34 6 Vol.34 No.6

2005 12 Journal of UEST of China Dec. 2005
1 1 1 2
(. 610054; 2. 610054)
Gaussian LU
n
0241 A

A Fast Algorithm for Inverse of Five-Diagonal Matrices
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Abstract The algorithm and explicit formulae for the elements of the inverse of five-diagonal
matrices are presented. The results are obtained by relationships between the elements of the inverse and
the elements of special twisted decompositions of it. Operation count of the algorithm have an advantage
over that of the standard LU decomposition based on the Gaussian elimination, and some results can also
be extended to block five-diagonal matrices. Result obtained improves result in the known corresponding
references.

Key words five-diagonal matrix; inverse; algorithm; block five-diagonal matrix

1
()
Ax =b )
beR" AeR™
a b ¢
d2 aZ b2 CZ
d
A: e3 3 a3 (2)
e4 cn—2
an—l bn—l
e, d a

2004 - 04 - 16

(1971-)



6 851
A LU
2
Q) Gaussian A LU A
A Cholesky LU [1] LU UL
[2] Toeplitz
Toeplitz T, T, A=T;T, [3-4] [5]
1 A 2 n j=12,--,n A
m, 14 5
n,
15 j-2 1 t, s,
A= LjUj: nj_]_ mj—l Ij+1 1 tj—l é
l; n m n, 1 =
j+1 In Sj_1 tj 1
nn .
mn Sn—z tn—l 1
B, .
A K
. m; . 1 (3)
A .
. B,
SUULTER (L U LM ng,s g, 0)
d
1 B i | =c¢ n =b m=a t =—% s ,=—"2
( ) AZ 2 J n n-2 n n-1 n n n-1 mn n-2 mn (
lha=5,.=0) L=c, n=b -t m =a — Nt =1, tiy =d'_n—'+15'_
m;
e i
S,=—(i=n-1 n-2 n-2,j+1)
m;
.. . b1 c
@) A B, ] I3=e3,n2_d2,ml:a1,ti=a Sl:ﬁl (
l,=5=0) h,=¢e, My=0d,;—lt, m=a-nt, —ls, t _Dohey Si -5 (i=2 3
m; m,
. . b.-n_.s . —I.t
i-2) =] =6 n=d-lt,-n,s, m,=a,-nt,-l.,s,;-l.s, t,=—"> MheaSiop = hary
M;_y
m =& —nt_; —n .t - Iisi—Z - Ii+zsi
(3) LjUj n A
1) j=1 Ly, UL j=n LU, LU
2) 1 (3)



852 34

- g,
A=L U;A Soobmy LT 1
. g,
3 LU 1
[2] T.T, LU 1
1
LUC  [2D) 11n-16 8n-13 19n-29
TL(  [2) 10n-8 6n—6 16n-14
Lu( ) 6n-10 4n-6 10n-16
2 A @ A'=C=(c;) C  j(i=12:n)

Cj; :l/mj G; :_tici+1,j (i=j-1) Cj :_tiCi+1,j —SiCisaj (i=j-2,j-31)
Cj=—tiCiyj—CpjSji, (i=]+1j+2,--,n)

m,s;.t, 1
¢, C j e E j
LjUjCj=e. Lie;=m; e,
UjCj:iej
m;
2
(1) A mj¢0,j=1,2,‘--,n
(2 2 C, 2n(n-1) n(n-2) C
2n*+8n-16 n®+6n-10
A B C
D2 AZ BZ CZ
. |F., D
S )
F4 ) Cn—2
An—l Bn—l




853

A1’Bi’Ci’Di'Fi
L=
L]J
M, N, L,S,.T, 1
3 A (6)

Q=M™ Q=-TQ.,,({=j-1)
Qi =-TiuQ1; —S;,Q 2
Ej :(0’...’0’|,0...,0)T

'5(1 =Q :(Qij) J

_TiQi+l,j _SjQi+2,j
i=j+1j+2,-,n

(5)

L

Nn

Ivln
(j=1,2,"',n)
i=j-2,j-3,---,1
E

[1] Meuran G. A reviews on the inverses of symmetric tridiagonal matrix and block tridiagonal matrices[J]. SIAM J.

Matrix Anal. Appl, 1992, 13(2): 707-728

[2] Diele F, Lopez L. The use of the factorization of five-diagonal matrices by tridiagonal Toeplitz matrices[J]. Appl.

Math. Lett, 1998, 11(3): 61-69

[3] McColl W F. Scalable computing, in “Computer Science Today: Recent Trends and Developments”[C]. Lecture Notes

in Computer Science, Springer-Verlag, Berlin_New York, 1995

[4] llan B O, Leoncini M. Stable solution of tridiagonal systems[J]. Num. Algorithms, 1998, 18: 361-388

[5] Jyh J, Horng S. A new algorithm for 5-band Toeplitz matrix inversion with application to GCV smoothing spline

computation[J]. Statistic & Probability Lett, 1999, 45: 317-324





