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Abstract— Distributed and heterogeneous environments tions and architectures, and do not conform to any common
present significant challenges to complex software systems framework that provides built-in support for interactvand
which must operate in the context of continuously changing interconnectivity.

loads, with partial or out-of-date information on resource This short not kes t tributi Firstly. it
capabilities. A distributed query processor (DQP) can be IS Short note makes two contributions. FIrstly, It propos

used to access and integrate data from distributed sources, @n architectural framework for AQP that is capable of ac-
as well as for combining data access with data analysis. commodating various kinds of self-optimizing behaviowgcS

However, in heterogeneous environments, statically corsicted ondly, it describes how the framework has been implemented

query plans may commit a query evaluator to following o5 an extension to the OGSA-DQP service-based distributed
significantly suboptimal strategies. As such, there is coiderable
query processor [1}.

interest in using adaptive query processors (AQPs) in such
settings to provide self-optimizing behaviour. However, \ith
many possible adaptive strategies available, it is importat
that AQPs can be constructed in a systematic and efficient FRAMEWORK

manner. This paper outlines an approach to the development A query processing system is adaptive if it receives infor-
of AQPs in which adaptive behaviour is implemented using mation from its environment, analyses this information and
cooperating monitoring, assessment and response compongn : . ; : . . : .

It is shown how this decomposition has been applied in the revises |_ts behaviour dynamically in an 'teraF'Ve manne, |
development of an adaptive DQP system for service-based gs, If there is a feedback loop between the environment and the
which reallocates load at query runtime, thereby supportig behaviour of the query processing system. A finer-grained
self-optimization. analysis of the feedback loop leads to the identification of

three semantically distinct phases, namely:

« monitoring, which is concerned with the collection of

Distributed and heterogeneous environments presenfsigni  feedback, both on the query execution itself and on the
icant challenges to complex software systems, which must resources available;
operate in the context of continuously changing loads, with « assessment, which deals with the evaluation of the col-
partial or out-of-date information on resource capalfiti lected feedback and the establishment of potential oppor-
A distributed query processor (DQP) can be used to access tunities for improvement, or problems with the ongoing
and integrate data from distributed sources, as well as for execution, and
combining data access with data analysis. However, in tieter « response, which plans and enacts the decisions made.

geneous environments, statically constructed query ptes  Figure 1 depicts the components of the framework and
commit a query evaluator to following significantly subopél  shows how these cooperate to cause an adaptation. The
strategies. As such, there is considerable interest ingusiiamework is generic in the sense of being both adaptivity
adaptive query processors (AQPs) in such settings to peovishvironment independent, and technique independentstwhil
self-optimizing behaviour. being capable of capturing many existing AQP techniques. It
However, with many possible adaptive strategies availabigakes no assumptions as to the number of adaptivity compo-
[2], it is important that AQPs can be constructed in a sysrents cooperating to achieve an adaptation, or their specifi
tematic and efficient manner. Proposals exist for addrgssifterconnections. The construction of general framewdoks
the problems of fluctuations in memory, bursty arrival ratggentifying or composing generic and reusable techniqoes f

of remote data, inaccurate data statistics, changing mechinonitoring, assessment or response has the following key
load, changing network load, and variable machine avditabi advantages.

However, although adaptive techniques cover such a broad |t gjlows component reuse and enables the assembling of
range, their designs are often tailored to specific needs, na ° ifrerent combinations, thus covering a wider spectrum
rowly specialised, and cannot be easily combined [5]. Thus

AQP systems are characterised by the lack of shared abstratavailable from http:/mwww.ogsadai.org.uk/dgp/.

II. THE MONITORING-ASSESSMENTRESPONSE

I. INTRODUCTION
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o Response: Each query is associated with one or more
response components, which subscribe to assessment
components for which they may be able to implement an
adaptation. For ALB, a response component subscribes to
assessment components that are detecting imbalance, and
where the imbalance is determined to require resolution,
redistributes workload and associated state across the
fragments, using the algorithm described in [4].

IV. CONCLUSIONS

This short note argues that AQP stands to benefit from a
behavioural decomposition, in which loosely coupled cawpl
ments, which implement publish-subscribe interfaces, lman

Response

combined in flexible ways to support different kinds of adap-
tation. The the resulting framework has been described, and

Fig. 1. The monitoring, assessment and response phasesRf AQ illustrated through its instantiation for adaptive loaddnaing.
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IIl. I NSTANTIATING THE FRAMEWORK

The framework has been instantiated to support several dif-
ferent forms of adaptation, including adaptive load bailagnc
(ALB), for which the algorithm is described in more detail
in [4]. In this setting, the framework has been instantisdasd
follows, with all components implemented as web servicas th
implement a publish-subscribe interface:

« Monitoring: Each query plan fragment, of which there
may be many running in parallel, acts as a monitoring
component, using self-monitoring operators, as described
in [3]. For ALB, each component is capable of generating
events that describe the rate at which tuples are produced
and the amount of time for which the evaluator is idle.

o Assessment: Each collectionC' of query plan fragments
that are running a part of a query plan in parallel using
partitioned parallelism is associated with an assessment
component. The assessment componer® afubscribes
to the monitoring components of the plan fragments in
C to obtain details on their throughput and idle time.
The assessment component uses that information to detect
load imbalance, and is capable of generating events that

2004.



