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Abstract  Nearest neighbor (NN) search in high-dimensional space is a fundamental paradigm in
a wide range of applications, such as text information retrieval, search engine, content-based
information query, duplication detection, etc. In these areas, data are usually large-scale and are
modeled as high-dimensional features, which introduce two major problems to NN search, the
“curse of dimensionality” and I/O performance bottleneck. On the one hand, the dimensionality
curse makes exact NNs nearly infeasible to achieve. A lot of research efforts have been devoted to
finding approximate nearest neighbors (ANN) which are close enough to the query to achieve a

satisfying trade-off between accuracy and efficiency. On the other hand, large-scale feature sets
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are often too massive to fit into the internal memory, external storage (usually disk) becomes a
reasonable choice. However, due to the huge speed gap between internal memory and external
memory, the resulting input/output communication becomes very expensive, too much NN
candidates or improper loading manner would make the NN candidates loading the most time-
consuming part of the entire NN search, called the I/O performance bottleneck. LSH is a widely
adopted technique due to its excellent error guarantee and high computational efficiency in
tackling the “curse of dimensionality”. It can enable fast and accurate irrelevant points filtration
and offers c-ANN results at a sub-linear time complexity which also makes it an attractive
approach for disk-based ANN search. Plenty of LSH based methods have been developed to
further boost the ANN performance. However, most of them access candidate objects through
significant random I/O operations, which makes them tend to incur the I/O performance bottleneck.
In this work, a novel Locality-Sensitive Hashing (LSH) index called Optimal Order LSH (O2LSH)
is designed to further address the above two problems. First, O2LSH introduces space-{illing
curves to sort the compound LSH keys and rearrange the original data points accordingly. In this
way, NN candidates can be stored on same or adjacent disk pages so that only a few sequential
1/0 operations can load enough candidates during the search. A thorough quantitative analysis is
then conducted on several common space-filling curves. The results show that there exists two
different kinds of characteristic among these space-filling curves, (1) curves of “dimension-first-
traverse” characteristic (such as the row-wise curve) tend to introduce several limitations to ANN
search; (2) curves of “neighborhood-first-traverse” characteristic (such as Z-order, Gray curve,
Hilbert curve, etc.) can produce better local distribution of NN candidate points, and the
performance are more stable. Based on the analysis, O2LL.SH chooses a best “neighborhood-first-
traverse” curve as the linear order to maintain as many as NN candidates within same local disk
pages. In this way, O2LSH can not only enhance the I/O efficiency but also improve the ANN
search accuracy. We conduct empirical experiments on 6 real-world multimedia data sets. The
results demonstrate the superior accuracy and 1/0 efficiency of O2LSH in ANN search, compared
with 4 state-of-the-art methods, including C2LSH, SK-LSH, SRS and QALSH. Particularly,
O2LSH is no longer sensitive to a key parameter of LSH function as the basic sorting-based
solution does, which further improves the algorithm practicality.

Keywords  approximate nearest neighbor; high-dimensional index; locality-sensitive hashing;

linear order; local distribution
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O2LSH 1 SK-LSH . {H H # 1)k B i 2 — 3 A A 1R
KW ; C2LSH 1) 1/O 4 fil %t 2 B A48 b A 2 55 1
BRURR S FLJE: 32 B AR RS A Ak 5 i 5 W i < E 3 /NI
I B4 4E (Audio #1 Mnist) | 1/0O 4 fig 7] L UC #
L E L O2LSH, {H 2 78 K AU 248 48 (SiftIM,

e W El 9 FE 10, O2LSH JLF- 78 it 4 £ 4
£ FHERAE LA 0 1/ O JF 85 BUES 5% B 11 % 300 oE
R T SEAHE Y O 2R H A e iy %8, HLAR Sk
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b5 58 1) DS A L 8 SIC B 0% A 40000 U 40 A 32 A 1 )
A S B AR [R) GEE 3 0 /) 3 B N 4E 97 T8 £ 5 Ji
S 3T AP M A L SRR TR B T 1/ O 5% R A RS

x5 ANN ZE#HE ratio
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SRS 1.245954 1. 245954 1. 250638 1.185170 1. 245954 1.175362
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&= 6 ANNZEifFEH IO
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[ 230 e N e
5.3.3 ZE[IF4 £ 7 BEEFHAT L
EE 5 AN T AR 2 W T B F R ” -
B =N v i < ~
AR AT He R % A I AR 2 Ay 3 AR DL ) jﬁfﬁm C2LSH QALSH SRS SK-LSH O2LSH
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memory (usually disks) becomes a reasonable choice. However,
due to the huge speed gap between internal memory and
external memory, the resulting input/output communication
becomes very expensive, too much NN candidates or improper
loading manner will make the NN candidates loading the most
time-consuming part of the entire NN search, called the I/O
performance bottleneck.

Locality-sensitive hashing (LSH) is an attractive approach
for disk-based ANN search as it enables fast and accurate
irrelevant points filtration and offers c-ANN results at a
sub-linear time complexity. Plenty of LSH based methods

have been developed to further boost the ANN performance.
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However, most of them access candidate objects through
significant random I/O operations which tend to incur the
1/0O performance bottleneck.

In this work, the authors propose a novel LSH index
O2LSH to address the above issues. They conduct a thorough
quantitative analysis on typical space-filling curves and find
that NFT curves can produce better local distribution of NN
candidate points than DFT curves. By comparison, they finally
choose a best NFT curve as the linear order to maintain as
many as NN candidates within same local disk pages. which
not only enhances the I/O efficiency but also improves the
ANN search accuracy. Empirical experiments demonstrate
the superior accuracy and 1/O efficiency of O2LSH in ANN
search, compared with state-of-the-art methods. Besides,
O2LSH eliminates the sensitiveness to a key parameter of LSH

function, which further enhances the algorithm practicality.
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