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ABSTRACT

This report forms the user’s guide for Version 1.0 of LSSOL, a set of Fortran 77 subroutines for
Iinearly constrained linear least-squares and convex quadratic programming. The method of LSSOL
is of the two-phase, active-set type, and is related to the method used in the package SOL/QPSOL
(Gill et al., 1984b). Two main features of LSSOL are its exploitation of convexity and treatment
of singularity.

LSSOL may also be used for lincar programming, and to find a feasible point with Tespect to a

set of linear inequality constraints. LSSOL treats all matrices as dense, and hence is not intended
for large sparse problems.

1 LSSOL is available from the Stanford Office of Technology Licensing, 350 Cambridge Avenue,
Suite 250, Palo Alto, California 94306, USA.

} Numerical Algorithms Group, Ltd., 256 Banbury Road, Oxford, United Kingdom.

The material contained in this report is based upon research supported by the U.S. Department
of Energy Contract DE-AA03-765F00326, PA No. DE-AS03-76ER72018; National Science Foun-
dation Grants DCR-8413211 and ECS-8312142; the Office of Naval Research Contract NO0014-85-
K-0343; and the U.S. Army Research Office Contract DAAG29-84-K-0156.
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1. PURPOSE 1

1. PURPOSE

LSSOL is a collection of Fortran 77 subroutines designed to solve a class of quadratic programming
problems that are assumed to be stated in the following general form:

LCLS Inineig},ize F(z)

. z
subject to £ < {C:c} < u,

where C is my, x » (m, may be zero) and F(z) is one of the following objective functions:

FP: None (find a feasible point for the constraints)
LP: cTz

QP1: %zTAz A symmetric and positive semi-definite,
qQr2; Tz + %:TAz A symmetric and positive semi-definite,
QP3: %zTATAz A m x n upper-trapezoidal,

Qp4: cTz + %zTATAz A m x n upper-trapezoidal,

Ls1: 2o — Az|? Amxn,

Ls2: cT:1:+%||b-—A:r.|l2 Amxn,

LS3: 3116 — Az A m x n upper-trapezoidal,

Ls4: e’z + b — Az A m x n upper-trapezoidal,

with ¢ an n-vector and b an m-vector. The specific objective function to be minimized is selected
using the optional parameter Problem Type (see Section 4.2). In all that follows, problems of
type “LP”, “QP” and “LS” will be referred to as linear programming, quadratic programming and
constrained least-squares problems respectively.

The constraints involving C will be called the general constraints. Note that upper and lower
bounds are specified for all the variables and for all the general constraints. An equality constraint
is specified by setting £; = u;. If certain bounds are not present, the associated elements of £ or u
can be set to special values that will be treated as —co or +oc. {See the description of the optional
parameter Infinite Bound in Section 4.2.)

The constant second-derivative matrix of F(z) is defined as H, the Hessian matrix. In the
LP case, H = 0. In QP cases 1 and 2, H = A; and in QP cases 3 and 4, H = ATA. In all LS
cases, H = ATA. Problems of type QP3 or QP4 with A not in trapezoidal form should be solved
as type L51 or LS2 with b = 0. When considering problems of type LS, we shall refer to A as the
least-squares matrix and to b as the vector of observations.

The user must supply an initial estimate of the solution. If the Hessian matrix is non-singular,
LSSOL will obtain the unique (global) minimum. If H is singular, the solution may still be a global
minimum if all active constraints have nonzero Lagrange multipliers. Otherwise, the solution
obtained will either be a weak minimum (i.e., with a unique optimal objective value, but an
infinite set of optimal z), or else the objective function is unbounded below in the feasible region.
The last case can occur only when F () contains an explicit linear term (as in problems of type
LP, QP2, QP4, 152 and LS4).

The LSSOL package contains approximately 6000 lines of ANSI Fortran 77, of which about
50% are comments.






