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This paper will give an overview on the activities undertaken to introduce the new Fortran 90
compilers into a Fortran-oriented research center. Especially, it will compare the compilers
currently available (NAG, IBM AIX, Cray) concerning suitability for program devel opment,
portability of user code, and program performance.

As typical for the Fortran history in a scientific researchcenter,programmingactivities at
KFA Jilichareorientedto Fortran.Nearly 90 % of programdevelopments donein Fortran;
this percentagavill evenbe higherwith respecto the executedcode.ln manytechnicalareas
(reactor development,solid state physics, nuclear physics, plasma physics, computational
chemistry) millions of lines of code have beendevelopedwhich form a company-wide
knowledgebaseand which force us to stay with the Fortran programminglanguagehistory,
rather than utilizing other modernprogramminglanguagesas C, or to use other program
development tools not compatible with Fortran for the majority of numerical calculations.

Thus Fortran 90 will be the base for our numerically intensive applications in the future.

Our historical computing environment is describedby nearly 30 yearsof IBM mainframes,
now with the operatingsystems/M/CMS andMV'S, and10 yearsof high performancerector
processingon Cray computersThe importanceof high performancegrocessingiasgrown by
the fact that KFA offereomputempowerto a Germansupercomputecenter(Hochstleistungs-
RechenzentrumHLRZ) founded by 3 governmentallyowned scientific researchcenters
(DESY Hamburg, GMD Birlinghoven, KFA Jiilich).

As usualfor nearly all comparablanstitutions, KFA is now going to realizea decentralized
computingconcept.This conceptwill providethe scientistswith groupsof workstations,so-
lated workstationsand PCsaccordingto the interestsand budgetsof usergroupsand single
users All thesecomputersareintegratednto a local areanetworkwhich alsogivesaccesgo
the Crays for high performance computing. It is expected that the majotiitg talsksdoneby
the mainframetill now will be overtakenby the workstations,so we decidedto migrateall
mainframeapplicationsto the workstationswithin the next 3 yearsand thento abolishthe
mainframe.For those applicationswhich should be continuedto be executedon central
computers because differentreasonsan8 processoSP1systemhadbeeninstalledrecently.
The SP1lis notintendedo be usedasa massivelyparallelsystem;n additionto the equipment
described till now an Intel Paragon computer is installed to cover massively parallel activities.

The computercenter'sresponsibilityfor Fortranprogrammingsupportin this heterogeneous
computingenvironmenis to providea uniform conceptfor programdevelopmenandexecu-



tion on all platforms. In this paper, considerati@orsutilizing parallelFortrandialects(asHPF
and other developmentsare not included, althoughextensiveresearchactivities exist at our
installation,concentratingon sharedvirtual memory.We will restrictourselvesto sequential
Fortran, including vector processing.

Someprogrammerdavealreadybegunto useFortran90 in new softwareprojects.But for
others,a quick transitionto Fortran90 is not the primary objective.Often they only intendto
modify existingprogramswherethey think the Fortran77 languagédevel to be sufficient. But
evenin thesecasesthe transitionto Fortran90 will be necessaryfirst of all, just formally,
becausehe old 77 level compilerswill only be supportedfor the usual midrangeperiod of
time; then,because¢he newcompilerswill containfeaturesusefulfor programmaintenanceas
well as tools and libraries basing on thes@hdardfinally becaus¢he userswill seethateven
for small extensions to existing programs the new standard can be helpful.

For the time being,we havethreeFortran90 compilersin use:the NAG compiler(installedat
KFA since January1993), the Cray compiler (installed since January1994), and the IBM
compiler for the RS6000s (installed since March 1994).

The NAG compiler [referredbelow asNAG] claimsto be the world's first Fortran90 com-

piler. It compilesFortran90 to a host-compatibleC on all usualUNIX-platforms. This means

that the efficiency of programexecutionis dependenbn the optimizing capabilitiesof the C
compileravailableon this specialplatform; generallyit will be inferior to the efficiency gained

by a proprietary compiler which producescode optimized for the actual platform. The
compiler has no platform-specific extensions; so it is able to provide a very good portability. Its
standard-conformance, a major design goal, is proven by various validations.

The Cray compiler andits compiling systemcf90 [referredbelow as cf90] is a successoof
the Cray vectorizingcompilers:its maingoal is to provide vector processingperformanceor
the Cray architecturelt includesthe IBM languageextensionsgspeciallythe byte oriented
type definitions,asREAL* 4. |s haspragmaticgo control vectorizationand languageexten-
sions primarily designedto control storagein multitasking applications (AUTOVATI C,
PO NTER).

The IBM compiler comeswith a full implementationof Fortran90, modestlyoffered asthe
new version of the xif compiler[thus referredhereasxIf3]. It includes,in additionto AIX-
specific extensionsmost of the VS FORTRAN extensionsas well as the Cray extensions
mentioned above, thus including the typical industry standard extensions.It produces
optimizedcodefor the RS6000architecture Enhancedptimization,especiallyparallelization
can be supported by means of a pre-processor (not installed at KFA).

KFA seesthe necessityto offer all thesethree compilersto the users:cf90 will becomethe
workhorsefor numericallyintensivecomputingon the Cray machinesjn additionto this we
haveto offer it for the usersof the supercomputecenter. xif3 will be necessaryor the gen-
eral work to be done on the SP1 and its successor and on many RS6000 workstations.

KFA hasmanyreasondo offer the NAG compilerto the usersalsoin the future, evenif
proprietary software is available meanwhile:

- Becauseof its standard-conformancé, is a good referencecompilerand can be usedfor
the developmenof portable standard-conformingortran90 software aswell asfor edu-
cational purposes.



« KFA hassomeexperiencewith Fortrantools in the past(TOOLPACK, NAG tools). So
our plansarealsoto install the NAG Fortran90 tools assoonas possible,andwe expect
thatthesetools will cooperatewith the NAG compilerin a very naturalway, thus estab-
lishing a good base for program development.

« Becauseof its portability (both of compiler and of producedcode)the compiler can be
installed on all our UNIX platforms;in addition to that a PC versionis available.So
Fortran 90 can be used from all platforms (of course except from IBM mainframes).

Besideghe advantagef producingoptimizedcodefor a givenarchitecturecfo0 andxIf3 will
be preferredas proprietarysoftwareif a good interfaceto the respectiveoperatingsystemis
used.

Fortran education: In our Fortranprogrammingcoursesonly Fortran90 is taught,first on

base of the NAG compiler sindewasforeseeabléhatcfo0 andxlf3 would be availablein the

beginningof this year. We have two types of courses:a one week coursefor beginners
(typically universitygraduatesvho havelearntother programminganguagesas Pascalor C,

and will now learn the language neededfor their daily work. For the "old" Fortran
programmersve offer a courseconsistingof 3 lessongeach2 hours)whereonly the updates
comparedto Fortran 77 are taught. We preparedsome material for these courseswhich

consists of a language overview, an overview on the features that are new cdmpanten
77, anda collectionof simple (mostly numerical)algorithmswhich will demonstratéhe new
progranming style.

Concerningstyle, emphasiss put on the array handlingfeatures aswell asthe modulecon-
cept. Of course we try to teach Fortran 90 as a modern lantprageich conceptsasdefined
types or operator overloading agobviousasthey havebecomemeanwhilee. g. in C++. We
try to prevent our users from usifg@rtran77 constructsandwe succeedvith this at leastfor
new programmingprojects.But we mustadmit that most of our daily Fortranprogramming
business consists of modification and extension of old Fortran 77 codkat smdernstyleis
accepted as a matter of principle but will show practical consequences only in some time.

Performance considerationswith respect to Fortran 90 can have the following objectives:

« to comparethe performanceof a Fortran90 compilerwith the performanceof its Fortran
77 predecessor on the same system,

« to compare different compilers on the same system,

« to comparethe performanceof different programmingstylesin the samecompilerandon
the same system.

For absoluteperformancedata,we will of coursebe primarily interestedn the cf90 perform-
ance,becausan our computingenvironmentumericallyintensivecomputingwill usually be
done on the Cray computers.

To geta first impressionon the performancebehaviourof the different compilers,we made
somecomparisonswith a relatively simpleprogramwhich we alsousedin our Fortraneduca-
tion asanexamplefor the moduleconceptlt computeghe extremeeigenvalueof a matrix by
meansof the von Mises iteration, a numerically antiquatedalgorithm which, becauseof its
simplicity, may neverthelesshow quite well the principlesof programmingtechiquescon-
cerningarray handling.We startedwith a Fortran77 version,asit typically canbe found in
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collectionsof mathematicahlgorithms- . We confrontedthis programwith an algarithmically
equivalentFortran 90 version utilizing the conceptsof modulesand operatordefinition (an
outline of this program may be found in the appendix).

The results of different testsaccordingto our test objective schemecan be describedas
follows: (cf. table in appendix)

« xIf3 and cf90 perform as good as their predecessors, applied to pure Fortran 77 programs,

« NAG has no dramatic performancedecreasecomparedto xIf3, as would have been
expectedirom the different conceptsas far as usualcodeis concernedThe decreasas
more striking if, as for matrix operations, optimized library routines are used.

- Utilization of Fortran90 style will leadto a betterreadabilityand modularity concerning
matrix / vectoroperationsThis doesnot leadto a significantperformancedegradatiorfor
large matrices but for manyoperatorexecutionswith small matrices,the overheadof the
module concept becomes visible.

« For small matricesinlining may improve performanceo somedegreefor NAG and xIf3.
Better techniquesare realizedin the Cray compiler where small matricesdo not show a
significant performance degradation.

We would have liked to givenoredetailson xIf3 here,but becauseve hadsometroubleswith
the new licence managing software coming with this compilagsbeenavailablefor us since
two months.With the relatively small testbasewe could use (Fortran90 coursematerial, a
few medium sized Fortran 77 programs) we did not notice any signifedatiility problems.

Although Fortran 77 numerical libraries are callable from Fortran 90 programs,leading
supplierswill offer specialFortran90 librariesin the nearfuture. Theselibrarieswill conse-
quently use the Fortran 90 style, wipleservingandto somedegreemprovingthe high qual-
ity standardof numericalalgorithms.Especiallywith respectto matrix computations]MSL
provides a conceptof using defined types and operatorswhich allows to expressmatrix
formula in a most natural way, thus giving evendhsualusera goodchanceor rapid proto-
typing. Operator overloading allows polymorphism by choosing the appropriate library
dependent on the type of the operands. The NAG library will follow similar concepts.

We intendto offer theselibrariesto our usersas soonasthey are available:We think that it
will be helpful at leastfor the casualuserthatthe speciallibrary calls arehiddenfrom him. (Of
coursethe professionaluser should retain the opportunity to choosethe routine with the
specific properties he needs to solve his problem.)

le.g. G. Engeln-Miiliges, F. Reutter: Numerik-Algorithmen mit Fortran 77-Programmen, Mannheim 1993
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Appendix
Example: von Mises iteration

MODULE mat vec
| NTERFACE OPERATOR (. nmv.)
MODULE PROCEDURE nv
END | NTERFACE

CONTAI NS

FUNCTI ON mv (A, X)
REAL, DI MENSION (:,:), INTENT(IN)::
REAL, DIMENSION (: ), INTENT(IN)::
REAL, DI MENSI ON ( UBOUND( A, 1))

v = MATMUL( A, X)
END FUNCTI ON nv
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Test results:von Misesiteration using different styles

f77: Fortran 77
f 90: Fortran 90 without using module concept
f90 M: Fortran 90, using module concept
n size of matrix
n 10 100 300 10 100 300
f77 1.0 10 1.0 21 15 6.2
f90 3.1 1.2 0.7 36 1.2 0.7
fo0 M 45 15 0.6 55 15 6.2
using xIf3; f77 values scaled to 1 using NAG
xlf3 inline xIf3 NAG Cray
f77 3.2 3.9 17.8 25.4
f90 21.7 23.1 29.9 33.4
foOM 26.7 32.2 53.8 38.5

different styles, different compilers, small matrices

(xIf3 inline, xIf3, NAG same scale, Cray different scale)



