decl ared bounds. An incorrectly computed array index (i.e., subscript) is the
i medi ate cause. This type of bug occurs in peoples' code very frequently. To
di scover instances of array bounds violations you can conpile your code wth
a special bounds checking option. For the SGI the different compilations

commands are:

f77/f90 -DEBUG:subscript_check=ON ...
cc -DEBUG:subscript_check=ON ...

On the Cray the appropriate commands are:

cf77 -Wf"'-Rb" ...
fo0 -Rb ...
cc -h bounds ...

Upon execution, the systemwi Il emt nmessages on standard error about array
bounds vi ol ati ons f or each such encounter i nthe executi on sequence. These nessages
wi || nane the of fendi ng array as wel |l as the routi ne where the viol ationtook pl ace.

After you're through with array bounds checki ng don't forget to reconpil e your
code wi thout this option. Executables with this option on run very sl ow.

Final Comments

|'ve conment ed on a smal |l nunber of easy steps you can take to avoid the pain
(and enmbarassment...) of pesky bugs. | urge you to adopt themin your programi ng
wor k. You can find nore i nformati on on these and related topics in the foll ow ng
man pages: DEBUG group (SA), lint, cflint, and ftnlint.

Spiros Vellas
Sr. Analyst, CIS
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wi t hin the code (when avail abl e as a | anguage feature). This is not recomended as
a standard practice. The reason you may want to do that sonmetines is to di scover
possi bl e ULV exi stence. On the SA you can specify static allocation (Fortran) at
conpil ati on by the sequence:

f77 -static ...
fo0 -static ...

On the Cray the specification for static allocation (Fortran) is:

cf77 -Wf"-a static" ...
f90 -ev ...

I f your programexecutes "fine" when static allocationis applied, while it
crashes or yields wong results without it, thenthereis astrong chance your code
has ULVs. Static allocation for |local variablesis fine as |ong as you explicitly
initialize them Its defects are generation of bul ki er executable fil es and
prevention of parallelization. Static allocationis alsoan unavoi dabl e expedi ent
when porting code fromconpil ers which, by default, allocate statically and
initializetozeroat eachroutineinvocation. This approach shoul d only be adopt ed
on a tenporary basis.

High Optimization Levels

Speci fication of high optim zation levels (e.g., - onthe SA) carries sonme
risk inobtainingincorrect results. This does not happen frequently, but it does
happen neverthel ess. Hence, fromtinetotine, youwould be well advised to doubl e
check resul ts you obtai ned with high optim zationlevels wth those you obtained
with |l ower ones. The -2 and | ower optinizationlevels are quite safe onthe SA.
Your concern for incorrect results shoul d be especi al |y hei ght ened when paral |l el -
i zation options are conbined with high levels of scalar optimzations. Exanpl es
of this would be, for exanple, on the SG@ the conpilation:

f77/f90 -O3 -pfa ...
cc -O3 -pca ...

The analogous situation on the Cray would be compilations such as

cf77 -0 task3 -O vector3 -O scalar3 ...
fa0 -O task3,vector3,scalar3 ...
cc -h task3 -h vector3 -h scalar3 ...

where high levels of paralellization and vector/scalar optimizations are
combined.

Array Bounds Checking

Array bounds checki ng shoul d be anot her routine nmeasure to rid your code of
hi dden bugs. Find out, that is, whether arrays are being accessed within the
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newnenory spaceis allocatedit contains undefined (i.e., garbage) val ues. Hence,
the need for explicit initialization. This holds true even for vari ables that are
declared in the main routine only. The only exceptions to dynam c all ocation are
| ocal variables that are appear in: Fortran COMWON, DATA and SAVE (conceptual |y,
at | east) statenents, Fortran routines conpiled with the "static" option on, and
in C"static" declarations.

ULVs, that i s, | ocal variablesthat participateinexpressionsw thundeterm ned
(i.e., possibly garbage) val ues, account for a bigmgjority of all bugs. A ULV by
participating ininteger, pointer, or floating-point expressions can easily | ead
to erroneous expression evaluations, that inturn can | ead to erroneous DO | oop
limts, erroneous array i ndi ces, etc. Ahuge nunber of bugs have ULVs as their root
cause, even though at first sight this may not seemto be the case.

ULVs are a wel | recogni zed probl emin code devel opnent. Most conpilers of fer
options for their detection. This feature, however, is not totally effective.
Hence, again, the need for explicit initialization of |ocal variables.

On the SGI Power Challenge the "-DEBUG:" compiler (f77/f90 and cc/CC) op-
tion provides one way to help discover ULV's. One sequence of commands to
accomplish that is,

setenv TRAP_FPE "ALL=NAN,ABORT,TRACE"
f77/f90 -DEBUG:trap_uninitialized=ON files.f -Ifpe
cc -DEBUG:trap_uninitialized=ON files.c -Ifpe

On the Cray the equivalent sequence of commands is,

fo0 -€i ...
cf77 -Wf"'-ei" ...
cc -h indef ...

I f your program"works" when conpil ed wi thout the above options, but crashes
when they are applied, then at | east one of the bugsinit isan ULV. Also, if the
programcrashes at one pl ace without these options, but crashes at anot her when
they are applied, then again one of the bugs is likely to be an ULV. Soneti nes,
especi al |y when i nteger ULVs are i nvol ved, the above trap will not be effective.
You are strongly encouragedtotry these options, or simlar options, on nore than
one system This, many tines, enhances your chances in catching pesky code bugs.

On both Cray and SG@ nmachi nes f90 i ssues at conpil ati on, anbng ot hers, the
di agnosti c message, "Variabl e X may be used before it is assigned". Do not ignore
such messages. They indicate the presence of ULVs. To obtain a conprehensive
anal ysi s of your source code for potentially risky constructs, you can run cflint
(or ftnlint onthe SA@), a Fortran source di agnostic tool. The generated report
fromcflint will list each detection of an ULV by issuing the statenent,

Local variable "X" may be used before it is defined

To obtainthereport (calledprog.cflint or prog.ftnlint below fromcflint and
ftnlint carry out the followi ng sequence:

f90 -Ca ... prog.f (Cray) f90 -cif ... prog.f (SGlI)
cflint prog.f > prog.cflint ftnlint prog,f > prog.ftnlint
(The appropriate cf77 option onthe Cray is cf77 -W"-ca" ...)

You canforcestatic nenory all ocationfor | ocal vari abl es by appl yi ng t he appr o-
priate all ocationoptioninthe conpilationcommand or by appropriate decl aration

Page 2



TEXAS A&M UNIVERSITY
SUPERCOMPUTING FACILITY
203 Teague

HD[I» College Station, TX 77843-3363
(409) 845-4139

help@sc.tamu.edu
http://sc.tamu.edu/

Wi W

BASIC FIRST STEPS FOR BJG-FREE CODE

I f you devel op code (and t hat i ncl udes nmaki ng even nmi nor changes to one), a few
basi c steps on your part will help alot to avoid many common bugs that can stay
undetected for along time. The list shown bel ow sunmari zes sone basi ¢ neasures and
i deas. Here | discuss only itens one through five,leaving the rest for avisit to
our Hel p Desk or a short course on debuggi ng.

1) Initialize explicitly all local variables, scalar or array:
integer, floating-point, character, strings, types (f90), structures,
etc.

2) Use specialized code analysis tools (e.g. lint, cflint, ftnlint) to
identify and locate potential problem areas (e.g., uninitialized local
variables).

3} Avoid "static" allocation for local variables unless it is carried
out as a measure to ferret out bugs, or as temporary expedient when
porting code from one system to another.

4) Confirm, as frequently as practicable, that results obtained with
high optimization levels agree with those of lower ones.

5) Perform frequent array bounds checking when making code changes.

6) Avoid making calls with aliased arguments, call subx(a,x,a,...),
being an example.

7) Avoid making equality comparisons between floating-point variables.

8) Be aware that numeric data in binary floating-point form when
transferred (and, therefore, transformed) to ASCII (text) formatted

files loose accuracy. Subsequent use of these ASCII files as input may
easily accentuate roundoff effects to unacceptable levels.

Uninitialized Local Variables (ULVS): Items 1-3

ALWAYS, ALWAYS, ... INITIALIZE EXPLICITLY ALL LOCAL VARIABLES TO APPROPRIATE
VALUES. DO NOT DEPEND ON THE COMPILER FOR SUCH ACTION.

Al ocal variable, scalar or array, i s one whose scopeislimtedwthinthe bound-
aries of the routine (function, subroutine, nodule, etc.) it is declared. Menory
storage al l ocati on for such vari abl es can be either static or dynanic. By default,
it isdynamic. In such a case, when a routine is invoked, its |ocal variables are
al | ocat ed new space at a (potentially) different nenory address at each call. This
space is returnedtothe systemwhen the proceedure returnstothecaller. Eachtinme
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