
1 2 2

1

2

∗

{fi}
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d = 2 q = 9
L ∆x

L0 ≡ {xj ∈ (∆xZ)2} ci, i ∈ (0 . . . 8)
c = (0, 0), (1, 0), (0, 1), (−1, 0), (0,−1), (1, 1), (−1, 1), (−1,−1), (1,−1)

∆t λ ≡ ∆x
∆t

vi, i ∈ (0 . . . 8) vi ≡ ci
∆x
∆t

= ciλ

∗



fi

fi(xj , t + ∆t) = f ∗
i (xj − vi∆t, t), 0 ≤ i ≤ 8,

∗

∆t
• xj

v0 = 0 vi 1 ≤ i ≤ 4
vi 5 ≤ i ≤ 8

• {fi} xj

∗
mk fj

mk =
∑

j Mk jfj. Mk j

M =

⎛

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎝

1 1 1 1 1 1 1 1 1

0 λ 0 −λ 0 λ −λ −λ λ
0 0 λ 0 −λ λ λ −λ −λ

−4 −1 −1 −1 −1 2 2 2 2
4 −2 −2 −2 −2 1 1 1 1

0 −2 0 2 0 1 −1 −1 1
0 0 −2 0 2 1 1 −1 −1
0 1 −1 1 −1 0 0 0 0

0 0 0 0 0 1 −1 1 −1

⎞

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎠

.

M

m0 ≡ T

meq
k

m∗
k = (1 − sk) mk + skm

eq
k , 1 ≤ k ≤ 8,

sk 0 < sk < 2
sk

meq
1 = 0, meq

2 = 0, meq
3 = αT, meq

4 = βT, meq
5 = 0, meq

6 = 0, meq
7 =

axxT meq
8 = axyT

∆t

∂T

∂t
− div(K∇T ) = O(∆t3).

K = (ki,j)1≤i,j≤2 k11 = λ2∆t
6 ( 1

s1
− 1

2)(4 + α + 3axx)

k12 = k21 = λ2∆t
2 ( 1

s1
+ 1

s2
− 1)axy k22 = λ2∆t

6 ( 1
s2

− 1
2)(4 + α − 3axx)



• min = 0, max = 1

2 9

−div(K∇u) = 0 Ω =]0, 1[2, u = u ∂Ω.

K = Rθ diag(1, 10−3) R−1
θ Rθ θ = 40 u = 1

(0, 0.2) × {0} ∪ {0} × (0, 0.2) 0 (0.8, 1) × {1} ∪ {1} × (0.8, 1), 1
2 (0.3, 1) ×

{0} ∪ {0} × (0.3, 1), 1
2 (0, 0.7) × {1} ∪ {1} × (0, 0.7). 1

2i+1×2i+1), i =
2..7 2 9 2.106 s1 = 1.3

s2 = 1.8 β = 1 K

u

0 1



 0.55

 0.5

 0.45
 0  0.2  0.4  0.6  0.8  1

u

x

(a)

 0.55

 0.5

 0.45
 0  0.2  0.4  0.6  0.8  1

u

x

(b)

32 × 32 y = 17 (a)

x K (b)
x K

∇u

∇u
∇u 3 (a)

(b)
∆x ∇u

9 × 16
9 × 64
9 × 256

9 × 1024
9 × 4096

9 × 16384
9 × 65536

i

•
•



• ,
x = 0, x = 1, y = 0 y = 1,

−
∫

x=0 K∇u.nds, =
∑

K∈τ |K|f(xj)

xj K
f = 0 = 0 = 0

∇u
u j

6

•

0 > 0

1 < 1

∆x
2

∇u

∇u



i 2(1+i) × 2(1+i)

∇u
u

∇u

∇u

∇u

• =
∫

Ω K∇u.∇u dx.

∇u xi

m1 m2 m5 m6

• =
∫

∂Ω K∇u.nu dx.



f = 0

= | − |/max( , ),

∇u

9

2 9


