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Thermal Image of Typical Data Centre Rack

Rack
Switch

M. K. Patterson, A. Pratt, P. Kumar,
“From UPS to Silicon: an end-to-end evaluation of datacenter efficiency”, Intel Corporation
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Better to have one computer at 50% utilization than five computers at 10%
utilization: Save £ via consolidation (Saving £s on machines and power)
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Motivating Consolidation
• SPECpower: two best systems

– Two 3.0-GHz Xeons,
16 GB DRAM, 1 Disk

– One 2.4-GHz Xeon,
8 GB DRAM, 1 Disk

• 50% utilization !
85% Peak Power

• 10% !  65% Peak Power
• Save 75% power if

consolidate & turn off
        1 computer   @ 50% = 225 W

vs 5 computers @ 10% = 870 W
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Microsoft’s Chicago
Modular Datacenter
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“Supply-following”
Data Center Loads

• “Make hay while the Sun shines”: Do more when supply is available, defer when it is not
• Workload awareness is essential
• Better Forecasting means Better effectiveness

Time

Available Energy

Wind
Supply

Conventional
Power

Defer to later
Perform sooner



?-5)&K$/-*Q3R-$&@-'&<-"N).

?-5)&S3'3&B!)$'*)E&'-
L$)*%+&A-"*,)

!"#$%&'

<(#(-*7*#)

HB1$"B

W2K#&`"K1,

D3+)*&T

=5:$&!(%

4"#$'".

",'

8B)</%1,.

D3+)*.&U'()&28'.&8$2)'9))$V

(//%&(#!*>,&.)4(%>?.(#$/".)>
@*)0".A><96>BCC>+7".*3D4EE0".'$+5*.*

./12*/A)*3,,)<).."%0_

.0./)#.R"22B&<"K1,.*$3&B/*/1*a#1-)b>
IK
&9
8'
(&
)$

)*
%+
&8$

/-
*Q

3R
-$

@)9&28'.&'--W @)9&28'.&'--W

>
IK
&9
8'
(&
)$

)*
%+
&8$

/-
*Q

3R
-$



4"0)%.O

!"#$%&'

<(#(-*7*#)

HB1$"B

W2K#&`"K1,

D3+)*&T

=5:$&!(%

4"#$'".

",'

8B)</%1,.

D3+)*.&U'()&28'.&8$2)'9))$V

(//%&(#!*>,&.)4(%>?.(#$/".)>
@*)0".A><96>BCC>+7".*3D4EE0".'$+5*.*

./12*/A)*3,,)<).."%0_

.0./)#.R"22B&<"K1,.*$3&B/*/1*a#1-)b

>::N8,3R-$X&N)%-&<)*4)-)B*Q(%))#),/.*G1%*L&(%"K1,

0*3$.:-*'X*L3BK2"/A*7!:*/1*#&,&#&`)*&#2"</*1,*3.)%.

@)'9-*OX&PA0*.A13B'*@)*$3&B'*'"/"<),/)%.*B&>)*#&,&C5,/)%,)/.*",0@"0_

S3'3&D8$O&D3+)*&Y&?>!X&9)<1,.&')%&,(*/A)*LQ!*G1%*,)@*:A0.&<"B*B"0)%.



13

Thermal Image of Typical Data Centre Rack

Rack
Switch

M. K. Patterson, A. Pratt, P. Kumar,
“From UPS to Silicon: an end-to-end evaluation of datacenter efficiency”, Intel Corporation
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Power/Cooling Issues
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2 Gianfranco Nencioni

Scenario

pushVOD
Hybrid set-top box (STB) automatically record content that is chosen by the 

content provider.  When the viewer requests such content on demand, it is already
available locally on the STB rather than having to be delivered via the IP network

OptimizationPrediction
Choose which contents record by 
basing on prediction to minimize 
the overall energy consumption

Determine the probability that the 
viewer will watch a content by 
basing on previous watched 

contents

Note: weekly time scale of prediction and optimization
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Problem Statement - 1

Given:
• Set of possible contents: 

- Probability of watching a content:   
- Duration of content:   

• Power consumption of IP streaming: 
• Power consumption of recording content on STB: 
• Content bit rate:  
• Size of STB memory unit: 

Variables:

•      
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Problem Formulation:

subject to

Memory Constraint

Problem Statement - 2

Penalty factors

Energy consumption of STB 
recoding and watching

minimize

 


    

Energy consumption of IP 
streaming
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Notes:
• Penalty factors:

- Due to the event that the user does not watch the recorded 
content 

- Multiplicative factor (arbitrally chosen ): 
 Maybe it can depend on the prediction accuracy

- If no watched:
 No energy cons. of IP streaming and watching on STB:   (0,1)
 However, energy cons. recording on STB:     (1,2)

• Neglecting of recording two or more contents in the same 
time
- Is it a rare event?

Problem Statement - 3
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• The optimization is profitable in particular for “hungry” 
viewer and small memory size

• Solution of problem by means of:
 AMPL: algebraic modelling language for linear and nonlinear 

optimization problem
 CPLEX: mixed-integer linear programming solver

• Input:
 Predictor
 Synthetic: random based on BBC traces

• Compere optimization with choosing of contents to record:
 randomly
 by sorting based on watching probability

Comments
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