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PA= AP
A : PCM, M,
3 ABeC™ 5
(1) ABA=A (2) BAB=B (3)(AB)" = AB
(4) (BA)' =BA (5) AB =BA.
w2 6 @ B A
Moore-Penrose A L @ 6
B A A M @

B A
1 AePCM, A=h,(P)
h)=>"ax a a - a, A 1
(3 & - a,) Sy
PO =1, ha(x) A
A 3 & Ay
A= percirc,(a, & -+ & )ePCM,.
2”1 ABePCM, AB=BAecPCM,.
3l AepPCcM, A Ale
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PCM, A A A A A’ 0 b(P)=B
A Moore-Penrose  A' Au(P)=1, 2
A=A =A" u(P)B=c(P). 3
4 A=percirc, (a, a, -+ a_=h,(P)) 2 u(p A
A « ) (ha(x) 9(x)) =1(=1).
5061 (h(x) 1 Oj C = percirc, (¢, ¢, --- ¢,,)=c(P)=A"B
9() 01 1 A'b.  AATb=b A'b
d(x) u(x) v(x) B 1 Al B
[ 0 s(x) t(X)] (h69 960 =409 AB @ . Alh
h(u(x) + g(x)v(x) = d(x) . :
2 A= percirc,(a, & --- a,,)€
1 PCM, b=(, b --- b,,) AX =D
C = percirc, (c,
G - Cn—l) F= percircp(fo f1 fn—l) X1
C 1
AX =Db @)
X, =X, +(I,-F)Z 4
A= percirc, (3, & -+ & )ePCM X =(x 5 0
X, - %,) b=( b -+ b)) A= percirc,(a, a - a_)e
1 AX =b -1
PCM, A ha(x) =) ax
A h, (x) i=0
P g(x)=x"-1.
g(x)=x"-1 (ha(x) g(x))=1. h, (X)
A= percirc,(a, & --- a,,) €PCM, 4 5 (g(x)j
C = percirc, (c, (d(x)] 400
C, -+~ Cpy) AX =b C 1 0
ha(x)  9(x) 1 :
A= percirc, (a, & - h,(0=d()h,(x) g)=d(0)g,(x)  (h(X)
a,,) 4 M) g,(x) =1. (d(x) 9,())=1( g(x)=x"-1

(0,09 9(N=1.  b=( b b
B = percirc, (by,b,,--,b, ,)

B b(x) =" b, X" 5

ho(x) 1 0 b(x)
gx) 0 1 0

1 u(x) v(x) c(x)
0 s(x) t(x) c(x))

ha (Qu(x)+g(x)v(x) =1 u(x)b(x)=

c(x). x=P  h(P)=Ag(P)=

) (h(x) 9,(x)) =1 (d(x) g,(x))=1
(ha(x) 9:(x)) =(d () (x) 9,(x)) =1 (h(x)
6,00)=1  (d(x) g,(x))=1 (d(x)h, (x) g, (x))
=1.
b=(b, b, - bn—l)T
B = percirc, (b, b, --- b; ) b, b, - b,
by b - b, B
b(x)=>"" b, x. 5
(hA(X)d(X) 1 0 d(x)b(x) d(X)hA(X))
g,(x) 01 0 0
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1 ux) v(x) c(x) f(x)
[0 s(x) t(x) c(x) fl(X)j'

h, ()d (x)u(x) + g, (X)v(x) =1 ()

d (u(x)b(x) = c(x) (6)

d(u(x)h, (x) = f(x). (7)
() ha(X)

h, ()d (x)u(x)h, (X) + g ()R, (X)v(x) = h, (x) . (8)
© ® x=P  h(P)=Ag(P)=

0 b(P)=B.

d(P)u(P)B =c(p) 9)

d(P)u(P)A=f(P) (10)

Ad(P)u(P)=A. (12)
(5) d(x)u(x) x=P

d(P)u(P)Ad(P)u(P) =d(p)u(P). (12)

h, (x)d (x)u(x) = d (x)u(x)h,(x) x=P
h,(P)d(P)u(P) =d(P)u(P)h,(P)
Ad(P)u(P)=d(P)u(P)A. (13)

9 @11 3 T =d(P)u(P)
A : 3 A" A*ePCM, A=
A" =d(P)u(P) . C =c(P) =TB = percirc, (c, C,
.- ¢,,) F=1(P)=TA=percirc,(f, f, --- f ).
TB=C
B C 1 Tb. AX =b
ATb=b Th 1
A[Tb+(l,-F)Z]=ATb+A(l,-F)Z =b+
AZ-AFZ=b+ AZ - ATAZ=b+AZ-AZ=Db (

z n ) X, =X, +(l,-F)Z
X,=Tb. AT
AT =TA 1
T

1

AT,A= A T,AT, =T, TA= AT

T=TAT =ET =HT =TAT =TE=
TH=TAT =T,.
T . TB=C

TA=F Th
2
1 2
AX =b
1 AX =b
ha(x) 9(x) b(x).
2

(hA(X) b(X)j
g(x) o

d(x) c(x)
(0 cl(x)j'

3 d(x)=1
AX =b . c(x)
x=P C=c(P)=
percirc,(c, C,, -+ C,,)
AX =b C 1
4 d(x) =1 d(x) g(x)
9, (%)
(hA(X)d(X) d(x)b(x) d(x)h,(x) d(X)hA(X)b(X)]
g,(x) 0 0 0

(1 c(x) f(x) r(x)j

0 c(x) fi(x) nx
5 r(x) x=P R=
r(P)= AA'B. R 1
n b
( ): c(x) f(x)
x=P C=c(P)=A'B F=
f(P)=A*A. C 1
X, X, =X, +
(1,-F)z z n
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1 AX =b 0001
1 2 3 -1 P 1000
2 1 -1 3 0100
o D 0010
3 -1 2 1 Pi=1,. A .
b=@10-12). ha(X) = =3+ 3x—2x* + 2x% g(x) = x* =1 b(x) = —x* +
A A=1,+3P+2P*- 1d(x)=x-1 g,(X)=1+x+x*+x°. h, (X)d(x) =
P° 2x* —4x* +5x% —6x+3 d(X)b(x) = —x° + x> + x—1
0010 h, (X)d (X)b(x) = —2x°+ 4x° = 3x*+ 2x*+ 2x* - 6x + 3.
o [0001
0100 h,(x)d(x) d(x)b(x) d(x)h,(x) d(x)h,(x)b(x)
1000 [ 6.(9) 0 0 0 ]
Pi=1,. A
ha(X) =1+3x+2x" = x* g(x) =x"~1 b(x)=-x"+ 2x* —4X° +5x2 —6x+3 X +x2+x-1
2x+1 ( 1+ x+x2 +x° 0
AX) = (hA(X) b(x)] X" — 84X +5X° —6X +3 hA(x)d(x)b(x)]
g(x) o 0 0
AX) —> - — NN
X+4 X+ -+ x+1 99%° 4+ 81x* —180x° —
g5 X =280 +13x +26x - 26x° T
+19x + 23
y=—198x°+36xX>+27x*+90x° + 288x° + 54X —
c(x) = %(WG —28x° +13x* +26x° — 297 7=198x® —36x — 225x° — 54X° — 261x* + 36x° +
26x% +19x + 23) 585x° + 54X — 297 r(x) = —(198x°—36X" — 225-
D=1, C=c(P) x® —54x° —261x" +36x> + 585%* + 54x — 297)/360 .
36 -19 -9 26
1|-19 36 26 -9 1 0 -1 0
85/ 26 -9 36 -19 0 1 0 -1
9 26 -19 36 R=r®)=4 o 1 o
X = A'b=(36 —19 26 —9)'. 0 101
2 AX =b R 1
3 2 2 3 b. AX =D
A3 32 2 ,
-2 3 -3 2 C(X):—1(99x5+81x4—180x3—180x2+81x+99)
2 -2 3 -3 360
b=@10-10). f(x) =—(-198x° +36x° + 27x* +90x> +
A A=-3l,+3P- 288x” +54x —297)/360

2P? +2P°
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Fast Algorithms for Solving Equation of Permutation Factor Circulant Matrix
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Abstract: A fast Algorithm is presented seeking the solution of the permutation factor circulant matrix
equation AX =b. It is proved that, when permutation factor circulant matrices are nonsingular, the single
solution can be obtained for the permutation factor circulant matrix equation, otherwise the special and the
general solution can thus be sought.
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