A K H

, 361005)
X, A P, A B AX= BXA, (A, B)
. Sas , : A ,B",
(A B) € Sup, E (&8 (A,B) . , ,
10 241.6 CA - 0438-0479(2006) 03-0305 06
AX = BXA (1)
, A ,B €c", AB-€
[~ Sas,
: e I[A", B ]- [4B} || =
P Lot l[A",B ]- [A, B] |l (2)
/12~ 14] “AB
. Sas= {[A, B] | AX = BXA,A,BERP”X”}
" nxm s Ik k )
;A+,AH, el A Moore B= 1.,
Penrose s , Frobenius ;rank(A),
R(A),N(A) A s s
1 PEC™ , 1
YP= P', ()P’ = I.
( ) ( ) P E C,"xn P2=
, P n
I, P 1. 1 P r ,
‘ P= [ﬂ’ 1 roo
2 PEC™ , A€Ec™ | .
P ( ) , :A= PAP(A=-
5 n—r
PAf:)n. n - ( ) | peEC™ ’ n
RP™"(ARP""); <. D,
P= €n, €n-1, -+ el] ’ e I
1. i, nxn ( ) P= D[ ! }DH (3)
( ) * R P
. axm (3)
X=x(x1,x2, oy xm] € C :A: ) AEC™ A
diag( A, X, - M) € € PEC, E
A, B € RP™", A= D[ F]DH, VE € C™, VF € ¢ """,
(4)
:2005-1+15 > A ’ 1,
(10571012), A= PAP -
(Z0511010) - -
(1975- ),

Ir Ir
: D[ } DHAD[ ] D",
linli-xm@ 163, com — I — I


https://core.ac.uk/display/41378117?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

) 2006

E .
< A = D[ F}D”,E € ¢,F €
¢ A= PAP, A }
3 PEc , A€
c" Al A, :A1 € RP™",
A> € ARP™",
(i) A€Ec™, A= ArHAP 2PAP,A2 -
%, A1 € RP™", A, € ARP™".
(ii) A1 €ERP™", A" € ARP™",
A= A+ A/z, Ai—- A= A/z—Az,

P PA.P- PA \P= PA .P- PA.P.
Ai- A € RP™", A> - A, € ARP”", A

—Ai=- (A2- A) = Ar- A
Al = 14/I,A2= A
4 X= (xl,xz, vy xm| €CTT, A
= diag( N, ko, - M) €C™7, AX = BXA
A, BE C™", [A, B] = GU’,
G € Cnx(zn-r) U c C2n><(2n— ")
: R(U2) = N([X', - (XN)"]).r =
rank([X", = (XM)"]).
AX = BXA
[A,BJ[_ XA} = 0 (3)
Penrose
=i [ XL
- XA - xA
VZE C™ (6)
L
- X
X z 0
B
U= (U,U:) 2nX2n , V= (Vi, V)
mXxm , 2= diag(0, ®, .., 0),R(U:) =

N([X", = (XN)"]),r= rank([X", - (XN)"]).

\
fo - 1o
Z
0 _I(2n—r)
\

Aw.wy 0 1[l)-
>( L U2) 0 I JLUY -

UJ'H = ZL.UY = GUY (8)
i U: E CZnX(Zn—r)

V/ (O,Uz)[UH

G= ZU: € ¢~

Xi 5 “m
D'x = [ Z],X. €EC" x. €

X
I. 0 0 0
0- 0 0 I. 0 o
0 I.. 0 0
0 0 0 I..
1 X= (xl,xz, ey Am E C"xm7 A
= diag( N, &, --» M) €C™" PEcc,
A, B € RP"™",
MU 0 ] D
o™ ol
(10)
M E CrX/Zr—rl)’N E C/n—r)X(Z(n—r)—rz) ’
wl) E CZr'XVZr*r,), UgD E CZ(rrr)X(Z(rr )=r,)
RY) = NMIX', - (XiM)"]), i =
rank([ X1, - (Xin)"]),i= 1,2
2, A, BERP™"  AX-=

BX A A, B € C, Ay B, €Y

AI " BI "
D DX=D D XA (11)
A B

R | R [ RS

AtXi = Bi X1 A (12)



* 307 ¢

A2 X2 = B:2X:2A (13)

Xi
- X,A

3ol v e
- XiA
i= 1,2 (14)
v’ = (W, 0) 2r x 2r , U7 =
(W, U0) 2(n-r) x 2(n- 1) ; VO =
(W7, V(z“) mXm , Y = dlag(ov @,
o)) RUY) = N(X!', - (XiN"]),r =
rank([X!, — (Xin)"]), i = 1,2,08" € ¢~
wZ) E C2(rhr)><(2(rrr)fr2) (12)
(13)
[A, Bi] = MU"" (15)
[A2, B:] = NUY" (16)
M E CX(err‘])’ NE C(/l*/‘)X(Z(mr)fr‘z) ,

D Al 0 B 0
DH[A’B][ D]Q: [o A 0 BJQ:

{(Al,Bl) 0 }
(17)
0 (A2 B2)
(15)  (16) (10)
. .. [D Al An
iami” Je [ 1],
A € C™ An € Y (18)
2 X= [x1,%2, -5 xn/ €Cc”", A=
diag( X, X, .., ) € C™" P €C,
A ,B €c™, (10) ,
Ay By :
AL " 0
[ = Dl 0 AnUY U&””}
QT[DH ] (19)
DH
1 S , Sa = {[A, B]
| AX = BXA,A, B € RP"™") )
[A1, Bi], [A2, B2] € Sus, AE [0, 1], AX-=

B XA AX = B XA A, B € RP™", A2, B: €
RP™', (Mi+ (1- NA)X= MiX+ (1- NAX=
(MBi+(1- NB)XA, M+ (1- NA» ERP™", B,
+ (1- NB: €RP"™", NAy,Bi]+ (1- N[A2, B2]
€ S, S .

y San [Ak, Bi ], -

[AGBi(k -+ o), A4C RP™", BiC RP™". AiX
= BiXA
lak - BxAll= lak- AXx+ BXA- BEAIS
lax - Ax |+ IB:xA- BEANS

lag axlllix Ik B~ plllx [ All

k -+ o A - A4B: - B4 AX = BX A,
[A4Bf € Sus, Sas . Sas ,
. , C™" Banach ,
|: Xi i| , Uy -
- XiA
(W, 0")  2rx2r L, U7 = (P, 187
2n-r) Xx2(n-r) , (18) v,
U?,D,0

lrA”,B ] - [A B] I =
”D Al AL T DH ]
A21 A D' -

S
D .| @ p
NUY D

2

i - Mo P+ 1
las - NU2" IP.
lra™, B 1- [A,BI I =
A= MU, An = NUY',
M= ALWUY,N = AnlUS” (20)
(20) (10) (19),
[A",B ] , [A; B}
3 AT BT €t AV BV ] =
arg  inf lfA”" . BV ]~ (A B]i= 1.2
lrA2, B9 ] - 49, BY] |
<a||[A(2)* ,B(2)* ] _ [A(l)* ’B(l)*] ” (21)
a [A(i)*’B(i)*]
(18)

. . Al An D"
(4.8 )= D[A; Azj QT[ D”}’

lra B> ) (4™ B ] P =
H AR Aﬁ?*}_ [Aw* A“’*}
A a9 )7 Lagr 4w
A" — A" P4+ Il - Al
las? - A% 1P+ 4% - A% IP,

2

I+



+ 308 ¢ ( ) 2006

(19) [ B].
||(A9), BQ’] - (Aﬂ’, BU)] I> = (9 0 PEC™
lAﬁ’* v " 0 } , P n 1 r ,
0 A v "] X
A v " 0 ) I )
0 ALY U(22) U(zz)H - ()P = D|: _ g ]D , r, D.
(Al - Al 0 } . i [Xj
H[ 0 (AD" — AW (ii) (9)D'X = wl’ X1 €C™, x2 €
lU&l) " 0 } ’ P ¢
0o W' (iii [ ;\] (i=12) ,
||U§U UEM ||2+ ||U52) U52)H ||2j v € ¥ LU(ZZ) € oHmrxm -y
oA — a0 )+ leag” - a”) ) < S
crla -l e - avy k< o oasl” e )

(12 ”[A(Z)* ,B(Z)* ]_ [A(l)* s B(l)* ] ”2.

* rx2r * (n=r)x2(n-r)
L o , An €EC77, An € C )
a= 6" v I s |, (21),

(v) (19) [ A7 Bf.
n= 2r, r
oA+ il
2 . P- l[ T }
JsL2rn - iI.
1 2 I. .y
P :P=D D", D
- 1.
nXxXn .
(i) X = [x1,x2, cnan] € C™" A = Is 0 0 0
diag( X, &, -, M) € ¢ P ECc. ¢ 0 0 Is 0
(i ) | el R S
(i) A ,B €C". 0 0 0 L
[A",B ]

[0.8903+ 0.1988i 0.1911+ 0.7537; 0.4574+ 0.7313i 0.0492+ 0. 5488]
0.7349+ 0. 6252 0.4225+ 0.7939; 0.4507+ 0.1939: 0.6932+ 0.9316:
0. 6873+ 0.7334; 0.8560+ 0.9200; 0.4122+ 0.9048 0.6501+ 0.3352

r= 0.3461+ 0.3759; 0.4902+ 0.8447i 0.9016+ 0.5692; 0.9830+ 0.6555i|
0. 1660+ 0.0099: 0.8159+ 0.3678 0.0056+ 0.6318 0.5527+ 0.3919%
L0. 1556+ 0.4199: 0.4608+ 0.6208; 0.2974+ 0.2344; 0.4001+ 0.62734
0. 0099 + 0. 6458
A 0. 1370+ 0. 9669:
0. 8188+ 0. 6649i
0.4302+ 0. 8704¢
[0.5028+ 0.9568 0.6822+ 0.2523i 0.8600+ 0.1991i 0. 6449+ 0.9883i 0.5341+ 0.2259i 0.7027+ 0.3798i]
0.7095+ 0.5226: 0.3028+ 0.8757; 0.8537+ 0.2987; 0.8180+ 0.5828; 0.7271+ 0.5798; 0.5466+ 0.7833;
A° = | ®4289+ 0.8801i 0.5417+ 0.7373i 0.5936+ 0.6614i 0.6602+ 0.4235i 0.3093+ 0.7604i 0.4449+ 0. 6808i

0.3046+ 0. 17307 0. 1509+ 0. 1365; 0.4966+ 0.2844: 0.3420+ 0.5155; 0.8385+ 0.5298; 0.6946+ 0.4611: .

0. 1897+ 0.9797:¢ 0.6979+ 0.0118; 0.8998+ 0.4692; 0.2897+ 0.3340; 0.5681+ 0.6405; 0.6213+ 0.5678;

00.1934+ 0. 27141 0. 3784+ 0.89397,.0..8216 4+ 0, 0648i ;0. 3412+ 0. 43280 -,0.3704+.0.2091i 0.,7948 +, 0, 7942.



3 : * 309 -

2126+ 0.7275i 0.6299+ 0. 89281'_

0.0592+ 0.3127; 0.0150+ 0. 61247 0.4983+ 0.0576: 0.4120+ 0.4544: O.
0. 6029+ 0.0129: 0.7680+ 0.6085: 0.2140+ 0.3676: 0.7446+ 0.4418; 0.8392+ 0.4784; 0.3705+ 0.2731i
B* 0. 0503+ 0.3840; 0.9708+ 0.0158: 0.6435+ 0.63157 0.2679+ 0.3533; 0. 6288+ 0.5548; 0.5751+ 0.2548i
B 0. 4154+ 0.6831; 0.9901+ 0.0164: 0.3200+ 0.7176: 0.4399+ 0. 1536; 0. 1338+ 0. 1210; 0.4514+ 0. 8656
0. 3050+ 0.0928; 0.7889+ 0.1901: 0.9601+ 0.6927; 0.9334+ 0.6756i 0.2071+ 0.4508; 0.0439+ 0.2324;
L 0. 8744+ 0.0353: 0.4387+ 0.5869: 0.7266+ 0.0841:i 0.6833+ 0.6992: 0.6072+ 0.7159: 0.0272+ 0. 80494/
X, NA B , MATLAB , [A- B}
-0, 2627+ 0.3801: 0.0248- 0.1360: - 0.1364+ 0.2724; 0.0989+ 0.3264i - 0.0519- 0.0210; - 0.4073+ O. 1027i-
0.45%+ 0.1972i - 0.1553+ 0.1877: - 0.1037+ 0. 1671i 0. 2352+ 0. 3069i 0. 1361+ 0. 1138; - 0.3728+ 0.3147:
A 0. 3082+ 0.2022; 0.0374+ 0.0611: - 0.3072+ 0.4212; 0.3387+ 0.2917i - 0.1904+ 0.1232; - 0. 1296+ 0. 3294
- 0.3204+ 0.1167; - 0.0479+ 0.0289: - 0.1622+ 0.3875; 0.2627+ 0. 3801 0.0248- 0. 1360; - 0. 1364+ 0.2724:
0. 3867 - 0. 0040: 0. 1727 - 0. 0406: 0. 0281+ 0.4870i 0.4596+ 0.1972i - 0.1553+ 0.1877: - 0.1037+ 0. 1671
L 0.4366- 0.0960; - 0.0157+ 0.2262; 0.188+ 0.3013: 0.3082+ 0.2022: 0.0374+ 0.0611: - 0.3072+ 0. 42124
_O. 0422+ 0.2027; 0.2791- 0. 0448 0.2686- 0.2493; - 0.0764+ 0.3258; 0.2816+ 0. 32861 0. 1050+ 0. 1225 i
0.2002+ 0.2817: 0.5411+ 0.1732; - 0. 1192- 0. 3038: 0. 0353+ 0.2554; 0. 6940+ 0. 0362: 0.2610- 0. 0607:
B 0. 1004+ 0.3818; 0.6241- 0.0313: 0. 1557- 0. 1276i - 0.0746+ 0. 1603: 0. 4257+ 0. 4194: 0. 4290- 0. 3054;
B 0. 2148+ 0.2566: 0.4318- 0.0282: 0. 1610- 0. 0105: 0. 042+ 0.2027; 0. 2791 - 0. 0448 0.2686— 0.2493;
0.2255+ 0.1251: 0. 4453- 0.5335: 0. 1080- 0. 2452 0.2002+ 0.2817:i 0.5411+ 0.1732; - 0.1192- 0. 3038:
L0. 0835+ 0. 1559; 0.5909- 0. 0889: 0. 0130- 0. 5264 0. 1004+ 0. 3818 0.6241- 0.0313: 0. 1557- 0. 1276i
10" <e<10°, [A,B] A8 = A+ €* AL, B(§ = B+ € BI, [A(E)",
B(¢) ],
-O. 9501+ (84627 0.4565+ 0.6813; 0.9218+ 0.3046: 0.4103+ 0.1509; 0. 1389+ 0.4966: 0.0153+ 0. 3420i-
0.2311+ 0 5252i 0.0185+ 0.3795; 0.7382+ 0.1897i 0.8936+ 0.6979: 0.2028+ 0.8998; 0.7468+ 0.2897:
Al 0. 6068+ 0 2026: 0.8214+ 0.8318; 0.1763+ 0.1934; 0.0579+ 0.3784i 0.1987+ 0.8216: 0.4451+ 0.3412:
B 0.4860+ Q0 6721:¢ 0.4447+ 0.5028; 0.4057+ 0.6822; 0.3529+ 0.8600; 0.6038+ 0.6449; 0.9318+ 0.5341:
0.8913+ 0 8381i 0.6154+ 0.7095; 0.9355+ 0.3028; 0.8132+ 0.8537: 0.2722+ 0.8180; 0.4660+ 0.7271:
LO. 7621+ 0 0196: 0.7919+ 0.4289; 0.9169+ 0.5417; 0.0099+ 0.5936; 0.1988+ 0.6602; 0.4186+ 0.3093u
_O. 8385+ 0.5298i 0.6946+ 0.4611: 0.1730+ 0.4154; 0.1365+ 0.9901; 0.2844+ 0.3200; 0.5155+ 0. 4399;
0.5681+ 0.6405; 0.6213+ 0.5678: 0.9797+ 0.3050; 0.0118+ 0.7889: 0.4692+ 0.9601; 0.3340+ 0.9334;
Bl 0.3704+ 0.2091; 0.7948+ 0.7942: 0.2714+ 0.8744i 0.8939+ 0.4387i 0.0648+ 0.7266: 0.4329+ 0. 6833:
B 0. 7027+ 0.3798; 0.9568+ 0.0592: 0.2523+ 0.0150i 0. 1991+ 0.4983: 0.9883+ 0.4120; 0.2259+ 0. 2126:
0. 5466+ 0. 7833 0.5226+ 0.6029: 0.8757+ 0.7680; 0.2987+ 0.2140; 0.5828+ 0.7446:; 0.5798+ 0. 8392;
L 0.4449+ 0. 6808: 0.8801+ 0.0503; 0.7373+ 0.9708i 0.6614+ 0.6435; 0.4235+ 0.2679: 0.7604+ 0. 6288
15
10 , [A(® ,B(9 ]
[A€9, BtY ], Af9), Bt € RP™".
o I e , [4¢9),
_5 Bte)] [A(® ,B(9 ].
-10
.15
20— —
0 8642 02 4 638 10

log i €
1 logw([A(9" B9 1~ [A(8), BO)]) ("+")
Fig. 1 10g10([A(8)* ,B(8)" ]- [A(g),B.(g)]j ("+ "



° 310 ) 2006
[J]. , 2002, 18(3): 4- 7.

[1] Chu M T. Inverse eigenvalue problems[ J]. SIAM Rev., [9] ) : [J].
1998, 40: 1- 39. , 1999,31(6): 679- 685.

[2] Chu M T, Golub G. Structured Inverse eigenvalue prob- [ 10] [J].
lems[J]. Acta Numer, 2002,11: 1- 71. »2002,34(2) : 190- 192.

[3] Gladwell G M L. T he inverse problems for the vibrating [11] ’
beam[ J]]. Proc. Roy. Soc., 1984, 393: 277- 295. RIE , 2005,27:53- 59.

[4 Hald O. On Discrete and Numerical Sturm-Liouville [ 12] Chen H C. Generalized reflexive matrices: special prop-
Problems[ D]. New York: New York University, 1992. erties and application[ J]. SIAM.J. Matrix Anal. Appl,

[5] Joseph K T. Inverse eigenvalue problems in structural de- 1998, 19: 140- 153.
sign[J]. ATAA.J., 1992,30:2890— 2896. [13] Chen H C. The SAS Domain Decomposition Method for

[6] LiN, Chu K W. Designing the Hopfield neural netw ork Structural Analysis[ R]. University of Illinois, Urbana,
via pole assignment[ J]. Internet. J. Syst. Sci., 1994, 25: IL: CSRD Tech. Report 745, Center for Super-computing
669— 681. Research and Development, 1998.

[7] ) . [M]. [ 14] , . [M]. : ,

. 1991. 2001.
[ 8] )

Inverse Generalized Eigenvalue Problem for Reflexive Matrices

WU Chum-hong, LIN Lu’
(School of Mathematical Science , Xiamen Univ., Xiamen 361005, China)

Abstract: Inthis paper, we first consider the inverse generalized eigenvalue problem as follows: Given a matrix X, a diagonal ma-

trix A and a generalized reflection matrix P, the reflexive matrix solutions (A, B) of AX= BXA are considered. The general represen—

tation of such a solution is presented. We denote the set of such solutions by S4. Then the optimal approximation problem is dis-

cussed. That is: given arbitrary matrices A* , B", find matrix(#A;B) € Sz which is nearest to (A", B" ) in the Frobenius norm. We

show that the optimal approximation solution is unique and provide an expression for the nearest matrices. T he algorithm and one nu-

merical example for solving optimal approximation solution are included.

Key words: generalized eigenvalue; inverse eigenvalue problem; reflexive matrix; optimal approximation



