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ll. * ~

1. L U 5}M~J!¥.

~~~ .1E1ifj,U A Oil t:H~ LUIJJ-M~~~ .!j;?:..:s;. Alan TuringOiI ~t;H N.§ij

~9:l~~. fj,U;.:t:;. ~~1ifi;.:t:;. ~;ff.rJjM %Oil °l%~oi~r:t.

LU~2cl~~ Rutishauser[9]Oil ~t;H t!J:{!~9:l2. Bauer[l]~ LU~2cl~

2t ~;ff.~ :r-'fit~ ~.3J\ifi(simul taneous iteration)ol fR]fj~~ N.§ij'fit9:t2.

Wilkinson[ll]~ LU.2} QR ~2cl%2t~ :t!i\:!""J~ ~;;;;;-'fit9:tr:t.

Gauss&:.. 7i ~ 2t ~:t! ~ fj,U ~ IJJ- M ~ Oil Ai 7t~ .;g. ~ ~ 'fit L.t~ L U IJJ-M.:s;.

Ai r:t%2t 7J~ ~EH~ 7)~r:t:

A=LU

oi71Ai A E Mn ( nxn~&:..$~~~ ~t1-). L E Mn ~ .&r=~fj,U(unit

lower triangular matrix)012. U E Mn ~ J:=~fj'U(upper triangular

matrix)olr:t.

01 .00lAi~ fj,U A E Mn 7t L UIJJ-M~ 7)71 ~I ~ !IZ\~::/f.IJJ-.flf~ ~'fit

2. 7EJ: ~a:1~ Gauss&:..7i~~ LUIJJ-M.2-} :t!~lAloiAi LUIJJ-MOiI t:H~ ~r:t-e-

!IZ\~::/f.IJJ-.flf~ IT'-S:..~ ~ ~olr:t.
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[~ JM 1 ) [5] ~~ A7t {g.fJ:(rank) k~ n7.t~ 1E1Jff1Uo]~Ai

detA[{I,"',j}] .c 0 (j = 1,"',k)o]ct "fst~ ff1U AEMn.e. t:t%.:;!} 7J:°]

:$}M£1 <>J ~ t:t:

A=LU

o:f7]Ai LEMn.g. ¥{g.r=PJff1Uo].:il UEMn.e. J:=PJff1Uo}t:t.

~~~ ff1U AEMnol] t::H~ LU:$}M~ :ff=:H:.f:t.:;!} L.2.J. U~ ~-f:t.g. ~~

~2-S:.. O"7]~ ? ca:Lt:t. .::l o]%.e. ff1U A EE.e. A ~ :3:.-$:$}ff1U~

(leading principal submatrices)~ ~f1E~Uf:t(singularity)oI]Ai o~7]-¥!t:t.

tttctAi. 1E~U(nonsingular)~ 7JJj!-0I].e. :$}M~ %~"fst7l] 7J.~~ ? ~.e. 1Em.~

~2 2- "'- olt:l
nffI.a a T .M r.

[~ JM 2 ) [5] ff1U A E Mn 7t 1E~Uo] ct "fst;;tt. .::lc1~ A E Mn 7t

L U ( L.g. ¥{g.r=PJff1U. U.e. J:=PJff1U)S:.. :$}M£1<>J ~ ~\~.1E:$}~f4=.g.

detA[{I,"',j}] .c 0 (j = 1, "',n) o]t:t. EE~. L.:;!} U.e. 1E~Uo]D:j %~"fst

71] 7J. ~ £1 <>J ~ t:t.

L U:$}M~ l-H%.f!:: ~?U ~EH-C:!.I ff1U~0I1 t::H"fsto:f.e. t:i..2r 7H{i-¥! 7J.':;!}~~ ~

t:t. "fstL.t~ O/]s:... ff1U A E Mn 011 Jifi(symmetric)o]ct.e. ~{i~ -?-9:1.~ ttH~

ff1U:$}M.e. t:t%.:;!} 7e}:°] ~<>J~t:t.
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(~ ~ 3 ] [4] fi1UAEMn7t ttfio] 2, lE~Uo]ct "iit~t. .::lc1~

A E Mn e t:t%:it 7Jo] :$tM£1oJ ~t:t:

A = LDLT

o=t7]).~ D e t:RZj-$6I~o]2, L.g. ¥{g.r=~fi1Uo]t:t.

~] ~~e ttfifi1Uo/] t:Rtl: LDLT:$tMct2 Ylfc]7].s:. tl:t:t. .::lc1'r! o]~] ~

I:!l~t?l mxnfi1Uo/] t:Rtl: LU:$tMO/] t:Rtl: 7J.:it~~ :$tfJT~R &~t.

t:t% ~~e lEJifi1Uo/] t:R"'t!: L U:$tMllf mXn fi1U£ OJI:!l~tl: l.-R%o]t:t.

( ~ ~ 4 ] fi1U AEMm,n (n~m)o]2 detA[{I,...,j)] ~ 0

(j = 1, ...,m)o]ct "iit'r! AEMm,ne t:t%2} 7Jo] :$tM£1oJ~t:t:

A=LU

o=t7]).~ L E Mm.g. ¥{g.r=~fi1Uo]2 U E Mm,n e J::=~fi1Uo]D:j L:it

Ue %<>J"iit7!] 7J.~£1oJ~t:t.

(;N.!JI1) ~ N.§fj.g. m 0/] :t!~ "~(I(J .~~~ o]%~ 7}.o]t:t.

t?l~ j = 1 o]~, L = [1], U = A ~ +]"iit~ A = L U 7t Ad iEltl:t:}.

.!E j = m-lO]'r!, A' = L' U' £ %<>J"iit7!] :$tM£1oJ~t:}e 7}.~ 1F1~"iit2

A llf °tcR!if 7Jo] !l::.~t:
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A' B ]A := [ ,oi7];.i A' E Mm-l, BE M m-l,n-m
C ace Ml,m-l, a E M1,n-m

.:lcJ~ A'.e. .~W fl!1~0i] ~~fl ¥&r=:flJfiJU L' E M m-l!4 J::=:flJfiJU

U' E M m-l 2.J :g-~~ !l7-oi~ -? 9,lt:}. 0] Itfl ,

[ L' 0 ] [ U' E ]L := w 1 E Mm. U:= 0 v E M m,n

o]c} ~}A}. .:lcJ~ c = w U'. a = wE + vo]t:}. a;}c};.i w. v. E 7} %

OJ~}7!] 7J~5:IE.~ A = LU7} Aa~~}.e. L:i't U.e. %OJ~}t:}. .

~] ~jJ:~ ~7iJ~}oi ..S!.1i:! L U ;}M!i't Gauss:!i:../j Id ;.}0]2.J ~lJit:l:.~ 77!:~ -? 9,l

t:}.

o]~] 1:S: r:S: m ~ltfl. Qr,m~ {I, ...,m}Oi];.i ~c}~ r 7fl2.J %7}-?~

(strictly increasing sequence)~2.J ~~o]c}.:i:!. ~}A}. ojl~~<>j. Q2,3.,g.

{(1,2), (1,3), (2,3) }o]c}-e- ~~o] {:!t:}. ~~~~~ Qr,m2.J ~I-?--e-

c - m!o ] t:tm r - r! (m-r)! r.
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A = [ Lr J 0 ] [ U r J Y r ] = [ Lr J
] [U r J Y r]

Xr Im-r 0 0 Xr

~71Ai L E Mm ~:!e L E Mm.r °It:t.

.:l~E..S:. A = L U o]t:t.

(~) til~ Gauss!i::.jj~Oi] ~~fl. A = LUS:.IJtM~oJ~t:tlfl Cauchy-Binet~

mOil ~~fl

det A [ a I a] = L det L [ a I U)] det U [ U) I a ]. a = { 1, ... , k }
wE Q,.k

olt:}. .:l~t:il L °1 ¥&r=~fi7UolE:.S:. U) ~ a ~ ttJ! detL[ a I U)] = 0°1

2 detL[ a I a] = lo]t:t. n:tctAi

detA[ a I a] = detL[ a I a] x det U[ a I a]

= detU[ala]

°It:t. ~1{1. U~ ~Jt~jI"X;IJt(main diagonal entries)~ Gauss!i::.71:1't~Oi]Ai ~

*dJjI"X;1Jt°]2 0°] °tl-]t:t. .::!.~E..S:. det U[ a I a] ~ O. a E Qr.mo]2

detA[ a I a] ~ O. a EQr,mo]t:t. .
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2. Q R 7}M~:I!J.!iJ: ~2&1 ~

[~ ~ 1 ) [5] fi?U AEMm.n (n~m)oj] t:fltiflAi. A = QR~ 1E

m1«~?U(orthonormal columns)-£ 7t~ fi?U Q E Mm,n.2} J:=~fi?U REM n

0] -e-~fl~ct. ~~. m = n o]~ fi?U Q-e unitaryo].::il 1ilQ.j: fi?U A 7t 1E~U

o]~ fJ?U Q.2} R ~ -fr~"6't7i] 7J~£joj ~ct.

QR IJJ-M-e Gram-Schmidt 1Em1«~ft.~§(orthonormalization process)~ fi?U

~~(matrix real ization)o] ct.

AJ~]~ fi?U A 7t 1E~Uo]2 al,a2, ... ,an -£ A ~ ?U(columns)o].::il

ql, q2, ..., qn -£ Q ~ ?U(columns)o] ct 7t~"6't~

al = ql rll. a2 = ql rl2 + q2 r22 .

ak = qlrlk + q2r2k + ... + qkrkk. rkk> 0 (k = 1,2,...,n).

tttctAi
< al > = < ql >. < al,a2 > = < ql, q2 > ,

<al,a2, ..',ak> = <ql,q2, .'.,qk>. (k = 1,2, '..,n).

~. fi?U Q ~ ?U(columns)~ fi?U A ~ ?U~ 1Em1«~ft. ~c~.


