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Abstract— This paper introduces an efficient algorithm for
Producing Early Results in Multi-join query plans (Perm join,
for short). While most previous research focuses only on the
case of a single join operator, Permfoin takes a radical step by
addressing query plans with multiple join operators. Perm Join
is optimized to maximize the early overall throughput and to
adapt to fluctuations in data arrival rates. Perm join is a non-
blocking operator that is capable of producing join results even
if one or more data sources are blocked due to slow or bursty
network behavior. Furthermore, Permifoin distinguishes itself
from all previous techniques as it: (1) employs a new flushing
policy to write in-memeory data to disk, once memory allotment
is exhausted, in a way that helps increase the probability of
producing early result throughput in multi-join queries, and
(2) employs a novel state manager module that adaptively switches
operators between joining in-memory data and disk-resident data
in order to maximize overall throughput.

I. INTRODUCTION

Traditional join algorithms (e.g., see [1], [2]) are designed
with the implicit assumption that all input data is available
beforehand. Furthermore, traditional join algorithms are opti-
mized to produce the entire query result. Unfortunately, such
algorithms are not suitable for emerging applications and
environments that call for a new join algorithm design that
is: (1) applicable in cases where input data is retrieved from
remote sources through slow and bursty network connections
and (2) optimized to produce early join results in a non-
blocking manner while not sacrificing performance in process-
ing the complete query result. Examples of such applications
include web-based environments, where data is gathered from
multiple remote sources and may exhibit slow and bursty be-
havior [3]. In addition, web users prefer early query feedback,
rather than waiting an extended period for the complete result.
Another vital example is scientific experimental simulation
where experiments may take up to days to produce large-
scale results. In such a setting, a join query should be able to
function while the experiment is running, and not have to wait
for the experiment to finish. Also, scientists prefer to receive
early feedback from long-running experiments in order to tell
if the experiment must halt and be restarted due to unexpected
results [4]. Other applications that call for new non-blocking
join algorithms that produce early results include streaming
applications, workflow management, data integration, parallel
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databases, sensor networks, and moving object environments.

Toward the goal of maintaining high result throughput in
emerging environments, several research efforts have been
dedicated to the development of non-blocking join operators
(e.g., see [3], [5], [6], [7], [B], [9], [10]). However, with
the exception of [6], these algorithms focus on query plans
containing a single join operator. The main focus of these
algorithms is to optimize for high throughput locally at each
operator. Optimizing for local throughput does not necessarily
contribute to the goal of maximizing overall throughput in a
multi-join query plan. Considering the complete query plan
calls for a new set of optimization techniques that maximize
early throughput in multi-join query plans.

In this paper, we propose a new efficient non-blocking join
algorithm for Producing Early Results in Multi-Join query
plans (PermJoin for short). PermJoin goes beyond the idea
of single-operator non-blocking join algorithms and explores
a holistic approach to optimization techniques for maximizing
throughput in multi-join query plans in new and emerging en-
vironments. To this end, PermJoin exploits a set of techniques
that considers all join operators in a query plan, rather than
viewing each operator as a separate entity. PermJoin employs
the symmetric hash join algorithm [10] to join incoming data
in memory. Once runtime memory is exhausted, Permjoin
intelligently selects a percentage of data to be flushed to disk
based on expected query throughput contribution. Furthermore,
PermJoin manages the state of each join operator, alternating
between memory and disk processing, in order to maximize
the throughput of the multi-join query plan. It is important to
note that PermiJoin is capable of producing complete and exact
query results, making it suitable for applications that do not
tolerate approximations.

PermlJoin distinguishes itself from all other non-blocking
join algorithms in two novel aspects: (1) PermJoin employs a
novel adaptive memory flushing technique that is triggered
once memory is full. Unlike previous flushing techniques
for non-blocking join algorithms, the flushing technique in
PermJoin maximizes the overall query throughput for a multi-
join query plan by predicting the throughput contribution of
in-memory data. (2) PermJoin employs a novel state manager
module, that has the ability to switch any join operator back
and forth between joining in-memory data and disk-resident
data based on the operation most beneficial to the query
throughput. Such a sfafe manager module does not exist in
previous non-blocking join algorithins.
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