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Abstract
The increasing demand for real-time insight in data, such as in the IoT domain, led to the development of several
solutions that allow fast, accurate, and reliable processing of large quantities of data. Every solution has its own
design with its advantages and disadvantages. For the users of these technologies, it has become increasingly
unclear how to choose the most suitable technology for a use case. The goal of this dissertation is twofold. First of
all, we want to gain insights into the differences in behavior and performance of these frameworks. After we have
built up this knowledge, we want to formulate guidelines on how to select a suitable framework for a use case.
To meet the first goal, we present Open Stream Processing Benchmark (OSPBench), a benchmarking suite that
allows testing several distributed stream processing frameworks on a list of key features. We use this system to
increase our knowledge on the strengths and weaknesses of four state-of-the-art stream processing frameworks:
Flink, Kafka Streams, Spark Streaming, and Structured Streaming. The codebase has been open-sourced and can
be found here.
In Chapter 2, we measure the latency of several operations in Flink, Kafka Streams, Spark Streaming and Structured
Streaming. Latency is the time the framework needs to generate an output event from one or more input events. In
this chapter, we also dive deeper into the second category of workloads, which focuses on measuring performance
under different throughput levels and data characteristics. Throughput is the number of messages that can be
processed per second. We measure peak throughput in three scenarios: peak sustainable throughput under constant
load, peak burst throughput at startup, and throughput under periodic bursts. In Chapter 3, we address another key
feature of distributed systems: fault tolerance and recovery. Distributed systems have many different components
that can all fail. We experiment with (1) master failure with and without a high-availability setup with Zookeeper, (2)
worker failure with and without exactly-once semantics, and (3) application, job, stage, and task failures. Finally, we
evaluate the scalability of these frameworks in Chapter 4. We measure scalability in two directions: horizontally and
vertically. Horizontal scaling means increasing the number of workers, while vertical scaling indicates increasing the
resources per worker. In this chapter, we determine the factors which influence the scalability of a processing job.
The knowledge base that was built up throughout Chapters 2-4 is then used in Chapter 5 to build up a comparison
model that helps users to structure and guide the selection process. The model covers a broad spectrum of criteria
related to general characteristics, time-related features, APIs, pipeline characteristics, latency and throughput
performance, scalability, elasticity, parallelization, state management, fault tolerance, and deployment. With this
model, we accomplish the second goal of this dissertation, i.e. educating users in the differences between these
frameworks, and guiding users in the selection process by taking into account the most important factors. In summary,
this dissertation gives the reader an immersion in the domain of stream processing in all its complexity. It provides
insight into the behavior and performance of four prominent distributed stream processing frameworks and gives a
foundation for a structured, use-case-tailored approach to framework selection.
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