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A Quick Iterative Algorithm for Quadratic Equations in an Overdamped System

JIN Jicheng, DONG Ning, CAI Ruzhong
( College of Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Aiming at the numerical solution of quadratic matrix equations in an overdamped system, and based

on an analysis of the structural properties of the coefficient matrix of the equation, an iterative algorithm for a quick

solution of the equation has thus been proposed, with its speci

fic iterative format and convergence subsequently given.

The numerical experiments show that the proposed algorithm is of practical significance for the effective solution of this

kind of equation.
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(1) BB R AFFAEAE 7] @ ( quadratic eigenvalue
problem, QEP) .
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D=P diag(d, -, d, O)P,"+1l,,,

b

WimBEE:
E&WH:

2017-12-01

JTHATEIIH (17C0466 )
EEE:
N #2505, E-mail: jcjin2008@sina.com

tructure-preserving algorithm; Toeplitz matrix; Hankel

K=P,diag(k, -+, k, 0)P, +«I,,
Hob, m YRR R, 1, n Br 8GR, d, ool
10 0

BUEREL ko NsPEREL P, =| .
0

T - S HE R G, BRI m Y
PRI — A SR ER— B JE SR 2 T — ik, JE
S R KOCRIEE 2 R B 5 & A s TR B A
A IR e A% e R b, Hovk ZR AR JE &

WREE BARFLEE I E (2017102071) , WA HAE TS EHEEERITE (17B071) , WEAHE

SR (1963-) , 5, WIRHP A, W T RSAEEE, WA, 32 NS o T R RUE Ty 15 e )



2 (71 N DR AN N S S 14

By iAo 0, FESEBRI R, AT A
Fer o i — % R g R AL T 2 (overdamped )
RAS, VRS RECE M= 2 FrE X 1.

EX1 #M>0, D>0, K=0, JFHAFTEH
(>0 ffif D>uMpc 'K, WIFRBEJE R 484 F 3L B etk
Ao X HL2 A XIFREE M, M, il RANE M, = M, (8¢
M>M,) KR8 M-M, JEIEE (BOEE ) HFE.

) 2 Gt 2 15 Ak T 3k BHLJR IR AR T SR A % L 1Y
TURHIE(E A (1) o (LG8 R R X — [n)
bR —A> 2n QAT SCRRAEAA )& ), DATT R
QZ SRk Aok ), X RO AT A A P — e
Fo Guo C. H. " BRI A5 (1) MidfekEEs
Al L3 o —Fhf# o0 715 (solvent method ) > H1 1,
RIS sR it — O L B 78

O(S) = MS*+DS+K = 0 (2)
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i T 530 S g A B i i R 7 ) — A SRR (B 40 5] R
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350N n By Toeplitz JH [ F1 Hankel 55 %, W] M=T+H
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A BRI TR PR, HH Hankel HFEFR 73256 T
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XIRREG W, AT ACHe THH i FE, HET ER WM E A
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R (Wnui — U ) =€, S - 1 = 51}1 ©
m=1
Hor =2, 3,0+, no MM E FRARIE 0 | 3,

HHE 3 2 B, 7ETHIE R (i JE BRI, 5 oK
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1) FAERE 2 Fiag s 3 P[5 (S, -H) s
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— e RS 0O R R PR AU 5

Ve (S—H) "' B IRBEL N Tn’s WAESS 2 B it 5
Mk(sk_Hk)_lKk\ M, (Sk_Hk)_le Al K, (Sk_Hk)_lKk E/J ﬁ
RIS ZRBE 20y 25n°2, TN L T HA A 2% 2
KKy 520°2, B O(n’) IR ZARPE

4 HEZR

EN RO SRR o8 SUNERVISE R P A DI IERECRTS
2 WA RLE. SR Matlab Zi A2, K 50E 2 5Ok
PRSI T: 1, FE T3 B ) R+ 300 B2 0y i
AT, ¥ sty PC 3 BN HF 4 GB NFF
1l Intel 2.3 GHz CPU [ Windows #4t, %2k N
eps=2" = 1.1 x 107, BRI A2 1 E Ny

[ S =S [/ 11 S lly < nxeps, (8)
A |lofl, FRFERERY 1%L
n AFEFERIBEL

43 (8) WER, BUS,., fEoA R (2) Bl
fif, JEFEC Iy R R A X Sk

=S DI/ (IMILIS el l+HID 1Sl HIKT] ) -

Bl 1 HZEpE R "R RO (2)
ORI A 28 O R

M-I,
D=p-tri diag(-10, 30, -10),
K=tri diag(-5, 15, -5),

Hor tri diag(a, b, ¢) Fn =X, EXTAITH b,
R} ¢, TIRMMAN a5 pRHERG RS
TR FHERES M IER. IR 1 A 2 A
Rtk

g Wp=1 (et BHIERT ) M p=0.448 (£
TS BHRIRAS ) PIRMELL, Arldaus 2 AEER L.
TR TG n 235U 500, 1000, 1500, 2 000,
MRS AR, BRI RREC x, T RERIFERS
BeAt Sy r, CPU TMAERITTHEI A ¢, A5 SRS 540
R 2 R,

F1 Bl p=1 HERHEENERILER
Table 1 Comparison of two algorithm results in

example 1 when =1

; Bk Bk 2
X t/s r X t/s r
500 5 1.7 8.83e-17 5 1.1 2.64e-15
1 000 5 19.9 5.57e-17 5 46  3.27e-15
1500 5 56.1 4.40e-17 5 16.3  3.02¢e-15
2 000 5 95.9 3.35e-17 5 36.7  2.53e-15

M1 ME 2 TLLAE S, REEIIAEE L 1 AR
LA BEE 2, 7R RGN T 58 Al B e R A el
S PSS AR, #BRESRIG AR (2) MM, [HAEM

RS , AT SR 2 5 R RE M A 582 1
AHEG, RELASE /D A a) A5 Ty R, ARAS A AR XS
B 5 R ORGS0 1 AHZEAR

F2 Bl p=0.448 RAFHEEHLE RILE

Table 2 Comparison of two algorithm results in
example 1 when =0.448

; X7 2
X t/s r X t/s r
500 9 2.9  3.58e-17 9 1.9  9.63e-15
1000 9 313 6.12e-17 9 11.6  1.47e-14
1500 9 97.1  8.67e-16 9 237  1.78e-14
2 000 9 135.0 7.64.e-16 9 40.6  2.03e-14

B2 R R Q(S)=MS*+DS+K=0, ZF1L
FERE M A K EA L (4) haERE R TR, oo
R A (-1, 0) FFEHLA A EC(Q < i < n),
re=2n. HEFE D=uM+u ' K+1071,, o ol E SeRk
I UEFEL 1 A 2 WA A .

B TR, RS T B IRAS . B
w=1 FIUASTR] ) 7 FE B8 n(500, 1000, 1 500, 2 000)
I CRES R AR 1 AR 2 ORI T4
Rk 3 s

Fz3 G2 pEMEENERILE

Table 3 Comparison of the two algorithm results

in example 2

; X7 A2
X t/s r X t/s r
500 4 0.4 2.67e-16 4 0.9 4.72e-15
1000 4 2.9 2.00e-16 4 1.8 1.49¢-15
1500 4 8.3 1.32e-16 4 3.6 1.39¢-15
2 000 4 13.5 1.47e-16 4 5.8 2.09¢e-15

M3 ATLUE Y, PRASHIINESNE 1 FIASC A
ML 2, fERGAE T BRIRAS T RERESR A7 FEfY
fifto TE n BRHITRARR IR EZEAZIEIT, 5Bk
2 PSR A RES RIS 32 1 SR D5 R T I A A N [R]
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