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Traditional Data Center Network Topology
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Data Center Architecture

� T op ol og y  L a y ers :
Core Layer: Support high density L3 10GE aggregation 
A ggregation Layer: Support high density L2 / L3 10GE aggregation
A c c ess Layer: Support EoR / M oR ,  T oR ,  &  B l ade f or 1GE,  10GE,  D CE &  F CoE attac hed serv ers

� T op ol og y  S erv i c e:
Serv ic es through serv ic e sw itc hes attac hed at L2 / L3 b oundary

� T op ol og y  F l ex i b i l i t y :
P od-w ide V LA N s,  A ggregation-w ide V LA N s or D C-w ide V LA N s
T rade of f  b etw een f l ex ib il ity and f aul t dom ain

Agg-w i d e  V L AN s

D C -w i d e  V L AN s

P o d -w i d e  V L AN s
L 2
L 3

L 2
L 3

SA N  F a b ric

Fabric A
Fabric B



Virtualization in the Data Center 

C o m m o n  B e n e f i t s  
• I n c r e a se  r e so u r c e  u sa b i l i t y  – L o w e r  C A P E X
• L o o se l y  c o u p l e  r e -u sa b l e  f u n c t i o n s - F l e x i b i l i t y
• D y n a m i c  a l l o c a t i o n  o f  v i r t u a l  i n st a n c e s - A u t o m a t i o n
• C e n t r a l i z e d  p o l i c y  M a n a g e m e n t  – L o w e r  T C O  
• D i st r i b u t e d  C a p a b i l i t i e s – B r o a d  u se  o f  f u n c t i o n s

C o m m o n  B e n e f i t s  
• I n c r e a se  r e so u r c e  u sa b i l i t y  – L o w e r  C A P E X
• L o o se l y  c o u p l e  r e -u sa b l e  f u n c t i o n s - F l e x i b i l i t y
• D y n a m i c  a l l o c a t i o n  o f  v i r t u a l  i n st a n c e s - A u t o m a t i o n
• C e n t r a l i z e d  p o l i c y  M a n a g e m e n t  – L o w e r  T C O  
• D i st r i b u t e d  C a p a b i l i t i e s – B r o a d  u se  o f  f u n c t i o n s

S e r v e r s :  S e r v e r s :  the capability of decoupling CPU, the capability of decoupling CPU, M emM em and I / O  functions  fr om  and I / O  functions  fr om  
phys ical dev ices  that pr ov ide them  to incr eas e their  effectiv e uphys ical dev ices  that pr ov ide them  to incr eas e their  effectiv e utiliz ation, tiliz ation, 
to enhance the flex ibility in how  they ar e utiliz ed and to allowto enhance the flex ibility in how  they ar e utiliz ed and to allow the the 
dynam ic m anagem ent of logical ins tancesdynam ic m anagem ent of logical ins tances
S t o r a g e :  S t o r a g e :  the capability of abs tr acting the phys ical location of data the capability of abs tr acting the phys ical location of data 
s tor age by pr es enting logical s tor age to the us er  for  thus  achies tor age by pr es enting logical s tor age to the us er  for  thus  achiev ing v ing 
location independencelocation independence
N e t w o r kN e t w o r k --b a s e d  S e r v i c e s :  b a s e d  S e r v i c e s :  the capability of m anipulating s er v ice the capability of m anipulating s er v ice 
ins tances  independent fr om  the s er v ice dev ice thus  pr ov iding fleins tances  independent fr om  the s er v ice dev ice thus  pr ov iding flex ibility x ibility 
in their  us age in their  us age 
N e t w o r k  I n f r a s t r u c t u r e :  N e t w o r k  I n f r a s t r u c t u r e :  the capability of par titioning gr oups  of the capability of par titioning gr oups  of 
netw or k ed r es our ces  pr ov iding logical is olation and com m on policnetw or k ed r es our ces  pr ov iding logical is olation and com m on policyy



Data Center S trateg y  in Actio n
Physical Facilities

Serv ers

N etw ork  

P od

4  - 6  Z ones P er D C &  6  – 15  M W  p er D C
6 0 , 0 0 0  – 8 0 , 0 0 0  SQ F  p er z one – 1-3  M W  p er z one
2 0 0  – 4 0 0  ra c k s/ c a b inets p er z one
Cooling a nd  p ow er p er p od  ( p er p a ir of  ra c k  row s)
8  – 4 8  serv ers p er ra c k / c a b inet – 1-1. 5  K W  p er 
c a b inet
2  – 11 interf a c es p er serv er
2 5 0 0  – 3 0 0 0 0  serv er p er D C
4 0 0 0  – 12 0 , 0 0 0  p orts p er D C

Z one

D C

P od

Stora ge

It all depends on server types 
and netw ork  ac c ess layer m odel 

C O L D  AI S L E
H O T AI S L E



R ef erenc e P h ys ic al Topology
Network Equipment and Zones

Serv er R a c k

N etw ork  R a c k

Z one
D C
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Stora ge R a c k

C O L D  AI S L E
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P od

M od ule 1 M od ule N

P od
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P od Conc ept
Network Zones and P ods

Pod
P o d / M o d u l e  S i z i n g
▪ T y p i c a l l y  m a p p e d  t o  a c c e ss t o p o l o g y
▪ Siz e: determ ined b y distanc e and density
▪ Cab l ing distanc e f rom  serv er rac k s to netw ork  rac k s

▪ 100m  Copper
▪ 2 00-5 00m  F ib er

▪ Cab l e density: #  of  serv ers  b y I / O s per serv er
▪ R a c k s
▪ Serv er: 6 -30 Serv ers per rac k
▪ N etw ork  ( b ased on ac c ess m odel )
▪ Storage: spec ial  c ab inets

D C  S i z i n g
•D C:  a gr oup of z ones  ( or  clus ter s , or  ar eas )
•Z one:  T ypically m apped to aggr egation pair
•N ot all us e hot-cold ais le des ign
•Pr edeter m ined cable/ pow er / cooling capacity

D C

COLD AISLE

H OT  AISLE

P o d

P o d



Network E q u ipm ent Dis trib u tion
End of Row and Middle of Row

Patch panel Patch panel

N etw o r k  
A cces s  Po i nt

A  - B

E n d  of  R ow

s er v er

s er v er

s er v er

s er v er

Patch panel
X-co nnect

N etw o r k  
A cces s  Po i nt

C  - D

Patch panel
X-co nnect

Patch panel

N etw o r k  
A cces s  Po i nt

A  - B

M i d d l e of  R ow

s er v er

s er v er

s er v er Patch panel
X-co nnect

N etw o r k  
A cces s  Po i nt

C  - D

Patch panel
X-co nnect

Patch panel

E nd  of  R ow
▪Traditionally used
▪C op p er f rom  serv er to ac c ess sw itc h es
▪P oses c h alleng es on h ig h ly dense serv er f arm s

▫ D istanc e f rom  f arth est rac k  to ac c ess p oint
▫ R ow  leng th  m ay not lend itself  w ell to 
sw itc h  p ort density

M id d l e  of  R ow
▪ U se is starting  to inc rease g iv en E oR c h alleng es
▪ C op p er f rom  serv ers to ac c ess sw itc h es
▪ I t addresses ag g reg ation req uirem ents f or ToR
ac c ess env ironm ents
▪ F ib er m ay b e used to ag g reg ate ToR

C ommon C h ar act e r ist ics
▪Typ ic ally used f or m odular ac c ess
▪C ab ling  is done at D C  b uild-out
▪M odel ev olv ing  f rom  E oR to M oR
▪L ow er c ab ling  distanc es ( low er c ost)
▪A llow s denser ac c ess ( b etter f lex ib ility)

▪6-1 2  m ulti-R U  serv ers p er R ac k
▪4-6 K w p er serv er rac k ,  1 0 K w -2 0 K w  p er netw ork  
rac k
▪S ub nets and V L A N s:  one or m any p er sw itc h .  
S ub nets tend to b e m edium  and larg e:  / 2 4,  / 2 3

s er v er

F ib er
Cop p er



Network E q u ipm ent Dis trib u tion
T op of  R ac k

T o p o f  R ack

s er v er

s er v er

T o p o f  R ack

s er v er

T oR
▪ U sed in c onj unc tion w ith dense ac c ess 
rac k s( 1U  serv ers)
▪ T ypic al l y one ac c ess sw itc h per rac k

▪Som e c ustom ers are c onsidering tw o +  
c l uster

▪ U se of  either side of  rac k  is gaining trac tion
▪ Cab l ing:

▪ W ithin rac k : Copper f rom  serv er to 
ac c ess sw itc h
▪ O utside rac k  ( upl ink ) :

▪ C op p er ( G E ):  needs a M oR m odel f or f ib er 
ag g reg ation
▪ F ib er ( G E  or 1 0 G E ): is m ore f lex ib le and also 
req uires ag g reg ation m odel ( M oR )

▪Sub nets a nd  V L A N S:
▪ one or m any sub nets p er ac c ess sw itc h
▪ S ub nets tent to b e sm all:  / 2 4,  / 2 5 ,  / 2 6

Patch panel

N etw o r k  
A g g r eg ati o n 

Po i nt
A  - B

s er v er

s er v er

s er v er Patch panel
X-co nnect

N etw o r k  
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Po i nt
A  - B

Patch panel
X-co nnect

Patch panel
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T o p o f  R ack T o p o f  R ack

N etw o r k  
A g g r eg ati o n 

Po i nt
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Patch panel
X-co nnect

N etw o r k  
A g g r eg ati o n 

Po i nt
C  - D

Patch panel
X-co nnect

T o p o f  R ack

s er v er
T o p o f  R ack

Patch panel Patch panel



Network E q u ipm ent Dis trib u tion
B l ade C h assis

S w it ch  t o S w it ch
▪ P otential l y higher ov ersub sc ription
▪Sc al es w el l  f or b l ade serv er rac k s 
( ~ 3 b l ade c hassis per rac k )
▪ M ost c urrent upl ink s are c opper b ut 
the new er sw itc hes of f er f ib er
▪ M igration f rom  GE to 10GE upl ink s 
is tak ing pl ac e

P ass-t h r ou g h
▪Sc al es w el l  f or pass-through b l ade 
rac k s
▪Copper f rom  serv ers to ac c ess 
sw itc hes

T oR
▪ H av e not seen it used in 
c onj unc tion w ith b l ade sw itc hes
▪ M ay b e a v iab l e option on pass-
through env ironm ents is the 
ac c ess port c ount is right
▪Ef f ic ient w hen used w ith B l ade 
V irtual  Sw itc h env ironm ents

Blad e C has s i s
s w 1 s w 2

Blad e C has s i s
s w 1 s w 2

Blad e C has s i s
s w 1 s w 2

Blad e C has s i s
Pas s -thr o u g h

Blad e C has s i s
Pas s -thr o u g h

Blad e C has s i s
Pas s -thr o u g h

N etw o r k  
A g g r eg ati o n 

Po i nt
A  – B – C  - D

Patch panel
X-co nnect

N etw o r k  
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Po i nt
A  – B - C  - D

Patch panel
X-co nnect
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s w 1 s w 2
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N etw o r k  
A g g r eg ati o n 
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A  – B - C  - D
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� C abl e
�Tran sce iv e r
L at e n cy  ( l in k )

� P o w e r
( e ach  sid e )� D ist an ce�Te ch n o l o g y

�Tw in ax � ~ 0 . 2 5 µs� ~ 0 . 1 W� 1 0 m� S FP +  C u
Tw in -Ax

� M M  6 2 . 5 µm
M M  5 0 µm � ~ 0� 1 W� 8 2 m

3 0 0 m
� S FP +  S R
s ho r t r each

� M M  O M 2
M M  O M 3 � ~ 0� 1 W� 1 0 m

1 0 0 m
� S FP +  U S R

u ltr a s ho r t r each

�Cat6
Cat6a/ 7
Cat6a/ 7

� 2 . 5 µs
2 . 5 µs
1 . 5 µs

� ~ 8 W
~ 8 W
~ 4 W

� 5 5 m
1 0 0 m
3 0 m

� 1 0 G B AS E -T

Trans m is s ion M edia:  S F P +  Copper Twin-ax
SFP+ CuSFP+ Cu SFP+ Slot Characteristics:

1 0  G b p s  b a n d w i d t h
P H Y  =  1 . 8  w a t t
M a x  T e m p  =  7 0  C

SFP+ Slot Characteristics:
1 0  G b p s  b a n d w i d t h
P H Y  =  1 . 8  w a t t
M a x  T e m p  =  7 0  C



U n i f i ed  I / O

T raf f i c
M an ag emen t

L 2  M u l t i pat h i n g

E m erging S tandards
A l l  appl ic ab l e to D ata C enter Env ironments

� I E T F  T R I L L  W G
P r o p o sa l  t o  so l v e  L 2  S T P  f o r w a r d i n g  l i m i t a t i o n s

� I E E E  8 0 2 . 1 a q
E n h a n c e m e n t  t o  8 0 2 . 1 Q  t o  p r o v i d e  S h o r t e st  P a t h  B r i d g i n g  
( O p t i m a l  B r i d g i n g )  i n  L 2  E t h e r n e t  t o p o l o g i e s

� I E E E  8 0 2 . 1 Q a u  – C o n g e st i o n  M a n a g e m e n t
S i g n a l  c o n g e st i o n  i n f o r m a t i o n  t o  e n d  st a t i o n s t o  a v o i d  f r a m e  l o ss
. 1 Q  t a g  e n c o d e d  p r i o r i t y  v a l u e s t o  se g r e g a t e  f l o w s
S u p p o r t  h i g h e r  l a y e r  p r o t o c o l s t h a t  a r e  l o ss se n si t i v e  

� P r i o r i t y -b a se d  F l o w  C o n t r o l
I n t e n d e d  t o  sp e c i f y  p r o t o c o l s,  p r o c e d u r e s a n d  m a n a g e d  o b j e c t s 
t h a t  su p p o r t  f l o w  c o n t r o l  p e r  t r a f f i c  c l a ss a s i d e n t i f i e d  b y  t h e V L A N  
t a g  e n c o d e d  p r i o r i t y  c o d e  p o i n t

� I E E E  8 0 2 . 1 Q a z  - E n h a n c e d  T r a n sm i ssi o n  S e l e c t i o n
S p e c i f i e s e n h a n c e m e n t  o f  t r a n sm i ssi o n  se l e c t i o n  t o  su p p o r t  
a l l o c a t i o n  o f  b a n d w i d t h  a m o n g st  t r a f f i c  c l a sse s

� T 1 1  F C o E




