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Motivation

I Disk drive is one of the highest power consuming component
in modern machines.

X OS performs data updates almost always.
X Small operations require constant disk attention (journal).
X Disk platters and head are continuously moving.

I Solutions:
X Spin-down policies.
X Data migration across drives.
X Energy-aware prefetching and caching.
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What About Using an Extra Device?

I Our approach: Use some low-power consumption external
device.

I How? Use external device for storing some disk data and
power down the hard drive.

I Question: How do we manage the new device to save energy?
X Identify popular disk data to be cached, prefetched and,

bu�ered in the external device (ECD).
X Use only the ECD so we can spin the disk down for long

periods of time.
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What is the Potential of the External Caching?

I Experiments with IOzone.

I Knoppix Live CD is used so we can turn o� the disk with the
system up.

I Two types of ECD: USB Flash and CF (ext2 both).
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I In the idle con�guration the USB subsystem consumes
substantially more energy than the disk.

I Both ECDs consume less power than the disk in all the Iozone
benchmarks.

I Power savings are bound within 10% for I/O intensive
benchmark.

I What about real workloads?
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Design

Goals
I Increase disk inactivity by: caching, prefetching, and write

bu�ering.

I Make e�ective use of ECD by adapting to workload changes.

I Ensure block-level consistency in all system states.

I Minimize overhead in the system.

6 / 28



Introduction EXCES Design Evaluation EXCES Overhead Conclusions Future Work Acknowledgments

EXCES Architecture
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Page Access Tracker in EXCES Architecture
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Page Access Tracker

I Information stored at page granularity.

I Take in account recency and frequency.

# accesses

time elapsed since access

value per access

Rank of PageP

rank(P) =
P

aP
i � f (t i )
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Indirector in EXCES Architecture
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Indirector Overview

I Keeps track of the mapping between ECD and disk pages.

I Tracks dirty information for each page in the ECD.
I Redirects I/O requests to keep the disk idle for the longest

period of time possible.This can be done in two cases:
X When the requested pages are already mapped in the ECD.
X When there exist a clean or empty page to absorb the write of

an unmapped page.
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Indirection Example
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Recon�gurator Engine in EXCES Architecture
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Recon�gurator Engine, Trigger and, Planner

Goal
Make ECD more e�ective by updating its contents based on the
current workload.

Recon�gurator Trigger

Decides if a recon�guration is required based on the read-misses
observed by the indirector.

Recon�gurator Planner

Generates an ordered list of page movements based on the
information provided by the page tracker.
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Recon�gurator

Recon�gurator

Performs the actual movement of pages and updates the data
structures to re
ect the modi�cations (map table).
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Evaluation Goals

Questions
I How much energy does EXCES save?

I What is the impact on application I/O performance when
EXCES is used?

I What is the overhead of the EXCES system in terms of
memory and computation?
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Experimental Setup

Con�gurations

I Base

I Laptop-mode (LM)

I EXCES(USB)

I EXCES(CF)

I EXCES+LM(USB)

I EXCES+LM(CF)

I Display brightness reduced to its minimum.

I EXCES recon�guration parameters: 1000 misses/1 minute.

I Spin-down policy: �xed timeout, 5 sec.

I ECD: 2GB.

I Energy dissipation measured using battery information from
ACPI. 17 / 28
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Benchmarks

I BLTK (Linux Battery Life Tool Kit): Laptop-speci�c
Developer and O�ce workloads.

I Postmark: Simulates small �le workloads, typical of an email
server.

Implementation

I Implemented as a module for the Linux kernel 2.6.x.

I Experiments ran in Ubuntu GNU/Linux 7.04.
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How Much Energy does EXCES Save?
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How Much Energy does EXCES Save?
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I In the idle con�guration all the solutions consume more power
than the base case.

I Maximum power savings: BLTK Developer, (14% CF and 8%
USB).

I Good news:EXCES saves up to 2-14% power. (EXCES
(CF))
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Downside?

I Downside?Performance!

I Flash technology is well known for having poor performance
for a random write workload.

I What is the impact of the performance? We measured the
execution time for the benchmarks.
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Performance Impact. Execution time
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Base
Laptop mode
EXCES (USB)
EXCES (CF)
EXCES+LM (USB)
EXCES+LM (CF)

  0

  200

  400

  600

  800

  1,000

  1,200

  1,400

Devel_BLTK Office_BLTK PostMark

E
xe

cu
tio

n 
T

im
e 

(s
ec

)

I Shows the performance impact from the user point of view.

I There is no signi�cant di�erence for the user.

23 / 28



Introduction EXCES Design Evaluation EXCES Overhead Conclusions Future Work Acknowledgments

EXCES Overhead

Memory Overhead

I Analytically calculated for the worst case, i.e., when the ECD
is completely used up.

I Permanent memory usage of 0:1% and temporary of 0:3%
relative to the size of the ECD.

CPU Overhead
I Processing average time of 0:05ms per request compared to

disk and ECD latency (� 0:1ms)
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Summary

I EXCES is an external caching system that reduces the disk
power consumption by caching, prefetching and, bu�ering
data in a persistent external caching device.

I We demonstrate the suitability of external caching in
production systems.

I EXCES delivered an overall system energy saving of 2-14%
across the BLTK and postmark benchmarks.

I EXCES incurs low overhead.

I Caveat: External caching can substantially impact the I/O
performance of the system for write intensive workload.
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Future Work

I Investigate OS-based techniques to improve random write
performance when using ECD.

I Develop a server version of EXCES to improve performance
and save energy in data centers.
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