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OutlineOutline
Introduction to Global Warming 

Overview of Green Computing

Overview of Low-Power Computingp g
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지구온난화지구온난화
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전지구적인전지구적인 문제문제: : 지구온난화지구온난화

1 년까지 지 의 평 기 이 까지 높아질2100년까지 지구의 평균 기온이 6도까지 높아질
가능성이 있다.

현재까지 약 0.8도 상승

2도 상승되는 순간 돌아올 수 없는 지점일 가능성
농후농후

“Six Degrees could change the world” DVD
[National Geographic][ g p ]
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지구온난화지수지구온난화지수
Global Warming PotentialGlobal Warming PotentialGlobal Warming PotentialGlobal Warming Potential

온실가스가 지구온난화에 미치는 영향을 표시

온실가스 GWP
이산화탄소 1이산화탄소 1

메탄 21
이산화질소 310

수소불화탄소 140 ~ 11,700
과불화탄소 6,500 ~ 9,200
육불화황 23,900
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탄소발자국탄소발자국 Carbon FootprintCarbon Footprint탄 발자국탄 발자국 pp
이산화탄소 배출량을 줄이는 것이 급선무

K  P l  5 4% d i  b l  1990 Kyoto Protocol: 5.4% reductions below 1990 
levels by 2012
EU: t l t 20% b l  1990 l l  i  2020EU: at least 20% below 1990 levels in 2020

Carbon Footprint (CF)
인간의 활동이나 상품의 생산 소비 과정에서 직간접인간의 활동이나 상품의 생산 소비 과정에서 직간접
으로 발생하는 이산화탄소의 총량

예  예: 
CF (미국에서 1년에 소모되는 치즈버그) 
CF (미국에서 운행하는 모든 SUV 차량)CF (미국에서 운행하는 모든 SUV 차량)

Carbon Footprint를 명확히 비교하는 것은 상당히

복잡하다복잡하다.
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Carbon Emission Breakdown Carbon Emission Breakdown in 2002in 2002
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Green Computing Green Computing 이란이란??p gp g
Environmentally responsible use of computers 
and related resourcesand related resources

Green ICT
Green by ICTGreen by ICT

ICT == Information Communication TechnologyICT == Information Communication Technology
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Global ICT Carbon Footprint: ~2%Global ICT Carbon Footprint: ~2%Global ICT Carbon Footprint: ~2%Global ICT Carbon Footprint: ~2%

Roughly equivalent to the Aviation Industry

PC i

from 592 Million in 2002 

PCs are main 
problemsData Centers are 

increasing
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from 592 Million in 2002 
to > Four Billion in 2020 



ICT Industry is Already ActingICT Industry is Already Acting
to Reduce Carbon Footprintto Reduce Carbon Footprint [L. Smarr 2009]to Reduce Carbon Footprintto Reduce Carbon Footprint
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Green by ICT Green by ICT yy
The Smart 2020 Opportunity:

Reducing GHG Emissions by 7.8 GtCO2e (15%)g y
(cf. Total ICT 2020 Emissions are 1.43 GtCO2e)

1 521.52 
GtCO2e

2.030.97 
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2.03
GtCO2e

[www.smart2020.org]

GtCO2e



Green by ICT Green by ICT 과정과정yy
Standardize

D l  l  Develop protocols to enable smart systems to 
interact

MonitorMonitor
Make energy and carbon emissions visible

A tAccount
Link monitoring to accountability and decision making

R h kRethink
Optimize for energy efficiency and find 
lt ti  t  hi h b  thalternatives to high carbon growth

Transform
Implement low carbon infrastructure solutions
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Low Power vs. Green ComputingLow Power vs. Green Computingp gp g

Green 
ComputingComputing

Low PowerLow Power

Computingp g
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Why Low Power?Why Low Power?yy
- Limited Battery Capacity

BatteryBattery
Capacity required

expectedp

year
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Why Low Power?Why Low Power?yy
- Heat Dissipation

Power density getting worse

F  F  P ll k
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From F. Pollack



PProcessor rocessor PPerformanceerformance IImprovementmprovementpp

CS4HS 2012 1717 J.Kim/SNUJ.Kim/SNU

[Hennessy & Patterson 2007]



Intel CPUsIntel CPUs

Intel Core Duo (mobile)

Dual-core Itanium 2 (server)

48  l d hip
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48-core cloud chip



Low Power Low Power Computing Computing p gp g
Goal: Power-Aware Computing

Energy is only consumed if, when and where 
needed.

Algorithms

Applications

Operating Systems

Compiler

Computer Organization

Logic/Circuit/Transistor
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ICT Energy Management ICT Energy Management gy ggy g

Measure to Measure to 
understand 

who 
 consumes 

what

Identify big 
consumers

Apply
power/energy 

saving consumerssaving 
techniques
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Power consumption of Power consumption of 
Intel’s 2Intel’s 2--socket quad core Xeonsocket quad core XeonIntel s 2Intel s 2--socket quad core Xeonsocket quad core Xeon

Main Contributors:
CPUs
Memory
Fans & power supply

Idle State Sys Power

cpus

motherboard 2.43% 15.76%

Active State Sys Power

cpus

motherboard 
23.34%

15.03%
3 99%

27.67%
motherboard 

mem & IO ctrl

memory

fans 

46.91%

15.72%

4.73%

motherboard 

mem & IO ctrl

memory

fans 

Hard Disk

10.23%11.97%

7.78%
3.99% Hard Disk

Power Supply
9.55%

4.91%

Hard Disk

Power Supply
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Macro Scale Measurement   Macro Scale Measurement   [Yuvraj 09][Yuvraj 09]jj

Instrument the UCSD CSE dept.
Sensors to measure power 
Breakdown based on :

Subsystems: Air Conditioning, Lighting, …

Individual floors, circuits   

Obj ti  Objectives: 
Build better energy models

ff  f  Measure effectiveness of energy 
management schemes
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Google Google DataCenterDataCenter [[BarrossoBarrosso 07]07]gg
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ePROePRO--MP                       MP                       [Choi09][Choi09]

energy PRofiler and Optimizer for MultiProcessors

Developing 
Target S/W

Perf/Energy-optimal S/W
Configuration

Analyzing and 
Optimizing Performance/Energy

Target System (MPCore 
+ Linux)

Multi-
Threaded

S/W
Collection 
Module

Analysis System

E

arget S/W Configuration

1

1 .1

p g gy

S/W Module

Event

Event 
Collector

Energy 
Model

Comm.
Module

Energy 
Analyzer

Performa
nce 

A l

GUI
Energy &
Perf.
Profiles

Energy consumption of embedded applications is improved by 
16.2% on average over –O3 optimization level.

0 .5

0 .6

0 .7

0 .8

0 .9

d ijk s tra a d p c m m a trix s u s a n fm ft e q u a k e e p ic a v g

O 3
c o a rs e
m = 1
m = 2
m = 3

Event 
Monitor

Analyzer Profiles
Per Core, 
Thread, & 
Function Levels

An integrated tool for measuring, analyzing, 
and optimizing energy, performance, and code 
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p g gy, p ,
size of embedded parallel applications



Successful Low Successful Low Power Techniques Power Techniques qq

1. Understand workload variations of your 
tar ettarget

2. Devise efficient ways to detect them

3. Devise efficient ways to utilize the detected 
workload variations using available H/W 
supports
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기본적인기본적인 저전력저전력 기법기법 아이디어아이디어

Dynamic Power Management (DPM)
빈방 불끄기빈방 불끄기

물 새는 수도꼭지 잠그기

Dynamic Voltage/Frequency Scaling (DVFS)
불필요한 힘 사용하지 않기

적정 냉/난방 온도 설정하기
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Dynamic Power ManagementDynamic Power Managementy gy g
System-level power management

다양한  상태가 존재하는 시스템에서다양한 power 상태가 존재하는 시스템에서..
Saves power of subsystems (devices)

Device is:
Busy if there are requests
Idle otherwise

Simple DPM examples:
Display on/offp y
Hard disk on/off 
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Power State & TransitionsPower State & Transitions

AssumptionAssumption
Only one device & only one stream of requests

CS4HS 2012 2828 J.Kim/SNUJ.Kim/SNU



Leakage Management by Turning Off Replications Leakage Management by Turning Off Replications [Kim2009][Kim2009]

Replicating the shared block in each private L2 cache
Th  h  bl k   li t d i  h l l i t  L2 h  The cache blocks are replicated in each local private L2 cache 
to access the cache block faster.
The cache capacity decreases.

Goal: Reduce the leakage energy consumption of the private 
L2 cache by turning off the replicated blocks

P0 P1 P2 P3

Private
L2

Private
L2

Private
L2

Private
L2

Block A Block A Block ABlock A
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Dynamic Voltage ScalingDynamic Voltage Scalingy g gy g g
CPU의 성능을 동적으로 다양하게 조절

386486PentiumPentium II
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Basic Idea of DVSBasic Idea of DVS

E ∝ Ncycle · VDD
2

cycle DD

(a) No 

DeadlinePower

5.02
• 12.5x108 cycle( )

power-down

10 25

50MHz
y

• 5.0V
• 31.25J

5 02

50MHz

5.02
(b) Power-down • 5x108 cycle

• 5.0V
• 12.5J

10 25

20MHz
(c) Dynamic

voltage
s li

• 5x108 cycle
• 2.0V
2 0J

Time25
2.02 scaling • 2.0J

Sl  d St d  i  th  !
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→ Slow and Steady wins the race!



Key Issues for successful DVSKey Issues for successful DVSyy
Efficient Detection of Slack/Idle Intervals
Eff  V l  l  P l  f  l k Efficient Voltage Scaling Policy for Slack 
Intervals

slack
intervalinterval

How to detect How to scale voltage
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Effect of IntraEffect of Intra--Task SchedulingTask Scheduling [Shin07]gg

bb b b

[ n ]

deadline
idle state

80MHz
(2.5V)

b7 b
1

b

b1 b
1

b2bif

0.44 μsec 2 μsec

(a) without the intra-task scheduling

b2

bw

h
b2

deadline80MHz
(2.5V)

bif

b

b3

b

b1

bif

2 μsec

( )

16MHz 
(0.7V)

b6

b7

b4

b5

b2 bif b7

b7

Energy Consumption of (b)
Energy Consumption of (a)

= 0.34

2 μsec
(b) with the intra-task scheduling
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Energy Consumption of (a)



Power/ThermalPower/Thermal--Aware SchedulingAware Schedulinggg
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Energy Management in Data CenterEnergy Management in Data Centerss

Job queueChallenges:

S h d l d

Monitor: temperature, power, performance
Control: cooling, power states, task scheduling
Predict: temperature, incoming workload

Scheduler  node

Workload 

Goal: energy efficient computation 

migration

3535

[Tajana Simunic Rosing]
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ConclusionsConclusions
지구온난화 문제의 해결을 위해서 Green 
Computing을 통한 효율적인 해법이 절실하다Computing을 통한 효율적인 해법이 절실하다.

Green ICT와 Green by ICT 모두 매우 중요하다.
Green ICT의 주요 접근법에 기반한 창의적인Green ICT의 주요 접근법에 기반한 창의적인
Smart Solution들이 다양한 sector들에서 요구된다.

효율적인 Green Computing을 위해서는 Low-Power 
Computing 분야에서 개발된 다양한 기법들의 적용Computing 분야에서 개발된 다양한 기법들의 적용
이 요구된다.

전력/에너지 소모의 분석 및 이해전력/에너지 소모의 분석 및 이해

DPM
DVSDVS
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For more info on our group’s research, please 
visit http://davinci snu ac krvisit http://davinci.snu.ac.kr

감 사 합 니 다!감 사 합 니 다!
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