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A R FRIE nx m NEEEES; SRV (SRY™) RAREM n x n LI (EXTFR
BEE) EESES, ASRYV™ FTrelk n MERMREMES; ORY™ RRIHE n BIEXE
ek, I 3R k YEAAISERE, BSRY™ FHREk nx n WMHLERERSE; SARY™ FxR
Sk n x n XSRS FRERESE, XE—NEMIRIERE A = (aij)nxn BFRASTFRFR I
SERE, IREXFTEN 1<4,5 <nH aij = aji,@ij = —Gns1—jn+1-i; Tank(A) TR A 9%k JTF
A = (aij), B = (bij) € R™™, Ax B ¥R A5 B #J Hadamard 7R, HE XN AxB = (aijbij);
£ Rvm digg XN (4, B) = te(BTA); AR HETERL |Al = /tr(ATA) B4 Frobenius
T, RV M— AR RRZEE.

B Sn = (en,en—1, -, e1), T e HEMIERE I, B95E i 5. B Sp = Sn,SnSn=1.
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[G18H I. 442 A€ R™*" C € R™*™ S C R™*" g

={X € 5|AXAT =C}. (1)

kX es #5
X1 = in I X).

AEA P.Lancastert! 4255t § = SR™™" f1 S = SRI*™ XA I #4177 #40iHie, A
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SOHFRE S = SAR™ ™ 1HRTEIRR 1, FFFIRT X3 FES % (GSVD) 1 SAR™ ™ HZHI%H Sy
FENRERERTRFSA, FAMHEATE S %, N—EFEE—R/INLEE.
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XE4n=2c0, DR@2)A; H¥n=2c+18, DE@3)R.

538 2 R™*™ = SR™*" @ ASR™ ",

SI3 3 4% B,CT € R™*, A = diag(\1, -, m), H = diag(hs,
1,2,---,myh; >0,5=1,2,---,n. 0 (i) (65

9(X) = |AXH - B|> + |HX"A — C||> = min

£ R™ " RIEEME—fR

X op 1B g
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(i) 9(X) =0 £ R™ " P HBURELRMRE B=CT, BM—HH
X =A"1BH™!

B (1) ] B = (b),C = (cij), X = (Zi5)mxn, W

9(X) =3 > [(Aswishs — bis) + (Nizishy ~ cj0)?),

i=1 j=1
S ELAT
bij + ¢4
2nih;
B, () ABRME. EATREHBREE (6)
(i) H=EH (AXH)T = HXTA, 5iE.
53 4 %€ C € R***, A = diag(oy,---,0,),H = diag(Br,- -+, Bs)
1,2,...’3. ia

Ty = 1<i<m,1<j<n
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Sz = {X € R***||AXH + HXTA - C|| = min}
S3={X € R**|AXH+HXTA=C}.
W (1) S5 EEMAERMR CT = C, BATHERTRN
X=AU+«C—-HW*xY)TAJH '+ &+ C + U *Y,VY € R*™*;
# CT =C, W S5 *FFFFEME—H X {F | X|| = min, B X WHN
X =H(FxC)A,
Hep .
F=(fi), fis = W,i,j =1,2,-,s.

(i) Sz PIURBERATRN

\I,T*C+CT C+CT

5 — —H(T* Y)TAJH™! + & «

X =AY

+UxY,VY € R**2,
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B (i) BEXHEE X € R, H (AXH+HXTA)T = AXH+ HXTA, FiY#E S5 2,

nBm CT =C.

R2# C =C, BHRIE Xo=A (YT +C)H™1 + &+ C € S5, Bl S3 7.

# C = (cij), X = (z:5) € R, ¥ AXH + HXTA = C B
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(i) B (AXH+ HXTA)T = AXH + HXTA, B35 2 41

C+CT
2

2

2+ Cc-CT
2

IAXH+HXTA - C|* = “AXH + HXTA -

Fel |JAXH + HXTA - C|| = min SMF [AXH + HXTA — C2C7 )| = min. & 9£C° 2at#r
MERE, B () 0 JAXH + HXTA — 9290 = min=0, H S, FEEERTEY 14) R,
ABFREIE 1, BITE EiIHE TR &
[BIRE II. A Ay € R™X(=F) A, € R™*k C e R™*™ g

S ={Y € R*"M |4,y AT + A, YT AT = c}. (15)

* f’ €5, fﬁ'f&
¥l = pin f¥].

B [A1, As] B9 X E RES R

Ay = MZ 4 U, Ay =M5,, VT, (16)
B M 2 m xm BraEE R/,
U= S Ui, 3U2, n_Uk's_Z_s € OR(—RIx(n—k)
V= (k‘-{-l'r,‘— t Vi’ tlé r)— s € ORM¥, (17)
Iy, r
O R T (15)
0 m—t
O4, T
Taz = 3 Lo |eoeos (19)
0 m-—t

XHE, t=rank(A4;,42), r=t— rank(Az), s = rank(A;) + rank(Ag) — ¢, I4, Ly, RBEPTEE
B, O, Ml On, REFFNE, A = ding(on, -, 00), H = diag(Br, -+, ) 1> o 2 - 2 0 >
0,0<f<Be<--<Ps<lia?+p2=1i=1,---,s.

I 5 AR AR [Ay, o) 607 A RESMRI (16) R, 1T

Cnn Cia Ciz Cyuy T
Ca1 Crn Coz3 Cy s

MicM T = C31 Csz Caz Cay t—r—s . (20)
Cun Csp Ciz Cy m—t
T s t—-r—s m-—t
W () Ss EFMRELRMAER
CT = C,C11 =0,C33 =0,C14 =0,C24 = 0,C34 =0,Cy4 = 0, (21)
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H Sy B EXTRA
Y Yio Y3
Y=V| H'Cyy Yoo Yoz |UT, (22)
Can Cas2A™! Ya3
Hep
YYy; € R(k+1‘—t)><1"1/12 c R(I<:+r—t)>(s’}/13 e R(k+r—t)x(n—k—r—s)’ 03
Yo3 € Rsx(n—k—r——s)’)/sa € R(t—r——s)x(n-—k—r—c); ( )
Yoz = A7 UT « Cop — H(U + E)TA|JH ! 4 @ x Cyy + U % E,VE € R***; (24)
@, v fm (9) AN
(ii) #&M (21) XML, N Sy PHFEH—/ Y &
¥l = min,
BY &N
R 0 9 0
V=V| H'Cn ¥ o0 |UT, (25)
Cs; 0321\_1 0
H Vs, = A(FxC)H, F 1 (13) &.
JEBR () # S. k%, BRCT=C. %Y e S, MRS FHRESEX (16), F
MZ 4, VTYUSE MT + MEA,UTYTVELMT =C, (26)
BT M EFR, EXSNHT
T4, VTYUSE +Z4,UTYTVE], = M'CM~T. (27)
o
Yn Yi2 Y3 kt+r—t
Torr Yo1 Y2 Yo3 s 28
VYU = Ya1 Ya2 Yz / t-r-s (28)
r 8 n—k—r—s
¥ (20) F1 (28) A (27) B
0 Y H Y 0 Cn Ci2 Ciz Cu
HYy; HYaA+ AYz'gH AY3T2 0 - Coyp Cp Caz Cog (29)
Ya Ya2A 0 o0 Csy Cs2 Caz Ca |’
0 0 0 0 Cy Ci2 Cy3 Cus
A (27) RENTF
HYy = Cy1, Y, H = Cy3,Ys: = Cia, Ya1 = Ca1, YazA = Csz, Vg5 = Ci, (30)
Ci1=C33=C14=C2=C34=Cyy=Cy =Cs2=Cy3=0, (31)
HYoo A + AY,oH = Cao. (32)
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M55 Sq FEEMFERMR (21) XML, Hh5IE 3 M5IH 4 5 S, TTREBERTFRY (22)

z=.
(i) & (21) WL, Xt VY € Sy, X "FRA (22) A, M

1Y 112 =lIYaal1? + [[Yazll? + [ Yasll? + | Yas )i + [ Yas]|® + |[ Y22l +
(Carll® + | HCa ||* + [|Caa A [ (33)
EE ||Y|| = min ST
Y11 =0, Y12=0, Yi3=0, Ya3=0, Ya3=0 (34)

(Y22l = (35)

min .
HY22A+AY2'§ H=Cyq

M5 40) &, (35) REHE—RE Yoo = A(F « O) B, H F 0 (13) R, HHA (34) R
R (22) 278 (25) R O

3 [a&8 I AR REEL
T 1 AFE Ac R™" C e R™*™, 8§ = SAR™™ if
AD = (41, Az), A, € R™ (k) 4, ¢ Rm*K (36)

HFY n=2c0, D2 R,

a5 ) a1 )
HbYn=2k+18f, Dimn@3) =K,
1 [ & 1 L
Alz—ﬁA(gk),Az=7§A<—OSk); (38)

B A1, Ao] ) XEREMEM (16) K, 12 M~1CM-T fm (20) K. W
(i) S EZWFRERMER (21) KWL, H S FHRHRERN

x=p(y ) )or )
H Y m(22) )
(i) % S JF=0, FEM—K X e S
%)= gip X1
B X kN A
X:D(}g Y(;T>DT (40)
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Hep Y fm (25) R
iEBR X VX € SAR™ ™, 3|3 1 MIfEfE Y € RF*(n—Fk) [&
X=D<3 };T)DT’ (42)

EEEF (36) =X,
AXAT = A Y AT + A YT AT,

El S ETENTF S, k25, BhEE 5 HERTHER. =
TEMFREE I HEE DT X ¢ B
(1) #|A AC;

(2) % (37) B (38) HH As fl As;

(3) #& (16) 1F [Ay, Ao] B9 XEF AN

(@) £ (20) Xxf MICM-T fE5r8y

(6) AR (21) REBBMIL, B4EE, BHQ), BATH TR, 4%
(6) e (25) HH V3

(7) #% (40) RitH X, HiligER.
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Solutions of Matrix Equation AXAT = C in Symmetric and
Skew-Antisymmetric Matrix Set

ZHOU Fu-zhao"?
( 1. College of Math. & Comput. Science, Changsha University of Science & Technology, Hunan 410076, China;
2. College of Math. & Statistic, Wuhan University, Hubei 430072, China )

Abstract: By applying the generalized singular-value decomposition (GSVD) of matrix pairs and the
properties of symmetric and skew-antisymmetric , we obtain the sufficient and necessary conditions under
which the matrix equation AXAT = C is solvable in n x n symmetric and skew-antisymmetric matrix
set, and prove that if the above equation is solvable, then there exists a unique minimal norm solution,
and give the procedure to find this solution, where A € R™*™ and C € R™*™ are given matrices.

Key words: matrix equation; symmetric and skew-antisymmetric matrix; generalized singular-value
decomposition; minimal norm solution.



