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1 SUMMARY

Presolving consists in simplifying the formulation of a guatic programming problem using simple transformations,
in order to produce a “reduced” problem in a “standard forrthis reduced problem is then passed to a solver.
Once the reduced problem has been solved, it is then “reSttveobtain its solution in the context of its original
formulation.

GALAHAD_PRESOLVE is a package that applies presolving techniques to therloreguadratic program

minimizeq(x) = f +g"x + ix" Hx (1.1)
subject to the general linear constraints
d<a'x<dc, i=1,....m, (1.2)
and the simple bound constraints
X <x <x j=1,...,n, (1.3)

where the scalaf, then-dimensional vectorg, X' andxY, them-dimensional vectors' andcY, then x n symmetric
matrix H and them x n matrix A (whose rows are the vectoag) are given. Furthermore, bounds on the Lagrange
multipliersy associated to the general linear constraints and on thevdriables associated to the bound constraints
are also imposed in the form

y:SyISW; i:]')"')m)
and

Z! Szi Sz:Jv i:17"'727

where them-dimensional vectorg' andyY, as well as th@-dimensional vectors' andx are given. Any component
ofd, ¢, x, x4, y!, y4, Z' or 2" may be infinite.

ATTRIBUTES — Versions: GALAHAD_PRESCOLVE_si ngl e, GALAHAD_PRESCLVE_doubl e. Uses:GALAHAD_SMT, GALAHAD_QPT,
GALAHAD_SPECFI LE, GALAHAD_SORT, GALAHAD_SYMBOLS. Date: March 2002 Origin: N. I. M. Gould, Rutherford Ap-
pleton Laboratory, and Ph. L. Toint, The University of NamBelgium. Language: Fortran 95 + TR 15581 or
Fortran 2003.

2 HOW TO USE THE PACKAGE

Access to the package requiredSk statement such as

Sngle precision version
USE GALAHAD_PRESOLVE_ si ngl e

Double precision version
USE GALAHAD_PRESQOLVE doubl e

If it is required to use both modules at the same time, thevelériypesSMI_pr obl emt ype, QPT_pr obl em.t ype,
PRESOLVE_cont rol _t ype, PRESCLVE.i nf or mt ype andPRESCLVE_dat a_t ype (Section 2.3) and the five subroutines
PRESCLVE.i nitialize, PRESOLVE read_specfil e, PRESOLVE appl y, PRESOLVE r est or e, PRESOLVE_t er ni nat e,
(Section 2.4) must be renamed on one of WBE statements.
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2.1 Matrix storage formats

Both the Hessian matrild and the constraint Jacobidnmay be stored in a variety of input formats.

2.1.1 Dense storage format

The matrixA is stored as a compact dense matrix by rows, that is, the valhe entries of each row in turn are
stored in order within an appropriate real one-dimensianaly. Componernix (i — 1) + j of the storage arrafval

will hold the valuea;j fori=1,...,m, j=1,...,n. SinceH is symmetric, only the lower triangular part (that is the
parthij for 1 < j <i < n) need be held. In this case the lower triangle will be storgddws, that is component
i*(i—1)/2+ j of the storage arralval will hold the valueh;; (and, by symmetryh;;) for 1 < j <i<n.

2.1.2 Sparse co-ordinate storage format

Only the nonzero entries of the matrices are stored. Fot-theentry of A, its row indexi, column indexj and
valuea;j are stored in thé-th components of the integer arrads ow, A% ol and real arrapval , respectively. The
order is unimportant, but the total number of entéége is also required. The same scheme is applicabl¢ (thus
requiring integer arrayd% ow, Hy¢ol , a real arrayval and an integer value¥/me), except that only the entries in
the lower triangle need be stored.

2.1.3 Sparse row-wise storage format

Again only the nonzero entries are stored, but this time #reyordered so that those in rowppear directly before
those in rowi + 1. For thei-th row of A, thei-th component of a integer arra@fpt r holds the position of the first
entry in this row, whileA%t r (m+- 1) holds the total number of entries plus one. The column irsdiend values;
of the entries in thé-th row are stored in componerits- A%t r (i), ... A%tr (i+ 1) — 1 of the integer array%¢ol ,
and real array%al , respectively. The same scheme is applicabld {thus requiring integer array$fpt r , Heol ,
and a real arraf¥val ), except that only the entries in the lower triangle needtbred.

For sparse matrices, this scheme almost always requiesti@sge than its predecessor.

2.1.4 Diagonal storage format

If H is diagonal (i.e.hjj = 0 for all 1 <'i # j < n) only the diagonals entrids;, 1 <i < n, need be stored, and the first
n components of the arrdyval may be used for the purpose. There is no sensible equivalethtd non-squara.

2.2 The GALAHAD symbols

The following description make use of “symbols” that are il available in the GALAHAD.SYMBOLS module.
These symbols are conventional names given to specificantegues, that allow a more natural specification of
the various options and parameters of the package. Eachotyrdvided in the SYMBOLS module is of the form
GALAHAD_NAME, whereNAME is the name of the symbol. For clarify and conciseness, wea&gresent such a symbol
by GALAHAD_NAME (in sans-serif upper case font) in what follows. See Sed@itmsee how symbols may be used in
the program unit that calls the PRESOLVE subroutines.

2.3 The derived data types

Six derived data types are accessible from the package.
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2.3.1 The derived data type for holding matrices
The derived data typ8MI_TYPE is used to hold the matricédsandH. The components @MI_TYPE used here are:

m is a scalar component of type defaulTEGER, that holds the nhumber of rows in the matrix.
n is a scalar component of type defaulTEGER, that holds the number of columns in the matrix.

ne s a scalar variable of type defallN\TEGER, that either holds the number of matrix entries or is usedamp the
storage scheme used.

val is a rank-one allocatable array of type defaRAL (double precision irGALAHAD_PRESCOLVE doubl e) and
dimension at leaste, that holds the values of the entries. Each pair of off-diej@ntriesh;; = h;j; of a
symmetric matrixH is represented as a single entry (see §2.1.1-2.1.3). Arlicdted entries that appear in the
sparse co-ordinate or row-wise schemes will be summed.

row is arank-one allocatable array of type defalNTEGER, and dimension at leasg, that may hold the row indices
of the entries. (see §2.1.2).

col is arank-one allocatable array of type defdWTEGER, and dimension at least, that may the column indices
of the entries (see §2.1.2-2.1.3).

ptr isarank-one allocatable array of type defANTECER, and dimension at least + 1, that may hold the pointers
to the first entry in each row (see §2.1.3).

2.3.2 The derived data type for holding the problem
The derived data typ@PT_pr obl em.t ype is used to hold the problem. The componentQ&it_pr obl emt ype are:

new_pr obl emstructure is a scalar variable of type defawl®d CAL, that is. TRUE. if this is the first (or only)
problem in a sequence of problems with identical “structtode attempted, and-ALSE. if a previous problem
with the same “structure” (but different numerical data} he&en solved. We say that two problems have the
same structure if they differ only in their components ofeygEAL, which means that they share the same
dimensions and matrix sparsity patterns. See Section 4deseription of how the package may be applied to
more than one problem with the same structure.

When a. TRUE. value is specified for this component on entryPRRESCOLVE appl y (see below), this routine
performs extensive checks on the consistency oftlogél emstructure and also allocates the necessary problem
dependentworkspace. Itis thus mandatory that RE. value is used on the first call RRESOLVE appl y, but

the. FALSE. value should be used for any subsequent call to this rouingrbblems with the same structure.

n is a scalar variable of type defalNTECGER, that holds the number of optimization variables,
m  is a scalar variable of type defalNTECGER, that holds the number of general linear constraimts,
is scalar variable of typ8MI_TYPE that holds the Hessian matrix. The following components are used:

HY/ ype is an allocatable array of rank one and type def@HRRACTER, that is used to indicate the storage
scheme used. If the dense storage scheme (see Section®uséjl, the first five componentstdfi ype
must contain the strinGENSE. For the sparse co-ordinate scheme (see Section 2.1.Z)rghien com-
ponents ofH% ype must contain the strin@OORDI NATE, for the sparse row-wise storage scheme (see
Section 2.1.3), the first fourteen componentsidfype must contain the strin§PARSE_BY_ROWS, and for
the diagonal storage scheme (see Section 2.1.4), the fifst @mponents of% ype must contain the
string Dl AGONAL.

For convenience, the proced@dl_put may be used to allocate sufficient space and insert the estjuir
keyword intoH% ype. For example, ifor ob is of derived typePRESOLVE_pr obl em.t ype and involves a
Hessian we wish to store using the co-ordinate scheme, wesimmgoy
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gradi

CALL SMI_put( prob%ype, 'COORDI NATE )

See the documentation for tBALAHAD packagesM for further details on the use 8MI_put .

Hine is a scalar variable of type defalUNTEGER, that holds the number of entries in dosver triangular part
of H in the sparse co-ordinate storage scheme (see Section. dtlh2ed not be set for any of the other
three schemes.

Hval is a rank-one allocatable array of type defé&RHAL (double precision ifsALAHAD_PRESOLVE doubl e),
that holds the values of the entries of tloaver triangular part of the Hessian matril in any of the
storage schemes discussed in Section 2.1.

H% ow is a rank-one allocatable array of type defAWNTECER, that holds the row indices of tHewer triangu-
lar part ofH in the sparse co-ordinate storage scheme (see Sectioi 2t h&ed not be allocated for any
of the other three schemes.

H¥ol is a rank-one allocatable array variable of type defaNRECER, that holds the column indices of the
lower triangular part ofH in either the sparse co-ordinate (see Section 2.1.2), aphese row-wise (see
Section 2.1.3) storage scheme. It need not be allocated thieettense or diagonal storage schemes are
used.

H/pt r is a rank-one allocatable array of dimensieil and type default NTEGER, that holds the starting posi-
tion of each row of théower triangular part ofH, as well as the total number of entries plus one, in the
sparse row-wise storage scheme (see Section 2.1.3). Itmeédx allocated when the other schemes are
used.

ent ki nd is a scalar variable of type defallNlTEGER, that is used to indicate whether the components of the
gradientg have special or general values. Possible valuegrfadi ent _ki nd are:

0 In this caseg=0.
1 Inthis casegi=1fori=1,...,n.

# 0,1 Inthis case, general values@fvill be used, and will be provided by the user in the compogent

is a rank-one allocatable array of dimensioand type defaulREAL (double precision itALAHAD_PRESOLVE -
doubl e), that holds the gradiemtof the linear term of the quadratic objective function. Tjkién component of
G j=1,...,n, containgy;. If gradi ent _ki nd = 0, 1,Gneed not be allocated.

is a scalar variable of type defalEAL (double precision ifGALAHAD_PRESOLVE doubl €), that holds the con-
stant termf, in the objective function.

is scalar variable of typ8MI_TYPE that holds the Jacobian matix The following components are used:

A% ype is an allocatable array of rank one and type def@HRRACTER, that is used to indicate the storage
scheme used. If the dense storage scheme (see Section2uséy, the first five componentsAsh ype
must contain the strinBENSE. For the sparse co-ordinate scheme (see Section 2.1.3ysthten compo-
nents ofA% ype must contain the strinGOORDI NATE, while for the sparse row-wise storage scheme (see
Section 2.1.3), the first fourteen components%fype must contain the strin§PARSE_BY_ROAS.

Just as foH% ype above, the procedur@MI_put may be used to allocate sufficient space and insert
the required keyword intd% ype. Once again, iprob is of derived type”’RESOLVE_pr obl emt ype and
involves a Jacobian we wish to store using the sparse row-stigage scheme, we may simply

CALL SMI_put( prob%\% ype, ' SPARSE BY ROAS )

A%ne is a scalar variable of type defalUNTEGER, that holds the number of entriesAnin the sparse co-ordinate
storage scheme (see Section 2.1.2). It need not be setHer eitthe other two schemes.
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ol

AWval is arank-one allocatable array of type defd&HAL (double precision irftALAHAD_PRESCLVE_doubl e),
that holds the values of the entries of the Jacobian matri any of the storage schemes discussed in
Section 2.1.

A% ow is a rank-one allocatable array of type defAlNTECER, that holds the row indices & in the sparse co-
ordinate storage scheme (see Section 2.1.2). It need ndlbbatad for either of the other two schemes.

A%ol is arank-one allocatable array variable of type defBNREGER, that holds the column indices éfin
either the sparse co-ordinate (see Section 2.1.2), or Hreespow-wise (see Section 2.1.3) storage scheme.
It need not be allocated when the dense storage scheme is used

A%t r is a rank-one allocatable array of dimensiorl and type default NTEGER, that holds the starting po-
sition of each row ofA, as well as the total number of entries plus one, in the spargevise storage
scheme (see Section 2.1.3). It need not be allocated wheatltbeschemes are used.

is a rank-one allocatable array of dimensioand type defaulREAL (double precision iftALAHAD_PRESOLVE-
_doubl e), that holds the vector of lower boundson the general constraints. Th¢h component ofC.l ,
i=1,....,m, contalns:' Infinite bounds are allowed by setting the correspondimgmanents o€ | to any value
smaller tham nfini ty wherei nfini ty is a component of the control arragnt r ol (see Section 2.3.3).

is a rank-one allocatable array of dimensimand type defaulREAL (double precision ifcALAHAD_PRESOLVE-
_doubl e), that holds the vector of upper boundson the general constraints. Tith component ofC_u,
i=1,...,m, containsg'. Infinite bounds are allowed by setting the correspondingmanents ofC_u to any
value larger thannfi ni ty, wherei nfinity is a component of the control arragnt r ol (see Section 2.3.3).

Cstatus isarank-one allocatable array of dimensieeind type defaultNTEGER, that holds the status of the problem

X

constraints (active or inactive). A constraint is said tdrizetive if it is not included in the formulation of the
considered quadratic program.

is a rank-one allocatable array of dimensioand type defaulREAL (double precision ittALAHAD_PRESOLVE -
doubl e), that holds the vector of lower bounglson the the variables. Thieth componentok.l, j=1,....n,
containsx\. Infinite bounds are allowed by setting the correspondingpmnents oI to any value smaller
than-infinity, wherei nfinity is a component of the control arragnt r ol (see Section 2.3.3).

is a rank-one allocatable array of dimensioand type defaulREAL (double precision ifGALAHAD_PRESOLVE-
_doubl e), that holds the vector of upper bounxson the variables. Th¢th componentoK.u, j=1,...,n,
containsx. Infinite bounds are allowed by setting the correspondingmanents ofX_u to any value larger
than that nfinity, wherei nfinity is a component of the control arragnt r ol (see Section 2.3.3).

X_st atus is a rank-one allocatable array of dimensioand type default NTEGER, that holds the status of the prob-

Y

Y_u

Zl

lem variables (active or inactive). Variabjes said to be inactive if its value is fixed to the current vahie
probl en?X(j ), in which case it can be seen as a parameter of the quadragjcaon.

is a rank-one allocatable array of dimensioand type defaulREAL (double precision itGALAHAD_PRESOLVE -
doubl e), that holds the vector of lower bounglson the the multipliers. Thgth componentoY.l , j=1,...,m,
containw'j. Infinite bounds are allowed by setting the correspondingmanents off_| to any value smaller
than-infinity, wherei nfinity is a component of the control arragnt r ol (see Section 2.3.3).

is a rank-one allocatable array of dimensivand type defaulREAL (double precision iftALAHAD_PRESOLVE-
_doubl e), that holds the vector of upper boungson the multipliers. Thg-th componento¥_u, j=1,...,m
containsyﬁ‘. Infinite bounds are allowed by setting the correspondingmanents ofY_u to any value larger
than that nfini ty, wherei nfinity is a component of the control arragnt r ol (see Section 2.3.3).

is a rank-one allocatable array of dimensioand type defaulREAL (double precision ifcALAHAD_PRESOLVE-
_doubl e), that holds the vector of lower boundson the the dual variables. Theth component oZ.l , j =
1,...,n, containsZ'. Infinite bounds are allowed by setting the correspondingmanents oZ_| to any value
smaller than i nfinity, wherei nfinity is a component of the control arragnt r ol (see Section 2.3.3).
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Z_.u is arank-one allocatable array of dimensioand type defaulREAL (double precision itGALAHAD_PRESOLVE -
doubl e), that holds the vector of upper bourefson the dual variables. Thigth componentoZ_u, j=1,...,n,
containg!. Infinite bounds are allowed by setting the correspondimgmanents of _u to any value larger than
thati nfini ty, wherei nfinity is a component of the control arragnt r ol (see Section 2.3.3).

X is a rank-one allocatable array of dimensioand type defaulREAL (double precision ifcALAHAD_PRESCLVE-
_doubl e), that holds the valuesof the optimization variables. Theth component ok, j = 1,...,n, contains
Xj.

z is a rank-one allocatable array of dimensioand type defaulREAL (double precision itALAHAD_PRESOLVE -
doubl e), that holds the valuesof estimates of the dual variables corresponding to thelsitmpund constraints
(see Section 4). Thgth componentof, j =1,...,n, containg;.

C is a rank-one allocatable array of dimensioand type defaulREAL (double precision ifGALAHAD_PRESCLVE._-
doubl e), that holds the valuesx of the constraints. Thieth componento€,i=1,...,m, containg] x = (Ax);.

Y is a rank-one allocatable array of dimensimand type defaulREAL (double precision ifGALAHAD_PRESOL VE-
_doubl e), that holds the valueg of estimates of the Lagrange multipliers correspondindnéogeneral linear
constraints (see Section 4). Thth componentof, i = 1,...,m, containsy.

2.3.3 The derived data type for holding control parameters

The derived data typBRESOLVE control _t ype is used to hold controlling data. Default values may be oleti
by callingPRESOLVE_ i ni ti al i ze (see Section 2.4.1), while individual components may akschmanged by calling
PRESCLVE_r ead_specfi | e (see Section 2.6.1). The component®RESOLVE control _t ype are:

term nation is a scalar variable of type defallN\TEGER, that determines the strategy for terminating the presolve
analysis. Possible values are:

GALAHAD_REDUCED_SIZE: presolving is continued as long as one of the sizes of thel@moth, m, sizes ofA
andH) is being reduced,;

GALAHAD _FULL_PRESOLVE: presolving is continued as long as problem transformatiemsin possible.

Note that the maximum number of analysis passes_fibr _passes) and the maximum number of problem
transformationsnfax_nbr _t r ansf or ms) set an upper limit on the presolving effort irrespectivettoé choice
of term nation. The only effect of this latter parameter is to allow for gaermination. The default is
term nati on = GALAHAD_REDUCED_SIZE.

max_nbr _t ransf or ms is a scalar variable of type defalUNTEGER, that determines the maximum number of problem
transformations. The defaultisx_nbr _t r ansf or rs = 1000000.

max_nbr _passes is a scalar variable of type defaUNTEGER, that determines the maximum number of analysis passes
for problem analysis during a single callRBESCLVE appl y. The default isvax_nbr _passes = 25.

c.accuracy is a scalar variable of type defallEAL (double precision irGALAHAD_PRESCOLVE doubl e), that holds
the relative accuracy at which the general linear congsaire satisfied at the exit of the solver. Note that this
value is not used before the restoration of the problem. Efi@uit isc_accuracy = 10~% in single precision,
andc_accuracy = 10-% in double precision.

z_accuracy is a scalar variable of type defalilEAL (double precision irfGALAHAD_PRESCOLVE doubl e), that holds
the relative accuracy at which the dual feasibility coriatsaare satisfied at the exit of the solver. Note that this
value is not used before the restoration of the problem. Hfi@uit isz_accuracy = 10~% in single precision,
andz_accuracy = 108 in double precision.
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infinity is a scalar variable of type defatEAL (double precision irftALAHAD_PRESOLVE_doubl €), that holds the
value beyond which a number is deemed equal to plus infinitgeinfinity being defined as its opposite) The
defaultisi nfinity = 10°.

out is a scalar variable of type defallNTEGER, that holds the unit number associated with the device used f
printout. The default isut = 6.

errout is a scalar variable of type defallNTEGER, that holds the unit number associated with the device used f
error ouput. The default isrrout = 6.

print _I evel is a scalar variable of type defallNTEGER, that holds the level of printout requested by the user. See
Section 2.7. The default g i nt _| evel = GALAHAD_SILENT.

dual _transformations is a scalar variable of type defalldd CAL, that has the valueTRUE. if dual transforma-
tions of the problem are allowed. Note that this implies tthat reduced problem is solved accurately (for
the dual feasibility condition to hold) as to be able to restihe problem to the original constraints and vari-
ables. The valueFALSE. prevents dual transformations to be applied, thus allodmgnexact solution of
the reduced problem. The setting of this control parameterides the values afet _z, get _z_bounds, get _y,
get _y_bounds, dual _constraints_freq,singl et on_col ums_freq, doubl et on_col ums_freq,z_accuracy
andcheck_dual _feasibility. The defaultigual _t ransformations =. TRUE. .

redundant _xc is a scalar variable of type defawl©d CAL, that has the valueTRUE. if redundant variables and
constraints (that is variables that don’t occur in the ofdjecfunction and are either unbounded above with
all their coefficients inA being positive for constraints that are unbounded abovenagdtive for constraints
that are unbounded below, or unbounded below with all theéffecients inA being positive for constraints
that are unbounded below or negative for all constraintsateaunbounded above) are to be removed from the
problem with their associated constraints before any gihalslem transformation is attempted. The default is
redundant _xc =. TRUE. .

primal _constraints_freq is a scalar variable of type defadlNTEGER, that holds the frequency of primal con-
straints analysis in terms of presolving passes. A valuamdi2ates that primal constraints are analyzed every 2
presolving passes. A zero value indicates that they are aeadyzed. The defaultfs i mal _constrai nts_freq
=1.

dual _constraints_freq is a scalar variable of type defallNTEGER, that holds the frequency of dual constraints
analysis in terms of presolving passes. A value of 2 indicétat dual constraints are analyzed every 2 pre-
solving passes. A zero value indicates that they are newdyzed. The default idual _constraints_freq =
1.

singl eton_col ums_freq is a scalar variable of type defalNTEGER, that holds the frequency of singleton column
analysis in terms of presolving passes. A value of 2 indg#tat singleton columns are analyzed every 2
presolving passes. A zero value indicates that they are aeatyzed. The default & ngl et on_col uims_freq
=1.

doubl et on_col ums_freq is a scalar variable of type defalNTEGER, that holds the frequency of doubleton column
analysis in terms of presolving passes. A value of j indgdat doubleton columns are analyzed every 2
presolving passes. A zero value indicates that they ara aeatyzed. The default toubl et on_col ums_freq
=1.

unc_vari abl es_freq is a scalar variable of type defalNTEGER, that holds the frequency of the attempts to fix lin-
early unconstrained variables, expressed in terms of [wiaggpasses. A value of 2 indicates that attempts
are made every 2 presolving passes. A zero value indicateathattempt is ever made. The default is
unc_variables_freq=1.
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dependent _vari abl es_freq is a scalar variable of type defadINTEGER, that holds the frequency of search for
dependent variables in terms of presolving passes. A vdlRenalicates that dependent variables are searched
for every 2 presolving passes. A zero value indicates thattiemnpt is ever made to detect such variables. The
default isdependent _vari abl es_freq = 1.

sparsify_rows_freq is ascalar variable of type defalUNTECER, that holds the frequency of the attempts to make A
sparser in terms of presolving passes. A value of 2 indidhtgsattempts are made every 2 presolving passes.
A zero value indicates that no attempt is ever made. The Hédaaparsi fy_rows_freq = 1.

max_fill is a scalar variable of type defalilNTEGER, that holds the maximum percentage of fill in each rowAof
Note that this is a row-wise measure: globally fill never eed=the storage initially used fér, no matter how
largemax_fill is chosen. Ifrax_fill is negative, no limitis put on row fill. The defaultigx_fill =-1 (no
limit).

transf _file_nbr is a scalar variable of type defallNTEGER, that holds the unit number to be associated with the
file(s) used for saving problem transformations on a disk Tilee default ig ransf _fi | e_nbr =52,

transf _buf f er _si ze is a scalar variable of type defallNTEGER, that holds the number of transformations that can
be kept in memory at once (that is without being saved on afdesk The default ig r ansf _buf f er _si ze =
50000.

transf _file_status is a scalar variable of type defalNTEGER, that holds the exit status of the file where problem
transformations are saved:

KEEP: the file is not deleted after program termination,
DELETE: the file is not deleted after program termination.

The default ig ransf _fi | e_st at us = GALAHAD_KEEP.

transf _file_name is a scalar variable of type defadINTEGER, that holds the name of the file (to be) used for
storing problem transformation on disk. Note that this pseter must be identical for all calls RRESOLVE
that followsPRESOLVE_r ead_specfi | e. It can then only be changed after calliRBESOLVE_t er m nate. The
defaultist ransf _fi | e_nane =transf. sav.

y_si gn is a scalar variable of type defalllNTEGER, that determines the convention of sign used for the migtipl
associated with the general linear constraints. Possiiiees are:

GALAHAD_POSITIVE: all multipliers corresponding to active inequality comadtts are non-negative for lower
bound constraints and non-positive for upper bounds caimés;

GALAHAD_NEGATIVE: all multipliers corresponding to active inequality comgtits are non-positive for lower
bound constraints and non-negative for upper bounds @intsr

The default is/_si gn = GALAHAD_POSITIVE.

i nactive.y isascalarvariable of type defalNTEGER, that determines whether or not the multipliers correspand
to general linear constraints that are inactive at the urred point corresponding to the reduced point on input
of PRESCLVE_r est or e must be set to zero. Possible values are:

GALAHAD_FORCE_TO_ZERO: all multipliers corresponding to inactive general lineanstraints are forced to
zero, possibly at the expense of deteriorating the duailfdigscondition. Note that this option is inactive
unlesgyet .y = get ¢ get _c_bounds = . TRUE..

GALAHAD_LEAVE_AS_IS: multipliers corresponding to inactive general linear ¢oaiats are left unaltered.

The defaultis nact i ve_y = GALAHAD_LEAVE AS._IS.
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z_si gn is a scalar variable of type defalUNTEGER, that determines the convention of sign used for the duébkas
associated with the bound constraints. Possible values are

GALAHAD_POSITIVE: all dual variables corresponding to active lower boundsiarenegative, and non-positive
for active upper bounds;

GALAHAD_NEGATIVE: all dual variables correspondingto active lower boundsiarepositive, and non-negative
for active upper bounds.

The default iz _si gn = GALAHAD_POSITIVE.

i nactive_z is a scalar variable of type defallNTEGER, that determines whether or not the dual variables corre-
sponding to bound constraints that are inactive at the wwmestipoint corresponding to the reduced point on
input of PRESOLVE_r est or e must be set to zero. Possible values are:

GALAHAD_FORCE._TO_ZERO: all dual variables corresponding to inactive bounds areefdito zero, possibly at
the expense of deteriorating the dual feasibility conditidote that this option is inactive unlegst z =
get x get x_bounds = .TRUE..

GALAHAD_LEAVE_AS_IS: dual variables corresponding to inactive bounds are lefttared.
The defaultid nacti ve_z = GALAHAD_LEAVE AS_IS.

final _x_bounds is a scalar variable of type defaulNTEGER, that holds the type of final bounds on the variables
returned by the package. This parameter can take the values:

GALAHAD _TIGHTEST: the final bounds are the tightest bounds known on the vasdhlethe risk of being re-
dundant with other constraints, which may cause degengracy

GALAHAD_NON_DEGENERATE: the best known bounds that are known to be non-degenerateoftion implies
that an additional real workspace of size¢ probl en? must be allocated;

GALAHAD_LOOSEST: the loosest bounds that are known to keep the problem equivia the original problem.
This option also implies that an additional real workspafcgize? * probl en? must be allocated;

Note that his parameter must be identical for all call®RBSCLVE following PRESOLVE_r ead_specfil e. The
defaultisf i nal _x_bounds = GALAHAD_TIGHTEST.

final _z_bounds is a scalar variable of type defalNTEGER, that holds the type of final bounds on the dual variables
returned by the package. This parameter can take the values:

GALAHAD TIGHTEST: the final bounds are the tightest bounds known on the duahlas (at the risk of being
redundant with other constraints, which may cause degeylera

GALAHAD_NON_DEGENERATE: the best known bounds that are known to be non-degenerateoftion implies
that an additional real workspace of siz& pr obl en? must be allocated,;

GALAHAD_LOOSEST: the loosest bounds that are known to keep the problem egquival the original problem.
This option also implies that an additional real workspafcgze? * probl en? must be allocated;

Note that his parameter must be identical for all call®RBSOLVE following PRESOLVE r ead_specfil e. The
defaultisf i nal _z_bounds = GALAHAD_TIGHTEST.

final _c_bounds is a scalar variable of type defalllNTEGER, that holds the type of final bounds on the constraints
returned by the package. This parameter can take the values:

GALAHAD_TIGHTEST: the final bounds are the tightest bounds known on the conggréat the risk of being
redundant with other constraints, which may cause degeykera

GALAHAD_NON_DEGENERATE: the best known bounds that are known to be non-degeneraseotion implies
that an additional real workspace of size¢ probl en? must be allocated;

All use is subject to licence. Sebttp://gal ahad. rl. ac. uk/ gal ahad- ww/ cou. htm .
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GALAHAD_LOOSEST: the loosest bounds that are known to keep the problem eguival the original problem.
This option also implies that an additional real workspaicgze2 * probl en? must be allocated,;

Note that his parameter must be identical for all call®®RaSOLVE following PRESOLVE_ r ead_specfile. If
different fromTI GHTEST, its value must be equal to thatfdfnal _x_bounds. The defaultid i nal _c_bounds =
GALAHAD_TIGHTEST.

final _y_bounds is a scalar variable of type defalllNTEGER, that holds the type of final bounds on the multipliers
returned by the package. This parameter can take the values:

GALAHAD_TIGHTEST: the final bounds are the tightest bounds known on the mutgplfat the risk of being
redundant with other constraints, which may cause degeyera

GALAHAD_NON_DEGENERATE: the best known bounds that are known to be non-degenerateoftion implies
that an additional real workspace of siz& pr obl en?h must be allocated,;

GALAHAD_LOOSEST: the loosest bounds that are known to keep the problem eguival the original problem.
This option also implies that an additional real workspaicgze2 * probl en? must be allocated,;

Note that his parameter must be identical for all call®RBSOLVE following PRESOLVE r ead_specfil e. The
default isf i nal _y _bounds = GALAHAD_TIGHTEST.

check_primal feasibility isa scalarvariable of type defalNTECER, that holds the level of feasibility check (on
the values ok) at the start of the restoration phase. This parameter &arthe values:
GALAHAD_NONE: no check at all;

GALAHAD_BASIC: the primal constraints are recomputeckatnd a message issued if the computed value does
not match the input value, or if it is out of boundsyifi nt _| evel > GALAHAD_ACTION);

GALAHAD_SEVERE: the same as foBALAHAD BASIC, but PRESOLVE is terminated if an incompatibilty is de-
tected.

The defaulticheck _primal _feasibility = GALAHAD_NONE.

check_dual _feasibility is a scalar variable of type defallNTEGER, that holds the level of dual feasibility check
(on the values ox, y andz) at the start of the restoration phase. This parameter &artha values:

GALAHAD_NONE: no check at all;

GALAHAD_BASIC: the primal constraints are recomputedaty,z) and a message issued if the computed value
does not match the input value, or if it is out of bound9(ifnt _| evel > GALAHAD_ACTION);

GALAHAD_SEVERE: the same as foBALAHAD BASIC, but PRESOLVE is terminated if an incompatibilty is de-
tected.

The default icheck_dual _f easi bi | i ty = GALAHAD_NONE.

get _q isascalar variable of type defauldd CAL, that must be set toTRUE. if the value of the objective function must
be reconstructed bRRESOLVE r est or e from the (solved) reduced problem. The defauljés_q =. TRUE. .

get _f is a scalar variable of type defallldG CAL, that must be set toTRUE. if the value of the objective function’s
independent term is to be be reconstructeBREEOLVE_ rest ore from the (solved) reduced problem. The
default isget _f =. TRUE. .

get _g is a scalar variable of type defallldd CAL, that must be set toTRUE. if the values of the objective function’s
gradient is to be be reconstructed BRESOLVE r est or e from the (solved) reduced problem. The default is
get _g=.TRUE. .
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get _H is a scalar variable of type defauldd CAL, that must be set toTRUE. if the values of the objective function’s
Hessian is to be be reconstructed BRESOLVE_r est or e from the (solved) reduced problem. The default is
get _H=.TRUE. .

get _A is a scalar variable of type defauld@ CAL, that must be set toTRUE. if the values of the constraints’ Jacobian
is to be be reconstructed BRESOLVE_r est or e from the (solved) reduced problem. The defaulgés A =
.TRUE. .

get x is a scalar variable of type defall®d CAL, that must be set toTRUE. if the value of the variables must be
reconstructed bPRESOLVE_r est or e from the (solved) reduced problem. The defauljes x =. TRUE. .

get _x_bounds is a scalar variable of type defaul®G CAL, that must be set toTRUE. if the values of the bounds on
the problem variables must be reconstructedPRESOLVE_r est or e from the (solved) reduced problem. The
default isget x_bounds =. TRUE. .

get _z is a scalar variable of type defauld@ CAL, that must be set to tt . TRUE. if the value of the dual variaioheist
be reconstructed bRRESOLVE r est or e from the (solved) reduced problem. The defaulidés _z =. TRUE. .

get _z_bounds is a scalar variable of type defauldd CAL, that must be set toTRUE. if the values of the bounds on
the problem dual variables must be reconstructeBRBBCOLVE r est or e from the (solved) reduced problem. If
set, this may require to store specific additional infororatin the problem transformations, therefore increasing
the storage needed for these transformations. Note tisgidinameter must be identical for all callPRESOLVE
following PRESCLVE_r ead_specfi | e. The default iget _z_bounds =. TRUE. .

get _c is a scalar variable of type defall®dd CAL, that must be set to tt .TRUE. if the values of the constraimist
be reconstructed bRRESOLVE_r est or e from the (solved) reduced problem. The defauliés_¢ =. TRUE. .

get _c_bounds is a scalar variable of type defauldG CAL, that must be set toTRUE. if the values of the bounds on
the problem constraints must be reconstructe@RBS0OLVE r est or e from the (solved) reduced problem. The
default isget _c _bounds =. TRUE. .

get _y is a scalar variable of type defalldd CAL, that must be set to tt . TRUE. if the values of the multipliensst
be reconstructed bRRESOLVE r est or e from the (solved) reduced problem. The defauligs_y =. TRUE. .

get _y_bounds is a scalar variable of type defauldd CAL, that must be set toTRUE. if the values of the bounds on
the problem multipliers must be reconstructedB#SOLVE_r est or e from the (solved) reduced problem. If set,
this may require to store specific additional informationtle@ problem transformations, therefore increasing
the storage needed for these transformations. Note tisgidinameter must be identical for all callPRESOLVE
following PRESCLVE_r ead_specf i | e. The default iget _y_bounds =. TRUE. .

pivot _tol isa scalar variable of type defalEAL (double precision ittALAHAD_PRESCLVE_doubl e), that holds the
relative pivot tolerance above which pivoting is considiese numerically stable in transforming the coefficient
matrix A. A zero value corresponds to a totally unsafeguarded pigatirategy (potentially unstable). The
default ispi vot _t ol =10-%in single precision, anpli vot _t ol = 10-1%in double precision.

m n_rel _i nprove is a scalar variable of type defalREAL (double precision iIrGALAHAD_PRESOLVE_doubl e), that
holds the minimum relative improvement in the boundsxpy andz for a tighter bound on these quantities to
be accepted in the course of the analysis. More formally\iér is the current value of the lower bound on one
of thex, y or z, and ifnewl ower is a tentative tighter lower bound on the same quantity,dénily accepted if

newlower > lower +min rel_improvexmax1l,|lower]).
Similarly, a tentative tighter upper boundwupper only replaces the current upper bourpgper if
newupper < upper —min_rel_improvexmaxl,|upper]|).

Note that this parameter must exceed the machine precigjoifisantly. The default isvi n_rel _i nprove =
1078 in single precision, andi n_rel _i npr ove = 10~1%in double precision.
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max_growt h_fact or is a scalar variable of type defaREAL (double precision itGALAHAD_PRESCOLVE doubl e), that
holds the maximum ratio that is allowed for the absolute @aliany data item of the reduced problem compared
to the maximum absolute value of any data item of the originalblem. In the course of the presolving process,
any transformation that would result in violating this bdus skipped. The default isi n_growt h_f act or =
10% in single precision, angi n_gr owt h_f act or = 10° in double precision.

2.3.4 The derived data type for holding informational parameters

The derived data typRRESOLVE_i nf or mt ype is used to hold parameters that give information about tbgness and
needs of the algorithm. The component®BESOLVE_i nf or m.t ype are:

status is a scalar variable of type defallNTEGER, that gives the exit status of the algorithm. See Sectidhad
2.7 for details.

message is a character array of 3 lines of 80 characters each, congaindescription of the exit condition on exit,
typically including more information than indicated in thescription ofst at us above. It is printed out on
deviceerrout atthe end of execution unlegsi nt _| evel iS GALAHAD_SILENT.

nbr _t ransf or s is a scalar variable of type defallNTEGER, that gives the the final number of problem transforma-
tions, as reported to the user at exit.

2.3.5 The derived data type for holding problem data

The derived data typBRESOLVE_dat a_t ype is used to hold all the data for a particular problem, or saqes of
problems with the same structure, between calBRESOLVE procedures. This data should be preserved, untouched,
from the initial call toPRESOLVE_i ni ti al i ze to the final call toPRESCLVE_t er ni nat e.

2.4 Argument lists and calling sequences

There are five procedures for user calls (see Section 2.6ifthrelr features):

1. The subroutinBRESOLVE.i ni ti al i ze is used to set default values, and initialize private datfgie presolving
one or more problems with the same sparsity and bound stauctu

2. The subroutin@ackagenane_r ead_specfil e is used to read thpackagenane specfile in order to possibly
modify the algoritmic default parameters (see Sectionl2.6.

3. The subroutinRESOLVE appl y is called to presolve the problem, that is to reduce it by dppl suitable
problem transformations and permute it to standard form.

4. The subroutin@RESCOLVE_r est or e restores the (solved) reduced problem to the original difinof variables
and constraints;

5. The subroutin®RESOLVE_t er mi nat e is provided to allow the user to automatically deallocat@aacompo-
nents of the private data, allocated PRESOLVE, at the end of the solution process. It is important to doithis
the data object is re-used for another probieitth a different structure sincePRESOLVE.i niti al i ze cannot
test for this situation, and any existing associated tangét subsequently become unreachable.
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2.4.1 The initialization subroutine

Default values for the control parameters are provided ksie:
CALL PRESCLVE.initialize( control, inform data )

control is ascalat NTENT(QUT) argument of typ@RESOLVE cont rol _t ype (see Section 2.3.3). On exifont r ol
contains default values for the components as describeddtidd 2.3.3. These values should only be changed
after callingPRESOLVE.i ni ti al i ze.

i nform is a scalat NTENT( OUT) argument of typ@RESOLVE_i nf or m.t ype (see Section 2.3.4). A successful call to
the routinePRESOLVE.i ni ti al i ze is indicated when the componesitat us has the value 0. For other return
values ofst at us, see Section 2.5.

dat a is a scalat NTENT( | NOUT) argument of typ®’RESOLVE_dat a_t ype (see Section 2.3.5). It is used to hold data
about the problem being solved. It should never be altergtidyser.

2.4.2 The subroutine that applies presolving transformaibns to the problem

The presolving algorithm is called as follows:

CALL PRESCLVE_apply( problem control, inform data )
Such a call must always be preceded by a cabRESOLVE i ni ti al i ze.

probl em is a scalat NTENT( OUT) argument of typ&PT_pr obl emt ype (see Section 2.3.2) that contains the problem
statement. Itis used to hold data about the problem beingdoUsers are free to choose whichever of the three
matrix formats described in Section 2.1 is appropriate¥@ndH for their application. Some components of
the problem structure need not be allocated, in which casewfil be assigned suitable default values. These
components, their size and the associated default valeesan in Table 2.1. If the arrgy obl en?X_st at us

component size default component| size default

X n —00 cl m —00

Xu n +00 Cu m +00

X n | (problem dependent) C m | (problem dependent
X_status n GALAHAD_ACTIVE Cstatus m GALAHAD_ACTIVE
Z1 n —00 Y m —00

Zu n +00 Y.u m +00

z n | (problem dependent) Y m | (problem dependent

Table 2.1: Defaults for unallocated array components obl em

is allocated on entry, then possible value ofjith component are as follows:

GALAHAD_INACTIVE: the j-th variable is inactive in the sense that the quadratic yanmogunder consideration
ignores it (this is equivalent of fixing; to probl en®X(j ) ; which obviously requiregr obl en¥X to be
allocated);

GALAHAD_ACTIVE: the j-th variable is active (i.e. not inactive).
The meaning of theth component ofir obl en?AC_st at us is identical, except that it relates to thh constraint:

GALAHAD_INACTIVE: thei-th constraint is inactive in the sense that the quadratiggam under consideration
ignores it;

GALAHAD_ACTIVE: the j-th variable is active (i.e. not inactive).
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On exit, the problem structure will contain the reduced proh with its Hessian and Jacobian matrices
stored in sparse row-wise format Values forx, z, ¢, y andq will be provided, that are feasible for the reduced
problem. Note that not all the memory reserved for the ogbjmoblem is typically used by the reduced one.
However, crucial information that is necessary to restoegroblem to its original variables/constraints remains
stored in the problem structure, beyond that specified bglithensions of the reduced problem. Thus modifica-
tion (for instance by a QP algorithm) of the reduced problatads possible (except for obl en?X_st at us and

pr obl en?4C_st at us, which should always remain unchanged), but no other datamthe problem structure
should be altered before callifRESOLVE_r est or e.

control isascalat NTENT(IN) argument of typ@RESOLVE_contr ol _t ype (see Section 2.3.3). Default values may
be assigned by callingRESCLVE.i ni ti al i ze prior to the first call tdPRESOLVE_appl v.

i nfo is a scalaf NTENT( QUT) argument of typ@RESOLVE_i nf or mt ype (see Section 2.3.4). A successful call to the
routine PRESCLVE_appl y is indicated when the componesttat us has the value 0. For other return values of
st at us, see Section 2.5.

dat a is a scalat NTENT( | NOUT) argument of typdRESOLVE dat a_t ype (see Section 2.3.5). It is used to hold data
about the problem being solved. It must never be altered éyisier since the last call to any of tARESOLVE
routines.

2.4.3 The restoration subroutine

The (solved) reduced problem is restored in the originahbdes/constraints and matrix format by calling

CALL PRESOLVE restore( problem control, inform data )

The choice of which components of the problem to restoreveigeed by the differerffget _* components of the
control structure (see Section 2.3.3).

probl em is a scalat NTENT( | NOUT) argument of typ&PT_pr obl em.t ype (see Section 2.3.2). On entry, it is used to
hold data about the solved reduced problem. The valupsail en?X_st at us andpr obl en?AC_st at us should
not have been altered since the exit frBRESOLVE_appl y.

On exit, the problem structure will contain selected congrus of the solved problem restored to the original
variables/constraints and/or matrix format. The selectbthese elements is specified by setting ghe_*
components of theont rol dummy argument (see Section 2.3.3).

control is a scalail NTENT(IN) argument of typd’RESOLVE_control _t ype (see Section 2.3.3). In particular, its
get _* components specify which elements of the (solved) reduceblgm must be restored to the original
formulation.

i nfo isascalat NTENT( OUT) argument of typ®RESCLVE_i nf or m__t ype (see Section 2.3.4). A successful call to the
routinePRESCOLVE_r est oi r e is indicated when the componegitat us has the value 0. For other return values
of st at us, see Section 2.5.

dat a is a scalat NTENT( | NOUT) argument of typdRESOLVE dat a_t ype (see Section 2.3.5). It is used to hold data
about the problem being solved. It must not have been alteyettie user since the last call to any of the
PRESOLVEroutines.

2.4.4 The termination subroutine

All previously allocated workspace arrays for PRESOLVE @gallocated as follows:
CALL PRESOLVE terninate( control, info, data )

control isascalat NTENT(IN) argument of typ@RESOLVE_cont r ol _t ype exactly as foPRESOLVE.i ni ti al i ze.
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i nfo is a scalat NTENT( QUT) argument of typdRESOLVE_i nf or m.t ype exactly as folPRESCLVE.i ni ti al i ze. A
successful call té?RESOLVE_t er mi nat e is indicated when the componesttat us has the value 0. For other
return values ot at us, see Section 2.5.

dat a is ascalat NTENT( I NOUT) argument of typ@RESCLVE_dat a_t ype exactly as foPRESOLVE_sol ve, which must
not have been altered by the user since the last cBIRESOLVE_i ni ti al i ze. On exit, array components will
have been deallocated.

Note that a call to this routine is mandatory bef@RESOLVE appl y is called for a new quadratic program whose
structure differs from the current one.
2.5 Warning and error messages

A negative value of nf 0%t at us on exit fromPRESCLVE.i ni ti al i ze, PRESOLVE._r ead_specfi | e, PRESOLVE_appl v,
PRESOLVE_r est or e, or PRESOLVE_t er mi nat e indicates that an error has occurred. No further calls shbalmade
to the four three of these routines until the error has beerected. Possible values are:

1. The maximum number of problem transformation has been ezhcNote that this exit is not really an error,
since the problem can nevertheless be permuted and solveterely signals that further problem reduction
could possibly be obtained with a larger value of the parameix_nbr _t r ansf or ns.

-1. The memory allocation failed.

- 2. Afile intended for saving problem transformations could lm@bpened.

-3. An lO error occurred while saving transformations on theveht disk file.

-4. The machine/compiler only supports less than 8 bits in deimgeger (this error is thus very unlikely).
-21. The problem appears to be primal infeasible.
-22. The problem appears to be dual infeasible.
-23. The dimension of the gradiept obl en?4 is not equal to the number of variables in the probfembl en¥/#.
-24. The dimension of the vect@r obl enf4lval containing the entries of the Hessian is erroneously specifi

-25. The dimension of the vectgr obl en?#.pt r containing the addresses of the first entry of each Hessiatisro
erroneously specified.

-26. The dimension of the vectar obl en?41_col containing the column indices of the nonzero Hessian enisie
erroneously specified.

- 27. The dimension of the vectar obl en?41_r ow containing the row indices of the nonzero Hessian entriesrs
neously specified.

-28. The dimension of the vect@r obl en?# _val containing the entries of the Jacobian is erroneously 8pdci

-29. The dimension of the vectar obl en®A_pt r containing the addresses of the first entry of each Jacobiaisr
erroneously specified.

-30. The dimension of the vectar obl en?A_col containing the column indices of the nonzero Jacobianesisi
erroneously specified.

-31. The dimension of the vectqm obl en¥A_r ow containing the row indices of the nonzero Jacobian entses i
erroneously specified;
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-32.
-33.

- 34.

- 35.
- 36.

-37.

- 38.

- 39.

-40.

-41.

-42.

-43.

-44,
-45.
-46.

-47.

-48.

-49.

-50.

-52.
-53.

-54.

The dimension of the vectar obl en?X of variables is incompatible with the problem dimensponbl en¥/f.

The dimension of the vectar obl en?X_| of lower bounds on the variables is incompatible with thebpem
dimensiorpr obl en?n.

The dimension of the vectgr obl en?X_u of upper bounds on the variables is incompatible with thé|em
dimensiorpr obl en?n.

The dimension of the vector obl en?Z of dual variables is incompatible with the problem dimengioobl entf.

The dimension of the vectagir obl en?Z_| of lower bounds on the dual variables is incompatible wita th
problem dimensiopr obl en4.

The dimension of the vectagr obl en?Z_u of upper bounds on the dual variables is incompatible with th
problem dimensiopr obl ent.

The dimension of the vectar obl en¥C of constraints values is incompatible with the problem disien
pr obl entAn

The dimension of the vectar obl en?C_| of lower bounds on the constraints is incompatible with trebpem
dimensiorpr obl enf4n

The dimension of the vect@r obl en?4_u of upper bounds on the constraints is incompatible with tioblem
dimensiorpr obl enf4n

The dimension of the vectqmr obl en?& of multipliers values is incompatible with the problem dims&n
pr obl entAn

The dimension of the vectar obl en?4/_| of lower bounds on the multipliers is incompatible with thelgem
dimensiorpr obl enf4n

The dimension of the vect@r obl en?4/'_u of upper bounds on the multipliers is incompatible with thelpem
dimensiorpr obl enf4n

The problem structure has not been set or has been cleanedarp bn attempt to appBRESOLVE_appl y.
The problem has not been analyzed before an attempt to peimut
The problem has not been permuted or fully reduced beforét@mpt to restore it.

The column indices of a row of the sparse Hessian are not ie@sing order, in that they specify an entry above
the diagonal.

One of the files containing saved problem transformatiossiegn corrupted between writing and reading.

The dimension of the vectr obl en?X_st at us of variables’ status is incompatible with the problem disien
pr obl entan.

The dimension of the vectr obl en?C_st at us of constraints’ status is incompatible with the problem éiim
sionpr obl enffn

The problem does not contain any (active) variaptebl entm < 0).
The problem contains a negative number of constragmtsty en?4m < 0).

The vectors are too long for the quicksort sorting routiree (e GALAHAD SORT module).

All use is subject to licence. Sebttp://gal ahad. rl. ac. uk/ gal ahad- ww/ cou. htm .
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-55. The value of a variable that is obtainedARESOLVE_r est or e by substitution from a constraint is incoherent
with the variable’s bounds. This may be due to a relativebstaccuracy on the linear constraints. Try to
increasecont rol % _accuracy.

-56. The value of a constraint that is obtained by recomputingatse on input ofPRESOLVE_r est or e from the
currentx is incompatible with its declared value or its bounds. Theymaused the restored problem to be
infeasible.

-57. The value of a dual variable that is obtained by recomputigdlue on input oPRESCLVE_r est or e (assuming
dual feasibility) from the current values 0f,y, z) is incompatible with its declared value. This may caused the
restored problem to be infeasible or suboptimal.

-58. A dual variable whose value is nonzero because the corrdappprimal is at an artificial bound cannot be
zeroed while maintaining dual feasibility (PFRESOLVE_r est or ). This can happen whe(x,y,z) on input of
this routine are not (sufficiently) optimal.

-60. A keyword was not recognized in the analysis of the specifindile.

-61. A value was not recognized in the analysis of the specifinditie.

-63. The vectompr obl en?G has not been allocated although it has general values.
-65. The vectomprobl en?A val has not been allocated althougtobl en®4m > 0.

-66. The vectomprobl en?A pt r has not been allocated althougtobl en?m > 0 andA is stored in row-wise sparse
format.

-67. The vectomprobl en?A _col has not been allocated althougtobl en®m > 0 andA is stored in row-wise sparse
format or sparse coordinate format.

-68. The vectompr obl en?A_r owhas not been allocated althougtobl ent4n > 0 andA is stored in sparse coordinate
format.

-69. The vectomr obl en?4lval has not been allocated althougtobl ent41ne = —2 orprobl entéine = —1 or
pr obl en?4Lne > 0.

-70. The vectompr obl en?4pt r has not been allocated althoulghis stored in row-wise sparse format.

-71. Thevectopr obl ent4i col hasnotbeen allocated althoughs stored in row-wise sparse formatwobl ent41ne
> 0 andH is stored sparse coordinate format.

-72. The vectopr obl en?4.r ow has not been allocated althougtobl en?#_ne > 0 andH is stored in sparse coor-
dinate format.

-73. The value of problem%#ae is erroneously specified.

-74. The value of problem%kHhe is erroneously specified.

2.6 Further features

In this section, we describe an alternative means of settimjrol parameters, that is components of the variable
control of typePRESOLVE control _t ype (see Section 2.3.3), by reading an appropriate data spamficfile using
the subroutind®’RESOLVE_r ead_specfil e. This facility is useful as it allows a user to changeESOLVE control
parameters without editing and recompiling programs tAAMRRESOLVE.

A specification file, or specfile, is a data file containing a bemof "specification commands”. Each command
occurs on a separate line, and comprises a "keyword”, wiialstring (in a close-to-natural language) used to identify
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a control parameter, and an (optional) "value”, which defitiee value to be assigned to the given control parameter.
All keywords and values are case insensitive, keywords neggrbceded by one or more blanks but values must not
contain blanks, and each value must be separated from igkdyy at least one blank. Values must not contain more
than 30 characters, and each line of the specfile is limite8Dtoharacters, including the blanks separating keyword
and value.

The portion of the specification file used BPRESOLVE_r ead_specfil e must start with a BEG N PRESOLVE”
command and end with aERD’ command. The syntax of the specfile is thus defined as follows

( .. lines ignored by PRESCLVE read_specfile .. )
BEG N PRESOLVE
keywor d val ue
keywor d val ue
END
( .. lines ignored by PRESCLVE read_specfile .. )

wherekeywor d and tt value are two strings separated by (at least) one bl@hk “BEG N PRESCLVE” and “END’
delimiter command lines may contain additional (trailistfjngs so long as such strings are separated by one or more
blanks, so that lines such as

BEG N PRESOLVE SPEC! FI CATI ON
and
END PRESOLVE SPEC! FI CATI ON

are acceptable. Furthermore, between tBEG'N PRESOLVE" and “END’ delimiters, specification commands may
occur in any order. Blank lines and lines whose first nonleraracter i or* are ignored. The content of a line
after a! or* character is also ignored (as is ther * character itself). This provides an easy manner to "comment
out” some specification commands, or to comment specificegaddi certain control parameters.

The value of a control parameters may be of five differentdypamely integer, logical, real, string or symbol.
Integer and real values may be expressed in any relevamaRdrtteger and floating-point formats (respectively).
Permitted values for logical parameters a@&”, " TRUE", . TRUE. ”, " T", " YES", " Y”, or "OFF", "NO'", "N, " FALSE",
".FALSE. ” and "F". Empty values are also allowed for logical control paraengt and are interpreted asRUE".
String are specified as a sequence of characters. A symturllie ¥s a special string obtained from one of the
predefined symbols of the SYMBOLS module by deleting theilgp@ALAHAD_ characters in its name. Thus, the
specification command

term nati on REDUCED Sl ZE

im plies that the valueALAHAD_REDUCED_SIZE is assigned toont r ol % er mi nat i on. This technique is intended to
help expressing an (integer) control parameter for an dhgoiin a "language” that is close to natural (see Sectioh 2.2

The specification file must be open for input wHERESOLVE r ead_specfi | e is called, and the associated device
number passed to the routine in device (see below). Notettbatorresponding file iBEW NDed, which makes it
possible to combine the specifications for more than onerprofjoutine. For the same reason, the file is not closed
by PRESOLVE.r ead_specfil e.

2.6.1 To read control parameters from a specification file
Control parameters may be read from a file as follows:

CALL PRESOLVE read_specfile( device, control, inform)

All use is subject to licence. Sebttp://gal ahad. rl. ac. uk/ gal ahad- ww/ cou. htm .
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devi ce is a scalat NTENT( | N) argument of type defaultNTEGER, that must be set to the unit number on which the
specfile has been opened.dHvi ce is not opengont rol will not be altered and execution will continue, but
an error message will be printed on ucdnt r ol %err or .

control is a scalat NTENT(| NOUT) argument of typd’RESCLVE_cont r ol _t ype (see Section 2.3.3). Default values
should have already been set, perhaps by caRREFCLVE_i nitial i ze. On exit, individual components of
control may have been changed according to the commands found ipeh#ls. Specfile commands and the
component (see Section 2.3.3)amit r ol that each affects are given in Tables 2.2—-2.3.

i nform is a scalat NTENT( QUT) argument of typ@RESOLVE_i nf or m.t ype (see Section 2.3.4).

2.7 Information printed
The meaning of the variouwnt r ol %ri nt _| evel values is defined as follows:
GALAHAD SILENT: no printout is produced,

GALAHAD_TRACE: only reports the major steps in the analysis, that is heatfdle main preprocessing phases and,
for each pass, the number of transformations of each typleedpp

GALAHAD_ACTION: reports the nature of each problem transformation,
GALAHAD_DETAILS: reports more details on each of the main presolving loopttaests,

GALAHAD_DEBUG: reports LOTS of information, including information on umsessful attempts to apply presolving
transformations,

GALAHAD_CRAZY: reports a completely silly amount of information.

3 GENERAL INFORMATION

Use of common: None.
Workspace: Provided automatically by the module.
Other routines called directly: None.

Other modules used directly: PRESOLVE calls theGALAHAD modulesGALAHAD_SMT, GALAHAD_QPT, GALAHAD_SPECFI LE,
GALAHAD_SORT, andGALAHAD_SYMBCLS.

Input/output: Output is under control of the argumentsit r ol %error, cont r ol %out andcontrol %rint _| evel .
Restrictions: prob% > 0, pr ob%mn> 0, pr ob%A_t ype andpr ob%-.t ype € {" DENSE',’ COORDI NATE' , ' SPARSE_BY_ROAS' }.
Portability: 1SO Fortran 95 + TR 15581 or Fortran 2003. The package isdhsage.

4 METHOD

The required solution of the problem necessarily satisfies the primal optimalityditions
Ax=c

and
d<e<cY, X <x<xY,
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the dual optimality conditions
Hx+g=ATy+z y=y +y' andz=7 + 2",

and
y'>0, y*<0, 7 >0 andz" <0,

and the complementary slackness conditions
(Ax—cYTy' =0, (Ax—c")Ty'=0, (x—x"TZ =0 and (x—x")T2" =0,

where the vectorg andz are known as the Lagrange multipliers for the general limeasstraints, and the dual vari-
ables for the bounds, respectively, and where the vectguedéies hold componentwise. The purpose of presolving
is to exploit these equations in order to reduce the probteting standard form defined as follows:

e The variables are ordered so that their bounds appear irrdee o

free X
non-negativity 0 < X
lower X< x
range X < x < x
upper x < x4
non-positivity x < 0

Fixed variables are removed. Within each category, thekbes are further ordered so that those with non-zero
diagonal Hessian entries occur before the remainder.

e The constraints are ordered so that their bounds appeag order

non-negativity 0 < Ax
equality d = Ax
lower d < Ax
range d < Ax <
upper Ax < ¢t
non-positivity Ax < O

Free constraints are removed.

¢ In addition, constraints may be removed or bounds tightgioagduce the size of the feasible region or simplify
the problem if this is possible, and bounds may be tightemetti® dual variables and the multipliers associated
with the problem.

The presolving algorithm proceeds by applying a (potelytiahg) series of simple transformations to the problem,
each transformation introducing a further simplificatidntlee problem. These involve the removal of empty and
singleton rows, the removal of redundant and forcing pricaaistraints, the tightening of primal and dual bounds, the
exploitation of linear singleton, linear doubleton anaknly unconstrained columns, the merging dependent ‘asiab
row sparsification and split equalities. Transformatiores @oplied in successive passes, each pass involving the
following actions:

1. remove empty and singletons rows,
2. try to eliminate variables that are linearly unconstedin

3. attempt to exploit the presence of linear singleton colsim
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4. attempt to exploit the presence of linear doubleton coksim
5. complete the analysis of the dual constraints,
6. remove empty and singletons rows,
7. possibly remove dependent variables,
8. analyze the primal constraints,
9. try to makeA sparser by combining its rows,
10. check the current status of the variables, dual vasedodel multipliers.

All these transformations are applied on the structure efdtiginal problem, which is only permuted to standard
form after all transformations are complet&bte that the Hessian and Jacobian of the resulting reduced problemare
always stored in sparse row-wise format. The reduced problem is then solved by a quadratic or line@gramming
solver, thus ensuring sufficiently small primal-dual féélily and complementarity. Finally, the solution of themili-
fied problem is re-translated in the variables/constrdonsat of the original problem formulation by a “restoatl
phase.

If the number of problem transformations exceedst r ol % r ansf _buf f er _si ze, the transformation buffer
size (see Section 2.3.3), then they are saved in a “histolg,” Wwhose name may be chosen by specifying the
control % ransf _file_name control parameter (see Section 2.3.3). When this is the thisefile is subsequently
reread byPRESOLVE r est or e. It must not be altered by the user.

At the overall level, the presolving process follows onehaf two sequences:

‘initialize‘—> [‘ apply transformation}s—> (solve problem)ﬁ‘restorq] —>‘terminate4

or

‘ initialize ‘ — [‘ read specfil%&—> ‘ apply transformation}s—> (solve problem)—>‘ restoreﬂ — ‘ terminate*

where the procedure’s control parameter may be modified dgimg the specfile (see Section 2.6), and where (solve
problem) indicates that the reduced problem is solved. Bathe “boxed” steps in these sequences corresponds to
calling a specific routine of the package (see Section 2@}thé above diagrams, brackated subsequence of steps
means that they can be repeated with problem having the damectuse. The value of theew_pr obl emst ructure
component ofor obl em must be. TRUE. on entry of PRESOLVE appl y on the first time it is used in this repeated
subsequence. Such a subsequence must be terminated byoePBRBOLVE_t er ni nat e before presolving is applied

to a problem with a different structure.

Note that the values of the multipliers and dual variablesl(8aus of their respective bounds) depend on the
functional form assumed for the Lagrangian function asgedi with the problem. This form is given by

L(X,y,z) = q(X) —y-sign*y' (AX —C) —z_signxZ,

(considering only active constraim = c), where the parameteyssi gn andz_si gn are +1 or -1 and can be chosen
by the user. Thus, if_sign = +1, the multipliers associated to active constraints orifyrnaosed as inequalities
are non-negative if the inequality is a lower bound and nositpve if it is an upper bound. Obvioulsy they are not
constrained in sign for constraints originally posed asadijes. These sign conventions are reversedsf gn =

-1. Similarly, if z_si gn = +1, the dual variables associated to active bounds are noatinedf the original bound
is an lower bound, non-positive if it is an upper bound, oramstrained in sign if the variables is fixed; and this
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conventionis reversed insi gn = - 1. The values of _si gn andy_si gn may be chosen by setting the corresponding
components of theont r ol structure taGALAHAD_POSITIVE Or GALAHAD_NEGATIVE (see Section 2.3.3).

References:
The algorithm is described in more detail in

N. I. M. Gould and Ph. L. Toint (2004). Presolving for quadlrgzrogramming. Mathematical Programmih@Q(1),
pp 95-132.

5 EXAMPLE OF USE

Suppose that we wish to solve the quadratic program (1.3)¢dth the datm=6,m=5,f =1,g=(11111137,

Oocoooor
oOoooo
oOoooo
oOocooooo
Oooooo
Oooooo

>

I
oOoooo
Oooooo
oOrr oo
P ORr OO
rORr OO
PR OOoOOo

xX'=(000000",xY=(1111112",c =(00213" andc" = (113337, using the quadratic programming
solver QPSOLVER after applying the PRESOLVE package and then restoring ttaé $olution to the original vari-
able formulation. We may use the following code—note thatreguire some output from PRESOLVE by setting
control %rint _| evel totheGALAHAD_TRACE symbol, and that callin@PSOLVER is actually unnecessary since the
problem of our example is completely reduced to a singleitiapoint (which must then be the solution) after pre-
solving.

PROGRAM GALAHAD_PRESCLVE_EXAMPLE

USE GALAHAD QPT_doubl e ! Doubl e precision
USE GALAHAD PRESOLVE doubl e I Doubl e precision
USE GALAHAD SYMBOLS I The GALAHAD synmbol s
I MPLICI'T NONE

| NTEGER, PARAMETER :: wp = KIND( 1.0D0 ) I Set precision
REAL ( KIND = wp ), PARAMETER :: infinity = 10._wp ** 20

REAL ( KIND = wp ), PARAMETER :: r0 = 0.0 wp, rl = 1.0_wp

REAL ( KIND = wp ), PARAMETER :: r2 = 2.0_wp, r3 = 3.0_wp

TYPE ( QPT_problemtype ) 1 problem

TYPE ( PRESOLVE control _type ) :: control

TYPE ( PRESOLVE informtype ) :: inform

TYPE ( PRESOLVE data_type ) ;1 data

INTEGER :: j, n, m a_ne, h_ne

| start problemdata
n=6 m=5 hne=1 ane=38
pr obl enPmew _probl em structure = . TRUE
problem = n; problentn=m problentf =rl
ALLOCATE( problen4 n ) , problem®_|( n ), problen®X u( n) )
ALLOCATE( problen | ( m), problen®C u( m) )
probl endgradient_kind = 1
problem®C | = (/ r0, r0, r2, rl, r3 /)
problem®C u = (/ rl, rl, r3, r3, r3 /)
problemX | = (/ -r3, r0, r0, r0, r0, r0/
problenX u = (/ r3, rl, r1, rl, rl, r1/)
! sparse coordinate fornmat

~
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CALL SMT_put( probl en?494 ype, ' COORDI NATE' )
CALL SMT_put ( probl en?#% ype, ' COORDI NATE' )

ALLCCATE( probl ent4val ( h_ne ) )

ALLOCATE( probl en?4Peol ( h_ne ), problen4%ow h_ne ) )
ALLCCATE( probl ent®%val ( a_ne ) )

ALLCCATE( probl en®®%ol ( a_ne ), problem®% ow a_ne ) )
probl enP4val = (/ r1 /)

probl e ow = (/ 1 /)

probl end4gol = (/ 1 /)

probl em®val = (/ r1, r1, r1, rl, r1, r1, rl, r1/)
probl em®%ow = (/ 3, 3, 3, 4, 4, 5 5 5/)
probl em®%¢ol = (/ 3, 4, 5 3, 6, 4, 5 6/)

probl en¥@_ne = a_ne; problenth_ne = h_ne
I problemdata conplete
I wite the original fornulation
CALL QPT_write_problen{ 6, problem)
I set the default PRESOLVE control parameters
CALL PRESOLVE initialize( control, inform data )
IF ( inforndstatus /=0 ) STOP
control %rint_|evel = GALAHAD TRACE I Ask for sone out put
I apply presolving to reduce the problem
CALL PRESOLVE_appl y( problem control, inform data )
IF ( infornistatus /=0 ) STOP
I wite the reduced problem
CALL QPT_write_problen{ 6, problem)
I solve the reduced problem
I CALL QPSOLVER (unnecessary here, because the reduced problemhas a
I single feasible point in this exanple)
I restore the solved reduced problemto the original fornulation
CALL PRESOLVE_restore( problem control, inform data )
IF ( inforndstatus /=0 ) STOP
I wite the final solution in the original variables

WRITE( 6, * ) '
WRITE( 6, * ) ' The problemsolution Xis’
WRITE( 6, *) ' "
DOj =1, n
WRITE( 6, "(3x,"'x("',11,"") ="', ES12.4)" ) j, problemX( j )
END DO

I deal | ocate internal workspace
CALL PRESOLVE_term nate( control, inform data )
END PROGRAM GALAHAD PRESCLVE_EXAMPLE

This produces the following output:

—============== PROBLEM
n= 6
vari abl es

| ower upper
x( 1) =  -3.0000E+00 3.0000E+00
x( 2) =  0.0000E+00 1.0000E+00
x(_ 3) =  0.0000E+00 1.0000E+00
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x( 4) =

x( 5 =

x( 6) =
m= 5
constra
c( 1 =
c( 2 =
c( 3 =
c( 4) =
c( 5) =
Jacobi an

A 3,

A( 3,

A( 3,

AL 4

Al 4,

A 5,

A 5,

A( 5,

0. 0000E+00 1
. 0000E+00
0. 0000E+00 1

o
=

nts

| ower

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00

w kL NO O
W wwkr -

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00

o U~ oW ol W
_ e T T
L T T I I O 1 R | B 1

PP PRPRPRPRPPP

0000E+00

. 0000E+00

0000E+00

upper

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00

obj ective function constant term=

gradi ent

Qo uaQ
— e~~~
D Ol B W N -
T T o — —
L R A N R 1 B Y

Hessi an

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00

el el

1) = 1.0000E+00

==== END OF PROBLEM

1. 0000E+00

LR RS RS EEEEEE RS EEEE R R EEEREEEEEREEEEEEEEEEEEES

*
*
*
*
*
*

GALAHAD presol ve for Qs

probl em anal ysi s

LR RS EEE SRR R EEEEEEEEREREEEEEEEEEEREEES]

*
*
*
*
*
*
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checking bounds on x, y, z, and c: 0 transformations
redundant variables and constraints: 0 transformations

============= mai n processing loop 1 =============
(n=6, m=5, ane=8, hne=1)

removing enpty and singleton rows: 2 transformations
anal yzing special linear colums: 3 transformations
anal yzi ng dual constraints: 0 transformations
removing enpty and singleton rows: 0 transformations
checking dependent variables: 2 transformations
anal yzing primal constraints: 5 transformations
checking bounds on x, y, z, and c: 0 transformations

—============ @i n pr ocessi ng |()()p ? =============
(n=1, m=2, ane=2, hone=0)

renoving enpty and singleton rows: 2 transformations
anal yzi ng special linear colums: 2 transformations

======== end of the main processing loop ( loop = 2 ) ========
all variables and constraints have been elim nated

No pernutation necessary.

LEREEEEEEEEEEEEEEE LS Bye EEE R EEEEEEEEEEEEEE R

—============== PROBLEM

n= 20

m= 0

current objective function value =  3.5000E+00
objective function constant term=  3.5000E+00

—=========== END OF PROBLEM

LR R EEEEEEEEEEEEEEEEREEEREEEEEEEEEEEEEEEESEES

GALAHAD PRESCLVE for QPs

* *
* *
* *
* probl em restoration *
* *
* *

LR R RS EEE R RS R EEEEEEEEREREEEEEEEEEEEEEES]
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verifying user-defined presolve control
=== starting historical

| oop
=== end of the historical

| oop

Probl em successful |y restored.

parameters

EEREEEEEEEEEEEEEEEES] Bye LR R EE R R EEEEEEEEEEE

The problemsolution X is

x(1) = -1.0000E+00
x(2) = 0.0000E+00
x(3) =  0.0000E+00
x(4) = 1.0000E+00
x(5) = 1.0000E+00
x(6) =  1.0000E+00

LR RS EEEEEEE RS EEEEEEEEEEREEEEEEEEEEEEEEEEEES

GALAHAD PRESCLVE for QPs

*
*
*
* wor kspace cl eanup
*
*

LR R RS EEE R R EEEEEEREEEREEEEEEEEEEREESEEEES]

EEREEEEEEEEEERESEERES] Bye kkkkkkkkhkkkkhkkkkk%x

The same problem may be solved holding the data in a sparseisstorage format by replacing the lines

! sparse coordinate fornmat

| problem data conplete

by

| sparse roww se storage format
CALL SMT_put ( probl en?4% ype, ' SPARSE_BY_ROWE' )
CALL SMT_put ( probl en?®% ype, ' SPARSE_BY ROAS )

ALLCCATE

ALLCCATE

probl enP4ptr =
pr obl en?4eol
pr obl en?A%al
probl emdA%ptr =

P

probl emd®%ol = (/

ri
1,
1
ri,
1,
3,

! problem data conplete

or using a dense storage format with the replacement lines

! dense storage fornmat

( n+tl ), problenttgcol ( h_ne ) )
(a_ne))

( mtl ), problen®% ol ( a_ne ) )
/

)
2
1)
ri,
1
4

( probl enP4val ( h_ne ) )
ALLOCATE( probl en?4Ppt r

( probl endAval
ALLCCATE( pr obl en?A%pt r
probl ent4val = (/

2

ri

(220>}

1

1

1

2, 2 1)
rl, rl, rl1/)
9 /)

4, 5 61)
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CALL SMI_put( probl en?44 ype, 'DENSE )
CALL SMT_put( probl en®®% ype, 'DENSE )
ALLCCATE( probl entdval ( n*(n+l)/2 ) )
ALLOCATE( probl en?#val ( n*m) )
probl emd4val = (/ ri,
ro, ro,
ro, r0, ro,
ro, r0, r0, ro0,
ro, r0, r0, r0, ro0,
ro, r0, r0, r0, r0, r0 /)
probl em®al = (/ r0, r0, r0, r0, r0, r0,
ro, r0, r0, r0, r0, roO,
ro, r0, rl1, r1, r1, ro0,
ro, r0, r1, r0, r0, ri,
ro, r0, r0, rl, rl1, r1 /)
! problem data conplete

R0 Ro Ro Ro Ro

Ro Ro Ro Ro

respectively. (If instea#l had been the diagonal matrix

1
H = 0
3

but the other data is as before, the diagonal storage schéghelme used foH, and in this case we would instead

CALL SMTI_put( prob%¥4ype, 'DIAGONAL’ ) ! Specify dense storage for H
ALLOCATE( p%tval ( n ) )
p%wval = (/ rl, r0, r0, r0, r0, r0, r0 /) ! Hessian val ues

Notice here that zero diagonal entries are stored.) We alatiimake use of theRESOLVE_r ead_specfi | e routine
to set the printing level, in which case the statement

control %rint_| evel = GALAHAD TRACE I Ask for some output
is replaced by

! open specfile

OPEN( 57, FILE = 'PRESOLVE. SPC, STATUS = 'OLD )
I read its content (asking for sonme output)

CALL PRESOLVE read_specfile( 57, control, inform)
I close it

CLOSE( 57 )

where we assume that the fRBESOLVE. SPC exists in the current directory and contains the lines
BEG N PRESCLVE SPEC! FI CATI ON

print-level TRACE
END PRESCLVE SPEC! FI CATI ON
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PRESOLVE GALAHAD
command component otontr ol value type/
symbolic value
error-printout-device %rror integer
printout-device Yout integer
print-Ievel Y%rint | evel SI LENT,
TRACE,
ACTI ON,
DETAI LS,
DEBUG,
CRAZY
presol ve-ternination-strategy % ermination REDUCED_SI ZE,
FULL _PRESOLVE
maxi num nunber - of - t r ansf or mat i ons Y%vax_nbr _t ransf or ns integer
maxi num nunber - of - passes %rax_nbr _passes integer
constraints-accuracy % _accuracy real
dual - vari abl es-accuracy % _accuracy real
al | ow dual -t ransf ormati ons %lual _t ransformations logical
renove-redundant - vari abl es- constraints % edundant _xc logical
primal - constraints-anal ysis-frequency %ri mal _constraints_freq | integer
dual - const rai nt s-anal ysi s- f requency Y%lual _constraints_freq integer
si ngl et on- col ums- anal ysi s-frequency Ui ngl et on_col ums_freq integer
doubl et on- col ums- anal ysi s-frequency Y%oubl et on_col ums_freq integer
unconstrai ned-vari abl es- anal ysi s-frequency | %unc_vari abl es_freq integer
dependent - vari abl es- anal ysi s- f requency Y%dependent _vari abl es_freq | integer
rowsparsification-frequency Ysparsify_rows_freq integer
maxi mum per cent age-row-fill Y%rax_fill integer
transformations- buffer-size % r ansf _buf f er _si ze integer
transformations-fil e-device % ransf _file_nbr integer
transformations-file-status % ransf_file_status KEEP,
DELETE
transformations-file-nanme Y% ransf _file_nanme string
primal -feasibility-check Ycheck _primal _feasibility | NONE,
BASI C,
SEVERE
dual -feasi bility-check Y%heck_dual _feasibility NONE,
BASI C,
SEVERE
active-nultipliers-sign % _si gn PCSI Tl VE,
NEGATI VE
inactive-multipliers-val ue % nactive.y LEAVE_AS_| S,
FORCE_TO.ZERO
active-dual -vari abl es-sign % _si gn PCSI Tl VE,
NEGATI VE
i nactive-dual -vari abl es-val ue % nactive_z LEAVE_AS_| S,
FORCE_TO.ZERO
primal -vari abl es- bound- st at us % i nal _x_bounds TI GHTEST,
NON_DEGENERATE,
LOCSEST

Table 2.2: Specfile commands and associated componetdstafol (part 1).
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command componentotontrol | value type/
symbolic value

dual - vari abl es- bound- st at us % i nal _z_bounds Tl GHTEST,
NON_DEGENERATE,
LOOSEST

const rai nt s- bound- st at us 9% i nal _c_bounds TI GHTEST,
NON_DEGENERATE,
LOOSEST

mul tipliers-bound-status % i nal _y _bounds Tl GHTEST,
NON_DEGENERATE,
LOOSEST

infinity-value %nfinity real

pi voti ng-threshol d Y%i vot _t ol real

m ni mum rel ati ve- bound-i nprovement | % n_rel _i nprove real

maxi mum gr owt h-f act or %rax_growt h_f act or real

conput e- quadr ati c-val ue Yget _q logical

conput e- obj ecti ve- const ant Yget _f logical

conput e- gr adi ent Y%get g logical

conput e- Hessi an Y%get _H logical

conput e-constraints-matrix Yget _A logical

conput e- pri mal - vari abl es-val ues Yget _x logical

conput e- pri mal - vari abl es- bounds Y%get _x_bounds logical

conput e- dual - vari abl es-val ues Yget _z logical

conput e- dual - vari abl es- bounds Y%get _z_bounds logical

conput e- cont r ai nt s- val ues Y%get _c logical

conput e- const r ai nt s- bounds Y%get _c_bounds logical

conput e-mul tipliers-val ues Yget _y logical

conput e-mul ti pliers-bounds Y%get _y_bounds logical

Table 2.3: Specfile commands and associated componegudstafol (part 2).
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