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Abstract

Over the last decade, the number, size and complexity of large-scale networked
systems has been growing fast, and this trend is expected to accelerate. The
best known example of a large-scale networked system is probably the Internet,
while large datacenters for cloud services are the most recent ones. In such
environments, a key challenge is to develop scalable and adaptive technologies
for management functions. This thesis addresses the challenge by engineering
several protocols  for distributed monitoring and resource management that
are suitable for large-scale networked systems. First, we present G-GAP, a
gossip-based protocol we developed for continuous monitoring of aggregates
that are computed from device variables. We prove the robustness of this
protocol to node failures and validate, through simulations, that its estimation
accuracy does not change with increasing size of the monitored system under
certain conditions. Second, we present TCA-GAP, a tree-based protocol, and
TG-GAP, a gossip-based protocol for the purpose of monitoring threshold
crossings of aggregates. For both protocols, we prove correctness properties
and show, again through simulations, that both protocols are efficient, by
showing that their overhead is at least two orders of magnitude smaller
than that of a na\"ive approach, for cases where the monitored aggregate is
sufficiently far from the threshold. Third, we present a gossip-based protocol
for resource management in cloud environments. The protocol allocates CPU
and memory resources to sites that are hosted by the cloud. We prove that
the resource allocation computed by the protocol converges exponentially
fast to an optimal allocation, for cases where sufficient memory is available.
Through simulations, we show that the quality of the resource allocation
approaches that of an ideal system when the total memory demand decreases
significantly below the memory capacity of the entire system. In addition, we
validate that the quality of the allocation does not change with increasing the
number of hosted sites and machines, for the case where both metrics are
scaled proportionally. Finally, we compare two approaches (tree-based and
gossip-based) to engineering protocols for distributed management, for the
case of real-time monitoring. Results of our simulation studies indicate that,
regardless of the system size and failure rates in the monitored system, gossip
protocols incur a significantly larger overhead than tree-based protocols for
achieving the same monitoring quality (e.g., estimation accuracy or detection
delay).

Keywords
decentralized management, engineering protocols, distributed monitoring,
resource management

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-26207

