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CUTEr is aversatiletestingenvironmentfor optimizationandlinearalgebrasolvers.
Thepackagecontainsacollectionof testproblems,alongwith Fortran77,Fortran90
andMatlabtoolsintendedto helpdevelopersdesign,compareandimprove new and
existing solvers.This documentdescribesinstallationandbasicusageof theCUTEr
environment,andis intendedto beoneof themaindocumentationsourcesavailable
with thepackage;othersourcesincludemanpages,variousREADME filesandself-
documentedscripts.
Thetestproblemsprovidedarewrittenin so-calledStandardInputFormat(SIF),and
a decoderis provided to convert from this format into well-definedFortran77 and
datafiles. Oncetranslated,thesefiles maybemanipulatedto provide toolssuitable
for testingoptimizationpackages.Ready-to-useinterfacesto existingpackages,such
asMINOS, SNOPT, filterSQPandKNITRO, areprovided.
CUTEr is availableonavarietyof UNIX platforms,includingLINUX andis designed
to beaccessibleandeasilymanageableon heterogeneousnetworks.

“Whenall elsefails, readthedocumentation.” (fortune)



Chapter 1

Installation and usage

1.1 Installing and managingCUTEr

Thecurrentversionof CUTEr comesin theform of agzippedtarfile. TouncompressandextracttheCUTEr
distribution from it, move thefile to a new directoryof your choice—weshall refer to this directoryas
$CUTER—andissuethecommands

prompt% gunzip cuter.tar.gz
prompt% tar xvf cuter.tar

or, morecompactly,

prompt% gunzip -c cuter.tar.gz | tar xvf -

On GNU-basedLINUX systems,this is alsodoneby thesinglecommand

prompt% tar zxvf cuter.tar.gz

If you want the CUTEr files to be accessibleto a numberof userson a sharedfilesystemon your local
network, you might needprivilegedaccessto your machines,or to have thesestepsperformedby your
systemadministrator.

Thecurrentinstallationis via a text-basedinterface,in which theuseris promptedfor choicespertaining
to the desiredinstallation. The main installationscript is install cuter andinteractswith a number
of auxiliary scripts. We examinethesescriptsin turn, usingan exampleof a CUTEr installationon a
shared-filesystemnetwork. Thescriptsprovidedare:

1. install cuter : installsanew instanceof CUTEr on thesystem,

2. update cuter : updatesfiles in aninstalledinstanceof CUTEr,

3. uninstall cuter : remove aparticularinstanceof CUTEr installation.

In additionthethethreeabove scripts,we will alsoexaminea mannerto re-generatepartsof CUTEr, due
to themodificationof oneor morefiles.

Thesescriptscanbefoundin

6
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$CUTER/build/scri pts

Suppose,by wayof example,thatyour localnetwork containsthefollowing machines(amongstothers).

1. aSUNUltra workstationrunningSolariswith aninstalledSunFortran90compiler, f90,

2. an intel-basedpersonalcomputerrunningLINUX for which the Gnu Fortran77 compiler, g77, is
installed,and

3. aCompaqAlpharunningTru-64for which theCompaqFortran77 compiler, f77, is available.

In theremainderof this documentation,we describetherole of theaforementionedscriptsbasedon this
exampleof network. Assumethat you wish to install an instanceof CUTEr for eachof thesemachines,
accordingto Table1.1:

Machine Compiler Size Precision

SUN f90 large double
Intel g77 medium single

Compaq f90 large double

Table1.1: A possibleinstallationof CUTEr onashared-filesystemnetwork. Sizerefersto the(maximum)
dimensionof theexamplesyouwish to run,while Precisiondenotesthefloating-pointprecisionrequired.

Two flavoursof CUTEr areavailablefor download.Thefirst is entirelyscript-basedandthesecondrelies
onportableMakefiles, generatedfrom architecture-independent Imakefiles[Dub83]. Whenevernecessary,
thedistinguishingcharacteristicsof eachflavourwill beexaminedin turn in thefollowing sections.

S
cript

The characteristics of the script-based version of CUTEr will be explained using this character font,

Im
a

kewhile thoseof the Imakefile-basedCUTEr will beexplainedusingthischaracterfont.

Notethatanadditionalremarkin themargin emphasizesthecontext. Whatever holdsfor bothflavoursis
describedusingnormalfont.

1.1.1 install cuter / install script cuter

Thesescriptsserve the dual purposesof installing the initial instanceof CUTEr on your systemandof
installinganadditionalinstance,for a differentarchitecture,whereby architecture, we meanthecombi-
nationmachine–operatingsystem–compiler–size–precision.

Whenever usingthescript-basedinstanceof CUTEr, install script cuter shouldbeused,andwhen-
ever usingthe Imakefiles-basedCUTEr, install cuter shouldbeused.Below, they maybeusedinter-
changeably, exceptwhendifferencesin theirbehaviour arepointedout.
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Assume,for thepurposeof anillustration,thatyouwish to installall yourdifferentinstancesof CUTEr in
thedirectory$CUTER = /usr/share/cuter/ . UnpackingtheCUTEr distribution in the$CUTERdirectory
andlaunchingtheinitial installation,sayfor theSUN Ultra machine,is doneby simply typing

prompt% install cuter

at the commandprompt. However, beforeissuingthe install command,we recommendthat you check
thefiles system. os, where‘os’ representsyour operatingsystem,to make surethecommandsthereare
correctlydefinedfor your environment,and that the temporarydirectory is correctly set. The current
directory ‘.’ mustnot be usedas temporarydirectory. If your copy of CUTEr is meantto be usedon
a homogeneousnetwork only, or on a single local machine,it is recommendedthat the symbolic link
system.all , foundin $CUTER/build/arch pointsto theappropriatesystemfile. Onceyou have issued
the install cuter command,you will be promptedfor informationregardingthe instanceof CUTEr
you wish to install. Thefirst questionconcernsyour machine.In this case,select“Sun workstation”(7).
Next, selecttheoperatingsystemyour machineis running. Here,we select“Solaris” (1). You arethen
facedwith a list of availablecompilersfor your machine(without any guaranteethat thesecompilersare
actuallyinstalledonyourmachine,simply thoseweknow areavailablefor themachine–operatingsystem
combinationyou have selected).Wewantto select“Sun f90” (8). Selectnext theprecisionof theCUTEr
tools(singleor double),andtheir size(small, medium,largeor customized).

Oncethis informationhasbeenprovidedto theinstallationscript,you aregivena default directoryname
wherethe selectedinstanceof CUTEr will be installed. This directoryis a subdirectoryof $CUTERthat
youchoseearlier(in this case,/usr/share/cuter/ ). For thepresentinstance,thedefault directoryis

/usr/share/cuter/ CUTEr. la rge .su n.s ol .f9 0

reflectingthe selectionsyou madeduring the early installationphase. This directorynameshouldbe
self-explanatoryandshouldhelpyou andotherusersdeterminewhereeachinstalledinstanceof CUTEr
is actuallystored. Notice that the precisionis not reflectedin the directoryname. The reasonis that
both singleanddoubleprecisioninstancesof CUTEr may be installedfor the samemachine-operating
system-compiler-sizecombination;thesewill bestoredin thesingle/ anddouble/ subdirectoriesof the
abovedirectory. If youwish,youmayredefinethedirectorynameandgive it whatevernameyoulike—it
neednot be a subdirectoryof $CUTER. Notehowever that you shouldgive the full pathnameof thenew
directorythatyouchoose,e.g.

/home/mjdpowell/s oft war e/ yet Anothe rC ute r

evenif thisnew directoryis asubdirectoryof the$CUTERdirectory:

/usr/share/cuter/ aCusto mCute r

It is probablygoodpracticeto becontentwith thedefault nameor not to give it a cryptic or ambiguous
name.After checksto seeif a similar distribution hasalreadybeeninstalledandfor theexistenceof the
specifieddirectory, theinstallationitself begins. S

criptIn the script-based CUTEr, the rest of the installation is also performed by install script cuter , which
proceeds and takes care of all the operations, unpacking/casting1/compiling all the tools. Im

a
keIn theImakefile-basedCUTEr, thescript install cuter thencreatesthenecessarydirectorystructure, Imake-

filesandconfigurationfiles. Thefinal stepof theinstallationis left to theuserandis describedbelow.

1For thosenotfamiliarwith theterm,castingrefersto theactof transformingfilessothatmachineandcompilerdependencies,
andsizeandprecisionrequirements,arecorrectlyinsertedwherethey areneeded.
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Once this phaseis complete,install cuter remindsyou of what you shouldadd to your .cshrc ,
.bashrc , or whichever UNIX configurationfile correspondsto the shell you use. The directorystruc-
tureaftertheinitial installationis asdescribedin theCUTEr paperprovidedin theCUTEr distribution and
in §1.2andFig.1.1. In thecasewe areconcernedwith, theCUTERenvironmentvariableshouldbesetto
/usr/share/cuter andMYCUTERto /usr/share/cuter/CU TEr .l arg e.s un. so l.f 90 (or the alterna-
tive directoryyouspecifiedduringtheinstallationphase). Im

a
keIf usingImakefiles, install cuter alsoadvisesyouto readthevariousREADMEfilesscatteredoverthedirectory

treeunder$MYCUTER. We nowdescribethefinal stepof theinstallationusingImakefiles. There is an Imakefilein
each subdirectoryof $MYCUTER. Each of theseImakefilesneedsto appropriatelyusetheconfigurationsfilesstored
in $MYCUTER/config soasto generateMakefilessuitedto your local system.Thisprocessis usuallyreferredto
asbootstrapping. Thisis donebychangingto $MYCUTERandissuingthecommand

prompt% ./install mycuter

at thecommandprompt. Pleasenotethat if bothsingleanddoubleprecisionwere installed, install mycuter
requiresa command-lineargument,telling it for which precisionit shouldbootstrap the Imakefiles. In an attempt
to follow themainguidelinesfor theCPP—theC preprocessor, on which Imakefilesarebased—theargumentto
install mycuter takestheform of a symboldefinition. More precisely, if theuserwishesto remake thedouble
precisionversionof CUTEr, thecommandis

prompt% ./install mycuter -DDoublePrecision

andsimilarly, for thesingleprecisionversion,

prompt% ./install mycuter -DSinglePrecision

Referto thefile IMPORTANTfor the latestdetails. Do not let make’s outputconfuseyou. On a Linux system,and
becausemake is usuallyaccompaniedby the-w command-lineoption,usingthestandard g77compiler, theoutput
of theabovecommandlookslike

imake -I./config -DIsg77 -DLargeSize -DDoublePrecision
+ /bin/rm -f Makefile.bak
+ /bin/mv Makefile Makefile.bak
imake -I./config -DTOPDIR=. -DCURDIR=. -DIsg77 -DLargeSize -DDoublePrecision
making Makefiles in bin...
make[1]: Entering directory ‘/home/do/Cuter4Linu x/ bin ’
make[1]: Nothing to be done for ‘Makefiles’.
make[1]: Leaving directory ‘/home/do/Cuter4Li nux /b in’
making Makefiles in double...
make[1]: Entering directory ‘/home/do/Cuter4Linu x/ double ’
making Makefiles in double/bin...
make[2]: Entering directory ‘/home/do/Cuter4Linu x/ double /bi n’
make[2]: Nothing to be done for ‘Makefiles’.
make[2]: Leaving directory ‘/home/do/Cuter4Li nux /d oub le/ bin ’
making Makefiles in double/config...
make[2]: Entering directory ‘/home/do/Cuter4Linu x/ double /co nf ig’
make[2]: Nothing to be done for ‘Makefiles’.
make[2]: Leaving directory ‘/home/do/Cuter4Li nux /d oub le/ con fi g’
making Makefiles in double/lib...
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make[2]: Entering directory ‘/home/do/Cuter4Linu x/ double /li b’
make[2]: Nothing to be done for ‘Makefiles’.
make[2]: Leaving directory ‘/home/do/Cuter4Li nux /d oub le/ lib ’
making Makefiles in double/specs...
make[2]: Entering directory ‘/home/do/Cuter4Linu x/ double /sp ec s’
make[2]: Nothing to be done for ‘Makefiles’.
make[2]: Leaving directory ‘/home/do/Cuter4Li nux /d oub le/ spe cs ’
make[1]: Leaving directory ‘/home/do/Cuter4Li nux /d oub le’

This is normal output and it indicatesthat everythingworked out smoothly. make is simply echoing what it
attemptsto do in each subdirectory. A message like “Nothing to bedonefor ‘Makefiles’.” simplyindicatesthat the
subdirectorywhere make is currentlyworkingdoesnot havefurther subdirectories.On mostsystem,make is less
verbose.

Theabove commandshouldbe able to properly generate the Makefilesin each subdirectory. TheseMakefiles
shouldalsoonlycontainstandard commands,aseveryeffort hasbeenmadeto avoidusingexoticMakefilefeatures
andcapabilities,such as the$@@construct.A READMEfile accompanieseveryMakefile to describewhat it does
and which targets it recognizes. Users are advisedto take a look at thesefiles. You normally do not needto
readMakefilesgeneratedby imake astheseare usuallyverylong andcontainhundredsof parameterdefinitions.
Thedocumentationfiles and a basicknowledge of make shouldbe enoughfor you to feel comfortablewith the
(re)generationof thevariouspartsof CUTEr. OncetheMakefilesaregenerated,theonly thing that remainsto be
doneis theusualmake all . However, asuserswhohavesomeexperiencewith make know, make outputsa lot of
information—itbasicallyechoesto thestandard outputeveryactionit takes.The-s command-lineoptionto make
lowers its verbositylevel and basic informationon how the build progressesonly is printed. Thus,users should
build CUTEr usingthecommand

prompt% make -s all

Thiscommandcompletestheinstallationof CUTEr, usingImakefiles. On myLinux system,theinstallation takes
a coupleof minutesandmake’s outputlookslike

Getting UNIX commands right [Ok]
Casting script.sed [Ok]
Casting cast.sed [Ok]
Casting local.f [Ok]
Adding timer [Ok]
Building local.o [Ok]

making all in ./bin...
Casting cob [Ok]
Casting fil [Ok]
Casting gen [Ok]

... ... ...
Building uofg.o [Ok]
Building uprod.o [Ok]
Building ureprt.o [Ok]
Building usetup.o [Ok]
Building ush.o [Ok]
Building uvarty.o [Ok]
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Archiving libcuter.a [Ok]
making all in double/specs...

On workstations,the installationshouldbeexpectedto take longer. During this phase, keepan eyeon thescreen
andlook for the [Ok] indicators. Shouldmake comeacrosssomedifficulty, this sequenceof indicators shouldbe
interruptedbyanerror message. To knowmoreabouttheproblem,readtheREADMEfile in thedirectorywherethe
problemoccuredto try to indentifythetarget which make wasattemptingto build, andre-runmake on that target
withoutthe-s option.

You may theninstall a new instanceof CUTEr, which maybe for a differentarchitecture,or onecorre-
spondingto analready-installedinstance,with a differentprecisionor size. In all cases,theenvironment
variableMYCUTERshouldpoint to thecurrent,working, instanceof CUTEr.

The install cuter script keepstrack of all installedinstancesof CUTEr on your systemin the log-
file $CUTER/log/install.l og. This file may be used, for instance,to have MYCUTERpoint to the
right distribution. For the purposeof illustrating the above, assumethe threedistributionsgiven in Ta-
ble 1.1 areinstalledin their default directory. Besidesdateinformation,the following will be found in
$CUTER/log/instal l.l og, wheretheexclamationmark(! ) is aseparator.

double large Sun-workstation sol f90 ! $CUTER/CUTEr.large.s un. sol .f9 0
double medium Intel-like-PC lnx g77 ! $CUTER/CUTEr.medium. pc. lnx .g7 7
double large Compaq-Alpha t64 f90 ! $CUTER/CUTEr.large.a lp. t64 .f9 0

1.1.2 update cuter

As it is our intentionto upgradeover time (or fix if necessary)thetoolssuppliedin theCUTEr package,
a mechanismfor keepingan installedsystemup to date,andto install newer instancesof the tools, is
required. This is the role of the update cuter script. If all goeswell, you shouldnot have to use
update cuter immediately. Announcementsof bug-fixesandenhancementswill bepostedandindicated
on thewebsite.Therearetwo formsof thecommand.

In its first form, update cuter takestwo command-lineoptions,asfollows

prompt% update cuter filename

wherefilenameis thenameof thefile to upgrade,possiblyspecifiedwith a path. Suppose,for example,
that thefile ufn.f hasbeenimprovedsoasto performits taskfaster, upgradingyour currentinstanceof
CUTEr is achievedby typing

prompt% update cuter ufn.f

at thecommandprompt.Thiscommandfirst copiesthenew sourcefile to properlocation,which is in this
case$CUTER/common/src/t ool s. If therearecurrentlybothsingleanddoubleprecisioninstances,you
will be asked to choosewhich you would like to update;if thereis only oneinstanceunder$MYCUTER,
theprecisionwill bechosenaccordingly. Thescriptthencastsandcompilestheincomingfile, andfinally
updatestheCUTEr library ($MYCUTER/double/lib /l ibc ute r.a ). Of course,correspondingactionsare
performeddependingonthetypeof filename: if it is ascript,it is only cast,andstoredin its properplace,
andif it is adocumentationfile, it is simplymovedto $CUTER/common/doc .

In its secondform, update cuter takesthreecommand-lineoptions,describedasfollows
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prompt% update cuter -a filename

wherefilenameis the nameof a file describinga list of CUTEr files to be upgraded.The file filename
shouldcontain

1. on its first line, thedirectorywherethenew (upgraded)filescanbefound,and

2. on subsequentlines, thenamesof thoseupgradedfiles, possiblyprecededby their destinationdi-
rectory. A singlefile perline shouldbegiven.

Note that precedingthe file namesby their destinationdirectory is not compulsory;in fact, the path is
ignoredandupdate cuter triesto determinethecorrectpathfor itself. As anexample,supposethatthe
tools ufn.f , install cuter , compiler.cry.unc.f9 0 andsdknit.pro have beenupgraded,andare
temporarilystoredin /home/upgrade . A correspondinginput file might be

/home/upgrade
$CUTER/common/src /to ols /u fn. f
$CUTER/build/scri pts /in st all cuter
compiler.cry.unc. f90
sdknit.pro

but exactly thesameresultwould beproducedby thesimplerfile

/home/upgrade
ufn.f
install cuter
compiler.cry.unc. f90
sdknit.pro

or by thedeliberatelyconfusingfile

/home/upgrade
/usr/share/junk/u fn. f
/home/upgrade/ins tal l cuter
/home/downgrade/c ompile r. cry .un c.f 90
/opt/degrade/sdkn it. pro

As above, CUTEr copiesthesefiles from /home/upgrade to their properlocation,promptsfor thepre-
cision required(if necessary),castsand,wherenecessary, compilesthe incomingfiles, andupdatesthe
specifiedinstancestoredunder$MYCUTER.

The additionalcommand-lineoption -m forcesupdate cuter to simply move the files to their proper
locationandto skip compilation. Help may be obtainedfrom update cuter througheitherof the -h ,
-help or --help flags.

To summarize,thecompletesynopsisof update cuter is asfollows

update cuter [-h | -help | --help] [-m] [-a listFile | newFile]

In the situationwhereCUTEr hasbeenunpacked but no further installationstepswere performed,or
all currentinstancesweredeleted,update cuter still canmove theupdatedsourcefiles to their proper
location,skippingthecompilationphase.Thesamesyntaxasabove canbeused.

Caution: attentionshouldbe paid to the fact that update cuter works by source -ing theUNIX com-
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mandsfrom the file $MYCUTER/precision/c onfig /cm ds (whereprecisionis the requiredprecision)and
that thesecommandsdefinethe temporarydirectoryusedduringcompilationphase.In mostcases,this
temporarydirectoryis simply /tmp . This temporarydirectorymustnot be thesameasthat specifiedin
the first line of update cuter ’s input file (/home/upgrade in the examplesabove). Whenno compi-
lation occursandupdate cuter simply moves the files to their properlocation, it will sourcethe file
$CUTER/build/arch /sy ste m.a ll , a symboliclink to oneof the othersystem.* files, ratherthanthe
commandfile, asthe locationof this will not yet have beenassigned.The usermight resetthis link to
bettersuit their system,or createa suitablesystem.all file of their own, betterableto give thecorrect
commandsin all, or most,cases. Im

a
kePleaseremarkthat if usingthe Imakefile-basedversionof CUTEr, it shouldbesaferto updatefilesusingthe -m

command-lineoptionto update cuter , andthento issuea make all (or make -s all ) from$MYCUTER(or
fromthehomedirectoryof theCUTEr instancewhich shouldberebuilt).

1.1.3 uninstall cuter

Thescriptuninstall cuter is usedto remove a previously installedinstanceof CUTEr from your sys-
tem. If calledwith no argument,theuserwill beaskedto choosewhichdistribution to remove from a list
of theinstancesfoundonthesystem.Otherwise,theonly argumentis thenameof thedirectorycontaining
the distribution to be removed. We illustratethesecondcase.Referringagainto Table1.1, assumewe
wish to remove theCompaq-Alphadistribution. This is doneby issuingthecommand

prompt% uninstall cuter $CUTER/CUTEr.large.a lp .t6 4.f 90

at the commandprompt. If this directorycontainsboth the singleanddoubleprecisioninstances,you
will bepromptedfor which shouldbe removed. Thereis no possibility, at themoment,to remove both
instancesat once. If single or doubleprecisioninstanceonly is present,the whole directory will be
deletedas will the correspondingentry in $CUTER/log/install. log . Note that un-installingshould
bedonefrom thesamemachinefrom which the installationcommandwasissued,asthecorresponding
directorymight notberecognizedon othermachines.Issuingthecommand

prompt% uninstall cuter --help

will displaya shorthelp message.The script is itself self-documentedandthe usermay consultit for
moreinformation.

1.1.4 Rebuilding CUTEr

A rebuild of CUTEr may turn out to benecessarywhenever CUTEr informs theuserthat theworkspace
dimensionsneedto be increased—arebuild may alsoturn out to be necessarywhenever prototypefiles
aremodified,or in general,whenever any basicfile is modified. CUTEr itself, andthe SIF decoderin
particular, usually issuewarning messageswhenever the workspaceis insufficient, urging the user to
increaseaparticular(setof) parameters.Theseparametersmaybetunedin tools.siz andsifdec.siz ,
whichcanbothbefoundin

$MYCUTER/precision/c onf ig

whereprecisionis either‘single’ or ‘double’, accordingto your installation.For thechangeto takeeffect,
theCUTEr toolsandtheSIF decoderneedto becastandcompiledagain.AssumetheSolarisinstallation
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is modified. S
criptIn the script-based version of CUTEr, the change will take effect after typing

prompt% rebuild $CUTER/CUTEr.large .su n.s ol. f9 0

at the command prompt. If the current instance is to be rebuilt, the command

prompt% rebuild $MYCUTER

is perfectly valid. Im
a

keIn theImakefile-basedCUTEr, all theuserneedsto do to makesure heor sherebuildseverythingthatneedsto be
rebuilt is changeto thedirectory$MYCUTERandissuea

prompt% make -s all

make thentakescareof everythingandrebuildswhichever targetsdependon theupdatedfiles.

Note that the rebuild script, at leastin its currentstate,is much lessefficient than make sincemake
reconsidersaminimal numberof targets,while rebuild reconsiders,andrecompiles,thewholeinstance
of CUTEr.

1.2 The CUTEr tr ee

Oneof thedefectsof CUTE is that it wasnot designedto simultaneouslysupporta multi-platformenvi-
ronment,that is instancesof theenvironmentthatcouldbeusedsimultaneouslyfrom a centralserver on
several (possiblydifferent)machinesat the sametime. Moreover, usingCUTE on a singlemachinein
conjunctionwith severaldifferentcompilers(a casethat frequentlyoccurswhentestingnew software)is
impossible.Furthermore,handlingdifferentinstancesof theenvironmentcorrespondingto differentsizes
of thetools(that is thesizeof thetestproblemsthat they canhandle)is alsoimpossible.Thereasonfor
thesedifficulties is that thestructureof theCUTE files,asdescribedin [BCGT95], doesnot lenditself to
suchuse,sinceit only containsa singlesubtreeof objectsfiles. If we call thecombinationof a machine,
operatingsystem,compilerandsizeof the tools an architecture, the obvious solution is then to allow
severalsuchsubtreesin theinstallation,onefor eacharchitectureused.

However, assoonasthepossibilityof usingarchitecturedependentsubtreesis raised,theproperidenti-
fication of theparts(scripts,programs)of theenvironmentthatareindependentof thearchitecturealso
becomean issue.Sinceit would beinefficient to storecopiesof theseindependentscriptsandprograms
in eachsubtree,it is naturalto storethemin a datastructurewhich is itself disjoint from thedependent
subtrees.Finally, themultiplicationof subtreescontainingsometimesverysimilarbut yetvitally different
datamakesthe maintenanceof the environmentsubstantiallymorecomplicated,andthereforerequires
enhancedtools anda clear distinction betweenthe partsof the environmentthat are relatedto testing
optimizationsoftwareandthoserelatedto its own maintenance.

Thedirectoryorganizationchosenfor CUTEr, shown in Figure1.1, reflectsthesepreoccupations.Wenow
briefly describedits components.

Startingfrom the top of the figure, the first subtreeunderthe main $CUTERdirectory(the main root of
the CUTEr environment)is build , which essentiallycontainsall thefiles necessaryfor installationand
maintenance.Its arch subdirectorycontainsthefilesdefiningall possiblearchitecturesthataresupported
by CUTEr, allowing the userto install new architecturedependentsubtreesin an evolving manner, de-
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Figure1.1: Structureof theCUTEr directories
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pendingon the testingneeds,the evolution of the platforms,systemsandcompilers. The prototypes
subdirectorycontainsthepartsof theenvironmentwhichhave to bespecializedto onearchitecturebefore
it canbeused.Wecall suchfilesprototypesandtheprocessof specializingthemto aspecificarchitecture
casting. Theprototypefiles includea numberof toolsandscriptswhosefinal form typically dependson
compileroptionsandthechosensizeof thetools.Finally, thelastsubdirectoryof build , namedscripts ,
containstheenvironmentmaintenancetoolsandvariousdocumentationfiles.

Thesecondsubtreeunder$CUTERis calledcommonandcontainstheenvironmentdatafiles thatarerele-
vantfor its purpose,thetestingof optimizationpackages,but thatareindependentof thearchitecture.Its
first subdirectory, doc , containsa numberof documentationfiles concerningtheenvironment(suchasa
descriptionof its structure,thedescriptionof procedureto follow for interfacingthesupportedoptimiza-
tion packages,thecompleteSIF referencedocument,. . . ), but not a descriptionof theCUTEr toolsand
scriptsthemselves. Thesearedocumentedin theman subdirectory(and,asis commonon Unix systems,
its man1 andman3 subdirectories).Thesrc subdirectorycontainsanumberof subdirectoriesthatcontain
thesourcefilesfor many of theenvironmentutilities: tools containsthesourcesof theFortrantoolsused
in user’sprograms,while matlab containsall the“m-files” thatprovideaMATLAB interfaceto theenvi-
ronment.Thepkg subdirectoryof src is usedto storedtheinformationrelatedto thevariousoptimization
packagesfor which CUTEr providesan interface. Thereis onesubdirectoryfor eachsuchpackage(we
have representedthatfor theCOBYLA andVE12 packages),typically includinganalgorithmicspecifica-
tion file or thesourcecodeof thepackageif available. Thelastsubdirectoryof common, sif , containsa
few testproblemsin SIF format.

The next subdirectoryunder$CUTERis calledconfig andcontainsall the configurationandrulesfiles
whicharerelevantto imakewhenthelatteris usedto bootstrap thevariousImakfilesin orderto createthe
necessaryMakefiles.

The log subdirectoryof $CUTERcontainsa log of the variousinstallations(and, possibly, subsequent
un-installations)of theenvironmentfor thevariousarchitectures.

Theremainingsubdirectoriesof $CUTERareall architecturedependent:eachof themcorrespondsto the
installationof CUTEr on a specificmachine,for a given operatingsystemandcompilerandfor a given
tool size. Thefigureonly representsone,but thecontinuationdotsat thebottomof the leftmostvertical
line indicatethat theremight be more than one. The nameof thesedirectoriesare (by default) auto-
matically chosenat installation,but a userof oneof thesesubtreeswould typically give it a symbolic
name,like $MYCUTER, to refer to the instanceof CUTEr currently in use. Eacharchitecture-dependent
subtreeis dividedinto its singleanddoubleprecisioninstances(single anddouble , respectively), each
of thesecontainingin turn four subdirectories.Thefirst, bin , containstheobjectfiles correspondingto
the optimizationpackagesdriving programsand, if relevant, of the packagecodes. The second,lib ,
containslibrary of cutetoolsand,if relevant, librariesassociatedwith the interfacedoptimizationpack-
ages.Theconfig subdirectorycontainsthearchitecturedependentfilesthatwereusedto build thecurrent
$MYCUTERsubtree(they arereusedwhenatool or optimizationpackageis addedor updated),while specs
containsthealgorithmicspecificationfiles for theoptimizationpackagesthatarearchitecturedependent,
if any. Finally, $MYCUTER/bin containsthosescriptswhicharearchitecture-dependent, but notprecision-
dependent.

ThefactthattheCUTEr toolsarenow storedin theform of libraries(while they werestoredasacollection
of individual objectfiles in CUTE), is anothernovel feature.This allows a muchsimplerdesignof new
optimizationpackageinterfaces,sincetheinterfaceno longerneedto specifytheexactlist of toolswhich
have to beloadedtogetherwith thepackage.
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A final new featureof theenvironmentorganizationis that thedocumentationis availablevia theusual
man commandfor thescriptsandtools,andbothin acsiiandpdf formatsfor therest.It is hopedthatthis
will makeaccessto therelevant informationmoreconvenientfor users.

1.3 Interfacing CUTEr and Matlab (R)

Wedescribein thissectionhow CUTEr is interfacedwith Matlab,remindbasicconceptsaboutMEX-Files
anddescribehow new interfacesshouldbeadded.

1.3.1 MEX-Files basics

Besidesbeinga self-sufficient environment,MatlabprovidesanApplicationProgramInterface(API) to
supportexternaluser-definedsubroutines.This interfacing is realizedthroughdynamically-linked sub-
routines,compiledby Matlab from C or Fortransourcecode,referredto asMEX-Files. For a thorough
explorationof MEX-Files accompaniedby numerousexamplesanddetails,refer to your local Matlab
documentation.Recallalsothatall API-relateddocumentationis availableonlineusingtheMatlabHelp
Desk.Wenow briefly review themainfeaturesof MEX-Filesandwhattheusershouldprovidefor Matlab
to beableto compiletheinterface.

Any user-providedC or Fortrancomputationalroutinemaybeinterfacedwith theMatlabenvironmentus-
ing themexscript.Within Matlab,themexcommandtakesthenameof theroutineto beinterfacedasanar-
gumentplusanumberof optionsandpossiblyotherfiles. Referto themexscriptdocumentationfor acom-
pletelist of all supportedoptions.For every routinetheuserwishesto interfacewith Matlab,a gateway
routinemustbeprovidedin orderto inform Matlababoutthenumberof argumentsthatthecomputational
routinetakesandwhat their type is. This gateway routinecalls the user-definedcomputationalroutine
asa subroutine.Thefile resultingof thecompilationandlinking of thesetwo routinesis calleda MEX-
File. Assumeyour own FortranroutineqrFactor.f is to be interfacedwith Matlabandthata gateway
is providedin thefile qrFactorg.f , Matlabcompilesandlinks qrFactor.f onceit is giventhecommand

matlab% mex qrFactor.f qrFactorg.f

Possibly, if several user-definedroutinesare to be compiledwithin Matlab, the gateway routine may
interfacethemall atonce.For detailsregardingtheconstructionof agateway, thereaderis referredto the
Matlabdocumentation.

1.3.2 CUTEr and MEX-Files

With CUTEr, gateway interfacesto theCUTEr toolsareprovided in threefiles. Thefile utools.f inter-
facesthe unconstrainedoptimizationtools, ctools.f interfacesthe constrainedoptimizationtools and
gtools.f containsgeneraltoolsusedby utools.f andctools.f . Thesegateway filescanbefoundin

$CUTER/common/src /to ols /

while shortcutfiles to call thecorrespondingroutinesmaybefoundin

$CUTER/common/src /ma tla b/

For example,$CUTER/common/src/ mat lab / containsthefile usetup.m whichallows theuserto simply
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call theusetup toolsby typing

matlab% [x,bl,bu]=usetup;

at theMatlabpromptinsteadof

matlab% [x,bl,bu]=utools( ’us etu p’) ;

Note that the calling sequencefrom within Matlab may to someextent differ from the “usual” Fortran
calling sequence.

Help is availablefrom within Matlabtheusualway, by typing

matlab% help toolname.

For example,

matlab% help usetup

briefly documentsthe usetup tool. Note that MEX-Files createdfrom Fortransourcecodemay only
handledoubleprecisiondata. As a generalrule, a C or Fortranroutineor functioncompiledandlinked
into aMEX-File is calledusing

matlab% [ o1 � o2 ��������� on] = function name( i1 � i2 ��������� im );

whereo1 � o2 ��������� on is theoutputargumentslist (specifiedwithin squarebrackets)and i1 � i2 ��������� im is the
input argumentslist.

Thegateway interfacesusethemxCopy constructby default. If your C or Fortrancompilersupportsthe
%val construct,which implementscalls by addressinsteadof calls by value,it shouldbe usedso asto
freememoryusedby (no longernecessary)temporaryvariablesandto speedupexecution.Besidesbeing
moreintuitive, the%val constructalsoconsiderablyeasestheprogrammingeffort, shortensthecodeand
makesbetteruseof availablememory.

1.3.3 Using CUTEr fr om within Matlab

Compiling andlinking the CUTEr tools with a solver written in C or Fortran,andto be usedin Matlab
is doneby creatingthe correspondingMEX-File. This is the purposeof the two scriptssdmx andmx,
foundunder$MYCUTER/bin. Thepurposeof thesetwo scriptsshadows thatof theotherscripts;sdmx first
SIF-decodestheproblemit is given asanargumentandleavesthecreationof theMEX-Files to mx. mx
invokestheC or Fortrancompilerdistributedwith Matlab,links all theobjectfiles andlibrariestogether
andfinally createstheMEX-File, whichcanbecalledasa regularMatlabfunction.

Versionsof Matlabolderthan6.0usedto haveseparateC andFortrancompilers,oftencalledrespectively
cmex and fmex . Recentversionshave merged the two compilersinto one,mex, making the other two
obsolete.You shouldupdateyour file $MYCUTER/precision/ con fi g/c mds to reflectyour local instance
of Matlab. Pleasealso update$CUTER/build/arch/ sy ste m.your systemaccordingly, to make your
modificationssystem-wide.For the above reason,the CUTEr interfacesto Matlab areno longercalled
sdmex andmex, but sdmx andmx.

For instance,to compileandlink all theunconstrainedCUTEr toolswith theproblemMSQRTALS.SIF, use

prompt% sdmx -u MSQRTALS



CHAPTER� 1. INSTALLATION AND USAGE 19

Note the useof the -u command-lineoption to sdmx in order to usethe unconstrainedtools. To use
the constrainedtools, simply omit the -u option. Also notethat Matlab MEX-Files alwaysusedouble
precisionandtherefore,adouble-precisionSIFdecodershouldhave beeninstalledon thesystem.

PlacetheMEX-File thusgeneratedin thesamedirectoryasthefiles producedby theSIFdecoder, andin
particularOUTSDIF.d , andtheinterfacesdescribedin §1.3.2arereadyto becalledfrom Matlab.

If yourproblemhasalreadybeendecoded,theMEX-File canberegeneratedusingthecommand

p

rompt%mx -u

1.3.4 Adding a new tool

Shouldthe useraddnew C or Fortrantools to CUTEr that areto be interfacedwith Matlab, utools.f
and/orctools.f shouldbe updatedaccordinglyand the corresponding.m file shouldbe createdand
storedin thedirectory$CUTER/common/src/ mat lab / . For informationonMEX-File debugging,referto
your localMATLAB documentation.

The usershouldalsopay attentionto their local implementationof pointers. If the mxCopy construct
is used,pointersshouldbe declaredas integer*8 on DEC Alpha and 64-bit SGI machinesand as
integer*4 onall otherplatforms.If thelocalFortrancompilersupportsthisoption,aclearmulti-platform
codemaybeobtainedby having theC preprocessormapthepointersto thecorrectdeclarationsat thepre-
processingstage.

Notefinally thataftercompilationandlinking, thenameof theresultingMEX-File will haveanextension
thatdependsontheplatformonwhichcompilationwasperformed.For example,thisextensionis mexsol
on SunmachinesrunningSolaris,andmexsg64 on 64-bitSGImachines.

1.4 User-modifiable parts

Nearly all the Fortransourcefiles, storedin $CUTER/common/src/t ool s, have user-modifiableparts.
Thesepartsare not directly included in the Fortran sourcecode,but castprior to compilation. The
files containingtheuser-modifiabledataare tools.siz andsifdec.siz . After the initial installation,
thesefiles will be found in the CUTEr directory $MYCUTER/[single|do uble] /co nfi g. If modified,
theCUTEr distribution mayberebuilt usingthenew parametervaluesby the rebuild script, locatedin
$CUTER/build/scri pts .

SomeFortransourcefiles, like clsf.f and slct.f , have hardcodeduser-modifiableparts. Theseare
usuallylocatedat thetopof thefile, betweenbanners,suchas

C--------- THE FOLLOWINGSPECIFICATIONS MAY BE MODIFIED BY THE USER ----------

and
C---------------- END OF THE USER MODIFIABLE SPECIFICATION -------------------



CHAPTER� 1. INSTALLATION AND USAGE 20

1.5 CUTEr tools

Problemsarefully describedin aStandardInputFormat(SIF)file. Thisfile maysubsequentlybedecoded
to provide dataandFortransubroutinesfor input to anonlinearprogrammingpackage.

Herewedescribeauxiliarysubroutineswhichareavailablefor usersto manipulatethedecodeddata.The
Fortransourceof theseprograms,alongwith thesubroutinesobtainedwhendecodingtheSIFfile, should
becompiledwith theuser’s optimizationpackage.

The CUTEr toolsaredescribedin themanpages,category 3, which maybeviewedusingtheman com-
mand,its X interfacexman, or, on LINUX systems,by issuingless manpagewheremanpageis theman
pageto beviewed. Themanpagesarestoredin $CUTER/common/man, andthis directoryshouldappear
in theuser’s MANPATH. Table1.2containsthosetoolsrelatedto unconstrainedor bound-constrainedmin-
imization asof March 13, 2002,alongwith a brief description,andTable1.3 containsa list of CUTEr
tools for constrainedminimization. The ureprt andcreprt tools producestatisticsabouta particular
run. Usersof thepreviousversionsof CUTE will noticethestrongsimilarity in thetoolsnames.

Whenever thedescriptionstatesthattheHessianmatrixof eithertheobjective or theLagrangianfunction
is in sparseformat, it is implicitly understoodthat it is storedin coordinateformat. Explicit mentions
appearwhenever thismatrix is storedin finite-elementsformat.

Noteon the creprt tool

As CUTEr featurestools allowing usersto evaluatea singleconstraintandas reportingthe numberof
evaluationsof each constraintin thefinal statisticsis not practical,thestatisticsreporta measureof the
thisquantity, definedas

#eval� c�	� ∑i #eval� ci �
m �

where∑i #eval� ci � is thesumof the total numberof timeseachindividual constraintis evaluatedandm
is the numberof constraintsin the problem. Note that if the algorithmalwaysevaluateall constraints
at once,this measureis an integer. Otherwise,it may be a real number. The purposeof this ratio is to
provide a measureof thenumberof constraintfunctionevaluations(ascomparedto its maximum: m) in
thecourseof theiterations.

1.6 CUTEr sizes

TheCUTEr packageis distributedwith threedefault “sizes”: large,medium,andsmall. In addition,there
is a customsize,which, as the term indicates,may be suitablefor situationsdemandinga specialized
configuration.Thesesizesrefer to thesizeof thememoryavailablefor problemdecodingandsolution,
andhencearedirectly relatedto thesize(theamountof data)of theproblemsthatCUTEr cantackle. It
mayhappenthat thepredeterminedsizesdo not fit your favorite problemor your machine,andthatyou
wish to specifyyour own. Typically, whenrunningtoo largeaproblem,CUTEr will complainthatoneof
thesizeparametersis too smallandstop. You thenhave to increasethis parameter(if this is possibleon
your machine)in orderto handletheproblem. This modificationof the CUTEr arraysizesis explained
below.
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Wefirst notethatthedependency onproblemsizeoccursin boththedecodingof theproblemSIF file into
datastructuresandsubroutinesandin the computationof the requiredproblemvaluesby the provided
evaluationtools. Indeed,theproblemdependentdatais fully specifiedby its associatedSIF file andmust
be taken into accountin all stagesup to the numericalsolutionprocess.Therefore,thesizeof both the
SIF decoderandthetools(andindeed,theinterfaceoptimizers)mustbeadequatefor theproblem.

Theactualchoiceof oneof thepredeterminedsizesis madewhenrunningtheinstall cuter command,
which promptsthe userfor the desiredsize. In fact, install cuter , or the Makefiles, dependingon
whichCUTEr youareusing,castthesourcecodeagainsta“sizemask”correspondingto theselectedsize,
andtherebydeterminesthedimensionsof thevariousarraysusedin thecode.Theassignmentstatements
aredifferentiatedby their first four characters:

CBIG specifiesthelargesize
CMED themediumsize
CTOY thesmallsize
CCUS thecustomsize

Notethatthecustomsizeis first thoughtof aslargerthanthelargesize,but nothingpreventstheuserfrom
building anintermediarysizeor asmallersizethanthetoy size.

Changingthesizeof theCUTEr distribution in thesensejustdescribedmaycall for apartialre-installation.
If most (or all) parametersmust be, say, increased,it might be worth consideringsimply re-installing
CUTEr usinga larger size(e.g. large if mediumturnsout to be insufficient for your purposes).To that
end,executeinstall cuter againandselectthe correctsize. In casevery few parametersneedto be
changed,theproceduredescribedbelow might be considered.We now examinethis procedurein more
detail.

1.6.1 toolssizes

Thetoolssizesaregatheredin thefile $MYCUTER/precision/co nf ig/ too ls. si z, whichcontainsthefol-
lowing parameters.

Parameter Brief description

LIWK thesizeof theintegerworkspacearrayusedby thealgorithms
LWK thesizeof thesingleor doubleprecisionworkspacearrayused

thealgorithms,accordingto theprecisionof theinstanceinstalled
LLOGIC thesizeof thelogicalworkspacearrayusedby thealgorithms
LCHARA thenumberof tencharacterstringsusedasworkspaceby thealgorithms
LFUVAL thesizeof thearrayusedto storetheproblem’s functionandderivative values.

Theseparametersareassigneda valueupon initial installationof CUTEr on the system. Thesevalues
shouldbechangedaccordingto CUTEr messagesissuedat run-time,andCUTEr shouldberebuilt.

Note that the main drivers, whosenamesmatchthe regular expressions*ma.f and *ma.f90 , declare
parameterssuchasMMAX—the maximalnumberof constraintfunctionsin the problem—whicharenot
found in tools.siz . It may happenthat CUTEr abortsthe solving of a problembecauseoneof these
parametershasnotbeenset,in themaindriversourcefile, to anappropriatevalue.Sincetheseparameters
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arepackage-dependentratherthanarchitecture-,or size-dependent,they shouldbesetto anappropriate
valuein thesourcefile andthelattershouldberecastandrecompiled.

1.6.2 Sizesfor the MATLAB interface tools

If thesizeof theMATLAB interfacetoolsis to bemodified,theparametersNMAX(themaximumnumber
of variablesin aproblem)andMMAX(themaximumnumberof constraintsin aproblem)shouldbealtered
at thebeginningof thefiles ctools.f andutools.f .

Changing compiler flags

In somecircumstances,it might be useful to alter the predefinedcompilerflags. An examplemight be
whensomenew level of codeoptimizationbecomesavailableon your machine.Note that careshould
be exercisedwith codeoptimizers:we know of caseswheretheoptimizersintroducerealbugsinto the
code. As a consequence,it might be a good idea to turn optimizationoff beforedecidingthat some
strangebehaviour of thepackageis anomalousandworthreporting.This is anotherreasonwhy modifying
compiler flags might be useful. Someoperatingsystemrevisions might also requirethat you change
machinedependentconstantsor procedures(suchasthetimer).

If compilerflagsshouldbechangedprior to a rebuild, theusershoulddo soby alteringtheCOMPILEand
LOADvariablesin thefile $MYCUTER/precision/c onf ig/ cmds .

If compilerflagsshouldbechangedto affect all subsequentinstallationsof CUTEr, theusershoulddo so
in someor all thefiles $CUTER/build/arch/c ompile r.* .* .* . Im

a
keIf using the Imakefile-basedCUTEr, the file <your system>.cf shouldbe modifiedaccordingly, where the

compilerin questionis descibed.For instance, if thecompilerin questionis only foundon SUNmachines,thefile
sun.cf shouldbemodified.If it maybefoundonanymachine, thefile all.cf shouldbemodified.Thesefilesare
foundunder$MYCUTER/config .

Systemdependentconstantsand functions

All thesystemdependentconstantsandfunctionsarespecifiedin thecompiler.*.*.* filesbeforeinstal-
lation,whicharesubsequentlymovedto $CUTER/build/arch , andalsoin theFortranfile $MYCUTER/precision/co nf ig/ loc al. f
aftertheinitial installation.If theseneedto bechanged,thislatterfile is theoneonwhichto operatebefore
rebuilding CUTEr. Keepin mind that alteringsomeor all the $CUTER/build/arch/c ompile r. *.* .*
files will affectall subsequentinstallationsof CUTEr. Im

a
keIf using the Imakefile-basedCUTEr, the configuration files all.cf and/or <your system>.cf , foundunder

$MYCUTER/config , shouldbemodifiedaccordingly.

A setof hashingroutines

TheroutinesHASHA, HASHB, HASHCandHASHEprovideaFortranhashingtool. They aresystemdependent
in that they rely on thenumberof bytesusedto representanintegerwithin theparticularFortrandialect
used.Thisnumberof bytesis setin theparameterNBYTESin $CUTER/build/arch /co mpi le r.* .*. * . If
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your Fortrancompilerusesan“unorthodox”numberof bytesfor its integers,youwill have to changethe
valueof NBYTES. Im

a
keIf using the Imakefile-basedCUTEr, the configuration files all.cf and/or <your system>.cf , foundunder

$MYCUTER/config , shouldbemodifiedaccordingly.

A definition of the arithmetic constants

The suppliedfunctionsSMACHRandDMACHRreturnvaluesfor variousmachinedependentconstants,for
singleanddoubleprecisionarithmetic,respectively. ThesemachineconstantsaredenotedRn in single
precisionandDn in doubleprecision.Werecapitulatethemin thefollowing table

Parameter Brief description

R1,D1 thesmallestpositive numberε1 suchthat1 
 ε1 � 1
R2,D2 thesmallestpositive numberε2 suchthat1 � ε2  1
R3,D3 thesmallestnonzeropositive number
R4,D4 thesmallestfull precisionpositive number;
R5,D5 thelargestfinite positive number

Eachof thesenumbersshouldbemodified,eitherin $CUTER/build/arch/ co mpi ler .*. *. * or in $MYCUTER/precision/co nf ig/ loc al. se d,
whennecessary. Im

a
keIf using the Imakefile-basedCUTEr, the configuration files all.cf and/or <your system>.cf , foundunder

$MYCUTER/config , shouldbemodifiedaccordingly.

A CPU timer

This is a real function CPUTIM, that returnsthe currentCPU-timeusedby the package,expressedin
seconds.This timer is,unfortunately, highly systemdependent.Thespecificcodefor CPUTIMis originally
locatedin $CUTER/build/arch/c ompile r.* .* .* andconcatenatedwith local.f at casttime, during
installation.

1.6.3 Rebuilding CUTEr

Rebuilding CUTEr is doneasdescribedin §1.1.4. Simply executethe rebuild scriptwith thecomplete
pathcorrespondingto theCUTEr installationto berebuilt asargument. Im

a
keIf usingthe Imakefile-basedCUTEr, simplychange to $MYCUTERand issuea make -s all to make sure that

everythingthatneedsto berebuilt is rebuilt.

1.7 Dri ver programs

Driver programsareFortransourcemain programsthat call relevant user-provided subroutinesfrom a
particularoptimizationor linearalgebrapackage,andwhichobtainfunction,derivativeandotherproblem
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informationdirectly from CUTEr subroutinetools. A driver is compiledandrun by the interfaceto that
package.

For example, the CUTEr distribution includesan interfaceto the PRAXIS package. This interface is
providedby two UNIX scripts,sdprx.pro andprx.pro , storedin $CUTER/build/protot ype s, which
arecastinto sdprx andprx andsubsequentlystoredin $MYCUTER/bin. Both scriptsmake useof the
auxiliary script runpackage , castfrom prototyperunpackage.pro , which is commonto all interfaces.
Moreinformationontheusageof interfacesis givenin §1.9. Theroleof thesethreescriptsis to decodethe
input probleminto theproperFortransubroutines,gatherthenecessarylibrariesandobjectfiles, link and
compilethemtogetherandfinally launchthePRAXIS driver, whosesourceprxma.f is castandlinked
into prxma.o , storedunder$MYCUTER/precision/ bi n. Thedriver setsup all thenecessarydatastructures
andenvironmentrequiredby PRAXISandcallsthePRAXISsubroutinesto solve theinput problem.

All supportedpackagesarerepresentedby anabbreviatedname.For thepurposeof anillustration,assume
this abbreviation is pak. Theinterfacesscriptsarecalledsdpak.pro andpak.pro , andtheFortrandriver
programpakma.f .

Thepackagesthemselvesare*not* suppliedin theCUTEr distribution asweonly aimto provide auseful
andefficient testinganddevelopingenvironment. It is the responsibilityof the userto get the package
sourceor objectfilesandproperlylink them.

More detailsregardingaspecificsupportedpackagepakmaybefoundin
$CUTER/common/src/p kg/ pak/R EADME. pak.

1.8 The SIF decoder

1.8.1 Where is the SIF decoder?

At this point, it is crucial to mentionthat, in contrastwith earlierversionof CUTE [BCGT95], the SIF
decoderis no longerembeddedin CUTEr. This choicewasmadefor several reasons,someof which are
now brieflyexplained.First,it seemedimportanttousto haveaconsistentsetof toolswithin CUTEr which
all depend,in anindenticalmanner, ontheSIF decoder. Thedecoder, however, couldserveotherpurposes
thanthatof beinga gearof the testingenvironment.As a primeexample,theSIF decoderis a vital part
of the forthcomingsecondreleaseof theLANCELOT package[CGT92], LANCELOT-B. It thusappeared
moreconsistentto isolatethe decoderandsimply have the otherpackages—CUTEr, LANCELOT-B, but
therecould alsobe others—referto it whenever necessary. Anotherreasonis easeof maintenance,and
consistency whenupgradingthedecoder. All thepackageswhich refer to it areusingthesameversion.
Finally, the SIF decoderin its own right mayevolve anddevelop separately. An illustrationof this fact
is its recentability to generateroutinesfor function evaluationsuitedfor input to the HSL automatic
differentiationpackagesHSL AD01 andits threadsafecounterpartHSL AD02 [HSL00].

1.8.2 SIF decodersizes

Warning or error messagesissuedby the SIF decodershouldbe interpretedas relatedto the SifDec
package,andthe adjustmentswhich they suggestshouldbe madein the file sifdec.siz found under
$MYSIFDEC/precision/ con fig / . For moreinformation,see[GOT01].
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1.8.3 CUTEr and automatic differentiation

TheHarwell SubroutineLibrary [HSL00] containstwo packagessupplyingautomaticdifferentiationfa-
cilities. If eitherof thesepackages,HSL AD01 or its threadsafecounterpartHSL AD02, is available to
theuser, automaticdifferentiationmaybeusedwithin CUTEr. Pleasenotehowever thatHSL AD01 is a
Fortran90packagewhile HSL AD02 is aFortran95package.Suitablecompilersmustthereforebeavail-
able. Forwardandbackward modesboth provide first andsecond-orderderivatives,while higher-order
derivativesareavailablein forwardmodeonly. We refertheuserto [HSL00] for moredetailedinforma-
tion. As will beexplainedin § 1.9, command-lineoptionsto theinterfacesallow usersto selectforwardor
backwardmode,andwhich packagethey wish to use.Theautomaticdifferentiationpackagesshouldbe
usedlike any optimizationpackage,i.e. they shouldbecompiledbut not linked. Theobjectfiles should
thenbeplaced,or linkedto from, thedirectory$MYCUTER/precision/ bin .

1.9 Interfaces

This sectiondescribesexisting CUTEr interfaceswith optimizationandlinearalgebrapackagesandhow
to createanew interface.

Information and usageof the different interfacesto existing optimizationand linear algebrapackages
may be found in the manpages$CUTER/common/man/man1, andusersshouldensurethat the directory
$CUTER/common/manappearsontheirMANPATH. Themanpagefor thegenericscriptscriptmaybeviewed
by issuingthecommandmanscript, its X interfacexman, or, onLINUX systems,by executingthecommand
less script.1. Table1.4shows theinterfacesprovidedandthepackagesto which they correspond.

For the purposeof an illustration, let us now considerthe unc and sdunc interfacesto the UNCMIN
unconstrainedminimizationpackage.Their callingsequencesareasfollows

sdunc [-s] [-h] [-k] [-o j] [-l secs] [-f] [-b] [-a j] [-show]
[-param name=value[,name=val ue... ]] [-debug] probname[.SIF],

unc [-n] [-h] [-s] [-k] [-r] [-o j] [-l secs] [-debug].

The purposeof sdunc is to SIF –decodeprobname.SIF , setenvironmentvariablesdefiningobjectand
specificationfiles necessaryto compile the main UNCMIN executable,and launchrunpackage . The
scriptunc is simliar, exceptthatit assumesthattheproblemhasalreadybeendecodedby theSIF decoder.
Themainexecutableis linked,compiledandrun by runpackage . An importantdifferencewith previous
versionsof CUTE is thatrunpackage is independentof any interface;only thosescriptsgivenin Table1.4
dependon the optimizationpackagewhich must be interfaced. The argumentsof sdunc and unc are
thoroughlydescribedin themanpages.Webriefly review themhere.

-s link, compileandrun thesingleprecisioninstance.Doubleprecisionis thedefault;

-h printsa helpmessage;

-k keeptheloadmoduleafteruse;

-r (unc only) discouragerecompilationof thetestproblem;

-o j verbositylevel: -o 0 is silentmodeand-o 1 is verbosemode.Thedefault is -o 0;
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-l secs limits theCPUrunningtime to secsseconds;

-f (sdunc only) generatetherelevantsubroutinesfor automaticdifferentiationin forward mode;

-b (sdunc only) generatetherelevantsubroutinesfor automaticdifferentiationin backward mode;

-a j (sdunc only) whenusedin conjunctionwith -f or -b, -a 1 usesthe older HSL automaticdifferen-
tiation packageAD01, which -a 2 usesthe newer, threadsafe,automaticdifferentiationpackage
AD02;

-show (sdunc only) displayspossibleparametersettingsfor probname[.SIF].Otheroptionsareignored;

-param (sdunc only) castprobname[.SIF]againstexplicit parametersettings;

-debug links thelibrariesandcompilewith -g optionsoasto allow debugging;

-n (unc only) usetheloadmoduleif it exists.Thedefault is to recompile.

The main objectfiles for the supportedpackages(i.e. in this case,uncmin.o ) shouldbe placedin (or
symlinked to from thedirectory)$MYCUTER/precision/b in , while the requiredspecificationfiles should
beplacedin (or symlinkedto from) thecurrentdirectory.

1.10 Creatinga new interface for an optimization package

Thepurposeof this text is to explain how onecanbuild interfacetoolsfor anotheroptimizationpackage,
similar to thoseinterfacessdunc andunc providedfor UNCMIN. We provide genericscriptssdgen and
gen to make thisprocesseasier. Thesescriptscanbefoundin the$CUTER/build/prot oty pes directory.

For illustrative purposes,we assumethepackagefor which onewishesto provide an interfaceis called
pack . We supposethatbothsingleanddoubleprecisioninstancesof thepackageareavailableandthat
interfacesin bothprecisionsarerequired.An interfacefor just oneof theprecisionscanbeobtainedby
ignoringany of thecommentsrelatingto theother. Wesuggestthefollowing steps.

1. Constructadriverprogramcallingthenew packageandusingtheFortrantoolsprovided(for evalu-
atingtheobjective function,its gradient,etc.) Theexistingdriverprograms(uncma, mnsma, ve09ma,
stnma , etc.) might helpyougetstartedin writing thisnew driver.

Now compilethisprograminto anobjectfile calledpackma.o . Thedoubleprecisionobjectshould
residein thedirectory

$MYCUTER/double/bin

andthesingleprecisionobjectshouldresidein thedirectory

$MYCUTER/single/bin ,

2. Compilethedoubleprecisioninstanceof thecompletesetof programscontainedin thepack pack-
ageinto oneobjectfile2 (for example,packd.o ). Repeatthis for thesingleprecisioninstanceof the
package,producingasecondobjectfile (for example,packs.o ),

2If usersprefer, they mayinsteadcreaterandomor staticlibrarieslibpack.a or libpack.so .
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3. Connectto $CUTER/build/prototy pes andcopy sdgen.pro andgen.pro to sdpack.pro and
pack.pro respectively. This is doneby typing

prompt% cd $CUTER/build/protot ype s
prompt% cp sdgen.pro sdpack.pro
prompt% cp gen.pro pack.pro

at thecommandprompt,

4. Createthenew directory$CUTER/common/src/ pk g/p ack ,

5. Edit sdpack.pro andpack.pro andmodify themasfollows:

(a) changethe nameof the packageto be interfacedfrom gen to pack . This is donein the
assignmentof the shell variablesPACandPACKAGEat the beginning of the script, so that it
reads

setenv PAC = pack
setenv PACKAGE= pack

(b) if applicable,addor removecommand-lineoptionsto theinterfacessdpack.pro andpack.pro ,
paying specialattentionto thoseoptions that are passedover to the SIF decoderand to
runpackage.pro ,

(c) properlysetthePACKOBJandSPECSenvironmentvariablestocontaintheobjectfile(s)/libraries
for the packageandthe specificationfile (if any) respectively. The object files3 shouldlie
in $MYCUTER/precision/ bi n, whereprecisionis either single or double,and the specifica-
tion file shouldlie in the directory $CUTER/common/src/ pkg /$P ACKAGE, i.e. in this case,
$CUTER/common/src/p kg/ pac k.

6. Possibly, alter runpackage.pro to link BLAS libraries,or otherrelevant libraries.

7. Thescriptsnow needto becastagainstyour machine-dependentspecifications.This maybedone
by issuingthecommands

prompt% sed -f $MYCUTER/precision/config/script.se d file.pro > $MYCUTER/bin/ file
prompt% chmod a+x $MYCUTER/bin/ file

atthecommandprompt,wherefile issuccessively sdpack andpack . If youalteredrunpackage.pro ,
thesameshouldbedonefor file=runpackage .

Note: In caseyour packageis not going to be available on all the platforms for which you have a
CUTEr installation,modify the scriptssdgen , gen and runpackage found in $MYCUTER/bin instead
of the prototypescripts. Otherwise,it is recommendedthat you write prototypesand store them in
$CUTER/build/prot oty pes .

We would be very pleasedif you could sendyour interfaceand driver programto us, so that we can
redistribute it with future versionsof CUTEr, with properackowledgments.Thankyou in advanceand
goodluck!

3If theuserhascreatedrandomor staticlibraries,theseshouldappearin $MYCUTER/precision/lib
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1.11 Checking the integrity of a SIF file

All theinterfacesgivenin Table1.4follow thesamepattern.If theSIF problemhasnotyetbeendecoded,
the interfacefirst calls the SIF decoderby meansof the sifdecode script. Pleasepay attentionto the
fact that, asmentionedin § 1.8, the SIF decoderis now distributedasa separatepackageandmustbe
installedprior to usingany of theCUTEr interfaces.Themainexecutablefor thedecodermustbefoundin
$MYSIFDEC/precision/ bin /si fd ec , where$MYSIFDECis anenvironmentvariablepointingto thecurrent
instanceof SifDec. Failing to dosowill resultin anabort.

Oncetheproblemhasbeendecoded,theinterfacecallsa commonscriptcalledrunpackage which links
therelocatablestogether, createsanexecutablefile andfinally executesit. It maybeusefulin somecases
to decodeaSIF -encodedproblemwithoutrunninganoptimizationpackageafterwards,or to simplycheck
the syntaxof the SIF file. In that respect,the sifdecode script may be calledindependently, from the
commandline. Its syntaxis similar to thatof theinterfaces:

sifdecode [-s] [-h] [-k] [-o j] [-l secs] [-f] [-b] [-a j] [-show]
[-param name=value[,name=v alu e.. .]] [-force] [-debug] probname[.SIF]

Note that someof the command-lineoptionsonly make sensewhenan optimizationpackageis called
after the problemhasbeendecoded.For more informationon sifdecode , we refer the readerto the
documentationof SifDec, [GOT01].

1.12 Attempting installation on an unsupportedarchitecture

As far asUNIX-lik e platformsareconcerned,it shouldnot be too difficult to port CUTEr. This might
require,however, a numberof changesin several files. We suggestin this sectionwheresomeof these
modificationscould take place. Additional modificationsmay be necessary, dependingon your local
system.

First,theinstallationscriptsthemselvesmayneedtobealtered,for compatibilityreasons:thelocalCshell,
if thereis one,maybedifferent,or requiredifferentcommand-lineoptions.Forexample,theveryfirst line
of install cuter maybe#!/bin/csh underSolaris,but hasto be#!/bin/csh -f onLINUX machines.
All the scriptsincludedin the CUTEr distribution arethoroughlyself-documentedandshouldbe rather
quickly understoodby anyonefamiliar with theUNIX environmentandtheC shell. Similarly, asall the
CUTEr scriptsusetheC shell,they mayall needcorrespondingmodifications.

Dependingon your local architecture,you may have to createa new compiler. machine. os. compiler
file and alter install cuter correspondingly. Similarly, your may have to createa system.os file,
wherea few basicsystemcommandsaregathered.The customsizemay itself be viewed to help de-
sign a new installation, as it may easily suit your local hardware. The file wherecustomsize may
be tunedis size.custom and may be found in the currentdirectory prior to initial installation,or if
$CUTER/build/arch aftertheinitial installation. Im

a
keIf you are usingthe Imakefile-basedCUTEr, you mayalso needto alter a few Imake configuration files stored

under$CUTER/config , such asall.cf and/or<your system>.cf . Alsomakesure that thelastpart of thefile
name

compiler. machine. os. compiler,

i.e. , thecompilerpart, is identicalto thesymbolrepresentingthiscompilerin theImakeconfigurationfiles. More
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specifically, if yourcompilernameis abc, thenthecompilerspecificationfile shoutbecalled

compiler. machine. os.a bc ,

thesymbolwhich representsit in theconfigurationfile mustbe“Isabc” andtheblock definingyour compilermust
look like

#ifdef Isabc
#define CompilerTagId abc
#define imakeCompilerFlag -DIsabc
#define CompileCmd abc77 -c
#define LoadCmd abc77
#define CompilerIsF9095 yes
#define Compile9095Cmd abc90 -c
#define Load9095Cmd abc90
#define FortranFlags -O
#define NumberOfBytes 8
#endif

whereabc77 andabc90 representthetruecompilercommandsfor Fortran77 andFortran90/95source
files respectively; theseneednot match the abc pattern. If the compiler abc doesnot supportFor-
tran90/95,thenCompilerIsF9095 shouldbesetto no in theaboveblock,andthetwosymbolsCompile9095Cmd
andLoad9095Cmd shouldbedefinedto theemptystring,i.e. :

#ifdef Isabc
#define CompilerTagId abc
#define imakeCompilerFlag -DIsabc
#define CompileCmd abc77 -c
#define LoadCmd abc77
#define CompilerIsF9095 no
#define Compile9095Cmd
#define Load9095Cmd
#define FortranFlags -O
#define NumberOfBytes 8
#endif

If your systemdoesnot supportman pages,thesewill be provided in pdf and other formatson the
CUTEr website, aswill updatesto thisgeneraldocumentationandotherinformation.

Fortran77 files shouldbe standardandcompatiblefor the mostpart. Checkyour local compilerdocu-
mentationfor possibleincompatibilities. If thereis no availableFortran90 compileron your platform,
youwill notbeableto usethosetools(unlessyouwrite one).

If your new installationprocedureis a success,we will be pleasedto includeit in the next releasesof
CUTEr, with propercredits. In this case,pleasesenddetailedinformationon your changesandon your
local system.On theotherhand,pleasefeel freeto contactusif you think we maybeof somehelp.

Many thanksandagain,goodluck!

http://cuter.rl.ac.uk/cuter-www
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Tool name Brief description

ubandh extractabandedmatrixoutof theHessianmatrix,
udh evaluatetheHessianmatrix,
udimen getthenumberof variablesinvolved,
udimse determinethenumberof nonzerosrequiredto storethe

sparseHessianmatrix in finite elementformat,
udimsh sameasudimse,in coordinateformat,
ueh evaluatethesparseHessianmatrix in finite elementformat,
ufn evaluatefunctionvalue,
ugr evaluategradient,
ugrdh evaluatethegradientandHessianmatrix,
ugreh evaluatethegradientandHessianmatrix in finite elementformat,
ugrsh evaluatethegradientandHessianmatrix in coordinateformat,
unames obtainthenamesof theproblemandits variables,
uofg evaluatefunctionvalueandpossiblygradient,
uprod form thematrix-vectorproductof avectorwith theHessianmatrix,
usetup setup thedatastructuresfor unconstrainedminimization,
ush evaluatethesparseHessianmatrix,
uvarty determinethetypeof eachvariable.

ureprt obtainstatisticsconcerningfunctionevaluationandCPUtime used,

Table1.2: TheunconstrainedminimizationCUTEr toolsasof March13,2002.
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Tool name Brief description

ccfg evaluateconstraintfunctionsvaluesandpossiblygradients,
ccfsg sameasccfg, in sparseformat,
ccifg evaluateasingleconstraintfunctionvalueandpossiblygradient,
ccifsg sameasccifg, in sparseformat,
cdh evaluatetheHessianof theLagrangian,
cdimen getthenumberof variablesandconstraintsinvolved,
cdimse determinenumberof nonzerosto storetheLagrangianHessian,

in finite elementformat,
cdimsh determinenumberof nonzerosto storetheLagrangianHessian,

in coordinateformat,
cdimsj determinenumberof nonzerosto storethematrixof gradientsof

theobjective functionandconstraints,in sparseformat,
ceh evaluatethesparseLagrangianHessianin finite elementformat,
cfn evaluatefunctionandconstraintsvalues,
cgr evaluateconstraintsgradientsandobjective/Lagrangiangradient,
cgrdh sameascgr, plusLagrangianHessian,
cidh evaluatetheHessianof a problemfunction,
cish sameascidh, in sparseformat,
cnames obtainthenamesof theproblemandits variables,
cofg evaluatefunctionvalueandpossiblygradient,
cprod form thematrix-vectorproductof avectorwith theLagrangianHessian,
cscfg evaluateconstraintfunctionsvaluesandpossiblygradientsin sparseformat,
cscifg sameascscfg,for asingleconstraint,
csetup setup thedatastructuresfor constrainedminimization,
csgr evaluateconstraintsandobjective/Lagrangianfunctiongradients,
csgreh evaluateboththeconstraintgradients,theLagrangianHessian

in finite elementformatandthegradientof the
objective/Lagrangianin sparseformat,

csgrsh sameascsgreh,in sparseformatinsteadof finite elementformat,
csh evaluatetheHessianof theLagrangian,in sparseformat,
cvarty determinethetypeof eachvariable,

creprt obtainstatisticsconcerningfunctionevaluationandCPUtime used,

Table1.3: TheconstrainedminimizationCUTEr toolsasof March13,2002.
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Interface Package

cob/sdcob COBYLA (Powell)
fil/sdfil FilterSQP(FletcherandLeyffer)
gen/sdgen Genericinterface
hrb/sdhrb SIF –Harwell-or Rutherford-Boeing

sparsematrix formatconverter(Gould)
lmb/sdlmb L-BFGS-B(Nocedal)
mns/sdmns MINOS (MurtaghandSaunders)
knit/sdknit KNITRO (Byrd, NocedalandWaltz)
nps/sdnps NPSOL(Gill, Murray, SaundersandWright)
osl/sdosl OSL(IBM)
pds/sdpds PDS(Torczon)
prx/sdprx PRAXIS (BrentandChandler)
snp/sdsnp SNOPT(Gill, MurrayandSaunders)
stn/sdstn Stenmin(Bouaricha)
ten/sdten Tenmin(SchnabelandChow)
unc/sdunc Uncmin(Koontz,SchnableandWeiss)
va15/sdva15 VA15 (Nocedal)
ve09/sdve09 VE09 (Gould)
ve12/sdve12 HSL VE12 (Gould)
ve14/sdve14 VE14 (Gould)
vf13/sdvf13 VF13 (Powell)

Table1.4: InterfacesbetweentheCUTEr toolsandexisting optimizationandlinear algebrapackagesas
of March13,2002.



Chapter 2

CUTE log

In this chapter, we kepttrackof all thechangesthatCUTE hasundergonesincethefirst release.

2.1 CUTE 1.0

This is thefirst versionof CUTE, madeavailablein March1993.

2.1.1 UpdatessinceMar ch 93

Additional interfaces

COBYLA This packageis a directsearchmethodfor inequalityconstrainedproblems,thatmodelsthe
objective andconstraintfunctionby linearinterpolationanddoesnotusederivatives.It is available
from ProfessorM.J.D. Powell, DAMTP, CambridgeUniversity, Cambridge,UK (e-mail address:
mjdp@damtp.cambridge.ac.uk).

TENMIN Thispackageis intendedfor problemswherethecostof storingonen by n matrix (wheren is
thenumberof variables),andfactoringit at eachiteration,is acceptable.Thesoftwareallows the
userto choosebetweena tensormethodfor unconstrainedoptimization,andananalogousstandard
methodbasedupona quadraticmodel. The tensormethodbaseseachiterationupona specially
constructedfourth-ordermodelof theobjective functionthatis not significantlymoreexpensive to
form, store,or solve thanthestandardquadraticmodel. TENMIN is availablevia anonymousftp
from ftp.cs.colorado.edu,in thedirectorypub/cs/distribs/tensor. Any questionsaboutthis software
shouldbeaddressedto: eskow@cs.colorado.edu

Theinterfaceincludesthescriptssdten.*andten.*,thedrivertenma.f,andthefile README.tenmin.
Thedriver wasoriginally written by Ali Bouaricha,of CERFACS,Toulouse,France.

NPSOL This packageis designedto minimize smoothfunctionssubjectto constraints,which may in-
clude simple bounds,linear constraints,and smoothnonlinearconstraints.The software usesa
sequentialquadraticprogrammingalgorithm,wherebounds,linearconstraintsandnonlinearcon-
straintsaretreatedseparately. Unlike MINOS, NPSOLstoresall matricesin denseformat,andis

33
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thereforenotintendedfor largesparseproblems.NPSOLis availablefrom theOfficeof Technology
LicensingatStanfordUniversity.

Theinterfaceincludesthescriptssdnps.*andnps.*thedrivernpsma.f,anoptionsfile NPSOL.SPC,
andthefile README.npsol.Thedriver is basedononewrittenby PeihuangChenof Northwestern
University, Chicago,U.S.A.

VA15 This packagesolves generalnonlinearunconstrainedproblemsusing a limited memoryBFGS
method. It is intendedfor large-scaleproblems.VA15 is partof the Harwell SubroutineLibrary,
1993.It is distributedUnitedKingdomAtomic Energy Authority, Harwell,subjecttocertainlicense
agreements.It is copyrightedjointly by theUKAEA andSERC(ScienceandEngineeringResearch
Council).

Theinterfaceincludesthescriptssdlmq.*andlmq.*, andthedriver va15ma.f.

MINOS 5.5 Theinterfacewritten for MINOS 5.4workswithout changefor MINOS 5.5.

Changesto interfaces

MINOS Therearenow differentdefaultMINOS specificationsfor eachsizeof CUTEinstallation(small,
medium,andlarge). In the CUTE distribution, thesedifferentspecificationsfiles arenamedMI-
NOS.sml,MINOS.med,andMINOS.lrg. The unwrapprocedurecopiesall threeof thesefiles to
the $CUTEDIR/minosdirectory. The install procedurethencopiesthe specificationsfile of the
appropriatesizeto MINOS.SPC.

MATLAB/CUTE In additionwehavealsoincludedaninterfacewhichallowstheCUTEevaluationtools
to becalledfrom MATLAB

Additional platforms

DEC OSF/1 NotethatOSLis notavailableonthisplatform.(All otheroptimizationpackagesandCUTE
programsareavailable.)

DEC VMS (usingg-floatingdoubleprecision)

NotethatOSL is not availableon this platform. (All otheroptimizationpackagesandCUTE pro-
gramsareavailable.)

DOS usingWATCOM Fortrancompiler

NotethatOSL is not availableon this platform. (All otheroptimizationpackagesandCUTE pro-
gramsareavailable.)

HP-UX All optimizationpackagesareavailableon thisplatform.

Additional tools Twonew constrainedtoolswereaddedtoCUTEin October1994.Thesetoolscompute
the functionvalueandpossiblythegradientof a singleconstraint.Onetool, ccifg, storestheconstraint
gradientin denseformat,while theothertool, cscifg,storesit in sparseformat.

In December1994,we addedsecondderivativesavailableasa sparsematrix storedin “finite-element”
formatThis addedfivenew correspondingtoolsasmbe.f,ceh.f,csgreh.f,ueh.fandugreh.f.
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Changesto tools In October1994,theconstrainedtoolswereupdatedto make themmoreefficient for
unconstrainedproblems.Onmostunconstrainedproblems,thesechangeswill makeasmall(notdramatic)
differencein solutiontime.

Changesto scripts Linking compiled,library versionsof BLAS (BasicLinearAlgebraSubprograms)

Thelinking of compiled,library versionsof theBLAS is now permittedby all scriptswhichusetheBLAS
(bqp.*,cns.*,lmq.*, mns.*,nps.*,osl.*, qp.* ten.*,andunc.*),andthegenericscriptgen.*,EXCEPTfor
the.vax scripts.

If therearelibrary versionsof the level-1 BLAS available,thevariableBLAS in thesescriptsshouldbe
setto a list of namesof theobjectlibrary suffix -lx, wheretheobjectlibrary libx.a containstherelevant
BLAS. For example,if theBLAS aresharedbetweenobjectlibrarieslibblas1.aandlibblas2.a,thevariable
BLAS shouldbesetto ”-lblas1 -lblas2”,notingthatthosesubprogramsin libblas1.awill take precedence
over thosein libblas2.a.

If compiledBLAS arenot available,thevariableBLAS shouldbesetto ””. (This is thedefault setting.)
In this case,thelink statementincludeslinpac.o,which is thecompiledobjectfor theFortransourcefile
linpac.fprovidedin theCUTEdistribution.

Linking compiled, library versionsof HSL (Harwell Subroutine Library) Thelinking of compiled,
library versionsof HSL is now permittedby all scriptswhich link subroutinesfrom HSL (bqp.*, cns.*,
lmq.*, andqp.*), EXCEPTfor the.vaxscripts.

If thereis a library versionof theHSL available,the variableHSL in thesescriptsshouldbe setto -lx,
wheretheobjectlibrary libx.a containstherelevantHSL. For example,if HSL is containedin theobject
library libhsl.a,thevariableHSL shouldbesetto ”-lhsl”.

If a compiledversionof HSL is not available,thevariableHSL shouldbesetto ””. (This is thedefault
setting.)In thiscase,thelink statementincludesthenameof theappropriateobjectfile for theoptimization
packagein question.For example,if thevariableHSL is setto ”” in bqp.*, the link statementincludes
$CUTEDIR/qp/ve14s.ofor singleprecision,or $CUTEDIR/qp/ve14d.ofor doubleprecision.(Thenames
of theappropriateobjectfilesaregivenin thesectionentitled”Runningthescriptsavailablewithin CUTE”
in thefile $CUTEDIR/READ.ME.Beforeinstallation,this READ.ME is entitledREADME.mcn,where
mcnis thethree-letterextensionfor yourplatform.)

2.1.2 Bug fixessinceNovember93

30/Nov/93: gps.f— Correction1. 3 linesinterchanged.

03/Dec/93: mi54ma.f— Correction10. increasedNWCOREfor smallandmediuminstallations.

03/Dec/93: MINOS.sml,MINOS.med,MINOS.lrg Removedline settingCrashOptionto 0. Now Crash
Optiondefaultsto 3.

03/Dec/93: README.minos— Addeda few lines to indicatethat DEC VAX/VMS usersshoulduse
mi10vms.f,notmi10unix.f,to createtheMINOS 5.4objectmodule.

13/Jan/94: makefn.f, makegr.f — Two lines modified for correctinga format problemin conditional
expressions(ELEMENTSandGROUPSsections).
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13/Jan/94: classify.osf classall.osf— Thescriptsareupdatedto avoid problemswith echo.

20/Jan/94: genma.f,gend.f,gens.f— Convertedthesefiles to uppercaseandaddeda dummyargument
in thecall to gen.

21/Jan/94: cns.* (formerlycon.*), sdcns.*(formerlysdcon.*),paper.tex, README.cry, README.dec,
README.install,README.osf,README.rs6,README.sun,README.vax— Renamedcon.*
to cns.* to allow CUTEto rununderDOS.Also renamedsdcon.*to sdcns.*for consistency.

21/Jan/94: select.*— Removedextraneousbasicsystemcommands.

21/Jan/94: slct.f — Removedtranslationof file nameFILEN to uppercase.Thischangeallows theuser
to specifya full pathnamefor the .DB file, and thusthe .DB file neednot necessarilyresidein
$MASTSIF.

21/Feb/94: ccfg.f, cdh.f, cfn.f, cgr.f, cgrdh.f,cnames.f,cofg.f, cprod.f,cscfg.f,csetup.f,csgr.f, csgrsh.f,
csh.f, ubandh.f,udh.f, ufn.f, ugr.f, ugrdh.f, ugrsh.f, unames.f,uofg.f, uprod.f, usetup.f,ush.f,
README.tools— Replacedsizedarray declarationswith declarationsusing parameters.This
changemeansthatthesearrayscanberesizedby changingonly theparametervalue,withoutchang-
ing thearraydeclarationitself.

25/Apr/94: ubandh.f— Declaredpreviously undefinedvariableNNZH asinteger.

25/Apr/94: va15ma.f— Declaredpreviously undefinedvariablesMAXIT , LP, MP, INFO asinteger.

02/May/94: README.cry, README.dec,README.install,README.osf,README.rs6,
README.sun,README.vax — Removed HS25.SIFfrom documentation,sinceit is no longer
includedin CUTEasa testproblem.

04/May/94: specs,README.tools,README.depend— RenamedformerREADME.toolsto
README.dependandrenamedformer specsto README.tools,to have thenamesbetterreflect
thecontentsof thesedocumentationfiles.

04/May/94: unfold.* — Addedline to moveREADME.dependto $CUTEDIR/doc/depend.rdm.

10/May/94: csetup.f— AddedOUTPUTcommonblock to SAVE statement.

10/May/94: sd*.*, bqp.*, cns.*,gen.*,lmq.*, mns.*,nps.*,osl.*, qp.*, ten.*,unc.*,except*.vaxscripts
— Addedcheckfor installationof requestedprecision(singleor double),to make thefailuremore
gracefulwhentheusertriesto run a precisionwhich hasnot beeninstalled.If therequestedpreci-
sionis not installed,eachscriptwritesanerrormessageandterminates.

11/May/94: select.*,slct.f— select.*scriptsnow createSLCT.DAT file containingthesettingof $MAST-
SIF, in orderthattheslct programcangive thefull pathnamefor thedefault classificationfile.

12/May/94: select.*— Removed cd to $MASTSIF sincecreationof SLCT.DAT meansit is no longer
necessaryto initiateslct from $MASTSIF.

12/May/94: unfold.* — Addedline to remove sysdp*.*files. Thesearesystemdependentfiles required
to installCUTEon someplatforms.

12/May/94: *ma.f, clsf.f, local.f,runsd.f,slct.f— Addedmachine-dependentlinesfor WATCOMFortran
installations.All theselinesbegin with CWFC.
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12/May/94: *.wfc —

13/May/94: Addedbatchfiles to runCUTEunderDOSwith WATCOM Fortrancompiler.

25/May/94: asmbl.f— Fixederrorin thecalculationof theHessianwhicharosewhenthesameproblem
variablewasassignedto two or moreelementalvariables.

27/May/94: sd*.vax, bqp.vax, cns.vax, gen.vax, lmq.vax, mns.vax, nps.vax, qp.vax, ten.vax, unc.vax —
Addedcheckfor installationof requestedprecision(singleor double),to make the failure more
gracefulwhentheusertriesto run a precisionwhich hasnot beeninstalled.If therequestedpreci-
sionis not installed,eachscriptwritesanerrormessageandterminates.

31/May/94: mi53ma.f,mi54ma.f,npsma.f,oslma.f,vf13ma.f — ReplacedUNIX machine-dependent
OPENstatementsfor OUTSDIF.dwith genericUNIX OPENstatements.

31/May/94: *.hp — Addedscriptsto runCUTEon HP9000workstationsunderHP-UX.

02/Jun/94: unfold.* — Changed(for thesakeof DOS)to handlepostfixesin filenameslimited to 3 chars.

03/Jun/94: local.f — Addedmachine-dependentlines for HP installations. All theselines begin with
CHP.

12/Jul/94: local.f — Addedmachine-dependentlines for Silicon Graphicsinstallations.All theselines
begin with CSGI.

18/Jul/94: initw.f —

25/Jul/94: gen.*,mns.*,nps.*,ten.*, unc.* — Addedcheckfor existenceof requiredobjectfile.

25/Jul/94: bqp.*, cns.*, lmq.*, qp.*, unfold.*, paper.tex, README.cry, README.dec,README.hp,
README.install,README.osf,README.rs6,README.sun,README.vax,README.wfc—
Reorganizeddirectoriesfor Harwell subroutineexecutables.Now eachHarwell optimizationsub-
routineincludedin CUTE hasits own directory, with thesamenameasthesubroutine(i.e., va15,
ve09,ve14,vf13). Userslinking compiledobjectscorrespondingto theHarwellsubroutinesshould
placetheseobjectsin thecorrespondingdirectories.Userslinking theHarwell subroutinelibrary
areunaffectedby thischange.

26/Jul/94: instll.* — Addedcheckthatunwraphastakenplacebeforeexecutionof instll procedure.

26/Jul/94: gen.vax — Removederroneousblankin line settingctools.

26/Jul/94: classall.cry, classall.dec,classall.hp,classall.osf,classall.rs6,classall.sun,classall.vax —
Addedcheckfor existenceof CLASSF.DB beforeremoving it.

26/Jul/94: classall.wfc— Addedline to typefinal classf.dbfile.

26/Jul/94: classify.wfc — Replacedblock of lines to prevent failure whenthespecifieddirectoryis the
currentone.

26/Jul/94: sysdp1.wfc(renamedby unfold.wfc to classone.wfc)— Replacedblock of lines to prevent
failurewhenclassf.udbdoesnotexist.
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26/Jul/94: classify.cry, classify.dec, classify.hp, classify.osf, classify.rs6, classify.sun, classify.vax —
Addedcheckfor existenceof CLASSF.UDB beforemoving it to CLASSF.DB.

27/Jul/94: sdgen.vax — Replaced’purge’ with ’purge/nolog’on threelines.

27/Jul/94: slct.f — Changedmatchingfor fixednumberof variablesor constraints.A variablenumber
(’V’ in the classificationstring) is no longerconsideredto matcha fixed number. Also fixed the
initializationof FILEN for non-Unixplatforms.

27/Jul/94: tenma.f,uncma.f,va15ma.f,ve09ma.f,ve14ma.f— DeletedCIBM lines, sinceCUTE does
not supportinstallationsunderVM/CMS.

27/Jul/94: README.install— AddedCWFCandCHPto keywordstable. Also explainedpresenceof
CIBM in local.f andrunsd.f.

02/Aug/94: slct.f — Changedmatchingfor numberof variablesor constraintsin aninterval. A variable
number(’V’ in theclassificationstring)is no longerconsideredto matchanumberin aninterval.

05/Aug/94: osl.* — Addedcheckfor existenceof executableafter link andload statement.If the ex-
ecutabledoesnot exist, the error messageremindsthe userto ensurethat FLIBS points to the
OptimizationSubroutineLibrary.

05/Aug/94: bqp.*, cns.*, lmq.*, qp.* — Addedcheckfor existenceof requiredobjectfile. If theobject
file doesnotexist, theerrormessagestatesthateithertheobjectfile mustbeplacedin theappropriate
directory, or HSL mustpoint to theuser’s HarwellSubroutineLibrary.

08/Aug/94: README.install— Madechangesto reflectrecentchangesto CUTEpackage.

23/Aug/94: MINOS.lrg, MINOS.med,MINOS.smlReplacedline setting’SuperbasicsLimit’ with line
setting’HessianDimension’.

24/Aug/94: README.*, maketo.*, mns.*, sdmns.*,unfold.* — Changedmi54*.* to minos*.*, since
thescriptsandtoolsfor MINOS 5.4work without modificationfor MINOS 5.5,andthesearenow
thestandardversionsof MINOS. Also explicitly addedMINOS 5.5to README.minos.

12/Sep/94:osl.cry, osl.hp,osl.rs6,osl.sun— MovedstanzasettingFLIBS to follow stanzasettingBLAS,
andexpandedcommentin this stanza.Also deletedspacebetween’-l’ and’$FLIBS’ in link com-
mands.

14/Sep/94:ccfg.f — Fixedbug in Jacobiancalcuationfor groupswith only linearelements.

15/Sep/94:cofg.f,ccfg.f,cscfg.f— Removedincorrectstorageof nonzeroentriesin FUVALS( LGRJAC
) andupdatingof indicesin IWK( LSTAJC). This errordid not affect theoutputof theseroutines,
but wouldaffectotherroutinesusingthesearrays.Also removedsettingof FIRSTGto .FALSE.

04/Oct/94: ccifg.f, cscifg.f — Addednew tools to evaluatethe function andpossiblythe gradientof a
singleconstraint,in bothdenseandsparseformats.

04/Oct/94: README.*, gen.*,maketo.*, unfold.* — Addedccifg.f andcscifg.fasappropriate.

05/Oct/94: csetup.f,usetup.f— Rearrangedvariabledeclarationsto separatecommonand local vari-
ables.
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05/Oct/94: ccfg.f, cdh.f, cfn.f, cgr.f, cgrdh.f,cnames.f,cofg.f, cprod.f,cscfg.f,csetup.f,csgr.f, csgrsh.f,
csh.f— Changedconstrainedtoolsto make themmoreefficient for unconstrainedproblems.

05/Jan/95: SAMPLE.SIF— renamedsifcmd.lstto avoid theconfusionwith SIF files describingactual
problems.Suitablemodificationsin theREADME.* andin unfold.*.

2.2 CUTE version2.0

This versionof CUTE correspondsto thepaperpublishedin TOMS. It incorporatesall changes,correc-
tionsandupdatesdescribedabove for CUTE1.0andupdates.

2.2.1 UpdatessinceJanuary 1995

06/01/95: Outputprinting improvedfor vf13ma.f

22/01/95: Outputprinting improvedfor cobma.f

20/08/98: Additional toolscidh.fandcish.f,whichcomputetheHessiansof individualproblemfunctions
(objective or constraints)in denseandsparseformatsrespectively, added.

17/05/99: Outputprinting improvedfor ush.f,ugrsh.f,csh.f,cish.fandcsgrsh.f

25/08/99: redundantformat statementsremoved from usetup.f,csetup.f,vf13ma.f,minosma.f,oslma.f,
cobma.fanduncmai.f

25/08/99: tabsremovedfrom cofg.f, ccfg.f andcscfg.f

2.2.2 Bug fixessinceJanuary 1995

15/08/95: Error messageandoutputformatimprovementsin makefn.f andmakegr.f

24/10/95: Dummyarraydimensioncorrectedin call to SETVL in asmbe.f

20/03/96: Orderof two statementschangedin asmbl.fandasmbe.f

16/01/97: KA properlyinitialized in minosma.fandmi53ma.f

06/02/97: IOBJ properlyinitialized in minosma.fandmi53ma.f

25/04/97: checksfor spaceallocationfro theJacobianin csgr.f andminosma.f

19/08/97: TheHessiansparsitypatternnolongerdependsonthevaluesof theproblemunknownsandLa-
grangemultipliers,but just on thestructureof theproblem.This impliesthat,for certainargument
values,zeroentrieswill occurwherepreviously therewould have beenno entry. Theadvantageof
afixedpatternis thatthis simplifiesthejob for usersof sparse-matrixsolverswhichoftenpresume
thatthis is thecase.

27/08/99: Lengthof arraysIPRNHI andIPRHI properlychecked in asmbe.f,ueh.f, ugreh.f,ceh.f and
csgreh.f
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2.3 CUTE version2.99999

This versionaddsa numberof new tools in anticipationof CUTEr, which is duefor releasein 2001. It
incorporatesall changes,correctionsandupdatesdescribedabove for CUTE2.0andupdates.

2.3.1 Major additions

New routines

- UDIMEN, UDIMSH, UDIMSE, CDIMEN, CDIMSH, CDIMSE, CDIMSJ to determineap-
propriatearraydimensionsin advance

- UVARTY, CVARTY to detectinteger/zero-onevariables

SIF Extensionto SIF formatto allow usersto specifyexplicit quadratictermsfor theobjective function;
theseextensionshave beenmadeby othersto theMPSformatto handlequadraticprograms.

21/02/00: Now anon-fatal returnwhentheSIFfile is missingor incomplete.Also, addedOSL-likealias
QSECTIONfor QUADRATIC card.

06/03/00: Increasedinteger formatsfrom I6 to I8. Increasedfilenameformat in slct.f from 39 to 256.
Improved workspacepartitions. Fixed bug introducedre: addedOSL-like aliasQSECTIONon
21/02/00.

07/09/00: Checksaddedto ensurethattherangetransormationis ”useful”.



Chapter 3

Futur eversionsof CUTEr

3.1 Futur e features

� GUI,

� Have all thememoryallocatedin oneplaceat thebeginning. This would requirefurtherversions
(like CUTEst) to bewritten in Fortran95,Fortran2000,or similar,

� AMPL to SIFconverter(maybenot)

� GAMS to SIF converter(evenlesslikely)

� C interfaces(aaargh),

� Supportfor Windows (doubleaaargh)
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Chapter 4

License

Copyright (C) theCouncil for theCentralLaboratoryof theResearchCouncils,CERFACSandFacultes
UniversitairesNotre-Damedela Paix (CCLRC,CERFACSandFUNDP)2001.

SOFTWARE LICENSEAGREEMENTNOTICE - THIS SOFTWARE IS BEING PROVIDED TO YOU
BY CERFACSUNDERTHEFOLLOWING LICENSE.BY DOWN-LOADING, INSTALLING AND/OR
USING THE SOFTWARE YOU AGREE THAT YOU HAVE READ, UNDERSTOOD AND WILL
COMPLY WITH THESEFOLLOWING TERMSAND CONDITIONS.

1. This software programprovided in sourcecodeformat (the ”SourceCode”) andany associated
documentation(the”Documentation”)arelicensed,not sold,to you.

2. CCLRC,CERFACSandFUNDPgrantyouapersonal,non-exclusive,non-transferableandroyalty-
free right to use,copy or modify the SourceCodeandDocumentation,provided that you agree
to comply with the termsand restrictionsof this agreement.You may modify the SourceCode
and Documentationto make sourcecodederivative works, object codederivative works and/or
documentationderivative works (called”Derivative Works”). The SourceCode,Documentation
and Derivative Works (called ”LicensedSoftware”) may be usedby you for personaland non-
commercialuseonly. ”non-commercialuse”meansusesthatarenot or will not resultin thesale,
leaseor rentalof theLicensedSoftwareand/ortheuseof theLicensedSoftwarein any commercial
productor service.CCLRC,CERFACSandFUNDPreserveall rightsnotexpresslygrantedto you.
No otherlicensesaregrantedor implied.

3. TheSourceCodeandDocumentationareandwill remainthesolepropertyof CCLRC,CERFACS
andFUNDP. TheSourceCodeandDocumentationarecopyrightedworks. You agreeto treatany
modificationor derivativework of theLicensedSoftwareasif it werepartof theLicensedSoftware
itself. In returnfor this license,you grantCCLRC,CERFACSandFUNDP a non-exclusive per-
petualpaid-uproyalty-freelicenseto make, sell, have made,copy, distribute andmake derivative
worksof any modificationor derivative work youmake of theLicensedSoftware.

4. Thelicenseeshallacknowledgethecontribution of theSourceCodein any publicationof material
dependentupontheuseof theSourceCode.Thelicenseeshallusereasonableendeavoursto send
to CCLRC,CERFACSandFUNDPacopy of eachsuchpublication.
For CCLRC,contactn.gould@rl.ac.uk,for CERFACS,contactorban@cerfacs.frandfor FUNDP,
contactPhilippe.Toint@fundp.ac.be.
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5. CCLRC,CERFACSandFUNDPhavenoobligationtosupporttheLicensedSoftwareit isproviding
underthis license.

THE LICENSED SOFTWARE IS PROVIDED ”AS IS” AND CCLRC, CERFACS andFUNDP
MAKE NO REPRESENTATIONS OR WARRANTIES, EXPRESSOR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMIT ATION, CERFACS MAKE NO REPRESENTATIONS OR WAR-
RANTIESOFMERCHANTIBILY ORFITNESSFORANY PARTICULAR PURPOSEORTHAT
THE USE OF THE LICENSED SOFTWARE OR DOCUMENTATION WILL NOT INFRINGE
ANY THIRD PARTY PATENTS,COPYRIGHTS,TRADEMARKSOROTHERRIGHTS.CCLRC,
CERFACS,FUNDP AND THE AUTHORSOF THE LICENSED SOFTWARE WILL NOT BE
LIABLE FOR ANY CONSEQUENTIAL, INCIDENTAL, OR SPECIAL DAMAGES,OR ANY
OTHER RELIEF, OR FOR ANY CLAIM BY ANY THIRD PARTY, ARISING FROM YOUR
USEOF THE LICENSEDSOFTWARE.

6. This licenseis effective until terminated.You mayterminatethis licenseat any time by destroying
theLicensedSoftware.
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Appendix

Envir onment variables

Theenvironmentvariablesdescribedin Table4.1arevital to CUTEr. Referto your local documentation
or systemadministratorfor moreinformationon how to settheseenvironmentvariables.

Name Purpose

CUTER Locationof thesourceof theCUTEr package;
MYCUTER Locationof thelocal instanceof CUTEr;
SIFDEC Locationof thesourceof theSifDec package;

MYSIFDEC Locationof thelocal instanceof SifDec;
MASTSIF Locationof thelocal collectionof SIF problems;

Table4.1: Environmentvariablesvital to CUTEr.
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