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multi-dimensional membership query
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(1.Institute of Information Engineering, Chinese Academy of Sciences, Beijing 100093, China;

2. National Computer Network Emergency Response Technical Team/Coordination Center of China, Beijing 100029, China)

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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L1 elementInsert(Object Element)
BNAHEANN ZYEICHR A=(a,a2,+,a0)
firth:VOID

begin
assign 0 to ResultArray;

for each attribute a, in 4 {
for each hashFunction hashx in HashSet {
record hashx(a,) to hashPerField[][];
VoIS B VAT kIR
}  //end for
for each DC of (2~1) combinations {
for each hash value hashV in hashPerField {
/I calculateIndex TH 532 FRZ&E 51 F s
invoke calculateIndex(DC, hashV, ResultArray);
}
}  //end for
IR SEBRR G R b A Bt A7 8 1 AP
for each idx of ResultArray {
set bit of ResultArray [idx] to 1
}  //end for
end elementInsert
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%1% 2 elementSearch(Object Element)
HNAFEMINZUETCR A=(ar,az,*aq), HRTNYEREA 5 SDC,
HE 437 B null
it U R AR AE
begin
assign 0 to ResultArray;
for each field a, in 4 {

for each hashFunction hashx in HashSet {

record hashx(ay) to hashPerField[][];

} RS RS K R
+  //end for

for each EDC(does not match any dimension combinations
to cut off) of SDC {

for each hash value hashV in hashPerField {
//ifH calculateIndex 45 SLPrZ 5| Fhr
invoke calculateIndex(EDC, hashV, ResultArray);

)
} /lend for
for each idx of ResultArray {
if bit of ResultArray [idx] equals to 0 {
return FALSE;

}

} /lend for
return TRUE;

end elementSearch
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%95 3 calculateIndex(Object DC, Object hashV, Object Resul-
tArray)

HINAENTCE A=(ar,a, ) —FIAESE AL A A0 FE M09 h £
WAL AT BN R A, TR EE B AR R 51 A
firth:-voID

begin

if DC match some dimension combinations to cut off {
end calculateIndex; /4520 S Al & — 5
)
assign 0 to currentBitlndex;
IR A B AGALIE T DC RN AR
for each dimension a, in DC(from high to low) {
VLR e S 7RORIE (RS 7 SV vl GEE
split a, to special bit array and normal bits array;

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

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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