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IP / DWDM Innovations for 
E th e rne t S e rvic e s De l ive ry
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L ou is-V in ce n t  P e r r in e l ,  Con su l t in g  S y st e m  En g in e e r
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Agenda
� Cisco in the Optical M ar k et
� I P  ov er  D W D M
� R econf ig u r ab le Optical A d d -D r op
� I nteg r ated S w itching Capab ility
� R ef er ences
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C i s c o  i n t h e O p t i c al  M ar k et
� S ON E T  and  D W D M  P lay er  since 1 9 9 9
� D ev elopm ent b ased on I nnov ation:

Multi Service SONET / SDH s in ce 1 9 9 9
R eco n f ig ura b le Op tica l A d d -Dro p  s in ce 2 0 0 4
I n teg ra tio n o f  DW DM Op tics w ith G . 7 0 9  in  R o uters s in ce 2 0 0 5
Eth ern et A g g reg a tio n in teg ra ted in  DW DM s in ce 2 0 0 7
Multi-Deg ree Op tica l A d d -Dro p  A va ila b le NOW
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C o ns i s t ent  M ar k et L eader s h i p
� R eco n f ig ura b le Op tica l A d d -Dro p

Infonetics,  4 Q C Y 0 7  M a r k et D a ta ,  r ev ised F eb .  0 8
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C i s c o  I P  N G N  T r ans p o r t  M o m ent u m  
and C u s t o m er s
� 7 5 , 0 0 0 +  sy stem s shipped / in-ser v ice  
� 5 , 0 0 0 +  R OA D M s sold —m ar k et lead er
� 1 , 0 0 0 +  M S P P  and  5 0 0 +  M S T P  cu stom er s

E x pand ing  G lob al Cu stom er  and  U ser  B ase

“O p tic al  b u sine ss g re w  4 0 %  y /y . ”
John Chambers
Ci sc o S y st ems,  CE O  

Q 2  F Y  2 0 0 7  
Q u ar ter ly  
U pd ate
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INTELLIGENT NETWORKINGINTELLIGENT NETWORKING

N ex t -G ener at i o n N et w o r k  Ar c h i t ec t u r e
VIDEO & 
G A M IN G
VIDEO & 
G A M IN G DA T A

C EN T ER
DA T A

C EN T ER
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B A S ED 
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A P P S
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IP
C ON T A C T  
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E d ge
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E d ge

C u s to m er
E lem ent
C u s to m er
E lem ent

M u ltis er v ic e
C o r e

M u ltis er v ic e
C o r e

A c c es s /
A ggr ega tio n
A c c es s /

A ggr ega tio n

Open Framework 
f or E nab l i ng  
‘T ri pl e P l ay  on 
t h e M ov e’
(Data, Voice, Video, 
M ob il ity )

Open Framework 
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I P -o v er -D W D M  C o nv er ged N G N  
T r ans p o r t

� P a ck et la y er co n verg en ce to  
I P /MP L S h a s  d elivered  C a p Ex  &  
Op Ex  s a vin g s  in  co re n etw o rk s

� W DM la y er co n verg en ce h a s  
en a b led  C a p Ex  &  Op Ex  s a vin g s  in  
m ulti-s ervice m etro  n etw o rk s

�� Significant additional Significant additional 
C ap E x / O p E x  s av ing can b e  C ap E x / O p E x  s av ing can b e  
de liv e r e d b y  conv e r ging th e  de liv e r e d b y  conv e r ging th e  
I P  and op tical lay e r s !I P  and op tical lay e r s !

V id eo V o ic e D a ta

IP  /  M P L S

T D M

D W D M

λ s er v ic es
S A N O th er
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I P o D W D M - S t r at egy
� I nc reased  P erf ormanc e

4x increase in throughput 
f or existing 1 0 G  D W D M  
sy stem s

� L ow er Cap E x
50 %  optics red uction

� L ow er O p E x
Few er shel v es ( space,  
cool ing,  pow er,  
m anagem ent) ,  f ew er 
interconnects

� E nhanc ed  resi l i enc y
Few er d ev ices,  
f ew er activ e com ponents,  
f ew er 
interconnects

B ef o r eB ef o r e

CRS-1CRS-1 RO ADMRO ADMT r a n s p o n d e rT r a n s p o n d e r

T r a ns p o nd er  
Integr a ted  into  C R S -1

T r a ns p o nd er  
Integr a ted  into  C R S -1

CRS-1CRS-1 RO ADMRO ADM

DW
DM

 I/
F
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IPoDWDM: ITU Optics on Routers over DWDM

Cisco CRSCisco CRS--1  ( 1 6 / 8 / 4 )1  ( 1 6 / 8 / 4 )
1x  O C -7 6 8 c  IT U  P L IM
4  x  10 G b E  IT U  P L IM

Cisco 1 2 0 0 0Cisco 1 2 0 0 0
1 x  10 G b E  IT U  S P A

Cisco 7 6 0 0Cisco 7 6 0 0
4 x  1 0 G b E  I T U  D W D M  X E N P A K
DW DM  X F P  w / E F E C

Ro u t e rRo u t e rRo u t e r RO ADMRO ADMRO ADMT r a n s p o n d e rT r a n s p o n d e rT r a n s p o n d e r

O C-19 2 o r  
O C-7 6 8  P O S 

SR-1
O CO C--19 2 o r  19 2 o r  
O CO C--7 6 8  P O S 7 6 8  P O S 

SRSR--11

55% C a p E x R ed u c t i on d u e t o 1 0 G bE  
v ersu s 1 0 G  P O S  and  no T x P s
7 0 % O p E x R ed u c t i on ( L ess P ow er,  
S p ac e,  and  F ew er A c t i v e D ev i c es)

Ro u t e rRo u t e rRo u t e r RO ADMRO ADMRO ADM10 G b E  o r  
O C-7 6 8
10 G b E  o r  10 G b E  o r  
O CO C--7 6 87 6 8

DW
DM

 I/
F

O N S 1 5 4 5 4  M ST PO N S 1 5 4 5 4  M ST P
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I P  O v er  D W D M  V al u e P r o p o s i t i o n
Co r e

I nc rease S erv i c e F l ex i bi l i t y
F ast er serv i c e p rov i si oni ng  
N ew  rev enu e g enerat i ng  serv i c es
I nc rease R el i abi l i t y
M eet  S L A s f or c u st omer l oy al t y

M anag e T raf f i c  G row t h E f f i c i ent l y
V i d eo/R i c h I P  M ed i a g row t h
L ow er op ex
S i mp l i f y  net w ork  &  manag ement
L ow er c ap ex
I nc rease p rof i t abi l i t y  &  R O I

Core
R ou t er

Core
R ou t er

Ag g r e g a t i o nE d g e

E d g e
R ou t ers

D W D M  T ra n s p ort
E q u i p m en t

Ag g r e g a t i o n E d g e

E d g e
R ou t ers

IP Over DWDM
N et w o rk  

C o n verg en c e
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Tra d itiona l  IP N etw ork  +  Optica l  N etw ork  a re not 
Optim iz ed  a round  IP Tra nsport

Core
R ou t er

E l ec t ri c al  X C

I P  L ay er M anag ement

P 2 P  D W D M

Opt i c al  L ay er M anag ement
T rans pond ers  
c onv ert i ng  s h ort  
reac h  t o λ

E l ec t ri c al  s wi t c h i ng  
– OE O c onv ers i ons

M anu al  pat c h i ng  of  
1 0 G  c onnec t i ons
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Th e IP-over-DWDM A rch itecture S trea m l ines 
th e Tra nsport of  IP pa ck ets

I nt eg rat ed  
t rans pond ers

P h ot oni c  
s wi t c h i ng  –
no OE O 
c onv ers i ons

R O A D M

Core
R ou t er

C o m m o n N etw o r k  M a na gem ent a nd  C o ntr o l

M es h
R O A D M
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OADM OADM

O
A
D
M

4 0 0  K m

OADM

S i t e 6 S i t e 5

S i t e 2 S i t e 3
S i t e 1

S i t e 4

S i t e 1

S i t e 3

4 0 0  K m

Site 7 Site 

Site 2

Si
te
 

Site 3

••ROADM ROADM -- Op e r a t i o n a l  s i m p l i c i t yOp e r a t i o n a l  s i m p l i c i t y ……
Single Node scalable from 1-4 0  ch

Simp le cabling
••……a t  t h e  r i g h t  p r i c e !a t  t h e  r i g h t  p r i c e !

P rice cu rv e t o driv e t ow ard t h e 
eliminat ion of fix ed O A D M s

•• T DM/ I P / W DM C o n v e r g e n c e !T DM/ I P / W DM C o n v e r g e n c e !

•• F i x e d  OADM S o l u t i o n s  F i x e d  OADM S o l u t i o n s  
c a u s e  e n o r m o u s  Op e r a t i o n a l  c a u s e  e n o r m o u s  Op e r a t i o n a l  
H u r d l e s  w h i c h  i n h i b i t  H u r d l e s  w h i c h  i n h i b i t  
n e t w o r k  g r o w t hn e t w o r k  g r o w t h

•• T DM /  I P  /  S AN  /  W DM o f t e n  T DM /  I P  /  S AN  /  W DM o f t e n  
f r o m  m u l t i p l e  v e n d o r s  f r o m  m u l t i p l e  v e n d o r s  

Ba n d  A

Ba n d  BReconfigurable Networking
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I ndu s t r y ’s  m o s t  
c o m p r eh ens i v e 
R O AD M  P o r t f o l i o
� Right-s iz e d  RO A D M  s o l u tio n s  
S u p p o r ts  2 ° T hr o u gh 8° D e p l o y m e n ts

� C u r r e n t M e tr o  D W D M  c u s to m e r  
r e q u ir e m e n ts *

85% 2°
1 2% 3°–4°
3% 5°–8°

� M e s h w il l  gr o w  o v e r  tim e
� N e w  8° RO A D M  S c a l e s  in -s e r v ic e  
f r o m  2 °–8°

4 0 -C h annel W av elengt h  
C ross C onnect  ( W X C )

4 0 -C h annel R O A D M

3 2 -C h annel R O A D M

Sh i p p i n g

Sh i p p i n g

O v e r  5 , 0 0 0  
I n -Se r v i c e

U p  t o  8 °

2°

*Based on Cisco Internal Study of 
Custom er R eq uirem ents 
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D egr ee-2  R O AD M  N o de u s i ng W S S / D M X

DROP (W)DROP (W)
1 3 2

3 2-DM X

Sp l i t t e rSp l i t t e r

A DD (W)A DD (W)
1 3 2

A DD (E )A DD (E )
1 3 2

Sp l i t t e rSp l i t t e r

DROP (E )DROP (E )
1 3 2

3 2-DM X

3 2-W SS

3 2-W SS
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D egr ee-4  R O AD M  O p t i c al  S i gnal  F l o w

A

B

C

D P P -M E S H -4 W X CW X C

MUXMUX

D MXD MX

BB

PP

W
XCW
XC

M
UXM
UX

DM
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X

BB PP

W X CW X C

MUXMUX

D MXD MX

PP

BB

W
XCW
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UXM
UX
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X

DM
X

PPBB
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4 0 -W X C  F u nc t i o nal  B l o c k  D i agr am

Co m p o s i t e  O u t

Co m p o s i t e  I n  5

Co m p o s i t e  I n  4

Co m p o s i t e  I n  3

Co m p o s i t e  I n  2

Co m p o s i t e  I n  1

Sw i t c h  a n d  V O A 
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4 0 -W X C  C ap ab i l i t i es

4 0 -W X C4 0 -W X C

4 0 -M U X4 0 -M U X

4 0 -D M X4 0 -D M X

BB

PP

A

B

C

D P P -M E S H -4

1D 2D 3D 4D 40 D. . .

1A 2A 3A 4A 40 A. . .

1C 2C 3C 4C 40 C. . .

1 2 3 4 40. . .
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Ind ustry  F irst E th ernet A g g reg a tion 
Integ ra ted  into DWDM
� I n tr o d u c in g E the r n e t X P o n d e r  
( P r o n o u n c e d  C r o s s -P o n d e r )

� S in gl e  c a r d  f o r  E the r n e t A D M  f u n c tio n ,  
m u x p o n d e r ,  tr a n s p o n d e r

� I n n o v a tio n s :  
L ay er-2 E thernet aggregation of  N xG E  into 1 0 G E
Sub -w av el ength ad d / d rop and  d rop and  continue
50  m s resil iency  
G . 7 0 9  ( W D M P H Y ) :  reach &  SO N E T -l ik e m onitoring 
SO N E T  cl ock ing sy nchroniz ation ov er E thernet

20xGbE and 
2x1 0GE X P o nde r

4 x1 0GbE 
X P o nde r

M E F  9  a n d  14  Ce r t i f i e d  

GE 1 LAN PHY
GE 2  LAN PHY
GE 3  LAN PHY

.

.

.

GE 2 0  LAN PHY

10  GE
G. 7 0 9  λ

10  GE
G. 7 0 9  λ

2 0 G E
E t h ernet
X P onder

4 x 10 G E
E t h ernet
X P onder

10  GE
LAN PHY

C R S -1 
I P o D W D M
I n t e r f a c e
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� F i x ed  Con f i g u ra t i on s
– 2 0 x  G E  M u x pond er

D efault P er-p ort T raffic 
L oad is 5 0 %  ( config urab le  
- w /  or w / o F low  Control)

– 2 x  1 0 x  G E  M u x pond er
F ull G E  rate m ultip lex ing  of 
Clients to indep endent 
T runk s ( 1 0 th p ort @  9 9 % )

� L a y er2  S w i t c h
– P os s i b l e t o map any  
port  t o any  port  ( G E  or 
1 0 G E )  l ev erag i ng  on 
L ay er2  V L A N

2 0 x  G E

10 G E
( D W D M )

10 G E
( D W D M )

10 G E
( D W D M )

10 x  G E 10 x  G E

10 G E
( D W D M )

10 G E
( D W D M )

2 0 x  G E

G E  X P o nder  O p er at i ng M o des
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� F i x ed  Con f i g u ra t i on
– 2 x  1 0 G E  T rans pond er

Sup p orts 1 0 G E  L A N  P H Y

� L a y er2  S w i t c h
– P os s i b l e t o map any  port  
t o any  port  l ev erag i ng  on 
L ay er2  V L A N

– 1 0 G E  L A N  P H Y  D W D M  
R eg enerat or

10 G E
( D W D M )

10 G E

1 0 G E  X P o nder  O p er at i ng M o des

10 G E

10 G E
( D W D M )

10 G E
( D W D M )

10 G E 10 G E

10 G E
( D W D M )

10 G E
( D W D M )

10 G E
( D W D M )
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L 2  S w i t c h  f eat u r es  ( 1 )  
X-P o n d e r  c a n  b e  c o n f i g u r e d  a s  a  L 2  s w i t c h  s u p p o r t i n g  f o l l o w i n g  f e a t u r e  s e t
� M A C  A d d r e s s

– Support a M A C  ad d ress tab l e w ith up to 1 6 k  entries per card
� V L A N  M a n a g e m e n t

– V irtual  B rid ged  L A N s support accord ing to the I E E E  80 2. 1 Q
– V L A N  tagging support accord ing to I E E E  80 2. 1 Q  stand ard  
– U p to 40 9 6  V L A N -id s on al l  ports

� S p a n n i n g  T r e e *
– R apid -ST P  ( R ST P )  accord ing to I E E E  80 2. 1 W  stand ard  support

� M u l t i c a s t
– M ul ticast repl ication b ased  on D estination M A C  A d d ress.  T he repl ication shal l  happen w ithin the sam e V L A N  

� S e c u r i t y :
– P er-port traf f ic b l ock  f or a user prov isionab l e pre-d ef ined  set of  M A C  ad d resses 
– " L 2 C ontrol  P rotocol  T unnel l ing"  f unctional ity  Support
– U ser prov isioned  L 2 C ontrol  P rotocol s b ehav iour ( D rop or T unnel )
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L 2  S w i t c h  f eat u r es  ( 2 )  
� P r o v i d e r  b r i d g e s  s u p p o r t  a s  d e f i n e d  i n  I E E E  8 0 2 . 1 a d  s t a n d a r d  

– S-T A G  ( or O uter tag,  or Q inQ )  support 
– " L 2 C ontrol  P rotocol  T unnel l ing"  f unctional ity  Support
– U ser prov isioned  L 2 C ontrol  P rotocol s b ehav iour ( D rop or T unnel )
– S-V L A N  V I D  transl ation support through a prov isionab l e V L A N  transl ation tab l e

� Q o S
– 7  egress q ueues  per port sched ul ed  w ith a W eighted  R ound  R ob in ( W R R )  al gorithm .  
– E gress strict priority  q ueue per port 

� P o l i c i n g
– Singl e-R ate 3 col our m ark er ( SrT C M ) .  M ark ing w il l  b e b ased  on the f ol l ow ing param eters:

• C om m itted  I nf orm ation R ate ( C I R )
• C om m itted  B urst Siz e ( C B S)
• E xcess B urst Siz e ( E B S) .
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G E / 1 0 G E  X P o nder  L ay er 2  E x am p l e
10 G E
( D W D M )

10 G E 10 G E

10 G E
( D W D M )

10 G E
( D W D M )

10 G E
( D W D M )

10 G E
( D W D M )

10 G E
( D W D M )

10 G E
( D W D M )

10 G E
( G rey )

G E G E

10 G E 10 G E

10 G E
( G rey )

G E

10 G E
( D W D M )

L ay er2
V L A N

P rov i s i oni ngL ay er1
OC H C C  /  OC H N C
P rov i s i oni ng
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S m ar t  O p t i c al  P ac k et  R i ng P r o t ec t i o n
B as i c  c o nc ep t
� Re v o l u tio n a r y  P r o te c tio n  M e c ha n is m  in te gr a tin g G . 7 0 9  m e s s a gin g w ith E the r n e t V L A N  m e c ha n is m  w he n  c o n f igu r e d  a s  L 2  s w itc he s

– P r o t e c t i o n  m e c h a n i s m  i s  a c h i e v e d  u s i n g  m i x  o f  L a y e r  1  a n d  L a y e r  2  f u n c t i o n a l i t y
– F a u l t  d e t e c t i o n  a n d  f a i l u r e  p r o p a g a t i o n  i s  d o n e  v i a  t h e  G . 7 0 9  b y t e s .  F a i l u r e  p r o p a g a t i o n  i s  d o n e  a t  H W  l e v e l
– T r a f f i c  i s  f l o o d  f o r  e a c h  p r o t e c t e d  V L A N  a r o u n d  a l l  1 0 G E  W D M  r i n g .  
– O n e  n o d e  i s  i d e n t i f i e d  (b y  u s e r  c o n f i g )  a s  m a s t e r -d e s i g n a t e d  n o d e / p o r t .  T h i s  n o d e / p o r t  i s  r e s p o n s i b l e  f o r  o p e n -c l o s e  L 2  V L A N s  l o o p  i n  c a s e  o f  f a i l u r e  

� U p  to  2 5 6  p r o te c te d  V L A N  c a n  b e  c o n f igu r e d
� S u b  5 0 m s  r e c o v e r y  tim e
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N et w o r k  ex am p l e 

Protected VLAN Blue
U n  p rotected VLAN G reen

Vla n  b lue i s
i n  b lock i n gM as t er-N od e
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N et w o r k  ex am p l e:  F AI L
1 . F a il  d e te c tio n
2 . P o r t f a c in g the  f a il  in  

B L K
3 . H W  f d i/ b d i

p r o p a ga tio n
4 . P o r t o n  m a s te r  n o d e  

in  F W D
Protected VLAN Blue
U n  p rotected VLAN G reen

M as t er-N od e

B L K B L K

B L K

Fai l

Fai l
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N et w o r k  ex am p l e:  R ec o v er y
1 . R e c o v e r y  d e t e c t i o n
2 . H W  H e a l  p r o p a g a t i o n
3 . P o r t  P o r t  o n  m a s t e r  

n o d e  i n  B L K
4 . H e a l  a c k r e c e i v e d  a n d  

B L K  r e m o v e d

Protected VLAN Blue
U n  p rotected VLAN G reen

M as t er-N od e

B L K B L K

B L K

H eal

H eal  H eal  
A C K  

H eal  
A C K
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R ec ent P u b l i c  R ef er enc es
� S h ang h ai ' s  Ori ent al  C ab l e N et work S el ec t s  C i s c o t o D epl oy  Fi rs t  R OA D M  Opt i c al  N et worki ng  T ec h nol og y  i n M ai nl and  C h i na

http: / / new sroom . cisco. com / d l l s/ 20 0 8/ prod _ 0 1 1 7 0 8. htm l - 1 7  J anuary 20 0 8,  C hina
� S ad d l eb ac k C ommu ni c at i ons ’ X P ond ers E nab l e W orl d  C l as s  B u s i nes s  S erv i c es  

http: / / w w w . cisco. com / en/ U S/ prod / col l ateral / optical / ps57 24/ ps20 0 6 / prod _ case_ stud y 0 9 0 0 aecd 80 7 3
eea2_ ps20 0 6 _ P rod ucts_ C ase_ Stud y . htm l - 1 4 J anuary 20 0 8,  U SA

� C i s c o’s  M S T P  B ri ng s  N ew B enef i t s  t o H ong  K ong  B u s i nes s es
http: / / new sroom . cisco. com / d l l s/ gl ob al / asiapac/ new s/ 20 0 7 / pr_ 0 7 -1 2. htm l -1 2 J ul y  20 0 7 ,  H ong K ong

� U krt el ec om C ompl et es  S ec ond  P h as e of  N at i onal  Fi b er N et work W i t h  C i s c o
http: / / new sroom . cisco. com / d l l s/ 20 0 7 / prod _ 0 50 7 0 7 c. htm l - 7  M ay  20 0 7 ,  U k raine

� B u l g ari an T el ec ommu ni c at i ons  C ompany  E x pand s  C i s c o I P  N ex t  G enerat i on N et work f or T ri pl e-P l ay  S erv i c e G rowt h
http: / / new sroom . cisco. com / d l l s/ 20 0 7 / prod _ 0 41 20 7 b . htm l - 1 2 A pr 20 0 7 ,  B ul garia

� C h art er C ommu ni c at i ons  E nh anc es  B u s i nes s  and  R es i d ent i al  S erv i c e D el i v ery  wi t h  C i s c o 
I P  N G N  A rc h i t ec t u re
http: / / new sroom . cisco. com / d l l s/ 20 0 6 / prod _ 1 0 1 80 6 . htm l - 1 8 O ct 20 0 6 ,  U SA

� N ew J ers ey  T u rnpi ke A u t h ori t y  U pg rad es  N et work wi t h  C i s c o Opt i c al  S ol u t i on
http: / / new sroom . cisco. com / d l l s/ 20 0 6 / prod _ 0 6 0 6 0 6 . htm l - 6  J un 20 0 6 ,  U SA

� M ob i C om D epl oy s  S t at e-of -t h e-A rt  Opt i c al  N et work wi t h  C i s c o S ol u t i on
http: / / new sroom . cisco. com / d l l s/ 20 0 6 / prod _ 0 6 0 20 6 c. htm l - 2 J un 20 0 6 ,  M ongol ia
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