GeneralCUTEr documentation

N. 1. M. Gould D. Orban Ph.L. Toint

March 13,2002



CERFACS TechnicalReportTR/PA/02/13



Contents

1

Installation and usage

1.1 InstallingandmanagingCUTEr . . . . . . . . . . i i e e e e e e e e
1.1.1 install _cuter /install _script _cuter ... .. ... ... . ......
1.1.2 update _CUter . . . . . i e e e e e
1.1.3 wuninstall  _cuter . . ... e e e
1.1.4 Rehuilding CUTEr . . . . . . . . i e e e e e e e e e e

1.2 TheCUTErtree . . . . . o o e e e s e e e e e e e e e e e s e e

1.3 InterfacingCUTErandMatlab® . . .. ... ... ... . .. ... ... . .......
1.3.1 MEX-Filesbasics. . . . . . . . . . . .. e e
1.3.2 CUTErandMEX-Files . . . . . . . . . .
1.3.3 UsingCUTErfromwithinMatlab . . . ... ... ... ... ... .......
1.3.4 Addinganenvtool . . ... ... .. ... ... e

1.4 Usermodifiableparts. . . . . . . . . . . . e

15 CUTErtools . . . . . . o e e e e

1.6 CUTEISIZES. . o o o o i i e e e e e e e e e e e e e e e
1.6.1 toolssSizes. . . . . . . . e e
1.6.2 SizesfortheMATLAB interfacetools . . . . . . .. ... ... ... .. ....
1.6.3 RehuildingCUTEr . . ... . ... . . .. i e e ie e e

1.7 Driverprograms. . . . . v v v v e e e e e e e e e e e e e e e

1.8 TheSIF decoder . . . . . . . . . . . e e
1.8.1 WhereistheSIF decoder?. . . . . . . . .
1.8.2 SIF decodersizes. . . . . . . o
1.8.3 CUTEr andautomaticadifferentiation. . . . .. ... ... ... ... ......

1.9 Interfaces . . . . . . o

1.10 Creatinga new interfacefor anoptimizationpackage . . . . . . .. .. ... ... ...

1.11 Checkingtheintegrity ofaSIF file . . . . . . . .. .. . ... ... .. ... ... ...

1.12 Attemptinginstallationonanunsupportedrchitecture . . . . . . . ... ... ... ..

CUTE log

2.1 CUTELOD . . . o e e e e
2.1.1 UpdatessinceMarch93 . . ... ... .. .. . . . . ... ..
2.1.2 BugfixessinceNovember@3 . ... ... .. ... .. ... ... . . . ...

2.2 CUTEVersion2.0 . . . . . . . e e e e e
2.2.1 Updatessincedanuaryl995 . . . . . . . . . . . ...
2.2.2 BugfixessinceJanuaryl995. . . . . . .. ... e

2.3 CUTEVersion2.99999 . . . . . . . . . e e e



CONTENTS

2.3.1 Majoradditions. . . . . . . . .. e e

3 Futureversionsof CUTEr

3.1 Futurefeatures

4 License

40

41
41

42



Disclaimer

This software waswritten asa personaprojectandcomeswith NO WARRANTY of ary kind, noteven
MERCHANTABILITY or FITNESSFORA PARTICULAR PURPOSE.

Pleasaeadthefile LICENSEin theCUTEr homedirectoryprior to ary othermanipulation.

Theauthorsassumeno responsibilityfor ary use.

TheauthorsN. I. M. Gould,D. OrbanandPh.L. Toint

Contact

N. I. M. Gould, ComputationalScienceand EngineeringDepartmentRutherfordAppletonLaboratory
Chilton, OxfordshireOX11 0QX, England.
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http://lwww.cse.cl rc. ac. uk/ Perso n/N.l. M.Gould
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Note
This documentations in constantevolution, andsois the software. We advisethe readerto consultthe
websitehttp://cuter.rl.ac. uk/ cut er -www for the latestinformation,bug fixesandpatchesoncern-

ing CUTEr.
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CUTETr is aversatiletestingervironmentfor optimizationandlinearalgebrasolvers.
Thepackageontainsacollectionof testproblemsalongwith Fortran77, Fortran90
andMatlabtoolsintendedto helpdevelopersdesign,compareandimprove new and
existing solvers. This documentescribesnstallationandbasicusageof the CUTEr
ervironment,andis intendedo be oneof the maindocumentatiorsourcesavailable
with the packagepthersourcesncludemanpagesyariousREADME files andself-
documentedcripts.

Thetestproblemsprovidedarewrittenin so-calledStandardnput Format(SIF),and
a decodeiis provided to corvert from this formatinto well-definedFortran 77 and
datafiles. Oncetranslatedthesefiles may be manipulatedo provide tools suitable
for testingoptimizationpackagesReady-to-useterfacego existing packagessuch
asMINOS, SNOPT filterSQPandKNITRO, areprovided.

CUTETr is availableonavarietyof UNIX platforms,includingLINUX andis designed
to beaccessiblendeasilymanageablen heterogeneousetworks.

“When all elsefails, readthe documentatiofi. (fortune)



Chapter 1

Installation and usage

1.1 Installing and managing CUTEr

Thecurrentversionof CUTEr comesn theform of agzippedtarfile. To uncompresandextractthe CUTEr
distribution from it, move thefile to a new directoryof your choice—weshall referto this directoryas
$CUTER—andissuethecommands

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

or, morecompactly

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

OnGNU-based.INux systemsthisis alsodoneby the singlecommand

prompt% tar zxvf cuter.tar.gz

If you wantthe CUTEr files to be accessibléo a numberof userson a sharedfilesystemon your local
network, you might needprivileged accesgo your machinespr to have thesestepsperformedby your
systemadministratar

Thecurrentinstallationis via a text-basednterface,in which the useris promptedfor choicespertaining
to the desiredinstallation. The main installationscriptis install ~ _cuter andinteractswith a number
of auxiliary scripts. We examinethesescriptsin turn, usingan exampleof a CUTEr installationon a
shared-filesystemetwork. Thescriptsprovidedare:

1. install  _cuter : installsanew instanceof CUTEr onthesystem,
2. update _cuter : updatedilesin aninstalledinstanceof CUTEr,
3. uninstall  _cuter : remove a particularinstanceof CUTEr installation.

In additionthethethreeabove scripts,we will alsoexaminea mannetto re-generat@artsof CUTEr, due
to the modificationof oneor morefiles.

Thesescriptscanbefoundin
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$CUTER/build/scri  pts

Supposeby way of example,thatyour local network containghefollowing machinegfamongsbothers).

1. aSUN Ultra workstationrunningSolariswith aninstalledSunFortran90 compiler f90,

2. anintel-basedpersonalcomputerrunningLiNuXx for which the Gnu Fortran77 compiler g77,is

installed,and

3. aCompadAlpharunningTru-64for which the CompagFortran77 compiler f77, is available.

In the remaindetrof this documentationywe describetherole of the aforementionedcriptsbasedon this
exampleof network. Assumethatyou wish to install aninstanceof CUTEr for eachof thesemachines,

accordingto Tablel.L

| Machine| Compiler| Size | Precision|

SUN
Intel
Compaq

fo0
g77
fo0

large double
medium| single
large double

Tablel.1: A possiblenstallationof CUTEr onashared-filesystemetwork. Sizerefersto the (maximum)
dimensionof theexamplesyou wish to run, while Precisiondenoteghe floating-pointprecisionrequired.

Two flavoursof CUTEr areavailablefor download. Thefirst is entirely script-base@ndthe secondelies
on portableMakefiles generatedrom architecture-indepelent Imakefiles] ]. Wheneernecessaty
thedistinguishingcharacteristicef eachflavour will be examinedin turnin thefollowing sections.

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

while thoseof the ImalkefilebasedCUTEr will be explainedusingthis characterfont.

Notethatanadditionalremarkin the maigin emphasizethe context. Whatever holdsfor bothflavoursis

describedisingnormalfont.

1.1.1 install _cuter /install  _script

_cuter

Thesescriptssene the dual purposesf installing the initial instanceof CUTEr on your systemand of
installing anadditionalinstancefor a differentarchitecturewhereby architectue, we meanthe combi-

nationmachine—operatingystem—compilessize-precision.

Wheneer usingthe script-basednstanceof CUTEr, install ~ _script _cuter shouldbe used,andwhen-

ever usingthe ImakefilesbasedCUTEr, install
changeablyexceptwhendifferencesn their behaiour arepointedout.

_cuter shouldbe used.Below, they may be usedinter

1duos
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Assumefor the purposeof anillustration,thatyou wishto install all your differentinstance®f CUTEr in
thedirectory$CUTER = /usr/share/cuter/ . UnpackingheCUTEr distributionin the$CUTERdirectory
andlaunchingtheinitial installation,sayfor the SUN Ultra machinejs doneby simply typing

prompt% install  _cuter

at the commandprompt. However, beforeissuingthe install commandwe recommendhat you check
thefiles system. 0s where‘os representgour operatingsystem to make surethe commandshereare
correctly definedfor your ervironment, and that the temporarydirectoryis correctly set. The current
directory‘.” mustnot be usedastemporarydirectory If your copy of CUTEr is meantto be usedon
a homogeneousetwork only, or on a singlelocal machine,it is recommendedhat the symboliclink

system.all , foundin $CUTER/build/arch  pointsto the appropriatesystentile. Onceyou have issued
theinstall _cuter command,you will be promptedfor informationregardingthe instanceof CUTEr

you wish to install. Thefirst questionconcernsyour machine.In this case select'Sun workstation”(7).

Next, selectthe operatingsystemyour machineis running. Here,we select*Solaris” (1). You arethen
facedwith alist of availablecompilersfor your machine(without ary guaranteehatthesecompilersare
actuallyinstalledonyour machine simply thosewe know areavailablefor the machine—operatingystem
combinationyou have selected) We wantto select'Sunf90” (8). Selectnext the precisionof the CUTEr

tools(single or double),andtheir size(small, medium,large or customized).

Oncethisinformationhasbeenprovidedto theinstallationscript,you aregivena default directoryname
wherethe selectednstanceof CUTEr will beinstalled. This directoryis a subdirectoryof SCUTERthat
you choseearlier(in this case/ust/share/cuter/ ). For the preseninstancethe default directoryis

lust/share/cuter/ CUTEr. large .sunsol .f9 0

reflectingthe selectionsyou madeduring the early installationphase. This directory nameshouldbe
self-explanatoryandshouldhelp you andotherusersdeterminewhereeachinstalledinstanceof CUTEr
is actually stored. Notice that the precisionis not reflectedin the directory name. The reasonis that
both single and double precisioninstancesof CUTEr may be installedfor the samemachine-operating
system-compilesizecombinationthesewill bestoredin thesingle/ anddouble/ subdirectoriesf the
above directory If youwish, youmayredefinghedirectorynameandgive it whaterer nameyou like—it
neednot be a subdirectoryof $CUTER Note however that you shouldgive the full pathnameof the new
directorythatyou chooseg.g.

lhome/mjdpowell/s  oft ware/ yet Anothe rCute r

evenif this new directoryis a subdirectoryof the $SCUTERdirectory:
lusr/share/cuter/ aCusto mQite r

It is probablygood practiceto be contentwith the default nameor notto give it a cryptic or ambiguous
name.After checksto seeif a similar distribution hasalreadybeeninstalledandfor the existenceof the
specifieddirectory theinstallationitself begins.

In the script-based CUTET, the rest of the installation is also performed by install ~ _script _cuter , which
proceeds and takes care of all the operations, unpacking/casting’/compiling all the tools.

In thelmalefilebasedCUTET, thescriptinstall  _cuter thencreateshenecessarylirectorystructue, Imake-
filesandconfiguationfiles. Thefinal stepof theinstallationis left to the userandis describedbelow

IForthosenotfamiliarwith theterm,castingrefersto theactof transformingiles sothatmachineandcompilerdependencies,
andsizeandprecisionrequirementsarecorrectlyinsertedwvherethey areneeded.

afew| 1duos
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Oncethis phaseis complete,install  _cuter remindsyou of what you shouldadd to your .cshrc ,
.bashrc , or whichever UNIX configurationfile correspondso the shell you use. The directory struc-
tureaftertheinitial installationis asdescribedn the CUTEr paperprovidedin the CUTEr distribution and
in 81.2andFig.1.1L In the casewe areconcernedvith, the CUTERenvironmentvariableshouldbe setto
lusr/share/cuter andMYCUTERo /usr/share/cuter/CU TEr.l arg e.s un. sol.f 90 (or thealterna-
tive directoryyou specifiedduringtheinstallationphase).

If usinglmakefilesinstall  _cuter alsoadvises/outo readthevariousREADMElesscatteedoverthedirectory
treeunder$MYCUTERWe nowdescribethefinal stepof theinstallationusinglmalkefiles Theris anImalefilein
ead subdiectoryof SMYCUTEREad of these makefilesneedso appropriatelyusethe configuationsfiles stored
in SMYCUTER/config soasto geneate Makefilessuitedto your local system This processs usuallyreferredto
asbootstrappingThisis doneby changingto $MYCUTERndissuingthe command

prompt% .finstall _mycuter

at the commandprompt. Pleasenotethatif both singleand doubleprecisionwere installed,install ~ _mycuter
requiresa command-linergumenttelling it for which precisionit shouldbootstiap the Imakefiles In an attempt
to follow the mainguidelinesfor the CPP—the C preprocessaron which Imalkefilesare based—the argumento
install  _mycuter takestheform of a symboldefinition. More precisely if the userwishesto remale the double
precisionversionof CUTEr, thecommands

prompt% ./install _mycuter -DDoublePrecision
andsimilarly, for the singleprecisionversion,
prompt% .finstall _mycuter -DSinglePrecision

Referto thefile IMPORTANTor the latestdetails. Do notlet make's outputconfuseyou. On a Linux systemand
becausenake is usuallyaccompaniedy the-w command-lineption,usingthe standad g77 compiler the output
of theabove commandookslike

imake -I./config

-DIsg77 -DLargeSize  -DDoublePrecision

+ /binfrm  -f Makefile.bak

+ [pbin/mv  Makefile
imake -I./config
making Makefiles
make[l]:  Entering
make[1]:  Nothing
make[l]:  Leaving
making Makefiles
make[l]:  Entering
making Makefiles
make[2]:  Entering
make[2]:  Nothing
make[2]:  Leaving
making Makefiles
make[2]:  Entering
make[2]:  Nothing
make[2]:  Leaving
making Makefiles

Makefile.bak

-DTOPDIR=. -DCURDIR=. -DIsg77 -DLargeSize -DDoublePrecision

inhin...

directory ‘lhome/do/Cuter4Linu x/ bin ’
to be done for ‘Makefiles'.

directory  ‘/home/do/Cuter4Li nux/b in’
in double...

directory ‘lhome/do/Cuter4Linu
in double/bin...

directory ‘lhome/do/Cuter4Linu
to be done for ‘Makefiles'.
directory  ‘/home/do/Cuter4Li nux/d ouble/ bin '
in  double/config...

directory ‘lhome/do/Cuter4Linu
to be done for ‘Makefiles'.
directory ‘lhome/do/Cuter4Li nux/d ouble/ confi g’
in double/lib...

x/ double ’

x/ double /bi n’

x/ double /co nfig’

aew|
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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/CuterALi nux/d ouble/ lib
making Makefiles in double/specs...

make[2]:  Entering  directory  ‘/home/do/Cuter4Linu x/ double /sp ecs’
make[2]: Nothing to be done for ‘Makefiles’.

make[2]: Leaving directory  ‘/home/do/CuterALi nux/d ouble/ specs’
make[l]: Leaving directory ‘lhome/do/Cuter4Li nux/d ouble’

This is normal output and it indicatesthat everythingworked out smoothly make is simply echoing what it
attemptdo doin ead subdirectory A messge like “Nothing to be donefor ‘Makefiles” simplyindicatesthatthe
subdirectorywhete make is currentlyworking doesnot havefurther subdiectories. On mostsystemmake is less
verbose

The above commandshouldbe able to properly geneite the Makefilesin eac subdiectory TheseMakefiles
shouldalsoonly containstandad commandsaseveryeffort hasbeenmadeto avoidusingexotic Makefilefeatues
and capabilities,suc asthe $@ @onstruct. A READMHile accompaniesvery Makefileto describewhatit does
and which targetsit recaynizes. Usels are advisedto take a look at thesefiles. You normally do not needto
read Makefilesgeneatedby imake astheseare usuallyverylong and containhundedsof parameterdefinitions.
The documentatiorfiles and a basic knowled@ of make shouldbe enoughfor you to feel comfortablewith the
(re)eenertion of the variouspartsof CUTEr. Oncethe Makefilesare genemted,the only thing that remainsto be
doneis theusualmake all . However, asuses whohavesomeexperiencevith make know make outputsa lot of
information—itbasicallyechoesto the standad outputeveryactionit takes. The-s command-lineptionto make
lowers its verbositylevel and basicinformation on how the build progressesonly is printed. Thus,usess should
build CUTEr usingthecommand

prompt% make -s all

Thiscommandctompletegheinstallation of CUTET, usingImakefiles On myLinux systemtheinstallation 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 workstationsthe installation shouldbe expectedo take longer. During this phase keepan eye on the screen
andlook for the[Ok] indicators. Shouldmake comeacrosssomedifficulty, this sequencef indicators shouldbe
interruptedby anerror messge. To knowmore abouttheproblem,readthe READMEfile in thedirectorywheethe
problemoccuredto try to indentifythe target which make wasattemptingto build, and re-runmake on that target
withoutthe-s option.

You may theninstall a new instanceof CUTEr, which may be for a differentarchitecturepr onecorre-
spondingto analready-installednstancewith a differentprecisionor size.In all casesthe ervironment
variableMYCUTERhouldpointto the current,working, instanceof CUTEr.

Theinstall _cuter script keepstrack of all installedinstancesof CUTEr on your systemin the log-
file $CUTER/log/install.| og. This file may be used, for instance,to have MYCUTERpoint to the
right distribution. For the purposeof illustrating the above, assumehe threedistributions given in Ta-
ble 1.1 areinstalledin their default directory Besidesdateinformation,the following will be foundin

$CUTER/logl/instal LI og, wheretheexclamationmark(! ) is aseparator
double large  Sun-workstation sol f90 ! $CUTER/CUTEr.large.s un. sol .f9 0
double medium Intel-like-PC Inx g77 ' $CUTER/CUTEr.medium. pc. Inx .g7 7
double large Compag-Alpha t64 fo0 ' $CUTER/CUTEr.large.a Ip. t64 .f9 0

1.1.2 update _cuter

As it is our intentionto upgradeover time (or fix if necessary)hetools suppliedin the CUTEr package,
a mechanisnfor keepingan installedsystemup to date,andto install never 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 Announcementsf bug-fixesandenhancementsill bepostedandindicated
onthewebsite.Therearetwo forms of thecommand.

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

prompt% update _cuter filename

wherefilenameis the nameof thefile to upgrade possiblyspecifiedwith a path. Supposefor example,
thatthefile ufn.f hasbeenimproved soasto performits taskfastey upgradingyour currentinstanceof
CUTEr is achieved by typing

prompt% update _cuter ufn.f

atthecommandorompt. This commandirst copiesthe new sourcefile to properlocation,whichis in this
case$CUTER/common/src/t ool s. If therearecurrentlyboth singleanddoubleprecisioninstancesyou
will be asledto choosewhich you would like to update;if thereis only oneinstanceunder$MYCUTER
theprecisionwill bechoseraccordingly Thescriptthencastsandcompilestheincomingfile, andfinally
updateghe CUTEr library (SMYCUTER/double/lib /I ibc ute r.a ). Of coursecorrespondin@ctionsare
performeddependingnthetypeof filename if it is ascript,it is only cast,andstoredin its properplace,
andif it is adocumentatiofiile, it is simply movedto $CUTER/common/doc.

In its secondiorm, update _cuter takesthreecommand-lineoptions,describecasfollows
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prompt% update _cuter -a filename

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

1. onitsfirstline, thedirectorywherethe new (upgradedfiles canbefound,and

2. on subsequerniines, the namesof thoseupgradediles, possiblyprecededy their destinationdi-
rectory A singlefile perline shouldbegiven.

Note that precedingthe file namesby their destinationdirectoryis not compulsory;in fact, the pathis
ignoredandupdate _cuter triesto determinghe correctpathfor itself. As anexample,supposéahatthe

toolsufn.f , install  _cuter , compiler.cry.unc.f9 0 andsdknit.pro  have beenupgradedandare
temporarilystoredin /nome/upgrade . A correspondingnputfile mightbe
/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 the sameresultwould be producedy the simplerfile
/home/upgrade
ufn.f
install  _cuter
compiler.cry.unc. f90
sdknit.pro

or by thedeliberatelyconfusingfile
/home/upgrade
lust/share/junk/u fn. f

/home/upgradefins  tal | _cuter
/home/downgrade/c  ompile r. cry .un c.f 90
lopt/degrade/sdkn it. pro

As above, CUTEr copiesthesefiles from /home/upgrade  to their properlocation, promptsfor the pre-
cisionrequired(if necessary)¢astsand, wherenecessarycompilesthe incomingfiles, andupdateshe
specifiednstancestoredunder$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 summarizethe completesynopsiof update _cuter is asfollows

update _cuter [-h | -help | --help] [m] [a IlistFile | newFile]

In the situationwhere CUTEr hasbeenunpacled but no further installation stepswere performed,or
all currentinstancesveredeleted,update _cuter still canmove the updatedsourcefiles to their proper
location,skippingthe compilationphase.The samesyntaxasabove canbeused.

Caution: attentionshouldbe paid to the factthatupdate _cuter worksby source -ing the UNIX com-
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mandsfrom the file $MYCUTERprecisiorfc onfig /cmds (whereprecisionis the requiredprecision)and
thatthesecommandglefinethe temporarydirectory usedduring compilationphase.Iln mostcasesthis
temporarydirectoryis simply /tmp . This temporarydirectory mustnot be the sameasthat specifiedin
the first line of update _cuter ’s input file (fhome/upgrade in the examplesabore). Whenno compi-
lation occursandupdate _cuter simply movesthe files to their properlocation, it will sourcethe file
$CUTER/build/arch /sy ste m.all , 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 the correct
commandsn all, or most,cases.

Pleaseremarkthat if usingthe Imalkefilebasedversion of CUTET, it shouldbe saferto updatefiles usingthe -m
command-lineptionto update _cuter , andthento issuea make all (or make -s all ) from$MYCUTERor
fromthe homedirectoryof the CUTEr instancewhich shouldbe rekuilt).

1.1.3 uninstall  _cuter

Thescriptuninstall ~ _cuter is usedto remove a previously installedinstanceof CUTEr from your sys-
tem. If calledwith noagumenttheuserwill be asledto choosewhich distribution to remove from alist
of theinstanceg$oundonthesystem.Otherwisetheonly aguments thenameof thedirectorycontaining
the distribution to be removed. We illustratethe secondcase. Referringagainto Table 1.1, assumave
wish to remove the Compag-Alphalistribution. Thisis doneby issuingthecommand

prompt% uninstall _cuter $CUTER/CUTEr.large.a Ip .t6 4.f 90

at the commandprompt. If this directory containsboth the single and doubleprecisioninstancesyou

will be promptedfor which shouldbe removed. Thereis no possibility atthe moment,to remove both

instancesat once. If single or double precisioninstanceonly is present,the whole directory will be

deletedaswill the correspondingentry in $CUTER/log/install. log . Note that un-installingshould
be donefrom the samemachinefrom which the installationcommandwasissued,asthe corresponding
directorymight not berecognizedn othermachineslssuingthecommand

prompt% uninstall  _cuter --help

will displaya shorthelp message.The scriptis itself self-documente@dndthe usermay consultit for
moreinformation.

1.1.4 Rehuilding CUTEr

A reluild of CUTEr may turn out to be necessaryhen&er CUTEr informs the userthatthe workspace
dimensionseedto be increased—aehuild may alsoturn out to be necessaryheneer prototypefiles
are modified, or in generalwhene&er any basicfile is modified. CUTEr itself, andthe SIF decoderin
particular usually issuewarning messagesvheneer the workspaceis insuficient, urging the userto
increasea particular(setof) parametersTheseparametersnaybetunedin tools.siz  andsifdec.siz
which canbothbefoundin

$MYCUTERprecisiaic onf ig

whereprecisioris either'single’ or ‘double’, accordingo your installation.For the changeo take effect,
the CUTEr toolsandthe SIF decodemneedto be castandcompiledagain.Assumethe Solarisinstallation

aew|
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is modified.
In the script-based version of CUTEr, the change will take effect after typing

prompt% rebuild ~ $CUTER/CUTEr.large .su n.s ol. f90

at the command prompt. If the current instance is to be rebuilt, the command
prompt% rebuild  $MYCUTER

is perfectly valid.

In the ImalefilebasedCUTEr, all theuserneedgo doto male sure heor sherehuilds everythingthat needso be
rekuilt is changeto thedirectory$MYCUTERndissuea

prompt% make -s all

make thentakescare of everythingand retuilds whichever targetsdependon the updatedfiles.

Note that the rebuild  script, at leastin its currentstate,is much lessefficient than make sincemake
reconsidera minimal numberof targets,while rebuild  reconsidersandrecompilesthewholeinstance
of CUTEr.

1.2 The CUTErtree

Oneof the defectsof CUTE is thatit wasnot designedo simultaneouslysupporta multi-platform ervi-
ronment,thatis instancef the environmentthat could be usedsimultaneoushfrom a centralsener on
several (possiblydifferent) machinesat the sametime. Moreover, using CUTE on a single machinein
conjunctionwith severaldifferentcompilers(a casethatfrequentlyoccurswhentestingnew software)is
impossible Furthermorehandlingdifferentinstance®f the ervironmentcorrespondindo differentsizes
of thetools (thatis the sizeof the testproblemsthatthey canhandle)is alsoimpossible. The reasorfor
thesedifficultiesis thatthe structureof the CUTE files, asdescribedn [ ], doesnotlenditself to
suchuse,sinceit only containsa singlesubtreeof objectsfiles. If we call the combinationof a machine,
operatingsystem,compiler and size of the tools an architectue, the obvious solutionis thento allow
severalsuchsubtreesn theinstallation,onefor eacharchitecturaused.

However, assoonasthe possibility of usingarchitecturedependensubtreess raised,the properidenti-
fication of the parts(scripts,programs)f the ervironmentthat areindependenof the architecturealso
becomeanissue.Sinceit would be inefficient to storecopiesof theseindependenscriptsandprograms
in eachsubtreeijt is naturalto storethemin a datastructurewhich is itself disjoint from the dependent
subtreesFinally, themultiplicationof subtreegontainingsometimesery similar but yetvitally different
datamakesthe maintenancef the environmentsubstantiallynore complicated andthereforerequires
enhancedools and a clear distinction betweenthe partsof the ervironmentthat are relatedto testing
optimizationsoftwareandthoserelatedto its own maintenance.

Thedirectoryorganizationchoserfor CUTEr, shavn in Figurel.1, reflectsthesepreoccupationsie nowv
briefly describedts components.

Startingfrom the top of the figure, the first subtreeunderthe main $CUTERdirectory (the main root of
the CUTEr ervironment)is build , which essentiallycontainsall the files necessaryor installationand
maintenancelts arch subdirectorycontainghefiles definingall possiblearchitectureshataresupported
by CUTEr, allowing the userto install new architecturedependensubtreesn an evolving manney de-

1duos
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$CUTER

- arch |
4 buid I prototypes |
4 scripts |
. doc |
manl ‘
H man
man3 \
- tools |
H  common | src |  matlab |
cobyla |
4 pk
H o sif | hsl ve12 |
1| config |
1 g |
4 bin |
4 bin |
$MYCUTER
for agiven . a lib |
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op. system - config |
cpmpiler _{ Specs ‘
size
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lib
L double }:{ ‘
H  config |
_{ specs ‘

Figurel.1: Structureof the CUTEr directories
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pendingon the testingneeds the evolution of the platforms,systemsand compilers. The prototypes
subdirectorycontainghe partsof the environmentwhich have to be specializedo onearchitecturébefore
it canbe used.We call suchfiles prototypesandthe procesof specializinghemto a specificarchitecture
casting The prototypefiles includea numberof tools andscriptswhosefinal form typically depend®n
compileroptionsandthechosersizeof thetools. Finally, thelastsubdirectoryof build , namedscripts
containghe ervironmentmaintenancéoolsandvariousdocumentatiorfiles.

The secondsubtreeunder$CUTERIs calledcommonandcontainsthe ervironmentdatafiles thatarerele-
vantfor its purposethetestingof optimizationpackageshut thatareindependenodf thearchitecturelts
first subdirectorydoc, containsa numberof documentatiorfiles concerninghe ervironment(suchasa
descriptionof its structure the descriptionof procedureo follow for interfacingthe supportecptimiza-
tion packagesthe completeSIF referencedocument, . .), but not a descriptionof the CUTEr toolsand
scriptsthemseles. Thesearedocumentedn the man subdirectoryand,asis commonon Unix systems,
its manl andman3 subdirectories)Thesrc subdirectorycontainsa numberof subdirectorieshatcontain
thesourcefiles for mary of theervironmentutilities: tools containghesource®f theFortrantoolsused
in users programswhile matlab containsall the“m-files” thatprovide aMATLAB interfaceto theervi-
ronment.Thepkg subdirectoryof src is usedto storedtheinformationrelatedto thevariousoptimization
packagedgor which CUTEr providesan interface. Thereis onesubdirectoryfor eachsuchpackaggwe
have representethatfor the COBYLA andVE12 packages)ypically includinganalgorithmicspecifica-
tion file or the sourcecodeof the packagdf available. Thelastsubdirectoryof common sif , containsa
few testproblemsn SIF format.

The next subdirectoryunder$CUTERIs calledconfig and containsall the configurationandrulesfiles
which arerelevantto imake whenthelatteris usedto bootstap thevariousimakfilesin orderto createthe
necessarvakefiles

Thelog subdirectoryof $CUTERcontainsa log of the variousinstallations(and, possibly subsequent
un-installationspf the ervironmentfor thevariousarchitectures.

Theremainingsubdirectorie®f $CUTERareall architecturedependenteachof themcorrespondso the
installationof CUTEr on a specificmachine for a given operatingsystemandcompilerandfor a given
tool size. Thefigure only represent®ne,but the continuationdotsat the bottomof the leftmostvertical
line indicatethat there might be more thanone. The nameof thesedirectoriesare (by default) auto-
matically chosenat installation,but a userof one of thesesubtreesvould typically give it a symbolic
name,like $MYCUTERto refer to the instanceof CUTEr currentlyin use. Eacharchitecture-depeient
subtreds dividedinto its singleanddoubleprecisioninstancegsingle anddouble , respecitely), each
of thesecontainingin turn four subdirectoriesThefirst, bin , containsthe objectfiles correspondindo
the optimizationpackagesdriving programsand, if relevant, of the packagecodes. The second,lib ,
containslibrary of cutetools and,if relevant, librariesassociateavith the interfacedoptimizationpack-
ages.Theconfig subdirectorycontainghearchitecturaelependenfilesthatwereusedto build thecurrent
$MYCUTERuUbtregthey arereusedvhenatool or optimizationpackages addedor updated)while specs
containsthe algorithmicspecificatiorfiles for the optimizationpackageshatarearchitecturedlependent,
if any. Finally, SMYCUTER/bin containghosescriptswhich arearchitecture-depeent, but not precision-
dependent.

Thefactthatthe CUTEr toolsarenow storedin theform of libraries(while they werestoredasa collection
of individual objectfiles in CUTE), is anothemovel feature. This allows a muchsimplerdesignof new
optimizationpackagenterfaces sincetheinterfaceno longerneedto specifythe exactlist of toolswhich
have to beloadedtogethemwith the package.
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A final new featureof the ervironmentorganizationis thatthe documentations available via the usual
man commandor the scriptsandtools,andbothin acsiiandpdf formatsfor therest. It is hopedthatthis
will make accesdo therelevantinformationmorecorvenientfor users.

1.3 Interfacing CUTEr and Matlab®

We describén this sectionhow CUTET is interfacedwith Matlab,remindbasicconceptaboutMEX-Files
anddescribehow new interfacesshouldbe added.

1.3.1 MEX-Files basics

Besidesheinga self-suficient ervironment,Matlab providesan Application Programinterface (API) to
supportexternaluserdefinedsubroutines.This interfacing is realizedthroughdynamically-linled sub-
routines,compiledby Matlabfrom C or Fortransourcecode,referredto asMEX-Files. For athorough
exploration of MEX-Files accompaniedy numerousexamplesand details, refer to your local Matlab
documentationRecallalsothatall API-relateddocumentatioris availableonline usingthe Matlab Help
Desk.We now briefly review themainfeaturesof MEX-Files andwhattheusershouldprovide for Matlab
to beableto compiletheinterface.

Any userprovided C or Fortrancomputationatoutinemaybeinterfacedwith theMatlabervironmentus-
ing themex script. Within Matlab,themex commandakesthenameof theroutineto beinterfacedasanar
gumentplusanumberof optionsandpossiblyotherfiles. Referto themex scriptdocumentatioffior acom-
pletelist of all supportedptions. For every routinethe userwishesto interfacewith Matlab, a gatevay
routinemustbeprovidedin orderto inform Matlababoutthe numberof agumentghatthe computational
routine takes and what their type is. This gatevay routine calls the userdefinedcomputationafoutine
asasubroutine.Thefile resultingof the compilationandlinking of thesetwo routinesis calleda MEX-
File. Assumeyour own FortranroutinegrFactor.f s to beinterfacedwith Matlab andthata gatevay
is providedin thefile grFactorg.f  , Matlabcompilesandlinks grFactor.f  onceit is giventhecommand
matlab% mex grFactor.f grFactorg.f

Possibly if several userdefinedroutinesareto be compiledwithin Matlab, the gatevay routine may
interfacethemall atonce.For detailsregardingthe constructiorof a gatevay, thereaderis referredto the
Matlabdocumentation.

1.3.2 CUTEr and MEX-Files

With CUTETr, gatevay interfacesto the CUTEr toolsareprovidedin threefiles. Thefile utools.f  inter
facesthe unconstraineaptimizationtools, ctools.f  interfacesthe constrainedptimizationtools and
gtools.f  containggenerakoolsusedby utools.f  andctools.f . Thesegatavay files canbefoundin

$CUTER/common/src /to ols /

while shortcuffiles to call the correspondingoutinesmaybefoundin
$CUTER/common/src /matla b/

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

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

atthe Matlab promptinsteadof

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

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

Helpis availablefrom within Matlabthe usualway, by typing

matlab% help toolname

For example,

matlab% help usetup

briefly documentghe usetup tool. Note that MEX-Files createdfrom Fortran sourcecodemay only
handledoubleprecisiondata. As a generalrule, a C or Fortranroutine or function compiledandlinked
into aMEX-File is calledusing

matlab% [ 01,02,...,0n] = function _name( iy,iz,...,im );

whereoy,0y,...,0, is the outputargumentdist (specifiedwithin squarebraclets)andiy,io, ..., iy is the
inputagumentdist.

The gatevay interfacesusethe mxCopy__ constructy default. If your C or Fortrancompilersupportghe
%val constructwhich implementscalls by addressnsteadof calls by value,it shouldbe usedso asto
freememoryusedby (nolongernecessarylemporarywariablesandto speedip execution.Besidedeing
moreintuitive, the%val constructalsoconsiderablyeaseshe programmingeffort, shortenghe codeand
makesbetteruseof availablememory

1.3.3 Using CUTEr from 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 and mx,

foundunder$MYCUTER/bin. Thepurposeof thesetwo scriptsshadas thatof the otherscripts;sdmx first

SIF-decodeshe problemit is given asan agumentandleavesthe creationof the MEX-Files to mx. mx

invokesthe C or Fortrancompilerdistributed with Matlab, links all the objectfiles andlibrariestogether
andfinally creategshe MEX-File, which canbe calledasa regularMatlabfunction.

Versionsof Matlabolderthan6.0usedto have separat€ andFortrancompilers oftencalledrespectiely

cmex andfmex. Recentversionshave meiged the two compilersinto one, mex, making the othertwo

obsolete.You shouldupdateyour file $MYCUTERprecisiofconfi g/c mds to reflectyour local instance
of Matlah Pleasealso update$CUTER/build/arch/ sy ste m.your_systemaccordingly to make your

modificationssystem-wide.For the above reasonthe CUTEr interfacesto Matlab are no longercalled
sdmex andmex, but sdmx andmx

Forinstanceto compileandlink all theunconstraine@€UTEr toolswith the problemMSQRTALS.SIF, use
prompt% sdmx -u MSQRTALS
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Note the useof the -u command-lineoption to sdmx in orderto usethe unconstrainedools. To use
the constrainedools, simply omit the -u option. Also notethat Matlab MEX-Files alwaysusedouble
precisionandtherefore a double-precisiorsIF decodesshouldhave beeninstalledon the system.

Placethe MEX-File thusgeneratedn the samedirectoryasthefiles producedy the SIF decoderandin
particularOUTSDIF.d, andtheinterfacesdescribedn §1.3.2arereadyto be calledfrom Matlah

If your problemhasalreadybeendecodedthe MEX-File canberegeneratedisingthe command

p
rompt%mx -u

1.3.4 Adding a newtool

Shouldthe useraddnew C or Fortrantoolsto CUTEr thatareto be interfacedwith Matlab, utools.f
and/orctools.f  shouldbe updatedaccordinglyand the correspondingm file shouldbe createdand
storedin thedirectory$CUTER/common/src/ matlab /. Forinformationon MEX-File delugging,referto
yourlocal MATLAB documentation.

The usershouldalso pay attentionto their local implementatiorof pointers. If the mxCopy__ construct
is used, pointersshould be declaredasinteger*8  on DEC Alpha and 64-bit SGI machinesand as
integer*4  onall otherplatforms.If thelocal Fortrancompilersupportghisoption,aclearmulti-platform
codemaybeobtainedby having the C preprocessamapthepointersto thecorrectdeclarationstthe pre-
processingtage.

Notefinally thataftercompilationandlinking, the nameof theresultingMEX-File will have anextension
thatdepend®nthe platformonwhich compilationwasperformed.For example this extensionis mexsol
on SunmachinesunningSolaris,andmexsg64 on 64-bit SGI machines.

1.4 Usermodifiable parts

Nearly all the Fortran sourcefiles, storedin $CUTER/common/src/t ool s, have usermodifiable parts.
Thesepartsare not directly includedin the Fortran sourcecode, but castprior to compilation. The
files containingthe usermodifiabledataaretools.siz  andsifdec.siz . After theinitial installation,
thesefiles will be found in the CUTEr directory $SMYCUTER/[singleldo uble] /co nfi g. If modified,
the CUTEr distribution may berehuilt usingthe new parametewaluesby therebuild  script, locatedin
$CUTER/build/scri  pts .

SomeFortransourcefiles, like clsf.f  andslct.f , have hardcodedusermodifiable parts. Theseare
usuallylocatedatthetop of thefile, betweerbannerssuchas
Crrmmmmnee THE FOLLOWINGSPECIFICATIONS MAY BE MODIFIED BY THE USER ----------

and
(O END OF THE USER MODIFIABLE SPECIFICATION  ---r-rermeeemenen-
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1.5 CUTEr tools

Problemsarefully describedn a Standardnput Format(SIF)file. Thisfile maysubsequentlpedecoded
to provide dataandFortransubroutinedor inputto a nonlinearprogrammingpackage.

Herewe describeauxiliary subroutinesvhich areavailablefor userso manipulatehe decodediata.The
Fortransourceof theseprogramsalongwith the subroutine®btainedvhendecodinghe SIFfile, should
be compiledwith the users optimizationpackage.

The CUTET tools aredescribedn the manpagescategory 3, which may be viewed usingthe man com-
mand,its X interfacexman, or, on LINUX systemsby issuingless manpagavheremanpages theman
pageto be viewed. The manpagesarestoredin $CUTER/common/man, andthis directoryshouldappear
in the users MANPATHTable 1.2 containsthosetools relatedto unconstraine@r bound-constrainethin-
imization asof March 13, 2002, alongwith a brief description,and Table 1.3 containsa list of CUTEr
tools for constrainedminimization. Theureprt andcreprt tools producestatisticsabouta particular
run. Usersof thepreviousversionsof CUTE will noticethe strongsimilarity in thetoolsnames.

Wheneer the descriptionstateghatthe Hessiarmatrix of eitherthe objectve or the Lagrangiarfunction
is in sparseformat, it is implicitly understoodhatit is storedin coordinateformat. Explicit mentions
appeamwheneer this matrix is storedin finite-elementgormat.

Note on the creprt  tool

As CUTEr featurestools allowing usersto evaluatea single constraintand as reportingthe numberof
evaluationsof ead constraintin the final statisticsis not practical,the statisticsreporta measureof the

this quantity definedas
i #eval(c
#eval(c) = 217G ( '),
m
wherey;#eval(c;) is the sumof the total numberof timeseachindividual constraintis evaluatedandm
is the numberof constraintsn the problem. Note thatif the algorithm always evaluateall constraints
at once,this measuras aninteger Otherwise,it may be a real number The purposeof this ratio is to
provide a measuref the numberof constrainfunction evaluations(ascomparedo its maximum: m) in
the courseof theiterations.

1.6 CUTEr sizes

The CUTEr packages distributedwith threedefault “sizes”: large, medium,andsmall. In addition,there
is a customsize, which, asthe term indicates,may be suitablefor situationsdemandinga specialized
configuration. Thesesizesreferto the size of the memoryavailable for problemdecodingandsolution,
andhencearedirectly relatedto the size (the amountof data)of the problemsthat CUTEr cantackle. It
may happerthatthe predeterminedizesdo not fit your favorite problemor your machine andthatyou
wish to specifyyour own. Typically, whenrunningtoo large a problem,CUTEr will complainthatoneof
the sizeparameterss too smallandstop. You thenhave to increasehis paramete(if this is possibleon
your machine)in orderto handlethe problem. This modificationof the CUTEr arraysizesis explained
below.
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Wefirst notethatthedependencon problemsizeoccursin boththe decodingof the problemSIF file into
datastructuresand subroutinesandin the computationof the requiredproblemvaluesby the provided
evaluationtools. Indeed the problemdependentiatais fully specifiedby its associate@IF file andmust
be takeninto accountin all stagesup to the numericalsolutionprocess.Therefore the size of both the
SIF decodefandthetools (andindeed theinterfaceoptimizers)mustbe adequatdor the problem.

Theactualchoiceof oneof the predeterminedizesis madewhenrunningtheinstall  _cuter command,
which promptsthe userfor the desiredsize. In fact, install _cuter , or the Makefiles dependingon
which CUTEr you areusing,castthe sourcecodeagainst “size mask”correspondingo the selectedize,
andtherebydetermineshe dimensionsf thevariousarraysusedin thecode.Theassignmenstatements
aredifferentiatedoy theirfirst four characters:

CBIG | specifieghelargesize
CMED| themediumsize
CTOY| thesmallsize

CCUS| thecustomsize

Notethatthecustomsizeis first thoughtof aslargerthanthelarge size, but nothingpreventstheuserfrom
building anintermediarysizeor a smallersizethanthetoy size.

Changinghesizeof the CUTETr distributionin thesensgustdescribednaycall for apartialre-installation.
If most (or all) parametersnustbe, say increasedjt might be worth consideringsimply re-installing
CUTEr usinga larger size(e.g. large if mediumturnsout to be insuficient for your purposes).To that
end,executeinstall  _cuter againandselectthe correctsize. In casevery few parametersieedto be
changedthe proceduredescribedbelon might be considered We now examinethis proceduren more
detail.

1.6.1 toolssizes

Thetoolssizesaregatheredn thefile SMYCUTERprecisioifco nf ig/ too Is. si z, which containghefol-
lowing parameters.

| Parameter| Brief description |

LIWK thesizeof theintegerworkspacearrayusedby the algorithms

LWK the sizeof the singleor doubleprecisionworkspacearrayused
thealgorithms,accordingo the precisionof theinstancenstalled

LLOGIC thesizeof thelogical workspacearrayusedby the algorithms

LCHARA | thenumberof tencharactestringsusedasworkspaceby thealgorithms
LFUVAL thesizeof thearrayusedto storethe problems functionandderiative values.

Theseparametersre assigned value uponinitial installationof CUTEr on the system. Thesevalues
shouldbechangedaccordingo CUTEr messageissuedat run-time,andCUTEr shouldberekluilt.

Note that the main drivers, whosenamesmatchthe regular expressionsma.f and*ma.f90 , declare
parametersuchas MMAX-the maximalnumberof constraintfunctionsin the problem—whichare not

foundin tools.siz . It may happenthat CUTEr abortsthe solving of a problembecausene of these
parameterfasnotbeenset,in themaindriver sourcefile, to anappropriatevalue. Sincetheseparameters



CHAPTERI1. INSTALLATION AND USAGE 22

arepackage-dependerdtherthanarchitecture-pr size-dependenthey shouldbe setto anappropriate
valuein the sourcefile andthelatter shouldberecastandrecompiled.

1.6.2 Sizesfor the MATLAB interface tools

If thesizeof theMATLAB interfacetoolsis to be modified,the parametersiIMAX(the maximumnumber
of variablesin a problem)andMMAXthe maximumnumberof constraintsn a problem)shouldbealtered
atthebeginningof thefilesctools.f  andutools.f

Changing compiler flags

In somecircumstancest might be usefulto alter the predefinedcompilerflags. An examplemight be
whensomenew level of codeoptimizationbecomesavailable on your machine. Note that careshould
be exercisedwith codeoptimizers:we know of casesvherethe optimizersintroducereal bugsinto the
code. As a consequencel might be a goodideato turn optimizationoff beforedecidingthat some
strangebehaiour of thepackages anomalousindworthreporting.Thisis anothereasorwhy modifying
compiler flags might be useful. Someoperatingsystemrevisions might also requirethat you change
machinedependentonstant®r proceduregsuchasthetimer).

If compilerflagsshouldbe changedrior to arekuild, the usershoulddo soby alteringthe COMPILEand
LOADvariablesn thefile $MYCUTERprecisiorfc onf ig/ cmds.

If compilerflagsshouldbe changedo affectall subsequennstallationsof CUTEr, the usershoulddo so
in someor all thefiles $SCUTER/build/arch/c ~ omple r* * * .

aew|

If using the ImalkefilebasedCUTEr, the file <your _system>.cf  should be modifiedaccodingly, whele the
compilerin questionis descibed.For instance if the compilerin questionis only foundon SUNmadines,thefile
sun.cf  shouldbemodified.If it maybefoundon anymadine, thefile all.cf  shouldbemodified.Thesdilesare
foundunder$MYCUTER/config .

Systemdependentconstantsand functions

All thesystemdependentonstantandfunctionsarespecifiedn thecompiler.** * files beforeinstal-
lation,whicharesubsequentlynovedto $CUTER/build/arch  , andalsoin theFortranfile $SMYCUTERprecisioifco nf ig/ loc al.
aftertheinitial installation.If theseneedio bechangedthislatterfile istheoneonwhichto operatebefore

reluilding CUTEr. Keepin mind that alteringsomeor all the SCUTER/build/arch/c  ompile r. ** *

fileswill affectall subsequenhstallationsof CUTEr.

aew|

If usingthe ImakefilebasedCUTETr, the configurtion filesall.cf  and/or <your _system>.cf , foundunder
$MYCUTER/config , shouldbe modifiedaccodingly.

A setof hashingroutines

TheroutinesHASHAHASHB HASHCandHASHEprovide a Fortranhashingiool. They aresystemdependent
in thatthey rely onthe numberof bytesusedto represenaininteger within the particularFortrandialect
used.This numberof bytesis setin the parameteNBYTESin $CUTER/build/arch  /co mpile r.x * *_ If
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your Fortrancompilerusesan “unorthodox” numberof bytesfor its integers,youwill have to changehe
valueof NBYTES

If usingthe ImakefilebasedCUTEr, the configumtion files all.cf  and/or <your _system>.cf , foundunder
$MYCUTER/config , shouldbe modifiedaccoingly.

aew|

A definition of the arithmetic constants

The suppliedfunctionsSMACHRand DMACHReturnvaluesfor variousmachinedependentonstantsfor
singleanddoubleprecisionarithmetic,respectrely. ThesemachineconstantsaredenotedRn in single
precisionandDn in doubleprecision.We recapitulatehemin thefollowing table

| Parameter] Brief description |

R1,D1 thesmallestpositve numbere; suchthatl+¢g; > 1
R2,D2 thesmallestpositive numbere; suchthatl —e; < 1
R3,D3 the smallesthonzeropositve number

R4,D4 thesmallestfull precisionpositive number;

R5,D5 thelargestfinite positve number

Eachof thesenumbershouldbemodified,eitherin SCUTER/build/arch/  compiler .*. *. * orin $SMYCUTERprecisioifco nf ig
whennecessary

. 3
If usingthe ImakefilebasedCUTETr, the configurtion filesall.cf  and/or <your _system>.cf , foundunder %
$MYCUTER/config , shouldbe modifiedaccoingly.
A CPU timer
This is a real function CPUTIM that returnsthe current CPU-time usedby the package expressedn
secondsThistimeris, unfortunatelyhighly systendependentThespecificcodefor CPUTIMis originally
locatedin $CUTER/build/arch/c ~ omple r.* * * andconcatenatedith local.f  atcasttime, during
installation.
1.6.3 Rehuilding CUTEr
Rehuilding CUTEr is doneasdescribedn 81.1.4 Simply executetherebuild  scriptwith the complete
pathcorrespondingo the CUTEr installationto berehuilt asagument. _
, 3
If usingthe ImalefilebasedCUTETr, simplychange to SMYCUTERindissuea make -s all to male sure that %

everythingthat needgo berehuilt is retuilt.

1.7 Driver programs

Driver programsare Fortran sourcemain programsthat call relevant userprovided subroutinesrom a
particularoptimizationor linearalgebrgpackageandwhich obtainfunction,deriative andotherproblem
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informationdirectly from CUTEr subroutinetools. A driver is compiledandrun by theinterfaceto that
package.

For example, the CUTEr distribution includesan interfaceto the PRAXIS package. This interfaceis

provided by two UNIX scripts,sdprx.pro  andprx.pro , storedin $CUTER/build/protot ~ ype's, which

are castinto sdprx andprx andsubsequenthstoredin $SMYCUTER/bin. Both scriptsmake useof the

auxiliary scriptrunpackage , castfrom prototyperunpackage.pro , which is commonto all interfaces.
Moreinformationontheusageof interfaceds givenin 81.9. Therole of thesethreescriptsis to decodahe

input probleminto the properFortransubroutinesgatherthe necessarjibrariesandobijectfiles, link and

compilethemtogetherandfinally launchthe PRAXIS driver, whosesourceprxma.f is castandlinked

into prxma.o , storedunder$MYCUTERprecisionbi n. Thedriver setsup all the necessargatastructures
andervironmentrequiredby PRAXIS andcallsthe PRAXIS subroutinego solve theinput problem.

All supportegpackagesrerepresentetly anabbreiatedname.For thepurposeof anillustration,assume
this abbre&iation is pak Theinterfacesscriptsarecalledsd pakpro andpakpro , andthe Fortrandriver
programpakma.f .

Thepackageshemselesare*not* suppliedin the CUTEr distribution aswe only aimto provide auseful
and efficient testingand developing ervironment. It is the responsibilityof the userto getthe package
sourceor objectfiles andproperlylink them.

More detailsregardinga specificsupportedackagepakmay be foundin
$CUTER/common/srclp kg/ pakiR EADME pak.

1.8 The SIF decoder

1.8.1 Whereisthe SIF decoder?

At this point, it is crucialto mentionthat, in contrastwith earlierversionof CUTE [ ], the SIF
decodeiis no longerembeddedn CUTEr. This choicewasmadefor severalreasonssomeof which are
now briefly explained.First,it seemedmportantto usto have aconsistensetof toolswithin CUTEr which
all dependin anindenticalmannerontheSIF decoderThedecoderhowever, couldsene otherpurposes
thanthatof beinga gearof the testingernvironment. As a prime example,the SIF decodeiis a vital part
of the forthcomingsecondreleaseof the LANCELOT packagg ], LANCELOT-B. It thusappeared
more consistento isolatethe decoderand simply have the otherpackages-€UTEr, LANCELOT-B, but
therecould alsobe others—refeto it when&er necessaryAnotherreasons easeof maintenanceand
consisteng whenupgradingthe decoder All the packagesvhich referto it areusingthe sameversion.
Finally, the SIF decoderin its own right may evolve anddevelop separately An illustration of this fact
is its recentability to generateroutinesfor function evaluationsuitedfor input to the HSL automatic
differentiationpackages$iSL_ADO1 andits threadsafeounterpardSL_ADO2 | ]

1.8.2 SIF decodersizes

Warning or error messagesssuedby the SIF decodershould be interpretedas relatedto the SifDec
package andthe adjustmentsvhich they suggestshouldbe madein thefile sifdec.siz found under
$MYSIFDEC/precisial config /. For moreinformation,see| ].
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1.8.3 CUTEr and automatic differ entiation

The Harwell Subroutinelibrary [ ] containstwo packagesupplyingautomaticdifferentiationfa-
cilities. If eitherof thesepackagesHSL_ADO1 or its threadsafecounterpartHSL_ADO2, is availableto
the user automaticdifferentiationmay be usedwithin CUTEr. Pleasenote however thatHSL_ADOL1 is a
Fortran90 packagewvhile HSL_ADO2 is a Fortran95 package Suitablecompilersmustthereforebe avail-
able. Forward and backward modesboth provide first and second-ordederiatives, while higherorder
dervativesareavailablein forward modeonly. We referthe userto | ] for moredetailedinforma-
tion. As will beexplainedin 8 1.9, command-lineptionsto theinterfacesallow usergo selectforwardor
backward mode,andwhich packagehey wish to use. The automaticdifferentiationpackageshouldbe
usedlike ary optimizationpackagej.e. they shouldbe compiledbut notlinked. The objectfiles should
thenbeplaced,or linkedto from, thedirectory$MYCUTERprecisionbin .

1.9 Interfaces

This sectiondescribesxisting CUTEr interfaceswith optimizationandlinearalgebrapackagesndhow
to createanew interface.

Information and usageof the differentinterfacesto existing optimizationand linear algebrapackages
may be foundin the man pages$CUTER/common/man/manl, andusersshouldensurethatthe directory
$CUTER/common/manappear®ntheir MANPATHThemanpagefor thegenericscriptscriptmaybeviewed
by issuingthecommandnan script its X interfacexman, or, onLINUX systemsby executingthecommand
less script.1 Tablel.4shavs theinterfacesprovided andthe packageso whichthey correspond.

For the purposeof anillustration, let us now considerthe unc andsdunc interfacesto the UNCMIN
unconstraineaninimizationpackageTheir calling sequenceareasfollows

sdunc  [s] [h] [K [o ] [I secs] [fl [b] [a j [-show]
[-param name=value[,name=val ue... ]]  [-debug] probname[.SIF],
unc [-n] [-h] [-s] [kl [f [0 j [ secs] [-debug].

The purposeof sdunc is to SIF—decodeprobname.SIF , setervironmentvariablesdefining objectand
specificationfiles necessaryo compile the main UNCMIN executable,and launchrunpackage . The
scriptunc is simliar, exceptthatit assumethatthe problemhasalreadybeendecodedy theSIF decoder
Themainexecutablds linked, compiledandrun by runpackage . An importantdifferencewith previous
versionof CUTE is thatrunpackage isindependentf ary interface;only thosescriptsgivenin Tablel.4
dependon the optimization packagewhich mustbe interfaced. The agumentsof sdunc andunc are
thoroughlydescribedn the manpagesWe briefly review themhere.

-s link, compileandrun the singleprecisioninstance Doubleprecisionis the default;
-h printsahelpmessage;
-k keeptheloadmoduleafteruse;

-r (unc only) discourageecompilationof thetestproblem;

-0 | verbositylevel: -0 0 is silentmodeand-o 1 is verbosemode.Thedefaultis -0 0;
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-| secs limits the CPUrunningtime to secsseconds;
-f (sdunc only) generateherelevantsubroutinesor automatiadifferentiationin forward mode;
-b (sdunc only) generateherelevantsubroutinegor automatiadifferentiationin badkward mode;

-a | (sdunc only) whenusedin conjunctionwith -f or -b, -a 1 usesthe older HSL automaticdifferen-
tiation packageADO1, which -a 2 usesthe newer, threadsafeautomaticdifferentiationpackage
ADO02;

-show (sdunc only) displayspossibleparametesettingsfor probname[.SIF]Otheroptionsareignored,;
-param (sdunc only) castprobname[.SIFhgainskexplicit parametesettings;
-debug links thelibrariesandcompilewith -g optionsoasto allow dehugging;

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

The main objectfiles for the supportedhackagedi.e. in this case,uncmin.o ) shouldbe placedin (or
symlinked to from the directory) $MYCUTERprecisiorb in , while the requiredspecificatiorfiles should
beplacedin (or symlinkedto from) the currentdirectory

1.10 Creatinganew interface for an optimization package

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

For illustrative purposesywe assumehe packagegor which onewishesto provide aninterfaceis called
pack . We supposeahatboth singleanddoubleprecisioninstancef the packageare available andthat
interfacesin both precisionsarerequired. An interfacefor just oneof the precisionscanbe obtainedby
ignoringary of thecommentgelatingto the other We suggesthefollowing steps.

1. Construciadriver programcalling the new packageandusingthe Fortrantoolsprovided (for evalu-
atingtheobjectve function,its gradientetc) Theexistingdriver programguncma, mnsma ve09ma,
stnma , etc) might helpyou getstartedn writing this new driver.

Now compilethis programinto anobjectfile calledpackma.o . Thedoubleprecisionobjectshould
residein thedirectory

$MYCUTER/double/bin
andthesingleprecisionobjectshouldresidein the directory
$MYCUTER/single/bin
2. Compilethedoubleprecisioninstanceof the completesetof programscontainedn thepack pack-

ageinto oneobijectfile? (for example packd.o ). Repeathisfor thesingleprecisioninstanceof the
packageproducinga secondbijectfile (for example,packs.o ),

2)f 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 respectrely. Thisis doneby typing
prompt% cd $CUTER/build/protot  ypes
prompt% cp sdgen.pro  sdpack.pro
prompt% cp gen.pro pack.pro

atthe commandorompt,
4. Createthenew directory$CUTER/common/src/ pkg/p ack,
5. Editsdpack.pro andpack.pro andmodify themasfollows:

(a) changethe nameof the packageto be interfacedfrom gen to pack. This is donein the
assignmenbof the shell variablesPAC and PACKAGEat the beginning of the script, so that it

reads
setenv PAC = pack

setenv PACKAGE= pack

(b) if applicableaddor remove command-lineptionsto theinterfacessdpack.pro  andpack.pro
paying specialattentionto those options that are passedover to the SIF decoderand to
runpackage.pro

(c) properlysetthePACKOBANASPECSernvironmentvariablego containtheobjectfile(s)/libraries
for the packageandthe specificationfile (if ary) respectiely. The objectfiles® shouldlie
in SMYCUTERprecisionbi n, where precisionis either single or double,and the specifica-
tion file shouldlie in the directory SCUTER/common/src/ pkg/$P ACKAG, i.e. in this case,
$CUTER/common/src/p kg/ pack.

6. Possiblyalterrunpackage.pro  to link BLAS libraries,or otherrelevantlibraries.

7. Thescriptsnow needto be castagainstyour machine-dependespecificationsThis may be done
by issuingthecommands

prompt% sed -f $MYCUTERprecisiorconfig/script.se d filepro > $MYCUTER/bin/ file
prompt% chmod atx $MYCUTER/bin/ file

atthecommandrompt,wherefile is successiely sdpack andpack . If youalteredrunpackage.pro
thesameshouldbe donefor file=runpackage .

Note: In caseyour packageis not going to be available on all the platformsfor which you have a
CUTEr installation, modify the scriptssdgen, gen andrunpackage foundin $MYCUTER/bin instead
of the prototypescripts. Otherwise,it is recommendedhat you write prototypesand storethemin
$CUTER/build/prot oty pes.

We would be very pleasedf you could sendyour interface and driver programto us, so that we can
redistrilute it with future versionsof CUTEr, with properackowledgments.Thankyou in advanceand

goodluck!

3|f theuserhascreatedrandomor staticlibraries,theseshouldappeain $MYCUTERprecisiotiib
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1.11 Checkingthe integrity of a SIF file

All theinterfacesgivenin Tablel.4follow the samepattern.If theSIF problemhasnotyetbeendecoded,
the interfacefirst callsthe SIF decodeby meansof the sifdecode  script. Pleasepay attentionto the
fact that,asmentionedin 8§ 1.8, the SIF decoderis now distributed asa separatgpackageand mustbe
installedprior to usingary of the CUTEr interfaces.Themainexecutabld€or thedecodemustbefoundin

$MYSIFDEC/precisial bin /si fd ec, where$MYSIFDECis anenvironmentvariablepointingto thecurrent
instanceof SifDec. Failing to do sowill resultin anabort.

Oncethe problemhasbeendecodedtheinterfacecallsa commonscriptcalledrunpackage which links
therelocatablesogethercreatesanexecutabldile andfinally executest. It maybe usefulin somecases
to decodea SIF -encodegroblemwithoutrunninganoptimizationpackagefterwards,or to simply check
the syntaxof the SIF file. In thatrespectthesifdecode script may be calledindependentlyfrom the
commandine. Its syntaxis similarto thatof theinterfaces:

sifdecode [s] [h] [kl [0 j] [ secs] [f] [b] [a | [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 information on sifdecode , we refer the readerto the
documentatiomf SifDec, [ ].

1.12 Attempting installation on an unsupported architecture

As far asUNIX-lik e platformsare concernedjt shouldnot be too difficult to port CUTEr. This might
require,however, a numberof changesn severalfiles. We suggesin this sectionwheresomeof these
modificationscould take place. Additional modificationsmay be necessarydependingon your local
system.

First,theinstallationscriptsthemselesmayneedo bealteredfor compatibilityreasonsthelocal C shell,
if thereis one,maybedifferent,or requiredifferentcommand-lineptions.For example theveryfirstline

ofinstall  _cuter maybe#!/bin/csh  underSolaris,but hasto be#!/bin/csh -f onLINUX machines.

All the scriptsincludedin the CUTEr distribution arethoroughlyself-documente@nd shouldbe rather
quickly understoody anyonefamiliar with the UNIX ervironmentandthe C shell. Similarly, asall the
CUTEr scriptsusethe C shell,they mayall needcorrespondingnodifications.

Dependingon your local architecture you may have to createa new compiler. machine os compiler
file andalterinstall ~ _cuter correspondingly Similarly, your may have to createa system.os file,
wherea few basicsystemcommandsare gathered. The customsize may itself be viewed to help de-
sign a new installation, as it may easily suit your local hardware. The file where customsize may
be tunedis size.custom and may be found in the currentdirectory prior to initial installation, or if
$CUTER/build/arch  aftertheinitial installation.

If you are usingthe ImalefilebasedCUTETr, you mayalso needto alter a few Imalke configuiation files stored
under$CUTER/config , sudasall.cf  and/or<your _system>.cf . Alsomalesurethatthelastpart of thefile
name

compiler. machineos compiler,

i.e., thecompilerpart, is identicalto the symbolrepresentinghis compilerin the Imake configumationfiles. More

aew|
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specificallyif your compilernameis abg thenthe compilerspecificatiorfile shoutbe called
compiler. machineosa bc,

the symbolwhich representst in the configuiation file mustbe “Isabc” andtheblodck definingyour compilermust
look like

#ifdef  Isabc

#define  CompilerTagld abc
#define  imakeCompilerFlag -Dlsabc
#define  CompileCmd abc77 -c
#define  LoadCmd abc77
#define  CompilerlsF9095 yes
#define  Compile9095Cmd abc90 -c
#define  Load9095Cmd abc90
#define  FortranFlags -0
#define  NumberOfBytes 8

#endif

whereabc77 andabc90 representhetrue compilercommandgor Fortran77 andFortran90/95source
files respectiely; theseneednot matchthe abc pattern. If the compilerabc doesnot supportFor-
tran90/95,thenCompilerlsF9095  shouldbesetto no in theabove block,andthetwo symbolsCompile9095Cmd
andLoad9095Cmd shouldbe definedto theemptystring,i.e. :

#ifdef  Isabc

#define  CompilerTagld abc
#define  imakeCompilerFlag -Dlsabc
#define  CompileCmd abc77 -c
#define  LoadCmd abc77
#define  CompilerlsF9095 no

#define  Compile9095Cmd
#define  Load9095Cmd

#define  FortranFlags -0
#define  NumberOfBytes 8
#endif

If your systemdoesnot supportman pages,thesewill be provided in pdf and other formats on the
CUTEr website aswill updatedo this generadocumentatiomndotherinformation.

Fortran 77 files shouldbe standardand compatiblefor the mostpart. Checkyour local compilerdocu-
mentationfor possibleincompatibilities. If thereis no available Fortran90 compileron your platform,
you will notbeableto usethosetools (unlessyou write one).

If your new installationprocedures a successwe will be pleasedo includeit in the next releasef
CUTEr, with propercredits. In this case pleasesenddetailedinformationon your changesandon your
local system.On the otherhand,pleasdeelfreeto contactusif you think we maybe of somehelp.

Many thanksandagain,goodluck!


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

ubandh extracta bandedmatrix out of the Hessiarmatrix,

udh evaluatethe Hessiarmatrix,

udimen getthenumberof variablesnvolved,

udimse determineghe numberof nonzerosequiredto storethe
sparseHessiammatrixin finite elementformat,

udimsh sameasudimse,in coordinatgformat,

ueh evaluatethe sparseHessiammatrix in finite elementformat,

ufn evaluatefunctionvalue,

ugr evaluategradient,

ugrdh evaluatethe gradientandHessiarmatrix,

ugreh evaluatethe gradientandHessiarmatrixin finite elementformat,

ugrsh evaluatethegradientandHessiarmatrix in coordinatformat,

unames | obtainthenamewf the problemandits variables,

uofg evaluatefunctionvalueandpossiblygradient,

uprod form the matrix-vectorproductof a vectorwith the Hessiarmatrix,

usetup setup thedatastructuredor unconstrainedninimization,

ush evaluatethe sparseHessiarmatrix,

uvarty determinghetype of eachvariable.

ureprt \ obtainstatisticsconcerningunctionevaluationandCPUtime used, \

Tablel.2: TheunconstrainedninimizationCUTEr toolsasof March13,2002.
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Tool name\ Brief description

ccfg evaluateconstrainfunctionsvaluesandpossiblygradients,
ccfsg sameasccfg,in sparsdormat,

ccifg evaluatea singleconstraintfunctionvalueandpossiblygradient,
ccifsg sameasccifg, in sparsdormat,

cdh evaluatethe Hessiarof the Lagrangian,

cdimen getthenumberof variablesandconstraintsnvolved,

cdimse determinenumberof nonzerogo storethe LagrangiarHessian,
in finite elementformat,

cdimsh determinenumberof nonzerogo storethe LagrangiarHessian,
in coordinatgformat,

cdims;j determinenumberof nonzerogo storethe matrix of gradientsof
the objectie functionandconstraintsin sparséormat,
ceh evaluatethe sparsd_agrangiarHessiann finite elementormat,
cfn evaluatefunctionandconstraintsalues,
cor evaluateconstraintgradientsandobjective/Lagrangiargradient,
cgrdh sameascgr, plusLagrangiarHessian,
cidh evaluatethe Hessiarof a problemfunction,
cish sameascidh, in sparsdormat,
chames obtainthe namef the problemandits variables,
cofg evaluatefunctionvalueandpossiblygradient,
cprod form the matrix-vectorproductof a vectorwith the LagrangiarHessian,
cscfg evaluateconstrainfunctionsvaluesandpossiblygradientsn sparsdormat,
cscifg sameascscfg,for asingleconstraint,
csetup setup the datastructuredor constrainedninimization,
csgr evaluateconstraintandobjectve/Lagrangiarfunctiongradients,
csgreh evaluateboththe constrainigradientsthe LagrangiarHessian

in finite elemenformatandthe gradientof the
objectve/Lagrangiann sparsdormat,

csgrsh sameascsgrehjn sparsdormatinsteadof finite elementformat,
csh evaluatethe Hessiarof the Lagrangianjn sparséormat,
cvarty determinghetype of eachvariable,

\ creprt \ obtainstatisticsconcerningunctionevaluationandCPUtime used,

Tablel.3: TheconstrainedninimizationCUTEr toolsasof March13,2002.
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| Interface | Package

cob/sdcob COBYLA (Pawell)

fil/sdfil FilterSQP(FletcherandLeyffer)

gen/sdgen Genericinterface

hrb/sdhrb SIF —Harwell-or Rutherford-Boeing
sparseanatrix formatcorverter(Gould)

Imb/sdimb L-BFGS-B(Nocedal)

mns/sdmns MINOS (MurtaghandSaunders)

knit/sdknit KNITRO (Byrd, NocedalandWaltz)

nps/sdnps NPSOL(Gill, Murray, SaunderandWright)

osl/sdosl OSL (IBM)

pds/sdpds PDS(Torczon)

prx/sdprx PRAXIS (BrentandChandler)

snp/sdsnp SNOPT(Gill, Murray andSaunders)

stn/sdstn Stenmin(Bouaricha)

ten/sdten Tenmin(SchnabehndChow)

unc/sdunc Uncmin(Koontz,SchnableandWeiss)

valb/sdvals VA15 (Nocedal)

ve09/sdve09 VEQ9 (Gould)

vel2/sdvel2 HSL VE12 (Gould)

veld/sdveld VE14 (Gould)

vf13/sdvfl3 VF13 (Pawell)

Table1.4: Interfacesbetweerthe CUTEr tools andexisting optimizationandlinear algebrapackagess
of March13,2002.



Chapter 2

CUTE log

In this chapterwe kepttrackof all the changeshat CUTE hasundegonesincethefirst release.

21 CUTE1l.0

Thisis thefirst versionof CUTE, madeavailablein March1993.

2.1.1 UpdatessinceMarch 93

Additional interfaces

COBYLA This packagss a directsearchmethodfor inequality constrainegroblems that modelsthe
objective andconstrainfunctionby linearinterpolationanddoesnot usederiatives. It is available
from ProfessoM.J.D. Pawell, DAMTP, CambridgeUniversity Cambridge UK (e-mail address:
mjdp@damtp.cambridge.ac.uk).

TENMIN This packagés intendedfor problemswherethe costof storingonen by n matrix (wheren is
the numberof variables),andfactoringit at eachiteration,is acceptableThe software allows the
userto choosebetweeratensommethodfor unconstraine@ptimization,andananalogoustandard
methodbasedupon a quadraticmodel. The tensormethodbaseseachiterationupona specially
constructedourth-ordermodelof the objective functionthatis not significantlymoreexpensve to
form, store,or solve thanthe standardjuadraticmodel. TENMIN is availablevia anorymousftp
from ftp.cs.colorado.edun the directorypub/cs/distribs/terms. Any questionsaboutthis software
shouldbeaddressetb: eslow@cs.colorado.edu

Theinterfaceincludeshescriptssdten.*andten.*, thedrivertenma.fandthefile README.tenmin.
Thedriverwasoriginally written by Ali Bouarichaof CERFACS, Toulouse France.

NPSOL This packages designedo minimize smoothfunctionssubjectto constraintswhich may in-
clude simple bounds,linear constraints,and smoothnonlinearconstraints. The software usesa
sequentiauadraticprogrammingalgorithm,wherebounds linear constraintsand nonlinearcon-
straintsaretreatedseparately Unlike MINOS, NPSOL storesall matricesin denseformat, andis

33
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thereforenotintendedor largesparsgroblems NPSOLis availablefrom the Office of Technology
Licensingat StanfordUniversity

Theinterfaceincludesthescriptssdnps.*andnps.*thedriver npsma.fanoptionsfile NPSOL.SPC,
andthefile README.npsol.Thedriveris basedn onewritten by PeihuangChenof Northwestern
University Chicago,U.S.A.

VA15 This packagesolves generalnonlinearunconstrainegroblemsusing a limited memory BFGS
method. It is intendedfor large-scaleproblems.VA15 is partof the Harwell SubroutineLibrary,
1993.It isdistributedUnitedKingdomAtomic Enegy Authority, Harwell, subjectto certainlicense
agreementdt is copyrightedjointly by theUKAEA andSERC(ScienceandEngineeringResearch
Council).

Theinterfaceincludesthe scriptssdimqg.*andimg.*, andthedriver val5ma.f.

MINOS 5.5 Theinterfacewritten for MINOS 5.4 workswithout changefor MINOS 5.5.

Changesto interfaces

MINOS Therearenow differentdefault MINOS specificationgor eachsizeof CUTE installation(small,
medium,andlarge). In the CUTE distribution, thesedifferent specificationdiles are namedMI-
NOS.smI,MINOS.med,andMINOS.Irg. The unwrapprocedurecopiesall threeof thesefiles to
the SCUTEDIR/minosdirectory The install procedurethen copiesthe specificationdile of the
appropriatesizeto MINOS.SPC.

MATLAB/CUTE In additionwe have alsoincludedaninterfacewhich allowsthe CUTE evaluationtools
to becalledfrom MATLAB

Additional platforms

DEC OSF/1 NotethatOSL is notavailableonthis platform. (All otheroptimizationpackagesndCUTE
programsareavailable.)

DEC VMS (usingg-floatingdoubleprecision)
Notethat OSL is not available on this platform. (All otheroptimizationpackagesnd CUTE pro-
gramsareavailable.)

DOS usingWATCOM Fortrancompiler
Notethat OSL is not available on this platform. (All otheroptimizationpackagesnd CUTE pro-
gramsareavailable.)

HP-UX All optimizationpackagesireavailableonthis platform.

Additional tools Twonew constrainedoolswereaddedo CUTEin Octoberl994.Theseoolscompute
the function valueand possiblythe gradientof a singleconstraint.Onetool, ccifg, storesthe constraint
gradientin denseformat,while the othertool, cscifg, storest in sparsdormat.

In Decemberl994, we addedsecondderivatives available as a sparsematrix storedin “finite-element”
formatThis addedfive new correspondingoolsasmbe.fceh.f,csgreh.fueh.fandugreh.f.
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Changesto tools In October1994,the constrainedoolswereupdatedo make themmoreefficient for
unconstraine@roblems.Onmostunconstrainegroblemsthesechangesvill make asmall(notdramatic)
differencein solutiontime.

Changesto scripts  Linking compiled library versionsof BLAS (BasicLinear AlgebraSubprograms)

Thelinking of compiled library versionsof the BLAS is now permittedoy all scriptswhich usetheBLAS
(bgp.*,cns.*,Imq.*, mns.*,nps.*,0sl.*, gp.* ten.*, andunc.*), andthe genericscriptgen.*, EXCEPTfor
the.vax scripts.

If therearelibrary versionsof the level-1 BLAS available,the variableBLAS in thesescriptsshouldbe
setto alist of namesof the objectlibrary suffix -Ix, wherethe objectlibrary libx.a containsthe relevant
BLAS. Forexampleif theBLAS aresharedetweerobjectlibrarieslibblasl.aandlibblas2.athevariable
BLAS shouldbesetto "-Iblasl -Iblas2”, notingthatthosesubprogramén libblas1.awill take precedence
overthosein libblas2.a.

If compiledBLAS arenot available,the variableBLAS shouldbe setto ™. (Thisis the default setting.)
In this case thelink statemenincludeslinpac.o,which is the compiledobjectfor the Fortransourcefile
linpac.fprovidedin the CUTE distribution.

Linking compiled, library versionsof HSL (Harwell Subroutine Library)  Thelinking of compiled,
library versionsof HSL is now permittedby all scriptswhich link subroutinesrom HSL (bgp.*, cns.*,
Imqg.*, andgp.*), EXCEPTfor the .vax scripts.

If thereis alibrary versionof the HSL available,the variableHSL in thesescriptsshouldbe setto -Ix,
wherethe objectlibrary libx.a containsthe relevant HSL. For example,if HSL is containedn the object
library libhsl.a,thevariableHSL shouldbe setto "-lhsl".

If acompiledversionof HSL is not available,the variableHSL shouldbe setto ™. (This is the default
setting.)In thiscasethelink statemenincludeshenameof theappropriatebjectfile for theoptimization
packagen question.For example,if the variableHSL is setto ™ in bgp.*, the link statementncludes
$CUTEDIR/qphel4s.dor singleprecisionor SCUTEDIR/qp/el4d.dofor doubleprecision.(Thenames
of theappropriatebjectfiles aregivenin thesectionentitied’Runningthescriptsavailablewithin CUTE”
in thefile $CUTEDIR/READ.ME.Beforeinstallation,this READ.ME is entittedREADME.mcn,where
mcnis thethree-letterextensionfor your platform.)

2.1.2 Bug fixessinceNovember93

30/Nov/93: gps.f— Correctionl. 3 linesinterchanged.
03/Dec/93: mi54ma.f— Correctionl0. increasedNWCOREfor smallandmediuminstallations.

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

03/Dec/93: README.minos— Added a few lines to indicatethat DEC VAX/VMS usersshoulduse
mil0vmes.f,not mil0unix.f,to createthe MINOS 5.4 objectmodule.

13/Jan/94: makefn.f, makegr.f — Two lines modified for correctinga format problemin conditional
expressiondELEMENTS andGROUPSsections).
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13/Jan/94: classifyosfclassall.osf— Thescriptsareupdatedo avoid problemswith echo.

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

21/Jan/94: cns.*(formerly con.*), sdcns.*(formerly sdcon.*),papernex, README.cry, README.dec,
README.install, README.osf, README.rs6,README.sun README.vax— Renamedon.*
to cns.*to allow CUTE to rununderDOS. Also renamedsdcon.*to sdcns.*for consisteng

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

21/Jan/94: slct.f— Remaovedtranslationof file nameFILEN to uppercase.This changeallows the user
to specifya full pathnamefor the .DB file, andthusthe .DB file neednot necessarilyresidein
$MASTSIE

21/Feb/94: ccfg.f, cdh.f, cfn.f, cgrf, cgrdh.f,cnames.fcofg.f, cprod.f,cscfg.f,csetup.f,csgtf, csgrsh.f,
csh.f, ubandh.f,udh.f, ufn.f, ugrf, ugrdh.f, ugrsh.f, unames.f,uofg.f, uprod.f, usetup.f,ush.f,
README.tools— Replacedsizedarray declarationswith declarationsusing parameters.This
changaneanghatthesearrayscanberesizedoy changingonly theparametevalue,withoutchang-
ing thearraydeclarationitself.

25/Apr/94: ubandh.f— Declaredpreviously undefinedvariableNNZH asinteger.
25/Apr/94: valbma.F— Declaredoreviously undefinedvariablesMAXIT , LP, MP, INFO asinteger.

02/May/94: README.cry, README.dec,README.install,README.osf,README.rs6,
README.sun,README.vax — Remored HS25.SIFfrom documentationsinceit is no longer
includedin CUTE asatestproblem.

04/May/94: specsREADME.tools,README.depend— RenamedormerREADME.toolsto
README.dependcandrenamedormer _specso README.tools,to have the namesbetterreflect
the contentf thesedocumentatiofiiles.

04/May/94: unfold.* — Addedline to move README.dependo $CUTEDIR/doc/depend.rdm.
10/May/94: csetup.f— AddedOUTPUT commonblock to SAVE statement.

10/May/94: sd*.*, bgp.*, cns.*,gen.*,Img.*, mns.*,nps.*,0sl.*, gp.*, ten.*, unc.*, except*.vax scripts
— Addedcheckfor installationof requestegbrecision(singleor double),to make thefailure more
gracefulwhenthe usertriesto run a precisionwhich hasnot beeninstalled. If therequestegreci-
sionis notinstalled,eachscriptwritesanerrormessagandterminates.

11/May/94: select.* slct.f— select.*scriptsnow createSLCT.DAT file containingthesettingof SMAST-
SIF, in orderthatthe sict programcangive thefull pathnamefor the default classificatiorfile.

12/May/94: select.*— Remaored cd to SMASTSIF sincecreationof SLCT.DAT meansit is no longer
necessaryo initiate slctfrom $MASTSIFE

12/May/94: unfold.* — Addedline to remove sysdp*.*files. Thesearesystemdependentiles required
toinstall CUTE on someplatforms.

12/May/94: *ma.f, clsf.f, local.f, runsd.f,slct.f— Addedmachine-dependehhesfor WATCOM Fortran
installations All theselinesbegin with CWFC.
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12/May/94: *.wfc —
13/May/94: Addedbatchfilesto run CUTE underDOSwith WATCOM Fortrancompiler

25/May/94: asmbl.f— Fixederrorin the calculationof the Hessiarwhich arosewhenthe sameproblem
variablewasassignedo two or moreelementalariables.

27/May/94: sd*.vax, bgp.\ax, cns.\ax, gen.ax, Img.vax, mns.aax, nps.\ax, gp.\vax, ten.\ax, unc.\ax —
Added checkfor installationof requestedgrecision(single or double),to make the failure more
gracefulwhenthe usertriesto run a precisionwhich hasnot beeninstalled. If therequestegreci-
sionis notinstalled,eachscriptwritesanerrormessagandterminates.

31/May/94: mi53ma.f, mi54ma.f, npsma.f,oslma.f,vf13ma.f — ReplacedUNIX machine-dependent
OPENSstatement$or OUTSDIFdwith genericUNIX OPENstatements.

31/May/94: *.hp — Addedscriptsto run CUTE on HP9000workstationsunderHP-UX.
02/Jun/94: unfold.* — Changedfor thesale of DOS)to handlepostfixesin filenamedimited to 3 chars.

03/Jun/94: local.f — Added machine-dependetines for HP installations. All theselines begin with
CHP

12/ul/94: local.f— Addedmachine-dependetinesfor Silicon Graphicsinstallations.All theselines
begin with CSGI.

18/ul/94: initw.f —
25/ul/94. gen.*, mns.*, nps.*,ten.*, unc.*— Addedcheckfor existenceof requiredobjectfile.

25/ul/94: bgp.*, cns.*, Imq.*, gp.*, unfold.*, papernex, README.cry, README.dec,README.hp,
README.instalLREADME.osf, README.rs6 README.sun README.vax,README.wfc—
Reoganizeddirectoriesfor Harwell subroutineexecutables Now eachHarwell optimizationsub-
routineincludedin CUTE hasits own directory with the samenameasthe subrouting(i.e., valbs,
ve09,vel4 vf13). Userdinking compiledobjectscorrespondingo the Harwell subroutineshould
placetheseobjectsin the correspondinglirectories. Userslinking the Harwell subroutinelibrary
areunafectedby this change.

26/ul/94: instll.* — Addedcheckthatunwraphastaken placebeforeexecutionof instll procedure.
26/ul/94. gen.\ax— Remaorederroneoudlankin line settingctools.

26/ul/94. classall.cryclassall.decglassall.hpglassall.osfelassall.rs6¢lassall.sunglassall.ax —
Addedcheckfor existenceof CLASSEDB beforeremoving it.

26/ul/94. classall.wfc— Addedline to typefinal classf.difile.

26/ul/94: classifywfc — Replacedlock of linesto preventfailure whenthe specifieddirectoryis the
currentone.

26/ul/94: sysdpl.wfc(renameddy unfold.wfc to classone.wfc}— Replacedblock of linesto prevent
failurewhenclassf.udldoesnot exist.
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26/ul/94: classifycry, classifydec, classifyhp, classifyosf, classifyrs6, classifysun, classifyvax —
Addedcheckfor existenceof CLASSFEUDB beforemoving it to CLASSFEDB.

27/u1/94: sdgen.ax— Replacedpurge’ with 'purge/nolog’onthreelines.

27/dul/94: slct.f — Changedmatchingfor fixed numberof variablesor constraints.A variablenumber
(V' in the classificationstring) is no longerconsideredo matcha fixed number Also fixed the
initialization of FILEN for non-Unixplatforms.

27/ul/94: tenma.f,uncma.f,val5ma.f,ve09ma.f,vel4ma.f— DeletedCIBM lines, since CUTE does
not supportinstallationsunderVM/CMS.

27/ul/94: README.install— Added CWFC and CHP to keywordstable. Also explainedpresencef
CIBM in local.fandrunsd.f.

02/Aug/94.: slct.f— Changedmnatchingfor numberof variablesor constraintsn anintenal. A variable
number(’V’ in theclassificatiorstring)is nolongerconsideredo matcha numberin anintenal.

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

05/Aug/94: bgp.*, cns.*, Imq.*, gp.* — Addedcheckfor existenceof requiredobjectfile. If the object
file doesnotexist, theerrormessagstateghateithertheobjectfile mustbeplacedn theappropriate
directory or HSL mustpointto the users Harwell SubroutineLibrary.

08/Aug/94: README.install— Madechangedo reflectrecentchangeso CUTE package.

23/Aug/94: MINOS.Irg, MINOS.med,MINOS.smlReplacedine setting’Superbasicd.imit’ with line
setting’HessianDimension’.

24/Aug/94: README.*, maketo.*, mns.*, sdmns.*,unfold.* — Changedmi54*.* to minos*.*, since
the scriptsandtoolsfor MINOS 5.4 work without modificationfor MINOS 5.5, andthesearenow
the standardrersionsof MINOS. Also explicitly addedVIINOS 5.5to README.minos.

12/Sep/94: osl.cry osl.hp,0sl.rs6,0sl.sun— MovedstanzasettingFLIBS to follow stanzasettingBLAS,
andexpandedcommentin this stanza.Also deletedspacebetween-I' and’$FLIBS’ in link com-
mands.

14/Sep/94.: ccfg.f— Fixedbugin Jacobiarcalcuationfor groupswith only linearelements.

15/Sep/94.: cofg.f, ccfg.f, cscfg.f— Remavedincorrectstorageof nonzercentriesin FUVALS(LGRJAC
) andupdatingof indicesin IWK( LSTAJC). This errordid not affect the outputof theseroutines,
but would affect otherroutinesusingthesearrays.Also removedsettingof FIRSTGto .FALSE.

04/0ct/94: ccifg.f, cscifg.f— Addednew toolsto evaluatethe function and possiblythe gradientof a
singleconstraintjn bothdenseandsparsdormats.

04/0ct/94: README.*, gen.*, maketo.*, unfold.* — Addedccifg.f andcscifg.fasappropriate.

05/0ct/94: csetup.f,usetup.f— Rearranged/ariable declarationdo separatecommonandlocal vari-
ables.
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05/0ct/94: ccfg.f, cdh.f, cfn.f, cgrf, cgrdh.f,cnames.fcofg.f, cprod.f,cscfg.f,csetup.fcsgrf, csgrsh.f,
csh.f— Changedonstrainedoolsto make themmoreefficientfor unconstrainegroblems.

05/Jan/95: SAMPLE.SIF— renamedsifcmd.Istto avoid the confusionwith SIF files describingactual
problems.Suitablemodificationan the README.* andin unfold.*.

2.2 CUTE version2.0

This versionof CUTE correspondso the paperpublishedin TOMS. It incorporatesall changescorrec-
tionsandupdatesiescribedhbore for CUTE 1.0 andupdates.

2.2.1 UpdatessinceJanuary 1995

06/01/95: Outputprintingimproved for vf13ma.f
22/01/95: Outputprintingimprovedfor cobma.f

20/08/98: Additionaltoolscidh.fandcish.f,which computeheHessian®f individual problemfunctions
(objective or constraints)n denseandsparsdormatsrespectiely, added.

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

25/08/99: redundanformat statementsemoved from usetup.f,csetup.f,vfl3ma.f, minosma.f,osIma.f,
cobma.fanduncmai.f

25/08/99: tabsremoved from cofg.f, ccfg.fandcscfg.f

2.2.2 Bug fixessinceJanuary 1995

15/08/95: Error messag@andoutputformatimprovementsn makefn.f andmakegr.f
24/10/95: Dummyarraydimensioncorrectedn call to SETVL in asmbe.f
20/03/96: Orderof two statementshangedn asmbl.fandasmbe.f

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

06/02/97: 10BJ properlyinitialized in minosma.fandmi53ma.f

25/04/97: checkdor spaceallocationfro the Jacobiann csgtf andminosma.f

19/08/97: TheHessiarsparsitypatternnolongerdepend®nthevaluesof theproblemunknavnsandLa-
grangemultipliers, but just on the structureof the problem. This impliesthat, for certainargument
values,zeroentrieswill occurwherepreviously therewould have beenno entry The advantageof
afixedpatternis thatthis simplifiesthejob for usersof sparse-matrisolverswhich oftenpresume
thatthisis thecase.

27/08/99: Length of arraysIPRNHI and IPRHI properly checled in asmbe.fueh.f, ugreh.f,ceh.fand
csgreh.f



CHAPTERZ2. CUTE LOG 40

2.3 CUTE version2.99999

This versionaddsa numberof new toolsin anticipationof CUTEr, which is duefor releasdan 2001. It
incorporatesll changescorrectionsandupdatesiescribedabove for CUTE 2.0 andupdates.

2.3.1 Major additions

New routines

- UDIMEN, UDIMSH, UDIMSE, CDIMEN, CDIMSH, CDIMSE, CDIMSJto determineap-
propriatearraydimensionsn adwance

- UVARTY, CVARTY to detectinteger/zero-one&ariables

SIF Extensionto SIF formatto allow usersto specifyexplicit quadratidermsfor the objective function;
theseextensionshave beenmadeby othersto the MPSformatto handlequadraticprograms.

21/02/00: Now a non-fatal returnwhenthe SIFfile is missingor incomplete Also, addedOSL-like alias
QSECTIONfor QUADRATIC card.

06/03/00: Increasednteger formatsfrom 16 to I18. Increasedilenameformatin slct.f from 39 to 256.
Improved workspacepartitions. Fixed bug introducedre: addedOSL-like alias QSECTIONon
21/02/00.

07/09/00: Checksaddedo ensurethattherangetransormatiors "useful”.
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Futur e versionsof CUTEr

3.1 Futurefeatures

e GUI,

¢ Have all the memoryallocatedin oneplaceat the beginning. This would requirefurther versions
(like CUTEst) to bewritten in Fortran95 Fortran20000r similar,

AMPL to SIF corverter(maybenot)

GAMS to SIF converter(evenlesslikely)

Cinterfaces(aaagh),

Supportfor Windows (doubleaaagh)
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License

Copyright (C) the Councilfor the CentralLaboratoryof the ResearctCouncils, CERFACS andFacultes
UniversitairedNotre-Damedela Paix (CCLRC,CERFACSandFUNDP)2001.

SOFTWARE LICENSEAGREEMENTNOTICE - THIS SOFTWARE IS BEING PROVIDED TO YOU

BY CERFACSUNDERTHE FOLLOWING 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 "Source Code”) and ary associated
documentatiorfthe ’Documentation”)arelicensednot sold, to you.

2. CCLRC,CERFACSandFUNDPgrantyouapersonalpon-clusive, non-transferablandroyalty-
free right to use, copy or modify the SourceCodeand Documentationprovided that you agree
to comply with the termsand restrictionsof this agreement.You may modify the SourceCode
and Documentatiorto make sourcecode derivative works, object code derivative works and/or
documentatiorderivative works (called "Derivative Works”). The SourceCode,Documentation
and Derivative Works (called "Licensed Software”) may be usedby you for personaland non-
commercialuseonly. "non-commercialuse” meansusesthatarenot or will notresultin the sale,
leaseor rentalof the LicensedSoftwareand/orthe useof the LicensedSoftwarein ary commercial
productor service. CCLRC,CERFACSandFUNDPresere all rightsnotexpresslygrantedo you.
No otherlicensesaregrantedor implied.

3. TheSourceCodeandDocumentatiorareandwill remainthe solepropertyof CCLRC,CERFACS
andFUNDPR The SourceCodeandDocumentatiorarecopyrightedworks. You agreeto treatary
modificationor derivative work of the LicensedSoftwareasif it werepartof theLicensedSoftware
itself. In returnfor this license,you grant CCLRC, CERFACS and FUNDP a non-exclusive per
petualpaid-uproyalty-freelicenseto make, sell, havte made,copy, distribute and malke dervative
worksof ary modificationor derivative work you make of the LicensedSoftware.

4. Thelicenseeshallacknavledgethe contrikution of the SourceCodein ary publicationof material
dependentiponthe useof the SourceCode. The licenseeshallusereasonablendesoursto send
to CCLRC,CERFACSandFUNDP a copy of eachsuchpublication.

For CCLRC, contactn.gould@rl.ac.ukfor CERFACS, contactorban@ce#cs.frandfor FUNDRP,
contactPhilippe. Dint@fundp.ac.be.
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5. CCLRC,CERFACSandFUNDPhave noobligationto supportheLicensedSoftwareit is providing
underthislicense.

THE LICENSED SOFTWARE IS PROVIDED "AS 1S” AND CCLRC, CERFACS and FUNDP
MAKE NO REPRESENATIONS OR WARRANTIES, EXPRESSOR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMIT ATION, CERFACS MAKE NO REPRESENATIONS OR WAR-
RANTIESOFMERCHANTIBILY ORFITNESSFORANY PARTICULAR PURPOSEORTHAT
THE USE OF THE LICENSED SOFTWARE OR DOCUMENTATION WILL NOT INFRINGE
ANY THIRD PARTY PATENTS,COPYRIGHTS,TRADEMARKS OROTHERRIGHTS.CCLRC,
CERFACS,FUNDP AND THE AUTHORSOF THE LICENSED SOFTWARE WILL NOT BE
LIABLE FORANY CONSEQJENTIAL, INCIDENTAL, OR SPECIAL DAMAGES,OR ANY
OTHER RELIEF OR FOR ANY CLAIM BY ANY THIRD PARTY, ARISING FROM YOUR
USEOF THE LICENSED SOFTWARE.

6. Thislicenseis effective until terminated.You mayterminatethis licenseat ary time by destrging
theLicensedSoftware.
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Appendix

Environmentvariables

The ervironmentvariablesdescribedn Table4.1 arevital to CUTEr. Referto your local documentation
or systemadministratorfor moreinformationon how to settheseervironmentvariables.

| Name | Purpose \
CUTER | Locationof thesourceof the CUTEr package;
MYCUTER| Locationof thelocalinstanceof CUTEt;
SIFDEC | Locationof thesourceof the SifDec package;
MYSIFDEC| Locationof thelocalinstanceof SifDec;
MASTSIF | Locationof thelocal collectionof SIF problems;

Table4.1: Ervironmentvariablesvital to CUTEr.
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