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1 The Goal

Thelong-term goal of our research is to devel op atop-down transformation-based and cost-based
optimizer for object queries. Relational optimization techniques have been widely and
successfully adopted. Thus, the primary task of object query optimization is to adapt rel ational
techniques, and meanwhile to invent new techniques, to address the new features in object query
languages such as method invocation, path expressions, user-defined data type, reference
attributes, collection-valued attributes and multiple collection types. Previous work [GM 93, HI5,
S98] dealt with path expressions, method invocation and user-defined data types. Multiple
collection types and collection-valued attributes (CV As), being important features, have not been
investigated thoroughly regarding their impact on traditional optimization techniques. Thisthesis
proposed an algebraic framework for object query optimization with attention paid to multiple-
collection types and CVAs. In the following, we first observe the problems in building a cost-
based object query optimizer using the current body of knowledge. Then we present our solutions
to these problems. Finally, we report the current status of this research.

2 The Problems

The Algebra Problem

The existing object algebra[SZ90, V93, S95] provides either incomplete mapping from OQL
queries to algebraic expressions, or insufficient support for optimization. For instance, the AQUA
algebra [V 93] does not provide constructors and operators for collection types other than the set
and the bag. The EXCESS agebra provides afull range of array operations. However, most array
operations are difficult to optimize, because they cannot be reordered with traditional set-oriented
operators such asjoin, projection and selection. These limitations make the existing algebra
inappropriate for optimizing object queries.

The Unnesting Problem

Most query unnesting work is based on cal culus or source-to-source transformations. Algebraic
unnesting is desirable because it can be easily included in top-down transformation-based
optimizers. Also, algebraic unnesting allows interleaving of unnesting rules and other
transformation rules, which help generating good plans early, facilitating effective pruning.
However, the existing algebraic unnesting methods [CM 93, S95] are not compl ete, in the sense
that they cannot unnest certain queries with CVAs and the queries contain duplicatesin its
intermediate results. Maore general unnesting techniques are desirable but not yet available.

The Materialization Problem

To optimize object queries, Blakeley et a. [BMG93] introduced the materialize operator to
explicitly indicate at the logical level the need to resolve reference attributes. Materialize can be
implemented by pointer-based joins [SC90, KMG89] or value-based joins[BMG93]. The
pointer-based approach appliesto all materialization situations, but it isinefficient when
attributes to be materialized are shared. The value-based approach is efficient for shared single-
valued attributes, but inefficient for shared CV As. Also the valued-based approach requires the
presence of appropriate type extents. As sharing appears frequently in base collections and



intermediate query results, alternative materialization techniques for shared attributes with less
restriction and better performance are desired.

The Evaluation M odel Problem

Query evaluation can be based on either the relational data model or higher-ordered data models.
The choice, however, israther difficult. Using the relational model allows full exploitation of
classical sorting, indexing and hashing algorithms, but may exclude the algorithms devel oped
under higher-ordered data models[DL92]. Alternatively, using higher-ordered model requires
more complicated plan generation and cost estimation, and tends to generate many inefficient
plans because most higher-ordered operators do not have more efficient algorithms than nested-
loops eval uation. How to make an appropriate choice becomes an unavoidable question when
devel oping an object query optimizer.

The Cost M odel Problem

Cost model is an important component in cost-based optimization. The optimality of the
optimizer is based on correct prediction of relative plan costs. Severa object cost models have
been proposed [GGT96, BF97]. But none of them addresses the issue of representing and
propagating the properties of intermediate results that are required as parameters for cost
functions. Also, the cost functions for non-relational operators such as map [V 93] and recursive
join [DI92] have not been investigated.

3 Thesis Statement and Contributions

My thesisisthat effective optimization for object queries can be achieved by non-trival
adaptation of the existing object algebra and traditional optimization techniques. This dissertation
addresses the problems observed in the previous section, presenting an algebraic framework and
several key techniques for OQL query optimization.

The Algebra

We devel oped an algebra equipollent to the OQL query language. It includes the d-join operator
[CM93] and its variations, which play akey rolein our unnesting approach. The algebra also
includes the operators manipulating multiple collection types and supports transformations
involving those operators.

A Complete Algebraic Unnesting Approach

We devel oped a compl ete algebraic approach to unnest OQL queries. This approach can handle
nested queries with CV As and multiple collection types. The generd ideaisto represent a nested
query using d-join operator and its variants, then to reduce these operators into rel ational
operators in a deterministic manner. We proved the soundness and compl eteness of this unnesting
approach [WM S99].

Hybrid Reference M aterialization

We proposed a hybrid technique [WM S99] that combines the advantages of both the pointer-
based and val ue-based approaches. This technique relaxes the limitations of the value-based
technique, while preserving much of its performance advantage over the pointer-based technique.
The hybrid technique shows even stronger performance advantages when moving from single-
valued to collection-valued attributes. We a so showed how to enhance the performance of value-
based techniques on collection-val ued attributes when inverse relationships are available. Both



the hybrid and enhanced val ue-based techniques can be easily incorporated into rule-based query
optimizers, using the transformations we present. Analysis and experiments demonstrate that both
techniques are complementary to current materialization approaches and achieve superior
performance for shared attributes and CVAs.

Evaluation Model

We examined two aternative data models at the query evaluation level: the relational model and
the nested model. For the relational model, we proposed an order-tracking technique that allows
nested structural information to be encoded in the ordering of flat intermediate results, in order to
include some efficient nested algorithms. In most cases, the mapping between nested to flat data
model, as well as the mapping from nested to flat algorithms is supported. The overheads of both
mappings are bound by linear complexity.

We also demonstrated that nested data model can benefit queries with CVAs, as well as some
relational queries. Both data models are supported in our optimizer.

An Adequate Cost Model

We devel oped a parameter model that represents data properties as a shared complex structure.
The model isfully compatible with the relational catal og structure and allows further extensions
to accommodate more sophisticated statistics. We also provide the corresponding propagation
mechanism. In our previous work [WM97], we developed and initially validated a cost model for
object queries involving path expressions. Further, we will develop and validate a cost model for
general object queries. For validation purposes, we defined a metrics, called the adequacy of a
cost model, to measure the relative deviation of an estimated optimal plan from the actual optimal
plan. A formulathat computes the metrics based on some basic experimental datais provided in
thethess.

4 Progress

To evauate the approaches proposed in this thesis, we implemented a cost-based top-down query
processor for OQL queries. The query processor consists of several components: a parser, a cost-
based optimizer extended from the Columbia query optimizer framework [SMB98] and a query
evaluator implemented on the Gemstone/J object database system [G96]. The parser interprets
user queriesinto algebraic expressions. The optimizer consists of a search space that stores
equivalent expressions and candidate plans, a search engine that controls various transformations
including hybrid materialization rules and unnesting rules and a cost model that estimates the
relative costs of equivalent evaluation plans. The query evaluator consists of both relational and
non-relational physical operators.

We employed theoretical and empirical methods to validate our approaches. The soundness and
completeness of the unnesting algorithm was formally proved. The correctness of transformation
rules was verified using set-theoretic reasoning. The effectiveness of hybrid materialization was
validated through empirical evaluation. The performance of the two evaluation models will be
experimentally contrasted and evaluated. For the cost model, both theoretical and empirical
approaches will be employed. First, the accuracy of the cost function for individual physical
operators will be measured experimentally. Then quantitative analysis for the adequacy of the
cost model will conducted. The overall optimizer performance will be measured empirically
through a set of benchmark queries.
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