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Abstract:
Geographically distributed data centers (DCs) offer promising business opportunities to both big companies that own
several sites and multi-owner inter-cloud infrastructures. In these scenarios, workload management is a particularly
challenging task, since the autonomy of single DCs should be preserved while global objectives, such as cost reduction
and load balance, should be achieved. In this paper, a hierarchical approach for workload management in
geographically distributed DCs is presented. The proposed solution is composed of two algorithms devoted to workload
assignment and migration. Both algorithms are based on the computation of a simple function that represents the cost
of running some workload in the different sites of the distributed DC. The framework requires a very limited exchange
of state information among the sites and preserves the autonomy of single DCs and, at the same time, allows for an
integrated management of heterogeneous platforms. Performance is analyzed for a specific infrastructure composed of
four DCs, with two goals: 1) load balance and 2) energy cost reduction. Results show that the proposed approach
smoothly adapts the workload distribution to variations of energy cost and load, while achieving the desired
combination of management objectives.
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I. Introduction
The ever increasing demand for computing resources has led companies and resource providers to
build private data centers (DCs), or to offload applications and services to the DCs owned by a
Cloud company. Due to this process, the number and scale of data centers are rapidly increasing. It
is estimated that data center electricity consumption is projected to increase to roughly 140 billion
kilowatt-hours annually by 2020, corresponding to about 50 large power plants, with annual carbon
emissions of nearly 150 million metric tons. The financial impact for the DC management is also
huge, since a DC spends between 30% to 50% of its operational expenditure in electricity: the
expected figure for the sector in 2020 is $13 billion per year of electricity bills.

Updated information can be found on the Web portal of the U.S. National Resources Defense
Council, http://www.nrdc.org/energy/data-center-efficiency-assessment.asp.
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