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Agenda
� DR solutions - m otiv a tion,  p a r a m e te r s,  c om p one nts
� O p tions f or  DC  inte r c onne c tion
� W DM  sy ste m  a na tom y
� De sig n sc e na r ios a nd  e x a m p le s
� P r otoc ol a nd  a p p lic a tions inte r a c tions w ith  tr a nsp or t 
sy ste m s

� C e r tif ic a tions
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Disa st er  r ec o v er y  a nd 
b u siness c o nt inu a nc e 
so l u t io ns

Motivation, components and parameters
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B u s i nes s  c o nt i nu anc e s o l u t i o ns
� M otiv a tion f or  B C / DR solutions

P rotect operation of  enterprise or org aniz ation du ring  
u nex pected event (‘disaster’)
S ometimes enf orced b y  l aw  or oth er reg u l ation (B asel  I I  etc. )

� W h a t h a v e  to b e  d one  to c r e a te  B C / DR p olic y
I dentif ication of  C ritical  A ppl ications
D istance b etw een disaster and recovery  z one
Mode of  operation (active-active, active-stanb y )
T ol erab l e A ppl ication dow n time

� W h a t p a r a m e te r s sh ould  B C / DR p olic y  h a v e
Mu st b e measu rab l e
R T O , R P O , R A O
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D i s as t er  r ec o v er y  p ar am et er s

� H ow  cu rrent or f resh  is th e 
data af ter recovery ?

� H ow  q u ick l y  can sy stems and 
data b e recovered?

time

D is a s ter
s tr ik es

time t1 time t2

S y s tems  r ec o v er ed
a n d  o p er a tio n a l

R ec o v er y  time

Extended
C l u s ter

M a nu a l
M i g r a ti o n

T a p e
R es to r e

s ec s m i ns h o u r s da y s w eek s

$$$   Increasing cost

R ec o v er y  p o in t

S y nc h r o no u s
R ep l i c a ti o n

s ec sm i nsh o u r sda y s

A s y nc h r o no u s
R ep l i c a ti o n

P er i o di c
R ep l i c a ti o n

T a p e
b a c k u p

time t0

$$$   Increasing cost

C r itic a l  d a ta  is  
r ec o v er ed

Re c ov e r y  T im e  O b j e c tiv e  a nd  Re c ov e r y  P oint O b j e c tiv e
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D i s as t er r ec o v er y  p ar am et er s

time

D is a s ter
s tr ik es

time t1 time t2

S y s tems  r ec o v er ed
a n d  o p er a tio n a l

R ec o v er y  time
time t3

A c c es s in g  r ec o v er ed  &
o p er a tio n a l  s y s tems

( t2)� R ec o v er y  T ime O b j ec tiv e
( t3 – t2)� R ec o v er y  A c c es s  O b j ec tiv e

Time taken by network to converge and provide a path 
f or cl ients  to acces s  the appl ications  and data
Note: RAO can be +v e or  –v e w . r . t.  Recov er y  ti m e ( t2 )

Re c ov e r y  A c c e ss O b j e c tiv e
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B u s i nes s  C o nt i nu anc e /  D i s as t er  R ec o v er y
F ront end:  S ite s el ection
• pointing  u sers to operational  site

• D N S  b a s e d  s o l u t i o n s
• s o l u t i o n s  b a s e d  o n  r o u t i n g  p r o t o c o l s  (R H I )
• H T T P  r e d i r e c t i o n

A ppl ication:  C ontent s witching
• sel ecting  th e appropriate server to
perf orm req u ested operation

• l o a d  b a l a n c i n g
• l o a d  a n d  h e a l t h  m o n i t o r i n g

B ack end:  D ata repl ication and 
inter datacenter trans port
• ensu ring  data avail ab il ity  in case of
disaster or f ail u re

• s o l u t i o n s f o r  s t o r a g e  a r r a y b a s e d  m i r r o r i n g
• C D P  s o l u t i o n s
• o p t i c a l  s o l u t i o n s  (D W D M ,  C W D M ,  S D H )
• F C I P

L og ic a l solution c om p one nts

MDS 
9 5 0 0

C/DWDM
N e t w o r k

S O N E T /S DH

I P  WA N

Metro / Wide 
D a ta  C en ter
I n terc on n ec t 

N etw ork

ONS
1 5 5 X 0
1 5 4 x x

ONS
1 5 4 5 4

7 X 0 0

St o r a g e  &
T a p e  A r r a y s

Blade Servers
U N I X / N T  Servers

M ai n f ram es

MDS 
9 5 0 0

St o r a g e  &
T a p e  A r r a y s

Blade Servers
U N I X / N T  Servers

M ai n f ram es

Access 
N et w o r k
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Disa st er  r ec o v er y  a nd 
b u siness c o nt inu a nc e 
so l u t io ns

O ptions f or datacenter interconnect
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I nt er  dat ac ent er  c h annel s
� Data network (LAN/MAN)

� G i g a b i t  E t h e r n e t
� 1 0  G i g a b i t  E t h e r n e t

� S torag e Area Network (S AN)
� F i b e r  C h a n n e l  (1 ,  2 ,  4  a n d  1 0  G b p s )
� F I C O N  (1 ,  2 ,  4 a n d  1 0 G b p s )
� E S C O N

� C h annel s  f or c l u s ter ap p l i c ati ons
� H e a r t b e a t  s i g n a l s  (G E ,  F E )
� G D P S / G D P S  2 (S y s p l e x E T R / C L O ,  I S C -1 ,  I S C -2 ,  I S C -3 ,  S T P )

� O th ers
� E 1  o r  E 3  f o r  v o i c e
� S T M -x  f o r  A T M
� F D D I
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D at ac ent er  i nt er c o nnec t  o p t i o ns

S h o r t  d i s t a n c e  ~  1 0 0  – 2 0 0  k m

D WD M/C WD M
• most often short distance 
• dark  fib er mu st b e av ail ab l e
• dedicated channel s for L A N ,  

S A N  and other sig nal s

L o c a l
Da t a c e n t e r

S A NS A N

IP R o u t e d
W A N

S D H

Me d i u m  d i s t a n c e

S h o r t  – L o n g  d i s t a n c e
0  - 5 0 0 0 +  k m

L o c a l
Da t a c e n t e r

R e m o t e
Da t a c e n t e r

R e m o t e
Da t a c e n t e r

R e m o t e
Da t a c e n t e r

S O N E T /S D H
• most often short – intermediate distance
• dark  fib er not av ail .  – distance,  cost,  ex hau st
• l ink s may  b e shared
• E oS D H and F C oS D H

I P ,  I P /MP L S ,  Metro E th ern et
• short – l ong  distance
• dark  fib er not av ail ab l e
• l ink s may  b e shared
• F C I P  for F C  and/ or F I C O N

SiSi
L A N

S A N

SiSi
L A N

S A N

SiSi
L A N

L o c a l
Da t a c e n t e r

SiSi

S A N

SiSi

L A N

L A N

S A N

SiSiL A N
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S i ngl e l am b da v s .  m u l t i p l e l am b das
� S ing le  la m b d a

- O ne ch annel onl y  (e. g .  1 0 0 0 B aseZ X , 1 0 G B aseZ R  etc. )
- More ' ch annel s' – u sing  T D M (S D H , E oS D H , F C oS D H ) or I P  (F C I P , C E oI P )

� M ultip le  la m b d a s ( g r id s d e f ine d  b y  I T U  sta nd a r d )
- C W D M – 2 0  nm g rid (u su al l y  8 or 1 6  ch annel s)
- D W D M – 2 0 0  G H z , 1 0 0  G H z  or 5 0  G h z  g rid
- W W D M 

� I n I T U  te r m inolog y
– D W D M:  ch annel  spacing  is l ess th an 1 0 0 0  G H z  (8 nm at 1 5 5 0  nm)
– C W D M:  ch annel  spacing  is g reater th an 1 0 0 0  G H z  (8 nm at 1 5 5 0  nm) b u t l ess th an 5 0  nm
– W W D M:  ch annel  spacing  is g reater th an 5 0  nm (f or ex ampl e j oint 1 3 1 0 -1 5 5 0  du al  b ands)
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T r ans m i s s i o n B ands

1625 – 167 5U
1565 – 1625L
153 0  – 1565C
14 60  – 153 0S
13 60  – 14 60E
1260  – 13 60O
W a v e l e n g t h  ( n m )B a n d� O p tic a l tr a nsm ission is c ond uc te d  in 

w a v e le ng th  r e g ions,  c a lle d  “b a nd s”.
� C om m e r c ia l DW DM  sy ste m s ty p ic a lly  
tr a nsm it a t th e  C -b a nd

Mainl y  b ecau se of  th e E rb iu m-D oped F ib er 
A mpl if iers (E D F A ).

� C om m e r c ia l C W DM   sy ste m s ty p ic a lly  
tr a nsm it a t th e  S ,  C  a nd  L  b a nd s.

� I T U -T  h a s d e f ine d  th e  w a v e le ng th  g r id  f or  
x W DM tr a nsm ission

G . 6 9 4 . 1  recommendation f or D W D M 
transmission, covering  S , C  and L  b ands.
G . 6 9 4 . 2  recommendation f or C W D M 
transmission, covering  O , E , S , C  and L  b ands.
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CWDM/DWDM 
designs f o r  DC 
int er c o nnec t

W D M sy stem anatomy
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W D M  s y s t em  anat o m y  - c o l o r ed c l i ent s

GE

F C

S D H

I T U -T  Gr i d  f o r
C W D M  o r  D W D M

W a v e l e n g t h  
M u l t i p l e x e d  
S i g n a l s  

W D M
M u x
( F il ter)

W D M
M u x
( F il ter)

G B I C / S F P / X E N P A K

C ol ored op tics

G B I C / S F P / X E N P A K

C l i e n t  e q u i p m e n t
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W D M  s y s t em  anat o m y  - t r ans p o nder s

L o w  C o s t
M M / S M

8 5 0 n m / 1 3 1 0 n m

GE

ES C O N /
F C

A T M

I T U -T  Gr i d  f o r
C W D M  o r  D W D M  

W a v e l e n g t h  
M u l t i p l e x e d  
S i g n a l s  

W D M
M u x
( F il ter)

W D M
M u x
( F il ter)

O E O

O E O

O E O
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W D M  s y s t em  c o m p o nent s - T r ans p o nder

� 2 R—Re g e ne r a te  a nd  Re sh a p e
� 3 R—Re g e ne r a te ,  Re sh a p e  a nd  Re tim e

Client-S id e
( 1 5 5 0 n m  S M

1 3 1 0 n m  S M  o r  M M
8 5 0 n m  M M )

T r u nk -S id e W D M  
( 1 5 5 0 n m  L a m b d a  
i n  I T U  g r i d )

E lec tr ic a l D o m a in
( P r o to c o l)  P er f o r m a nc e 

M o nito r ing
R ed u nd a nc y  Co ntr o l,  
F E C/ E F E C,  O F C, …

O p tic a l O p tic a lE lec tr ic a l
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F i b er  at t enu at i o n
� T h e  d e c r e a se  in op tic a l le v e l a long  a  f ib e r  op tic  w a v e g uid e
� T w o m a in c om p one nts:

A b sorption: portion of  optical  attenu ation in optical  f ib er resu l ting  
f rom th e conversion of  optical  pow er to h eat.  C au sed b y  impu rities in 
th e f ib er su ch  as h y drox y l  ions.  
S cattering : ch ang e of  direction of  l ig h t ray s or ph otons af ter strik ing  
smal l  particl es.  I t may  al so b e reg arded as th e dif f u sion of  a l ig h t
b eam cau sed b y  th e non-h omog eneity  of  th e transmitting  material .  

� Dif f e r e nt f or  d if f e r e nt w a v e le ng th  ( low e st in C -b a nd )
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C h r o m at i c  D i s p er s i o n ( C D )

� T h e optical  pu l se tend to spread as it propag ates dow n th e f ib er, 
l imiting eith er th e b it rate or th e max imu m ach ievab l e distance at a 
specif ic b it rate

� C h romatic D ispersion =  Material  D ispersion +  W aveg u ide D ispersion
� C h romatic D ispersion is a f ib er ch aracteristic (D = 1 7  ps/ nm. k m), b u t 
al so depends on th e l ig h t sou rce

� P h y sics b ack g rou nd:  T h e ref ractive index  h as a w avel eng th  
dependent f actor

B i t  1 B i t  2 B i t  1 B i t  2B i t  1 B i t  2B i t  1 B i t  2 B i t  1 B i t  2
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W a v e l e n g t h
λ

Di
sp

ers
ion

 ps
/nm

-km 2 0

0
13 10 nm

Norm al  S i ng l e Mod e F i b er
(S MF -2 8 ,  G . 6 5 2 ) > 9 5 %  of  Dep l oy ed  P l ant 
(new S MF -2 8 e.  G . 6 5 2 . C ,  Z W P F )

Di s p ers i on S h i f ted  F i b er (DS F ,  G . 6 5 3 )

F i b er  C l as s i f i c at i o n

Nonz ero Di s p ers i on S h i f ted  F i b ers  (NZ DS F ,  G . 6 5 5 )

~+ 3p s/ nmk m

~-3p s/ nmk m

15 5 0nm
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CWDM/DWDM 
designs f o r  DC 
int er c o nnec t

D esig n scenarios
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• U ses col ored interf aces (G B I C , S F P , X E N P A K , X 2 , X F P  etc. ) in C W D M 
or D W D M w avel eng th  g rid pl u g g ed directl y  in commu nication devices 
(eth ernet or F C  sw itch es) and passive D W D M or C W D M f il ters

• L ow er cost th an transponder b ased sy stem b u t l ess f u nctional ity
• C an b e comb ined w ith  transponder b ased sol u tion

FC

M D S 9 0 0 0

M U X -8M U X -8

M U X -8M U X -8

C a t a l y s t  6 5 0 0

FC

M D S 9 0 0 0

C a t a l y s t  6 5 0 0

M U X -8M U X -8

M U X -8M U X -8

D R  s o l u t i o n w i t h  i nt egr at ed W D M  o p t i c s
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Cisco CW D M f il t er s a n d  p l u g g a b l e m od u l es
P as s i v e C W DM s ol u ti on
�8 ch annel s (2 0 nm spacing , 1 4 7 0 nm-1 6 1 0 nm)
� l ow  insertion l oss f or new  g eneration modu l es 
�ring , b u s, p-t-p
� G B I C s, S F P s and passive f il ters
� G E , F C  (1 G , 2 G and 4 G )
� O ptical  b u dg et

min.  3 0 dB  f or C W D M G B I C s (G E )
min.  2 8 dB  f or C W D M S F P s (2 G  F C )
min.  1 6  dB  f or C W D M S F P s ) (4 G  F C )

� S ing l e f ib re sol u tion - 4  ch annel s 
� S tandal one 2  ch annel  transponder f or cases 
w h ere col ored interf ace is not directl y  su pported in 
device
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I T U -T  G . 6 5 2 . C  Z er o  W at er  P eak  F i b er  ( Z W P F )
� De sig ne d  to sup p or t C W DM a p p lic a tion w ith  m or e  th a n 
8 c h a nne ls,  th e  Z W P F  r e m ov e s th e  a b sor p tion p e a k  
a r ound  1 3 83  nm

� F r om  a  C h r om a tic  Disp e r sion sta nd p oint it b e h a v e s a s a  
sta nd a r d  G .6 5 2 f ib e r

S ou rce:  C orning  data sheets for S M F 28 TM and S M F 28 eTM



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l
S e s s i o n  I D
P r e s e n t a t i o n _ I D 24

Cisco D W D M  f il t er s a n d  p l u g g a b l e m od u l es
P as s i v e DW DM s ol u ti on
� 3 2 ch annel s (1 0 0 G H z  spacing ) 
� C isco O N S  1 5 2 1 6  F l ex l ay er f amil y
�ring , b u s, p-t-p
� G B I C s, S F P s, X E N P A K s and passive f il ters
� G E , F C  (1 g  and 2 g ) and 1 0 G E
�oth er col ored interf aces in D W D M g rid
� O ptical  b u dg et

min.  2 8 dB  f or D W D M G B I C s
min.  2 3 dB  f or D W D M X E N P A K s

� S ing l e f ib re sol u tion - 1 6  ch annel s
� S tandal one 2  ch annel  transponder f or cases 
w h ere col ored interf ace is not directl y  su pported 
in device
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Cisco eW D M  f il t er s
C om b i nati on of  C W DM and  DW DM
� 1 6 ch annel s (8 C W D M +  8 D W D M)
� u pg rade of  ex isting  C W D M netw ork s to 
1 6  ch annel s
� u pg rade to 1 0 G b ps 
� mu x / demu x , O A D M (2  and 4  ch annel s)
� E D F A  f or D W D M ch annel s
� C W D M and D W D M pl u g g ab l e modu l es
� S tandal one 2  ch annel  transponder f or 
cases w h ere col ored interf ace is not 
directl y  su pported in device
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C l i e n t  w i t h  1 3 1 0  n m  
i n t e r f a c e

C l i e n t  w i t h  1 5 5 0  n m  
i n t e r f a c e

Design with 1 3 1 0 / 1 5 5 0  nm  sp l itter  c a b l e 
� T w o u nprotected cl ients, one u sing  1 3 1 0 nm and second 1 5 5 0 nm 
� S impl est W D M ' device'  - f al l s into W W D M categ ory
� L ow  insertion l oss,  S impl ex  cab l e - tw o needed per site
� C an b e comb ined w ith  C W D M/ D W D M f il ters connected to 1 5 5 0 nm port

W D M -1 3 0 0 -1 5 5 0 -S =

W D M -1 3 0 0 -1 5 5 0 -S = W D M -1 3 0 0 -1 5 5 0 -S =

W D M -1 3 0 0 -1 5 5 0 -S =C l i e n t  w i t h  1 3 1 0  n m  
i n t e r f a c e

Tx
R x

C l i e n t  w i t h  1 5 5 0  n m  
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

Distance up to 10km

dB0 . 8-A D D / D R O P1 5 5 0  I n s e r t i o n  L o s s  
dB1 . 2-A D D / D R O P1 3 1 0  I n s e r t i o n  L o s s
UnitM a x im u mM inim u mP a thP a r a m e te r
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C l i e n t  w /  C W D M  
i n t e r f a c e

C l i e n t  w /  C W D M  
i n t e r f a c e

C l i e n t  w /  C W D M  
i n t e r f a c e

C l i e n t  w /  C W D M  
i n t e r f a c e

Design with p a ssiv e C W DM  f il ter s
� S up p or t f or  8 unp r ote c te d  c h a nne ls ov e r  f ib e r  p a ir  or  4  
unp r ote c te d  c h a nne ls ov e r  sing le  f ib e r  str a nd

C l i e n t  w /  C W D M  
i n t e r f a c e

Tx
R x

C l i e n t  w /  C W D M  
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

Distance up to 8 0km

C l i e n t  w /  C W D M  
i n t e r f a c e

Tx
R x

C l i e n t  w /  C W D M  
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

Distance up to 8 0kmCW D M  f i l t e r

CW D M  f i l t e r

CW D M  f i l t e r

CW D M  f i l t e r

1.51.51.5O A D M  1
-3 .03 .0S i n g l e  f i b e r

2 .11.81.8O A D M  4
-2 .22 .2M U X  8

P a s sD r o pA d dI n s e r t i o n  l o s s
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C l i e n t  w /  D W D M
i n t e r f a c e

C l i e n t  w /  D W D M
i n t e r f a c e

C l i e n t  w /  D W D M
i n t e r f a c e

C l i e n t  w /  D W D M
i n t e r f a c e

Design with p a ssiv e DW DM f il ter    

C l i e n t  w /  D W D M
i n t e r f a c e

Tx
R x

C l i e n t  w /  D W D M
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

Distance up to 8 0km

C l i e n t  w /  D W D M
i n t e r f a c e

Tx
R x

C l i e n t  w /  D W D M
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

Distance up to 8 0kmCW D M  f i l t e r

CW D M  f i l t e r

CW D M  f i l t e r

CW D M  f i l t e r

� S u pport f or u p to 3 2  u nprotected ch annel s over f ib er pair or u p to 1 6  
u nprotected ch annel s over sing l e f ib er strand

Av ai l ab l e m od u l es
• 8 and 2  ch annel  O A D M (tw o req u ired per site)
• 4  b and spl itter/ comb iner (tw o req u ired per site)
• 2 ,3 ,4  w ay  spl itter/ comb iner
• V O A  modu l e
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C l i e n t s  w /  C / D W D M  
i n t e r f a c e

C l i e n t s  w /  C / D W D M  
i n t e r f a c e

C l i e n t  w /  1 3 1 0  n m  
i n t e r f a c e

C l i e n t s  w /  C / D W D M  
i n t e r f a c e

Design with 1 3 1 0 / 1 5 5 0  nm  sp l itter  c a b l e 
in c o m b ina tio n with C / DW DM  f il ter
� C omb ination of  one cl ient u sing  1 3 1 0 nm and oth ers u sing  C W D M 
or D W D M w avel eng th s (u p to 8 ch annel s w ith  C W D M, u p to 3 2  
ch annel s w ith  D W D M)

� A l l ow s su pport of   ' l eg acy '  1 3 1 0 nm ch annel , comb ine 1 0 G E  w ith  
C W D M, etc.

� F ib er pair onl y , no sing l e strand

W D M -1 3 0 0 -1 5 5 0 -S =

W D M -1 3 0 0 -1 5 5 0 -S = W D M -1 3 0 0 -1 5 5 0 -S =

W D M -1 3 0 0 -1 5 5 0 -S =C l i e n t  w /  1 3 1 0  n m  
i n t e r f a c e

Tx
R x

C l i e n t s  w /  C / D W D M  
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

Distance up to 10km
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C l i e n t s  w /  C / D W D M  
i n t e r f a c e

C l i e n t s  w /  C / D W D M  
i n t e r f a c e

C l i e n t s  w /  C W D M
i n t e r f a c e

Design u sing eW DM  so l u tio n
� C omb ination of  8 ch annel s in C W D M g rid and 8 ch annel s in 
D W D M g rid

� C ost ef f ective u pg rade of  C W D M netw ork s
� C ost ef f ective option f or smal l  (approx .  4 0 % l ess f or 8 ch annel  
D W D M netw ork  comparing  to 1 5 2 1 6  F l ex l ay er)

C l i e n t s  w /  C W D M
i n t e r f a c e

Tx
R x Tx

R x

CW D M  f i l t e r CW D M  f i l t e r

e W D M f i l t e r e W D M f i l t e r

C l i e n t s  w /  C / D W D M  
i n t e r f a c e

C l i e n t s  w /  D W D M
i n t e r f a c e

Tx
R x C l i e n t s  w /  C / D W D M  

i n t e r f a c e
C l i e n t s  w /  D W D M

i n t e r f a c eTx
R x
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C l i e n t  w /  s t d  
i n t e r f a c e

C l i e n t  w /  s t d  
i n t e r f a c e

C l i e n t  w /  s t d  
i n t e r f a c e

C l i e n t  w /  s t d  
i n t e r f a c e

C o m p l em enting d esigns with sta nd a l o ne 
tr a nsp o nd er  u nit

� W h en C W D M or D W D M interf ace is not directl y  avail ab l e at cl ient th an 
W D M-S F P -2 C H -C O N V =  can b e u sed to convert sig nal  f rom 85 0  nm or 
1 3 1 0  nm to C W D M or D W D M g rid on b oth  sides.  O ne W D M-S F P -2 C H -
C O N V =  can h andl e tw o ch annel s

� W D M-S F P -2 C H -C O N V =  req u ires ' g rey '  S F P  in cl ient port and C / D W D M 
S F P  in netw ork  port and su pports S T M-1 , S T M-4 , S T M-1 6 , G E , 1 G  F C  
and 2 G  F C

C l i e n t  w /  s t d  
i n t e r f a c e

Tx
R x

C l i e n t  w /  s t d  
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

CW D M  o r  D W D M  f i l t e r CW D M  o r  D W D M  f i l t e r

W
DM

-S
FP

-2
CH

-C
O
NV

=

C l i e n t  w /  s t d  
i n t e r f a c e

Tx
R x

C l i e n t  w /  s t d  
i n t e r f a c e

Tx
R x Tx

R x

Tx
R x

CW D M  o r  D W D M  f i l t e r CW D M  o r  D W D M  f i l t e r

W
DM

-S
FP

-2
CH

-C
O
NV

=
W
DM

-S
FP

-2
CH

-C
O
NV

=

W
DM

-S
FP

-2
CH

-C
O
NV

=
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D R  s o l u t i o n w i t h  t r ans p o nder  b as ed D W D M

� S u pport of  many  dif f erent ch annel  ty pes:  G E , 1 0 G E , F C / F I C O N
(1 / 2 / 4 / 1 0 G ), S D H  (S T M-1 / 4 / 1 6 / 6 4 / 2 5 6 ), E S C O N , I B M sol u tion specif ic
interf aces (C L O , E T R , I S C ), video interf aces, 2 R  transparent sig nal  etc.

� C ost-ef f ectivel y ag g reg ates data and storag e services into 2 . 5  or 
1 0 G b ps l amb da

� B u f f er-to-b u f f er credits f or distance ex tension
� O ptical  perf ormance and compreh ensive protocol  (pay l oad) monitoring

M D S
9 0 0 0

G E / 10 G E C i s c o  O N S
1 5 4 5 4  M S T P

M D S
9 0 0 0

G D PS  [ C L O ,  E T R ,  IS C ]

1G / 2G / 4G / 10 G  
F C / F I C O N

D a ta  
Center  1

D a ta
Center  2

M etr o  D W D M λλλλ SiSi
SiSi

G D PS  [ C L O ,  E T R ,  IS C ]

G E / 10 G EC i s c o  O N S
1 5 4 5 4  M S T P

1G / 2G / 4G / 10 G  
F C / F I C O N
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C i s c o  u ni v er s al  o p t i c al  p l at f o r m
Cisco ONS 15454E M ST P

�32/ 4 0 / 80 w a v e l e n g th s  ( e x pa n d a b l e  to  1 1 2)
�r i n g ,  b u s ,  p-t-p,  m e s h
�5 0 / 1 0 0 G H z  s pa c i n g ,  C -b a n d / L -b a n d
�f i x e d  O A D M s  a n d  R O A D M s
�v a r i o u s  tr a f f i c  pr o te c ti o n  s c h e m e s
�T r a n s po n d e r s :

8M b ps -2. 5 G b ps
1 0 G E , S T M 6 4 , 1 0 G F C
S T M -25 6  s u ppo r t
C L O / E T R

�S e r v i c e  a g g r e g a ti o n  ( m u x po n d i n g ) :
1 / 2/ 4 G  F C / F I C O N ,  I S C 1 / I S C 3;  
G E ,  E S C O N ,  1 G  F C / F I C O N ;
S T M -1 6

�I n te g r a te d  E D F A s w i th  D C U  s u ppo r t
�s u ppo r t f o r  F E C  a n d  E F E C
�m o r e  th a n  20 0 0 k m w i th o u t r e g e n e r a ti o n
�e n te r pr i s e / r e g i o n a l / S P
�c e r ti f i e d  b y  m a j o r  s to r a g e  v e n d o r s
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C isc o  O N S  1 5 4 5 4  M S T P
2.5Gbps Service Cards

� Simple planning, sparing, and ordering with multi-rate, multiprotoc ol and pluggab le optic s
� O ptic al and pay load monitoring
� F E C  support at 2 . 5 G b ps transponder
� G . 7 0 9  support
� C lient 1 + 1 , Y-c ab le and splitter protec tion

S O NE T /S DH

2. 5 G  M u l ti-R ate T ransp onder

8 x E S C O N
2x G ig ab it E thernet 2x 1G  F C / F I C O N

1x 2G  F C / F I C O N

2. 5 G  D ataM u x p onder

O C -3/ S T M -1
O C -12/ S T M -4
O C -48 / S T M -16

E T R / C L O
1G  F C / F I C O N
2G F C / F I C O N

1x G ig ab it E thernet
S D I
D V 6 0 0 0
H D T V

E th ernet S AN V i d eo
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10 G b  E nhanced T ransp onder

4x S T M 16  → O T U -2

� A ll 1 0 G  applic ations c ov ered b y  1  transponder, 
� A ggregation c ards reduc e the c ost of  serv ic e deliv ery
� F ull C -b and or L -b and tunab ility  - 8 0 c hannels @  5 0 G H z  spac ing ( except crossponders)
� F E C  and E F E C  support ( G . 9 7 5 , G . 9 7 5 . 1 ) , G . 7 0 9  support 
� O ptic al and pay load monitoring, C lient 1 + 1 , Y-c ab le protec tion and ' splitter'  ( X P )

S T M -6 4 10 G E L A N  and W A N  P H Y

8 x G E

10 G F C
4x 2. 5 G  M u x p onder

8 x  1G F C / F I C O N / I S C -1
4x  2G  F C / F I C O N / I S C -3
2x  4G  F C / F I C O N

10 G b  D ata M u x p onder

S O NE T /S DH /O T N E th ernet S AN

Cisco ONS 15454 MSTP
10 Gbps Service Cards

G E / 10 G E  C rossp onders
G E / 10 G E

S T M -6 4,  O T U -2 cl ient 10 G E L A N  and W A N  P H Y 10 G F C
O T U -2 C rossp onder

M S P P  on the B l ade
S T M  1/ 4/ 16  and G E
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Site A
Cisco ONS 15454 MSTP

F ib er  pair  A  ( 18 km,  10. 2 5  d B )

F ib er  pair  B  ( 9 km,  4 . 5 d B )

Site B
Cisco ONS 15454 MSTP

P a i r  o f  130 0 / 1550  
s p l i t t e r  c a b l e s

1310  n m  s i g n a l  
f r o m  P B X

C-b a n d  D W D M  
c h a n n e l s

M u l t i p l e x e d  
1310 n m  s i g n a l  
a n d  C-b a n d  

D W D M  c h a n n e l s

C i s c o  O N S  1 5 4 5 4  - ex am p l e 1  ( b ank )
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C i s c o  O N S  1 5 4 5 4  - ex am p l e 2  ( i ns u r anc e)

59km @ 0.25dB/km

� Two identical systems

Site A
Cisco ONS 15454 MSTP

Site B
Cisco ONS 15454 MSTP
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� H i g h f l ex i b i l i ty  i n s y s tem  d ep l oy m ent,  m os t of  ap p l i c ati ons  c ov ered
� B road rang e of  p otenti al  s erv i c e of f eri ng s
� 4 0 G b p s s u p p ort al l ows  f or f u rth er b and wi d th  s c al i ng

C i s c o  O N S  1 5 4 5 4  i nt er f ac es

TDM
•S T M -1
•S T M -4
•S T M -16
•S T M -6 4
•S T M -2 5 6
•E 1,  E 3  ( M S P P  
integ r a tio n)

S t o r a g e
•1G  F C/ F I CO N
•2 G  F C/ F I CO N
•4G  F C/ F I CO N
•10G  F C
•E S CO N
•I S C 1
•I S C 3
•S y s p lex  CL O
•S y s p lex  E T R

Da t a
•F E
•G E
•10G E  L A N  P H Y
•10G E  W A N  P H Y

V i d e o
•D V -6 000
•H D T V
•S D I
•D 1 v id eo
•D V B  A S I

2 R
•A ny  r a te f r o m  
100 M b p s  to  
2 . 5  G b p s
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S F P

10/100/1000BaseT for GE XponderM et al i c  c l i ent  S F P

1000BaseL X,  S D H  S R /I R  c l i ent s,  F C  S M F  c l i ent sGrey  opt i c s 13 10 nm  S F P
1000BaseS X,  M M F  F C  c l i ent sGrey  opt i c s 8 5 0 nm  S F P

GE,  1/2 G F C ,  S TM -16   (release 8.5)C W D M  c l i ent  opt i c s

Ex am pl eTy pe/c at eg ory

GE,  1/2 G F C ,  S TM -16  (release 8.5)

10GBaseER /EW ,   S TM -6 4  L R
10GBaseL R ,  10G F C ,  S TM -6 4
1000BaseZ X,  S D H  L R  c l i ent s

D W D M  c l i ent  opt i c s

Grey  opt i c s 15 5 0 nm  XF P
Grey  opt i c s 13 10 nm  XF P
Grey  opt i c s 15 5 0 nm  S F P

P l u ggab l e c l i ent  i nt er f ac es

� Lower op ex  th rou g h  c om m on s p ari ng  wi th  oth er C i s c o p rod u c ts
� P er p ort reac h  and  rate s el ec ti on
� T i g h t i nteg rati on of  C W DM and  DW DM f rom  network p eri m eter
� H i g h trans p ond er reu s ab i l i ty  f or d i f f erent s erv i c es

X F P
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• R a c k D i a g r a ms
• S t e p -b y -S t e p  I n t e r c o n n e c t

• S m o o th  T r a ns itio n f r o m  D es ig n 
to  I m p lem enta tio n

• T r a f f ic  r eq u ir em ents :
• A n y -t o -A n y  D e ma n d p r o v i de d b y  
R O A D M
• P o i n t -t o -p o i n t  de ma n ds

• Co m p r eh ens iv e A na ly s is  c h ec k s  
f o r :

• w a v e l e n g t h  r o u t i n g  a n d s e l e c t i o n
• o p t i c a l  b u dg e t  a n d O S N R
• C D ,  P M D ,  a mp l i f i e r  t i l t  e t c .

• G U I -b a s ed  N etw o r k  D es ig n E ntr y

• Bi l l  o f  M a t e r i a l s

C i s c o  T r ans p o r t  P l anner
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C h annel  p r o t ec t i o n m ec h ani s m s
� Protection mechanisms

S p l i t t e r  b a s e d p r o t e c t i o n
Y-c a b l e  b a s e d p r o t e c t i o n
C l i e n t  b a s e d p r o t e c t i o n

� Protection sig nal l ing
O p t i c a l / a n a l o g u e  p a r a m e t e r s —L O S / L O L
D i g i t a l  p e r f o r m a n c e  m o n i t o r i n g  p a r a m e t e r s — a p p l i c a t i o n -s p e c i f i c
C l i e n t -s i d e / t r u n k -s i d e

� Path sw itching
U n i -d i r e c t i o n a l
B i -d i r e c t i o n a l
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C isc o  O N S  1 5 4 5 4 M S T P  P r o tec tio n S c hem es

P a t h  &  E q u i p me n t  P r o t e c t i o n
( C l i e n t  p r o t e c t i o n )

P a t h  &  E q u i p me n t  P r o t e c t i o n
( Y -C a b l e  p r o t e c t i o n )

���� �����
	 �
��

�� � ����� � � � �	 ����

��
� ��

�

��
� ��

�

Working path

Protection path

TX
P

TX
P

TX
P

TX
P

P a t h  P r o t e c t i o n
( S p l i t t e r  p r o t e c t i o n )

Working path

Protection path

TX
PP

TX
PP
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CWDM/DWDM 
d e s i g n s  f o r  DC 
i n t e r c o n n e c t

S ol u tion ex amp l es
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C W D M  des i gn ex am p l e

FC

MDS9000

MU X -8MU X -8

MU X -8MU X -8

C a t a l y s t  6 5 00

FC

MDS9000

C a t a l y s t  6 5 00

MU X -8MU X -8

MU X -8MU X -8

3 0km @ 0.3 5dB/km

• G E  and  2 G  F C  p orts,  8  channel  mu x / d emu x  - insertion l oss 2 . 2  d B
• T X  (min) :  0  d B m,  T X  (max ) :  + 5  d B m
• R X  (min) :  -2 9 d B m@ 1 G b p s,  -2 8 d B m@ 2 G b p s
• D isp ersion p enal ty :  2 d B @ 1 G b p s,  3 d B @ 2 G b p s
• C onnector marg in:  0 . 5  d B ,  A g ing  marg in:  1 d B
• W orst case b u d g et:  0  - (-2 8 )  -2 * 2 . 2  - 3  - 2 * 0 . 5  - 1  =  1 8 . 6  d B
• S p an attenu ation:  3 0 * 0 . 3 5  =  1 0 . 5  d B  = >  d esig n is O K
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Site A
Cisco ONS 15454 MSTP

F ib er  pair  A  ( 18 km,  10. 2 5  d B )

F ib er  pair  B  ( 9 km,  4 . 5 d B )

Site B
Cisco ONS 15454 MSTP

P a i r  o f  130 0 / 1550  
s p l i t t e r  c a b l e s

1310  n m  s i g n a l  
f r o m  P B X

C-b a n d  D W D M  
c h a n n e l s

M u l t i p l e x e d  
1310 n m  s i g n a l  
a n d  C-b a n d  

D W D M  c h a n n e l s

C i s c o  O N S  1 5 4 5 4  - ex am p l e 1  ( b ank )
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C i s c o  O N S  1 5 4 5 4  - ex am p l e 2  ( i ns u r anc e)

59km @ 0.25dB/km

� Two identical systems

Site A
Cisco ONS 15454 MSTP

Site B
Cisco ONS 15454 MSTP
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C i s c o  O N S  1 5 4 5 4 / 1 5 2 1 6  H y b r i d ex am p l es
� U nidir ectional
� B idir ectional
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DROP-COM-RX

Site 1

Site 2

15 km SMF, 8 dB

DROP-COM-RX

DROP-COM-RX

ADD-COM-RX

ADD-COM-TX

ADD-COM-TX

ADD-COM-RX
1 5 21 6 -F L B -2-6 0 . 6 =

A D D

1 5 21 6 -F L B -2-6 0 . 6 =
D R O P

RX 15454-M R -L 1-58 . 1= T X

RX 15454-M R -L 1-58 . 1= T X

RX 15454-10 D M E -C = T X

T X 15454-M R -L 1-58 . 1= RX

T X 15454-M R -L 1-58 . 1= RX

T X 15454-10 D M E -C = RX

ADD-COM-TX
DROP-COM-TX

DROP-COM-RX
ADD-COM-RX

ADD-COM-TX
DROP-COM-TX

1 5 21 6 -F L B -2-5 8 . 9 =
A D D

1 5 21 6 -F L B -2-5 8 . 9 =
D R O P

1 5 21 6 -F L B -2-6 0 . 6 =
A D D

1 5 21 6 -F L B -2-5 8 . 9 =
A D D

1 5 21 6 -F L B -2-6 0 . 6 =
D R O P

1 5 21 6 -F L B -2-5 8 . 9 =
D R O P

1560.61 

1560.61

1558 .9 8

1558 .17

1560.61 

1560.61 

1558 .9 8  

1558 .17  
1558 .9 8  

1558 .17  

1558 .17

1558 .9 8
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Site 1

Site 2

15 km SMF

(s i n g l e  s t r a n d )

DROP-COM-RX

DROP-COM-RX

ADD-COM-RX

ADD-COM-TX

ADD-COM-TX

ADD-COM-RX

1 5 2 1 6 -F L A -8-6 0. 6 =
A DD

1 5 2 1 6 -F L A -8-6 0. 6 =
DR O P

1 5 2 1 6 -F L A -8-5 2 . 5 =
DR O P

1 5 2 1 6 -F L A -8-5 2 . 5 =
A DD

R X 15 4 5 4 -DM -L 1-5 8 . 1= T X

R X 15 4 5 4 -DM -L 1-5 8 . 1= T X

R X 15 4 5 4 -10DM E -C =  T X

T X 15 4 5 4 -DM -L 1-5 0. 1= R X

T X 15 4 5 4 -DM -L 1-5 0. 1= R X

T X 15 4 5 4 -10DM E -C =  R X
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CWDM/DWDM 
d e s i g n s  f o r  DC 
i n t e r c o n n e c t

Protocol  and  ap p l ication interaction w ith transp ort sy stems
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W h y t h e di s t anc e i s  i m p o r t ant  and w h er e i t  
m at t er s
�Optical transport network

� u s u a l l y  n o t  l i m i t  – u p t o  2 0 0 0 k m  w i t h o u t  r e g e n e r a t i o n  f o r  1 0 G E  o r  1 0 G  F C
� D ata network

� l a t e n c y  i t s e l f  i s  u s u a l l y n o t  s e r i o u s p r o b l e m
� t o o  s m a l l  d e f a u l t  T C P  w i n d o w  w i l l  c a u s e  p e r f o r m a n c e  d e g r a d a t i o n  – m u s t  
b e  i n c r e a s e d

� A pplication
� f o r  ' c h a t t y '  a p p l i c a t i o n  p r o t o c o l s  ( l i k e  C I F S )  c u m u l a t i v e  l a t e n c y  i s  u s u a l l y  
s e r i o u s  i s s u e
� W A A S  t e c h n o l o g y  c a n  b e  u s e d  t o  o p t i m i z e  e v e n  t r a f f i c  b e t w e e n  d a t a c e n t e r s

� S A N
� l a t e n c y  i s  s e r i o u s  p r o b l e m  w h e n  s y n c h r o n o u s  r e p l i c a t i o n  i s  u s e d
� s k e w  c a n  b e  a n  i s s u e  f o r  s o m e  l o a d  b a l a n c i n g  s c h e m e s  ( f r a m e  b a s e d )
� b u f f e r -t o -b u f f e r  f l o w  c o n t r o l  c a n  l i m i t  p e r f o r m a n c e  f o r  l o n g  d i s t a n c e  ( u s e
s w i t c h e s  w i t h  l a r g e  B B  c o u n t  o r  D W D M  w i t h  B B  s p o o f i n g )
� F E C / E F E C  c a u s e  a d d i t i o n a l  l a t e n c y  - s w i t c h  i t  o f f  i f  n o t  n e e d e d
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T C P / I P  i n L o ng F at  N et w o r k s
B and wid th * D elay  prod u ct

5 km LAN            100 km MAN           2000 km WAN
B y t e s  i n  t h e  P i p e :  
10 Mbit/s Ethernet       52                 1040                208 00 
155 MB it/s A T M          7 03                 1406 2                28 1250 
1000 MB it/s G E         5208                10416 7                 208 3 3 3 0
T y p ic a l  W ind o w s T C P /I P  w ind o w  siz e:  
� bel l o w  1 Mbp s =  8 k B ,  1 Mbp s-100 Mbp s =  17 k B ,  g rea ter tha n 100Mbp s =  6 4k B
� if  l a rg er is need ed  u se w ind o w  sc a l ing  o p tio n

Slo
w 
Ne

tw
or
k

Lo
ng

 Fa
t N

etw
or
k
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F l o w  c o nt r o l  i n F C  S AN
H ow m any  B B  cred its d o I  need ?

Credits = (Round_Trip_Time + Processing_Time) / Serialization_Time
Step 1: Serialization
Link rate is 1.0625 Gbps => 9.41ns/byte
1byte = 10 bits bec au se o f  8 b/10b c o d ing
M ax . f ram e siz e = 2148  bytes
S erial iz atio n T im e ≈ 20 µs
Step 2 : T rans m is s ion and  d es erialization
P ro pag atio n d el ay ≈ 5 µs/km
C au sed  by speed  o f  l ig h t in o ptic al  f ibre
T im e to  transm it f ram e o v er 10 km  ≈ 50 µs
D eserial iz atio n T im e ≈ 20 µs

Step 3 : P roc es s ing  and  c onf irm ation
P ro c essing  is neg l ec ted  in th is ex am pl e
R _ R D Y  g enerated  and  sent bac k
T im e to  transm it f ram e o v er 10 km  ≈ 50 µs
D eserial iz atio n T im e ≈ 20 µs
Step 4 : C alc u lation of  req u ired  B B  c red its
T o tal  R T T  = 50+ 20+ 50=120 µs
C red its ( 10km )  ≈ 120 / 20 = 6   ( f o r 1 Gbps F C )
C red its ( 10km )  ≈ 110 / 10 = 11 ( f o r 2 Gbps F C )
C red its ( 10km )  ≈ 105 / 5 = 21   ( f o r 4 Gbps F C )
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Fiber channel flow control
H ow m any  B B  cred its d o we need ?

� 1 G F C :  1  B B  f or 2  k m at max  f rame siz e (2 1 4 8  B y tes)
� 2 G F C :  1  B B  f or 1  k m at max  f rame siz e (2 1 4 8  B y tes)
� 4 G F C :  2  B B  f or 1  k m at max  f rame siz e (2 1 4 8  B y tes)
� 1 0 G F C :  6  B B  f or 1  k m at max  f rame siz e (2 1 4 8  B y tes)

E x a mp l e : 2 55 B 2 B  c r e d i t s  a v a i l a b l e  p e r  p o r t :
Ma x i mu m d i s t a n c e  o f  12 7 K m a t  4 G b p s w i t h  ma x i mu m f r a me  s i z e  p a c ke t s  (2 , 148 B )

Km
G b p sk m

c r e d i t s
c r e d i t s 127

4@2
25 5

≈
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Throughput Drop Over Distance

0 MB/s

2 0 MB/s

4 0 MB/s

6 0 MB/s

8 0 MB/s

1 00 MB/s

0 Km 4  Km 8  Km 1 6  Km 3 2  Km 4 8  Km 6 4  Km 8 0 Km 9 6  Km 1 1 2  Km 1 2 0 Km

Distance

Pe
rf
or
m
an

ce

2  Bu f f e r s 8  Bu f f e r s 1 6  Bu f f e r s 6 0 Bu f f e r s

Fiber channel flow control
W h at if  I  d o not h av e enou g h  cred its?

� W hat to d o if  I  need  more B B  cred its
B u y  s w i t c h  w i t h  mo r e  c r e d i t s  (C i s c o  MD S 9 50 0 )
U s e  D i s t a n c e  e x t e n s i o n  (a ka .  B B  c r e d i t  s p o o f i n g )
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BB=0

D i s t anc e ex t ens i o n s o l u t i o n

� U s e f u l  w h e n  s w i t c h  d o e s  n o t  h a v e  e n o u g h  B B  c r e d i t s

F r a m eF r a m e  F r a m e F r a m e F r a m e F r a m e

BB=1BB=2BB=3

R _ R D YR _ R D Y R _ R D YR _ R D YR _ R D Y R _ R D Y

BB=0

F r a m eF r a m e  F r a m e F r a m e F r a m e F r a m e

BB=1BB=2BB=3

R _ R D YR _ R D Y

DE off

DE on
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S A N  E x t e n s i o n
N e t w o r k

S y nc h r o no u s R ep l i c at i o n
I/O D e t a i l  a n d  l a t e n c y  c o n s e q u e n c e s

Remote 
S tor a g e A r r a y

L oc a l
S tor a g e A r r a yH os t 

S er v er

Write, LUN=5, LBA=12345, DL=8kB
T ra n s f er R ea d y

F C P  Da ta  ( 2kB f ra m es )

S C S I  S ta tu s =g o o d

I / O
S er v i c e
T i me Write, LUN=5, LBA=12345, DL=8kB

T ra n s f er R ea d y
F C P  Da ta  ( 2kB f ra m es )

S C S I  S ta tu s =g o o d

t t t

Rou n d
T r i p

Rou n d
T r i p

W r i te I / O  I s  C omp l ete 
a t T h i s  P oi n t—L oc a l  
a n d  Remote A r r a y s  
I d en ti c a l
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S y nc h r o no u s  R ep l i c at i o n:  H o w  F ar ?  
� T ol erab l e l atency  is u p  
to the ap p l ication (and  
E nterp rise)

C a s e -b y -c a s e  b a s i s
Da t a b a s e s  a r e  v e r y  s e n s i t i v e  t o 
l a t e n c y
S p e e d  of l i g h t  i n  fi b e r  i n t r od u c e s  
d e l a y  of 5 µs / k m  

� O nl y  W rite I / O s are af f ected
I n c r e a s e d  “s e r v i c e  ( R e s p on s e )  
t i m e ”

� M ax imu m tol erab l e d istance 
ascertained  b y  assessing  each 
ap p l ication

I / O s  p er  S ec on d  ( I O P S )  
a n d  A p p l i c a ti on  

P er f or ma n c e D i mi n i s h i n g  
w i th  D i s ta n c e

d i s ta n c e

D i s k  I / O  S er v i c e 
T i me I n c r ea s i n g  
w i th  L a ten c y  
( D i s ta n c e)

M i n i mu m T ol er a b l e 
P er f or ma n c e L ev el

M a x i mu m T ol er a b l e 
D i s ta n c e ( L a ten c y )
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S A N  E x t e n s i o n
N e t w o r k

Remote
S tor a g e A r r a yH os t 

S er v er

Write, LUN=5, LBA=12345, DL=8kB
T ra n s f er R ea d y

F C P  Da ta  ( 2kB f ra m es )

S C S I  S ta tu s =g o o d

I / O  
S er v i c e 
T i me 

Write, LUN=5, LBA=12345, DL=8kB
T ra n s f er R ea d y

F C P  Da ta  ( 2kB f ra m es )

S C S I  S ta tu s =g o o d
Res p on s e f r om L oc a l  A r r a y  
Retu r n ed  I n d ep en d en tl y  of  
Rep l i c a ti on  P r oc es s ;  I O  
C omp l ete,  B u t A r r a y s  N ot 
I d en ti c a l

t t t

Round Trip

Round Trip

L oc a l
S tor a g e A r r a y

Rep l i c a ti on  P r oc es s  a n d  P r otoc ol  
I s  p r op r i eta r y ;  E x a mp l e S h ow s  O n e 

I mp l emen ta ti on  

As y nc h r o no u s R ep l i c at i o n
I/O D e t a i l  a n d  l a t e n c y  c o n s e q u e n c e s
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CWDM/DWDM 
d e s i g n s  f o r  DC 
i n t e r c o n n e c t

C ertif ications
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ONS 15454 SAN Qualification Summary
J une ,  2 0 0 7

-��������-I S C

C e r t i f i c a t i o n 1 5 4 5 4 -D M -L 1 -x x . x =
1 5 4 5 4 -D M P -L 1 -x x . x =   

1 5 4 5 4 -M R-L 1 -x x . x =
1 5 4 5 4 -M RP -L 1 -x x . x =  

1 5 4 5 4 -1 0 D M E -C =
1 5 4 5 4 -1 0 D M E -L =   

1 5 4 5 4 -1 0 E -L 1 -C =
1 5 4 5 4 -1 0 E -L 1 -x x . x =  

E M C  S R D F  /  M i r r o r v i e w
1 G / 2 G / 4 G  F C ���� ( 1 / 2 ) ���� ( 1 / 2 ) ���� -

1 0 G  F C - - - ����
I BM  G D P S / P P R C / X R C

1 G / 2 G / 4 G  F C / F I C O N ���� ( 1 / 2 ) ���� ( 1 / 2 ) ���� -

1 0 G  F C / F I C O N - - - ����
E S C O N ���� ���� - -

S T P  ( I S C ) - ���� ( M R on l y ) T BD -
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ONS 15454 SAN Qualification Summary
J une ,  2 0 0 7

C e r t i f i c a t i o n

1 5 4 5 4 -D M -L 1 -x x . x =
1 5 4 5 4 -D M P -L 1 -x x . x =   

1 5 4 5 4 -M R-L 1 -x x . x =
1 5 4 5 4 -M RP -L 1 -x x . x =  

1 5 4 5 4 -1 0 D M E -C =
1 5 4 5 4 -1 0 D M E -L =   

1 5 4 5 4 -1 0 E -L 1 -C =
1 5 4 5 4 -1 0 E -L 1 -x x . x =  

H P  C A -E V A  /  D R M
1 G / 2 G / 4 G  F C ���� ( 1 / 2 ) ���� ( 1 / 2 ) ���� -

1 0 G  F C - - - ����
H D S  T r u e C o p y
1 G / 2 G / 4 G  F C ���� ( 1 / 2 ) ���� ( 1 / 2 ) ���� -

1 0 G  F C - - - ����



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l
S e s s i o n  I D
P r e s e n t a t i o n _ I D 63

CWDM/DWDM 
d e s i g n s  f o r  DC 
i n t e r c o n n e c t

S u mmary
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C W D M / D W D M  - i deal  s o l u t i o n f o r  D C  
i nt er c o nnec t
� H i g h  b a n d w i d t h
� H i g h  s c a l a b i l i t y
� T r a f f i c  s e p a r a t i o n  a t  L a y e r  1
� O p t i m i s e  R P O
� S e v e r a l  o p t i o n s  f o r  d i f f e r e n t  r e q u i r e m e n t s / e n v i r o n m e n t s
� C o s t  s a v i n g s  b y  s h a r i n g  o n e  f i b e r  p a i r  ( o r  e v e n  s i n g l e  
f i b r e  s t r a n d )
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Da t a  C e n t e r  
S e c u r i t y

F i r ew a l l  
S er v i c es  
M od u l e

A p p l i c a t i on  
N e t w or k  
S e r v i c e s

A C E    
A p p l i c a ti on  
D el i v er y  –
M od u l e a n d  
A p p l i a n c e
W i d e-A r ea  
A p p l i c a ti on  
S er v i c es
A C E  X M L
G a tew a y

C i s c o  P r o du c t  P o r t f o l i o  f o r  D at a C ent er
S t or a g e
N e t w or k i n g

M D S  9 5 0 0  
S tor a g e 
D i r ec tor s
S S M
M D S  F a b r i c  
S w i tc h es
B l a d e S w i tc h es

I n fi n i b a n d
C l u s t e r i n g

S F S  7 0 0 0  
I n f i n i b a n d  
S w i tc h
S F S  3 0 0 0  
I n f i n i b a n d  
G a tew a y

Da t a  C e n t e r  P r ov i s i on i n g

Da t a  C e n t e r  M a n a g e m e n t

V F r a me S er v er / S er v i c e 
P r ov i s i on i n g  S y s tem

D a ta  C en ter  N etw or k  M a n a g er – T op ol og y  
V i s u a l i z a ti on  a n d  P r ov i s i on i n g

A N M – A d v a n c ed  L 4 -7  S er v i c es  
M od u l e M a n a g emen t

C a ta l y s t 6 5 0 0  
S er i es
C a ta l y s t 4 9 0 0 M  
T op -of -Ra c k
C a ta l y s t B l a d e 
S er v er  S w i tc h es

Et h e r n e t
N e t w or k i n g

U n i fi e d  
F a b r i c  
N e t w or k i n g

N ex u s  7 0 0 0  
M od u l a r  
S w i tc h
N ex u s  5 0 0 0   
S w i tc h

O p t i c a l  
N e t w or k i n g

O N S  1 5 4 5 4  
M S T P
O N S  1 5 2 1 6
C W D M  f i l ter s
C W D M / D W D M  
p l u g g a b l es
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Q  a n d  A
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