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«Energy consumption becomes a BIG issue:

«3% of the world-wide energy consumed by ICT (Information and
Communications Technology)

«ICT direct contributed to 2% -10% CO2 footprint

« $15 Billion cost for network equipment and networks
(USA 2006 from LBNL, 1kWh=$0.10 in US,
1TWh = $100 millions)

‘s .
Q\\ * A mission to save energy

Vit ; e Lower CO2, and save $%$9%
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Greening Networks @3

eTowards reducing energy consumption in network
systems

«ON/OFF model
«Proxy model
e Towards reducing energy consumption in networks
«Green services
eVisulization, smart grid, etc.

\b T .
aw Desktop computing accounts for 45 percent of global

& 'i\ carbon emissions from information technology.”

,{{ | | - govtech.com
4
\

- >
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“The problem is network presence” — Key
Christensen

* “Today, billions of dollars’ worth of electricity are used to keep
Ethernet (and other) connected devices fully powered on at all
times only for the purpose of maintaining this connectivity.” (Bruce
Nordman, 2007)

*The network presence drives PCs to be left fully
powered-on at all times.

Ve
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Service On/OFF model SURREY

Normal Idle State 102.1W
Lowest CPU frequency 97.4W
Disable Multiple cores 93.1W
Base Power 93.1W
Suspend state (S3) 1.2W
Deskiop PC -
Active State >140W
.\b Idle State 100W
s Sleep Mode 1.2W
‘g l 9 L arge Differences between
‘ ON & OFF www.ee.surrey.ac.uk/CCSR
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SleepServer — proxy model SURREY

Host H1 Host H98

Host H2 Host H99

Host HLOO

switch
Metwork Subnet A

Metwork Subnet B
Host H200

Hast H201

L]
lIIIIIII-I'IIIIIIII-IIIIIIIIII-‘

Host H202

&

* From Y. Agarwal, S. Savage, and R. Gupta, "SleepServer: Energy Savings for Enterprise PCs by
Allowing them to Sleep,” Proceedings of the USENIX Annual Technical Conference, June 2010.

Router

Sleep Server
55R3

Switch

* An enterprise setting

www.ee.surrey.ac.uk/CCSR




LINIVERSITY OF
SleepServer model Yb RREY

:.DE : : E;',: : : :G': i * Energy savings ranging from
= = : 9 i 27% to 86% with an average

P = P s : 5 savings of 60% for

R : e : i W heterogamous PCs

19]|0JIU0)-Y4SS

Resource Multiplexer
(Operating System or a Hypervisor)

Hardware
(Memory, Network Interfaces, Processors, ..)

:&: A SleepServer serves a collection of host PCs (H1, ...H99).
""g-\ All resource sharing and access to the hardware is mediated
{ " by the SleepServer controller software module running on the
| SleepServer.

www.ee.surrey.ac.uk/CCSR



Autonomic Green Network & UNIVERSITY OF
model

www.ee.surrey.ac.uk/CCSR



”b LIHIVEF!..SITY DF
Case studies

* Network resource
— Hardware: hosts energy consumption, CPU load

— Link: bandwidth occupation

* Improve utilisation efficiency

— Focus on: energy consumption management

* Trend analysis

— More effective network management

10 www.ee.surrey.ac.uk/CCSR



Objectives @

* Network management system

— Deployed in small-scale LAN

 Monitor hosts:
— CPU load, hard disk usage
— Traffic flow rates

— Energy consumptions

« Manage network resources:

— Energy-saving operations

— Trend analysis (CPU load, traffic rate, energy consumption)

I www.ee.surrey.ac.uk/CCSR



Deployment Scenario
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the Internet

o

Ethernet Switch

Monitoring Host

The software runs here.
Maonitor network resource utilisations.
Manage & analyse power consumptions.

- Managed Hosts

Perform daily tasks

www.ee.surrey.ac.uk/CCSR
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System Design SURREY

User Interface

|’//_]\*’_[unitnring System /ljser Control Svstem

Host status
Service performance
Resource consumption

User access Lo
syslem [unchions

Ixiernal Resources

=

|'/M=mugcmcnt System

{ Communication
System

Nagios Database

Power operation
Power consumption analysis
Trend analysis

Communication with
external resources

Host Resources

Core Software

13 www.ee.surrey.ac.uk/CCSR
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Functional Implementations

1. Network monitoring

— Monitor host details, status, performances, energy consumptions.
— Updated per minute.

2. Energy-saving operations

— Put idle hosts to sleep.
— Auto-detect host activity to avoid data loss.

3. Trend analysis

— Analyse host’s status, CPU load, traffic rate, and energy
consumption’s trends.

4. Customisation features
— Parameters are adjustable according to network needs.

14 www.ee.surrey.ac.uk/CCSR
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Network Monitoring: Overview > SURREY

(£ Network Resource Monitoring & Management Solution (=)[x]
File View Settings Tool Help
|=| ~Details
Network Overview
Host Mame Status IP Address Up Time CPU Load Traffic Rate
Overview 53 Centre Control @ e 192.168.1.4 3 days, 0:54:24 | |o% =g = UNENOWN
: = UNKNOWN
53 Server 1 @ 6 192.168.1.5 1:56:32 [T esw A
--= 4.3 KB/s
g Server 2 @ 6 192.168.1.6 0:18:33 L
: > 527.0 Bfs
53 Server 3 Oe 192.168.1.7 DOWN [ o= -, 0
-= 0 Bfs
E? Server 4 @ 192.168.1.8 0:15:06 [ 4o am o 2e0Ee
--== 86.0 Bfs
I | Last Updated At: LEGEND: @ L 0 B
sun Aug 08 10:51:56 BST 2010 e IDLE O - WORKING - BUSY 6 OVERLOAD
~Available Actions
I 'ZE'J
1 l Instant Power Consumption Analysis g Historic Power Consumption Analysis
Powered by
Nagios’

I5 www.ee.surrey.ac.uk/CCSR



LINIWVERSITY OF

Network Monitoring: Host Detail & SURREY

Network Resource Monitoring & Management Solution

File View Settings Tool Help

-

COverview

LY

Centre Control

~Details

Server 1 Information

~Monitored Services

~Host Detail

Host Name: Server 1
IP Address: 192.168.1.5

MAC Address: 00 23 5A 33 49 27

Status: ® 6

Hard Drive Usage: I:I 4%

CPU Model: Intel(R) Core(TM)2 Duo CPU L9400

cPuLoas [ Joow

Up Time: 1:56:32
Link Status: UP

<--100.3 KB/s
Traffic Rate: | = 4.3 KB/s

Last Updated At:
Sun Aug 08 10:52:16 BST 2010

LEGEND: () uP O-DOWN
O—IDLE G-WORKING - BUSY O-O\I’ERLOAD

Server 2

Vi

Powered by

Nagios

~Available Actions

Start

Wiew Host Trend

Suspend Shutdown

WView CPU Load Trend WView Traffic Rate Trend

www.ee.surrey.ac.uk/CCSR



Network Monitoring:
Energy Consumptions
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& Instant Power Consumption Analysis (=][x]
Instant Network Hosts Power Consumption
Powered On Hosts: 3 Powered Off Hosts: 1
Server 1: LB WOREKING Current Power Consumption: 34.21W =
SErVET 2: e OVERLOAD Current Power Consumption: 53.18W
Server 3: DOWN IDLE Current Power Consumption: 2.0W
Server 4: up BUSY Current Power Consumption: 37.23W

ll

Total Power Consumption of all Hosts: 128W

Refres Exit

www.ee.surrey.ac.uk/CCSR



Energy Consumption Calculation

 Based on:

— Manually set by user:

« Host type (desktop/laptop)

* Monitor size (inch)

— Dynamically monitored:

— CPU utilisation (%)

4+ UNIVERSITY OF
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(] Basic Profile Setup (=][x]
Hosts Basic Profiles Setup
Server 1: i) [Desktop ® Laptop Monitor Size (inch): ~
server 2: 0 Desktop @ Laptop Monitor Size (inch):
Server 3: () Desktop ~ ® Laptop  Monitor Size (inch):  [10 [~ |
Server 4: O Desktop ~ @ Laptop  Monitor Size (inch):  [10 |+

1]

www.ee.surrey.ac.uk/CCSR
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* Host Down: Reference values: 7 =1.0
—_ DeS ktop 5W, DeSktOp: Ptypical—monitor — 2OW’ Stypical—monitor = l7(mches)
Plypical—CPU = 65W
- Laptop 2W Laptop: Ptypical—monitor = IOW’ Stypical—monitor = 14(lnCheS)
e Host Up B picar-cru = 45w
monitor = Ptypical—monitor + [ X (S monitor Slypical —monitor)
where P, 1s monitor energy consumption, S . 1s monitor size (inch). / 1s index.

Fepy =F, fpical-CPU X 0.4+ O'6LCPU)

where P, 1s CPU energy consumption, L, is CPU utilisation in %.

=P

monitor

P

host

where F,_ 1s host's total energy consumption.

+PCPU

19 www.ee.surrey.ac.uk/CCSR
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Energy saving operations? SURREY

 Monitor host load status
* If a host becomes idle, start its timer

 When reaches the thresholds, prompt:

(2-level idle timers) (default timeout: 70 seconds)

Host Idle, Select an Operation CBE (e Host Idle, Select an Operation
Server 2 has been idle for 5 minutes. Server 2 has been idle for 10 minutes.
Please select a power-saving operation: Please select a power-saving operation:
NOTE If no choice was made, host will suspend in 30 seconds. MOTE: If no choice was made, host will suspend in 35 seconds.
Suspend Shutdown Do Nothing Suspend Shutdown Do Nothing

20 www.ee.surrey.ac.uk/CCSR
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Automatic Host Activity Detection SURREY

« What if the host becomes busy during the timeout?

« System will halt the timer.

Message

@ Server 2 has become not idle.
MO power-saving operations needed.

OK

21 www.ee.surrey.ac.uk/CCSR



* Log files

How to keep records?

— One for each host

22

In plain text form to save disk space

Record all information in one entry / minute

4+ UNIVERSITY OF

SURREY

| Bopen v Disave ndc A &
|| serverl ¥
2018 8 31 6 9 36 UP 46 101.2 KB/s 4.5 KBfs 38.42 E
2018 8 31 6 9 37 UP 42 166.8 KB/s 4.6 KB/s 37.48
2018 8 31 6 9 38 UP 44 113.5 KBfs 4.9 KB/s 37.88
20180 8 31 6 9 39 UP 26 94.6 KB/s 4.3 KB/s 33.16 ]
2010 8 321 6 9 40 UP 29 95.2 KB/s 4.3 KB/s 33.96
2010 8 21 6 9 41 UP 39 99.2 KB/s 4.4 KB/s 36.66
20180 8 31 6 9 42 166.86 KB/s 4.5 KB/s 36.53
2010 8 31 6 9 43 UP{69]/97.9 KB/s 4.3 KB/5|[44.76
Date In/Out Traffic Rates
HD{\_KCPU Power
Status Utilisation E’;:STN'D"
(%)

www.ee.surrey.ac.uk/CCSR
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Trend Analysis:
Host Status (1-day example) SURREY

Host Status Trending Analysis

Server 4 Host Status: 1 Day Trend Analysis
Start: 2010/7/4 01:24 End: 2010/7/5 01:23

up

Host Status

DOWHMN

0Z:00 04:00 05:00 0800 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0000 02:00
Time
Back | | MNext ‘ | Cance |

23 www.ee.surrey.ac.uk/CCSR



Trend Analysis:

CPU Load Average (1-day example)
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100 4
95
204
=
20 4
FER
FDE

CPU Load Average (%)

30 4

25

20 4

15
10

24

55 4
&0

S5+
S0+
45
40+

35 4

CPU Load Average Trending Analysis

Server 4 CPU Load Average: 1 Day Trend Analysis

Start: 2010/7/4 01:22 End: 2010/7/5 01:21

MI www W WM WI['”'”[Y
| | |
w ik | l o T i | Il |
02:00 04:00 0500 0800 10:00 12:00 14:00 1&:00 18:00 20:00 22:00 0000 02:00
Time
| Back | | wext | | [Cancal |

www.ee.surrey.ac.uk/CCSR



Trend Analysis: {'  UNIVERSITY OF
Traffic Rates (In/Out, 1-day example) SURREY

Traffic Rate Trending Analysis

Server 4 Incoming Traffic Rate: 1 Day Trend Analysis
Start: 2010/7/4 01:25 End: 2010/7/5 01:25

1254

% 100, . ‘MMMWW AW Online stream TV traffic

2 7 (Downloading)

ﬁ S0 I

g

= 254 ‘
|

© 02:00 04:00 05:00 02:00 10:00 1z2:00 14:00 15:00 18:00 20:00 22:00 Q000 02:00
Time

Server 4 Outgoing Traffic Rate: 1 Day Trend Analysis
Start: 2010/7/4 01:25 End: 2010/7/5 01:25

§ | HWWM Online stream TV traffic

B 25 (Uploading)

o 2.0
ﬂ‘:E 151
= 10
0.5
.o
0200 0400 0800 0800 1000 1200 1400 1600 1800  20:00 2200 00:00 0200
Back | ‘ Next | ‘ |
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Energy Consumption (1-day example) SURREY

Hictor e Fow Gl O G LT ption Anaiysis
Server 1 Power Consumptlion: 1 Day Trend analysls
SULUMDLL Glhor ool 0Ll DET

2ol L N i
o v Les SR N BT = £ ]
[ Mt a1 k-]
kAl Poseress SOeIrapeT e (AEe LIy}
Vo somenn: TR

W b

26 www.ee.surrey.ac.uk/CCSR



Default setting: threshold & timeout

-
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SURREY

* Adjustable by specific network needs

27

Load Thresheld Configuration

Please choose the thresholds of CPU load.

Working: P T T
5 10 15 %
Busy: Y
30 35 40 45 50 %
Overload: .....

80 85 g0 95 100 %

Note: the numbers imply CPU utilisation over last minute.

Timeout Configuration

Please choose thresholds of host's time at idle.

Wy ]

LEELL Y 0 o g 0 0 0 g
5 10 15 minutes

Level 2 F0000go000gOD0D0QD0 00D
10 15 20 25 30 minutes

Note: You will get warnings when host's idle time reaches both thresholds.
You can ignore the first one, but not the second one.

Please choose the thresholds of incoming traffic rate.

Busy: e

200 300 400 500 KBfs
Overload: | : ] '?

2 3 4 5 MB/s

Please choose timeout values of power operations.

| |
5 10 15 seconds

Mote: this timeout gives you time to abort start/suspend/shutdown.

Please choose the thresholds of outgoing traffic rate.

Busy: ]

200 300 400 500 FKBfs
Cverload: C,| ! ] '

2 3 4 5 ME/s

Please choose timeout values of idle power-saving operations.

|

l | I l 1 1 I
60 65 70 75 80 85 90 seconds

Mote: this timeout gives you time to choose a power-saving operation.

‘ [8):4 ‘ ‘ Cancel |

Please choose software updating period.

C||I|l|||nl

|
2 4 [i] 8 10 seconds

Mote: this sets time interval between software updates monitoring data.

‘ [8):4 ‘ ‘ Cancel ‘

www.ee.surrey.ac.uk/CCSR
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Development Considerations

* Low algorithm complexity

— Tested: little computing overhead

« GUI design

— Usability, easy access to all features

— Maximum informational

e Automatic

— Work out-of-the-box if user followed user manual

28 www.ee.surrey.ac.uk/CCSR
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Example results of one week

Incoming Watch Online

Streaming TV

Cutgoing

NManitoring Host
{Centre Control)

Monitor Server 1's
Traffic Rates & CPU Load
& Power Consumption

Server 4
Server 2 Server 3

29 www.ee.surrey.ac.uk/CCSR
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Host Status Trend SURREY

Sarver 1 Host Status: 1 Week Trend Analysis
TONRT TR0 T TOOGRS T R EA

Skar: F0400F,

30 www.ee.surrey.ac.uk/CCSR
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CPU Load Average Trend SURREY

EFU Load Average Trending Analysis
Sarver 1 CPU Load Average: 1 Week Trend Analysis
SO OGERT TN S SOOGRT T R0

Akar: ol Q0 Fis

SFe Lol dworags %D
3

31 www.ee.surrey.ac.uk/CCSR
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Traffic Rates (In/Out) Trend ¥ SURREY

~Eketroz2zsEEEREE

T3
- R

—_i

Sarver 1 Incoming Traffic Rate: 1 Weak Trend Analysis
Twrh RNLEE AL RErd: 2L EM R TR0l

Server 1 Dutgoalng Trafflc Ra
Heasl DULTMND DETL L

wla |

:-\.‘..I.I'ﬂ :-\.‘..I.I'ﬂ

-

BT )

I.W,

PEELTE )

I

te: 1 Week Trend Analysls
R W Y PR LTS BB

l

Famy

;
J
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Energy Consumption Trend ‘ﬁ SURREY

Historic Fowesr Consumpbion Snalysis

Server 1 Power Cunsumptlun 1 WEEkTrﬂnd Analysis
Skarz ZOA00ET S0 S FOOGE
Lo ke oY SR o B I'I1'||T~|‘24-.-ﬁ.|
T T B e R Il.ul A4 i l:-"_'.".:."‘:F
lII-"-I:- FTRE |.I_I.LI -.-I:-:I:-.J b ]
l.ul_.-_l.-l:- e RS
o
[LE]
I
[H ]
-y
T oama
T
B
Z e
Z o
Ioa
[
e
0
R
H
o
]
o
pLLTS | - (o B LT | pLLTS | pLLTS | IuAug
Tz
|
1=i:k HHzL k
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Results (1/2)

 Calculated from log file of Server 1:
— Energy consumption in active status: 3.01kWh
— Energy consumption in idle status: 0.95kWh
* If server 1 was not managed (put to sleep), 0.95kWh will
be wasted.

0.95
o ~ 24.0% '
Hence, 0951301 oof total energy consumption have

been saved by the energy management function.

34 www.ee.surrey.ac.uk/CCSR
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Results (2/2)

« Up Time: 52.94% (3-Day, 16-Hour, 56-Minute)
« Down Time: 47.06% (3-Day, 7-Hour, 4-Minute)

o

~ — —

/ a Ve
 Powcred On . Off/ SICCO
Q A

.-""-fl::r

« More effective management can be achieved if state
transition is predictable by profiling user behaviour which

is very difficult and challenging

35 www.ee.surrey.ac.uk/CCSR
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Conclusion @

« For hosts under typical load, about a quarter of overall

energy consumption can be saved.

» Host status trend prediction became possible via

analysis, leading to more effective network management.

* This is one aspect of the solution for green
communications through network and service

management

36 www.ee.surrey.ac.uk/CCSR
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Challenges for the future

* Network equipment

* Network hosts

* Wireless base stations
» Cloud data centres

« Distributed applications

\\.
- i\

LINIWVERSITY OF

SURREY

www.ee.surrey.ac.uk/CCSR



4+ UNIVERSITY OF

SURREY

Thank you for your attention.

Any questions”?

Prof. Z. Sun

Centre for Communication Systems Research
University of Surrey
Guildford, Surrey

GU2 7XH

Email: Z.Sun@surrey.ac.uk,
Tel: 01483 68 9493
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