 72, and that, normally, any text beyond column 72 isignored or is
diagnosed at compile time.

See " Source Form” for more information.

+ The sourcefile requires preprocessing, and the preprocessing is not being specified at compile
time.

A sourcefile containing lines beginning with #define, #include, #if, and so on islikely one
that requires preprocessing.

If thefile' ssuffix is.f or .for, the file will normally be compiled without preprocessing by g77.

Changethefile s suffix from .f to .F (or, on systems with case-insensitive file names, to .fpp)
or from .for to .fpp. g77 compiles fileswith such names with preprocessing.

Or, learn how to use gcc's—x option to specify the language —f77-cpp-input for Fortran files
that require preprocessing. See* Overall Options’ in Using and Porting GNU CC.

+ The sourcefileis preprocessed, and the results of preprocessing result in syntactic errors that
are not necessarily obvious to someone examining the sourcefileitself.

Examples of errors resulting from preprocessor macro expansion include exceeding the line-
length limit, improperly starting, terminating, or incorporating the apostrophe or double-quote
in acharacter constant, improperly forming a hollerith constant, and so on.

See* Options Controlling the Kind of Output” under “Overall Options” for suggestions about
how to use, and not use, preprocessing for Fortran code.

185 GLOBALS

G obal nanme nane defined at ... already defined...
G obal nanme nane at ... has different type...

Too many argunents passed to nane at

Too few argunments passed to nane at

Argunment #n of naneis ...

These messages all identify disagreements about the global procedure named name among
different program units (usually including name itself).

These disagreements, if not diagnosed, could result in acompiler crash if the compiler attempted
to inline areferenceto name within a calling program unit that disagreed with the name program
unit regarding whether the procedureis a subroutine or function, the type of the return value of the
procedure (if it is afunction), the number of arguments the procedure accepts, or the type of each
argument.

Such disagreements should be fixed in the Fortran codeitself. However, if that is not immediately
practical, and the code has been working for some time, it is possible it will work when compiled
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by g77 with the —fno-globals option.

The —fno-globals option disables these diagnostics, and also disables all inlining of referencesto
global proceduresto avoid compiler crashes. The diagnostics are actually produced, but as
warnings, unless the \\WWno-globals option also is specified.

After using —-fno-globalsto work around these problems, it iswise to stop using that option and
address them by fixing the Fortran code, because such problems, while they might not actually
result in bugs on some systems, indicate that the code is not as portable asit could be. In
particular, the code might appear to work on aparticular system, but have bugs that affect the
reliability of the data without exhibiting any other outward manifestations of the bugs.
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