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1 e ^ed�� a 9\s sgna Al= 1,−1 � 0, � a > 0, a < 0 � a = 0 NA�ed\s+
��h 1,−1, 0 =�%9+
�ed�+
 A 9\sX��� A 9'v�%F�")9\sy'79\s+
�0 sgnA. 'v{ A vM3\sX�9+
h"9�w =� A 9AY+
;�0 Q(A). �ed�T
 A, ~ Q(A) �9Qd+
F�Wim9 (	5_9), � A �\sWm+
��= SNS 

~ A � SNS 
�o Q(A) �'v+
9_+
FvM39\sX��� 
A �m\sWm+
��= S2NS 

~ A � S2NS 
o A �yjedF��=yjWF�y'79+
F�� S2NS 
�� A ��. S2NS 
�+
 A9X (E) �s��K A9ZTX (E)$� −19���Bd m×n�+
 A, B  =���;�9�~ A 5&�39XE���= B. x A, B �\s��;�9�~ A 5&�39XE��uXE�s�= B.+
 A�BB�gL (��3Xd�3E) 9WF�9/.d� = A9O��0 ρ(A). n �T
 A �NO�9�~ ρ(A) = n. T
 A ��Y5Y9�~ A ��;�yGEW��

(

A1 0
B A2

)

,	= A1 { A2 F�W8T
�[� T
 A �:s�5Y9�V<TS: 2005-11-02; GWTS: 2006-01-20BI℄R: m�+x4℄�# (10331020);  ℄/��# (10526019); lD���4ajE�# (5300084).
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, (1.1)	=Kyj9 i ∈ {1, · · · , k}, K�9 Ai �:s�5Y9T
� ~ A ��;�yW} (1.1) 9:s�5Y�'V�� A kv k d:s�5YY� (� =Y�). |iÆU�Y�� k �u+
 A <euA9�� A �kv k d:s�5YY�9 n �\s+
�Iw 1 ≤ k ≤ n. h N(A) � A �'vWF�9d����K [3] �� R.A. Brualdi, K.L. Chavey u B.L. Shader 75C}G9!K� k = 1 �9 n ��. S2NS 
-��o'v	b9 n ��. S2NS 
 A 9WF�d�/= N(A) = 3n − 2. 3 n ≥ 4 ���K [4] �f'C k = n �9 n ��. S2NS 
9?) (	
§2 �9 Tn, *� N(Tn) = 1

2n(n + 1)). %N�K [1] f'C-�kv k(1 ≤ k ≤ n) d:s�5YY�9 n ��. S2NS 
9&1�� 1) 3 n ≥ 5 �� k 6= 2; 2) 3 n ≤ 4 �� k 6∈ {2, 3}.Ky S2NS 
9WF�d���K [5] ÆUC3 n ≥ 4 ��"y n u 1
2n(n + 1) ��9ye*w� k, F�Zd n � S2NS 
9WF�d��ed*w9B-��Ky n ��. S2NS
�Mp9WF�d�x5^�[T��H S(n) ='v n ��. S2NS 
9WF�d�'"��w�Iw�3 n ≥ 4 ��u�T'�9eTg�!n5� S(n) ⊆ {n, · · · , 1

2n(n + 1)},o 3n − 2 ∈ S(n), 1
2n(n + 1) ∈ S(n). �K [1] ^(C�w S(n), ��5uA3 n ≥ 5 �� n 5

1
2n(n + 1) �9Qed���[��w S(n) ��=*��K [1] ��w {n, · · · , 1

2n(n + 1)} Y"}GEdBB��9)�w Z1(n), · · · , Z5(n):

Z1(n) = {n, · · · , 2n};

Z2(n) = {2n + 1, · · · , 3n − 4};

Z3(n) = {3n− 3, · · · ,
1

2
n(n − 1) + 3};

Z4(n) = {
1

2
n(n − 1) + 4, · · · ,

1

2
n(n + 1) − 1};

Z5(n) = {
1

2
n(n + 1)}.Iw� Z5(n) ⊆ S(n)(� (2.1) ���K [1] ÆUC�3 n ≥ 5 �� Z1(n) ∩ S(n) = φ;

Z3(n) ⊆ S(n). �����CR�pr5K9
nÆU Z4(n) ∩ S(n) = φ, 	ÆU Z4(n) �9ye�F�� S(n) ��
2 :�DAgh1:M=C75��9#!K�CRr5eT5K9abu
n�� S �edvP5�~� S 9Q1{�F^hed\s 1 � −1, � S �ed0svP5�0svP5 S �ye7' W 9\sAl= W �'v{9\s9$� (�_'J9{9\s�_�). �����}�0,��U�'v9vP5/�0svP5� ed0svP5 S = S2NS 0svP5�~ S N.hGB1��
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1) S 9Qdr9\s=`

2) S 9QK3�3�IF3s�ed n ��T
 A = (aij) 9Æ&vP5 D(A) Al=h V = {1, · · · , n} =��w�h

E = {(i, j)|aij 6= 0,oi 6= j} ={�w9vP5 (%j�*= D(A) ��q~�	D��u���w9{). A 90sÆ&vP5 S(A) �Al=�� D(A) �9Qe1{ (i, j) ^h\s sgnaijy'790svP5� '!��~ A �K��sWF9T
�� A �:s�5Y93o$3)9Æ&vP5
D(A) �mA29������uyCR#+K S2NS 
 A =�. S2NS 
91��i�V� A g�NO�9T
�x+
9 S2NS Y{�. S2NS YF�\s��;�G�%���n*=�y+K��V��+
 A 9'vK��s=`og&� (1.1) V9:s�5Y�'V�GT9o< 2.1 f'9� S2NS 
9ed$W95K7}�dL 2.1

[4,6] � A �K��s`9�T
�� A � S2NS 
3o$3 S(A) � S2NS 0svP5�� D3 =u 3 d� x, y, z u 4 1{ (x, y), (y, x), (x, z), (y, z) 'h"9vP5�|i15 [7],yj S2NS 0svP5�q D3 u Rev(D3) 9{fY5=h)5�	= Rev(D3) �� D3 �'v{RPy'79vP5�u*5h75}G9o<�dL 2.2
[5] � S � S2NS 0svP5�o S1, S2 � S 9BdmA2Y��� S1 { S2���Mve1{�o< 2.2 9+
W�5Z�=�dL 2.3
[5] � A � S2NS 
o A �W} (1.1) 9:s�5Y�'V��Qd9 Bij(1 ≤

j < i ≤ k) �MqvedWF��9b 2.1
[1]  ed S2NS 0svP5 S =�. S2NS 0svP5�~ S 0�yje1^hyj\s9BHF� S �9U{y'79U0svP5F�� S2NS 0svP5�dL 2.4
[1] � A �K��s`9T
�� A ��. S2NS 
3o$3 S(A) ��.

S2NS 0svP5�vCo< 2.4�y�^( n ��. S2NS 
9WF�d�B-5;�y^(Mp9 n ��. S2NS 0svP59{��n*�hG9+K��CR�#,h;�95KB-(�:%X^(��K [3],[5],[7] ^(C n � S2NS 
9WF�d�9B-�759}GeT!K (A< 2.1uA< 2.2) ����9ÆU�r5�9L 2.1
[3,7] (1) � A � n �:s�5Y S2NS 
��

N(A) ≤ 3n − 2,;s"�3o$3 A � n �:s�5Y�. S2NS 
�
(2) �

Tn =











−1 0 · · · 0
1 −1 · · · 0
...

...
. . .

...
1 1 1 −1











n×n

, (2.1)



116 � [ _ ) | d L 27.�3 n ≥ 4 �� Tn � n ��. S2NS 
�o N(Tn) = 1
2n(n + 1).9L 2.2

[5] � A � n � S2NS \s+
��
N(A) ≤

{

1
2n(n + 1), ~n = 1�n ≥ 4;

3n − 2, ~n = 2�3.
(2.2);s"�3o$3 A N.hGB1��e�

1) n 6= 2, 3 o A \s��;�y Tn;

2) n = 2, 3, 4 o A �:s�5Y�. S2NS 
�}n?�"U����'J9�~/'*�K [4] u�K [8] ��
3 o`HN7mQh S(n) ��'v n ��. S2NS 
9WF�d�'"��w�uA< 2.2 i73 n ≥ 4�� S(n) ⊆ {n, · · · , 1

2n(n + 1)}.3 n ≥ 5 ��~��w {n, · · · , 1
2n(n + 1)} Y"}GEd)�w Z1(n), · · · , Z5(n):

Z1(n) = {n, · · · , 2n};

Z2(n) = {2n + 1, · · · , 3n − 4};

Z3(n) = {3n− 3, · · · ,
1

2
n(n − 1) + 3};

Z4(n) = {
1

2
n(n − 1) + 4, · · · ,

1

2
n(n + 1) − 1};

Z5(n) = {
1

2
n(n + 1)}.Iw Z1(n)∪ · · · ∪Z5(n) = {n, · · · , 1

2n(n + 1)}, Zi(n)∩Zj(n) = φ, i 6= j o i, j ∈ {1, · · · , 5}.i� Z5(n) ⊆ S(n) (u [7] � (2.1) �), �K [1] gÆ Z1(n) ∩ S(n) = φ; Z3(n) ⊆ S(n). GTCR�pr5KTOÆU Z4(n) �9ye�F�� S(n) ��=*��Hf'~bdo<�dL 3.1 � n ≥ 5, A �v k d:s�5YY�9 n ��. S2NS 
�~ N(A) ∈ Z4(n),� k = n, %N S(A) Dr�o A 5��M$yZdK��s`9G��+
�	-v}GW�9+
�






−1 0
. . .

⋆ −1






. (3.1)lP u (1.1) �5�*�Qd Ai F� S2NS 
� i = 1, · · · , k. ~ k ≤ n − 1, �uo<

2.3 �A< 2.1 57
N(A) =

k
∑

i=1

N(Ai) +
∑

1≤j<i≤k

N(Bij) ≤

k
∑

i=1

(3ni − 2) + (1 + · · · + (k − 1))

= 3n +
1

2
k(k − 5) ≤ 3n +

1

2
(n − 1)(n − 6)

=
1

2
(n − 1)n + 3 <

1

2
(n − 1)n + 4.



1g t>|�<�jz�/ S2NS �:fe&Æ 117	{ N(A) ∈ Z4(n) OL�'h�v k = n.~ k = n, � S(A) �v n dmA2Y�9 n ��. S2NS 0svP5�	 S(A) 9QdmA2Y�F�Q9�,N S(A) Dr�i A 5��M$yZd (W} (3.1)) 9K��s`9G��+
� 29b 3.1  vP5 S =)?vP5�}nKy S �yjB� u, v, � u 5 v ~vI��v{�hGCR�hs P (a → b) ��vP5�� a 5 b 9Ze1vPI�N3vPI P !+&o� x u� y ��CRh xPy ��vPI P �� x 5� y 9eI)I�dL 3.2 � S � n ��. S2NS 0svP5�o S Dr�� S �)?vP5�lP (RÆO). ~ S �-�B� u, v, (u, v) 6∈ E(S), 2-�� u 5 v 9I P , *�0{
(u, v), o^sÆ sgn(u, v) =sgn P . '79U0svP5= S1. u S Dr5� S1 dDr�K S1 �yjB� x, y, � P1, P2 �5 S1 �� x 5 y 9yjB1I�~ P1, P2 F�5 S���u S � S2NS 0svP55� P1 u P2 3s�[� P1, P2 ���ve1I&oC{
(u, v).~ P1, P2 F&oC{ (u, v), � P1, P2 /u S �� x 5 u 9I�U{ (u, v) { S �� v 5
y 9Ih"�,Nu S �93�3�I3s5�v sgnP1 =sgnP2.[� P1, P2 �$ve1I&oC{ (u, v), �V� P1 &oC{ (u, v), 	 P1 = P (x → u) ∪

{(u, v)}∪P (v → y),*�h S � u5 v9I P .1{ (u, v)7 S�7' P ′
1 = (xP1u)∪P∪(vP1y).Iw sgnP ′

1 =sgnP1, ou S Dr�*�7' P ′
1 �= S �9I�,N P ′

1 { P2 = S �93�3�I�iv sgnP ′
1 =sgnP2. %Nv sgnP1 =sgnP2. 'h S1 {w� S2NS 0svP5�	{

S 9�.YOL�i S �)?vP5������hG� A=-v (3.1)W�9 (K��s=`9G��)\s+
� E(S(A)) =

E, V = {1, 2, · · · , n}.  V × V 9)� L =�
L = {(i, j) ∈ V × V | i > j}, (3.2)n A =G��+
�iIwv E ⊆ L. H

L′ = L\E. (3.3)Iw�~ A � (3.1) V9 n ��. S2NS 
�o N(A) ∈ Z4(n), � |E| + n ∈ Z4(n), i
|E| ≥ 1

2n(n − 1) + 4 − n. y�v
|L′| = |L| − |E| ≤

1

2
n(n − 1) − (

1

2
n(n − 1) + 4 − n) = n − 4.KyjfA9 1 ≤ j < i ≤ n, �Al V × V 9~b)�}G�

Eij(w) = {(i, w), (w, j)}; E′
ij(w) = Eij(w)\E;

Eij =
⋃

j<w<i

Eij(w); E′
ij = Eij\E.xAl

Fij(w) = {(w, i), (w, j)}; F ′
ij(w) = Fij(w)\E;
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Fij =

⋃

i<w≤n

Fij(w); F ′
ij = Fij\E�

Hij(w) = {(i, w), (j, w)}; H ′
ij(w) = Hij(w)\E;

Hij =
⋃

1≤w<j

Hij(w); H ′
ij = Hij\E.�uAli��w Eij , Fij u Hij F� L 9)��o Eij , Fij u Hij =BB���dL 3.3 � n ≥ 5, A � (3.1) V9 (K��s=`9G��)n ��. S2NS 
�o S(A)�-�B� u, v, 1 ≤ v < u ≤ n, (u, v) 6∈ E(S(A)) = E, � |E′

uv| ≥ u − v − 1.lP n=� u 5� v D{�,Nuo< 3.2 �� u 5 v DI�iKN. v < w < u 9ye� w, � u 5� w u� w 5� v �^Fv{MA�	 E′
uv(w) = Euv(w)\E 6= φ. ,N

|E′
uv| =

∑

v<w<u

|E′
uv(w)| ≥ u − v − 1.� n ≥ 5, A � (3.1) V9 (K��s=`9G��)n ��. S2NS 
�o S(A) �-�B� u, v, 1 ≤ v < u ≤ n, (u, v) 6∈ E. JAl V �Bd��w Ruv, Quv(�= R, Q) }G�

R = {x | x ∈ V, (x, u) ∈ E o (x, v) ∈ E}; Q = {y | y ∈ V, (u, y) ∈ E o (v, y) ∈ E}.�Al V �#d��w R1, R−1, Q1, Q−1 }G�
R1 = {x|x ∈ R, sgn(x, u)sgn(x, v) = 1}; R−1 = {x|x ∈ R, sgn(x, u)sgn(x, v) = −1};

Q1 = {y|y ∈ Q, sgn(u, y)sgn(v, y) = 1}; Q−1 = {y|y ∈ Q, sgn(u, y)sgn(v, y) = −1}.� R1 ∪R−1 = R, R1 ∩R−1 = φ; Q1 ∪Q−1 = Q, Q1∩Q−1 = φ. Iw�3 A = S2NS 
��R1{ Q−1 �^3�W8� R−1 { Q1 d�^3�W8�[� S(A) �-�� x ∈ R1(� R−1) 5� y ∈ Q−1(� Q1) 93�3�msI�OL�dL 3.4 � n ≥ 5, A � (3.1) V9 (K��s=`9G��)n ��. S2NS 
� S(A)�-�B� u, v, 1 ≤ v < u ≤ n, (u, v) 6∈ E, o R, R1, R−1, Q, Q1, Q−1 }�'Al��GEqW�e"��
1) R1 6= φ o R−1 6= φ (*��v Q = φ);

2) Q1 6= φ o Q−1 6= φ (*��v R = φ).lP �HrRÆOÆU}G9!K (⋆) "��	v!K (⋆): R−1 = φ { Q−1 = φ �^3�"��o R1 = φ { Q1 = φ �^3�"��qr 1. ~ R−1 = φ { Q−1 = φ 3�"��*�8' A ���. S2NS 
�,N4'OL�Iw�*�v R1 = R, Q1 = Q. ug�1�� S(A)(hG�= S) �vB� u, v, 1 ≤ v <

u ≤ n, N (u, v) 6∈ E. f S 0{ (u, v), �^sÆ sgn(u, v) = 1, '790svP5= S1. n
u > v, ii� S1 {Dr�GTÆU S1 �'v3�3�I{w3s�	ÆUK S1 �9yjB� x, y, ~ P1, P2 �� x 5 y 9yjeKI�� sgnP1 =sgnP2.sqr 1.1. ~ P1, P2 F� S ℄��Iwv sgnP1 =sgnP2.



1g t>|�<�jz�/ S2NS �:fe&Æ 119sqr 1.2. ~ P1, P2 ���ve1I&oC{ (u, v).~ P1, P2 F&oC{ (u, v), *� P1, P2 /u S �� x 5� u 9I�U{ (u, v) { S ��
v 5� y 9I'h"��u S �'v3�3�I3s57 sgnP1 =sgnP2.[���V�$v P1 &oC{ (u, v), *��v P1 = P (x → u) ∪ {(u, v)} ∪ P (v → y), h� x ≥ u, y ≤ v. i� x = u, y = v �^3�"� ([� P2 = S �� u 5� v 9I��uo<
3.2 � S =)?vP5�,N S ��v� u 5� v 9{�	{-� (u, v) 6∈ E OL).sqr 1.2.1. ~ x ∈ R1.� S �v� x 5 y 9}Ge1I P3 = (x, v) ∪ (vP1y). u x ∈ R1 � sgn(u, v) = 1, 5�
sgnP1 =sgnP3. xu P2, P3 /= S � x 5 y 9I57 sgnP2 =sgnP3. ,N sgnP1 = sgnP2.sqr 1.2.2. ~ y ∈ Q1. �{)qW 1.2.1 ;$=57 sgnP1 =sgnP2.sqr 1.2.3. ~ x 6∈ R1 = R, y 6∈ Q1 = Q, o x = u. �ul��*��v y 6= v.*� P1 = {(u, v)} ∪ P (v → y). u P2 � S �� u 5� y 9I� S �)?vP55�
(u, y) ∈ E, 3<u vP1y � S �� v 5� y 9I57 (v, y) ∈ E.i y ∈ Q.	{-� y 6∈ Q1 = QOL�i�)qW�^'J�sqr 1.2.4. ~ x 6∈ R1 = R, y 6∈ Q1 = Q, o y = v. ��v x 6= u.�{)qW 1.2.3 ;$5��)qWd�^'J�sqr 1.2.5. ~ x 6∈ R1 = R, y 6∈ Q1 = Q, o x 6= u, y 6= v.n=I xP1u {I vP1y F� P1 �9vPI�%Nd� S �9vPI�i S �Pv� x5� v 9I ({{) oPv� u 5� y 9I ({{). ,Nuo< 3.3 �

|E′
xv| ≥ x − v − 1, |E′

uy| ≥ u − y − 1.xu 1 ≤ y < v < u < x ≤ n � Exv ∩ Euy = {(u, v)}, o (u, v) 6∈ E, ,N E′
xv ∩ E′

uy =

{(u, v)}, 	 |E′
xv ∩E′

uy| = 1. i |E′
xv ∪E′

uy| = |E′
xv|+ |E′

uy| − 1 ≥ (x− v− 1)+ (u− y − 1)− 1 =

x + u − v − y − 3.hGY�d)qW:+K�sqr 1.2.5.1. ~-�Z� a 5� x, u, v 3�v{�� a ∈ R = R1. ,Nu)qW 1.2.15� S1 �� a 5� y 9'v3�3�IF3s�H P ′
i = (a, x)∪Pi, i = 1, 2. u sgnP ′

1 =sgnP ′
257 sgnP1 =sgnP2.sqr 1.2.5.2. ~-�Z� b, � u, v, y 5� b 3�v{�� b ∈ Q = Q1. ;$)qW

1.2.5.1 9ÆU3b57 sgnP1 =sgnP2.sqr 1.2.5.3. �TB�qWF�"��	Kyj a > x, b < y, � a 5� x, u, v �^3�v{�o� u, v, y �^3�5� b v{�*�H
Fxuv(a) = {(a, x), (a, u), (a, v)}; F ′

xuv(a) = Fxuv(a)\E;

Fxuv =
⋃

x<a≤n

Fxuv(a); F ′
xuv = Fxuv\E.xH

Huvy(b) = {(u, b), (v, b), (y, b)}; H ′
uvy(b) = Huvy(b)\E;

Huvy =
⋃

1≤b<y

Huvy(b); H ′
uvy = Huvy\E.



120 � [ _ ) | d L 27.�Kyj9 x < a ≤ n { 1 ≤ b < y, v |F ′
xuv(a)| ≥ 1 o |H ′

uvy(b)| ≥ 1. ,N
|F ′

xuv| =
∑

x<a≤n

|F ′
xuv(a)| ≥ n − x,o

|H ′
uvy | =

∑

1≤b<y

|H ′
uvy(b)| ≥ y − 1.Iw Fxuv { Exv, Euy , Huvy ��=8� Huvy { Exv, Euy , Fxuv 9��=8�o F ′

xuv,

H ′
uvy, E′

xv, E′
uy ⊆ L′. 'h
|L′| ≥ |F ′

xuv ∪ H ′
uvy ∪ E′

xv ∪ E′
uy | = |F ′

xuv| + |H ′
uvy| + |E′

xv ∪ E′
uy|

≥ (n − x) + (y − 1) + (x + u − v − y − 3) = n + u − v − 4

> n − 4.	{ |L′| ≤ n − 4 OL�i�)qW�^'J�,��-v sgnP1 =sgnP2, ,N S1 = S ∪ {(u, v)} {� S2NS 0svP5�	 S ���.
S2NS 0svP5��u A 9K��s`5� A ���. S2NS 
�	{-�OL�qr 2. ~ R1 = φ { Q1 = φ 3�"���{qW 1 ;$57OL�,�qW 1,2 �!K (⋆) "��*��~ R−1 6= φ, uy R−1 { Q1 �^3�W85��v Q1 = φ.�u!K (⋆)� R1 = φ{ Q1 = φ �^3�"�57 R1 6= φ, 	 1) "��3<�~ Q−1 6= φ 57 Q1 6= φ, 	 2) "�� 29L 3.1 � n ≥ 5, Z4(n) = { 1

2 (n − 1)n + 4, · · · , 1
2n(n + 1) − 1}, S(n) ��'v n ��.

S2NS 
9WF�d�'"���� Z4(n) ∩ S(n) = φ 	Kyj9 n ��. S2NS 
 A, hWF�d� N(A) 6∈ Z4(n).lP (RÆO). ~-� n ��. S2NS 
 A, Æ N(A)∈ Z4(n), H k = A 9:s�5YY�d���uo< 3.1 � k = n. �V�� A g� (3.1) V9 (K��s=`9G��) \s+
�� S(A) �)?vP5�u N(A) ∈ Z4(n) 57 N(A) < 1
2n(n + 1), i� S(A) � (hG�= S) -�B� u, v (1 ≤ v < u ≤ n), Æ7 (u, v) 6∈ E. ,N5}��Al V �9��w

R, R1, R−1, Q, Q1, Q−1, �uo< 3.4 9!K5YhGB�qW:+K�qr 1. R1 6= φ o R−1 6= φ (*� Q = φ).*�-�� s ∈ R1, t ∈ R−1, ÆG�"��
sgn(s, u)sgn(s, v)sgn(t, u)sgn(t, v) < 0. (3.4)!K (⋆⋆): �w R1 {�w R−1 �9�� S �PvIMA�[��V� S �� t 5� s vI��u S �)?vP5� (t, s) ∈ E. ,N

sgn(s, u)sgn(s, v)sgn(t, u)sgn(t, v)

= sgn(s, u)sgn(s, v)[sgn(t, s)sgn(s, u)][sgn(t, s)sgn(s, v)]

= (sgn(t, s))2(sgn(s, u))2(sgn(s, v))2 > 0, (3.5)



1g t>|�<�jz�/ S2NS �:fe&Æ 121	{ (3.4) �OL��V� s =min{x|x ∈ R1}, t =max{x|x ∈ R−1}, � s, t N. (3.4) ���
eY��V�
s < t (s > t �ÆU;$), ,Nu!K (⋆⋆) �� t 5� s DI�uo< 3.3 �Kyj s < w < t,v |E′

ts(w)| ≥ 1, ,Nv
|E′

ts| =
∑

s<w<t

|E′
ts(w)| ≥ t − s − 1. (3.6)3�<�n (u, v) 6∈ E, �uo< 3.3 7

|E′
uv| =

∑

v<w<u

|E′
uv(w)| ≥ u − v − 1. (3.7)J�2�� u, v(1 ≤ v < u ≤ n, o (u, v) 6∈ E) 5N. 1 ≤ w < v 9ye� w ^[Fv{MA�Iwuy Q = φ 5�� u, v �^5� w Fv{�i

|H ′
uv| =

∑

1≤w<v

|H ′
uv(w)| ≥ v − 1. (3.8)�G:2�K s, u ��9ye� q (u < q < s), s 5 q, q 5 u, q 5 v ^[Fv{�*�H

Ksuv(q) = {(s, q), (q, u), (q, v)}; K ′
suv(q) = Ksuv(q)\E;

Ksuv =
⋃

u<q<s

Ksuv(q); K ′
suv = Ksuv\E.~-�� q (u < q < s), Æ q ∈ R(	 q 5 u, q 5 v Fv{) o� s 5 q v{��u S �93�3�I/3s5�

sgn(s, u)sgn(s, q)sgn(q, u) > 0,o
sgn(s, v)sgn(s, q)sgn(q, v) > 0.,Nu s ∈ R1 57

sgn(q, u)sgn(q, v) = (sgn(s, q))2sgn(s, u)sgn(s, v) = 1.i q ∈ R1,	{ s9�RYOL�n* (s, q), (q, u), (q, v)�^3��{�w E ��	 K ′
suv(q) 6=

φ. ,N
|K ′

suv| =
∑

u<q<s

|K ′
suv(q)| ≥ s − u − 1. (3.9)/y2�� w(t < w ≤ n) 5 t ^[v{�~H

Et =
⋃

t<w≤n

{(w, t)}.�Iwv
|Et| = n − t. (3.10)



122 � [ _ ) | d L 27.~-�Z� w(t < w ≤ n), Æ7 (w, t) ∈ E, �u t ∈ R−1 � S =)?vP557 w ∈ R−1.	{ t 9�.YOL�'hKyj w(t < w ≤ n), Fv (w, t) 6∈ E. i Et ⊆ L′.uAl5��E′
ts, E′

uv, H ′
uv, K ′

suv, Et u {(t, s), (u, v)}BB���xu!K (⋆⋆)� (t, s) 6∈

E, ou��� (u, v) 6∈ E, ,Nu� (3.6)–(3.10) 57�
|L′| ≥ |E′

ts ∪ E′
uv ∪ H ′

uv ∪ K ′
suv ∪ Et ∪ {(t, s), (u, v)}|

= |E′
ts| + |E′

uv| + |H ′
uv| + |K ′

suv| + |Et| + |{(t, s), (u, v)}|

≥ (t − s − 1) + (u − v − 1) + (v − 1) + (s − u − 1) + (n − t) + 2

= n − 2 > n − 4.	{ |L′| ≤ n − 4 OL�qr 2. Q1 6= φo Q−1 6= φ(*� R = φ). *�2J5 S 9_P5 Rev(S)	5�� Rev(S)��*qW91�krN. S �qW 1 91��,NuqW 1 9!K�_P59Y��54�OL�,N,wqW 1,2 � Z4(n) ∩ S(n) = φ. 24JZ\	
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A Note on the Numbers of Nonzero Entries of Maximal S2NS Matrices

YOU Li-hua1, SHAO Jia-yu2

(1. Department of Mathematics, South China Normal University, Guangzhou 510631, China;
2. Department of Applied Mathematics, Tongji University, Shanghai 200092, China )

Abstract: A square real matrix A is called an S2NS matrix, if every matrix with the same sign pattern
as A is invertible, and the inverses of all such matrices have the same sign pattern. A matrix A is called
a maximal S2NS matrix, if A is an S2NS matrix, but each matrix obtained from A by replacing one
zero entry by a nonzero entry is not a S2NS matrix. Let S(n) be the set of numbers of nonzero entries
of maximal S2NS matrices with order n (≥ 5), and Z4(n) = { 1

2
n(n − 1) + 4, · · · , 1

2
n(n + 1) − 1}. We

know that S(n) has been described except for the numbers between 2n + 1 and 3n− 4 and the numbers
in Z4(n). We prove Z4(n) ∩ S(n) = φ by graphic method in this paper.

Key words: sign; maximal; S2NS; matrices; digraphs.


