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Processing over Dynamic Data Streams
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Abstract

Paradigms like Internet of Things and the most recent Internet of Everything are shifting the attention towards systems
able to process unbounded sequences of items in the form of data streams. In the real world, data streams may be
highly variable, exhibiting burstiness in the arrival rate and non-stationarities such as trends and cyclic behaviors.
Furthermore, input items may be not ordered according to timestamps. This raises the complexity of stream processing
systems, which must support elastic resource management and autonomic QoS control through sophisticated strategies
and run-time mechanisms. In this paper we present Elastic-PPQ, a system for processing spatial preference queries over
dynamic data streams. The key aspect of the system design is the existence of two adaptation levels handling workload
variations at different time-scales. To address fast time-scale variations we design a fine regulatory mechanism of load
balancing supported by a control-theoretic approach. The logic of the second adaptation level, targeting slower time-
scale variations, is incorporated in a Fuzzy Logic Controller that makes scale in/out decisions of the system parallelism
degree. The approach has been successfully evaluated under synthetic and real-world datasets.
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1. Introduction

In our ever-more connected world we are assisting to
an unprecedented diffusion of systems and devices able to
generate massive streams of transient data transmitted at
great velocity. An urgent challenge is to design computing
and communication infrastructures supporting real-time
processing of data streams in order to extract complex
analytics for decision making [1].

The Data Stream Processing paradigm [2] has been pro-
posed to cope with this issue. It consists in a programming
model where applications are written as data-flow graphs
of logic entities called operators, each one applying trans-
formations on the input data and deployed on parallel and
possibly distributed environments.

Real-world data streams may exhibit dynamic charac-
teristics like hysteric data rates with abrupt surges and
out-of-order arrivals, where stream elements (called tu-
ples) may not be gathered in increasing order of times-
tamps. Due to such erratic nature, a-priori capacity plan-
ning and management of the resources needed to execute
streaming applications is not always practical [3], and this
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makes difficult to maintain the desired Quality of Service
(QoS) while achieving high resource utilization efficiency.

To circumvent this issue, some papers have investigated
the problem of enhancing stream processing systems with
elasticity mechanisms [4, 5, 6, 7]. The term elasticity has
been adopted in the field of Cloud Computing [8, 9] to
indicate the ability to change the number and the size of
virtual machines to adapt to the workload level. Recently,
the same term has been used in the data stream processing
literature [3, 4, 5] to indicate systems where the parallelism
level of some operators (i.e. the number of replicas of the
same operator working on distinct input data in parallel)
can be dynamically modified to optimize the application
throughput in response to variations in the arrival rate.

Most of the past elastic approaches have been exper-
imented assuming workload variations in the form of de-
terministic trends and non-stationarities observed at time-
scales of tens of seconds [3] or even minutes/hours [9]. The
work in [10] demonstrated that in elastic Clouds the pres-
ence of fast variabilities such as burstiness may be detri-
mental both for the system QoS and for the resource uti-
lization rate. This negative effect also occurs in stream
processing systems, where phases with arrivals occurring
in clusters (temporal burstiness) are likely to generate a
growing computational burden to the system.

Furthermore, this problem is exacerbated by the fact
that scheduling strategies may generate load imbalance in
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