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OS dependent
appiication APls

Applications

Kernel OSPM System Code

OS specific
technologies,

interfaces, and code.

-
ACP! table o8 i
interface independent |

| b eglbter

iﬁsmng i interface technologies, |
ustry code, and
standard ACPIBIOS rardware, |

register
interfaces |j
0! CMOS, (it
PIC, PITs, .||

interface

o

- ACPI spec covers this area
- (S specific technology, not part of ACPI
. = Hardware/platform specific technology, not part of ACPI

<ZF>! www.acpl.info
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(D Hardware Based DPM Policy ~ sF=¢]]o]¢]
activity 2} workloadE sto] power state
£ 24
@ Software Based DPM Policy
~ ACPI Based DPM Policy: (73 2)o|) A%
B FEE o|ga}o] FUL 44

- OS Based DPM Policy: OS7} &7 52591
220} ShEglolole) A 28-S 2 9}
th= AL o]&(task based PM, power-
oriented process scheduling)ste] AzH-8-
24

- Application Based DPM Policy: Z+ Ateljo]|
o}E A3, transition energy, delay, future
workload®} Z+2 ulgln]e| 2 power state £
24

(23 32 A9 3712 AW F

Request Request @ @
Erocessor Manager OS Re ubst & PMldmd
: H
| :
' ! | Device Driver

| Device Driver || ! v

Hardware Device

OS Based DPM  Application Based DPM
(23 3) M & DPM2| 0fl[5]

A DPMe] #50]

F

Dewce Driver

|Hardware Device]

Hardware Based DPM

o

gt 7] 23] o E et ?JE} o] 1%
A2Eo] gt tzo|m o] 5 23
A2l gt 725 A8 4 Urh
e el 7 Bl vt £5d
Ao W gof wet o3t o] 2R3 4 Qi
D Level Based Power Policy — )
of siEtEls AMo RN B ke 15 &
Eoﬂ X-LQ_ F—ZJXHOE oly ]-—10] .g.
arghc.
@ Apphcatlon Based Power Policy — &2} 43}
34l o ZelAlo| Mol i Aoz dr 3
zo] Z g T oholo]| whE A S ARt
@ Service Based Power Policy — SOA archi-
tecture -2 Y AMu|A F UL Mu|AE 9
3t yMog YEYA 59 QoS wE A
o] afjet=ich. Application Based Power Pol-
icye] 2h sefolch
@ Time Based Power Policy — day, month,
year 5 AlZto] up2 A e WL w3t}
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1. SUNY Tesla Project

Sun& Tesla Project[6]2} 3} OpenSolaris
AoflA PME 13317] $1gt 37l Z2AEE 2009
W 290 AlZfste] ZIdiFo) Qltt. o] ZRAE=
Al LEZolL} }E AFE] g Gl A
g o|}E Aol =YA]7]7] flate] 2 Gi 2
2RE 109 4y Hao Hos e 7wt A
B2 latency® HEA7| 2ol AJARL Al=)/d
& Tkt FHAJoloh 281 o] & sty b
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@ PowerTOP for OpenSolaris: PowerTop&
A 2sle] Hel Pake 9lstol 270E Z2
o= 200849 9€e| A3t 11¥o] Open-
Solarise]] ZH = £2A4 v.1.17}2] A7H%|Q0
o o] TRAEHE CPUL power man-
agement HYE AR o] £ 0|83}
Aot B2 A7RS idle AJefoll A gl=2]o)| o)
S AAE 4 Qlok 22T o AZEYo]
7t AARLE idle AFeollA] 7h-=x e =27}

T e ——,

OpenSolaris PowerTQP version 1.1

{C) 2007 Intel Corporation

[<n Avg residency P-states (frequencies)
CO (cpu running} (59.9%) 1598 Mhz 100.0%
c1 o.lms  (40.1%) 2697 Mz Q.0%

Wakeups-from-idle per second: 3477.2 interval: 1.es
no ACPI power usage estimate available

iTop causes for wakeups:
86.3% (3000.0) <interrupt> : hdaudio#o

2.7 (148.5) <kernel> : uhci uhci_handle_root_hub_status_change
3.5% (121.8) <interrupt> : nvidia#o

3.4% (116.8} sched : «<cross calls»

3.1% (107.9) <interrupt> : el@cagte

2.9 (100.0) <ernel> : genumixclock

2.8% ( 96.0) realplay.bin : «scheduled timeout expiration>

1.9% { 66.3) <kernel> : ehci”ehci_handle_root_hub_status_change
1.9% { 53.5) sched : <scheduled timeout expirations

0.5% ( 16.8) Java : <scheduled timeout expiration>

0.3% ( 10.9) firefox-bin : <scheduled timeout expiration>

0.3% ( 9.9) <kernel> : ata’ghd_timeout

0.3% ( 9.9) mixer_applet2 : <scheduled timeout expirations

0.2% ( 7.9) <kernel> : genunix realitexpire

6.2 ( 7.9) gam_server : <scheduled timeout expiration>

0.2 { 5.9 <kernel> : uhci’uhci_cmd_timeout_hdir

0.1% { 5.0) thunderbird-bin : <scheduled timeout expiration>

0.1% ( 4.0) <kernel> : genunix’ schedpaging

0.1% ( 4.9) xscreensaver :  <scheduled timeout expiration>

0.1% { 3.0} <kernel> : ip”tcp_timer_callback

0.1% ( 3.0) gnome-terminal : <scheduled timeout expirations

i
Suggestion: run as root to get suggestions for reducing system power consumption] 5y

> http //opensolans org
(I 4) PowerTop Al&in&
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@ CPU Power Management: ACPI Perform-
ance States(P-States)E OpenSorais H'E-2
53l DVFSE H&43lE A o7 P-state=
ZArA 0] 7hd 9] power/performance AElE
oo,

- Power Aware Dispatcher: (78 5)ofA] =]
& thread dispatcher+ 7]dof| Z7)j5}o] of
H CPU Aol 285 on] 2A)1Z50 7]
£ ALtk o 7)o power performance At
BHE Ux|steE 3trt FAlo CPU power
management= o] CPUZ} idle Aefo]] 9
L1 27 o) Yeeleg at). olof izt
a8e (a9 5)ek 2ok

- Deep C-State Support: x86 ZZA|A= A

2 &8E £0]7] flot] ME oE o ¢

A% idle g E AlF7It}. ACPIE= o)& C-
statez} A 9Jst CO, C1~Cn AN E A3}
™ o] & OSeljA A|F-et=5 sk Aot

@ Memory Power Management
- CPU Idle Notification: oA &t CPU idle

FeE Algst] flste CPU idle e E |
mejolA| 27| <13t 01““‘5 AZE gt
th ol& H&2]o WE-E& Z|<‘3H°1E &h=7
ol H swap slfof sh=2] £ 2|YE EH&
Zjo]| tsted ZF CPU e} o] §l7] of
Zolot.

power.conf(4)

cpupm enable [mode]
mode = {event-mode| poll-mode}

pm_ioctl()

User

(Utilization)

CPU ’Power‘

Kermel Manager

Dispatcher

ProcessorGroups ) (Capacmy)
(CMT Scheduling) 'x’ D a— ]

(Power State CPU PM Platform|
Awareness) Code

(Power Control)
<RpE>: httpi//opensolans.org

PU Power Domains

(23 5) Power Aware Dispatcher

Mol ﬂ
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@ Power Observability: 2FA4] 2t PowerTop
olofef| of whef thate] A-EstaL provi-
sioning Yol thate] 73t

919) Sl WA e 2 gl A

oz Hg HYY TAES g u}f—;«q 2ok
* System wide PM policy engine: o] Z2HE
¥ 335 E policy engineg H|2Fsha] #d A
of) 23 Z 3

* Administrative facility: 32|z} £4]2] HHe
FUS T2 B 4 g B Al

o

2. Intel DCM

Qlele] AL 2008 2%of| “Datacenter Power
Management: Power Consumption Trend”[7]2+
=ol|A] ol tloleAlE] 2] gk tiate] AFsHA
A, o] SHA olopr|gh M| gitER o33
Zo] BAEIGILE. QA o]opr]gt 2po] A& t|o] Al
Elof] tigt 3PA Q1 BA| S 2713 Zo] EA)o|c),

@D Environment Level: o z] Ao 3+ AR

Al 9 green datacenter fA|of| T3t £7]
140] Hhﬂo] -’1_9._0]—1:]-

@ Datacenter Level: Athgt glo|ejAllg] @ o
£ modular HloJEJAIES] &L R e

A Fgol dash Hu ol ve e
o A Soleiie s i

xE N

Y7} | 2]jo] Hasict.

@ Rack Level: 2 o Aw] 217} Zo}zlof ule}
Hele] WA AR 915 ol B
A @79 AL f2e 2 Algto] A7)
A|Zbsa o] = e Thelo] MEl 4l Wz )]
ol BosH =glen o]F FAo= s}
© AARE 2790

e20dide

Power Capping: A, 12 2 WIOIEAIES =2
YA HHAS HHS w1mmmlﬂa goz MHS

EEO

Kigtok=s 280IC

118

@ Server Level: Z81Z9] H¥ An|= =
o 457 A% Aol loms Aol %
soll o2 e 2nlE R5HeE Aols
o] Wasfeh. olof et Hel U Wzt Al A
glof| Tt Alo] 7]& & B ashH gk

o|¢} Z+e s FL uletoF Intel® Intelligent

Power Node Manager®} Intel® Data Center

Manager[7]& w50 £39] China Telecom®]

ZEol BalduOHIﬂ HAE BRL AT, 2|t 49

309 24 HES sk oA olopla 1R 2

TAREE H}E*—"‘L' L OF e Ay Heo

JRg £3 leigick A" a7AE 1 5
42 <& 29 2tk

Fet 59 HiolEAIH 2]

A7 wEo] Y AR, LE AR B

ST A2

o A2 AR 2%, thermal o]HlE]| U3t
7% 440 5 2ol ojaf 291 action 43

- AbgAte) MR A A FL A4 e 52
7150l ot o E A 715 Al

* A9 2Eof w2t F-E52 02 HZEE power

capping 7|5

>1E w O

(H# 2) Inte| DCM2| EZ
4 FEEE
OEM servers(ntel® Intelligent Power Node
Manager 1.5, with [IPMI interfaces implemented
and exposed over LAN)
=] g BMC user(Intel® Data Center Manager ADMIN
L= privilege level)
Intel temperature sensors(ntel® Intelligent
Power Node Manager 1.5 or IPMI 2.0 over
LANE o)
MY Microsoftr Windows* Server 2003 32 bit and
oS 64 bit or Red Hat* Linux EL 5.0 32 bit

Install the Intel® DCM server on a system with
at least: A dual-core processor of 2.6 GHz or
higher 4 GB RAM , 60 GB of hard drive space
Automatically installed by Intel® Data Center
Manager: Sun Microsystems#* Java Runtime
Environment* 6 Apache* Tomcat* application
server Apache AxisZ* web service engine
PostgreSQL 8.3 Database

Pl
Sk=glo]
X

&> www.intel.com
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+ Schedule power capping HE-8 time of day
2 2A1EF0] 7Fsskar dolelAlle] o] gho) gt
ol Te7hs(EAlol b Y 43 71s)

* P2 tof agent7} Gl

* WSDL APIs

* 97l & ol integration 7H55HY THE A
Ao o] & 53 3 A s

+ 10007)) xE712] 21¢

» [PMI 2.0 BMC authentication, integrity and
confidentiality code

* Power spikeo]] 2]%} 215 safeguard 7] 5 2|9

* Schedule power capping AHE-S time of day
2 AAIEF 0] 7Fe3ta vlojeliig) o] shgof o
Fo| B Fs(EAlol o A 288 7Hs)

Baidu®] HlAEE thewh 28 1 Te) ol

A Faetoint

@ Over-allocation of Power: A1#| x| 28] #
2 YRS A 2t 2 2ol E 2tk
o= 2ot Mgl wo] g AAHo| )
7| wjZolct.

(2 Under-Population of rack space: 2 I7}o]|
AR B dg B0l Easht Aelx
of Z7)o] we} RTEE HFY S g2
X4 57K Botme ol

@ Capacity Planning: 2 29| A45o] tishod
AMA| Fotel Mol el ZAfsta BAs|
fIste 9lot 22 HAEE 713 3?‘311, gl
thet 4 Alojut &t e 3

oA gt A2 ¥ Intel® Intelligent Power
Node Manager(Node Manager)2] 74-9-= ol&] A
H Al 0]83F OOB power management pol-
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