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Abstract

Autonomic computing aims at making computing systems self-managing by
using autonomic managers in order to reduce obstacles caused by management
complexity. This thesis presents results of research on self-management for
large-scale distributed systems. This research was motivated by the increasing
complexity of computing systems and their management.

In the first part, we present our platform, called Niche, for programming
self-managing component-based distributed applications. In our work on
Niche, we have faced and addressed the following four challenges in achieving
self-management in a dynamic environment characterized by volatile resources
and high churn: resource discovery, robust and efficient sensing and actuation,
management bottleneck, and scale. We present results of our research on
addressing the above challenges. Niche implements the autonomic computing
architecture, proposed by IBM, in a fully decentralized way. Niche supports a
network-transparent view of the system architecture simplifying the design of
distributed self-management. Niche provides a concise and expressive API for
self-management. The implementation of the platform relies on the scalability
and robustness of structured overlay networks. We proceed by presenting a
methodology for designing the management part of a distributed self-managing
application. We define design steps that include partitioning of management
functions and orchestration of multiple autonomic managers.

In the second part, we discuss robustness of management and data
consistency, which are necessary in a distributed system. Dealing with the
effect of churn on management increases the complexity of the management
logic and thus makes its development time consuming and error prone.
We propose the abstraction of Robust Management Elements, which are
able to heal themselves under continuous churn. Our approach is based on
replicating a management element using finite state machine replication with
a reconfigurable replica set. Our algorithm automates the reconfiguration
(migration) of the replica set in order to tolerate continuous churn. For
data consistency, we propose a majority-based distributed key-value store
supporting multiple consistency levels that is based on a peer-to-peer
network. The store enables the tradeoff between high availability and data
consistency. Using majority allows avoiding potential drawbacks of a master-
based consistency control, namely, a single-point of failure and a potential
performance bottleneck.

In the third part, we investigate self-management for Cloud-based storage
systems with the focus on elasticity control using elements of control theory
and machine learning. We have conducted research on a number of different
designs of an elasticity controller, including a State-Space feedback controller
and a controller that combines feedback and feedforward control. We describe
our experience in designing an elasticity controller for a Cloud-based key-value
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store using state-space model that enables to trade-off performance for cost.
We describe the steps in designing an elasticity controller. We continue by
presenting the design and evaluation of ElastMan, an elasticity controller for
Cloud-based elastic key-value stores that combines feedforward and feedback
control.
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