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M2LSH:An LSH Based Technique for Approximate Nearest
Neighbor Searching on High Dimensional Data

LI Can,QIAN Jiang-bo,DONG Yi-hong, CHEN Hua-hui
( Faculty Electrical Engineering and Computer Science ,Ningbo University ,Ningbo , Zhejiang 315211 , China)

Abstract; The LSH (Locality Sensitive Hashing) method and its variants represent the state-of-the-art indexing tech-
niques to process ANN ( Approximate Nearest Neighbor) searches in a high dimensional data space. Although the existing
LSH based techniques can efficiently deal with uniform distributed data, it is noticed from the principle of their design
schemes that these techniques cannot handle non-uniform distributed data well. To tackle the above problem, this paper pres-
ents a new LSH based technique , called M2LSH (2 Layers Merging LSH) , to efficiently process ANN searches on non-uni-
form distributed data. The key idea is as follows. First,data objects are stored in a hash table with multiple buckets (i. e. ,the
first layer) ,each of which corresponds to a combined hash vector used as its hash number. The count of data objects in each
hash bucket is recorded. Secondly,using the hash functions for a second layer hash table,the bucket numbers from the first
layer are projected into a one-dimensional space. In this space,some adjacent hash buckets from the first layer are merged so
as to make the data objects uniformly distributed in the merged buckets at the second layer. Therefore ,the M2LSH can not
only improve the searching efficiency but also increase the accuracy of the search results. This paper also provides a detailed
theoretical accuracy analysis for the M2LSH technique. Experiments using synthetic and real data show that the theoretical
estimates are quite accurate,and the proposed M2LSH technique can efficiently process ANN searches with low false posi-
tive and negative rates.
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(LSH) ;high dimensionality
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&% 1 BuildIndex(L,k, ,k,,w)

1 Input D (set of object 0)

2 L. (number of hash tables)

3 k;  (number of first layer hashes)

4 k, (number of Second layer hashes)

5w (width of bucket)

6 Output Hash Index (stored information of each table g;,i=1,---,L)
7 Foreach i =1, L

8 Initialize hash function g; by generating k; random hash functions
9 Generates k, random hash function as the second layer.

10 Foreach i=1,--- L

11 Foreach j=1,--+,n (the number of the dataset D)

12 Store object 0, in bucket g;( - )

13 and counter, .

14 Foreach j=1,--+,n, (the number of the dataset of (g;( - ),

countergl( ) ) )
15 Projected o; onto k, lines
16  Foreachj=1,--- k,
17 Call Bucket merger(line;) by marking bucket with 0 or 1

(RS BN B VA G RPN RN N R
W res 7 fr ot R i =1, LA g (0 ) B
g( = )M —AN 5 3O S 1L AT iR, & o, H
BARAFTEN LA AL 5 0 A 1) 2 320 1 G Al v, O HLXE
I A A L 287 R KR S B AT IR R ok
M 1T ATIFAG , X i S0 25l 5 HEAT — U A LA S AT
HIf, BMSCBE R GEk 2 Frs.

&i%2 Bucket Merger

1 Input Line (the second hashes)
2 compute the AC

3 Set flag = 0
4 Foreach i=1,--- )k,
5 Forj =1, length of Sortedline;

6 If( (count + = getCount( bucketID of line;) )/
(average count) <p&& dist( bucketID of current bucketID) < ¢s)

7 Flag; [ bucketID ] = flag
8 Else
9 flag =~ flag
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#3%3 Approximate Nearest Neighbor Query

1 Input A query object ¢

2 Access Index file

3 (get the information of table g;,i=1,---,L and Marking line;,j =1,
e ky)

4 Output K (or less) approximate nearest neighbors

5 S

6 Foreach i =1, ,L
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7 S«-SU {objects found in g;(q)bucket of g;
and with the same mark on k, lines of second hashes |

8 Return the K nearest neighbors of ¢ found in set
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