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Abstract 
Architects and circuit designers have made enormous 
strides in managing the energy efficiency and peak 
power demands of processors and other silicon sys-
tems.  Sophisticated power management features and 
modes are now myriad across system components, from 
DRAM to processors to disks. And yet, despite these 
advances, typical data centers today suffer embarrass-
ing energy inefficiencies: it is not unusual for less than 
20% of a data center’s multi-megawatt total power draw 
to flow to computer systems actively performing useful 
work.   Managing power and energy is challenging be-
cause individual systems and entire facilities are conser-
vatively provisioned for rare utilization peaks, which leads 
to energy waste in underutilized systems and over-provi-
sioning of physical infrastructure. Power management is 
particularly challenging for Online Data Intensive (OLDI) 
services---workloads like social networking, web search, 
ad serving, and machine translation that perform sig-
nificant computing over massive data sets for each user 
request but require responsiveness in sub-second time 
scales.  These inefficiencies lead to worldwide energy 
waste measured in billions of dollars and tens of millions 
of metric tons of CO2.

In this talk, I discuss what, if anything, can be done to 
make OLDI systems more energy-proportional. Specifi-
cally, through a case study of Google’s Web Search ap-
plication, I will discuss the applicability of existing and 
proposed active and idle low-power modes to reduce 
the power consumed by the primary server components 
(processor, memory, and disk), while maintaining tight 
response time constraints, particularly on 95th-percentile 
latency.  Then, I will briefly discuss our work on Power-
Routing, a proposal to dynamically switch servers among 
redundant power feeds to reduce overprovisioning in 
data center power delivery infrastructure.  Finally, I will 
close with brief comments on our new and ongoing work 
in power, performance, and thermal management at the 
other end of the computing spectrum, namely Smart 
Phone devices. 
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