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Discriminance for FLDcirc, Matrices and the Fast Algorithm for
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Abstract: A new type of matrices which is called as the first and the last difference r-circulant
matrix ( FLDcirc, matrix) was presented. The linear operation, the matrix product, the inverse
matrix of this type of matrices were verified to be still FLDcirc, matrices. Through constructing
the basic FLDcirc, matrix, the discriminance for FLDcirc, matrices and the fast algorithm for their

inverse and generalized inverse were provided.

Keywords: FLDcirc, matrix; discriminance; diagonalization; ihverse; generalized inverse

G P B R e Y 2 2H B O s I REIR
SERFNVE TRz N TN A TSR e R
TR SR, I HAS WA B 04476 R 5 4
WU BIRARSY . A SCE B T FLDcire,
iR A FLDcire . H [ AE& DA KB ATRY AL,
25 IFERE 300 R O N P B R e 1 M B, AR 3 e A i
A FLDcire, #il%, 454 1T FLDcire, 55 5 Fh

FE HER: 2015-04-10

FN 7% IR HE BRI AR Sk RS A E
(30 S ¥ R B B BB A AR S
R AR R SRR P e .

1 F&EFHAIR

EX 1 XTF n BiiEAH A AR

BESTAR: EF AR FREAR I H (11426155) ; )1 7134 % 3135 H (B14005)
F—EE: W FA990 ), L& AL WS 1] 3R A . E-mail : xiaoxuehel1126(@163. com
BEEE: £ A5 -, @IHEER. W95 1H 8 . E-mail : jisuanusst@126. com



55 3 W H.EEREE v - IRFRERE BRI TR R )T S e S 231
() (051 a2 W2 A y-1
ra -1 Ao — Ay (05} Q-3 A -2
A = ra -2 YAy-1 = YAy-2 Aoy — YAy-1 QA y—g Q-3
T ras — 1y ray — ras e Ay — 7, aq
raq Ty — Ty raz — Ty Yo ,-1 — TAy-2 Aoy — 1Ay

WFx A & n By FLDcire, #if% icAE
A = FLDcire ,-(a() sQyscccs (L”q)

EX 2 Fn HakE
0 1 0 = 0 0
0 0 1 = 0 0
P

0 0 0O - 0 1
r —r 0 - 0 O
NFEA FLDcire, $H[%.

DL g () = " + re — r, H
D'=rd,-D),ED =1,.

Hi FLDcire, FiFFRE X o)k 1.

WE 1 WH AR B #8& FLDcive, 5[4, M|
A+B,A - B DL & kA Ck JfT 32 % 80O #6 2
FLDcire . 56 .

EX 3 AECC BRI R rand AFTL =
rand A" B /NAERREE kD A B4R R 0 AE
Ind(A)=k. & AJFHR, N Ind(A) =0; & A FH
5,00 Ind(A) =>1.

EX A A O I Xe O,
15 AXA = A, XAX = X [A] B oz AR X 2 A Y

(fte),gle =dx), ulx) f(e) + vix)g(x) =
d(x).

2 FLDcirc, 5EFERYH) 5%

EIE 1
TR

A J& FLDcive, ¥4 HAV 24 A A0

n-1

A=fD= > aD (D
i=0

n—1

Hrp,fca)= D) aa’ K FLDcire, 55 £
iz

IEBA W 1 MoE 2 AfEE B 1.

TEIE 2 A & FLDcive, 55RES HAVY AD =
DA, H b, D JFA FLDcive, %4

ERR W EVE. NN, A & FLDcive, %R, J
Pili A FID [1)5E X5 AD = DA.

FeortE. e REGE TR
(4351 12 13

al,)rl A1y

@21 W22 @23 A2, n-1 Aoy

31 W32 33 @3, 0-1 A3y

AR X330 A Up-1.1 Ay-12 Ay-13 *° Qp-1,0-1 Cu-1.n
EN 55 P AC 0, Ind(A) = k. QIR AE W Guz s Wit W
15 XE O i 2 i AD = DA T
A'XA = AF, XAX = X, AX = XA A21 = YUy s Aoz = Q11 = VA1 s A2z = A125°°°s
MIBK X A 9 Drazin %32 A" Qo1 = Qs Qo = Qi
. fC(e) 1 0 A31 = Vlops U3z = Ao — T2y s A3z = Aozst*y
eI BRI /BN S B2 _ .
gCtx) 0 1 A3.0-1 = Qzou-25 A3n = G201
. . L (de) wlxe) vlx)
R SRR SR 2N SN P R —
1 12 Q13 @1, n-1 W1n
Y@y A = Ty 12 A1,0-2 W1,0-1
YQ1,n-1 YW1y = TQ1,0-1 @11 = Ty W1, n-3 @1, n-2
A = .
rQa13 YQige — Q13 rQi1i5 — Tl = Ty Q12
Ya12 Y13 — 112 Y14 — T3 Yy, — Y1,0-1 A11 — A1y




232 TR 22 R

2016 4F 5f 38 %

i A J& FLDcire . %%

L1 WR AR B A& FLDcive . HiFE, N
AB 1 BA #J& FLDcire, 5%, 3+ H AB=BA.

IEBR Kb A #1 B # & FLDcive . 1% . H &
P2 n[ 15

AD = DA, BD = DB
A
ABD = ADB = DAB, BAD = BDA = DBA

fi LA, AB F1 BA #2& FLDcirc . 4[4 .

HEH 1 BIRAT13 AB=BA.

3 FLDcirc, SERERIXT 1L
B EEA FLDcire, 554 D WXk,

A D IFFEZ i g (o) =a" +re—r A n
AAEFAR  FT5 D n AR RAEE

Ao = wos A1 = wis s Au-1 T Wa-1
/&'\V:V(a)(]awlv""wnfl)7EI]
1 1 1 1 1
wo w1 w2 Wn-2 W n-1
2 2 2 2 2
wo w1 w2 Wn-2 W -1
V =
n-2 n-2 n-2 s n-2 n-2
[OX) w1 w2 Wn-2 W n-1
n-1 n—1 n-1 e n-1 n-1
wo w1 w2 Wn-2 Wnp-1
BV EH ws wis oty w-r R E A 5
Vandermonde 4%, H 7.

D = Vdiag(wo s w1+ s wu-1 Wi (2)
B9 — M FLDcire, 5% A X k.
hER 1 A ()5

n—1 n—1
A= E (IiDi = Z a; (Vdiag(wu s W19 Ty Wi-1 )Vﬁl)i =
i=0 i=0
n-1

D Ivdiag(aiwd @il s+ @il )V =
i=0

leag(f(wo ) 7.f(w1 ) 9"'9,](‘(CU71,*1 ) )V_l

n—1

H, flwj) = 22 Wiw; HA FFRHEE.

TEIE 3 A JZFLDcire, J5EFF4 HAVY v iAY
T AR

UERR LR AR A J& FLDcive, iR, i B
TR AT

VAV = diag(f(wo) s f(w1) s s f(wn-1))
FEOTPE. S VLAV = Py Py R AR L
A =VP V!
/&'\PZ:diag(a}uawla"'ywufl)’Hﬂﬁ(z)ﬁ%‘

D = vVP,V!
BT
AD = VP, V'VP,V'! = vP,P,V!
DA = VP,V'vP, V! = VP,P, V!

Il Py APy BT RS, T LA, A
AD = DA
Kt ,A 2 FLDcive, fEF%.
EE 4 A RIEA R FLDcive, 45 HALY
BRI (w0 ) A0 =01,y — 1), HH, 0, (i =
0,1,y — 1D REHA FLDcirc, 56[E D (RE(E.

4 FLDcire, 5EFERES X ik

EES5 A RIEASF FLDcive, HFE2Y HALY
A& FLDcirc, 4.

WERR AR B A B3AEH R FLDcive, 50 %
JrEHE 2 n Al

AD = DA
Iy
DA™' = A'D
ArLl A" & FLDcire, 5EF%.

Wit 2 R A 2 JES 5 FLDcire, S,
A" R2AE# % FLDcire, 5%,

EE6 % AR FLDcirc, /N A 747 5724
HACE(f(xe) gla)) =1.

UERR  # AJEAE# 7 FLDcire, #iFF . e 21 4
A, f(wi) 01 =0,1,++.n =1 BrLL, fCax) Fl
g OB N BN g(a)) = 1.

247 (f (), gCae)) =1, MAFLE u ),
v uw(e) fCae) +v(a)g(a) =1, K
uDfD+v(D)g(D)=E.HF g(D) =0,
D) =A.HuDA=E.JA,AJEHHRHA =
w(D). g1EM 1 a]1,A & FLDcire, %R .

HIL 3 AR A 2w Y FLDcire, H 14, )
FAEA ' =uwD).

IERA 3 6 A HEIR AR AL

it 4 R A ZEE R0 FLDcire, JFF, WA
e FLDcirve, %if4 H ffifB A2 =AY = [,

W HAFREATH (o), gCe))#L &
(flx),glx)) =d(x),g(x) =d(x)g, (x), f(x)=
dCe)fiCe) M Cfi ), g, (e))=1. X g(x) LHE
LA o) g1 () =1, (d Cae) fi (), g, () =
1, (dC)d ) fi(w) g (x)) =1, B (d () fa),



%3 i LA ERE MR ik Rl AN SGE ) PO R 233

g:Cx)) =1.
P A77E w () s v o) 75
wCe)d(e) fCe) + v(e) g (x) =1 3
PR G)P RS fCa) B RRTE
JCou Ced Cao)f Cad+ fr(ayvadg () = fa)
&5 g (D) :09.f(D) =A.15
Au (DYd (D)A = A 4
XFR (B[RS w Ca)d (o), [A]FERT 15
u (D)Yd (D)Au (D)d (D) = w(D)d (D) (5)
# H=u(D)d (D), HJ&D W2, fE
B 1 A0, H J& FLDcive . 5555, 7t =X () Fik (5)
EI%I],H:A“'Z} 4
A*HA = A1 (AHA) = AF1A = AF
AH = Au(D)d (D) = f(D)u (D)d (D) =
u(D)d (D)f (D)= HA
HH=A"

5 EiEE5¥EGF
Ml 1 5 3 0 E B R A A B R

FLDcive, Hil4p)3mn S g s Bk Ho— b
PRUNE

SBR[, g G MIRKRARR (o) ;
THE2 Hd(oc)ZI,Eh(f )2%:@5#%
gCx) O

wCx)

~ 1
RS |
0 s(x)
FE|3 A (o) FLR g(OBRLL (o) IR

),DIIJA’1=u(D>;

st ot (P00 D g
g1 () 0
ﬁ(l u<x)>,mUA“'2}:A“H:u(D)d(D).
0 s(x)
1 -1 1
Bl CHmA=|2 -1 -1|,AEH%KA
-2 4 -1

W7 AR AT
mEX 114 A= FLDcirc, (1,-1,1),f(x) =

0O 1 0
l-x+a*,g(x)=a*+20-2,D=|0 0 1|.
2 -2 0
BT (f(e),gCa)) =1, AJEH 5.
Py
P —ax+1 1 vt —ax+1 1
x® +2x -2 0]» PAe-2 —x)

-2¢+3 wa+1
<oc2+sc—2 —x>_)
- 2x+3 x+1
( 7 2x2+3x+5>%

0 €+ 20 -2

<
+

=
I

At =)= 2D+

<o

NN

SIS
Nf= N N Gl

Nje e o

Ry

9

A"' = FLDcirc, (

1+/3 1
2 J3-1
e X 1 8 #., A = FLDcire, (1+J3,1)»
fey=a+1+/3,9(x)=a>+2x - 2,D=

3o
<lw
NN
SN~———

B2 BHA= SRAE

0 1
5 o JUd ey = (f(re)gla)) =a+1+/3,
AHFFHG (x)=0+1-V3.
A5 3 v 15
P+ 2(1+y3)w+4+2/3 1
x+1-43 0
(1+3/3)x+4+2/3 1
x+1-3 0
1 1
1 12| 1 12
x+1-43 0 0 x+1-43
Il
N
wle) =15
Jir LA

A{I.Z} :A<d} = u(D)d(D):



234 bR iR 2016 4 55 38 45
1+J3 1 equations| J ]. Applied Mathematics and Computation,
iED r Q +£)E] _ 12 12 2010,217(1) ;130 — 142.
12 1 J3 -1 [ 5] AMDRECUT M. Applications of left circulant matrices
6 12 in signal and image processing[J]. Modern Physics

il Letters B,2008,22(4) . 231 — 241.

[ 6] SHEN S Q,CEN J M. On the bounds for the norms of
AP =AY = FLDcirc, (1 ;f ,le) r-circulant matrices with the Fibonacci and Lucas
numbers| J ]. Applied Mathematics and Computation,

6 _Q_E 'L/e 2010,216(10) . 2891 - 2897.. . '

[ 7] MARRAZZINI C. Characterization of the inverse of a
particular circulantt matrix by means of a continued
$&i T FLDcire, . 5k 7€ m L 22, fraction[ J ]. Discrete Applied Mathematics, 1980, 2

AR AR R AL B ATl FLDcive , 61, 3X 58 (2):163 - 165.

St e AR R IR G5 PR X AESEPR W 9 [81 XUQZ.LIH Q.JIANG Z L. An algorithm for finding

WO . Gl A & B A FLDcive, HH S, 45 the minimal polynomial of a FLS 7-circulant matrix

FLDcive, SRR 5 R 5075 06 K v iy 3 iy X [J]. Journal Mathematics (Wuhan), 2005, 25 (6):

FEHEAE B3 . A% SCH Hh 0 S 1A MR 30 L S50 o9 o - |

IR A,y 20050318 AR T SR A 5 e [L9] HECY, WANG XY. T'he dlscrlmlne%nce.for a .spec.‘lal

3 [ FLDcire, S0 e H8 77 b5 7T Je S/ NG b class of f:lrculant mat.rlces and their qlagonallzatlon

e ) P [J]. Applied Mathematics and Computation, 2014, 238

23 [a). BUE B3R U] T RE R A AT (D .7-12.

e ] [10] DAVIS P J. Circulant Matrices| M ]. New York: Wiley,

1979.

[1] TOLOMEI P B, TORRES L M. On the first Chvdtal [11] SEARLE SR. On inverting circulant matrices [J J.
closure of the set covering polyhedron related to Linear Algebra and its Applications, 1979, 25 (1)
circulant matrices [ J ]. Electronic Notes in Discrete 77-89.

Mathematics,2013,44(5) ;377 — 383. [12] JIANG Z L.XU Z B. Efficient algorithm for finding the

[27] BOZKURT D,TAM T Y. Determinants and inverses of inverse and the group inverse of FLS r-circulant
circulant matrices with Jacobsthal and Jacobsthal- matrix [ J]. Journal of Applied Mathematics and
Lucas numbers[ J]. Original Research Article Applied Computing,2005,38(1/2) :45 - 57.

Mathematics and Computation, 2012, 219 (1/2). [13] 2=, AR . SR A 1 R 22 A R 0 e 3 5 7 St g e
544 - 551. HRELT ] AR R 22 22 4 (B2 0 » 2013, 48 (6)

[3] ZHOU]J W, JIANG Z L. The spectral norms of g- 96 — 99.
circulant matrices with classical Fibonacci and Lucas [14]  RIRET, S5 4. m S5 A% B e e 4 (M. 19 %
numbers entries [ J ]. Applied Mathematics and VUL B AR W A, 1992.
Computation,2014,233(1) ;582 — 587. [15] skalBe. o b %o AR IM. 75 %P5 b Tk K

[4] WUAG,ZENG X L, DUAN G R, et al. Iterative 2%,2000.

solutions to the extended Sylvester-conjugate matrix

(Fitg. 4 BO



