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Abstract
Quadratic eigenvalue problems (QEPs):

(NA+AB+C)z =0

of which, the practical application range is very extensive. Hyperbolic quadratic problems
are special class of quadratic eigenvalue problems. In this paper, we focus on the hyperbolic
quadratic eigenvalue problems and overdamped quadratic eigenvalue problems, learning
more about their definitions and nature. Further, according to the nature of the hyperbolic
quadratic eigenvalue problems and overdamped quadratic eigenvalue problems, we show
that a relatively efficient test for hyperbolicity can be obtained by computing the eigenvalues

of the hyperbolic quadratic eigenvalue problem.

The hyperbolic quadratic matrix polynomials of the hyperbolic quadratic eigenvalue
problems:
QN =NA+AB+C,A B CcC™ A>0

are an important class of Hermitian matrix polynomials with real eigenvalues, among which
overdamped quadratics are those with nonpositive eigenvalues. For quadratic eigenvalue
problems, we show that all eigenpairs can be found by finding solutions of the corresponding
quadratic matrix AX? 4 BX + C = 0 using the Newton’s method with exact line searches.

This thesis comprise three chapters.

In Chapter 1, we give a brief review of the background and projection type solvers of

quadratic eigenvalue problems.

In Chapter 2, we firstly give the definitions of the hyperbolic quadratic eigenvalue
problems and overdamped quadratic eigenvalue problems. Then we discuss some basic

nature and theories on them.

In Chapter 3, we solve quadratic eigenvalue problems by finding solutions of the cor-
responding quadratic matrix using the Newton’s method with exact line searches. Firstly,
we discuss the existence of solutions with the quadratic matrix equation. Secondly, we al-
so brief introduce the method of Newton’s exact line searches, which is expected to give
better global convergence and the quadratic convergence. Moreover, two different methods
for the quadratic eigenvalue problem are analyzed in Chapter 3. The first one is a method
basic on cyclic reduction[11], while the second one is the Newton’s method with exact line

searches. Comparing the two methods, there are some advantage of the Newton’s method

- I -



with exact line searches. We can see that Newton’s method with exact line searches is of
wider practical applicability and when the ratio \,, /A, .1 approaching 1 the accuracy of the
eigenvalue computed by the Newton’s method with exact line searches is better . At the last,

some numerical examples are presented to support this claim.

Key Words: quadratic eigenvalue problem; hyperbolic; overdamped; solvent; quadratic

matrix equation; Newton’s method with exact line searches.
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QN =NA+\B+C, A, B,C e C™™" (1.1)
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I 2.2: Q) = N2A+ AB + Chn x nZE 130l 7 — YRFAEE 1) 8, A

(@) Q(A)I2n MEFAE R AR S H A~ F

_3_



2.2 i RE 8 — RFEAE 7]

(b) TEQ(N)MIRETnN KIRFHIEEFN G n AN /N FIRFAEAE 2 [ A7 — /> []Bg R)
M >N > > A > Mg > > o

(©) YA € Ani1, M), AQN) < 0; VA € (— o, Agp) U (A1, + ), HQ(N) > 0

(d) XF T BT MFAEAEAF AR D Bk T0 R R AR AE ) 8 5 2 XS B, [RIRERT T Ja n AN AE
EAFFER AN EAE T R YRR 1) 5 5 22 06 B

() IR M T AW AN B FXO, XA, H i XOF B fgin A 8 K $F 1E
B, Aa, ooy Ay XOXTRL G NBUNFFIEE N o1, A2, o Aon. A

Q\) = (M — XA — XDy = (A — XIHANT — X))

R (a), (b) A2 AR BT, T (c) FRIIE B 1E 225 SCHR[16] 7 45 H . 7EE B
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