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Properties of r—Circulant Matrices of Block Structure and Their
Algorithm Research
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Abstract: A new type of matrices which is called the first and the last difference r-block circulant
matrix(bFLDCM,) was presented. The linear operation and the matrix product were verified to
bFLDCM,. Two discriminance, a sufficient and necessary condition for determining the nonsingularity
and the diagonalization of bFLDCM,were discussed. Finally, by using Sherman-Morrison-Woodbury
formula, the direct algorithm for solving r-circulant tridiagonal block systems of linear equations was

provided.

Keywords: 4FLDCM,; discriminance; diagonalization; direct algorithm

TEFRHEE B A & T 1885 4R 1h Muir ST WAE R4 B . AN AT . B4 rim . 18
M, 1950 4R Z BT% 7 A S RECEDI & B BRSO R A M TR S Y, O
T, HB 1950 4EZ 5, AMAXHATHIR , i 8T REMERE,

SEVESREATIRSY . ITAROR, (BEREIE LG R R T 3 0 0 A6 I 1 e R R0 245 0 K T 37
PR RS IR BOSS K, B 2B TR TR RN MR RE, SOURBAIN G, X
FBCE AR, WA | (FS A2 B THESRBER, BlnHATAR . AR X

Y75 B #A: 2017-12-05

ELWE: BEARBEESEBITH (11601332); 154 % BT H (B14005)

E—EE: BWAMF(1990-), %, BIHAFFEAE. BRI 8%, E-mail: 15800923282@163.com
BEMEE:F W(1975-), Lo, WIE. WU HHEEC#. E-mail: jisuanusst@126.com


http://dx.doi.org/10.13255/j.cnki.jusst.2018.04.002
mailto:15800923282@163.com
mailto:jisuanusst@126.com

54 SR, AF. i

B ERE B B BT B HBE i BT

313

o oM ORI R IR W R S
AR A5 P IE S o FRBRAE PR B AR AIF 5 v i BUAS: B9
IR X AH S AU 14 e JR e AL 3 2 S EE BRI

B o X106 B0 R MR IT SE TR N, B A0 P
AR B, gl IR . R —EE
R . ORI RS . A SCTEIGERT b, 4l T
LER2E TR HE NS, R T HE iz

Ao Ay A
rAn_l A()—An—l Al
rApy TAp1—An2 Ag—Au-

A=

rA; rAsz — A, rAs— Az

FA1 VA2—A1 VA3—A2

WO A B Ak B e 22 1R SR M [ (BFLDC M, )
AiCYEA = bFLDC(Ag, A1, , Ap_1),o

S S 2T A M ARNAE [ BSY )R mx il
pxqb B9 46 B, W] Kronecker f! A® BN —
mpxngfHERE, R

anB apB a,B

a21B azzB aan
AQB =

amB a,pnB - ammB

SEX 3 BWHEMEA O (r>0), A P AT

W RAEIC oy (= 1,2, ,r), W] A% Schatten p—il
min{m,n} %
IAl, = > of
i=1
3181” Baep,, HA=y, WA

A2 < Z||A,-,»||f], 2<p<
Hrh P, E X T Schatten p—3i 5 7251
glom 2" & B 2 o R
(0 b D Jr—mmwin s o
dx) ulx) v(x)
0 s(x) t(x)
Ndx)=2 f)SgomMm KAANHEX, H ux)fx)+
v(x)g(x)=d((x)
2 HEHEZE - BEIRERENMYER
R TS R,

Fran T

SRR ARAr e PRSI, O
T =X AR R GOR AR A BT

1 W&
EX 1 BHFEA Ay, -, AN EEOR
EImYRERE, BnxmB R AR FHER
Ay Apy
Ay Ap
Ap-g Ap3
Ag—Ap A
rAp1—Aps Ao—Au
0 I, 0 0 O
0 0o I, 0 0
0 0 0 0 O
¢: . .
0 0 0 0o I,
rl, -I, O 0 O

RFEAH R 2 R
AR, ERREZ AN
Gx)=x"L,+xI,-rl,
H
& =1,, 9" =rl,,—D
Horp L, 02 3260 #8900 L0 nB BT F AR B o 5 1)

i, Mm=10F, euLiBAL N EEAR Y R 2 — IR
M, i hA.

BHE MEMEARRE R RN, 4 H
n—1
(CHHEEA = ) (1,0 A) D' = F ().
TR @) B i 2 1 I A 0 7 %
Iﬁﬁo
B2 HME AR R B RS LAY
BAD=dDA-

WEBH . DB AR
?Eﬁ”l‘i &A :(Aij)nxn’ ;H\:EP Alj(l: 1’2,...’}1’
j: 1,2,,”)?‘7”1[35[\9:5%0
HA®D = DA
Al,i+1 = rAiIl’ i= 1925“' 9n_1
Aiv1p=Aj—Ap, i=1,2,--,n-1
Ajprji1 = Ay, 1=1,2,---,n=1; j=2,3,---,n-1

IR



314 SR N D N S 3 4 2018 4F 3 40 &
Aqy A Aj3 Al Al
rAi, A —Ay, Ap Aipo Ayt
A rAip-1 TA—Am1r Ann—An A3 Al
rAi3 rAiu—A;z rAis—Ap A —Ay, A
rAi rAiz—Ap  rApu-Ap rAi,—Ai,-1 Ann—Ag,
A A B AR H 1 e 22 IR . WO P AR AR AT S 1

W1 WHREMA, BRHFEZE GG RE2Z
rEAHERE, WA+B, A-BUHFEZERISE R
%= rAEERE
EM3 O WMREMFEA BRI E R
rEFRHERE, WE T SRR i R R s 2 22
rEIRERE . FRRIHL, AA, BREFER ZHE
B2 rEWMEE, WA AB=BA-
WEBH : DHON B AR B B 1 R 25 R
f, m 2 i
Ad = DA, Bd = DB

A it
AB® = A®B = PAB
BA® = BOA = DAB

Fir LA ABFIBABREH B e 25 r— ARG

a1 2SR5 AB = BA-

SEH 4 WIRKFE AR E B2 IR
WA BE AR A R S HAUY P 2 0 Fxo) =

n—1

D L @A) XFIG () = XLy + xly = rLu Y R AT
i=0

AN L

W B SHORWEKEZHAF (),
G KRN, WAFFER 23U, (v,
Vi), Qflifs

Ui(x)F(x)+Vi(0)G(x) = H(x)
F(x)=0Q(x)H(x)

Lx=@, WF(@)=Q(@® H(®). hA=F@®)/i
A5 AL H ()RR 5, SR AR MR 2 U H (ofif
3H | (D)H (D) = Ly, M4
Fi(0U () F(x)+H; (x)V1(x0)G(x)=H(x)H (x) =1,
JIt LAL, R 56 i Z2 2 F () FIG (o) e KA 24 R G

FortE AL AR ZIF (0 MG (i KA
WA, WA 20U (x), Vol

Ux)F(x)+V(x)Gx) =1,
Lx=0, N
U@PF(D)+V(DG(D)=1,,
NF(@®)=A, G(®) =0, N
U@D)A =1y,

3 WRERZE rEAERERNAL

R4, @M Kronecker FLAYE I
Aol =&

H
& =4l =41,
Hrhak = vadiag(wf, ok, ok ) V3L, T

1 1 11 1
wo w1 w2 o Wp-2 Wp-1
“’(2) w @ W, W
Va= .
R A A e R S
I U A S O

Hawi(i=0,1,- ,n- 1)HEARET B2 r—HHHFEAN
AN [RRFIEAE
EHES HHMFEeNIEAYRERZE —FAHE
B, W5 BE on] XF ik B V! @Ve = diag(wol ),
oLy, wp-11y), /E\:EPV(I) =Va®l,,
WEB . i iR
® = 431, = (Vadiag(wo, w1, ,wp-1) V') &I
i Kronecker FHM: i 7] %1
(Va® L) (diag (wo, w1, ,wp-1) ®1) (V3! ®1,) =
Vodiag (oL, w1 I, -+ ,wp-11) Vg
R
@ = Vodiag (ol w1 L. wn-1In) V3!
JiIr LA
Vg @V = diag (ol Wi, s wp-1 L)
6 AHIMFANIEA FIEREE —EHE
ME . W GE BE AR XM ofk H VAV =

n—1

diag (F (o), F (1), F(@y-1)), HAF () =) A,
Vo =VaARI,, =
EBA: TR AT 22 IR RS,



5 4 ) SR, S S 0B ERA I R B LR B 315
S 14 HoFect, Mec™, HFFEMNIT Hmxmk
. n-1 e =X R G PR AR
-;;(m ) A B O - 0 B
‘ B A B -- 0 0
Fr Lk M=M(A,B,---,0,B"),=
n—1 n-1
1AV =V;]! LL,9A)D Vo= VI I,0A)® e« .
Vo AVe=V, ;( A Vo ;V‘D("@) ) PVo rB 0 0 -+ rB* A

NV =Va®l,, FilhVei! =V 'el,, il

Vgl AVe =

i=

1
—_

(V' ©L,) T, @A) (4 ®1,) (Va® 1)

—_

n—

(=]

(Vy'd'Va)e A,

i=

:Zdiag(a)f)Ai,wilAi,--' ,w;_lAi)
i=0
=diag (F (wo), F (w1), -+, F (wy-1))
HiL2 HARHHREEMEHRAER, H
A:bFLDC(AO’Al,“"An—I)r, )I_lljﬁ

n—1
A2 <n > A2 2<p <o
=1

é\w:invq), e B R 2 B R

Ny
UEA : v

R (R AR
X =W'AW
T
n—1
kazzw’;Aj, k=0,1,---,n—1
j=1
itk
%

Al = 11 XIl, =

n—1

p
DA
k=0

n—1 p %
CEETE B 1&[2 ] <nfla,l. B
k=0 "

n-1
kA
Z WA,
j=1
ne

1
A <n Y Al 2<p<e
j=1

4 =R - BEREREREBENE
BEx

EIAC TR T S, 8w o HBIE AL
R4, @ OANEEEE, TR B
HZER ) Hermitian XTFRZE M R GE 2 TAFSE

Mx=F (1)

X Hs(n=ms)NHFA=A">0, BIEAR, Flna
x:{Xi}’ Fz{Fi}v E-Xh Fiecs, i=1,2,"',mo
R -V

Ny=F (2)
Hrp
r B 0
rB* A
N=N(A,B,B*.T") = .
0 0 0 rB* A
o NEATLU A 1531
I 00 - 0 0
BT 1 0 - 0 0
L= . . . .
0 00 B! I
r B o 0 - 0
Or BO - 0
v=| . . . .
0 0 00 - I

X =ik RS A=r+rBr'B, TR
(2)FEM T T MLMERS
Lz=F, z=1{Z}, Uy=z, y={Y;3}, i=1,2,---,m
iU - IR
Z\=F,, Zi=F,—rB'T"'Z;_|, i=23,---,m
Y,=I'"'Z,, Yi=I'"'Y(Z;—BY;,), i=m—-1,m=2,---,1
NTIME, 2p=rB T, Q=I'"'B, D=diagT,
r,--.r, T/2&N=LDV, 135
N'=v iDL (3)
WL =), V=), WA

I = 0, i<j
VTl (=D)TIPT iz

_J 0 i>j
RN el i<

D' =diagr',r',.--,r'h
P TR U N 4tk & 48 i i



316 I TR % %R 2018 4F 3 40 &
Ny=F (4) M 'F=N'"F-N'00+B"N"'0)"'B"N"'F
X H IURT R R G0 (1) fF R
A B 0 0 0 Y, x=§-N'0I+B"N"'0)"' BTy
| B A B 0 0 Y,
N= ) , y=| .
: o : : E 5 ggl: i/[,:
0 0 0 - rB* A ¥,
iff P TR R 2 RS, JERIET
A* B 0 - 0 0 AT, 2= TR R R EME AR, X i
yo| A B 00 T A RMRAO IR A b . B A A b e A e
o o o rl;* A REMABEENR TS %, JtHEdia M
It Kronecker B BT, WF5Y T HXTMAALBPERT . A
0 H Sherman-Morrison-Woodbury A3, 25 H T = XF

N+| . |(A-I,0,---,00=N+ER"
0
F /2 Sherman-Morrison-Woodbury 23715
N '=NT1-NT'E,d+R"N'E))"'RTN!
R, TR 21 (4) g
j=N"'F
=N"'F-N'E,I+R"N"'E\)"'R'N"'F
=y-N'E\I+(A-TE{N"E))"'R"y
=y-N'E\I+(A-DEN'E))" (A-D)Y,

i (3) AT RAR £
(N"'EDi=(V'D'LVE)), = Z(_l)Hle—irflPkfl

k=i
m
EINTE =) Q' P =120 m
k=1

P, (4)rIE i

zm: (_ 1)i+1Qk—iI'v—1 Pk—l
k=i

Y =Yi-

-1
m

I+(A —F)Z o-'r-'P1l Aa-ny,

k=1

fJa ARG (1), FRIZKMIERGR
fifto O M RBOEM AT LAS

10
00

ol 0o 0 0 B o aan

M=N+|: : (rB o 0 o )—N+UB
00
0 I

FJ& P H Sherman-Morrison-Woodbury 73315
M '=N'"-N'"OU+B"N"'O)"'B"N!

FRAE IR LN R GOR MR EAE T, XX AR 4
3l 14 97 LA T A T

SE L

[1] SOLAK S, BAHSI M. Some properties of circulant
matrices with Ducci sequences[J]. Linear Algebra and its
Applications, 2018, 542: 557-568.

[2] JOE S. The Hermite normal form for certain rank-1
circulant and skew-circulant lattice rules[J]. Linear Algebra
and its Applications, 2016, 496: 438—451.

[3] CARMONA A, ENCINAS A M, GAGO 8, et al. The

matrices[J]. Applied
Mathematics and Computation, 2015, 270: 785-793.

[4] HE C Y, WANG X Y. The discriminance for a special
class of circulant matrices and their diagonalization[J].
Applied Mathematics and Computation, 2014, 238: 7-12.

(51 25, fuf AR VR SR AR 2 2 R B [ 308 15 ) St g e s
BEED] WA 24 (B, 2013, 48(6): 96-99.

[6] SEARLE S R. On inverting circulant matrices[J]. Linear
Algebra and its Applications, 1976, 25: 77-89.

[71 VAN LOAN C F. The ubiquitous Kronecker product[J].
Journal of Computational and Applied Mathematics, 2000,
123(1/2): 85-100.

[8] BANI-DOMI W, KITTANEH F. Norm equalities and
inequalities for operator matrices[J]. Linear Algebra and its
Applications, 2008, 429(1): 57-67.

[9] BHATIA R, KITTANEH F. Norm inequalities for
partitioned operators and an application[J]. Mathematische
Annalen, 1990, 287(1): 719-726.

[10] A7 ZYR, BEIEAL. WUSAGER 7 PR M4 B AT RAAVE . 1
FE AR, 2002, 25(2): 125-130.

inverses of some circulant

(%ifH: # )



