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NAME
CUTEst - a Constrained and Unconstrainezstfing Enironment for optimization softare using Safe
Threads.

SYNOPSIS
CUTEst is an weolution of the earlier &rtran 77 package CUTEer thato@ds the lattes use of thread-
unsafe common. CUTEst is written irorfran 2003, bt the fortran 77-style subroutine intades mean
that it may be easily called from other languages such as C and packages such as Matlab; hooks to Matlab
are aailable.

Interfaces to a number of popular optimization packages avélpch

DESCRIPTION
CUTEST prwoides a usecallable interdce to ap optimization problem written in Standard Inpudrfat
(SIF) and subsequently decoded from its SIF file by the script sifdecode. The problem under consideration
is to minimize or maximize an objeati function f(x) wer all x [R " subject perhaps to general equations
c(x)=0, (i ,...,mg), general inequalities} €c(x)sc¢” (i Om g+1,...,m), and simple bounds
X' < x < x* The objectve function in SIF is group-partially separable and all constraint functions are par
tially separable, Wit the user need not bevare of this. The user will be able to compute function, gradient
and Hessianalues at a specfied point for ariety of rel@ant functions including the Lagrangian function
I(x,y) = f(x)+ Yy c(x). Matrices may be rquested in dense, sparse and finite-element formats, and matrix-
vector products between these matrices andprseided \ectors may be obtained. &uations may be
performed in parallel on shared-memory machines if required.

TOOLS AVAILABLE
Separate valuation tools are pwided for unconstrained and constrained problems. Both unthreaded and
threaded grsions are\ailable when this is relant.

Unconstrained problems:

cutest_udimen (both threaded and unthreaded)
determine the number oésiables.

cutest_usetup (unthreaded) and cutest_usetup ethded (threaded)
setup internal data structures and determar@ble bounds.

cutest_unames (both threaded and unthreaded)
determine the names of the problem and #reables.

cutest_uvartype (both threaded and unthreaded)
determine whether theaxiables are continuous or discrete.

cutest_udimsh (both threaded and unthreaded)
determine the number of nonzeros in the sparse Hessian.

cutest_udimse (both threaded and unthreaded)
determine the number of nonzeros in the finite-element Hessian.

cutest_ufn (unthreaded) and cutest_ufn_#aded (threaded)
evaluate the objeaté function walue.

cutest_ugr (unthreaded) and cutest_ugr_taded (threaded)
evaluate the gradient of the objeeifunction.

cutest_uofg (unthreaded) and cutest_uofg_éladed (threaded)
evaluate both thealues and gradients of the objgetfunction.
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cutest_udh (unthreaded) and cutest_udh_#aded (threaded)
evaluate the Hessian of the objeetifunction as a dense matrix.

cutest_ugrdh (unthreaded) and cutest_ugrdh_#mded (threaded)
evaluate the objeate gradient and dense Hessian.

cutest_ushp (both unthreaded and threaded)
evaluate the sparsity pattern of the Hessian of the obgeftthction.

cutest_ush (unthreaded) and cutest_ush_e¢hded (threaded)
evaluate the Hessian of the objeetifunction as a sparse matrix.

cutest_ugrsh (unthreaded) and cutest_ugrsh_#laded (threaded)
evaluate the objeate gradient and sparse Hessian.

cutest_ueh (unthreaded) and cutest_ueh ghded (threaded)
evaluate the Hessian of the objeetifunction as a finite-element matrix.

cutest_ugeh (unthreaded) and cutest_ugr_threaded (threaded)
evaluate the objeate gradient and finite-element Hessian.

cutest_uhprod (unthreaded) and cutest_uhpd_threaded (threaded)
evaluate the product of the Hessian of the objediinction with a ector

cutest_ushpiod (unthreaded) and cutest_ushg_threaded (threaded)
evaluate the product of the Hessian of the objediinction with a sparsesetor

cutest_ubandh (unthreaded) and cutest_ubandh_¢iaded (threaded)
obtain the part of the Hessian of the objexthat lies within a specified band.

cutest_ureport (unthreaded) and cutest_eport_threaded (threaded)
discorer hav mary evaluations hee occured and lmolong this has tadn.

cutest_uterminate (both unthreaded and threaded)
remove internal data structures whenyttzge no longer needed.

Constrained problems:

cutest_cdimen (both threaded and unthreaded)
determine the number o&riables and constraints.

cutest_csetup (unthreaded) and cutest_csetupetimed (threaded)
setup internal data structures and determar&@ble and constraint bounds.

cutest_cnames (both threaded and unthreaded)
determine the names of the problem, thgables and the constraints.

cutest_connames (both threaded and unthreaded)
determine the names of the constraints.

cutest_cwartype (both threaded and unthreaded)
determine whether theaxiables are continuous or discrete.

cutest_cdimsj (both threaded and unthreaded)
determine the number of nonzeros in sparse constraint Jacobian.

cutest_cdimsh (both threaded and unthreaded)
determine the number of nonzeros in the sparse Hessian.

cutest_cdimse (both threaded and unthreaded)
determine the number of nonzeros in the finite-element Hessian.

cutest_cdimschp (both threaded and unthreaded)
determine the total number of nonzeros in the products of all the constraint Hessiansawitr a v
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cutest_cfn (unthreaded) and cutest_cfn_#aded (threaded)
evaluate the objeate function and constrainaiues.

cutest_cgr (unthreaded) and cutest_cgr_#aded (threaded)
evaluate the gradients of the objeetifunction and constraints.

cutest_cofg (unthreaded) and cutest_cofg e¢hded (threaded)
evaluate both thealue and gradient of the objeaifunction.

cutest_cofsg (unthreaded) and cutest_cofsgetmied (threaded)
evaluate both thealue and sparse gradient of the objecfunction.

cutest_csjp (both unthreaded and threaded)
evaluate the sparsity pattern of the Jacobian of gradients of the constraints

cutest_csgp (both unthreaded and threaded)
evaluate the sparsity pattern of the gradients of the obgeftthction and constraints

cutest_csgr (unthreaded) and cutest_csgr _e¢hded (threaded)
evaluate the sparse gradients of the objediinction and constraints.

cutest_ccfg (unthreaded) and cutest_ccfg ébded (threaded)
evaluate the &lues and gradients of the constraints.

cutest_ccfsg (unthreaded) and cutest_ccfsgetimed (threaded)
evaluate the &lues and sparse gradients of the constraints.

cutest_clfg (unthreaded) and cutest_clfg_#aded (threaded)
evaluate both thealue and gradient of the Lagrangian function.

cutest_ccifg (unthreaded) and cutest_ccifg_¢laded (threaded)
evaluate the &lue and gradient of an inililual constraint.

cutest_ccifsg (unthreaded) and cutest_ccifsg ghded (threaded)
evaluate the &lue and sparse gradient of an uidiial constraint.

cutest_cdh (unthreaded) and cutest_cdh_¢aded (threaded)
evaluate the Hessian of the Lagrangian function as a dense matrix.

cutest_cdhc (unthreaded) and cutest_cdhc ghded (threaded)
evaluate the Hessian of the Lagrangian function not including the olgjiedia dense matrix.

cutest_cidh (unthreaded) and cutest_cidh_#aded (threaded)
evaluate the Hessian of the objeetifunction or an indidual constraint as a dense matrix.

cutest_cgrdh (unthreaded) and cutest_cgrdh_#aded (threaded)
evaluate the constraint Jacobian and Hessian of the Lagrangian function as dense matrices.

cutest_cshp (both unthreaded and threaded)
evaluate the sparsity pattern of the Hessian of the Lagrangian function.

cutest_csh (unthreaded) and cutest_csh gaded (threaded)
evaluate the Hessian of the Lagrangian function as a sparse matrix.

cutest_cshc (unthreaded) and cutest_cshcetimed (threaded)
evaluate the Hessian of the Lagrangian function not including the olgjiedtia sparse matrix.

cutest_cish (unthreaded) and cutest_cish_ghded (threaded)
evaluate the Hessian of the objeetifunction or an indidual constraint as a sparse matrix.

cutest_csgrshp (both unthreaded and threaded)
evaluate the sparsity pattern of the gradients of the obgeftthction and constraints and the Hes-
sian of the Lagrangian function

cutest_csgrsh (unthreaded) and cutest_csgrshetimed (threaded)
evaluate the constraint Jacobian and Hessian of the Lagrangian function as sparse matrices.
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cutest_ceh (unthreaded) and cutest_ceh ghded (threaded)
evaluate the Hessian of the Lagrangian function as a finite-element matrix.

cutest_csgeh (unthreaded) and cutest_csdyr threaded (threaded)
evaluate the constraint Jacobian as a sparse matrix and the Hessian of the Lagrangian function as a
finite-element matrix.

cutest_chpiod (unthreaded) and cutest_chpl_threaded (threaded)
evaluate the product of the Hessian of the Lagrangian function wihtarv

cutest_cshpod (unthreaded) and cutest_cshgat_threaded (threaded)
evaluate the product of the Hessian of the Lagrangian function with a spatse v

cutest_chcpod (unthreaded) and cutest_chaat_threaded (threaded)
evaluate the product of the Hessian of the Lagrangian function not including thevebjeithi a
vector

cutest_cshcpod (unthreaded) and cutest_cshaut_threaded (threaded)
evaluate the product of the Hessian of the Lagrangian function not including thevebjeithi a
sparse gctor

cutest_cjprod (unthreaded) and cutest_cjpd_threaded (threaded)
evaluate the product of the constraint Jacobian or its transpose veititca v

cutest_csjprod (unthreaded) and cutest_csjpd_threaded (threaded)
evaluate the product of the constraint Jacobian or its transpose with a fudose v

cutest_cchpodsp (both unthreaded and threaded)
evaluate the sparsity pattern needed when computing the products of the constraint Hessians with
a \ector

cutest_cchpods (unthreaded) and cutest_cclyals_threaded (threaded)
evaluate the products of the constraint Hessians wittctv

cutest_creport (unthreaded) and cutest_eport_threaded (threaded)
discorer hav mary evaluations hee occured and lolong this has tadn.

cutest_cterminate (both unthreaded and threaded)
remove internal data structures whenyttage no longer needed.

Both unconstrained problems and constrained problems:

cutest_pname (both threaded and unthreaded)
determine the name of the problem before initialization calls to cutest _u/csetup[_threaded]

cutest_probname (both threaded and unthreaded)
determine the name of the problem.

cutest \arnames (both threaded and unthreaded)
determine the names of thariables.

APPLICATION USAGE
A call to cutest_u/csetup[_threaded] must precede callsyoo#rer @aluation tool with the xxeption of
cutest_pname and cutest_u/cdimen. Once cutest_u/cterminate[_threaded]. has been called, no further calls
should be made without first recalling cutest_u/csetup[_threaded].

AUTHORS
I. Bongartz, A.R. Conn, N.I.M. Gould, D. Orban and Ph.hinE

SEE ALSO
CUTEst: a Constined and Unconstined Esting Erironment with safe tbeads for mathematical opti-
mization,

N.l.M. Gould, D. Orban and Ph.Loint,

CUTESst user documentation 23 Dec 2015 4



cutest(3) CUTEst user documentation cutest(3)

Computational Optimization and Applications 60:3, pp.545-557, 2014.

CUTEr (and SifDec): A Congtined and Unconstiined Esting Erironment, evisited,
N.I.M. Gould, D. Orban and Ph.Loint,
ACM TOMS, 29:4, pp.373-394, 2003.

CUTE: Constained and Unconstined Esting Erironment,
I. Bongartz, A.R. Conn, N.I.M. Gould and Ph.Loimt,
ACM TOMS, 21:1, pp.123-160, 1995.

sifdecode(1), cutest _udimen(3M), cutest usetup(3M), cutest usetup_threaded(3M), cutest_unames(3M),
cutest_uartype(3M), cutest_udimsh(3M), cutest_udimse(3M), cutest_ufn(3M), cutest ufn_threaded(3M),
cutest_ugr(3M), cutest_ugr_threaded(3M), cutest_uofg(3M), cutest uofg_threaded(3M), cutest _udh(3M),
cutest_udh_threaded(3M), cutest_ugrdh(3M), cutest_ugrdh_threaded(3M), cutest_ushp(3M),
cutest_ush(3M), cutest_ush_threaded(3M), cutest_ugrsh(3M), cutest_ugrsh_threaded(3M),
cutest_ueh(3M), cutest_ueh_threaded(3M), cutest_ugreh(3M), cutest_ugreh_threaded(3M),
cutest_uhprod(3M), cutest _uhprod_threaded(3M), cutest ushprod(3M), cutest_ushprod_threaded(3M),
cutest_ubandh(3M), cutest ubandh_threaded(3M), cutest ureport(3M), cutest ureport_threaded(3M),
cutest_uterminate(3M), cutest_cdimen(3M), cutest_csetup(3M), cutest_csetup_threaded(3M),
cutest_cnames(3M), cutest_connames(3M), cutesttype(3M), cutest cdimsj(3M), cutest_cdimsh(3M),
cutest_cdimse(3M), cutest_cdimchp(3M), cutest cfn(3M), cutest cfn_threaded(3M), cutest_cgr(3Mm),

cutest_cgr_threaded(3M), cutest_cofg(3M), cutest_cofg_threaded(3M), cutest_cofsg(3M),
cutest_cofsg_threaded(3M), cutest_csjp(3M), cutest_csgrp(3M), cutest_csgr(3M),

cutest_csgr_threaded(3M), cutest_ccfg(3M), cutest_ccfg_threaded(3M), cutest_ccfsg(3M),
cutest_ccfsg_threaded(3M), cutest_ccifg(3M), cutest_ccifg_threaded(3M), cutest_ccifsg(3M),
cutest_ccifsg_threaded(3M), cutest_cdh(3M), cutest_cdh_threaded(3M), cutest_cdhc(3M),

cutest_cdhc_threaded(3M), cutest_cidh(3M), cutest_cidh_threaded(3M), cutest_cgrdh(3™m),
cutest_cgrdh_threaded(3M), cutest_cshp(3M), cutest_csh(3M), cutest_csh_threaded(3M), cutest_cshc(3M),
cutest_cshc_threaded(3M), cutest_cish(3M), cutest_cish_threaded(3M), cutest_csgrsh(3M),
cutest_csgrsh_threaded(3M), cutest_ceh(3M), cutest_ceh_threaded(3M), cutest_csgreh(3M),
cutest_csgreh_threaded(3M), cutest_chprod(3M), cutest chprod_threaded(3M), cutest cshprod(3M),
cutest_cshprod_threaded(3M), cutest _chcprod(3M), cutest_chcprod_threaded(3M), cutest cshcprod(3M),
cutest_cshcprod_threaded(3M), cutest_cjprod(3M), cutest cjprod_threaded(3M), cutest _csjprod(3M),
cutest_csjprod_threaded(3M), cutest cchprods(3M), cutest cchprods_threaded(3M), cutest creport(3M),
cutest_creport_threaded(3M), cutest_cterminate(3M), cutest_probname(3M), eutesnas(3M).
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