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Abstract: In order to improve the flexibility and accuracy of multi-dimensional membership query, a new indexing 

structure called CBFM(cutted Bloom filter matrix) was proposed. CBFM built the bit matrix by the Cartesian product of 

different bloom filters, each representing one attribute of primary data. In this way, the proposed matrix supported 

by-attribute membership query. Besides, the attribute combinations in the bit matrix could be reduced and weighted on 

demand to further enhance memory utilization rate. Theoretical analysis proves that CBFM utilizes memory more effi-

ciently than BFM, the current state of art. Experiments also show that, on the scenario of memory size fixed, the false 

positive rate of CBFM is lower than that of all other indexing methods. Especially on the scenario of memory constrained, 

the false positive rate of CBFM can be 3 orders of magnitude lower than that of BFM(Bloom filter matrix) indexing 

method. CBFM is an accurate data structure for multi-dimensional membership query. 

Key words: query algorithm, multi-dimensional membership query, Bloom filter, bit matrix 
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<= 1  elementInsert(Object Element) 

>9:?89�@��� A=(a�,a�,A,a�) 

>B:VOID 

begin 

assign 0 to ResultArray; 

for each attribute a� in A { 

    for each hashFunction hashx in HashSet { 

        record hashx(a�) to hashPerField[][]; 

}  //CD#���E< kFGH 

}  //end for 

for each DC of (2

�
−1) combinations { 

    for each hash value hashV in hashPerField { 

        //I2 calculateIndexE<JK45LM 

        invoke calculateIndex(DC, hashV, ResultArray); 

} 

}  //end for 

//N2JK45LMD'	�OPQ 1RS 

for each idx of ResultArray { 

    set bit of ResultArray [idx] to 1 

}  //end for 

end elementInsert 
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<= 2  elementSearch(Object Element) 

>9:?de�@��� A=(a�,a�,A,a�), fDg��� SDC" 

hijklmn null 

>B:��op.q 

begin 

assign 0 to ResultArray; 

for each field a� in A { 

    for each hashFunction hashx in HashSet { 

        record hashx(a�) to hashPerField[][]; 

}  //CD#���E< kFGH 

}  //end for 

for each EDC(does not match any dimension combinations  

to cut off) of SDC { 

    for each hash value hashV in hashPerField { 

        //I2 calculateIndexE<JK45LM 

        invoke calculateIndex(EDC, hashV, ResultArray); 

} 

}  //end for 

for each idx of ResultArray { 

    if bit of ResultArray [idx] equals to 0 { 

        return FALSE; 

} 

}  //end for 

return TRUE; 

end elementSearch 

3 5  CBFM@���rsde<=TU 

3.3  ������� 

AB³´��W { }
1 2

, , ,

n

S x x x= � �áK���

i

x Ò8")PQ,

i

x � d5wxÃFCCBFM$%D

E�8 n�$%çM�8 ε�æP d5wxÃöl¿

À�Á¢	
�û5� c5wxãÙ�J5wx

ãÙ¹°

i

r5wxC8ä�Tz!67�ABò¯

c5wxãÙ®/S�¯wxC 

S d )��34��wxãÙ·m�¯ 2 1

d −
L�ÖwxãÙÈk�4®�Î%�§+^+ãÙ

�wx5��i�
��s¤wxÈk�4®�

5�Åk�$%çM�Å&�©�BO¤wx$%

çM� f =εC 

c�l¿À�Á¢��¨zdµ�AB=>¶

S·bÒ¸6l�GWÙsò¯DE�DE[¹

«�HIçM�8

[17]

 

 

1

(1 (1 ) ) 1( , , )

k

kn

kn kF

m

B

f m k en

m

−
 

= − − ≈ −
 

 

 (1) 

AB$%çM� fà$%DE� n¬ë}O�

S�� \12=>?�5� kà�Î%m�ÅÜ

µ8 

 lbk f= −   (2) 

 

1

lb lbm e n

f

=  (3) 

8äº�	
/0�ò¯ 2 1

d − LwxãÙ�

{YSJ5wx\"»¼K5'oVg��úRw

x©ª�5�8 m+1CæPJ5�wxãÙ

i

r�

�[�[UãÙ®/0e�	
s��

i

r5wx

ãÙ�©ª�5�8 ( 1)

� �
r r

m m+ − C 

©��CBFM4®�Î%�§�m(4)òØ�


#T BFM¼½·ê�Ç/ß�Èk m

d

�ÝÞ
P

É��Ç/ÈkC 

 

�

1

( +1) [( 1) ]

�

�

� � �

c

d r

r r

i

M m m m

=

−

=

∑

= + −∏  (4) 

G]^")DEFGHI5�æP¯HI d)

DE ( )
1 2

, , ,

d

A a a a= � �CBFM2ê89jk k5=

>?�Ppß�[]^=>12���\28 dk�

��2êc� c5¬�)`ãÙÄ¯HI)`

]^¨6�Å"de d5pX¦)`ãÙ�æPJ

5HI)`ãÙ9:�2ê�&e�rssJK

5)`���½¾
P�)`ãÙ�12G�)

`s'oVg�+p'oVg�s�4®�5�

þ�@ 6 òØ���2��\28 2 2

2

c

d

d k

 

 

 

�ñ

\òó�CBFM DEHI5�¦×`\28

3

(( 2 ) )

c

O d d k+ CS4®jks�)`� d à=>

?�5� k�J\O��2ê�HI5�¦×`8

¿��ÕÖ+��W�§��cî
�xC 

 

�� 3  calculateIndex(Object DC, Object hashV, Object Resul-

tArray) 

��:���� A=(a�,a�,�,a�)	
����; �������

�������	�����; �� !	!"#�� 

��:VOID 

begin 

if DC match some dimension combinations to cut off { 

        end calculateIndex;  //���$%&��
' 

} 

assign 0 to currentBitIndex; 

//()!*+!,- DC.	���/0 

for each dimension a� in DC(from high to low) { 

        //1 a�2345!6745!89:; 

    split a� to special bit array and normal bits array; 

    calculate non-bulk offset in special bit array, and add it to cur-

rentBitIndex; 

calculate non-bulk offset in normal bits array, and add off-

set*(hashV[a�]−1) to currentBitIndex; 

}  //end for 

add currentBitIndex to ResultArray; 

end calculateIndex 
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