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1. Introduction

Recently, as sensors and instruments are applied in more
and more applications, time-dependent data streams are be-
coming prevalent data resources. These highly distributed
and time-dependent resources bring new challenges to build
high-performance large-scale processing systems. To ad-
dress these challenges, we develop Calder [2], a system
which provides scientific researchers grid access to widely
distributed, real-time data streams. In Calder, user requests
are continuously running SQL queries. Moreover, these
requests could not only extract data products from asyn-
chronous multiple streams but also project subsets from a
single real-time stream, and possibly over time constraints.
Therefore, a high-performance distributed query planner
becomes an critical part of the whole system.

While continuously running query processing [3] has
been studied for a while and many query planning systems
have been built, few research projects are focused on gen-
erating efficient query plans on large-scale distributed data
streams with limited computational resources. We observe
that in these systems, many long-running queries are at least
partially overlapped with each other. Therefore, our dis-
tributed query planner achieves better performance and less
computational resources by reusing existing queries.

The contribution of this work has two folds. First, we ex-
tend the current query planners’ cost metric space by intro-
ducing Network Bandwidth Cost, Query Deployment Cost
and Query Re-using Cost; second, we develop a suite of al-
gorithms for re-using existing query fragments under differ-
ent scenarios. One of the most important reusable queries
is called Structure-Sharable Query.

2. Extended Cost Metrics Space

Network bandwidth cost: In distributed systems, pro-
cessing data maximally in a local fashion significantly
achieves high system performance. In Calder [2], we disin-
tegrate centralized query requests and distribute their frag-
ments to the computation nodes that are close to the corre-
sponding data streams. However, the intermediate streams

generated by the distributed query plans take noticeable net-
work bandwidth. Therefore we count the network band-
width cost into the evaluation as an extension to the plan-
ning cost metrics. An ideal plan is not supposed to have too
much bandwidth cost.

Query reusing and deployment cost:We posit the con-
tinuous query model in Calder system, where each query
will be kept in the system and repetitively executed for a
while. By reusing these existing queries, we can save query
processing time and physical computational resources from
deploying and executing new query plans. The overhead
of the reusing strategy lies in searching and tuning the re-
suable queries. Naturally we extend planning cost metric
space with the following two new metrics: Query Deploy-
ment Cost and Query Re-using Cost. Only when the query
deployment cost is larger than the query re-using cost, re-
using techniques will be considered.

3. Query Reusing Algorithms and Initial Ex-
perimental Results

Query reusing process includes two core steps: finding
the candidate queries which can be reused by the incom-
ing queries and tuning such queries to make them practi-
cally reusable. Therefore, query reusing algorithms include
Query Searching Algorithm and Query Tuning Algorithm.
These algorithms varies in different scenarios. Our query
planner is adaptable to 4 reusing cases and we briefly dis-
cuss their searching and tuning algorithms as follows.

Identical Query Two queries are exactly the same.
Searching Algorithm directly works on the text-level by
hashing input query text strings into fixed-length hash val-
ues and matching those hash values. Here we adopt the
MD?5 hashing function. In this case, no tuning algorithm is
needed as the identical queries can simply share the results.

Parameterized Query It characterizes the group of
queries, the only difference among which is the constants
in the WHERE conditions. Query Searching Algorithm is
Tree Matching Algorithm in which all the queries are com-
piled into query trees and pre-order traversal is used to com-
pare two query trees. During this matching process, con-



stants in all the selected nodes are replaced with a uniform
place holder, then the queries with different constants are
still recognized as the matched ones. As for Query Tun-
ing Algorithm, we adopt the Group Optimization Algorithm
introduced in [4] by using a parameter table to match the
queries’ constants.

Contained Query Given a query pair (A, B), we define
query A is contained by query B, if A’s result set is the sub-
set of B’s. Based on the set theory, we impose a set of rules.
(e.g.,a > b = a > b) Then, we use the Rule-based Search-
ing Algorithm to find the contained query pairs. Query Tun-
ing Algorithm for such cases is straightforward: if the in-
coming query A is contained by the existing query B, we
use the query B’s outputs as the inputs of query A.

Structure Sharable Query This category of reusable
queries is found from sensor-based applications where there
are hundreds of same-typed sensors generating data in the
same format. Though the streams are in the same data for-
mat, they are recognized as different resources and separate
queries are issued against them. We found those queries
(e.g., Query A and Query B in Figure 1) on the same for-
matted streams can share their Query Structures. A Query
Structure is a query tree that is stripped of its leaf nodes
(i.e., it is only with the internal operation nodes).

Query searching algorithm is an application of the Tree
Matching Algorithm on Query Structures. In order to share
the Query Structures among multi-queries, we inject input
streams from Query A and B into the same structure. Mean-
while for avoiding the events from different queries being
mixed together, we attach an identifier to each input stream
when it passes through the Mark node. At the top of the
query tree, a special node, the DeMark Node, is added to
route the results for different queries. Figure 1 shows how
such reusing cases work in our system.
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Figure 1. Structure Sharable Query

Experiment: Our query planner combines the query
reusing model and the direct deployment model. At the be-
ginning, there are not many queries in the system, so the
matching query hit ratio is low. During this stage, we deploy
a new query directly into the network without searching for
similar queries. After the query matching ratio reaches the
threshold value R, we activate the query re-using model.

The following experiment shows how we decide thresh-
old value. We have 1000 queries in the existing query pool
and Tree Matching Algorithm is used for query searching.
But currently we only consider full query reusing. Fig-
ure 2 shows Query Searching Time t4 (i.e time used to lo-
cate the reusable query in existing query pool), Query ex-
ecution time t, and Query Deployment Overhead t, which
include running scripts compilation time, query runtime de-
ployment time and Ringbuffer setting up time. From these
data, we can see that deployment overhead ¢, is observable;
therefore saving the cost by reusing existing queries is a
promising approach. With these experimental data, we can
compute Query response time for both models. For direct
deployment model, tres1 = t, +te = 50 + 5.8 = 55.8ms;
for reusing model treso = (ts + te) * R+ (ts +to + te) *
(1 - R) =10.8R + 60.8 x (1 — R). From this, we get the
threshold R is 10%.
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Figure 2. Processing Time Distribution
4. Conclusion and Future Work

Our planner combines the query reusing model and
the direct deployment model for generating high perfor-
mance distributed streaming query plans. We extend the
query planning metrics and propose novel re-using algo-
rithm against the Structure Sharable queries. Currently we
are evaluating these query reusing algorithms against the
query load from real applications such as LEAD [1]. Some
other efficient reusing alternatives are also under our con-
sideration.
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