HEMRGiFiE
19884 5 H Bk W

MisEEFREHT
* &+

(Hix kg, HHD

HE: WHEER, RIOAFEEEE LMERE, RAaRm x n Y ERE, HBEAr(4)
= ¢ <min (m, n), Emﬂﬂiﬂ’ﬁﬁ%

M= (; 10(’)- (1)

HbeKKmxr iy, Hhr,x nfy, Br(K)=r, r(H)=ry, m+r,=n+r,, XE [1]
PHETYm=n, A=A, H=K HEEMBFRERE. X8 (2] 84 = AREH
N(A4')= N(A), XBN(A)={x: Ax=0) HANTZFNH, AHMEFRHIEFILER
B %M C2] REFREE, rRn RS BT ZFER.

() .n<m-qgr,<n-49; (i) .rn=m-4q4Hr,=n-45 (iii) . r,>m-
9f8r,>u0 -4, :

BR, EWER (i) T, MEARM, XE (3] 1 (4] RFgT i) MR F
I (i) M diD HR, ABMEEFRORSLEEE.

g, gu( ) HEBERSIZE, R() HEENTER:; A RANHRA4 A= 4
BE—T 3G B,

 FEAHETII®

SIE 1 r(A4, B)=r(A)+r(B) WREFRMER#(A Nu(B) = {0}

512 () =r(A)+r(B) HFRBEAIER (4) R(B) = (0).

F: ABEE (4 B, RMEAIALE BHFEMA: W () W& 45 B & 5B

A,
SR 5| H# 2 UERAR (4], -
BIE3 WA, BRICHPAmx n, mx r#S x n e, W
u(AYNuL(I —~AA)BI={0}, (2)
R(A)R[C(IT-AA]={0}. (3)
i Bk MAmx 1 RBRae u(a) Nu(l - A47), WALHFHEx, fx, EH7
a=Ax, = (I - AA ) x,, (4)

WHAA A =AH (AA)H =AA 1 (4) XAWAERA4, BB Fa = Ax, = (A4 - A4 )x,
=0. Bk, #u(A)Nu(I —A47) = {0} . Wul(I —-AA )B]Cu(I -A447), T (2)

* 19844F 7 23 Bl 3.
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i, HAR(A)(R(I -A D ={0}, MAR[C(I -4 AICR(] -4 4,
B (3) Rifar. BIHiESE,

3158 4 r(A B)=r(A) +r[(I - AA-) B], (4)
=r(B) +r[ (I - BB ) A]; (5)
r(g):r(/l) +r[B(I A A1, (6)
—r(B) +r[ACI ~B"B)" (7)
iE B3 '

rcd B)=r (4 B)(é ,_’:_B)] =r[A (1 -AA") B]

M1 1 MB35, r{4 (I -AA ) Bl =r(4) +r[ (I -44 ) B], T& (4) AL,
SEARLM, TTLHER (5) , (6) # (7) K.

C1E: X r(;; Io{) =r(K)+r(H) +r[ (I -KK )A(I -H H) ], (8)
iE FlAH (6) X, B3
A K K 4 0O H_ -
r(H 0) :r(o H) :r(oKuocco;q.)
v =r(H) +r{(K A)[I - (0 H) (O H)]}O (9)
(9) ANF/"# (0 H) WEBRBIARMBL, 8 (0 H) = (4, T&F
) ~ I o
r{(K A)(I-(0, H) (O, HH}—’[(K A)(o ] -H H
=r{K A(I -H H; 1. (10)
M o(4) @
r(K A(I -H H)]=r(K)+r( (I ~-KK YA(I -H H) ] (1)
BiE, A (9) . o M- KR, EH8Y (8) X,
5i¥e6 WAMnFH, BhnifrEr, W
0O A _
r(B I) :r(A)+r(B, I_AA), (12)
:,(l’_‘BB_) +r(B) , (13)
=n +r(AB) . (14)
iE FASIE4, XBPBB 12) M 13) R, HER

(o DG D =D

Erda (10 K.
EHASI R, XALESHIM TS ®
SIBT ®AKNF. BhnfFHEE, N
(i) . r(4B) =r(4) MEEFHR (B [ -4 A WHiTtk,
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Ai) . r(4B) =r(B) WABEME (|, 4 ) WAk

D38 MAKKEMAEERNESLERER
) (I ~-KK ) A4
e D
iE: @3I@SH
r(M) =r(K) +r(H) +r[(I -KK")A( -H H)]
. =rtr+r[(I-KK")A(I -HH)],

=Nn, (15)

WM RS RY HMNY
r{(I -KK )A(I ~-H H)l=n-r,=r(I -H H), (16)
MmBsSIB7 &, (6) RWILYBEMNE (15) RWIL.
% WNRINTHR (I -H H) =1-H H. ABTH
519 MAIEFRMEERMHR

r[fA(I -H H) KK ]=m, an
EFEI1 MAEBEMIEFRONESLERHR
B (uA) NuK)]=q+r,-m, RLAUI -KK)AJ(R(H)={0}. (18)

iE: W (18) R, WA2AE )
H [u(A KK )] =% (A + w(KK")]1=% [u(4) + n(K)]
=Wu(A) +FuK) -% [(u(AD NuK)l=q+r —(q+r,—m) =m,
Bir(4 KK7)=m. 5|87 /835

r{(I -KK " )A]=r(I -KK")=m-—r,, (19
MWRL(I -KK)A]JNR(H) ={0}, H5I|#2, FH
r( 1 —:!:{T)A) =r[(I-KK )A]J+r(H H)=m-ry+ry,=n+r —r, =n
M3ids, FIEBSERMNTENE. LESE, BA
(I —~KK-)A - -
r( HH )gr[(I—KK YAl +r(H H), (20)
<r(I -KK") +r(H H) , 20

=m-r,+r,=n,

FRAFIHE s &, BEMIEFRLM 200 « (21) HANES KL, WH3IHE2, (20
ABESRIVHRI(I -KK VA1 NRH) ={0}s BHZIHE7, Q1) AWFSHL, &
r{(I -KK")Al=r(I -KK"), hHir(A, KK )=m, TWju(A, KK7) =pu(A4) +
u(K) , Bk m=9 [u(A) +u(K)] =%u(4) +fuK) -% (v(4) Nw(K) 1,
BEBAR M ADOWK)]=4d +r - m. EHRIEE

TR, EFLSHMTER

EE2 MAEMMAEGF RS LERGR

# [R(A) R(H)]=q+r,—-n, LA -H H)]JNu(K)={0}. (22)
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BjG, e MER 2 ESBXE (4] HERWMT:
g: 3‘—_'1r1:m—q, r,= n - qN’ M?‘J#ﬁﬁ‘ﬂg%ﬁﬂ‘;%#%
#(A) Nu(K) ={0},R(4) NR(H) ={0}.

8 ¥ X K

[1] Goldmman, A. J.and Zenlen, M. (1964) , Weak generalized inverse and minimum
variance linear unbiased estimation, J. Res. Nat. Bur. Standards, Sect. B, 68B, 151—

. 172.
[ 2] Hearson, J. Z. (1967) , On the singularity of a certain bordered matrix, SIAM J.

Appl. Math. 15, 1413—1421.

(3] &L, MAEEMETRERE, HITKEER, 1881, B 1H.
(4] BER, A, EREGNLEENSTRERE. BEHREFE, 203), 1982, 19—22.

A Complement on the Singnlarity of a Bordered Matrix

Lin Chuntu

(Zhejiang University)

Abstract

Let consider a m x n matrix A with rank ¢ <min (m, n),its bordered
" matrin is M = (;;Io(), where K is a m xr matrix with rank r, and H is a
r,x n matrix with rank r, Paper [ 4] gave the necessary and sufficient condi-
tions for the nonsingularity of the bordered matri‘x M with the case in which
rp=m~4qand r,=n - 49, In this short paper, we give the necessary and suffi
cient conditions for nonsingnlarity of ‘M with the ease in which r,>m - ¢
and r,>n - g,
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