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(YÆZZ�/B/W�y�ZZ 053000)~ x C Γ OB{p d 2�p (a + 1, 3) 0�
=5j�/H a ≥ 2. " l(c, a, b) �Lr�9� ι(Γ) H� (c, a, b)t 0JV�h r = r(Γ) = l(c1, a1, b1), s = s(Γ) = l(cr+1, ar+1, br+1) d

t = t(Γ) = l(cr+s+1, ar+s+1, br+s+1). (&�> cr+1 = 3, ar+1 = 4a _ 3a + 1, 5 d = r + t + 2.bd\ ��<4i�q���l
MR(2000) �oah 05C75�qah o157.5

1 ywD Γ = (V Γ, EΓ)P�K�gu�1n(&�k�0I V Γ P76
�EΓ P�
�# ∂(x, y) �M x + y 1�Æ� d = d(Γ) = max
{

∂(x, y) | x, y ∈ V Γ
} �M Γ 1C|�t"! Γ P�Æ>61�=T:`&1;X h, i, j (0 ≤ h, i, j ≤ d) e`&�V ∂(x, y) = h1 x, y ∈ V Γ, ;X

ph
ij :=

∣

∣{z ∈ X |∂(x, z) = i, ∂(y, z) = j}
∣

∣��
( x W y 1�6�!;X ph
ij q Γ 1 s X. i ai = pi

1i (0 ≤ i ≤ d), bi =

pi
1i+1 (1 ≤ i ≤ d), ci = pi

1i−1 (1 ≤ i ≤ d), ki = p0
ii (0 ≤ i ≤ d). M� c0 = a0 = bd = 0. t"! b0 = k q Γ 1l�R(�Æ>6k1M<�w�5�� [1,2].D l(c, a, b) �M3s :� ι(Γ) I� (c, a, b)t 1KX�i r = r(Γ) = l(c1, a1, b1),

s = s(Γ) = l(cr+1, ar+1, br+1) e t = t(Γ) = l(cr+s+1, ar+s+1, br+s+1).�K�Æ>6k ΓtX (m1, m2)	1�=T::� α ∈ V Γ,& Γ(α)≃ (m2+1)∗ Km1
,8� Km1

�M& m1 K761n7k� (m2 + 1) ∗ Km1
�M m2 + 1 K Km1

1�s��=T m2 = 0, }9 Γ P�Kn7k�{#t"i a = a1.

Mohar B 23 [3] I
�� (a + 1, 1) 14
�a"?$�=T k > 2, 6 Γ hO(�K Moore k1�k`7P�K	q (a + 1, 1) 1S� 2d �
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Biggs N L 23 [4] I
�� (1, 2) 	14
��L#�n7C�	Hiraki A 23 [5]I
�� (2, 2) 	14
�?$�38J4�{D&\Kk	 Yamazaki N 3 [6] I
�� (a + 1, 2), a ≥ 2 	14
��.#�{v�� (1) =T a ≥ 1, cr+1 ≥ 2 6 cr+1 = 33 d = r + 1 ` cr+1 = 2 3 d ≤ r + 2. (2) =T a ≥ 2 3 cr+1 = 1 6 d ≤ r + 2 ` Γ Plq 3 1�ÆY>6k1�Æ−2 k��s
� (a + 1, 3) 	14
�gUg^Ek�hSkm1�X�vX [5] W [6] 1A?.-�C|+;X r, s 1Rz�t"xo8�vT: (a + 1, 3) 	k1n7C�*1--N�-1Y#�K�vT={�`k 1 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k�0I a ≥ 2.? cr+1 = 3, ar+1 = 4a ` 3a + 1, 6 d = r + t + 2.

2 |Z�n::� 0 ≤ i, j ≤ d, � Γi(α) = {x ∈ Γ|∂(α, x) = i}, Γ(α) = Γ1(α). : Γ 176 α, β,? ∂(α, β) = i, �
Ci(α, β) = Γi−1(α) ∩ Γ(β),

Ai(α, β) = Γi(α) ∩ Γ(β),

Bi(α, β) = Γi+1(α) ∩ Γ(β).:S
 S ⊂ V Γ, Γ 3 S A1+#Sk;iq S. d��: α, x ∈ V Γ, ∂(α, x) = i,t"!+#Sk Ci(α, x) PR( (α, x) 1 Ci k�! Ai(α, x) PR( (α, x) 1 Ai k�!
Bi(α, x) PR( (α, x) 1 Bi k�t"
n7k!qm�>
 &�1Sk!q)m�:�h176 x, y, ? ∂(x, y) = 1, t"i x ∼ y, D6�i x 6∼ y. D e(A, B) �M Γ 1S
 A W B Am1�X�3::� x ∈ V Γ, � e({x}, A) = e(x, A).D α W β P Γ I�u1�6�� Di

j(α, β) = Γi(α) ∩ Γj(β). d��:Q81�:86 (α, β), i Di
j = Di

j(α, β). R( (α, β) 1s �P$6
 {Di
j}i,j (0 ≤ i, j ≤ d) O"�0I6
Am�*&����f=T Di

j + Dh
l m�*&�}3b"Am℄�f��D6�℄���=�=T cr+1 ≥ 2, s �1
P=k 2.1 `M�
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j 2.1R(s �1b��Gp [6–8]. d��{#�G"��mp 2.1[7] D Γ = (V Γ, EΓ) PC|q d 1�Æ>6k�6{�"��
(1) bi = bi+1 *3x* e(Di+1

i , Di
i+1) = e(Di+1

i+1 , D
i+1
i ) = 0.

(2) ci = ci+1 *3x* e(Di+1
i , Di

i) = e(Di
i+1, D

i+1
i ) = 0.mp 2.2[6] D Γ = (V Γ, EΓ) P� (a + 1, m2), a ≥ 1 	3C|q d 1�Æ>6k�6{� (1)–(4) "��
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(1) e(Di−1

i , Di
i) = e(Di−1

i , Di−1
i−1) = e(Di−1

i , Di
i−1) = e(Di

i−1, D
i
i) =

e(Di
i−1, D

i−1
i−1) = 0 (2 ≤ i ≤ r);

(2) D x, y ∈ D
j+1
j , 3 z ∈ D

j
j−1 (1 ≤ j ≤ r), =T y ∼ x ∼ z, 6 y ∼ z;

(3) e(Dr
r , D

r+1
r ) = e(Dr

r , D
r
r+1) = 0;

(4) !K Cr+1 kP�K)m�
3 _j℄�lzk 3.1 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k�0I a ≥ 2,

cr+1 = 3, ar+1 > 3a,6Sk Cr+2 ≃ m∗ Kar+1−3a+1, 0I m = 3` 4. y���? m = 4,6 d = r + 2.� :6 x ∈ Γr+1(α), �q cr+1 = 3, D {x1, x2, x3} = Cr+1(α, x) = Γr(α) ∩ Γ(x).D Xi = D1
1(x, xi) (i = 1, 2, 3), Br+1 = Br+1(α, x) = Γr+2(α) ∩ Γ(x), 6 |Xi| = a. '�q Cr+1 kP)m�`� Xi �$�s�%> |X1 ∪ X2 ∪ X3| = 3a, �q ar+1 > 3a 3

Γ(x) ≃ 4 ∗ ka+1, `�&3m
X ′ = (Γ(x) ∩ Γr+1(α))\(X1 ∪ X2 ∪ X3) 3 |X ′| = ar+1 − 3a,%>6 x ∈ Γr+1(α) 1�.vO=k 3.1 `M�
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j 3.1$k 3.1 ���#�::� y ∈ Γr+2(α) e:� x ∈ Cr+2(α, y) = Γr+1(α) ∩ Γ(y), &
y ∼ x ∈ Γr+1(α), y ∈ X ′ ∪ Br+1, %> Γ(y) ∩ Γ(x) ∩ Γr+1(α) = |X ′| = ar+1 − 3a, �$Sk Cr+2 q m K Kar+1−3a+1 1�s��f Cr+2 ≃ m ∗ Kar+1−3a+1. �q!K Cr+2 k�VQ�K Cr+1 k�3 Cr+1 kP76Xq 3 1)m�`� 3 ≤ m ≤ 4.=T m = 4, 6::� y ∈ Γr+2(α), & Γ(y) ∩ Γr+3(α) = ∅, `� d = r + 2.{#�� m = 3 14
�f Cr+2 ≃ 3 ∗ Kar+1−3a+1.zk 3.2 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k�0I
a ≥ 2. =T cr+1 = 3, ar+1 > 3a 3Sk Cr+2 ≃ 3 ∗ Kar+1−3a+1, 6 e(Dr+1

r+2, D
r+2
r+1) = 0.� ?�9�kD&3 x ∈ Dr+2

r+1, y ∈ Dr+1
r+2, J x ∼ y. �qSk Cr+1(β, x) q)m3 cr+1 = 3, $k 2.1 �D {x1, x2, x3} = Dr+1

r ∩ Γ(x) = Cr+1(β, x), 8H {x1, x2, x3} ⊂

Cr+2(α, x), y ∈ Cr+2(α, x), > Cr+2 kq�Km1�s��`� y �W {x1, x2, x3} I�K6���+ e(Dr+1
r , Dr+1

r+2) = 0 �;�zk 3.3 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k�0I a ≥ 2.=T cr+1 = 3, ar+1 > 3a, 6::� x ∈ Dr+1
r+1, & e(x, Dr

r) ≤ 1, �3&3 x ∈ Dr+1
r+1, J.

e(x, Dr
r) = 0.
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r+1, & e(x, Dr

r) ≤ 1. ?�9�kD&3 x ∈ Dr+1
r+1, J

e(x, Dr
r) > 1, f&3 yr, zr ∈ Dr

r ∩ Γ(x), yr 6= zr. D {yr−i} = Dr−i
r−i ∩ Γ(yr−i+1), {zr−i} =

Dr−i
r−i ∩ Γ(zr−i+1) (i = 1, 2, · · · , r − 1). �q ci+1 = 1, `� yr−i 6= zr−i. '�q D1

1 Pm�`� y1 ∼ z1 3 y1 ∈ Γr(x) ∩ Γ(α), z1 ∈ Γr(x) ∩ Γ(α). (P {y1, z1} ⊂ Cr+1(x, α), 3
y1 ∼ z1, + Cr+1 kq)m�;�2�q br 6= 0, $k 2.1 ����9&3 x′ ∈ Dr+1

r+1, J e(x′, Dr
r) = 1.W[?$&3 x′′ ∈ Dr+1

r+1, J e(x′′, Dr
r) = 0. ?�9�kD::� x ∈ Dr+1

r+1, &
e(x, Dr

r) = 1. t"#�JA?g^ Dr
r W Dr+1

r+1 Am1�X�$k 2.1 ���::� z ∈ Dr
r , & e(z, Dr+1

r+1) = br, `�
k · e(Dr

r , D
r+1
r+1) = k · br|D

r
r | = k · br · p1

r,r = krbrp
r
1,r = krbrar = kr+1cr+1ar = 3a · kr+1. (1)��A#�

k · e(Dr+1
r+1, D

r
r) = k · |Dr+1

r+1| = k · p1
r+1,r+1 = kr+1 · pr+1

1,r+1 = kr+1ar+1. (2)$ (1) KW (2) K. ar+1 = 3a, + ar+1 > 3a �;�$�� 3.3, t"={8�6
 A W B:

A =
{

x ∈ Dr+1
r+1| e(x, Dr

r) = 1
}

, B = {x ∈ Dr+1
r+1| e(x, Dr

r) = 0}.�� A ∩ B = ∅, A ∪ B = Dr+1
r+1, �3 A 6= ∅, B 6= ∅.zk 3.4 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k��3

cr+1 = 3, ar+1 > 3a, Sk Cr+2 ≃ 3 ∗ Kar+1−3a+1. )� a ≥ 2, 3::� x ∈ Dr+2
r+2,? x ∼ y ∈ A ⊂ Dr+1

r+1, 6 e(x, Dr+1
r+2) = e(x, Dr+2

r+1) = 0, �3 Γ(x) ∩ Dr+1
r+1 ⊂ A, f

Cr+2(α, x) ⊂ A; ::� z ∈ Dr+2
r+1 ∪ Dr+1

r+2, ? z ∼ w ∈ A, 6 Γ(z) ∩ Dr+1
r+1 ⊂ A.� �q y ∈ A, `�&3 γ1 ∈ D1

1, J ∂(γ1, y) = r, %> ∂(γ1, x) = r + 1, f
γ1 ∈ Cr+2(x, α). '�q Cr+2 kq 3 K Kar+1−3a+1 1�s��M� D1

1 qm�`� D1
1IN& ar+1 − 3a + 1 K6- x �Æq r + 1, Dq γ1, γ2, · · · , γar+1−3a+1. ? a = 1, 6

D1
1 I& ar+1 − 3 + 1 > 1 K6- x �Æq r + 1, fEB& 2 K6- x �Æq r + 1, )

|D1
1| = a = 1, �;�`�? cr+1 = 3, ar+1 > 3a , 6 a ≥ 2. {#UD a ≥ 2.�q cr+1(γi, x) = 3,�3Sk Cr+1(γi, x)q)m�̀ �&3)m {ui, vi, wi} ⊂ Dr+1

r+1,�3 {ui, vi, wi} = Cr+1(γi, x) (i = 1, 2, · · · , ar+1−3a+1). '�qSk Cr+1q)m�̀ �?
i 6= j, 6 {ui, vi, wi}∩{uj, vj , wj} = ∅, %> Dr+1

r+1 ∩Γ(x) I&�K\��s1 Kar+1−3a+1m��3!K Kar+1−3a+1 ⊂ A. �$Sk Cr+2(α, x) ⊂ A �3 Cr+2(α, x) ∩ Dr+1
r+2 = ∅,f Γ(x) ∩ Dr+1

r+2 = ∅, Γ(x) ∩ Dr+2
r+1 = ∅.h��?:� z ∈ Dr+2

r+1 ∪ Dr+1
r+2, ? z ∼ w ∈ A ⊂ Dr+1

r+1, 6 Γ(z) ∩ Dr+1
r+1 ⊂ A.zk 3.5 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k�0I a ≥ 2.=T cr+1 = 3, ar+1 > 3a 3Sk Cr+2 ≃ 3 ∗ Kar+1−3a+1, 6 s = 1.� �q ar+1 > 3a, `� ar+1 − 3a + 1 ≥ 2, (P cr+2 = 3(ar+1 − 3a + 1) ≥ 6. >

cr+1 = 3, P cr+1 6= cr+2, %> s = 1.* ar+1 = 4a H�8�1?$�� �q cr+1 = 3, ar+1 = 4a, `� br+1 = 1. > {bi} 5o�`� br+t+1 = 1. $�� 3.1 e t 18��� cr+2 = cr+3 = · · · = cr+t+1, br+2 = br+3 = · · · = br+t+1, �3
(cr+t+1, ar+t+1, br+t+1) 6= (cr+t+2, ar+t+2, br+t+2).



168 �  T � � � 31�? cr+t+1 = cr+t+2, 6 br+t+1 6= br+t+2. '�q {bi} 5o3 br+t+1 = 1, `�
d = r + t + 2.? cr+t+1 6= cr+t+2. �q!K Ci k��VQ�K Ci−1 k� (i = r + 2, · · · , r + t +

1, r + t + 2), �qSk Cr+2 ≃ 3 ∗ Kar+1−3a+1, 3 cr+2 = cr+3 = · · · = cr+t+1, `�Sk
Cr+t+1 ≃ 3 ∗ Kar+1−3a+1. �q br+t = br+t+1, `� e(Dr+t

r+t+1, D
r+t+1
r+t+1) = 0. ~3s �=k 3.2 `M�
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r+t
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r+t+1
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��

–j 3.2::� x ∈ Dr+t+1
r+t+2, &

cr+t+2(β, x) = e(x, Dr+t
r+t+1 ∪ Dr+t+1

r+t+1 ∪ Dr+t+2
r+t+1)

=e(x, Dr+t
r+t+1) + e(x, Dr+t+1

r+t+1 ∪ Dr+t+2
r+t+1)

=cr+t+1(α, x) + e(x, Dr+t+1
r+t+1 ∪ Dr+t+2

r+t+1).�q cr+t+1 6= cr+t+2, `� e(x, Dr+t+1
r+t+1 ∪ Dr+t+2

r+t+1) 6= 0.> Cr+t+1 kq�Km1�s��`� Cr+t+2 kq\Km1��%> d = r + t + 2.q�?$ cr+1 = 3, ar+1 = 3a + 1 14
�t"R|L#{#1���zk 3.6 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k�0I a ≥ 2.=T cr+1 = 3, ar+1 > 3a, Sk Cr+2 ≃ 3 ∗ Kar+1−3a+1, 6 e(Dr+2
r+1 ∪ Dr+1

r+2, B) = 0.� ?�9�kD&3 x ∈ Dr+2
r+1, J e(x, B) 6= 0. $�� 3.4, e(x, A) = 0. %>::� γ ∈ D1

1, & ∂(x, γ) = r + 2. '�q ∂(x, α) = r + 2, `�
D1

1 ∪ {α} ⊂ Br+1(x, β) = Γr+2(x) ∩ Γ(β).(P br+1(x, β) ≥ a + 1. ) cr+1 = 3, 3 ar+1 > 3a, `� br+1 < a + 1, �;�P
e(Dr+2

r+1, B) = 0. h�� e(Dr+1
r+2, B) = 0. ?��zk 3.7 D Γ = (X, E) P�K�V Γ(x) ≃ 4 ∗ Ka+1 (a ≥ 2) 1C|q d 1�Æ>6k�* cr+1 = 3, 3a < ar+1 < 4a, �3Sk Cr+2 ≃ 3 ∗ Kar+1−3a+1 H��&

e(A, Dr+2
r+2) 6= 0.� �q::� x ∈ Dr+1

r+2, &Sk Cr+2(β, x) ≃ 3 ∗ Kar+1−3a+1, 3 |Γ(x) ∩ Dr
r+1| =

3 = cr+1(α, x), `� Γ(x) ∩ Dr+1
r+1 ≃ 3 ∗ Kar+1−3a. �$$�� 3.6, e(Dr+1

r+2, D
r+1
r+1) =

e(Dr+1
r+2, A) = 3(ar+1 − 3a) · |Dr+1

r+2|, f
k · e(A, Dr+1

r+2) = 3(ar+1 − 3a) · k · p1
r+1,r+2 = 3(ar+1 − 3a) · kr+1 · br+1.�q ar+1 < 4a, `� ar+1 − 3a < a, (P

k · e(A, Dr+1
r+2) < 3a · kr+1 · br+1. (3)
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e(A, Dr+1

r+2 ∪ Dr+2
r+2) = br+1 · |A|, (4)>

k · |A| = k · e(Dr
r , D

r+1
r+1) = k · |Dr

r | · br = k · p1
r,r · br = krarbr = kr+1cr+1ar = 3a · kr+1. (5)$ (3)–(5) K�.

k · e(A, Dr+1
r+2 ∪ Dr+2

r+2) = k · |A| · br+1 = 3a · kr+1 · br+1 > k · e(A, Dr+1
r+2). (6)$ (6) K�. e(A, Dr+2

r+2) 6= 0.zk 3.8 D Γ = (V Γ, EΓ) PC|q d 3	q (a + 1, 3) 1�Æ>6k�0I a ≥ 2.=T cr+1 = 3, ar+1 = 3a + 1, �3Sk Cr+2 ≃ 3 ∗ Kar+1−3a+1, 6::� y ∈ B ⊂ Dr+1
r+1e:� γ ∈ D1

1 , & ∂(y, γ) = r + 2. %> e(A, B) = 0.� DÆ?$:� y ∈ B ⊂ Dr+1
r+1 e:� γ ∈ D1

1, �& ∂(y, γ) = r + 2.D y ∈ B, 6 α ∈ Γr+1(y). �qSk Γr(y) ∩ ({β} ∪ D1
1) = ∅, `�Sk Cr+1(y, α) ⊂

D1
2, %> Br+1(y, α) ⊂ {β} ∪ D1

1. �q ∂(y, β) = r + 1, `� Br+1(y, α) ⊂ D1
1.M� br+1 = a, �$ Br+1(y, α) = D1

1. %>::� γ ∈ D1
1, & ∂(y, γ) = r + 2, f

e(y, A) = 0. �$ e(A, B) = 0.zk 3.9 D Γ = (X, E)P�K�V Γ(x) ≃ 4∗ Ka+1 (a ≥ 2)1C|q d1�Æ>6k�=T cr+1 = 3, ar+1 = 3a+1,�3 Cr+2 ≃ 3∗ Kar+1−3a+1,6 t = l(cr+2, ar+2, br+2) =

1, d = r + 3 ` t = l(cr+2, ar+2, br+2) ≥ 2, �3 br+1 = br+2.� ? Cr+3 kq\Km1�s��6 d = r + 3. $�� 3.5 .� t = 1.? Cr+3 kq�Km1�s��t"?$ t ≥ 2. R|?$ cr+2 = cr+3. kD
cr+2 6= cr+3. �q Cr+2 kW Cr+3 k�q�Km1�s��`� e(Dr+2

r+3, D
r+3
r+2) = 0,

e(Dr+2
r+2, D

r+1
r+2) 6= 0, e(Dr+2

r+2, D
r+2
r+3) 6= 0. NIA�:6 x ∈ Dr+2

r+3, � Cr+2 kP�Km1�s��`�&3)m {x1, x2, x3} J. {x1, x2, x3} ⊂ Cr+2(α, x), %> {x1, x2, x3} ⊂

Cr+3(β, x). ?&3 y ∈ Γ(x) ∩ Dr+3
r+2, 6 y ∈ Cr+3(β, x). �q Cr+3 kq�Km1�s��`�&3 i ∈ {1, 2, 3} J. xi ∼ y, �;��$ e(Dr+2

r+3, D
r+3
r+2) = 0. �℄3�?$

e(Dr+2
r+2, D

r+2
r+3) 6= 0 3 e(Dr+2

r+2, D
r+1
r+2) 6= 0.2$�� 3.2, &k 3.3.
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j 3.3�q::� x1, x2 ∈ Dr+1
r+2, & e(x1, D

r+1
r+2) = e(x2, D

r+1
r+2) = ar+1 − (cr+2 − 3), `�&

e(x1, D
r+2
r+2) = e(x2, D

r+2
r+2) = ar+2 − e(x1, D

r+1
r+2). (7)
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r+2, D

r+1
r+2) 6= 0, `�$ (7) K�::� x ∈ Dr+1

r+2, & e(x, Dr+2
r+2) 6= 0. �q d ≥ r + 3, `�::� x ∈ Dr+1

r+2, & e(x, Dr+2
r+3) 6= 0. �$�&m {x, y, z}, 0I

x ∈ Dr+1
r+2, y ∈ Dr+2

r+2, z ∈ Dr+2
r+3.$�� 3.4 ��� Γ(y) ∩ Dr+1

r+1 ⊂ B, `�
Γ(y) ∩ Dr+1

r+1 ≃ 2 ∗ K2 3 e(y, Dr+1
r+2) = ar+1 − 3a + 1 = 2.$�� 3.6 ���:� x ∈ B, & e(x, Dr+2

r+2) 6= 0. D6
 M, M1 8�={�
M =

{

x ∈ Dr+2
r+2| e(x, Dr+1

r+2) = e(x, Dr+2
r+1) = ar+1 − 3a + 1

}

,

M1 =
{

x ∈ Dr+2
r+2| e(x, B) = 3(ar+1 − 3a + 1) = 6

}

.��::� x ∈ M , & e(x, B) = 2(ar+1 − 3a + 1) = 4.$�� 3.4 ���::� x ∈ M , & e(x, A) = 0, f Γ(x) ∩ Dr+1
r+1 ⊂ B, 6 M ∪ M1P Dr+2

r+2 I+ B I6��1`&761
X�{##�JA?	g^ B W M ∪ M1 Am1�X�6
|B| · br+1 = 6 · |M1| + 4 · |M |.`�
|M | ≤

|B| · br+1

4
=

|B| · a

4
. (8)$ (5) K��

k · |B| = k · |Dr+1
r+1| − k · |A| = kr+1 · ar+1 − 3a · kr+1 = kr+1.$ (8) K�.

4k|M | ≤ a kr+1.%>
k · e(Dr+2

r+2, D
r+1
r+2) = k · e(M, Dr+1

r+2) = 2k · |M | ≤
kr+1 · a

2
.��A#�$ (7) K.�:� x ∈ Dr+1

r+2, e(x, Dr+2
r+2) 6= 0, `�

k · e(Dr+1
r+2, D

r+2
r+2) ≥ k · |Dr+1

r+2| = kr+1 · br+1 = kr+1 · a.�;�`� cr+2 = cr+3. %> e(Dr+2
r+2, D

r+2
r+3) = e(Dr+2

r+2, D
r+3
r+2) = 0.{#?$ br+1 = br+2. $%e 2.1 W�� 3.2, DÆ?$ e(Dr+1

r+2, D
r+2
r+2) = 0.kD&3 x ∈ Dr+1

r+2, y ∈ Dr+2
r+2, x ∼ y. �q Cr+1 kq)m�3 cr+1 = 3, Γ(x) ≃

4 ∗ Ka+1, `�&3 z ∈ Dr+2
r+3, J. {x, y, z} P�Km�W[�?$ t ≥ 2, DÆ?$ br+2 = br+3. �q br+1 = br+2 3 cr+2 = cr+3, `�s �=k 3.4 `M�
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1. H_G��,=�~%�F cr+1 = 3, ar+1 = 3a + 1 ^ 4a / (a + 1, 3) ���<4i171? br+2 6= br+3, 6&3 y ∈ Dr+3
r+3, J e(y, Dr+2

r+3) 6= 0. $:!�� e(y, Dr+3
r+2) 6= 0. D

y ∼ x ∈ Dr+2
r+3, x ∼ w ∈ Dr+1

r+2, $�� 3.6, Γ(w) ∩ Dr+1
r+1 ⊂ A, `�&3 γ ∈ D1

1, J
∂(w, γ) = r + 1, %> ∂(x, γ) = r + 2, P ∂(y, γ) ≤ r + 3. t"9� ∂(y, γ) = r + 3. D6�? ∂(y, γ) = r+2, 6Sk Cr+2(γ, y) = Γr+1(γ)∩Γ(y) ⊂ Dr+2

r+2 3Sk Cr+2(γ, y) ≃ 3∗K2.%> Γ(y) ∩ Dr+2
r+2 q�Km�P Γ(y) EBq 5 Km1���;�`� ∂(y, γ) = r + 3.y���t"& Cr+3(γ, y) ∩ Dr+2

r+2 = ∅. ?�9�6&3 v ∈ Cr+3(γ, y) ∩ Dr+2
r+2 =

Γ(y) ∩ Dr+2
r+2 ∩ Γr+2(γ). $�� 3.7 W�� 3.8, Dr+1

r+1 I& A 	6 w1, J w1 ∼ v, 8�&3 γ1 ∈ D1
1, J ∂(w1, γ1) = r, %> ∂(v, γ1) = r + 1, (P ∂(y, γ1) = r + 2. �℄AS
��.�;�`� Cr+3(γ, y) ∩ Dr+2

r+2 = ∅, %> Cr+3(γ, y) ⊂ Dr+2
r+3 ∪ Dr+3

r+2. M�Sk
Cr+3(α, y) ≃ 3 ∗ K2, + e(Dr+2

r+3, D
r+3
r+2) = 0 �;�`� br+2 = br+3.* ar+1 = 3a + 1 H�8�1?$�� $�� 3.1, Sk Cr+2 ≃ m ∗ K2, m = 3 ` 4. ? m = 4, 6 d = r + 2,$H t = 0,v�"��{#
� m = 3 14
��� 3.9 
�� t = 1 14
�{#�� t ≥ 2 14
�$ t 18���

cr+2 = cr+3 = · · · = cr+t+1,

br+2 = br+3 = · · · = br+t+1,

(cr+t+1, ar+t+1, br+t+1) 6= (cr+t+2, ar+t+2, br+t+2).�q!K Ci k�VQ�K Ci−1 k (i = r+2, · · · , r+t+1, r+t+2)eSk Cr+2 ≃ 3∗ K2,3 cr+2 = cr+3 = · · · = cr+t+1, `�Sk Cr+t+1 ≃ 3 ∗ K2, `� Cr+t+2 kqEBq 3 Km1��'�q Γ(x) ≃ 4 ∗ ka+1, `� Cr+t+2 kq�Km`\Km1�s��q�?$ d = r + t + 2, DÆ?$ Cr+t+2 kq\Km1�s��?�9�6 Cr+t+2 kq�Km1�s���q e(Dr+t
r+t+1, D

r+t+1
r+t+1) = 0,3 Cr+t+1kq�Km1�s��̀ � e(Dr+t+1

r+t+2 , D
r+t+1
r+t+1∪Dr+t+2

r+t+1) = 0. NIA�D x ∈ Dr+t+1
r+t+2,�q Cr+t+1kq�Km1�s��̀ �&3)m {x1, x2, x3}J. {x1, x2, x3} ⊂ Cr+t+1(α, x) ⊂ Dr+t

r+t+1.kD e(Dr+t+1
r+t+2, D

r+t+1
r+t+1 ∪ Dr+t+2

r+t+1) 6= 0, 6&3 y ∈ Γ(x) ∩ (Dr+t+1
r+t+1 ∪ Dr+t+2

r+t+1), %> y ∈

Cr+t+2(β, x). � Cr+t+2 kq�Km1�s��`�&3 i ∈ {1, 2, 3} J. xi ∼ y. �q
e(Dr+t

r+t+1, D
r+t+1
r+t+1) = 0, `� y ∈ Dr+t+2

r+t+1, 8[$ Dr+t
r+t+1 + Dr+t+2

r+t+1 m&�����;�(Ps �=k 3.5.
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@@j 3.5`� cr+t+1 = cr+t+2. %>�& Cr+t+2 ≃ 3 ∗ K2, br+t+1 6= br+t+2. $%e 2.1. e(Dr+t+1
r+t+2, D

r+t+2
r+t+2) 6= 0. %>&3 y ∈ Dr+t+2

r+t+2, x ∈ Dr+t+1
r+t+2, J y ∼ x. $:!��

e(y, Dr+t+2
r+t+1) 6= 0. :( x ∈ Dr+t+1

r+t+2, 3 Dr+1
r+2 I&3W x �ÆWz16 w, $�� 3.6, &
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1, ∂(w, γ) = r+1,%> ∂(x, γ) = r+t+1, ∂(y, γ) ≤ r+t+2. 9� ∂(y, γ) = r+t+2.D6�? ∂(y, γ) = r + t + 1, 6Sk Cr+t+1(γ, y) = Γr+t(γ) ∩ Γ(y) ⊂ Dr+t+1

r+t+1 3Sk
Cr+t+1(γ, y) ≃ 3 ∗ K2. %> Γ(y) ∩ Dr+t+1

r+t+1 q�Km1�s��8� Γ(y) EBq 5 Km1���;�`� ∂(y, γ) = r + t + 2. y���t"& Cr+t+2(γ, y) ∩ Dr+t+1
r+t+1 = ∅.?�9�6&3 v ∈ Cr+t+2(γ, y) ∩ Dr+t+1

r+t+1 = Γ(y) ∩ Dr+t+1
r+t+1 ∩ Γr+t+1(γ), 6$�� 3.7W�� 3.8, &3 w1 ∈ A W v �ÆWz�%>&3 γ1 ∈ D1

1, J ∂(w1, γ1) = r, (P
∂(v, γ1) = r + t, ∂(y, γ1) = r + t + 1. �℄AS
��.�;�8� Cr+t+2(γ, y) ∩

Dr+t+1
r+t+1 = ∅, y> Cr+t+2(γ, y) ⊂ Dr+t+1

r+t+2 ∪ Dr+t+2
r+t+1. )PSk Cr+t+2(γ, y) ≃ 3 ∗ K2, +

e(Dr+t+1
r+t+2, D

r+t+2
r+t+1) = 0 �;�`� d = r + t + 2.[ g s t
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Distance-regular Graphs with Order (a + 1, 3) and cr+1 = 3, ar+1 = 3a + 1 or 4a

GAO Suogang

(Mathematics and Information College, Hebei Normal University, Shijiazhuang 050016)

(E-mail: sggao@heinfo.net)

BU Yuen

(Department of Mathematics, Hengshui College, Hengshui 053000)

Abstract Let Γ be a distance-regular graph with order (a + 1, 3), where a ≥ 2, and let
l(c, a, b) denote the number of columm (c, a, b)t in the intersection array ι(Γ). Write r =
r(Γ) = l(c1, a1, b1), s = s(Γ) = l(cr+1, ar+1, br+1) and t = t(Γ) = l(cr+s+1, ar+s+1, br+s+1).
If cr+1 = 3, ar+1 = 3a + 1 or 4a, then d = r + t + 2.
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