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1. Introduction

For the last years we have developed relational database systems like GRACE and FDS-R ( Functional Disk with
Relational database engine) in which the relational algebraic operations were based on dynamic clustering algorithms.
Performance evaluations of FDS-R [1] and other works [2] showed that the dynamic clustering algorithm was a good
solution for very large unstructured relations. Concerning the relational algebraic operations on structured relations, recent
researches exemplified by the Predicate-tree [3], the Superjoin Algorithm [4] and the DYOP [5] are based on
multidimensional clustered relations. The first two are based on hashing, and the last, on a grid-partitioned relation.
Anyway, all them are based on structures that partition the relation based on the relation space, not the attribute values. These
kind of partitioning are obviously easy to be handled for join operations because the generated partitions are naturally disjoint
concerning the discriminate attributes. However they are not conceivable in real applications since the methods based on
hashing are not order-preserving and the ones based on grid-partitions show low load-factor for reasonable number of
discriminate attributes.

Here we present some join strategies for KD-tree indexed relations [6]. As a multidimensional clustering method,
KD-tree presents the desired characteristics of order preserving and high load-factor. However, the KD-tree generates
partitions that are not disjoint concerning the value of discriminate attributes, which makes the operations on them difficult.
In what follows we recall some strategies we have proposed to deal with this difficulty and previously introduced in [7].
Some analysis and evaluations demonstrate the effectiveness of the join strategies for KD-tree indexed relations.

2. Analytical Evaluation of the Proposed Join Algorithms

We consider the join of two relations R and S much larger than the main memory. The basic idea of the following
algorithms is to divide relation R into sets of pages which are loaded into the main memory, and for each of these sets,
determine a range of the join attribute domain in which to execute the join. Given this range the join is executed with the
corresponding set of pages of relation S. Here the set of tuples of R which are loaded into the memory and determine the join
range is denoted wave. The proposed strategies differ in the determination of the waves and the way theses waves propagate
over relation R. We propose 5 basic algorithms and extended versions of them ( algorithms 1-5, 1m-5m ). For details, refer
[7].

For a relation of size N = 2P pages and indexed by a KD-tree, the minimum size of a wave is cs = 2p(k-1/k pages,
Because the details of the join algorithms are presented in [7], here we only present their analytical evaluation equations.The
analysis will be restricted for perfectly balanced KD-tree indexed relations in which at least one cluster fits into the main
memory, whose size is M pages. For k = 2, the memory size constraint is identical to those of dynamic clustering

algorithms [2]. The following expressions estimate the number of page accesses @ for the proposed algorithms 1-4 and their
extended versions 1m-4m.
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3. Simulation Results

Fig. 1(a)(b) and 2(a)(b) show the simulation and respective analytical estimation of number of page accesses for the
proposed join algorithms, using random data distributions for k = 2 and k = 3, respectively. As can be seen, the prediction
was quite good.
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4. Comparison with Dynamic Clustering Strategies
Fig.3 compares the number of pages accesses of 6006
the proposed algorithm 3m for 2, 3, and 4 dimensions,
with some well known dynamic clustering strategies as
simple hashing, grace hash and hybrid hash. As can be
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5. Conclusion
For operations like join, structuring the relation, in order to reduce the address space into partitions and organize data

in a way that would present a coupling to the requirements of the operation, avoids the costly partitioning of the relation via
hashing presented by the dynamic clustering strategies. Here we use KD-tree indexed relations and present some analytical
and simulation results for some join strategies on them, clarifying their effectiveness. Their implementation details are under
design now.
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