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2.1

DRDS

[6] DRDS

x(n0+1, n1, n2)

= x(n0, n1, n2)+R(x(n0, n1, n2))

+D(l ∗ x)(n0, n1, n2) (1)

x = [x1, x2, · · · , xM ]T

xi : i

R = T0R̃ = [R1(x), R2(x), · · · , RM(x)]T

Ri(x) : i

D = diag[D1, D2, · · · , DM ]

diag :

Di : i

l(n1, n2)

=




1
T 2

1
(n1, n2) = (−1, 0), (1, 0)

1
T 2

2
(n1, n2) = (0,−1), (0, 1)

−2( 1
T 2

1
+ 1

T 2
2
) (n1, n2) = (0, 0)

0

l x (l ∗ x)

(l ∗ x)(n0, n1, n2) =




(l ∗ x1)(n0, n1, n2)
(l ∗ x2)(n0, n1, n2)

...
(l ∗ xM )(n0, n1, n2)




=




1∑
p1=−1

1∑
p2=−1

l(p1, p2)x1(n0, n1 − p1, n2 − p2)

1∑
p1=−1

1∑
p2=−1

l(p1, p2)x2(n0, n1 − p1, n2 − p2)

...
1∑

p1=−1

1∑
p2=−1

l(p1, p2)xM(n0, n1 − p1, n2 − p2)
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2 (M = 2) DRDS
FitzHugh-

FitzHugh-
DRDS[

x1(n0+1, n1, n2)
x2(n0+1, n1, n2)

]
=

[
x1(n0, n1, n2)
x2(n0, n1, n2)

]

+

[
R1(x1(n0, n1, n2), x2(n0, n1, n2))
R2(x1(n0, n1, n2), x2(n0, n1, n2))

]

+

[
D1(l ∗ x1)(n0, n1, n2)
D2(l ∗ x2)(n0, n1, n2)

]
(2)

R1(x1, x2) =
T0

k1
{x1(x1−k2)(1−x1)−x2}

R2(x1, x2) = T0 (x1 − k3x2)

DRDS k1 = 10−3, k2 = 10−6,
k3 = 0.1 D1 = 40, D2 = 0, T0 = 10−3, T1 = 1, T2 = 1

n0 = 0 (nS
1 , nS

2 )
1 x1(0, nS

1 , nS
2 ) (
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1: n1 (n1, 0) (n1+1, 0)
n0
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n0

1 x1(n0, n1, n2)

(n1, n2) x1(n0, n1, n2)
(n1, n2)

1: ( )

1 128×
128 2 (0, 0) (
1 x1(0, 0, 0) )
(n1, 0) (x1(n0, n1, 0)

) n0

n1 (n1, 0) (n1+1, 0)
n0 85

�

2: ( )
2 128×128 2

( 2(a)) (n1, n2) = (64, 32), (64, 96)
2

( 2(b)–(j))

�
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3: : (a)–(c) (d)

128 × 128
3

1 ( )
( 3(a))

( 3(b))

( 3(c))

3(d) n0 = 72k

(k = 1, 2, 3, · · ·)
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n0 = 0

n0 = i

n0 = i + 1 n0 = i
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n0 = i

n0 = i

DRDS

( : Forward Opera-
tion) ( : Back-

trace)

A. ( )

4
DRDS

1
x1(0, n1, n2) Thr

2 x1(0, n1, n2)
(2)

(
)

W (n0)
nG

0

B. ( )

5

n0 nG
0

∆
W (n0 −∆)

Path

Temp ∆
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∆ ∆
2∆

2∆
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program Forword Operation
Input

, (nS
1 , nS

2 ), (nG
1 , nG

2 );
Output

W (n0): n0 1 x1(n0, n1, n2) Thr
nG

0 : ;

begin
x1(0, n1, n2) x1(0, nS

1 , nS
2 ) Thr

;
x2(0, n1, n2) ;
W (0) ;
n0 := 0; { }
while do

begin
DRDS( (2)) ;

(x1(n0+1, n1, n2)) W (n0+1) ;
n0 := n0 + 1

end;
nG

0 := n0

end.

4:

Temp Temp

1

Path

3:

6
6(a)

6(b)
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program Backtrace
Input

(nS
1 , nS

2 ), (nG
1 , nG

2 ), W (n0), nG
0 ,

∆: Backtrace ( );
Output

Path: ;

begin
Path ;

n0 := nG
0 ; { }

while do
begin

;
while n0 > 0 do

begin
W (n0−∆) ;

Temp ;
if Temp then

begin
W (n0−2∆) Temp ;

(∆ ) Temp ;
( ) Temp ;

Temp 1
end;

else
Temp ;

Path ;
n0 := n0 − ∆ { }

end;
Path

end;
Path

end.

5:

Start Start

(a) (b)

6: 512 × 512 2 : (a) (b)
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