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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



6)/@1%>*8]<&),<0_

A)*5)*&5.&@)'9-*O&/-*&3&G--%N)&,N".')*

BL$)*%+&:*-:-*R-$3N&73'3,)$')*&$)'9-*O.6&Q$/.**)+(%D*SJIJc

N)%-)%.*"/*G3BB*3KB&`"K1,*"%)

XJd*1G*/1/"B*e*2"%K<3B"%B0*@&/A

&#2%1-)#),/.

fAR@*').&(,*",'*.0./)#*3KB&`"K1,c

=3/*",*)]<&),/*.)%-)%

A&(AB&(A/.*/A)*%)#"&,&,(

&,)]<&),<&).g*'()&$)'9-*O

F1%*/A)*I?d*3KB&`"K1,M*",*3,&#2%1-)'*,)/@1%>*#"0*<1,.3#)*?Jd*1G*/A)*/1/"B*21@)%

!1,<B3.&1,g

P)*#3./*&#2%1-)*/A)*,)/@1%>*)]<&),<0*/11OD



:%1$B)#.

• 71'"0’.*'"/"*<),/)%*<1##3,&<"K1,.

2%)#&.)'*1,*#3BKCB"0)%M*A&(AC2)%G1%#",<)

.@&/<A).

– 5,)]<&),/R'&.2%121%K1,"/)*),)%(0*3.)

– !),/%"B&`)'*21&,/.*1G*G"&B3%)

• 5,/)%,)/*"%<A&/)</3%).*"%)*,1/*12K#"B*G1%

'"/"*<),/)%.M*$3/*@)*3.)*/A)#*",0@"0

– T&h)%),/*%).&B&),<)M*2%&<)M*2)%G1%#",<)M

",'*.)<3%&/0*/%"')1h.



C ompute 
ma ster

Comp ute node

Comp ute node

Comp ute node

Comp ute node

Comp ute no de

Comp ute no de

Comp ute no de

Comp ute no de

Compute node

Compute node

Compute node

Compute node

Ag gre gati on 
sw itch

Ag gre gat ion 
sw itch

Ag gre gat ion 
sw itch

Ag gre gati on 
sw itch

Rack sw itch Rack sw i tch Rack sw itch Rack sw itch

Core  sw itch Core  swi tch

I nt ern et

Comp ute node Comp ute no de Compute node

Bo rde r ro uter Bo rd er ro uter

CIEL  node

CIEL  node

CIEL  node

CIEL node

CIEL node

CIEL node

CIEL node

CIEL  node

CIEL  node

CIEL  node

CIEL  node

CIEL  node CIEL node CIEL  node

CIEL
pri ma ry
ma ster

CIEL  node

I nt ern et

CIEL
b acku p
ma ster

Energy-proportional
MAC ( PMA  / PCS )

Q*($)&'"/"*<),/)%*"22%1"<A



C ompute 
ma ster

Comp ute node

Comp ute node

Comp ute node

Comp ute node

Comp ute no de

Comp ute no de

Comp ute no de

Comp ute no de

Compute node

Compute node

Compute node

Compute node

Ag gre gati on 
sw itch

Ag gre gat ion 
sw itch

Ag gre gat ion 
sw itch

Ag gre gati on 
sw itch

Rack sw itch Rack sw i tch Rack sw itch Rack sw itch

Core  sw itch Core  swi tch

I nt ern et

Comp ute node Comp ute no de Compute node

Bo rde r ro uter Bo rd er ro uter

CIEL  node

CIEL  node

CIEL  node

CIEL node

CIEL node

CIEL node

CIEL node

CIEL  node

CIEL  node

CIEL  node

CIEL  node

CIEL  node CIEL node CIEL  node

CIEL
pri ma ry
ma ster

CIEL  node

I nt ern et

CIEL
b acku p
ma ster

6)@*%).13%<)C6)@*%).13%<)C

"@"%)*2%1(%"##&,("@"%)*2%1(%"##&,(

G%"#)@1%>G%"#)@1%>

T&./%&$3/)'*.@&/<AT&./%&$3/)'*.@&/<A

G"$%&<g*,1*$3h)%*",'G"$%&<g*,1*$3h)%*",'

.#"BB)%*2)%C.@&/<A.#"BB)%*2)%C.@&/<A

%"'&i%"'&i

T&./%&$3/)'*.@&/<AT&./%&$3/)'*.@&/<A

F"$%&<gF"$%&<g

+.)C2%121%K1,"B+.)C2%121%K1,"B

Use-ProportionalUse-Proportional
MACMAC

Zero Mbps = ZeroZero Mbps = Zero
wattswatts

N#"%/)%*7%",.21%/N#"%/)%*7%",.21%/

2%1/1<1B.*G1%2%1/1<1B.*G1%

#&,&#&`)'#&,&#&`)'

'&.%32K1,'&.%32K1,

=)j)%=)j)%

<A"%"</)%&`"K1,<A"%"</)%&`"K1,

G1%*$)j)%*N4QG1%*$)j)%*N4Q

2%)'&<K1,2%)'&<K1,



!%1..C<3k,(*/A)#).

• 9)<1,.&')%&,(*'"/"*<),/)%*.@&/<A&,(

• T&./%&$3/)'*%).&B&),<)*/A%13(A13/

• 8]<&),<0*$0*"B&(,&,(*"B(1%&/A#*",'*,)/@1%>*/121B1(0

• 8,)%(0C)]<&),<0R.)<3%&/0R%).&B&),<)R.<"B"$&B&/0*/%"')1h.

• L3BKC.<"B)*<1#23K,(*/)<A,&l3).



SJ

7A)*W2K<"B*"'-",/"()

• +.&,(*12K<.*<",*1h)%

– N#"BB*2A0.&<"B*'&#),.&1,.

• #3BK2B)*<1B13%.*<",*.A"%)*/A)*."#)*\$%)C2"/A

– N&(,&\<",/*2"%"BB)B&.#

• /%",.#&k,(*2"%"BB)B*'"/"*#)",.*,1*')B"0.*'3)*/1*#"%.A"BB&,(*f/A)

<1,-)%.&1,*1G*2"%"BB)B*'"/"*/1RG%1#c*.)%&"B*'"/"

– m&(A)%*.2))'.*G1%*/A)*."#)*21@)%

• A&(A)%*.2))'.*&,*/A)*)B)</%&<"B*'1#"&,*%)l3&%)*#1%)*21@)%M*@A&B)

A&(A)%*.2))'.*A".*,1*)h)</*1,*21@)%*,))'.*1G*12K<"B*.@&/<A).

– T&./",<)*&#'*/*#'*#!*
• :A1/1,&<.*A".*"*A3()*12)%"K,(*%",()*f<1#2"%)'*@&/A*<122)%c



5/b.*/A1.)*'"%,*B".)%.
@Z0

9)B"K-)B0*.&#2B)*#1')B&,(*1G*/A)*B&,>O

:)%A"2.*'&h)%),/*@"0.*1G*3.&,(*/A)*B".)%.*@&BB*A)B2_

•"*%",()*1G*2A0.&<"B*<1'&,(*.<A)#).*(&-).*B)..*/A",*SD?'=#

=3/*/A)*<1'&,(*.<A)#)*<1,.3#).*n*K#).*@A"/*/A)*B".)%.*<1,.3#).

:)%A"2.*13%*),)%(0*&.*$)j)%*.2),/*'1&,(*<1##3,&<"K1,.*'&h)%),/B0_

:A1/1,&<*.0./)#.*"%)*$)j)%*G1%*"#+'*7(#'M*/A"/*&.g
2)[)*&3'&2)8$%&'"*$)7&-$&3$7&-\&3.&*)]"8*)7

ND*o&B#3%%"0*SJJXRIJ

SD?'=#



P)*,))'*"*,)/@1%>*/A"/*@1%>.*@)BB*<"%%0&,(*B1@*B1"'.M

A".*(11'*),)%(0C2%121%K1,"B&/0*",'*<",*l3&<>B0*%)./"%/

9)#)#$)%*/A&.*1,)_*8/A)%,)/*e*!NLQR!T

L",0*G)"/3%).R&')".*@)*'1,b/*@",/M*$3/*1,)*@)*'1g

•:%)"#$B).*(&-)*<B1<>.*-"B3"$B)*%).0,<*K#)

",'*"BB1@*2A1/1,&<*.0./)#.*/1*$)*/3%,)'*1h

N13,'.*B&>)*@)*,))'*"*,)@*LQ!



S3'3&D8$O&D3+)*&Y&?>!

m1@*'1*@)*/)./M*$3&B'M*/%&"B_

• %)(3B"%*65!.*'1,b/*A)B2

6))'*.1#)/A&,(*2%1(%"##"$B)*$3/*FQN7O

•*T)#1,./%"K1,.*/A"/*@1%>*"/*IJ*e*nJH$2.*()/.

2)12B).*"j),K1,*"

niIJH$2.*21%/.

:!5)*ip



41@*:%&<)*913/)%.*f"%),b/c

• QB.1M*@&/A*L"./)%.*./3'),/.*B11>)'*"/

– H:+NA"')%*foQ5N7c

– 913/)=%&<>.*f8:F4c

• =1/A*3.)*<1##1'&/0*A"%'@"%)*fH:+.*1%*W7N*:!.c*".

$3&B'&,(*$B1<>.*/1*()/

– m&(A*2)%G1%#",<)

– 41@*<"2&/"B*2%&<)

• =1/A*&,<%)".)*21@)%*3."()

– H:+*"*G)@*IJ.dM

– 913/)=%&<>).[*#3BK2B).



!%1..C'"/"<),/%)*B&-)*#&(%"K1,*1G*EL.

Z:R-$&TX&5)*+&N3*%)&L'()*$)'
$)'9-*O

• M)."N'.&8$&5)*+&()35+
2*-37,3.'&'*3^,
– I*#&BB&1,*A1./.g*qSJJL$R.

$%1"'<"./*/%"]<+F<:*.$+*)+(%G

• Q9:M*Tm!:g*.@&/<A).*<",

3.)*"*'&%)</1%0*.)%-&<)*f84oc

• H),)%"B*.1B3K1,g*#3BK<"./

– Q3/1#"K<"BB0*'&.K,(3&.A

'&h)%),/*3.).*1G*$%1"'<"./

– 5,G)%*#3BK<"./*(%132.

Z:R-$&_X&Q8%*3')&3,*-..&KI
*-"')*.

• 61/*<3%%),/B0*21..&$B)g*5:

"''%)..*<A",().M*7!:

.)..&1,.*$%)">

# @))7&'-&N)'&1?.&O)):&KI
377*)..&3=)*&Q8%*3R-$

• +.)*5:-Y*"3/1C<1,\(3%"K1,

",'*#3BKCA1#&,(

– N#"BB*)i/),.&1,*/1*A02)%-&.1%

– 61*EL*<A",().*%)l3&%)'



LQT!Q:

L&(%"K1,C"@"%)*T"/"*!),/%)*Q<<)..

:%1/1<1B

71$0*L1,<"./)%

f@1%>&,(*@&/A*r1,*!%1@<%1sM*Q,'%)@*L11%)c



J3,O%*-"$7&3$7&I*-2N)Q
6))'*"$&B&/0*/1*Q8%*3')*'"/"*<),/%).*1,*/A)*t0g
•=.*$*.,*+!"##*!8"#$
•<(&#)(&#+$)()*

•<&#&7&$*+&7/(!)+"#+*#'34$*.$

T"/"*<),/%).*.3221%/*Q"NR:N)&3::N8,3R-$.
•<*'&(+$).*(7&#-+(#'+H%*+$*.,&#-

•I*(.!5
•B()(D($*+(#'+7(&%>7*$$(-&#-

L1./*<1,,)<K1,.*3.)*0!I*f1%*7!:CB&>)*-"%&",/.cg
•J30(:+5(#'$5(A*
•I%"0+$)(.)+3+/."D&#-
•I&-#&H!(#)+.*$/"#$*+)"+87*3"4)$

K..").*/1*.1B-)g
•;"0+)"+/.*,*#)+?6=+.*$)(.8#-K
•;"0+)"+7&#&7&$*+'*%(:K

•;"0+)"+!"#!*(%+/."!*$$+L."7+(//%&!(8"#K

%"/)

K#)



S3'3&!)$'*)&?8%*3R-$&B,"**)$'E

ID*N/%)"#&,(*'"/"

•M$)(D%&$5*'+N"0
•I)*(':+$)()*

SD*L&(%"/)*'"/"*<),/%)

•I)"/+N"0
•?.(#$L*.+$)()*

VD*9)./"%/*f=)./*<".)c

•?6=+.*$)(.)$
•B()(+.()*+&#!.*($*$
•O*(!5*$+$)*(':+$)()*

VD*9)./"%/*fP1%./*<".)c

•?6=+#*,*.+.*$)(.)$
•9//%&!(8"#+$)(%%$



S3'3&!)$'*)&?8%*3R-$&B98'(&?I0!IE

ID*N/%)"#&,(*'"/"

•M$)(D%&$5*'+N"0
•I)*(':+$)()*
•O*(%+/()5+(#'+$5('"0
/()5

SD*L&(%"/)*'"/"*<),/%)

•?.(#$L*.+$5('"0+/()5
•?.(#$L*.+$)()*
•?.(#$L*.+!"##*!8"#
F0&#'"0+$&E*P+*)!G

VD*N@&/<A*FB1@.

•<=?6=+5(#'%*$+).(#$L*.
•9//%&!(8"#+$**$+O??
!5(#-*
•9//%&!(8"#+!(..&*$+"#
($+D*L".*

5:*Q

5:*=

5:*=b

5:*Qb

5:*Q

5:*=

5:*Q

5:*=

5:*=b

5:*Qb

5:*=b

5:*Qb

8"<A*'"/"*<),/%)*A".*/@1*5:*"''%)..).



I3'(93+.&'-&KQ:3,'

Z:)$&A'3$73*7.
•u)%1*<1./*e*,1*#)#$)%.A&2*G)).M*,1*<A"%()*/1*3.)M*G%))B0*"-"&B"$B)

•8-)%01,)*&.*)l3"B*e*<1,/%&$3K1,.*"..)..)'*1,*l3"B&/0
•Q,01,)*<",*<1,/%&$3/)*e*,1/*"*<B1.)'*.A12

!1#23/)%*4"$*A".*%)B)-",/*)i2)%&),<)g

•KL0`*e*#3BK2B)*9F!.M*)i2)%&),<)*1G*,)@*@1%>*(%132.M*5Q=

Z:)$a.-"*,)&A-=93*)
•u)%1*<1./*e*,1*B&<),.)*G)).M*,1*32CG%1,/*<1./.
•W2),*<1##3,&/0*e*",01,)*<",*<1,/%&$3/)M*<1')*#"&,/"&,)'*$0*"BB

•FB)i&$&B&/0*e*12),*.13%<)*"BB1@.*013*/1*/"&B1%*.1s@"%)*/1*013%*,))'.

!1#23/)%*4"$*A".*%)B)-",/*)i2)%&),<)g

•b)$*e*.&(,&\<",/*&,'3./%0*$30C&,M*')CG"</1*./",'"%'



41@*8,)%(0*L1$&B)*T)-&<).

• 7"B>)'*$)G1%)*"$13/*8%'WN*C

– N1<&"B*W2)%"K,(*N0./)#*G1%*.#"%/*2A1,).

– NA"%).*,)"%$0*')-&<)*<"2"$&B&K).

– !3%%),/B0*@1%>&,(*1,*.A"%&,(*QCH:N*fv#"2c*'"/"

– NA1@.*1,B0*.#"BB*),)%(0*."-&,(

– =3/*$&(*.2))'32*&,*77FF*f7&#)*71*F&%./*F&ic

• QB.1*'1,)*B1/.*1,*P&F&*",'*FB".A456w

/)/A)%&,(



==!*6)/.

• T&(&/"B*=%1"'<"./*fQ,"B1(*,)"%B0*"BB*1h*,1@c

• QB.1*<"%%&)'*1,*B1/.*1G*!"$B)*$3,'B).*f'&(&/"Bc

• &:B"0)%Rx13-&)@OD



5,/)(%"/)'*TE9.R&:B"0)%



m0$%&'*6)/@1%>*T)B&-)%0



==!*N/"/.

• 6&)B.1,C/02)*$(7/%*$*1G*$%1"'<"./*2123B"%&/0

• Tccd*')/"&B*1G*&:B"0)%*./"K.K<.
– 4&-)*N/%)"#)'*1%*K#)*.A&s)'

– PA1*@"/<A).*@A"/M*@A),*",'*@A)%)M

– T1@,*/1*A13.)*B)-)B*1G*')/"&B



1 S Gianfranco Nencioni

Optimization on pushVOD

Rome, 30 September 2011Cambridge (UK), October 2011

Gianfranco Nencioni

Telecommunication Networks Research Group
Dept. of Information Engineering 

University of Pisa



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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