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Abstract Hadoop HBase provides a technical method and system with excellent scalability for storing and
querying big data. However, HBase only provides the row key indexing and does not support non-key indexing,
which makes it not efficient enough to meet the need of realtime or near-realtime applications. In this paper, we
propose a hierarchical secondary indexing model and method for HBase. It builds the secondary index for
non-key columns in HBase table to speed up the query process. Furthermore, based on the distributed memory,
we present a hot index caching method for the secondary index in HBase, plus an efficient cache replacement
policy, the Hotscore Algorithm, to reduce the disk access overhead for index data. Based on the above
techniques, we implemented a hierarchical indexing system HiBase. The results from experiments on datasets
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ranging from 10 million to one billion records show that, the HiBase cold query (the cache-missed query)
outperforms native HBase by 65 times (for large returned result sets) to more than 3000 times (for small returned
result sets) respectively. Further, the HiBase hot query (the cache-hit query) after adopting the Hotscore
Algorithm-based index caching mechanism can achieve extra 5-20 times speedup compared to the HiBase cold
query, making the overall performance speedup more than 300 times(for large returned result sets) to 17,000
times(for small returned result sets) compared to the native HBase and also speedup 5-20 times compared to the

open-source Hindex secondary indexing system.
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Background

HBase is an open-source Kkey-value storing system in
Hadoop Ecosystem of Apache Foundation. Data in HBase are
composed of much smaller entities in format of key-value
pairs, and HBase organizes the small records into large storage
files and stores them on HDFS to provide well scalability and
fault tolerance. HBase is designed for fast point queries and
sequential scans on row keys. Each data split maintains
key-value pairs with ranges of rows sorted by row key, so it
excels at providing key-based or sequential range access. Point
queries are supported by providing a row key to find what you
are looking for. When faced to non-key query requirement,
HBase takes a measurement of sequential scan, that is,
scanning data from start to end one by one. It is suitable for
reading adjacent key-value pairs and is optimized for block
disk access operations that can make full use of disk transfer
channels. Whereas, sequential scan misses the basic features of
key-value retrieval, such as selection of row keys based on
regular expressions. Thus the approach of non-key query leaves

much to be desired. Some research works try to provide a

solution by building secondary index in HBase.

HiBase is our high-performance storing and management
system based on HBase to provide efficient query on non-key
column. It builds secondary index according to global
secondary index model, which outperforms local secondary
index model (adopted by Hindex) for it saves much
unnecessary computation overhead. In local secondary index
query process accesses index table in all Regions, but some
Regions returns null result set. Furthermore, HiBase provides
efficient memory caching policy, so as to reduce the index’s
disk access overhead, and as a result, query performance is
improved in a large degree. Thus, HiBase offers the realtime or
near-realtime capability for big data analysis.
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