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Abstract The Bedford–McMullen carpet plays an important role in fractal geometry.
Although any self-affine carpet is not self-similar, we can obtain the average geodesic
distance on the carpet using the technique named finite pattern.
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2, +�+
	,,-�3��-.�����/0�.

1�.2, �/453 [2] 6, 7480	�55��9�12�. 6�:7�7480 [14]

“Wiener �” 3;8<

W (G) =
∑

{x,y}⊂G
d(x, y).

9=4�, 57480�>?�67	�. :9�, �@;<8AB= [13] ���6, 5�-.�

���	 W (G)/C2
#G, �>	@;<C3�8AB=
	>	9@�-.����. 	���

B=�5�� Ricci ?@:DE [3–5].

;����FG, HA<=,,� Sierpinski >B [12] ��-.����, +?-��3�

Sierpinski B=-.���@CAD. ���+�
�BE�, 8C�>	D4F�EFF��

�F��G��, ,,�-.����.

Bedford–McMullen �G	I Bedford [1] � McMullen [10] JH�-2���G��. HD

K���>	D4F (ID [9] 6JH� Manhattan FG) ��J Bedford–McMullen �G, �

����-.����. I {0, 1, 2, 3, 4} × {0, 1, 2}\{(2, 1)} = {(ai, bi)}14
i=1 J

Ti(x, y) = (x/5, y/3) + (ai/5, bi/3)

LMKGL. �	 K =
⋃14

i=1 Ti(K) �L Bedford–McMullen �G, � Hausdorff NML

dimH K = log3(2 · 5log5 3 + 4log5 3) = 1.956 · · · ,

�KNML dimB K = log3 3 + log5
14
3 = 1.957 · · · . OPL dimH K �= dimB K. M Ki = Ti(K),

85 1 NO.

Q 1 RN Bedford–McMullen OPPQRQRS

I μ =
∑14

i=1
1
14μ ◦ T−1

i L K ��12S@��, d(p, q) 	� K �� p � q S7TT��

���, UT	U d(p, q) = inf{H1(γ) | γ : [0, 1] → K VV, WW γ(0) = p J γ(1) = q}, �6
H1(γ) L?X γ �U� (1 N Hausdorff ��). I-.����L

l =
∫

p,q∈K

d(p, q)dμ(p)dμ(q).

bc 1.1 �GV K ��-.����

l =
6334459154473
9392390348250

= 0.6744 · · · .

HD2X�YZ	, � Sierpinski >B [12] W+19, �G�G1>	���F. +�, �	

�G�G1	����, [YZX\��X���P;<[[Y\S�.] (]-Z[^), +J

�^�.]�\>	���F�	__D. 	__D`]aDE [12].
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2 da
gb7 O = (0, 0), ID [9] hc K WW Manhattan FG, I K �bic

⋃
i Ti(∂[0, 1]2) 6

jPd7 (x, y) (�� Ti(∂[0, 1]2) �e7T�) ��bickT6Lb7�����=� x + y,

��	

ec 2.1 l p = (x, y) ∈ K(⊂ [0, 1]2), d

d(O, p) = x + y,

I[Yhe� K 6fL��Vf O � p � (	_Zg_) bm.

I l =
∫

p,q∈K
d(p, q)dμ(p)dμ(q), � PX , PY : R

2 → R �gLh x, y i�jklL, I

PX(x, y) = x, PY (x, y) = y.

g γ : [0, 1] → K LWW γ(0) = p J γ(1) = q ���X, [YI

dh(p, q) = sup
{ n∑

i=0

|PX(γ(ti+1)) − PX(γ(ti))| : 0 = t0 < t1 < · · · < tn < tn+1 = 1
}

,

dv(p, q) = sup
{ n∑

i=0

|PY (γ(ti+1)) − PY (γ(ti))| : 0 = t0 < t1 < · · · < tn < tn+1 = 1
}

,

mn h � v �g4O]-�[^.]. [Yg

lh =
∫

p,q∈K

dh(p, q)dμ(p)dμ(q), lv =
∫

p,q∈K

dv(p, q)dμ(p)dμ(q).

IDE [9], [Y	8<o�.

fX 2.2 l = lv + lh.

p����Fhc, �� p, q ∈ Ki ehjP Borel V B ⊂ Ki, [Y	

dv(p, q) =
1
3
dv(T−1

i p, T−1
i q), μ(B) =

1
14

μ(T−1
i B).

��

lv =
∫

dv(p, q)dμ(p)dμ(q)

=
∑
i �=j

∫
p∈Ki,q∈Kj

dv(p, q)dμ(p)dμ(q) +
∑

i

∫
p,q∈Ki

dv(p, q)dμ(p)dμ(q)

=
∑
i �=j

∫
(p,q)∈Ki×Kj

dv(p, q)dμ(p)dμ(q) +
1
3

(
1
14

)2

(14lv).

e9n�.D, [YU�L

lh =
∑
i �=j

∫
(p,q)∈Ki×Kj

dh(p, q)dμ(p)dμ(q) +
1
5

(
1
14

)2

(14lh).

��, [Y�L8<Jq:

ec 2.3 �]-�[^.],
41
42

lv =
∑
i �=j

∫
(p,q)∈Ki×Kj

dv(p, q)dμ(p)dμ(q),
69
70

lh =
∑
i �=j

∫
(p,q)∈Ki×Kj

dh(p, q)dμ(p)dμ(q).
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2.1 ghijklmno
no 0 ig K′ = f(K), �6 f(z) = z + (a, b) 	� K ���-o, r���jP�

p ∈ K � q ∈ K′, Vf p � q �?X γp,q jpY\�qk K ���e7L K′ ���e7�s

γ′ (5st� p � q g�) +JWW PY (γ′) �l	��m7. 85 2 NO, [Ynr K eou

{1, . . . , 14}, J K′ eou {a, . . . , n}.

Q 2 psqtPvw 0

I K ∪ K′ ∪ γ′ L��kT, JM d̃0
v(p, q) L5kT67 p � q TT�[^����. I

l0v =
∫

(p,q)∈K×K′
d̃0

v(p, q)dμ(p)d(f#μ)(q),

mn (f#μ)(B) = μ(f−1B). ��[Y	

l0v =
1
3
·
(

1
14

)2

I0
v =

1
3
·
(

1
14

)2

(196l0v + 392),

�r
I0
v = (5 · 5)l0v + (4 · 5 + 5 · 4)(l0v + 1) + (5 · 5 + 4 · 4 + 5 · 5)(l0v + 2)

+ (4 · 5 + 5 · 4)(l0v + 3) + (5 · 5)(l0v + 4),

J��x.s�ut 5 · 5 = #({10, . . . , 14} × {a, . . . , e}) , 4 · 5 = #({6, 7, 8, 9} × {a, . . . , e}) J
5 · 4 = #({10, . . . , 14} × {f, g, h, i}) =.

no 1 ig K′= g(K), �r g(z) = z + (1, 0) Jnr K′eou {a, . . . , n},85 3 NO.

Q 3 psqtPvw 1
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I

l1v =
∫

(p,q)∈K×K′
d̃1

v(p, q)dμ(p)dg#μ(q),

mn d̃1
v(p, q) LkT K ∪ K′ 6�7 p � q TT�[^����.

no 2 � k ≥ 1,ig K′ = gk(K), �r gk(z) = z +(k +1, 0). y
⋃k+1

i=0 (K +(i, 0))L��

kT, J d̃2
v(p, q) L5kT6�7 p � q TTL[^����. 9znr K′ eou {a, . . . , n}.

I l2,k
v =

∫
(p,q)∈K×K′ d̃2

v(p, q)dμ(p)d(gk)#μ(q). r�Jq 2.1, [YX\5u�� k g�, 85 4

NO.

Q 4 k = 1 v 2 {psqtPvw 2

ec 2.4 l2,k
v = l2,k′

v ��jP� k, k′ ≥ 1 w|.

I l2v = l2,1
v = l2,2

v = · · · .

no 3 ig5kTL
⋃m+1

i=0 (Xi +(i, 0)),�r Xi = K Z ∂[0, 1]2 (v.��t<)J X0 =

Xm+1 = K, [Yig #{i : Xi = ∂[0, 1]2} = k. 85 5 NO.

Q 5 psqtPvw 3 (k = m = 1)

I

l3,k,m
v =

∫
(p,q)∈K×K′

d̃3
v(p, q)dμ(p)d(fm)#μ(q),

�r fk(p) = p + (m + 1, 0), � d̃3
v(p, q) L5kT

⋃m+1
i=0 (Xi + (i, 0)) 6 p � q TT�[^��

��.
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p�Jq 2.1, [YX\5u�� k � m .g�, �	[Y�L8<Jq.

ec 2.5 l3,k,m
v = l3,k′,m′

v �jP� k, k′,m,m′ ≥ 1 w|.

I l3v = l3,k,m
v .

2.2 pqijklmno
5���[^.]�}3, [Y	 l0h, l1h, l2h � l3h. >w`]:5 6 �5 7.

Q 6 ~cqtPvw 0 (x) vvw 1 (y)

10 11 12 13 14

6 7 8 9

1 2 3 4 5

10 11 12 13 14

6 7 8 9

1 2 3 4 5

1

1

10 11 12 13 14

6 7 8 9

1 2 3 4 5

10 11 12 13 14

6 7 8 9

1 2 3 4 5

1

1

Q 7 ~cqtPvw 2 (x) vvw 3 (y)
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3 rs 1.1 tuv
3.1 ghij

[Y	

l1v =
1
3
·
(

1
14

)2

I1
v =

1
3
·
(

1
14

)2

(130l0v + 3l1v + 51l2v + 12l3v + 50),

�r

I1
v = (5 · 4 + 4 · 5 + 5 · 4 + 4 · 5)l0v + (5 · 5 + 5 · 5)(l0v + 1) + 3l1v

+ (24 + 3 + 24)l2v + 12l3v.

��x�L

l2v =
1
3
·
(

1
14

)2

I2
v =

1
3
·
(

1
14

)2

(130l0v + 50l2v + 16l3v + 212),

�r

I2
v = (5 · 5 + 5 · 5)l0v + (5 · 4 + 4 · 10 + 5 · 4)(l0v + 1)

+ (5 · 5 + 5 · 5)(l2v + 2) + (4 · 4)(l3v + 2).

zy, [Y�L

l3v =
1
3
·
(

1
14

)2

I3
v =

1
3
·
(

1
14

)2

(130l0v + 66l3v + 212),

mn

I3
v = (5 · 5 + 5 · 5)l0v + (5 · 4 + 4 · 10 + 5 · 4)(l0v + 1)

+ (5 · 5 + 5 · 5 + 4 · 4)(l3v + 2).

3.2 pqij
OPL

l0h =
1
5
·
(

1
14

)2

I0
h =

1
5
·
(

1
14

)2 (
196l0h + 784

)
,

�r

I0
h = (3 · 3)l0h + (3 · 3 + 3 · 3)(l0h + 1)

+ (2 · 3 + 3 · 3 + 3 · 2)(l0h + 2)

+ (3 · 3 + 3 · 2 + 2 · 3 + 3 · 3)(l0h + 3)

+ (3 · 3 + 3 · 3 + 2 · 2 + 3 · 3 + 3 · 3)(l0h + 4)

+ (3 · 3 + 2 · 3 + 2 · 3 + 3 · 3)(l0h + 5)

+ (3 · 2 + 3 · 3 + 3 · 2)(l0h + 6)

+ (3 · 3 + 3 · 3)(l0h + 7) + (3 · 3)(l0h + 8).

z�9n.D, [Y�L

l1h =
1
5
·
(

1
14

)2 (
156l0h + 5l1h + 32l2h + 3l3h + 168

)
,
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l2h =
1
5
·
(

1
14

)2

(156l0h + 36l2h + 4l3h + 168),

l3h =
1
5
·
(

1
14

)2

(156l0h + 40l3h + 460).

3.3 bc 1.1 kwx
{{e��}3, [Y�L

l0h = 1, l1h =
1290284
373912

, l2h =
26477
76700

, l3h =
152
325

, lh =
622972297
1805997375

,

l0v = 1, l1v =
105314
304239

, l2v =
8110
23403

, l3v =
35
87

, lv =
4210085
12778038

.

Io� 2.2 �Jq 2.3, [Y	

l = lv + lh =
6334459154473
9392390348250

= 0.6744 · · · .

yz ||�}~4}~�94os�=�D6�N	,,.
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