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Abstract of Thesis

Self-sustaining Stream Processing is a promising technology for borderless autonomous
intelligent systems. It carries out on-the-fly continuous processing commands on real-time
streaming data from sources for activating corresponding actions via actuators in dynamic
environments without barriers from maintenance cost or dependency. It also allows
non-programming-savvy users to create their services in a human-understandable language. This
dissertation presents the developing solutions for self-sustaining systems with the following
trace.

Firstly, the dissertation starts with introducing the still-opening challenges along with the
proposed solutions on the most-popular paradigm for stream processing systems, centralized. The
chosen challenges are a link bottleneck from source networks and a task-resource matching in
task distribution mechanism. For the first challenge, the data prioritization system has been
proposed added up from the compression and pub/sub-content filtering techniques. By modifying
the existing Multi-criteria Decision Analysis technique, the proposed system can evaluate and
prioritize the data based on application-specific quality metrics with a lightweight calculation at
the local gateway. The results on case-study smart buildings affirm the significance of multiple
criteria from higher data value preservation under a very-limited communication link constraint.
For the second challenge, the proposed solution comes with two principal mechanisms' demand
estimation and resource selection. The demand estimation leverages a time-series model to
estimate the next arrival demands regarding the best-fit distribution of the historical records.
The resource selection adopts machine-learning techniques to determine whether the resource is
good enough for working on a particular task with a specified latency tolerant. The results show a
| reduced overhead of task-reallocation after using the demand estimation and give more than 0.8
on the F-score measurement of the matching classification.

Secondly, the dissertation introduces the self-sustaining concept to untie the stream processing
technology from the maintenance cost and dependency on the autonomous intelligent systems.
The idea is to draw full power from already-in-used devices. For realizing such a concept, the
processing plan must not hinge on the device-connecting topology, and the processing element
must be able to cover arbitrary processing tasks. On top of that, the distribution mechanism must
not rely on any particular controllers. The proposed paradigm, named EdgeCEP, combines
advantages of event specifications and relational-tuple-based processing techniques and meets
those requirements. EdgeCEP presents a newly-defined language and processing element,
separating the detection and processing to bring in the best efficient methodology. It distributes
the task with a proactive optimization-based collaboration mechanism. The objective function is
to minimize the communication cost of the complex flow, subjective to computation and
communication resource constraints, defined at each device. The goodness of the distribution




result needs a reasonable tradeoff of the periodic information exchange overhead. The evaluation
results show significant decrements of the flow volume in simulations and real-world deployment,
compared to the centralized approach and other naive policies.

Thirdly, the dissertation addresses the adoption concern of EdgeCEP from restrictions on
non-dedicated devices, specifically, an over-capability requirement and identity exposure from
information exchange. Also, the uncertainty of non-dedicated networks could affect the service
quality focus rather than just latency on each particular task. MicroEdge comes up with a
less-coupling modular architecture and less-interrupting, fair-sharing solutions for the
self-sustaining stream processing systems regarding task-specific mixed value metric. The
modular architecture decouples primary role services, including processors, sensors, and actors, a
client-synchronizing role service, coordinator, and a middle man core service by adopting the
gRPC protocol. MicroEdge performs the distribution with three fundamental mechanisms:® task
selection, workload distribution, and overloading detection. As a goal of distribution, the novel
metric named Value-of-Service (VoS) presents in terms of task-specific values. The task selection
mechanism formulates a score function to encourage the high value of the VoS. The workload
distribution leverages the most trivial balancing protocol, round-robin, with multiple bias level
for achieving a low rejection rate and overhead in trial-and-error of blind balanced distributing.
The overloading detection methed applies a queuing theory and a time-series technigue to detect
the overloading state in the execution queue. The results on the assuming scenario and the
real-world deployment show the superiority of the proposed MicroEdge to the default policies in
terms of the service value and between-tasks fairness.

The dissertation emphasizes the significance of developing self-sustaining stream processing
systems. Rather than coming to replace the dedicated systems like a centralized cloud or local
edge servers, it is for unbounded growth of developing applications on the networks of smart
things. The proposed systems deal with the challenges of dynamic, heterogeneous, and
non-dedicated participating devices and processing task variety towards the self-sustaining
systems. This dissertation is the foremost research towards the freedom era of application
development over smart thing networks.
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