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Au = f >@?BADC0E
+.&F5HG<2'#</:I:&6;*&�+%&,2J&0K:&

−∆u = f

L #32J9BI:9:K:I:9BM�$ L &,2J(*&6; Ω = (0, 1) × (0, 1)
8)NOGP57GO-%#%I:I:9Q-0(*&6IB9:K:I:9SR'8</1G L 9:M�I:&

T�9:(:9=N=/1# LOU (ON=RWV:MO/:&6;*&�-0(*&,I:9:V*& ΓD = ∂Ω AYX &�2J9:8%$1(:#<;:9B+%&,V:9:MQ#�ZB(:9:/1G\[]#<I^�_a`
Z:(:9�;:(:9*&,I:-\RO/*&6VB9:M T LOU (ON'R�(*& L I=G05H#<(:I:&b5c(:#d[�&b8 U 8e8%; U ZB$=& h =
1

(n + 1)
A
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A =




A1,1 −I
−I A2,2 −I
· · · · · · · · · · · · · · ·

−I Ai,i −I
· · · · · · · · · · · · · · ·

−I An,n




, u =




u1

u2

· · ·
ui

· · ·
un




, f =




f1

f2

· · ·
fi

· · ·
fn




,
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Ai,i =




4 −1

−1 4 −1

· · · · · · · · · · · · · · ·
−1 4 −1

−1 4




.
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A1,1u1 − u2 = f1

−ui−1 + Ai,iui − ui+1 = fi, i = 2, n− 1

−un−1 + An,nun = fn
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Ai,i
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W = {wi,j}ni,j=1 =
{√

2h sin ijπh
}n
i,j=1

.
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Ai,iW = WD, >�?BA�� E
$ U 2'#%;BG�8 D = diag(λi)
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Ai,i A ��(:9:/:&6-P&65H#aG0(B;BG0I=GP(B5c9:(*&6I=GO8<;:;:&)I*&�8<G6�68<; L #<I:9B;B# L #<$1;=GP(B9x�*; A # A �

W TW = WW T = I

$ U 5 >�?BA�� E 9 ZBGO/=R=K:& L &65H#rZB(:#32'8<;*& L MOIB#%;BG

Ai,i = WDW T .
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vi := W Tui, gi := W T fi, i = 1, n.
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Dv1 − v2 = g1

−vi−1 +Dvi − vi+1 = gi, i = 2, n− 1

−vn−1 +Dvn = gn
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ui := Wvi, i = 1, n.
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COA gi := W T fi, i = 1, n;

�=A (:# � & L &6IB#rI:& n ;B(:9=2J9*&,-%G0I*&6/BI:9�8%9:8<;=#<5c9�8 n IB#%9:+ L #<8%;BI:9��
�BA ui := Wvi, i = 1, n.
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N = N1 +N2 +N3.
�YR'$

N2 ∼ n · 8n = O(n2) = O(N)."�&�Z:( U4L ZBGO-0/1#32 �49:+�Z U /BI:M L &6I=#aI*&�R'5cI=G0[�#<I:9B#�I*&�5�&6;:(B9:V*&!Z=G L #<$1;BG0(�G6; L 9'24&
Wx

9:/:9
W Tx

9B+.9B8<$ L & O(n2) = O(N)
&6(:9:;B5H#<;:9BK:I:9�G0ZB#<(:&6V:9:9 A �hGO+�9F(:#<+ R6/:;*&6;8 U�
 #<8%; L #<I=G�5HG\[]#]24&F8<#rZ=G<2'GO�6(:9t�*&6$6G�+.&FVB#%/:;*&F8<#aZ:(:9B/'G\[�9�� U (:+�GFZ:(B#<GO�,(*&6+ R �

L &6IB9:#aI*&��aR'(:9:# (FFT ) A �bG�;BGO+�9 I*&\K:9:I�ZBGO/BR'K*& L &65H#
N1 = N3 = nO(n logn) = O(N logN)

9 8</1#32'G L &6;B#%/:IBG
N = O(N logN).
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− ∂

∂x

(
a(x)

∂u

∂x

)
− ∂

∂y

(
b(y)

∂u

∂y

)
= f.
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