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ABSTRACT
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2. DATA CENTER NETWORK DESIGNS
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/( %&%,+I4C <4 ()/47 >(6 /94 74 U6"$a& %0 ("6 64)6404&/%/$-4
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/%&/ /( &(/4 /9%/ <4 7( &(/ #,%$1 /9%/ /9404 0(,"/$(&0 %64
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<(6@ /( =4 64,4-%&/ =4#%"04 %,, /94 >("6 /()(,(;$40 /9%/ <4
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Figure 1: Hop count
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=4,$4-4 /94 640",/0 $& D$;A K %64 0">> #$4&/,+ #,(04 >(6 ("6 )"6B

)(04 (> % 9$;9B(6746B=$/ #(1)%6$0(&A :94 EkBUT"=4 %&7
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64V"$6414&/0 0#%,4 ,(;%6$/91$#%,,+ <$/9 /94 &"1=46 (> &(740
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V"$647 /( 0"))(6/ /9$0 $&)"/ ,(%7A '6(-$0$(&$&; $& /9$0 #(&/4?/

$1),$40 4&0"6$&; 0">> #$4&/ 0<$/#9 #%)%#$/+ R>(6 0<$/#9B=%047

0(,"/$(&0S (6 /9%/ 046-460 9%-4 0">> #$4&/ Y3T0 %&7 #(640 /(
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Figure 2: Component requirements per server, 60k

server network
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3.1 Cost Model
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),46 /( 6"& #%=,40 =4/<44& 4V"$)14&/ <$/9$& /94 0%14 6%#@
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4. COST COMPARISON
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H4 4?),(64 /9644 =6(%7 V"40/$(&0A D$60/C 9(< 7( /94 7$>>46B

4&/ 740$;&0 #(1)%64 ;$-4& #"664&/ )6$#40F H4 4?),(64 /9$0

$& *4#/$(& LAKA Y4?/C $& *4#/$(& LANC <4 %0@ <94/946W9(< >"B

/"64 /4#9&(,(;+ /64&70 1$;9/ %,/46 /94 64,%/$-4 6%&@$&;0 <4
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4.1 Current Prices

4.1.1 Equipment Cost
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4V"$)14&/ 74)64#$%/$(&C %&7 0( >(6/9A *"#9 $&>(61%/$(& #%&
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Figure 3: Cost comparison - current prices
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Figure 4: Equipment cost breakdown for a 60k network

/"640 REkBUT"=4S %&7 /94 (/946 #,(046 /( /9%/ (> 046-46B(&,+

%6#9$/4#/"640 REkB74U6"$a&SA

:9"0C <$/9 ("6 40/$1%/40 (> #"664&/ )6$#40C 9+=6$7 740$;&0

%#9$4-4 /94 ,(<40/ 4V"$)14&/ #(0/0C %&7 /94 )%6/$#",%6 9+B

=6$7 740$;& %#9$4-$&; /94 ,(<40/ #(0/ 74)4&70 (& /94 4?/4&/

/( <9$#9 #(640 #%& =4 09%647 =4/<44& %)),$#%/$(&0 %&7 &4/B

<(6@ )6(#400$&;A E(<4-46C &(&4 (> /94 740$;&0 %#9$4-4 %

0$;&$> #%&/,+ ,(<46 #(0/A

4.1.2 Cabling Cost

:( #(1)"/4 #%=,$&; #(0/0C <4 "04 % )6$#4 (>n R$S _K\ >(6

4%#9 $&/6%B6%#@ #%=,4C R$$S _M\ >(6 4%#9 $&/46B6%#@ #%=,4C %&7

R$$$S %& %77$/$(&%, _O\\ )4&%,/+ >(6 /94 > 60/ #%=,4 /9%/ #(&B

&4#/0 % )%$6 (> 6%#@0 R$& @44)$&; <$/9 /94 ,%=(6B#4&/6$# 1(74,

740#6$=47 $& *4#A OSA H4 04,4#/ /9404 =%047 (& #"664&/ #%B

=,4 )6$#40C <$/9 _M\ #(6640)(&7$&; /( % l\ >44/ #%/4;(6+ g

K\2=Z #%=,4A

5 =6$4> &(/4 (& /94 74/%$,0 (> /94 #%=,$&; ,%+("/0 <4 %0B

0"14n <4 1%@4 /94 0$1),$>+$&; %00"1)/$(& /9%/ 6%#@0 #(&B

/%$& /94 0%14 &"1=46 (> 046-460 %0 /94 0<$/#9 )(6/ >%&B("/

R<94& "047SA D(6 *HBD%/:644C <4 "04 /94 %))6(%#9 )6(B

)(047 $& JKMQ %&7 #(1=$&4 /94 ,4>/(-46 #(64 0<$/#940 >6(1

4%#9 h)(&7i $&/( 6%#@0A D(6 EkBUT"=4 <4 %00"14 /94 0$I4

(> (&4 6%#@ /( =4 /94 0$I4 (> % UT"=40C %&7 <4 7$-$74 /94

641%$&$&; 0<$/#940 R()/$1%,,+S $&/( 6%#@0 (> /94 0%14 0$I4Ag

:94 74 U6"$a&B=%047 %6#9$/4#/"640 7( &(/ &447 %&+ 0)4#$%,

g:94 ,4-4, K 0<$/#940 >6(1 4%#9 UT"=41 <464 ),%#47 $& % 6%#@ (>
/94$6 (<&C /94& /94 > 60/ n ,4-4, N 0<$/#940 <464 ),%#47 $& % 6%#@C /94
&4?/ n ,4-4, N 0<$/#940 $& %&(/946 6%#@ %&7 0( (&A Rn $0 /94 0<$/#9
>%& ("/AS



Average Network Utilization

0 0.1 0.2 0.3 0.4 0.5 0.6

0
a
tt
s

40

60

80

100

120
S0!FatTree
H6!7Cube
H6!de7ruijn
SR@!de7ruijn

R%S .4046-47 T(640

Average Network Utilization

0 0.1 0.2 0.3 0.4 0.5 0.6

0
a
tt
s

30

40

50

60

N0

80

90
S0!FatTree
H6!7Cube
H6!de7ruijn
SR@!de7ruijn

R=S *9%647 T(640

Figure 5: Per server network power consumption
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Table 1: Per Server Cabling Cost Estimates.
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Figure 6: Total network cost normalized by number of

servers after 5 years of operation at current prices
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Figure 7: Networking cost per server – future scenarios
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Figure 8: Comparison between switch-based and server-based architectures for different price ratios of cores / NIC

ports (Y-axis) and switch ports / NIC ports (X-axis)
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4.3 Analysis
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4.3.1 Qualitative Analysis
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Figure 9: Quantitative Data for Fig. 8

*HBD%/:644 EkBUT"=4 EkB74U6"$a& *.eB74U6"$a&

SP oO(log N) SP oO(log N) SP oO(1) SP o0
NP oO(1) NP oO(log N) NP oO(log N) NP oO(log N)
Co0 CoO(log N) CoO(log N) CoO(log N)

Table 2: Asymptotic hardware requirements per server. N is the

number of hosts, SP is the number of switch ports, NP is the number

of NIC ports, and C is the number of cores.
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4.3.2 Quantitative Analysis
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4.3.3 Asymptotic Behavior Discussion
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Table 3: Asymptotic hardware requirements per server in relation to

L, the path length.
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5. CONCLUSIONS AND FUTUREWORK
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