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Abstract Skyline query processing has recently received a lot of attention in information management and

database communities. Its result is widely applied in many applications, such as multi-criteria decision

making, data mining and visualization, and information recommender systems. In most online query

applications, however, the skyline result is changeless and shared by multiple users, and hence the skyline

set can not efficiently satisfy the needs of users. Motivated by this fact, we propose a new kind of query, k-
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01< skyline ��	����
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-� 3 : 1);*
@BÆAB��CD2C�A (
 R-tree[3]

� LUR-tree[4] �) �EF.G3CD F �� skyline ���4/ [1−2,5−6]; 2) HI OLAP ��	��50
D1 [7] �2J3CD skyline ����CD skyline ���<�, 4.G35 2t − 1 � (∅ 6E) �CD�
� skyline �� [8−10]; 3) ;*
@6��F�G��KÆL*�M7��D�7N8�, 9(F4O89H
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�,>/, )(, ��� JUKIE <��� skyQ(U) +1, U ��=5- skyline ��*�>���@�, J
 skyline ������S��, �������TK, >?, (�7�� skyline ����U�� JUKIE
@A, V������@A�N?��>, @�:L�����AB��, 6�L�� skyline ��0@JA

M1� skyline �� sky(U) N@���� JUKIE �8
��>, ÆOBCM1 skyline ����*, 4�
�� P�����, V k-quasi skyline ��, �CDE�� skyline �����. �CD U �� k-quasi
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p7(6.5, 4.9), p8(3.7, 3.7), p9(9.1, 2.4), p10(7.0, 4.6)}, +Z3CD F �� 1-quasi skyline ��� 2-quasi skyline
��-N�: 1 − qsky(F, AD) = {p1, p2, p4, p5, p6, p8}, 2 − qsky(F, AD) = {p1, p2, p4, p5, p6, p8, p9}�

�F6<��	
��CNOZPN k-quasi skyline ��O0P,I;`/ SQLUb,[ QUASI SKY-
LINE OF �\�Q? SELECT U\�, 
��_�

SELECT · · · FROM · · · WHERE · · ·
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9 @ � � � � p = , � � , r � V � � � O � H SO� (V ) � � 9 @ � � � � � �  3), i 	 � ` 8 � H , 


� B � (V ) � � V B� (V ), + Z � i � [1, v], � i < � i , � j � [1, v], � j > � j , � > , �  SO� (V ) � � 9 @ � � � �

p, p � T i � � � � � # 7 SO� (V ) � � 9 @ � � � � r = , ( p � T j � � � � � # 7 SO� (V ) � � 9

@ � � � � r = , � � , p � r � V � � H � � H < � �

? 5 � c 3 � , 1) F - Æ i 1 B12 V 3 � H B19, � > SO12 � � \ � � � p5 � p6 # � F � � H

SO19 � � \ � � � p7 � p10 � 2) B12 p 5 � H B22, � > SO22 � � \ � � � p3 � p9 # � " � F � � H

SO12 � � \ � � � p5 � p6 � 3) B12 � B8 q h , � > SO12 � � \ � � � p5 � p6 � SO8 � � k � � �

p2 � p4 � p8 � F � H � 9 @ � H < � �

EARG 8 @ i  � � 1 � � F ? ? � d , � Æ � 
 8 @ 1 � 8 @ 2 � _ �

Algorithm 1 EARG 8 @

l B : t � � � � � AD , � � � � < : � � * � H O � J count, j � � 0; � C D V ; 3 = 1 � (AD, F ); �

� b � k �

l � : � C D V � � k-quasi skyline � � k Š qsky(V ) �

01. k Š qsky(V ) � � ;
02. i  (AD, F ) J � � \ f 9 @ � � � V - Æ i 1 B1(V ), B2(V ), · · · , By (V );

03. [ T 02 k � J � � y � V - Æ i 1 5 6 � j ] seqV, seqV � � 9 H \ � S ; 1 B � (V ) = < rg � 1
1 , · · · ,

rg� v
v > � B� (V ) = < rg � 1

1 , · · · , rg� v
v > � � : � < � 
 � v

i =1 � i � � v
i =1 � i ;

04. For m j l k seqV � � � � S ; 1 B � (V ) Do

05. SO� (V ) � B� (V ) � � \ f � � � � � ;
06. CR(B� (V )) � OBCANS (SO� (V ), V, k);

/* r � OBCANS (SO� (V ), V, k) . G SO� (V ) � � � s @ k-quasi skyline, t 8 @ 2 */
07. f lag � F alse;

08. For seqV � B� (V ) + 1 � � � S ; 1 B � (V ) Do
09. If B� (V ) � � v B� (V ) Then

10. For � p � CR(B� (V )) Do

11. p.count � p.count + 1;
12. If p.count � k Then f lag � T rue;

13. CR(B� (V )) � CR(B� (V )) Š { p|p.count > k } ;
14. If B� (V ) � V B� (V ) Then

15. For � p � CR(B� (V )), � r � CR(B� (V )) Do
16. If p � V r Then

17. p.count � p.count + 1;
18. If p.count � k Then f lag � T rue;

19. CR(B� (V )) � CR(B� (V )) Š { p|p.count > k } ;
20. If ”ag=True Then

21. seqV � seqVŠ { Bz(V )|Bz (V ) � � V B� (V )} ;

22. k Š qsky(V ) �Š k Š qsky(V ) � CR(B� (V ));
23. Return k Š qsky(V );

End

OBCANS r � i  O l [2] � � � m n j o n � J � CR(B� (V )), Æ � t 8 @ 2 � _ .

^ � � , S �  � Æ � 	 � 0 @ SUBSKY+, � D - Z EARG 8 @ � e P � m ? + 	 �

SUBSKY+ 8 @ ` / 0 1 	 � 9 H � C D skyline � � � O . � � 0 @ SUBSKY[13]
� I ; < L , � F O

Z A ; V X � � C D V � � k-quasi skyline � � k Š qsky(V), SUBSKY+ 8 @ 8 
 k 8 n � SUBSKY 8

@ � �  � � 8 � n � , SUBSKY+ 8 @ 8 
 ? ? \ � 0 d � 7 N : 1) [ . P l k ; � � � p � k Š qsky(V)

� � � � � � ? ? 7 N , � j � p � G � V � � k-quasi skyline � � ; 2) 
 � p � V � � k-quasi skyline

� � , 8 
 [ k Š qsky(V) � � � � � � o 8 � p ? ? 7 N , � p 6 + 9 � V � * p � H � � � � > ? , �
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Algorithm 2 OBCANS r�

lB: 1 Bα(V ) �\f����� SOα(V ); �CD V ; ��b� k�

l�: SOα(V ) �s@� k-quasi skyline �� CR(Bα(V ))�
Begin
01. CR(Bα(V )) ← ∅;
02. � SOα(V ) ����onj8� Σv

i=1In(p[i] + 1) 9=;=nj, A;��]W Lα(V );
03. flag1 ← F alse;
04. For mjlk Lα(V ) ������ p Do
05. flag2 ← F alse;
06. For mjlk p 1����� r Do
07. If p ≺V r Then
08. p.count ← p.count + 1;
09. If p.count ≥ k Then flag1 ←True;
10. If p.count > k Then flag2 ← True; break;
11. If flag2 = F alse Then
12. CR(Bα(V )) ← CR(Bα(V )) ∪ {p};
13. If flag1 =True Then
14. seqV ← seqV − {Bz(V )|Bz(V ) � �V Bα(V )};
15. Return CR(Bα(V ));
End

 �� d ��/��	� AD, SUBSKY+ 8@�?DUX/^� O(k · d · |AD|2), �>, 
21^`/
0@�FRaV?��

EARG 8@i skyline ��D���H��, BÆAB3=1�2C�	��, 4�S�1+D�V
3�H�p5�H�qhk2<���FTM�	��D�7N8��J k-quasi skyline ��O8��

WR��	��D�7N, �>, EARG 8@OZ!Yu?��9H�CD�� k-quasi skyline ���?D

WR�

? 6 � c 3 �h 1, I;_c EARG 8@J� F = {d1, d2} �� 1-quasi skyline �� 1 − qsky(F )
�Z?Æ�. EARG 8@qp[fC F - Æi156���1j] seqV =< B4(F ), B8(F ), B12(F ), B22(F ),
B19(F ) >�]8@^�� SO4(F ) = {p1} ??	�, J SO4(F ) �(\f����, �>, p1 � F ��

1-quasi skyline ��, V>?, 1 − qsky(F ) = {p1}�̂ ^�, 8@� SO8(F ) = {p2, p4, p8} ??	��EARG
8@qpn� OBCANS r�J� CR(B8(F )), Æ�
�: OBCANS r�� SO8(F ) ����nj, A;
��]W L8(F ) =< p2, p8, p4 >; J p2 � L8(F ) �T 1 ���, �>, [ p2 1^qE? CR(B8(F ))
�, V>?, CR(B8(F )) = {p2}; J p8 * p2 �H, �>, [ p8 � count �E 1, V p8.count = 1, 4[
p8 qE? CR(B8(F )) �, V>?, CR(B8(F )) = {p2, p8}; _<, p4 * p2 �H, �>�, p4.count = 1, 4
[ p4 qE? CR(B8(F )) �, V>?, CR(B8(F )) = {p2, p4, p8}; _	�V L8(F ) ����d, J B8(F )
V3�H B19(F ), �>, [ B19(F ) 9 seqV �p6, V>?, seqV =< B4(F ), B8(F ), B12(F ), B22(F ) >�

J B8(F ) ��1b�1 B4(F ) qh, �>, CR(B8(F )) �����8
� p1 ??7N, V>?, 1 −
qsky(F ) = {p1, p2, p4, p8}�p^�, 8@� SO12(F ) = {p5, p6} ??	��J� CR(B12(F )) �Æ��^ 
r, ��� CR(B12(F )) = {p5, p6}, 4� p6.count = 0, ( p5.count = 1�J B12(F ) ��1b�1 B4(F )
� B8(F ) #qh5 4 9 9 9 8  T c 
 ( β � ) T j 
 / T 3  1  T 4  0  9 6 9 9 9 9  0  T D 
 0  T 0 �  0  T D 
 ( β ) T j 
 / T 1  2 5 2 . 4 8 0 1  1 6 > 5 B

12())

� �
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4 fCr[\s

�
�=b�, I;-Z EARG 8@�?DWR�h3CD F ��/��� d�

� �CD Vi, h��� vi�+Z Vi- Æi1�7��� C(Vi) = Π vi
z=1�z�� EARG �, 6����

5�AB3=12C ℘(AD, F ), �>, �?DWR� O(Π d
z=1�z), _?�[g�, 9 ℘(AD, F ) �, J�j]

seqV �?DWRr� O(Π d
z=1�z)�I�0b, seqV �T y(y ≥ 3) � Vi- Æi1*T w(2 ≤ w ≤ y − 1) �

Vi- Æi1V3�H�XR� P (y, w) = Π w−1
t=1 (1 − Π vi

z=1(1 − posz(ct)/�z + 1/�z)) , �� posz(ct) � Vi- Æ
i1 ct �� z ��s]��9(, �FvrT y � Vi- Æi1�GOZ9 seqV �t6�?DWR���
>, EARG 8
ws Tfull = O(C(Vi) + ΣC(Vi)

y=3 Σy−2
w=2P (y, w)) �?DWR??t6��*�� Vi- Æi1V

3�H� Vi- Æi1�j] seqV �,�xt� Γ = Π vi
z=1(�z + 1) − Π vi

z=1�z � Vi- Æi1�

_t6��*V3�H� Vi- Æi1+d, j] seqV �T y(y ≥ 3) � Vi- Æi1*T w(2 ≤ w ≤
y − 1) � Vi- Æi1p5�H�XR� Q(y, w) = Π w−1

t=1 (1 − Π vi
z=1(1 − posz(ct)/�z)) , 9(�FvrT y

� Vi- Æi1�G*�� Vi- Æi1p5�H�?DWR� O(1 + Σy−2
w=2Q(y, w)) ��>, EARG 8
ws

Tpart = O(Γ + ΣΓ
y=3Σy−2

w=2P (y, w)) �?DWR��\\Gt seqV �� Vi- Æi1�G��p5�H<��
^��, I;�� EARG �, ��7N�8
�7?DWR, h� Tcomp��u�u�, I;h M �

lB�	� AD �i��e� AD ��CD Vi ���:�-vr� F (x) �:�v/r� f(x), ��
x = (x1, x2, · · · , xvi ), +Z� �� Vi- Æi1 c, �ybs@ k-quasi skyline ����wu��W_�
E(M/Γ , Vi) = kM/Γ × ∫

[0,1]vi
f(

�

i�
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