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Abstrm:t

wie Mg o : :
A humntupy a.lgunthm for snlvmg the inverse a1genmlue problem for complex
symmetric matrices issuggested. Some numerical examples are presented.

81. Introduction

In this paper we shall cnns:der the following inverse eigenvalue pmblem

Problem SCG. Given n + 1 camplex. n X n symmetric matrices Ag, Ay, -, An,
and n complex numhers A1,***y An, find n complex numbers ¢;,:--,¢,, such that the
matrix A(¢) = Ao + 3 of; cxAr has eigenvalues A;,---, ;.

Replamng “complex” by “real” in Problem SCG, we obtain the inverse e:genvalue
problem for real symmetnc matrices, which is called Problem SRG for short.

There is a la.rge literature on numerical methods for solving Problem SRG. But, all
those methods require choosing an initial value which is sufficiently close to the solution
of Problem SRG so as to guarantee the iterative convergence (see (4] and its references
for details). In many cases, it often leads to the failure of the algorithms since it is hard
to select a valid initial vahie. Therefore, how to select a valid-initial value becomes 3.
very important problem. However, so far as we know, there is no literature on this
problem. In this paper, we propose a hﬂmﬂ'tbpy algorithm for solving Problem SCG.
Theoretically, this method is independent of the selection of an mttlal value. Numencal

expenments also show its handiness in selecting a valid initial value. e

" The paper is organized as follows. In §2 we construct a homotopy for snlvmg Prob-
lem S5CG and prove the existence of homotopy paths by using some results in d.lﬂ'erentlal_
topology and topulnglcdl*ilegree theory. 'In §3 we devise a humntnpy a.lgnnthmibr solv-
ing Problem SCG by fo]fdmng the homotopy paths . In §4 we gwe %ﬁiné ﬁﬁmanca.l |
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column vectors and C! = C. R™ is the set of all m-dimensional real column vectors
and R! = R. SC™*"is the set of all n X n complex symimetric matrices. The norm || ||
stands for both arbitrary vector norm and compatible matrix norm. The superscript
T is for transpose. [ is the n X n ldentlty matrn e; is the :th column of I. Sﬂ denotes
the set of all permutations of {1,---,n}.

 For arbitrary z = (21,---,2n)" G C™, we use D(z) to denote the diagonal matrix
diag (21, -+ ,2n), i.e., D(2) = diag (z1,-+*,2,). For arbitrary ¢ = (¢1,--+,¢,)F € C"
and A € SC™™*", k=0,1,.--,n, we define

Alc) = Ao + i CpAg.

k=1

§2 The Cnnstructmn of Homotopy and Its Pmpertles

LetA““’ A“ES’C“and.k_(Ah XD eC"mthA,-,éA i # j. Define
f_cnxnxcn_}cn+nby

| fl (Xr C) | (A(c) = A,-I)z,:
L fX9=1 | with fi(X,e)=|
- fn(X o) ' (22 - 1)
and g : C“"" X O™ x O" x C" —s OV 0
91(-X-, C, diw) | : (DC = M{I)ﬂ:‘i
9 X e, d,w) = : - with g;(X,¢,d,w) = '
_ o gn(X,c,d,w) 3=z - 1)

Where X = (21, ) Cﬂxn: x € Cﬂ: t=1,--.,n,c= (ci)ld = (di)rw e (wt') €

€™, and D = D(d) o = D(c)
.+ A classical result on diagonalizable complex syn:lmetnc matrices states that if B €
- SC™*"_ then B is diagonalizable if and only if there exists a Q € C™*" such that

B= QAQT and QTQ I

where A isann xn d1agm1a1 matnx[ﬂ |
So, from the definition of f , it follows that
- (1) ¢* is a solution of Problem SCG if and only if there exists an X * € C™*" such
: tha.t (X% ) = 0. : L L
. On the other hand from the deﬁmtmn of g, we hmw tha.t
(2)fo::anydwEC"W1thd,;E0:-*l ,n,:fwgdeﬁne
~ To(d, w) {(X c) E C"x“ xc" Ig(X ¢, d, w) = o}

RN T % oo ;ﬁ:*m.ziiﬁ § o
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' rﬂ(d w)_.{(PE ox )| € Sn, E —-dii'g(aa) L |
s gt rep e i< n} (2.1)



