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A consistent dominance rough sets method and its application in
threat assessment of UCAV’s targets
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Abstract Aiming at the problem that the general rough sets can not present complete decision-making

rules from limited data, the positive, negative and mixed consistent decision-making information system

were defined. Method of obtaining rules for positive consistent system based on dominance relation was

researched. Based on this, methods of obtaining rules for negative and mixed consistent systems based

on dominance relation were put forward. A dominance rough sets method for consistent decision-making

information system was then presented. The method was applied in the threat assessment of UCAV’s

targets. Decision-making information system for threat assessment of UCAV’s targets was established.

Preference of targets’ attributes was analyzed. Decision-making algorithm was given, complexity of which

was analyzed, and compared with dominance rough sets of Greco. Results show that the method is simple

and rules can cover all values of the attributes.
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��*���:�" Greco ��
Æ&#7, 
�	

9/
�8�	
, ;��*���9�"0:�
�
��0:
�*�, �:,
���<7�;<.

���	�;����	:=0
�	,#=0
��	�
�#<����1>�==
�#<��
��; ?�, 
==
�#<�� ��1>�==
�#<�� [8]. ;�>�2==
�#<��
�0
:����%>??@�	;0�3�@4
�*������A5@	
�	
. �A, B 26==

�#<����CB�==���	��*�A������B7,�%�D==�CD==
�#<��
�*�A���, ��
/
2�CD8EE (unmanned combat aerial vehicle, UCAV) FFEFG"	


.

2  !"9#$%&'():;*+,

2.1 -<./
01 1[1] � (U, A, F ) �#<��, 

 U = {x1, x2, · · · , xn} ��G�, A = {a1, a2, · · · , am} �?@

�	�, F = {fl : U → Vl(l ≤ m)} ��G�?@�	!G�
��, Vl �?@�	 al �0:3=.
��H>?@�	� B ⊆ A, H

R<
B = { (xi, xj) ∈ U2

∣
∣ fl(xi) ≤ fl(xj), (al ∈ B)} (1)

R>
B = { (xi, xj) ∈ U2

∣
∣ fl(xi) ≥ fl(xj), (al ∈ B)} (2)

H R<
B �#<�� (U, A, F ) B���
�, (xi, xj) ∈ R<

B II�G xj 2?@�	� B B���G xi;
H R>

B �#<�� (U, A, F ) B�I�
�, (xi, xj) ∈ R>
B II�G xj 2?@�	� B BI��G xi.

01 2[1] H [xi]<B = {xj | (xi, xj) ∈ R<
B}, [xi]>B = {xj | (xi, xj) ∈ R>

B}. [xi]<B II2?@�	� B �,
���G xi �;0�G�D, H� xi ����. [xi]>B II2?@�	� B �, I��G xi �;0�G�
D, H� xi �I��.
01 3[5] � (U, A, F ) �#<��, ��H> X ⊆ U , X 
���
� R<

B �I�
� R>
B �B��

�����J�

R
<

B(X) = {xi| [xi]<B ∩ X 	= ∅} (3)

R<
B(X) = {xi| [xi]<B ⊆ X} (4)

R
>

B(X) = {xi| [xi]>B ∩ X 	= ∅} (5)

R>
B(X) = {xi| [xi]>B ⊆ X} (6)

01 4[5] � (U, A, F ) �#<��, ,%��
� R<
B �I�
� R>

B, J R<
B = R<

A J R>
B = R>

A , H
B ���==�JI�==�. J B ���==�JI�==�, K B �H�?@�:
���==�J
I�==�, H B ���
�JI�
����	AK�, KH���JI�AK�.

H

D<(xi, xj) = {al| fl(xi) < fl(xj)} (7)

D>(xi, xj) = {al| fl(xi) > fl(xj)} (8)

� D<(xi, xj) = D>(xi, xj), LC�"��
�M�I�
�N!%K, 
�L��G�ÆMOB Q ��C
�, L��

Q< = {D<(xi, xj) 	= ∅∣∣xi, xj ∈ U} (9)

Q> = {D>(xi, xj) 	= ∅∣∣xi, xj ∈ U} (10)

0 Q< = Q> = Q.
02 1 � (U, A, F ) �#<��, 2��
�JI�
����P
�Q
1) R<

B = R<
A ;

2) R>
B = R>

A ;
3) ��H> D ∈ Q, B ∩ D 	= ∅.
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'� 1 ,%�S	��
�JI�
���	AK����. TUVWÆMOB Q, H%V?@ 3) �
W�IW�D B, B :�AK��	�. JX��Y ! [1].
2.2 345K6789

� (U, A, F, d) �
�#<��, 

 d : U → Vd �
��	, � Vl = Vd = Vm, ?@�	���3=�

��	��3=�9, �� V m = { (u1, u2, · · · , um)|ul ∈ V (l ≤ m)}.
01 5[9] ��,'�
�#<�� (U, A, F, d), H F (xi) = (f1(xi), f2(xi), · · · , fm(xi))(xi ∈ U),
1) J F (xi) ≥ F (xj) X0 d(xi) ≥ d(xj)(xi, xj ∈ U), H
�#<���6==�;
2) J F (xi) ≥ F (xj) X0 d(xi) ≤ d(xj)(xi, xj ∈ U), H
�#<���D==�;
3) J?@�	� A ��!S�:

A1 = {1, 2, · · · , k}, A2 = {k + 1, k + 2, · · · , m}.
H

F (1)(xi) = (f1(xi), f2(xi), · · · , fk(xi)) (11)

F (2)(xi) = (fk+1(xi), fk+2(xi), · · · , fm(xi)) (12)

� F (1)(xi) ≥ F (1)(xj) K F (2)(xi) ≤ F (2)(xj) X, T0 d(xi) ≥ d(xj)(xi, xj ∈ U), H
�#<���C
D==�;

4) J F (xi) = F (xj) X0 d(xi) = d(xj)(xi, xj ∈ U), H
�#<���==�.
02 2 6==�D==�CD==�
�#<���==�.
:; ��6==�
�#<��, � F (xi) = F (xj) X, 0 F (xi) ≥ F (xj) K F (xi) ≤ F (xj), "#0

d(xi) ≥ d(xj), d(xi) ≤ d(xj), �� d(xi) = d(xj), "#
�#<���==�. 9��J, D==�CD==
�
�#<���==�.
2.3 345K6789L<=�85K>?@AÆB

)�M0
�#<��
����'?@�	3Z+, 2Z+!G, ��6==
���, ���
�
�	3U,?@�	3���G, �W�
��	3U,?@�	3W��G; ��D==
���, �W
�
��	3U,?@�	3���G, ���
��	3U,?@�	3W��G. )���N�, ,%
��
�*�A���.

�� (u1, u2, · · · , um) ∈ V m, (v1, v2, · · · , vm) ∈ V m, H (u1, u2, · · · , um)∧ (v1, v2, · · · , vm) = (u1∧v1, u2∧
v2, · · · , um ∧ vm), 

 ul ∧ vl II� ul � vl 
�IW3. ['
�#<�� (U, A, F, d) �0:3=,
Vl = V ′ = V = {1, 2, · · · , r}(l ≤ m), � Dt = {xi| d(xi) = t}(t ≤ r) II
��	3� t ��G�D,
Ft = {F (xi)|xi ∈ Dt}(t ≤ r) II
��	3� t ��G��	3�D.

1) 6==��
�
�*�A���
Et = ∧Ft(t ≤ r) II
��	3� t �?@�	3
�W3, Gt =

r∧
k=t

Ek(t ≤ r) II
��	3� t

X�\W?@�	3Y�, Z[0 G1 ≤ G2 ≤ · · · ≤ Gr. ������6==�, �
�3O�, �G�?
@�	3Y�O�, �	3�\PQ�. ,%��*� [9]:

r1: J F (x) ≥ Gr, � d(x) = r;
r2: J F (x) ≥ Gt K F (x) < Gt+1 , � d(x) = t(t ≤ r − 1);
r3: J F (x) < G1, � d(x) = 0;
r4: 
]^] d(x) = 0.
*� r1 II��G�?@�	3
W� Gr X, ��G�
�3� r; *� r2 II��G�?@�	

3^� Gt � Gt+1 !GX, ��G�
�3� t; *� r3 II��G�?@�	3W� G1 X, ��G�

�3� 0; *� r4 II
]^]X, ��G�
�3� 0.

2) D==��
�
�*�A���
Et = ∧Ft(t ≤ r) II
��	3� t �?@�	3
��3, Gt =

r∧
k=t

Ek(t ≤ r) II
��	3� t

X�\�?@�	3Y�, Z[0 G1 ≥ G2 ≥ · · · ≥ Gr. ������D==�, �
�3OW, �G�?
@�	3Y�O�. ,%��*�:

r1: J F (x) > G1, � d(x) = 0;
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a1 a2 a3 a4 a5 a6 a7 a8 d

C 1 UCAV DREFGHISJKLM

r2: J F (x) > Gt+1 K F (x) ≤ Gt , � d(x) = t(t ≤ r − 1);

r3: J F (x) ≤ Gr, � d(x) = r;

r4: 
]^] d(x) = 0.

*� r1 II��G�?@�	3�� G1 X, ��G�
�3� 0; *� r2 II��G�?@�	3
^� Gt+1 � Gt !GX, ��G�
�3� t; *� r3 II��G�?@�	3
�� Gr X, ��G�

�3� r; *� r4 II
]^]X, ��G�
�3� 0.

3) CD==��
�
�*�A���
�'# 5 
��/, � Ft �� Ft1 � Ft2 !S�, Et = ∧Ft(t ≤ r) �� Et1 � Et2 !S�, Et1

II
��	3� t �?@�	3
 A1 �W3, Et2 II
��	3� t �?@�	3
 A2 ��3,
Gt =

r∧
k=t

Ek(t ≤ r) �� Gt1 � Gt2 !S�, Gt1 II
��	3� t X� A1 �W?@�	3Y�, Gt2 I

I
��	3� t X� A2 ��?@�	3Y�, Z[0 G11 ≤ G21 ≤ · · · ≤ Gr1, G12 ≥ G22 ≥ · · · ≥ Gr2.
������CD==�, �)�'# 5, V= A1 ����6==, L
��	3O�, �G�?@�	3
Y�O�, V= A2 �����D==, L
��	3O�, �G�?@�	3Y�OW. ,%��*�:

r1: J F1(x) ≥ Gr1 K F2(x) ≤ Gr2, � d(x) = r;

r2: J F1(x) ≥ Gt1, F1(x) < G(t+1),1 K F2(x) ≤ Gt2, F2(x) > G(t+1),2, � d(x) = t(t ≤ r − 1);

r3: J F1(x) < G11 K F2(x) > G12, � d(x) = 0;

r4: 
]^] d(x) = 0.

*� r1 II��G�?@�	3 F1(x) 
W� Gr1 K F2(x) 
�� Gr2 X, ��G�
�3� r; *
� r2 II��G�?@�	3 F1(x) ^� Gt1 � G(t+1),1 !GK F2(x) ^� Gt2 � G(t+1),2 !GX, ��
G�
�3� t; *� r3 II��G�?@�	3 F1(x) W� G11 K F2(x) �� G12 X, ��G�
�3
� 0; *� r4 II
]^]X, ��G�
�3� 0.

���B%���, J Gt = Gt+1�Gt1 = G(t+1),1 J Gt2 = G(t+1),2, � d(x) = t(t ≤ r − 1).

3 UCAV NTOPQR' !():;*+,

3.1 UCAV SUTUVW5K6789XYZ[\Z]^
B 2�	��_`�_� UCAV FFEFG"	
, L"MV� UCAV FFEFG"
�#<��


��%@4�
�*����
�. �WFFEFG"�VW2N!���̀ !���ab���Wa�
�CB, �M
��b�X8
�EFG"��Æ8X ". B ��8cY8B���Wa, VW UCAV
FFEFG"
�#<��, Vc?@�	� A = {a1, a2, · · · , a8} �
��	 d, >d 1 ;I.

��	�=#d�3^]>�;I:

a1 IIFF�Q, �3� 1 X�ICDZ@[eE, �3� 2 X�ICDX8\E, �3� 3 X�Ie
fE. efE�X8�g]CDX8\Ef, #CDZ@[eE�g�^Y�_h`, ;�efE�EF�
!Ia, CDX8\E
b, #CDZ@[eEEF�!IW.

a2 IIFF�iE�ab, �3� 1 X�IbiEabZ, �3� 2 X�IbiEabj
, �3� 3
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X�IbiEab�. FF�iEabO�,i�X8c/XGOd,�FFEF�!O�. ;���ab�
XEF�!I�, ��abj
X
b, ��abZXEF�!IW.

a3 IIFF���iE�`!, �3� 1 X�I`!h, �3� 2 X�I`!j
, �3� 3 X�I`
!i. FF`!Oi, i�O
[ek��FF, �FFEF�!O�, ;�`!iXEF�!I�, `!j

X
b, `!hXEF�!IW.

a4 IIFF;l<mn, �3� 1 X�IZ@[e�f, �3� 2 X�Igh, �3� 3 X�Igh�
Z@[e�f. gh�Z@[e�fEF�!I�, gh
b, Z@[e�fEF�!IW.

a5 IIFFX8>d, �3� 1 X�Ii\, �3� 2 X�I�_. �_XEF�!I�, i\XEF
�!IW.

a6 IIFFZ@[e�o^], �3� 1 X�Ip�i��oZ@[e, �3� 2 X�i��oZ@
[e. �oZ@[eXEF�!I�, p�oXEF�!IW.

a7 IIFFEj�g, �3� 1 X�IFFEj�gq, �3� 2 X�IFFEj�gj
, �3� 3
X�IFFEj�gf. FFEj�gfXEF�!I�, j
X
b, FFEj�gqXEF�!IW.

a8 IIFF�kr'i�, �3� 1 X�Ipr', �3� 2 X�IMr'. Mr'XEF�!I�,
pr'XEF�!IW.

d IIFFEF�!, �3� 1 X�IEF�!q, �3� 2 X�IEF�!
, �3� 3 X�IEF
�!ja, �3� 4 X�IEF�!a.

I 1 � UCAV FFEFG"
�#<��. �FF�	
�	�s�V, �
�#<��k]'# 5

�0:3=6=='#, ;��
�#<���6==
�#<��.

^ 1 UCAV DREFGHISJKLM
a1 a2 a3 a4 a5 a6 a7 a8 d

x1 2 1 2 2 1 1 2 1 2

x2 2 2 1 2 2 1 1 2 2

x3 2 3 3 2 2 1 2 1 2

x4 1 1 1 1 1 1 1 1 1

x5 1 2 2 1 2 2 2 1 3

x6 1 3 3 1 1 1 2 1 2

x7 3 1 3 3 1 1 3 1 2

x8 3 2 1 3 2 2 2 1 3

x9 3 3 3 3 2 2 3 2 4

x10 3 3 2 3 1 1 3 1 2

3.2 _`_}
_} 1 ,%����
��ÆMOB.
)�'# 4, ,%
�L��G�ÆMOB Q, >I 2 ;I.
_} 2 "$?@�	 A ���AK�.
l�ÆMOBl, `�'� 1,��S��
�#<���	� A���AK� B = {a1, a2, a3, a6, a8},

mtman.
_} 3 on��==	b, c��/==��
�
�*�A�����*���.
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^ 2 abcLddeefg Q

U x1 x2 x3 x4 x5 x6 x7 x8 x9 x10

x1 ∅ a3a7 ∅ a1a3a4a7 a1a4 a1a4 ∅ a3 ∅ ∅
x2 a2a5a8 ∅ a8 a1a2a4a5a8 a1a4a8 a1a4a5a8 a2a5a8 a8 ∅ a5a8

x3 a2a3a5 a2a3a7 ∅ a1a2a3a4a5a7 a1a2a3a4 a1a4a5 a2a3 a2a3 ∅ a3a5

x4 ∅ ∅ ∅ ∅ ∅ ∅ ∅ ∅ ∅ ∅
x5 a2a5a6 a3a6a7 a6 a2a3a5a6a7 ∅ a5a6 a2a5a6 a3 ∅ a5a6

x6 a2a3 a2a3a7 ∅ a2a3a7 a2a3 ∅ a2a3 a2a3 ∅ a3

x7 a1a3a4a7 a1a3a4a7 a1a4a7 a1a3a4a7 a1a3a4a7 a1a4a7 ∅ a3a7 ∅ a3

x8 a1a2a4a5a6 a1a4a6a7 a1a4a5 a1a2a4a5a6a7 a1a4 a1a4a5a6 a2a5a6 ∅ ∅ a5a6

x9 a1. . .a8 a1a2a3a4a6a7 a1a4a6a7a8 a1. . .a8 a1a2a3a4a7a8 a1a4a5a6a7a8 a2a5a6a8 a2a3a7a8 ∅ a3a5a6a8

x10 a1a2a4a7 a1a2a3a4a7 a1a4a7 a1a2a3a4a7 a1a2a4a7 a1a4a7 a2a3 a2a3a7 ∅ ∅

���
�#<���6==
�#<��, )�6==��
�
�*�A�����l�:

D1 = {x4}, D2 = {x1, x2, x3, x6, x7, x10}, D3 = {x5, x8}, D4 = {x9},
F1 = {(1, 1, 1, 1, 1)}, F2 = {(2, 2, 1, 1, 2), (2, 3, 3, 1, 1), (3, 1, 3, 1, 1), (3, 3, 2, 1, 1), (2, 1, 2, 1, 1), (1, 3, 3, 1, 1)},

F3 = {(1, 2, 2, 2, 1), (3, 2, 1, 2, 1)}, F4 = {(3, 3, 3, 2, 2)},

E1 = {(1, 1, 1, 1, 1)}, E2 = {(1, 1, 1, 1, 1)}, E3 = {(1, 2, 1, 2, 1)}, E4 = {(3, 3, 3, 2, 2)},

�
G1 =

4∧
k=1

Ek = {(1, 1, 1, 1, 1)}, G2 =
4∧

k=2
Ek = {(1, 1, 1, 1, 1)}

G3 =
4∧

k=3
Ek = {(1, 2, 1, 2, 1)}, G4 =

4∧
k=4

Ek = {(3, 3, 3, 2, 2)}

��0*�:

r1: J F (x) ≥ G4, � d(x) = 4 (EF�!a);

r2: J F (x) ≥ G3 K F (x) < G4, � d(x) = 3 (EF�!ja);

r3: J F (x) ≥ G2 K F (x) < G3, � d(x) = 2 (EF�!
);

r4: J F (x) ≥ G1 K F (x) < G2, � d(x) = 1 (EF�!q).

)��B*���l�AK�	�
�	�;03�
�*�, >I 3 ;I.
3.3 hBijk

2S�ÆMOB���
, ��fg��=
;0�G!!�], #Kg]j�G�;0�	, ;�, �
ma�IpXGoh!� o(|U |2 |A|);  �'� 1, S��ÆMOB
;0ia:0q���DL��AK
�, �ma�XGoh!� o(2|X||U |2/2), 

 X ��	r; �s*����oh!, fg"$
�FF� t

��	3
�W3�\W3, ;�XGoh!� o((|t|!) |B|), 

, t �
�FF3, B ���AK�. $�
j�XGoh!� o(|U |2 |A|) + o(2|X||U |2/2) + o((|t|!) |B|).

,%ÆMOB�sGoh!� o(|U |2); S���AK��sGoh!� o(|A| |U |2); *���Xfg"
$ Et�Ft � Gt, �ma�sGoh!� o(3 |t|). $�j�sGoh!� o(|U |2) + o(|A| |U |2) + o(3 |t|).

4 l Greco ():;*'mk

4.1 n Greco <=lmo@AL5K>?
u�I 1
�������G. )� Greco���	�$� (��KH Greco$�), B cn�' D≥-


�*� (“ov” 
�*�) ��' D≤- 
�*� (“o�” 
�*�) !���.  �,%����
��
ÆMOB�S���AK��,%��
���"$
�� CL≥

t � CL≤
t �����ma, �l��� 18

?
�*�:
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^ 3 ISpq
pp pp pp pp pp

1 (3,3,3,2,2)→d=4 23 (1,2,1,2,1)→d=3 45 (1,2,1,2,2)→d=3 67 (1,2,2,2,1)→d=3 89 (1,2,2,2,2)→d=3

2 (1,2,3,2,1)→d=3 24 (1,2,3,2,2)→d=3 46 (1,3,1,2,1)→d=3 68 (1,3,1,2,2)→d=3 90 (1,3,2,2,1)→d=3

3 (1,3,2,2,2)→d=3 25 (1,3,3,2,1)→d=3 47 (1,3,3,2,2)→d=3 69 (2,2,1,2,1)→d=3 91 (2,2,1,2,2)→d=3

4 (2,2,2,2,1)→d=3 26 (2,2,2,2,2)→d=3 48 (2,2,3,2,1)→d=3 70 (2,2,3,2,2)→d=3 92 (2,3,1,2,1)→d=3

5 (2,3,1,2,2)→d=3 27 (2,3,2,2,1)→d=3 49 (2,3,2,2,2)→d=3 71 (2,3,3,2,1)→d=3 93 (2,3,3,2,2)→d=3

6 (3,2,1,2,1)→d=3 28 (3,2,1,2,2)→d=3 50 (3,2,2,2,1)→d=3 72 (3,2,2,2,2)→d=3 94 (3,2,3,2,1)→d=3

7 (3,2,3,2,2)→d=3 29 (3,3,1,2,1)→d=3 51 (3,3,1,2,2)→d=3 73 (3,3,2,2,1)→d=3 95 (3,3,2,2,2)→d=3

8 (3,3,3,2,1)→d=3 30 (1,1,1,1,2)→d=2 52 (1,1,1,2,1)→d=2 74 (1,1,1,2,2)→d=2 96 (1,1,2,1,1)→d=2

9 (1,1,2,1,2)→d=2 31 (1,1,2,2,1)→d=2 53 (1,1,2,2,2)→d=2 75 (1,1,3,1,1)→d=2 97 (1,1,3,1,2)→d=2

10 (1,1,3,2,1)→d=2 32 (1,1,3,2,2)→d=2 54 (2,1,1,1,1)→d=2 76 (1,2,1,1,1)→d=2 98 (1,2,1,1,2)→d=2

11 (1,2,2,1,1)→d=2 33 (1,2,2,1,2)→d=2 55 (1,2,3,1,1)→d=2 77 (1,2,3,1,2)→d=2 99 (1,3,1,1,1)→d=2

12 (1,3,1,1,2)→d=2 34 (1,3,2,1,1)→d=2 56 (1,3,2,1,2)→d=2 78 (1,3,3,1,1)→d=2 100 (1,3,3,1,2)→d=2

13 (2,2,2,1,1)→d=2 35 (2,2,1,1,2)→d=2 57 (2,2,2,1,1)→d=2 79 (2,2,2,1,2)→d=2 101 (2,2,3,1,1)→d=2

14 (2,2,3,1,2)→d=2 36 (2,3,1,1,1)→d=2 58 (2,3,1,1,2)→d=2 80 (2,3,2,1,1)→d=2 102 (2,3,2,1,2)→d=2

15 (2,3,3,1,1)→d=2 37 (2,3,3,1,2)→d=2 59 (3,2,1,1,1)→d=2 81 (3,2,1,1,2)→d=2 103 (3,2,2,1,1)→d=2

16 (3,2,2,1,2)→d=2 38 (3,2,3,1,1)→d=2 60 (3,2,3,1,2)→d=2 82 (3,3,1,1,1)→d=2 104 (3,3,1,1,2)→d=2

17 (3,3,2,1,1)→d=2 39 (3,3,2,1,2)→d=2 61 (2,1,1,1,2)→d=2 83 (2,1,1,2,1)→d=2 105 (2,1,1,2,2)→d=2

18 (2,1,2,1,1)→d=2 40 (2,1,2,1,2)→d=2 62 (2,1,2,2,1)→d=2 84 (3,3,3,1,1)→d=2 106 (3,3,3,1,2)→d=2

19 (2,1,2,2,2)→d=2 41 (2,1,3,1,1)→d=2 63 (2,1,3,1,2)→d=2 85 (2,1,3,2,1)→d=2 107 (2,1,3,2,2)→d=2

20 (3,1,1,1,1)→d=2 42 (3,1,1,1,2)→d=2 64 (3,1,1,2,1)→d=2 86 (3,1,1,2,2)→d=2 108 (3,1,2,1,1)→d=2

21 (3,1,2,1,2)→d=2 43 (3,1,2,2,1)→d=2 65 (3,1,2,2,2)→d=2 87 (3,1,3,1,1)→d=2

22 (3,1,3,2,1)→d=2 44 (3,1,3,2,2)→d=2 66 (3,1,3,1,2)→d=2 88 (1,1,1,1,1)→d=1

J F (x) ≤ F (x4), � x ∈ CL≤
1 , EF�! “o�”�q; J F (x) ≥ F (x1), � x ∈ CL≥

2 , EF�! “ov”
�
;J F (x) ≥ F (x2),� x ∈ CL≥

2 ,EF�! “ov”�
;J F (x) ≥ F (x3),� x ∈ CL≥
2 ,EF�! “ov”

�
; J F (x) ≥ F (x6), � x ∈ CL≥
2 , EF�! “ov” �
; J F (x) ≥ F (x7), � x ∈ CL≥

2 , EF�! “o
v” �
; J F (x) ≥ F (x10), � x ∈ CL≥

2 , EF�! “ov” �
; J F (x) ≤ F (x1), � x ∈ CL≤
2 , EF�!

“o�”�
;J F (x) ≤ F (x2),� x ∈ CL≤
2 ,EF�! “o�”�
;J F (x) ≤ F (x3),� x ∈ CL≤

2 ,EF�!
“o�”�
;J F (x) ≤ F (x6),� x ∈ CL≤

2 ,EF�! “o�”�
;J F (x) ≤ F (x7),� x ∈ CL≤
2 ,EF�!

“o�” �
; J F (x) ≤ F (x10), � x ∈ CL≤
2 , EF�! “o�” �
; J F (x) ≥ F (x5) � x ∈ CL≥

3 , EF�
! “ov” �ja; J F (x) ≥ F (x8), � x ∈ CL≥

3 , EF�! “ov” �ja; J F (x) ≤ F (x5), � x ∈ CL≤
3 ,

EF�! “o�” �ja; J F (x) ≤ F (x8), � x ∈ CL≤
3 , EF�! “o�” �ja; J F (x) ≥ F (x9), �

x ∈ CL≥
4 , EF�! “ov” �a.

4.2 Greco <=lmohBijk
w!�ma�XGoh!� o(|U |2 |A|) � o(2|X||U |2/2); S����IpXGoh!� o(|U |2 |A|); �

�����2Ip�^]�� |U |, ,'�����, S�����XGoh!� o(|A| lg |U |), XGoh!
Ip� o(|U | |A| lg |U |). $�j�XGoh!� o(|U |2 |A|) + o(2|X||U |2/2) + o(|U |2 |A|) + o(|U | |A| lg |U |).

,%ÆMOB�sGoh!� o(|U |2); S���AK��sGoh!� o(|A| |U |2); S���
��q
g�@�
���YB�Y�D�, q�ma�sGoh!� o(2 |t| − 2); "$��
�����;f��
rr� o(2 |t| − 2). $�j�sGoh! o(|U |2) + o(|A| |U |2) + o(4 |t| − 4).
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�*�. #�I 3 �V, u
==
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2) )�B ;,%��y, |U | = 10, |A| = 8, |X | = 1, |t| = 4, |B| = 5, |BZ | = 2, |e| = 10, !�$��
oh!]j>I 4 ;I.

^ 4 s~tuvwxwy
zP {zuxv {zuxv

Greco zP o(1700+80lg10) o(912)

NMzP o(1020) o(912)

�I 4�V, "XGoh!7#, ==$��� Greco$�, ��W�==$�S	majv, #"sG
oh!7#, !�;f��r�9.
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