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1 ��	"�2 1.1
[1] � E "[>V� I " E ,yV|�� I s{<m.\�

1) ∅ ∈ I;

2) � X ∈ I, Y ⊆ X , h Y ∈ I;

3) � X, Y ∈ I, |X | < |Y |, h[ W ∈ I, �� X ⊂ W ⊆ X ∪ Y ,h�5� (E, I) 7 E �,P?�k�Y7 M = (E, I).�U, X ⊆ E, � X ∈ I, h� X 7 M ,3jV�=h� X 7 M ,?CV�M ,U%3jV�7 M ,S� M ,��S}�,VK�7 M ,SV�Y7 B. M ,U�?CV�7
M ,Æ� M ,��Æ}�,VK�7 M ,ÆV�Y7 C. � O ∈ M � |O| = 1, h� O 7
M ,O�3� 1.1

[1] � E "[>V� B " E ,;gyVK�h B " E �,SV,�N.\"
B s{<mk.�

1) �U, B1, B2 ∈ B, 2[ |B1| = |B2|;

2) �U, B1, B2 ∈ B, �U, x ∈ B1, 2[ y ∈ B2, �+� (B1\x) ∪ y ∈ B.�2 1.2
[1] �k M ,sG#"P?G# ρ : 2E → Z+, �5�U, A ⊆ E [ ρ(A) =

max{|X ||X ⊆ A, X ∈ I}. ρ(E) �7�k M ,s�/�Y7 ρ(E) = ρ(M).<x`�X?[CzL#H,>��� E "P?VK�h E �,zLV µ "P?Y�
µ : E → [0, 1]. E �zLV,�-Y7 F (E).�U, µ, ν ∈ F (E), [<m>�JY9�

supp(µ) = {x ∈ E|µ(x) > 0} �7 µ ,n�V�� supp(µ) = ∅, h�7zLgV��Y7
∅. m(µ) = inf{µ(x)|x ∈ suppµ}. R+(µ) = {µ(x) > 0|∀x ∈ E}. |µ| =

∑

x∈E µ(x) �7zLV µ,!�Cr(µ) = {x ∈ E|µ(x) ≥ r}, �u r ∈ [0, 1]�7 µ, r'�V�µ∩ν = min{µ, ν}�7zLV µ J ν ,℄� µ ∪ ν = max{µ, ν} �7zLV µ J ν ,���U, x ∈ E, [ µ(x) ≤ ν(x),'
%#: 2004-03-22; �(%#: 2004-07-01
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F^zLV ν, Y7 µ ≤ ν. �E µ ≤ ν, �$f x ∈ E, � µ(x) < ν(x), h�zLV µ 
j
F^zLV ν, Y7 µ < ν.Y x ∈ E,µ\x � zLV� (µ\x)(y) =

{

µ(y), ( y ∈ E\x,

0, ( y = x.

∀X ⊆ E, ∀r ∈ (0, 1), ω(X, r) � zLV� ω(x, r) =

{

r, x ∈ X,
0, x 6∈ X

�7 X �,'�7 r,�.zLV�Sm��U, µ ∈ F (E), � R+(µ) = {r1, r2, . . . , rn}, h� µ = ω(Cr1
(µ), r1) ∨ · · · ∨

ω(Crn
(µ), rn).�2 1.3

[2] � E "P?[>V� Ψ ⊆ F (E) "P?s{<m.\,;gzLV|�
1) ∅ ∈ Ψ;

2) � µ ∈ Ψ, ν ∈ F (E), � ν ≤ µ, h ν ∈ Ψ;

3) � µ, ν ∈ Ψ, |suppµ| < |suppν|, h$f ω ∈ Ψ �
(a) µ < ω ≤ µ ∨ ν;

(b) m(ω) ≥ min{m(µ), m(ν)},h�5� Π = (E, Ψ) " E �,zL�k�Ψ �7 Π ,3jzLV|�� µ ∈ F (E), ' µ 6∈ Ψ,h� µ 7 Π ,zL?CV�U%zL3jV�7 Π ,zLS� Π ,��zLS}�V|�7 Π ,zLSV�Y7 Θ. � µ ∈ F (E)\Ψ, �U, x ∈ supp(µ), 2[ µ\x ∈ Ψ, h� µ "
Π ,zLÆ� Π ,�-zLÆ}�,V|�7 Π ,zLÆV�Y7 Ξ. � µ " Π ,zLÆ�
|suppµ| = 1, h� µ " Π ,zLO�� µ " Π ,zLÆ℄"�.zLV�h� µ " Π ,�.zLÆ�9w0VG#� ρ : F (E) → [0, +∞), �U, µ ∈ F (E), ρ(µ) = sup{|ν||ν ≤ µ, ν ∈ Ψ}. �u |ν| =

∑

x∈E ν(x). � ρ " Π ,zLsG#�Sm� µ ∈ Ψ ⇔ ρ(µ) = |µ|.3� 1.2
[2] �[zL�k Π = (E, Ψ), r ∈ (0, 1], n Ir = {Cr(µ)|∀µ ∈ Ψ}, Sm Mr =

(E, Ir) 2" E �,�k�' E "[>V�*Rq[[>?�1,�k�Z"�fR+�_p�$fP?[>Fm r0 < r1 < · · · < rn, �
1) r0 = 0, rn ≤ 1;

2) ( 0 < s ≤ rn �� Is 6= ∅; ( s > rn �� Is = ∅;

3) � s, t ∈ (ri, ri+1), h Is = It (0 ≤ i ≤ n − 1);

4) � ri < s < ri+1 < t < ri+2, h Is ⊃ It (0 ≤ i ≤ n − 2),9w�Fm r0 < r1 < · · · < rn 7 Π ,SÆFm�5 1 ≤ i ≤ n, � r′i = (ri + ri+1)/2, �y�kFm Mr′

1

⊃ Mr′

2

⊃ · · · ⊃ Mr′

n
7 Π ,)��km�� Mr′

i
= Mri

(i = 1, 2, . . . , n), h� Π "�zL�k�3� 1.3
[5] � Π = (E, Ψ) "�zL�k� 0 = r1 < r2 < · · · < rn ≤ 1 "SÆFm�

Mr1
⊃ · · · ⊃ Mrn

7�)��kFm� µ ∈ F (E), h µ " Π ,P?zLS ⇔ supp(µ) " Mr1,S� Cri
(µ) " supp(µ) f Mr1

u,U%3jyV�7� R+(µ) ⊆ {r1, r2, . . . , rn}.

2 $��Æ 74;�Æ* 7�2 2.1
[6] � Π = (E, Ψ) "zL�k� Mn ⊂ · · · ⊂ M2 ⊂ M1 7S)��kFm��

C ⊆ E " Mi (i = 1, 2, . . . , n) ,;OÆ�h C O" M1 ,;OÆ�}u� Π "ÆIzL�k�
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[4] 9w��,ÆIzL�k7wzL2�k�3� 2.1
[4] (zLSAh) � E 7[>V� Θ ⊆ F (E), h Θ "wzL2�k,zLSV

⇔ Θ s{<m.\�
1) �U, µ1, µ2 ∈ Θ, � µ1 ≤ µ2, h µ1 = µ2;

2) �U, µ1, µ2 ∈ Θ, 2[ |suppµ1| = |suppµ2|;

3) �U, µ1, µ2 ∈ Θ, �U, e ∈ suppµ1, 2[ e′ ∈ suppµ2, � (µ1\e)‖µ2
e′ ∈ Θ, �u

(µ1\e)‖µ2
e′ =

{

µ1, x ∈ E\e,
µ2, x = e′.

3 ;�Æ* 7����� Π = (E, Ψ) "wzL2�k� µ1, µ2 " Π ,k?S�ZXh 2.1 ofR℄P suppµ1 _
suppµ2 ,b)�W<x,0h�j��� 3.1 � Π = (E, Ψ)"wzL2�k�E 7[>V�Θ"wzL2�k,zLSV�
µ1 6= µ2 " Π ,S�h5�U, e ∈ suppµ1, $f e′ ∈ suppµ2, � (µ1\e)‖µ2

e′ " Π ,S�9� ZXh 2.1 Wf+���� 3.2 � Π = (E, Ψ) "wzL2�k�SÆFm" 0 = r0 < r1 < · · · < rn ≤ 1, )��kFm7 Mr1
⊃ Mr2

⊃ · · · ⊃ Mrn
, E 7[>V� Θ "wzL2�k,zLSV� µ " Π ,S�ν " Π ,zLV�'�P07S�� b1, b2 ∈ suppµ, a1, a2 /∈ suppµ, ν(a1) = λ1, ν(a2) = λ2

(� µ\b1‖νa1 ∈ Θ, µ\b2‖νa2 ∈ Θ, 7 (suppµ\b1)∪a2 J (suppµ\b2)∪a1 r�[P?�" Mr1
,S�h� µ\{b1, b2}‖ν{a1, a2} ∈ Θ. i�f� {b1, b2}, {a1, a2} 7&fC℄P�9� �:� (suppµ\b1) ∪ a2 �" Mr1

,S�W7 Π ,SÆFm" 0 = r0 < r1 < · · · <

rn ≤ 1, )��kFm7 Mr1
⊃ Mr2

⊃ · · · ⊃ Mrn
, ZU%Do� suppµ " Mr1

,S�7
a1, a2 /∈ supp(µ), h suppµ∪a2 " Mr1

,Æ�Y"Æ7 C, W7 suppµ\b1 ∪a2 �" Mr1
,S�h b1 /∈ C. ℄ µ\b1‖νa1 ∈ Θ, µ\b2‖νa2 ∈ Θ, *R suppµ\b1 ∪ a1 J suppµ\b2 ∪ a2 " Mr1
,S�o b2 ∈ C, B suppµ\b1 ∪ a1 ∪ a2 �FÆ C, ℄ b2 ∈ C, ^" (suppµ\b1 ∪ a1)\b2 ∪ a2 " Mr1

,S�ZXh 1.3 o�[ µ′ ∈ Θ, � suppµ′ = X . eZXh 2.1 o�
µ′ =













µ(x) x ∈ E\(b1 ∪ b2)
λ1 x = a1

λ2 x = a2

0 x = b2

0 x = b1













= µ\{b1, b2}‖v{a1, a2}.�� 3.3 � Π = (E, Ψ)"wzL2�k�E 7[>V�Θ"wzL2�k,zLSV�� µ1, µ2 " Π = (E, Ψ) ,k?�1,S�� suppµ1 = {e1, e2, . . . , et, gt+1, . . . , gr}, suppµ2 =

{f1, f2, . . . , ft, gt+1, . . . , gr},�u5�U, 1 ≤ i, j ≤ t[ ei 6= fj, 1 ≤ t ≤ r, h$f f1, f2, . . . , ft,P?�m fj1 , fj2 , . . . , fjt
, � µ1\e‖µ2

fjk
∈ Θ, k = 1, 2, . . . , t.9� � Π = (E, Ψ) ,SÆFm" 0 = r0 < r1 < · · · < rn ≤ 1, )��kFm7 Mr1

⊃

Mr2
⊃ · · · ⊃ Mrn

, ℄U%Do� suppµ1, suppµ2 " Mr1
,S�h suppµ1 ∪ {fi} " Mr1

,Æ�Y7 Ci = C(fi, suppµ1), 1 ≤ i ≤ t. my�5 k = 1, 2, . . . , t [
ρ(∪k

i=1Ci) ≤ | ∪k
i=1 Ci| − k, (1)
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,sG#�( k = 1 ��=� ρ(C1) ≤ |C1| − 1. Z� (1) �5 k − 1 �j�6m+5 k T�j�Y A = ∪k−1

i=1 Ci. ZD~9Z0 ρ(A) ≤ |A| − k + 1. 9w4M Ck ∩ A" Ck ,jyV�����h Ck ⊆ A. ^"$f|? i, 1 ≤ i ≤ k − 1, � fk ∈ Ci, i_ Ci ,0Vt6�^" Ck ∩ A " Mr1
,3jV�ZsG#,yzDo

ρ(∪k
i=1Ci) = ρ(A ∪ Ck) ≤ ρ(A) + ρ(Ck) − ρ(A ∩ Ck) ≤ |A| − k + 1 + |Ck| − 1 − |A ∩ Ck|

= |A ∪ Ck| − k = | ∪k
i=1 Ci| − k.^" (1) ��j�n X = {f1, f2, . . . , ft}, Y = {e1, e2, . . . , et}. ~8<2 G = (X, Y, E) �� fiej ∈ E (�a( ej ∈ C(fi, B1) = Ci. 9w(y2 G[P?5v�������Z Hall0h��$f X0 ⊆ X ,� |δX0| < |X0|. ��P�D�� X0 = {f1, f2, . . . , fk}, 1 ≤ k ≤ t. S[ δX0 ⊆ ∪k

i=1Ci. n
C = (∪k

i=1Ci)\δX0, Z (1) �o
ρ(C) ≤ ρ(∪k

i=1Ci) ≤ | ∪k
i=1 Ci| − k = | ∪k

i=1 Ci| − |X0| < | ∪k
i=1 Ci| − |δX0| = |C|.^" C " Mr1

,?CV�'=� C ⊆ suppµ2, t6� G [5v���� G ,5v��7
{e1fi1 , e2fi2 , . . . , etfit

}, hZ G ,0Vo µ1\e‖µ2
fjk

∈ Θ, 1 ≤ k ≤ t. 2,� 3.1 � Π = (E, Ψ)"wzL2�k�E 7[>V�Θ"wzL2�k,zLSV�� µ1, µ2 " Π = (E, Ψ) ,k?�1,S�h$fP?&� f ′ : suppµ1 → suppµ2, �5*[,
e ∈ suppµ1, (µ1\e)‖µ2

f ′(e) " Π ,P?S�"4pW0h 3.3.,� 3.2 � Π = (E, Ψ) "wzL2�k� E 7[>V� Θ "wzL2�k,zLSV�� µ1, µ2 " Π = (E, Ψ) ,k?�1,S�� suppµ1 ∩ suppµ2 6= Φ, S1 ⊆ suppµ1, h$f
S2 ⊆ suppµ2 � (µ1\S1)‖µ2

S2 J (µ2\S2)‖µ1
S1 " Π ,S�9� � Π = (E, Ψ) ,SÆFm" 0 = r0 < r1 < · · · < rn ≤ 1, )��kFm7 Mr1

⊃

Mr2
⊃ · · · ⊃ Mrn

, ZU%Do� suppµ1, suppµ2 " Mr1
,S�� ρ(Mr1

) = 1, =�0h�j�� ρ(Mr1
) < k �0h�j�my ρ(Mr1

) = k > 1 �0hO�j�n T = E\(suppµ1 ∩ suppµ2),

M ′ = Mr1
· T , =�� ρ(M ′) < k. n A1 = suppµ1\suppµ2. A2 = suppµ2\suppµ1, S′

1 =

S1\suppµ2. Z M ′ ,0Vo� A1, A2 " M ′ ,3jV�ZD~9Z0�$f S′

2 ⊆ A2, �
(A1\S′

1)∪S′

2, (A2\S′

2)∪S′

1 " M ′ ,3jV�n S2 = S′

2 ∪ (S1 ∩ suppµ2), h S2 ⊆ suppµ2, 9wmy (suppµ1\S1) ∪ S2 " Mr1
,S�0V X = (A1\S′

1) ∪ S′

2 ∪ (suppµ1 ∩ suppµ2), =� X "
Mr1

,S�'
X = (A1\S

′

1) ∪ S′

2 ∪ (suppµ1 ∩ suppµ2) = (A1 ∪ (suppµ1 ∩ suppµ2)\S
′

1 ∪ S′

2

= (suppµ1\S
′

1) ∪ S′

2 = A1\(S
′

1 ∪ (S1 ∪ suppµ2) ∪ S′

2 ∪ (S1 ∩ suppµ2)

= (suppµ1\S1) ∪ S2,*RZXh 1.3 o�[ µ3 ∈ Θ, � suppµ3 = X . eZXh 2.1 o�
µ3(x) =





µ1(x) x ∈ E\S1

µ2(x) x ∈ S2

0 x ∈ S1



 = (µ1\S1)‖µ2
S2.
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S1 " Π ,S�,� 3.3 � Π = (E, Ψ)"wzL2�k�E 7[>V�Θ"wzL2�k,zLSV�� µ "wzL2�k Π ,P?S� S1 = {e1, . . . , ek} ⊆ suppµ, µ′ "wzL2�k,zLV�� suppµ′ = S2 = {a1, . . . , ak} /∈ suppµ. �5�U, i ∈ {1, . . . , k}, [ ei ∈ C(suppµ, ai), 7(

j < i �� ei /∈ C(suppµ, aj). �u C(suppµ, ai) " suppµ∪ ai *F,Æ�h µ\S1‖µ′S2 " Π ,S�9� ( k = 1 ��=�0h�j�� k = n − 1 �0h�j�9wmy k = n > 1 �0hT�j�� Π = (E, Ψ) ,SÆFm" 0 = r0 < r1 < · · · < rn ≤ 1, )��kFm7
Mr1

⊃ Mr2
⊃ · · · ⊃ Mrn

, ZU%Do� suppµ " Mr1
,S�n µ1 = µ\en‖µ′an, =� µ1 "

Π ,S�n S′

1 = {e1, e2, . . . , en−1}, S′

2 = {a1, a2, . . . , an−1}, h S′

1 ⊆ suppµ1, S′

2 /∈ suppµ. �5 1 ≤ i ≤ n − 1, ei ∈ C(suppµ1, ai). 7( j < i �� ei /∈ C(suppµ1, aj). ZD~9Z0�
µ1\S′

1‖µ′S′

2 " Π ,S�W µ\S1‖µ′S2 = µ\(S′

1 ∪ en)‖µ′(S′

2 ∪ a2) = µ′\S′

1‖µ′S′

2 " Π ,S�Z4p 3.3 S[<x,4p�j�,� 3.4 � Π = (E, Ψ) "wzL2�k� E 7[>V� Θ "wzL2�k,zLSV� µ1, µ2 "wzL2�k Π = (E, Ψ) ,k?S� S1 = {e1, . . . , ek} ⊆ suppµ1\suppµ2,

S2 = {a1, . . . , ak} ⊆ suppµ2\suppµ1. �5�U, i [ ei ∈ C(suppµ1, ai), 7( j < i �
ei /∈ C(ai, suppµ1) � ai ∈ C(ei, suppµ2), 7( j < i �� ai /∈ C(ej , suppµ2), �u C(suppµ, ai)" suppµ ∪ ai *F,Æ�h µ1\S1‖µ2

S2 J µ2\S2‖µ1
S1 " Π ,S���.0�
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Basic Exchange of Quasi-Fuzzy Graph Matroids

LIU Wen-bin

(Department of Basic Courses, Academy of Command Communication, Wuhan 430010, China )

Abstract: This paper discusses basic exchange theorems of the quasi-fuzzy graph matroids, and gives
some properties of the quasi-fuzzy matroids.
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