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Part B: The Completion Report

5. Project Objectives

5.1 Objectives as per original application

—

To characterize and predict the application workload in datacenters.

2. To investigate the fundamental trade-off between the system performance and
resource utilization in datacenters along with the energy consumption

3. To propose a multi-objective optimization framework for both resource and
energy-efficient optimization.

4. To design dynamic task allocation and virtual machine migration algorithms towards

resource and energy optimization.

5.2 Revised Objectives
N.A.
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6. Research OQutcome

Major findings and research outcome
(maximum [ page, please make reference to Part C where necessary)

With the presence of unpredictable and time-varying application demands, on the one
hand, we want to maximize the profit by accepting and processing as many application
requests as possible, which can lead to maximal resource utilization; on the other hand,
we seek to minimize the penalty from system congestion due to the potentially excessive
requests and potentially excessive power consumption.

To balance such a power-performance tradeoff, we enforced the following three control
decisions: 1) how many requests from diverse applications are to be admitted at any
given time; 2) how to distribute the admitted requests from different applications across a
large number of servers hosting the corresponding VMs; and 3) how to schedule each
VM by switching between a running state for processing requests and an idle state for
conserving the server power.

To address these challenges, in this project, we took advantage of the Lyapunov
optimization techniques to design and analyze a new optimal online control framework,
designed to independently and concurrently make all three decisions. Our findings based
on the control decision led to three simple yet effective strategies, corresponding to the
each decision that need to be made: 1) a threshold based admission control strategy to
improve system throughput while avoiding system congestion; 2) a “‘Join the Shortest
Queue”’ request routing strategy for balancing the server load, while reducing service
delays for the admitted requests; and 3) a decentralized greedy strategy to optimally
schedule VMs, i.¢., which VMs are to process incoming requests, and which VMs are to
stay idle for power conservation.

The upshot of our proposed framework is that it can be flexibly extended to explore
various design choices and operational requirements of a realistic datacenter. From a
design perspective, to improve the robustness of the datacenter system, some designers
may introduce buffering facilities to mitigate bursty admitted requests. Through
redefining the Lyapunov function to incorporate the buffering facilities, we show that our
framework can be enhanced to accommodate such a design choice. From an operational
perspective, as most real-world datacenters are operated within a certain power budget to
improve the performance (dollar) per watt, our results demonstrates how this model and
framework can be extended to accomplish this by achieving a desired performance level
with a pre-specified power budget.
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Potential for further development of the research and the proposed course of action
(maximum half a page)

The rise of research interests in power-performance trade-off is largely fueled by the
performance requirements of cloud applications, as well as the operational requirements of
the datacenter network. There are a number of avenues for further study. (1) There have
been demands from emerging applications such as big data analytics and mobile cloud
applications that are increasingly relying on geographically distributed services from
multiple datacenters. However, wide-area inter-datacenter links are costly to build and
upgrade, and inter-datacenter bandwidth is bound to become a scarce resource in the near
future, inherently shared between all cloud applications. Therefore, there is a pressing need
to manage and allocate inter-datacenter bandwidth at a fine granularity to meet diverse
performance targets from such applications. (2) With the development of software defined
networking (SDN), datacenters of large-scale Internet service providers such as Google are
interconnected by the Software Defined Wide Area Network (WAN). In such a context, the
scope of bandwidth allocations is broadened to cover the scenario where applications
compete for the bandwidth of inter-datacenter links. How to effectively manage the resource
utilization in this scenario becomes a challenging problem. (3) To reduce power cost and
carbon footprint, an increasing number of cloud service providers have now considered
green datacenters which utilize renewable energy sources such as solar or wind. However,
unlike the stable supply of grid energy widely used today, it is challenging to utilize and
realize rencwable energy due to the uncertain, intermittent and variable nature. We are
currently exploring these three directions in our on-going research

7. The Layman’s Summary
(describe in layman’s language the nature, significance and value of the research project, in
no more than 200 words)

This project studies the problems associated with the optimization of energy efficiency
and resource utilization in datacenters. The results of this research and its outcomes are:
(1) in the short term, we have examined the fundamental characteristics of application
workloads and their impact on energy and resource consumptions; (2) in the long term,
we have designed and evaluated new energy-efficient algorithms towards optimal
resource utilization. The long-term significance of this project lies in the establishment of
a solid theorctical framework, which provides practical guidelines in the design of
dynamic task allocation and virtual machine migration algorithms in achieving the
optimal energy and resource utilization.

Part C: Research Output

8. Peecr-reviewed journal publication(s) arising directly from this research project
(Please attach a copy of each publication and/or the letter of acceptance if not yet submitted
in the previous progress report(s). All listed publications must acknowledge RGC's
Jfunding support by quoting the specific grant reference.)
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9. Recognized international conference(s) in which paper(s) related to this research
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papers must acknowledge RGC'’s funding support by quoting the specific grant reference.)
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