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Abstract

A subspace search method for solving a class of least squares problem is pre-
sented in the paper. The original problem is divided into many independent sub-
problems, and a search direction is obtained by solving each of the subproblems, as
well as a new iterative point is determined by choosing a suitable steplength such
that the value of residual norm is decreasing. The convergence result is also given.
The numerical test is also shown for a special problem.
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1. Introduction
Now the least squares problem is considered as follows:
1
Min r(z,y) = §||Aac + By —b|* st. xz >0 (1.1)

where A € R™*' B € R™*9, and b € R™ are given constant matrices and vectors,
respectively.

These problems arise in many areas of applications, such as scientific and engineer-
ing computing, physics, statistics, fitted curve, economic, mathematical programming,
social science, and as a component part of some large computation problem, as an
example, a nonlinear least squares problem is approximated locally by using of various
linearization schemes.

This problem often is to analyze and solve a systems of linear algebraic equa-
tions, which may be overdetermined, underdetermined , or exactly determined, and
may or may not be consistent with linear and inequality constraints. Many success-
ful algorithms for solving this problems have been studied during past decades, and
the decomposition method (QR) is a popular approach to use for solving the problems.
G.H.Golub has contributed many significant ideas and algorithms relating to this prob-
lems in both theoretical and practice, and a practical and useful numerical methods
for solving this problems were stated in [2] in details. A different techniques have also
developed for the problems.
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In this paper, we present a subspace search method for solving the problem (1.1).
The main steps of the algorithm are to divide the problem (1.1) into independent sub-
problems at an initial feasible point and solve each of these subproblems to obtain a
search direction, and then to determine a new feasible iterative point by choosing a
suitable steplength such that the value of the residual norm is decreasing. the con-
vergence of the algorithm is proved under certain assumptions. The main feature of
the algorithm is that large scale problom (1.1) can be transformed into many small
independent subproblems, and all the subproblems can be solved simultaneously.

This paper is organized as follows. in section 2 we describe the algorithm. The
convergence results are proved under certain assumptions in section 3, A modification
algorithm and numerical test is also given in section 4.

2. Derivation of the Algorithm

This section deals with the basic ideas that how to construct the subspace serach
algorithm for solving the problem (1.1). Without loss of generality, assume that vector
r € R' and y € RY can be divided into (z7,2%,--- ,xz)T and (yi,yd,--- ,yg)T, and
z; € R", y; € R", respectively, and that 251:1 n; = t, 2?:1 n;j = q. Accordingly,
matrix A and B can be also divided into following form A = (A4, Ag,---,4;,) B =
(Bl,Bg, s 7Bl2) , where A; € R™*"i (’L =12, - ,ll), B] € R™*"N (] =12, ,lg).
Therefore, the function r(z,y) can be expressed as following form

I lo
1
T,y) = 5H2Aixi+23jyj - b| (2.1)
i=1 j=1

Now we analyze the properties of function r(z,y) in the neighbourhood of a given initial
vector (z,y). Assume that (z,y) is in the neighbourhood of (z,y) and let

r=2+(@z-I) y=y+uy—9) (2.2)
Substituting (2.2) into (2.1),and it is easy to derive that

1 I B B lo B B B
z,y) = 5[2 17— A — ) ||” + Z |17 = Bj(y; — g;)I” = (l + 12 — 1)7]+

1A ~
5 (@) = Z& (x4, 2,7) +ZCJ (yjr Z,§) — ———T +
i=1 j=1 (2.3)

where 7 = r(Z,9), and #(z,y) is an error of order O(||z — Z||?> + ||y — ¥||?). Namely,

l1 l1 l2 l2

=D > (i —m) A Aj(wj — 25) + > Y (yi — 5) B Bjly; — )
1=1 j#i 1=1 j#i
Iy 2

+23 0 (mi — ) AT B;(y; — 7)) (2.4)

i=1j5=1
and .
gi(wiafag) = EHF - Al(xl - [Z"i)“27 = 1723 T 7l1 (25)



