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Abstract:

B-trees and hash tables are two fundamental external index structures in database systems, and are
used to support range queries and lookups, two basic types of queries on a table. Despite the long
history and extensive studies, their optimality is yet a mystery in the dynamic setting, namely, when
insertions and deletions of elements are to be supported. For external indexes, the goal is to minimize
the number of block accesses (or 1/0s), so a standard optimization for fast updates is to use the
available internal memory to buffer the recent updates and commit the changes to disk in batches,
which can significantly lower the (amortized) update cost. Unfortunately, all known techniques for
doing so cause certain levels of degradation in query performance.

In this paper, we prove several inherent tradeoffs between the update cost and the query performance
for any index supporting range queries and lookups, respectively, in the presence of a memory buffer.
These tradeoffs match the existing simple dynamic versions of B-trees and hash tables for all
reasonable parameter ranges, thus establishing the optimality of these two fundamental structures.
More interestingly, we obtain our results in a unified framework named dynamic indexability.
Indexability theory was initiated in 1997, but up to now it has only been used to study static indexing
problems and only in two or higher dimensions. In this regard, by adding in the dynamic aspect, we
have enriched the indexability theory and made it applicable to even more basic indexing problems
like B-trees and hash tables.
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