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decl ar ed bounds.  An i ncor r ect l y comput ed ar r ay i ndex ( i . e. ,  subscr i pt )  i s   t he
i mmedi at e cause.   Thi s t ype of  bug occur s i n peopl es'  code ver y f r equent l y.  To
di scover  i nst ances  of  ar r ay bounds vi ol at i ons you can compi l e your  code  wi t h
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" ...

f90 -Rb ...

cc -h bounds ...

Upon execut i on,  t he syst em wi l l  emi t  messages on st andar d er r or  about  ar r ay
bounds vi ol at i ons f or  each such encount er  i n t he execut i on sequence.  These messages
wi l l  name t he of f endi ng ar r ay as wel l  as t he r out i ne wher e t he vi ol at i on t ook pl ace.

Af t er  you' r e t hr ough wi t h ar r ay bounds checki ng don' t  f or get  t o r ecompi l e your
code wi t hout  t hi s opt i on.  Execut abl es wi t h t hi s opt i on on r un ver y s l ow.

Final Comments

I ' ve comment ed on a smal l  number  of  easy st eps you can t ake  t o avoi d t he pai n
( and embar assment . . . )  of  pesky bugs.  I  ur ge you t o adopt  t hem i n your  pr ogr ammi ng
wor k.  You can f i nd mor e i nf or mat i on on t hese and r el at ed t opi cs i n t he f ol l owi ng
man pages:  DEBUG_gr oup ( SGI ) ,  l i nt ,  cf l i nt ,  and f t nl i nt .

Spiros Vellas
Sr. Analyst, CIS
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wi t hi n t he code ( when avai l abl e as a l anguage f eat ur e) .  Thi s i s not  r ecommended as
a st andar d pr act i ce.  The r eason you may want  t o do t hat  somet i mes i s t o di scover
possi bl e ULV exi st ence.  On t he SGI  you can speci f y st at i c al l ocat i on ( For t r an)  at
compi l at i on by t he sequence:

f77 -static ...

f90 -static ...

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

cf77 -Wf"-a static" ...

f90 -ev ...

I f  your  pr ogr am execut es " f i ne"  when st at i c al l ocat i on i s appl i ed,  whi l e i t
cr ashes or  y i el ds wr ong r esul t s wi t hout  i t ,  t hen t her e i s a st r ong chance your  code
has ULVs.  St at i c al l ocat i on f or  l ocal  var i abl es i s f i ne as l ong as you expl i c i t l y
i ni t i al i ze t hem.  I t s def ect s ar e gener at i on of  bul k i er  execut abl e f i l es and
pr event i on of  par al l el i zat i on.  St at i c al l ocat i on i s al so an unavoi dabl e expedi ent
when por t i ng code f r om compi l er s whi ch,  by def aul t ,  al l ocat e st at i cal l y and
i ni t i al i ze t o zer o at  each r out i ne i nvocat i on.  Thi s appr oach shoul d onl y be adopt ed
on a t empor ar y basi s.

High Optimization Levels

Speci f i cat i on of  hi gh opt i mi zat i on l evel s ( e. g. ,  - O3 on t he SGI )  car r i es some
r i sk i n obt ai ni ng i ncor r ect  r esul t s.  Thi s does not  happen f r equent l y,  but  i t  does
happen never t hel ess.  Hence,  f r om t i me t o t i me,  you woul d be wel l  advi sed t o doubl e
check r esul t s you obt ai ned wi t h hi gh opt i mi zat i on l evel s  wi t h t hose you obt ai ned
wi t h l ower  ones.  The - O2 and l ower  opt i mi zat i on l evel s  ar e qui t e saf e  on t he SGI .
Your  concer n f or  i ncor r ect  r esul t s shoul d be especi al l y hei ght ened when par al l el -
i zat i on opt i ons ar e combi ned wi t h hi gh l evel s of  scal ar  opt i mi zat i ons.  Exampl es
of  t hi s woul d be,  f or  exampl e,  on t he SGI  t he compi l at i on:

f77/f90 -O3 -pfa ...

cc -O3 -pca ...

The analogous situation on the Cray would be compilations such as

cf77 -O task3 -O vector3 -O scalar3 ...

f90 -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
Ar r ay bounds checki ng shoul d be anot her  r out i ne measur e t o r i d your  code of

hi dden bugs.  Fi nd  out ,  t hat  i s ,  whet her  ar r ays ar e bei ng accessed wi t hi n  t he
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new memor y space i s al l ocat ed i t  cont ai ns undef i ned ( i . e. ,  gar bage)  val ues.  Hence,
t he need f or  expl i c i t  i ni t i al i zat i on.  Thi s hol ds t r ue even f or  var i abl es t hat  ar e
decl ar ed i n t he mai n r out i ne onl y.  The onl y except i ons t o dynami c al l ocat i on ar e
l ocal  var i abl es t hat  ar e appear  i n:  For t r an COMMON,  DATA and SAVE ( concept ual l y,
at  l east )  st at ement s,  For t r an r out i nes compi l ed wi t h t he " st at i c"  opt i on on,  and
i n C " st at i c"  decl ar at i ons.

ULVs,  t hat  i s ,  l ocal  var i abl es t hat  par t i c i pat e i n expr essi ons wi t h undet er mi ned
( i . e. ,  possi bl y gar bage)  val ues,  account  f or  a bi g maj or i t y of  al l  bugs.  A ULV by
par t i c i pat i ng i n i nt eger ,  poi nt er ,  or  f l oat i ng- poi nt  expr essi ons can easi l y l ead
t o er r oneous expr essi on eval uat i ons,  t hat  i n t ur n can l ead t o er r oneous DO- l oop
l i mi t s,  er r oneous ar r ay i ndi ces,  et c.  A huge number  of  bugs have ULVs as t hei r  r oot
cause,  even t hough at  f i r st  s i ght  t hi s may not  seem t o be t he case.

ULVs ar e a wel l  r ecogni zed pr obl em i n code devel opment .  Most  compi l er s of f er
opt i ons f or  t hei r  det ect i on.  Thi s f eat ur e,  however ,  i s  not  t ot al l y ef f ect i ve.
Hence,  agai n,  t he need f or  expl i c i t  i ni t i al i zat i on of  l ocal  var i abl es.

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 -lfpe

cc -DEBUG:trap_uninitialized=ON files.c -lfpe

On the Cray the equivalent sequence of commands is,

f90 -ei ...

cf77 -Wf"-ei" ...

cc -h indef ...

I f  your  pr ogr am " wor ks"  when compi l ed wi t hout  t he above opt i ons,  but  cr ashes
when t hey ar e appl i ed,  t hen at  l east  one of  t he bugs i n i t  i s  an ULV.   Al so,  i f  t he
pr ogr am cr ashes at  one pl ace wi t hout  t hese opt i ons,  but  cr ashes at  anot her  when
t hey ar e appl i ed,  t hen agai n one of  t he bugs i s l i kel y t o be an ULV.  Somet i mes,
especi al l y when i nt eger  ULVs ar e i nvol ved,  t he above t r ap wi l l  not  be ef f ect i ve.
You ar e st r ongl y encour aged t o t r y t hese opt i ons,  or  s i mi l ar  opt i ons,  on mor e t han
one syst em.  Thi s,  many t i mes,  enhances your  chances i n cat chi ng pesky code bugs.

On bot h Cr ay and SGI  machi nes f 90 i ssues at  compi l at i on,  among ot her s,  t he
di agnost i c message,  " Var i abl e X may be used bef or e i t  i s  assi gned" .  Do not  i gnor e
such messages.  They i ndi cat e t he pr esence of  ULVs.  To obt ai n a compr ehensi ve
anal ysi s of  your  sour ce code f or  pot ent i al l y  r i sky const r uct s,  you can r un cf l i nt
( or  f t nl i nt  on t he SGI ) ,  a For t r an sour ce di agnost i c t ool .  The gener at ed r epor t
f r om cf l i nt  wi l l  l i s t  each det ect i on of  an ULV by i ssui ng t he st at ement ,

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

To obt ai n t he r epor t  ( cal l ed pr og. cf l i nt  or  pr og. f t nl i nt  bel ow)  f r om cf l i nt  and
f t nl i nt  car r y out  t he f ol l owi ng sequence:

f90 -Ca ... prog.f  (Cray)            f90 -cif ... prog.f  (SGI)

cflint prog.f > prog.cflint           ftnlint prog,f > prog.ftnlint

( The appr opr i at e cf 77 opt i on on t he Cr ay i s cf 77 - Wf " - ca"  . . . )

You can f or ce st at i c memor y al l ocat i on f or  l ocal  var i abl es by appl y i ng t he appr o-
pr i at e al l ocat i on opt i on i n t he compi l at i on command or  by appr opr i at e decl ar at i on
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BASIC FIRST STEPS FOR BUG-FREE CODE

I f  you devel op code ( and t hat  i ncl udes maki ng even mi nor  changes t o one) ,  a f ew
basi c st eps on your  par t  wi l l  hel p a l ot  t o avoi d many common bugs t hat  can st ay
undet ect ed f or  a l ong t i me.  The l i s t  shown bel ow summar i zes some basi c measur es and
i deas.  Her e I  di scuss onl y i t ems one t hr ough f i ve, l eavi ng t he r est  f or  a v i s i t  t o
our  Hel p Desk or  a shor t  cour se 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.

A l ocal  var i abl e,  scal ar  or  ar r ay,  i s  one whose scope i s l i mi t ed wi t hi n t he bound-
ar i es of  t he r out i ne ( f unct i on,  subr out i ne,  modul e,  et c. )  i t  i s  decl ar ed.  Memor y
st or age al l ocat i on f or  such var i abl es can be ei t her  st at i c or   dynami c.  By def aul t ,
i t  i s  dynami c.  I n such a case,  when a r out i ne i s i nvoked,  i t s l ocal  var i abl es ar e
al l ocat ed new space at  a ( pot ent i al l y)  di f f er ent  memor y addr ess at  each cal l .  Thi s
space i s r et ur ned t o t he syst em when t he pr oceedur e r et ur ns t o t he cal l er .  Each t i me
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