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Abstract

Quadratic programming (QP) problems have fundamental importance in the
theory and practice of optimization. Especially Convex QP problems play an
important role in the algorithm design of nonlinear programming.

Since Hopfield and Tank initiated the application of neural network (NN) in
the field of optimization, a variety of feedback continuous NN models similar to
the Hopfield model have been proposed to solve QP problems.

In this paper, we discuss a new non-parametric hard limiter neural network.
It is also a feedback continuous neural network and can be used to solve convex
QP problems.

Consider a QP problem with inequality constraints:

minimize f(z) = " Qz + q"x ()
subject to Az — b <0,

where £ € R", A is an m X n matrix with rank(A) = m. The corresponding
Lagrangian function of (1) is as follows:

L(z,A) = f(z) + AT (Az - b), (2)

where A € R™, A > 0, is the Lagrange multiplier vector. From the nonlinear
programming theory, a local minimum for (1) is a stationary point of L(x,\)
with respect to £ and with other conditions. That is, let (x*,A*) be a local
minimum. It satisfies,

Val(z*,A*) =Qz* +q+ ATz* =0, (3)
VaL(z*,A*) = Az™ — b <0, (4)
VaL(@*, ANTA* = X*T(Az* - b) =0, (5)
A* > 0. (6)

From this basic equations and the methodology initiated by Zhang and Con-
stantinides, we can design a hard limiter network as a QP solver. The dynamic
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equations are given below.
$(t) = -Qz—q-ATA, (7)
M) = [1-sgn*(Aim — bi)sgn* (M) (A —b;), i=1,---,m (8)

where sgn*(-) is defined as

$r N 0 forz>0
Seht (:c)—{ -1 forz<0 ©)

which is referred to as semi-signum function or quasi-hard limiter. This system
can be expressed in a shorter form:

z(t) = -Qxr—q—- AT, (10)
A(t) = B(Az-b), (11)

where

B = diag{[1 — sgn*(A1x — by)sgn*(\1)],- -+, [1 — sgn*(Amx — by, )sgn* (Am)]}-

(12)

A convergence discuss is presented in paper. We shown that the network

is convergent if Q is positive. Furthermore, when the network converge to an
equilibrium point, the equilibrium point is a K-T point.
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