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The project

http://www.csee.usf.edu/~christen/energy/main.html

M} The Energy Efficient Internet Project - Mozilla Firefox

File Edit View History Bookmarks Tools Help
[| The Energy Efficient Inter... (&3 -

UNIVERSITY OF @ UNIVERSITY OF
SOUTH FLORIDA

¥ FLORIDA
The Energy Efficient Internet Project

This project addresses the increasingly critical need to improve the energy efficiency of the Internet by focusing on the primary and often
» Project description neglected energy consumer, edge devices. Unfortunately, due to limits of existing protocols and architectures, networked desktop
+ People computc:rs typlca]ly remain powc:rcd -up durmg frcqucnt and often lengthy pcnods of idleness. As nctwork devices, thcy are prcvcntcd 3
i 2 ; ; ; ; arning. In
energy use

Outcon Focus IS on edge deV|ces not on Internet core or data centers
s | (servers). The edge consumes more energy than data centers.

Miscelld

+ The EPA EPA Encrgy Star Program chutrcmcnts for Computers, V. c:rston 5.0, Draft 1 now states that "Computers must maintain
Funding from: Lall et e e — Lo s LosL 1 ot deebime abaadnd 2 tpaoe 13). Our work has

& Key collaborator is Bruce Nordman from LBNL. [« et
@

+ The UPnP Forum released standardized service descriptions for Low Power V1.0 in August 2007. This includes a UPnP proxy to
which we made contributions (see here). Jakob Klama (student) is specifically listed as a contributor on the UPnP Forum standard.
afraln
ciISCO + The EPA ENERGY STAR Program Requirements for Computers: Version 4.0, Draft now states that "Computers shall reduce the
speed of any active 1 Gb/s Ethernet network links when transitioning to Sleep or Standby.” (page 11). This follows directly from
our Ethernet Adaptive Link Rate (ALR) work described below.

+ An IEEE 802.3 Energy Efficient Ethe:met Study Group was established in November 2006 and is now the IEEE 802.3az task

— AL Il R Al . A . A i i s B | e — R Jee T4l P | o I .l
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Where this talk is going

Energy usage by IT equipment

Reducing direct energy use

Reducing induced energy use

Some additional efforts

Direct energy use = energy used by network links and
equipment (routers, switches), but not end devices.

Induced energy use = Increment for higher power state of
devices needed to maintain network connectivity.
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Electricity production and costs

 Let’s set the stage...

— 1 kWh = $0.10 (average US residential cost for electricity)

— 1 Wyr = $0.88
Crystal River nuke plant
— 1 TWh = $100 million (about 7 TWh/yr)
— 1 TWh = 0.75 million
tons of CO,
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Electricity use in the USA

« 2006 US electricity usage* (not to scale)

-

All electricity ~3500 TWh

~

/ Buildings electricity ~2500 TWh \

-

NS

Electronics ~250 TWh

\

N

/~ Networked ~150 TWh

-~

-

~

Network equipment
~20 TWh

J

>y,

* B. Nordman, “Networks, Energy, and Energy Efficiency,” presentation at Cisco Green Research Symposium, March 2008.
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IT energy use in 2000: All IT equipment*

97 TWh/yr in 2000. This is
Commercial buildings only

3% of national electricity

: : Other* usage and 9% of building
Chart figures in TWhi/year | g7 usage.
UPSs Maonitore and Displays
5.8 22.2
Printers
5.7
Computer Networks
6.4
Telcom Networks PCs and Workstations
8.6 19.6
9.7 Server Computers

11.6

* Roth er al., 2001.
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Electricity use by IT equipment today

« How much electricity do PCs consume?
— EPA estimates about 2% of all electricity consumed*

« How much electricity do data centers consume?
— About 1.2% of all electricity consumed™**

« How much electricity does the Internet consume?
— “The Internet accounts for 5% of all the power we
consume — in a couple of years, that figure will be
10%.” ***

* “EPA Announces New Computer Efficiency Requirements,” Release date: 10/23/2006, Contact: Enesta Jones.
** Jon Koomey quoted in InformationWeek, February 15, 2007
** Institute for Energy Efficiency, UC Santa Barbara, 2008.
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How much in greenhouse gas?

* Figure it out at the EPA Greenhouse Gas Calculator

http://www.epa.gov/cleanenergy/energy-resources/calculator.html

« One 100W PC on 24/7 for one year is...
— 0.88 metric tons of CO2
— 0.12 passenger cars for one year
— 77.3 gallons of gasoline consumed
— 0.09 homes for one year

A\ One PC = about 10% of a home!
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More on PC energy impact

 The typical US home consumes 10,654 kWh/yr*

« One 100W PC on 24/7 for one year is...
— 876 kWh/yr
— This is 8.2% of entire home consumption

‘ Each PC adds about 8% to your power bill!

* Energy Information Administration, “U.S Household Electricity Report,” July 2005.
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Typical commercial PC energy use

100
=
U S I:)on >> I:)sleep
80 i < -
- I:)sleep — Poff
b
§ 60
= Consumption is
] . :
S 40 driven by on time,
a not by usage
20 Q
v
@
E On
0 ©
0 Hours/year Sc8
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PE energy use is “induced”

« Why is the typical PC fully powered on when idle?
— For usability reasons?
— For network connectivity reasons?

‘This is induced energy use
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Where this talk is going

Energy consumption by IT equipment

Reducing direct energy use

Reducing induced energy use

Some additional efforts

Slide 12 of 57 Vijay Jain Center Seminar — April 18, 2008 - UNIVERSITY OF
Tampa, FL USK SOUTH FLORIDA



Reducing energy use of links

Observation #1: Most edge links are lightly utilized
— 1% to 5% on average

Observation #2: Higher rates consume more power
— About 2 to 4 W for 1 Gb/s versus 100 Mb/s
— Much more for 10 Gb/s versus 1 Gb/s

ldea: Match link data rate with utilization

Key issue: Time to change between data rates
— Can buffer overflow occur during transition?
— What impact might this packet loss have?
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Ethernet Adaptive Link Rate (ALR)

« Two parts to the problem
1) Mechanism for how to switch link rate

2) Policy for when to change link rate

desktop PC

switch link

A policy based on
buffer thresholds

g \\\ /’ Iow hlgh \\
low high . g
e L! E<—packets
—>
packets —» !IIIIIII—
buffer thresholds
buffer thresholds in the PC NIC

in the switch port
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Ethernet ALR

 We published the idea and some results
— From a 2005 paper and a 2006 whitepaper

oS

INTERMATIONAL JOUENAL OF NETWORK MANAGEMENT

Vet [, Wtk Mgt JRE; 12 M7-110

whlished orline tn Wiy InterSeimes Dwwecin torectance wilapeam . DOE 3000 'ran 565

«anaging energy consumption cosfs In deskfop
PCs and LAN swifches with proxying, spiif TCP
connections, and scaling of link speed

By Chamarg Gunaraine, Ken Chastenssn*™ and Brecs Nodman

The IT euipament comprising the Internet in the USA wses aboar 86 billion
af electricity every yoar Much of this elecericity wse is coasted o idle, bar
fully pozvered-up, desking PCs and metwork links, We show koo fo

recarer a large postion of the wasted electr
sianagessent wethods that ase focwsad on el
INE John Wiley £ Soms, Ld,

1. Infreduction

ﬁ gowing expense and impact of the
Inbernet L= Iks energy use. Cwmrent esth
mates ame that 2% of clectriclly con-
sumpon I the TSA goss o powerng the
Internet.” In Cemmany & is estimabed that erergy
consimn peion by IT equipmere will be berwoan 2%
and 5% in 2010.° The 2% estimate for the USA tolals:
mods than TATWh /v ear o 5 billlen per vear Itls
predicted that erergy use of IT equipment 1=
growing faster than energy use of any other type
within buildings.? Much of this energy use 1=
wasted. Energy use by IT equipment |s not pro-
poational to urilization of the equipment. A recent
study by Lawrence Berkeley Mational Labaratory
(LEMNLy showed that 60% of all deskiep PO in
commerclal buldings remain full powered-on
during nights and weskands' with edsting powsar
maragemert abnaost ahways disabled. Beyond the
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mproved pozrer

isswes, Copyright &
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protocols Including discovery and rouking are alse
‘erergy wraware’; future profocols need to be
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enst of awnership of an IT aperation. Savings in
thwese costs are of inberest to TTmanagers and com-
panies are begl W respond weh netwark
management products (such as Verdlem with its
centralized power management contraller) to
address this need.

An efficlent device consumes energy propor-
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lightly wtllized PC or Ethernet ok shewld oot
consums the same energy as one that & highly ut
1 paper, we develop several new
methods o reduce energy consumpton of PCs,

Charme Curareten ina pradaate student o S Diparieest of Corpater St and Enptaering at the Untseonty o Smath Fleosds.

Yo Christersen in ow Amociate Poofonsar i e Dvperivo! of Covprater Scirvecs and Expieaming at dhr Unizemtty of Smth Flostde

Bruce Nardes i a Frivcin! Rosevck Ansxcicte i the Eampy Avaiysis Deperioeent, Exvieentdl Eamgy Techactagior Divtrior,

Latrence Balny attowal Lot vty Besbutay, Calforen,

*Carmerpandecs te: Kon Cheintans, Deperimet of Coeputer Sence and Evgivarring, Uriversity of Seats Ferids, Taepn, FL 1353, 154

‘Emad: chemiridlamantoy

Copyright € 205 Joha Wik & Som, Led

°

ethernet alliance

Improving the Energy
Efficiency of Ethernet:
Adaptive Link Rate Proposal

Version 1.0, July 15, 2006
Authors:  Mike Bennett
Lawrence Berkeley Mational Laboratory
Ken Chriztenzen
University of South Florida
Bruce Nordman
Lewrence Berkeley National Leboratory

ethernet sliance | p.o. bow 200757 | susta, 0 | 7TA720-0757 | wsa
e ethernetallance org
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Work done by other people...

ALR found its way into an IEEE 802.3 study group
— Mike Bennett from LBNL as chair

« Got named “Energy Efficient Ethernet”
« Became Rapid PHY Selection (RPS)

« Much discussion on switching times

« Much work on mechanisms

« Some work on policies
— My students and | did work here
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IEEE 802.3az task force

http://www.ieee802.org/3/az/index.html

‘T) IEEE P802.3az Energy Efficient Ethernet Task Force - Mozilla Firefox
File Edit View History Bookmarks Tools Help

[} IEEE P802.3az Energy Effic...3 -

IEEE P802.3az Energy Efficient Ethernet
Task Force

+ Approved IEEE P802.3az Project Authorization Request [27-Sep-07].
+ Approved IEEE P802.3az 5 Criteria [30-May-07].
+ Approved IEEE P802.3az Objectives [30-May-07].

+ IEEE P802.3az search.

« IEEE P802.3az public area.

+ IEEE P802.3az e-mail reflector archive.

» JEEE P802.3az comments received during balloting.
+ IEEE P§02.3az private area (password-protected).

+ IEEE P§02.3az contact information.

m

+ Subscribing and unsubscribing to the IEEE P802.3az e-mail reflector.

+ IEEE 802.3 Energy Efficient Ethernet Study Group public area

+ The next meeting of this Task Force will be during the IEEE 802.3 January Interim.

Return to IEEE 802.3 Home Page
Last Update: 04 Jan 08

Bruce Nordman - BNordman@LBL .gov |

Energy
Efficient
Ethernet
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Energy ™

Efficient
Ethernet

Some press and alogo...
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t ernet = = = Reg Mobile Energy saving has so far focused on PCs, servers and the like, but now networks have been fingered as
/. Slashdot | IEEE Seeks For E...J| Reg Deskiop News Alerts  major wasters of power. An industry group has claimed that Ethernet's poor use of energy could be wasting

My Not using all of that Gigk ... i as much as $450m a year - or 5.8TW-h - in the US. And perhaps three times that much, worldwide.
Click here for more info! 99 Shops

Slashdot ..

b Log In | Create Account | Subscribe | Firehose

i IEEE Seeks For Ethernet To 'Go Green'
ain

'S FOR NERDS. STUFF THAT MATTERS.

Hmmmm Search Network Warkd Ex
VE AN

LANS & WANsS

A Posted by Zonk on Fri Feb 02, 2007 01:47 PM
Some i 1 1 Appkc: fi the stop-packet-waste-now dept
HOME Not using all of that GigE pipe? Save P fom he stop-pa pL
| Some enery e Iphadogg submitted he NetworkWaorld site about the IEEE's eff d g
(.T;::M IEEE's Energy Efficient Ethernet looks at ways to i a ? ogg submitted a piece at the Ietwor or] .s.lte about the 5 efforts to introduce energy . w
= throttle down connection speeds to save power - efficiency to Ethernet use. The group's Energy Efficient Ethernet group is looking into methods by which
'.:0':;;:“"5 By Phil Hochmuth, Network World, 02/02/07 Books standards can be tweaked to encourage power savings. Current plans include ways to make computers
Services ) . .
e cuehes | & Comments (61 Prink aticle Developers chnmale.r about what level of bandwidth they're using. Idle systems would only run at 1. OMbps, while
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competitive advantage. The EEE group estimates some $450 million a year could be saved via the use of energy
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* Logo by Glen Kramer of Teknovus, Inc. (full permission for use granted via email dated January 27, 2007)
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Where i1s EEE now...

« EEE is moving forward to becoming a standard
— PAR was approved in fall 2007
— 2009 timeline for completion
— Is in EPA Energy Star Version 5.0 Draft 1 for computers

« Current proposal is for “Active-ldle” approach

« Active-ldle idea is from Intel
— Use a low-power idle between packets
— Switch to high data rate when a packet is queued
— Can stay in high data rate if desired
— About 10 microseconds to transition out of low-power idle
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Active-ldle...

« Slide from November 2007 802.3az meeting...

Active/ldle Toggling with OBASE-x Concept

Active

M

. Principle: Transmit data at fastest rate then return to idle
- Energy savings come from power cycling between active/idle states

= Active/ldle toggling could be used instead of PHY rate shifting
-  Offers the best energy efficiency on links with lower utilization
- Integrates well with existing PC power management schemes (e.g. ACPI)
- Clock & power gating (on/off) is easier than rate shifting

= Asymmetrical operation would provide even better energy efficiency
-  Eachdirection could enter active & idle states independently
- Most end-node traffic is heavily weighted toward either send or receive
-  Tx &Rx data paths already operate independently above the PHY
Energy

@4% Efficient (intel’)

¥ Ethernet
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EEE could enable deeper savings

« Greater savings than from link and PHY/MAC
— Savings within switches, routers, and servers

« Can areduced link data rate allow for...
— Powering-down of components?
— Clocking-down of components?

* |Is some sort of signaling needed to control
transition time of link data rate?
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What Is next?

« EEE requires both ends to participate
— Full EEE deployment is still many years off

« Can we do something simpler?
— Something backwards compatible?

« ldea: PAUSE Power Cycle (PPC)
— Use PAUSE to proactively cycle links on and off
— During link off time power-down LAN switch
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PAUSE Power Cycle (PPC)

 Basic ideais to periodically send PAUSE frames
— Power “stuff” down during PAUSE interval

edge router Packet loss is

possible here

During PAUSE off time
PAUSE frames s’ | AN switch powers down

(sent periodically)
27l NN
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PPC Finite State Machine

TON and TOFF are timers

ON OFF

1 reset R

TON =t _on, TOFF =0,

power-on switch, 2 TON == .

start TON TOFF =t off, send PAUSE,

power-off switch, start TOFF
y TOFF == 3
TON =1t_on, power-up switch, start TON

: Vijay Jain Center Seminar — April 18, 2008 UNIVERSITY OF
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PPC animation

edge router  pgcket loss is

Internet possible here
CH
PAUSE frames LAN switch . © During PAUSE off time
(sent periodically) LAN switch powers down
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PPC parameters

« Key parameters
— t« = time off (the PAUSE quanta time)
— t,, = time on

— D = duty cycle
D — ton t _ D tOff
ton + tos T 1-D

 Time between PAUSE frames is t, +
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Does PPC work?

« We have emulated PPC in a test bed
— Test bed looks sort of like the previous figure
— Use a PC to send PAUSE packets through a repeater
— All links were 100 Mb/s

« Used human subjects to assess effects
— For file transfer, web surfing, and real-time video

— Subjective evaluation (MOS score approach)
» Rating from 5 (excellent) to 1 (unacceptable)

 Real time video was 10 frames/sec (about 1 Mbps)
— Axis 2100 camera
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PPC evaluation

 Experimented with 50% duty cycle
— t.s = 90, 100, and 300 milliseconds

_ 1:on: 1:off

« Seven human subjects (all students)

 For web browsing

t.x = 50 ms —> MOS score of 4.2 Not really sure what

t.. = 100 ms = MOS score of 3.9 this means ©®
t.« = 200 ms —> MOS score of 3.1
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PPC evaluation continued

* For real time video
— t,+ = 50 and 100 ms had no problems!
— t,# = 300 ms had some problems (t« > interframe time)

Artifact
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PPC next steps

« Better evaluation — Experiment
— Better user study (look for just noticeable thresholds)
— Measure packet loss at edge router in test bed

« Better evaluation — Simulation
— ns2 simulation for larger and more realistic networks
» Assess impact of PPC on higher layer protocols/apps

 Explore an adaptive policy
— Change when to sleep based on utilization?
— Change t; and/or t,, based on utilization?
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Simple adaptive PPC policy

 Basic adaptive policy description
— If utilization is high, do not sleep and stay powered on
- t,, and t; timer values are fixed

« Policy characteristics
— Handles high utilization well

— Does not handle low utilization well
» Could sleep more
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Simple adaptive PPC policy FSM

TON and TOFF are timers
pktCount is utilization
THRESH is a set threshold

ON OFF
1 reset »
TON=ton, TOFF=0, |5 10N ==0 AND pktCount < THRESH
pktCount = 0,
power-on switch, TOFF =t _off, send PAUSE,
start TON power-off switch, start TOFF
2a TON == 0 AND pktCount = THRESH
TON =1t _on, pktCount =0,
start TON
<
< TOFF == 3
TON =1t _on, pktCount = 0, power-on switch,
start TON
- Vijay Jain Center Seminar — April 18, 2008 UNIVERSITY OF
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Complex adaptive PPC policy

* Policy for changing ton
— Change ton based on utilization
— If utilization is high, increase ton
— If utilization is low, reduce ton

« Policy characteristics
— ton trails and adapts to utilization
— Based on additive increase multiplicative decrease
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Complex adaptive PPC policy FSM

Still under work...

ON OFF

1 reset
—>

TON = ton(min), TOFF = toff(ﬁxed),
pktCount = 0, power-on switch,
start TON 2 TON == 0 AND pktCount < THRESH
ton(i+1) = MAX (ton(min), toni/b), TON = ton(i+1),
power-off switch, start TOFF

e Parameters for ton
> a: coefficient of increase 2a  TON==0 AND pktCount > THRESH

» b: coefficient of decrease
ton(,'+1) = MIN (ton(max)r a~ton,-), TON = ton(i+1)l

» tonmin;: smallest value of ton
> tonmay: largest value of ton pktCount = 0, start TON

e Bounds <
» toN[min; < tonj) £ tON[mayx TOFF == 3
e Special case <

pktCount = 0, power-on switch, start TON

» toni=g) = tONminj:
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Where this talk is going

Energy consumption by IT equipment

Reducing direct energy use

Reducing induced energy use

Some additional efforts
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Reducing energy use of edge devices

 Observation: Devices are often left fully powered-

on to maintain network connectivity or presence
— Usually devices are not in active use

- |ldea: A low-power network connectivity proxy
— Maintains full network connectivity for a sleeping device
— Enable devices to sleep more often
— Not related to existing Wake-on-LAN

 Key issues: Lots of issues...
— Definition of “connectivity”
— Wake-ups (not too many, not too few)
— Packet loss (during wake-up)
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Network connectivity proxy

 Proxy covers for sleeping device
— Proxy could be in local NIC or in the network

Steps:
desktop PC 1) PC determines it is time to sleep

(
(1) - s 2) PC state transferred to proxy
l \

3) PC sleeps, proxy maintains presence

2)[ |(5) network ) 4) Proxy determines need to wake-up PC

5) PC awakes and proxy state transferred

(3)

(4)
proxy
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Key protocols that proxying might cover

Layers 1 and 2
— Already covered by PHY/MAC

Layer 3
— ARP, ND, ICMP, IGMP, IPSec, etc.

Layer 4
— TCP connection request (SYN)
— TCP connections (keep-alives)

Higher layers
— NetBIOS, SMB, DHCP, SNMP, SSDP, VPN, SSH, etc.

— Application semantics
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Proxying at higher layers

 Need to support network applications

« Two examples:

1) Proxying standard for low power UPnP
* UPnP uses distributed discovery (SSDP)
« SSDP is lightweight

2) Current work in proxying for P2P
» P2P has lots of query traffic, but downloads are rare
* Query traffic is lightweight
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Network connectivity from the EPA

 Future EPA Energy Star Program Requirements
— Version 5.0, Draft 1* (for computers)

“Computers must maintain full network
connectivity while in Sleep mode, according
to a platform-independent industry standard.”

* From http://www.energystar.gov/index.cfm?c=revisions.computer_spec
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Proxying for UPnP — standard

« UPnP Low Power Architecture (from UPnP Forum)
— Version 1.0, August 28, 2007

“UPnP Basic Power Management Proxy:
This node will act on behalf of sleeping
devices and make sure that the devices are
discoverable if they are in low power state.
This node will store methods for waking the
UPnP Low Power devices.”

* From http://www.upnp.org/specs/Ip/UPnP-Ip-Architecture-v1-SDCP-20070828.pdf
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Proxying for P2P —in the lab

 Approach #1 for Gnutella
— Move query handling to microcontroller when PC sleeps
— Wake-up PC when a GET comes in

desktop PC

L7777 TCP connections |
________________ to P2P neighbors NetBurner microcontroller

..----=="""" TCP connections
------------ to P2P neighbors
UNIVERSITY OF

Siide 42 of 57 Vijay Jain Center Seminar — April 18, 2008 -
Tampa, FL US SOUTH FLORIDA




Proxying for P2P —in the lab continued

 Approach #2 for Gnutella
— Permanently split query handling and file storage
— Query handling always running in a smaller device
— Use a shared drive in PC and wake-up when needed

desktop PC .
A Napster-like approach can
l = be more energy efficient!
——

Access to shared drive in PC and wake-up signal

———————————— TCP connections

------------ to P2P neighbors
query handler
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Proxying for reducing energy use

« Started to think about proxying 10 years ago
Now hoping to define a direction towards a standard
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What Is next?

« Can “intelligence” in the network help the edge?
 Explore making power state of edge devices known

« ldea: Support in first-level LAN switch
— Not age-out entries in ARP cache for sleeping PCs
— Filter packets to eliminate spurious wake-ups
— Reply to simple protocols
— Generate packets for simple protocols
— Wake-up PC when appropriate
— Maybe even assist applications to sleep
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Proxying in a switch

« Can a switch filter packets for a sleeping PC?
— Use existing packet inspection capabilities

« Can a switch assist applications in a sleeping PC?
— Monitor email, twitter, IM, RSS feeds, etc.
— Wake-up PC when something interesting happens

Monitor my feeds Email server
Wake-up ] twitter.com
desktop PC / pi]
- Web server (RSS)

i C--
k first-level -
LAN switch
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Next steps for switch proxying

 First...

 What applications should be target for this?
— A protocol and application classification is necessary

« Classification Criteria.
— |Is the protocol/application widely used?

— Is it chatty?
— Can we divide the functionality of the application? This
is useful to put certain functionalities in the proxy
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Next StepS continued

e Second...

« Existing capabilities that could be useful?
— Deep Packet Inspection (DPI) used in many routers
— Existing protocol agents running on routers

 DPI
— We plan to use it to detect traffic from applications
previously classified

« Existing Protocol Agents
— Structure can be used for proxiable applications
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Next StepS continued

Third...

Prototype the proxy-in-a-switch

Use open source router implementations
— Vyatta
— XORP

Develop protocol agents to run on above routers
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Where this talk is going

Energy consumption by IT equipment

Reducing direct energy use

Reducing induced energy use

Some additional efforts
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SNMP Power MIB

« We want to expose and control power state
« Can we use SNMP to do this?

 Developing a Power MIB for desktop PC
— Power management capabilities
— Power management settings
— Total time for idle, busy, and sleep
— Current elapsed time for idle, busy, or sleep
— Statistics on wake-up events (network, user, etc.)
— Statistics on sleep events
— Actual power and energy use if a meter is installed?!
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Green telnet

 Telnet (SSH, etc.) ties state to TCP connection
— This effectively prevents client from going to sleep

e Can we disconnect and buffer data in the server?

 Developing a gtelnetd and client for Linux
— Server buffers data when clients goes to sleep
— Client reconnects when it wakes-up
— Server delivers buffered data when client reconnects

 Working on an article for Dr. Dobbs Journal
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Adaptive power management for PCs

« PC operating systems use inactivity time-out
— For example, to put system to sleep
— Use a fixed value for time-out

 Can we do better with an adaptive time-out?

« Have experimented with using past activity history
— Adaptively set the time-out value based on prediction
— No conclusive results yet
— Need to do more characterization of PC users
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Summary

 Energy savings can be enabled by the network

— Direct energy savings
« Matching link data rate to link utilization

‘ How can we exploit this for deeper savings?

— Induced energy savings
 Letting devices sleep without losing network presence

‘ How can we enable this for all end devices?
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Questions?

Ken Christensen
Department of Computer Science and Engineering
University of South Florida
Tampa, FL 33620
christen@cse.usf.edu
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Key links

Project website
— http://www.csee.usf.edu/~christen/energy/main.htmi

« Project publications and invited talks
— http://www.csee.usf.edu/~christen/energy/pubs.html

« ALR whitepaper at Ethernet Alliance
— http://www.ethernetalliance.org/technology/white_papers/alr_v10.pdf

 Proxying whitepaper at Ethernet Alliance
— http://www.ethernetalliance.org/technology/white papers/Proposal_for_ Proxying_edit.pdf

 |EEE 802.3az taskforce
— http://www.ieee802.org/3/az/index.html

« UPNnP Forum Low Power V 1.0
— http://www.upnp.org/specs/Ip.asp
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