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Elastic Resource Allocation of Distributed Streaming Process
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Abstract  With the development of cloud computing and big data, many data stream engines have
appeared, such as Spark or Flink. When a single distributed data stream engine is used to develop
a distributed stream processing application with multiple data sources and multiple query targets,
there are some shortcomings not only in architecture, but also in scalability, which increases the
difficulty for developers to develop large-scale applications. Therefore, distributed stream processing
based on event-driven architecture has been adopted by more and more developers. It can perform
well both in building simple or complex applications due to its low coupling and high scalability
characteristic. An event-driven architecture based application consists of a series of single-purpose
components responsible for asynchronously receiving and processing events. However, event-driven
architecture faces the contradiction between the data injection rate and the data processing rate when
the number of streaming data sources fluctuates and the distribution of data values changes, resulting
in processing delays or insufficient resource utilization. Elastic resource allocation can solve the
problems caused by data fluctuations by dynamically adjusting the resources allocated to the

application based on changes in load pressure in the stream processing system, but the traditional
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strategy (e. g. back pressure mechanism or simple machine learning method) has shortcomings in
event-driven architecture. It is difficult to effectively handle the dependencies between production
and consumption, which is manifested as being unable to detect the fluctuations in the data generated
by the producers in time to adjust the resources of consumers. Besides, it is difficult to grasp the
timing of resource allocation, which will lead to the inability to provide resources in time and increase
the delay of stream processing. This paper conducts an in-depth study and comparison of the existing
elastic resource allocation strategies and analyzes the limitations of some existing strategies in detail.
On this basis, we propose an elastic resource allocation method based on reinforcement learning,
which uses a production/consumption model to solve the delay caused by data accumulation between
dependent applications, or insufficient resource utilization caused by data shrinking. The reinforcement
learning method can learn strategies to maximize benefits during interaction with the environment,
which is suitable for practical stream processing application scenarios. By establishing a state matrix
and a command matrix, the resource manager can perceive the status changes of upstream and
downstream applications, so as to timely adjust the resource requirements of stream processing
applications by expanding or reducing the corresponding number of executors, ensuring the low
latency requirements of the stream processing job execution process, and improving the system
resources utilization rate. We implement this strategy based on the Mesos resource management
framework and validate the effectiveness of the strategy using applications that process real-world
road video streams. After the evaluation of several of our applications, compared with exiting
Spark dynamic resource allocation method, the reinforcement learning based flexible resource

allocation method can reduce stream processing delay by up to 15% , increase resource utilization

by more than 20% , and its throughput can be improved by more than 10%.
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Background

Data stream processing systems were born ncarly a
decade ago, due to the need for low-latency processing of
large volumes of highly dynamic, time-sensitive continuous
streams of data from sensor-based monitoring devices and
alike. Some application that processes stream of events does
not just perform trivial record-at-a-time transformations needs
to be ability to store and access intermediate data. But “Store-
and-Pull” model of traditional data processing systems was
simply not suitable for the high performance needs of the
such applications, where data was much more dynamic than
queries and had to be processed on the fly. Consequently,
this change of roles between data and queries led to an upside
down architecture, and thus, to Stream Processing Engines
(SPEs). For SPEs to realize their full potential and to see
stronger adoption, first and foremost, they require critical
support for integration across streaming data sources and
SPE-SPE.

In order to meet the above data processing requirements,
we distributed data stream processing applications based on

event-driven architecture that ingest event streams and process
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the events with application-specific business logic. Depending
on the business logic, an application can trigger actions such
as sending an alert or an email or write events to an outgoing
event stream to be consumed by another applications.

Applications based on event-driven architecture are an
evolution of micro-services. One application emits its output
to an event log and another application consumes the events
the other application emitted. The event log decouples senders
and receivers and provides asynchronous, non-blocking event
transfer. In order to assure the consistence of processing
procedure between producers and consumers, we establishing
a state matrix and a command matrix to monitor the status
changes of upstream and downstream applications. By this
status, an elastic resource allocation method based on
reinforcement learning is designed to control the computing
resources of all applications. So, it is not only improving the
system resources utilization rate, but also reducing the delay
of data processing times.
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