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1 � �z�sCo3+i�U9C�\203��o�u�Ko�m��o D = (V, E), 9A Vu87g� E u���g� N−(u) " N+(u) F��Z87 u 32r�g [1].\� 1 S D u��o�J)/65_ k, Y2=H� u, v ∈ V , D A:��u k 3'7 u0 v 3��q��0� D u�)3�>�2C k 3M�;u D 3�)=_�mu γ(D).\� 2 S D u��o�J D AH��=879p:)/��q��0� D u<�k3�\� 3 S D u��o� u, v ∈ V , du,v �Z'7 u 0 v 3
��o D 3:� d =

maxu,v∈V {du,v}.

19894�"�O [2] 
���)=_3F�� 1991 4�"�O�Qn& [3] =�)d�3gZ~���^��4��=g℄��3�)��o (`�3) i9do3
��G,fSF��8 n y�Ko D \�)3/>}/ D \<�k3> n ≥ 4[1]. x� [4] 7.�/ n ≥ 5W�3 ≤ γ(D) ≤ n+2,�N ��)=_*0M,; n+23do3sC�^�x� [5]7.� 5y�)�Ko3=_gu {4,6,7}, n (n ≥ 6) y�)�Ko3=_gu {3, 4, 5, . . . , n + 1, n + 2}.�x/x� [4],[5] 3
�a#O�N n (n ≥ 5) y�KoA��)=_*0%,; n + 1 3do3sC�^�
2 �Q℄m\l 1

[1] S n ≥ 5, D u n y<�k�Ko��S A \ D 3�x�3� d \ D 3:��0 Ad+3 > 0 (k�3 Ad+3 3+L(d�u6_).�l 1 S n ≥ 5, D = (V, E) u n y�Ko� t ≥ n, = u, v ∈ V , J' u 0 v )/�;u
t 3��q��0' u 0 v �)/�;�, t − 3 3��q��v_sr: 2005-06-15; ewsr: 2005-08-01
g�q: KvUw%j��b|HE�1 (JB03144).
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p S P u' u 0 v �u t 3��q��� D ?� n L�m87�f���/L87 k / P A�P ~A%�k P AX�W87 k 3B C, �B��Pu 3[4], 
 P NA C \20' u 0 v �3��q��9�;�, t − 3.�l 2 S n ≥ 5, d u n y<�k�Ko D 3:��0 γ(D) ≤ d + 3.
p �9� 1, Ad+3 > 0, k D AH��7p:)/�u d+3 3��q��f� γ(D) ≤

d + 3.�l 3 S n ≥ 5, D u ny<�k�Ko�0/ d = n−2` d = n−1W�γ(D) = d+3.
p ��� 28 γ(D) ≤ d+3,/ d = n−2W�J γ(D) 6= d+3,0 γ(D) < d+3 = n+1.k γ(D) ≤ n, 0=H�3 u, v ∈ V , :�'7 u 0 v 3�u n 3��q����� 1, '7 u 0
v ���u n − 3 3��q��� u, v 3H���20 d ≤ n − 3, " d = n − 2 )>�f�
γ(D) = d + 3. = d = n − 1 ?�m��7�F�0�� 3 A γ(D) = d + 3 ��\=H�3 d :���/x� [5] A�� d = 2 3 5 y�Ko D, .\ γ(D) = 4 6= d + 3 3�I�\l 2 S n ≥ 5, D u n y<�k�Ko�0 γ(D) = n + 1 3��itu d = n − 2.
p 9�F���� 3 k2�|-7.����� D \ n y<�k3�R d ≤ n− 1. �7. d = n− 2, ?�7. d = n− 1 i d < n− 2\��33�

(I) J d = n − 1, ��� 3 � γ(D) = n + 2, )>�
(II) J d < n − 2, k d ≤ n − 3, ��� 2 8 γ(D) ≤ d + 3 ≤ n, )>�f� d = n − 2, ���27���mY Hk �Zx� [4] Ah03 k y�KoA�)=_*0M,; k + 2 3do�

Hk = (V, E), 9A
V = {1, 2, 3, . . . , k}, E = {(i, i + 1)|1 ≤ i ≤ k − 1} ∪ {(i, j)|3 ≤ j + 2 ≤ i ≤ k}.\l 3

[4] S n ≥ 5, D u n y<�k�Ko�0 γ(D) *0M,; n + 2 3��it\ DmQ o Hn.

3 Æ�fn��mY Gk,n �Zg93 n yo Gk,n = (V, E), 9A V = {1, 2, 3, . . . , n}, 2 ≤ k ≤ n − 1,>(L�|�Lit�
(I) Gk,n ÆX� n − 1 yIo Hn−1.

(II) {1, 2, 3, . . . , k − 3} ∪ {k} ⊆ N+(n), {k + 1, k + 2, . . . , n − 2, n − 1} ⊆ N−(n) (F�J
k ≤ 3, {1, 2, 3, . . . , k − 3} u�g�J k = n− 1, {k + 1, k + 2, . . . , n− 2, n− 1} u�g). �=87 k − 1, k − 2 ,9I|�/ k = 2 W (k − 2 �)/), k − 1 ∈ N−(n) ` k − 1 ∈ N+(n) A1��>?�9��/ 3 ≤ k ≤ n− 3 W��|� (i). k− 1, k− 2 ∈ N−(n). (ii). k − 1 ∈ N−(n), k − 2 ∈ N+(n).

(iii). k − 1 ∈ N+(n), k − 2 ∈ N−(n). (iv). k − 1, k − 2 ∈ N+(n) 
1��>?�9��/ k = n− 1 ` k = n− 2 W�87 k− 1, k− 2 A�P��L^ N−(n), k 3 ≤ k ≤ n− 3AMC?�" (iv) r� (i),(ii), (iii) M1��>?�9��
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L3�(o
(Io 1 fZ�uq{;r�/ k ≤ i ≤ n − 1, 1 ≤ j ≤ i − 2 W�℄ (i, j) %A�^�87 n "
k − 1, k − 2 9p3℄�w�snC���Z?C�3�).
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p 1S oiIo�I|[X�S D∗ = (V ∗, E∗)u D = (V, E)3Io�= u, v ∈ V ∗, d∗u,v, du.v,F��Z/ D∗ " D A'7 u 0 v 3
��0 du.v ≤ d∗u,v.\l 4 / n ≥ 5, 2 ≤ k ≤ n − 1 W� Gk,n u n y<�k�Ko�> γ(Gk,n) = n + 1.
p (I) � Gk,n 3Io Hn−1 AX�B (1, 2, 3, . . . , n− 1, 1),� k ∈ N+(n), k− 1, k− 2`1 k + 1 A�P��L^ N−(n), f� Gk,n <�k��x� [4] 8 Hn−1 u n − 1 y�Ko��=H� v ∈ {1, 2, 3, . . . , n − 1}, :� v ∈ N−(n)` v ∈ N+(n), A1��>?�9��R Gk,n u�Ko���O Gk,n u n y<�k�Ko�
(II) }7. d = n−2. �x� [4]8/Io Hn−1 A�� d∗1,n−1 = d∗ = n−2,>�8/0o

Gk,n A�'7 10 n−1zP<3��q��R d1,n−1 = n−2. �HN u, v ∈ {1, 2, 3, . . . , n−1},:� du,v ≤ d∗u,v ≤ d∗ = n − 2.|-=H� v ∈ {1, 2, 3, . . . , n − 1}, F�7. dv,n ≤ n − 2, dn,v ≤ n − 2.

(i). m t = min N−(n), 0 t ≤ n − 2 ([XO�J k ≤ n − 3, � k + 1 ∈ N−(n), f�
t ≤ k + 1 ≤ n − 2; J k = n − 1 ` k = n − 2, � 87 k − 1, k − 2 A�P��L^ N−(n),f� t ≤ k − 1 ≤ (n − 1) − 1 = n − 2).�u dv,n ≤ dv,t + dt,n = dv,t + 1. / 1 ≤ v ≤ t W� dv,t = t − v ≤ (n − 2) − 1 ≤ n − 3;/ v = t + 1 W� dv,t ≤ dv,t+2 + dt+2,t = 1 + 1 = 2; / t + 2 ≤ v ≤ n − 1 W� dv,t = 1. f�
dv,n ≤ dv,t + 1 ≤ n − 2.

(ii). �u dn,v ≤ dn,k + dk,v = 1 + dk,v./ 1 ≤ v ≤ k − 2 W� dk,v = 1; / v = k − 1 W� dk,v ≤ dk,k+1 + dk+1,v = 1 + 1 = 2; /
k ≤ v ≤ n − 1 W��it k ≥ 2, 2 dk,v = v − k ≤ (n − 1) − 2 = n − 3.f� dn,v ≤ 1 + dk,v ≤ n − 2.�$ d = maxu,v∈V {du,v} = n − 2 27���� 3, γ(Gk,n) = n + 1.\l 5 S n ≥ 5, D u n y<�k�Ko� γ(D) *0%,; n + 1 3��it�)/(L 2 ≤ k ≤ n − 1 365_ k, Y2 D mQ o( Gk,n A3/�Lo�
p ���. J)/ 2 ≤ k ≤ n − 1, Y2 D mQ Gk,n, �9� 4 k2 γ(D) = n + 1.���. J γ(D) = n + 1, �9� 2 � d = n − 2. S D = (V, E), 9A V = {1, 2, 3, ..., n},� d = n − 2 8�P)/�=87 u, v ∈ V , Y2 du,v = n − 2. �DS d1,n−1 = n − 2,>S (1, 2, 3, ..., n − 1) \"��
� d1,n−1 =�3'7 1 0 n − 1 3�iM<��q���
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d1,n−1 = n− 2 8 (j, i)∈E (3 ≤ j + 2 ≤ i ≤ n− 1), f� (i, j) ∈ E (3 ≤ j + 2 ≤ i ≤ n− 1), ��87g {1, 2, 3, ..., n− 1}, i�g E = {(i, i + 1)|1 ≤ i ≤ n − 2} ∪ {(i, j)|3 ≤ j + 2 ≤ i ≤ n − 1}Q�3 D 3 n − 1 yIok�Ko Hn−1, 2�7.� D X�" Hn−1 mQ3 n − 1 yIo�.
$87 n "87 1, 2, 3, ..., n − 1 3S{�� D u<�k�Ko�f� N−(n) "
N+(n) �E��m k = max N+(n), k k ∈ N+(n) . k + 1, k + 2, ..., n − 1 ∈ N−(n). �8 k 6= 1, H0� D mQ o Hn(D A387 n, 1, 2, ..., n − 2, n − 1 F�=� Hn A387
1, 2, 3, ..., n− 1, n), �9� 3, γ(D) = n + 2 6= n + 1. �$� 2 ≤ k ≤ n − 1./ 1 ≤ i ≤ k−3W��� i ∈ N+(n),H0�)/'7 10 n−13��q� (1, 2, ..., i, n, k, k+

1, ..., n − 1), 9�;�, n − 3, " d1,n−1 = n − 2 �I�|-F?�
$87 k − 1, k − 2.

(i). J 2 ≤ k ≤ n− 3, k − 1, k − 2 ��:^ N−(n), `1:^ N+(n), ����L^ 
N−(n)  r�L^ N+(n).

(ii). J k = n − 1, 0 k − 1, k − 2 A�P��L^ N−(n), H0 N−(n) u�g�
(iii). J k = n − 2, 0 k − 1, k − 2 A�P��L^ N−(n), H0o D ko Hn, γ(D) =

n + 2 6= n + 1.KZ�O�203ok Gk,n(n ≥ 5, 2 ≤ k ≤ n − 1), f�)/ 2 ≤ k ≤ n − 1, Y2 D mQ o( Gk,n A3/�Lo��$�s���)=_*0%,; n + 1 3do3sC�^�M\�Nuo Gk,n(n ≥ 5, 2 ≤ k ≤ n−1)3�L���� k = n−3,! k−1, k−2 ∈ N+(n),f203okx� [5]fh03�)=_um (6 ≤ m ≤ n+2)3oA�/m = n+13 n (n ≥ 5)y�Ko D, �)=_ γ(D) = m = n + 1 = γ(Gk,n).Ui|~�
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Characterization of the Tournament with Primitive Exponent

Reaching Its Secondary Value

YE Xue-mei

(School of Mathematics and Computer Science, Fujian Normal University, Fujian 350007, China )

Abstract: Let D be the disconnected tournament on n vertices (n ≥ 5). We prove a complete charac-
terization of the tournament with primitive exponent reaching its secondary value n + 1.

Key words: tournament; primitive exponent; extreme digraph; secondary value.


