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Key Messages
• General industry acknowledgement on benefits of carrying data,  
v oice and v ideo ov er conv erged I P / M P L S  backbone 

• Growing I P / M P L S  adop tion among wireline,  wireless 
and cable op erators

• I nnov ations in Q oS ,  security,  resiliency and management 
are accelerating core-edge conv ergence

•Cisco’s st a n d a r d s-b a se d  T r a f f ic E n g in e e r in g ,  F a st  R e -R ou t e ,  
R S V P -T E ,  L 2 T P v 3 ,  I P S e c,  e m b e d d e d  m a n a g e m e n t ,  D y n a m ic M u l t ip oin t  
V P N ,  m u l t ica st  V P N

• C onv ergence enables new serv ice rev enue,  simp lifies op erations 
and reduces costs

• C isco is deliv ering industry-leading I P / M P L S  tech nologies
and driv ing standards to enable transp ort conv ergence
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D r i v er s f o r  C o n v er gen c e

C APE X O PE X R ev en u e

Reduced number of 
net w ork s  t o ma na g e

Ra t i ona l i z e 
t ra ns mi s s i on

D ep l oy  mos t  cos t  
effect i v e t ra ns mi s s i on

Q ui ck l y  dep l oy  new  
s erv i ces  

C a p i t a l i z e on s ucces s

C a p t ure ma rk et  s h a re

Reduce number of 
net w ork  el ement s  

S i ng l e net w ork
W i t h  l es s  l a y ers

F ew er core 
i nt erfa ces

Simplify 
O pe r a t io n s

E n h a n c e  
F le x ib ilit y

St a n d a r d iz e  
N e t w o r k
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RPR

F r a m e  Re l a y

A T M

I n t e r n e t

F r a m e  Re l a y

A T MI P/ M PL S

E t h e r n e t

I P / MP L S  E n ab l es C o r e-E d ge C o n v er gen c e

F r a m e
Re l a y

PPP IP/MPLS

I n t e r n e t E t h e r n e t

I P V PN

A T M

Many S e r v i c e s ,
Many N e t w o r k s

Many S e r v i c e s ,
O ne N e t w o r k
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C i sc o  S er v i c e P r o v i d er  V i si o n
C o n n e c t i n g  C u s t o m e r s  w i t h  S e r v i c e s , 

S e r v i c e s  w i t h  N e t w o r k s ,
a n d  N e t w o r k s  w i t h  E a c h  O t h e r  

VPNs I n t e r n e t Vo i c e  &  
Vi d e o

T r a n sp o r tC o n t e n t M o b i l i t y

C o n su m e r En t e r p r i se S P 
W h o l e sa l e

IP Next-G en er a ti o n  Netw o r k

S m a l l / M e d i u m  
B u si n e ss
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T h e C o n n ec t ed  L i f e
P e r s o n a liz e d  E x pe r ie n c e s  t o  M a n y Sc r e e n s

G PS T r a c k i n g  /
T r a v e l  In f o

G PS T r a c k i n g  /
T r a v e l  In f o C u s t o m  D o w n l o a d s :

Mu s i c  / G a m e s  / V i d e o
C u s t o m  D o w n l o a d s :
Mu s i c  / G a m e s  / V i d e o

Mo b i l e  V i d e o :
St r e a m i n g  C o n t e n t
Mo b i l e  V i d e o :

St r e a m i n g  C o n t e n t

Pr e s e n c e -B a s e d
Se r v i c e s  / Se a r c h
Pr e s e n c e -B a s e d
Se r v i c e s  / Se a r c h

B u s i n e s s  V i d e o :
T e l e Pr e s e n c e

B u s i n e s s  V i d e o :
T e l e Pr e s e n c e

U n i f i e d  
C o m m u n i c a t i o n s  /

B u s i n e s s  
C o l l a b o r a t i o n  T o o l s

U n i f i e d  
C o m m u n i c a t i o n s  /

B u s i n e s s  
C o l l a b o r a t i o n  T o o l s

R e m o t e  A c c e s s  /
Pr o d u c t i v i t y

R e m o t e  A c c e s s  /
Pr o d u c t i v i t y

R e s i d e n t i a l  V i d e o :
IPT V  / V o D  / D V R
R e s i d e n t i a l  V i d e o :
IPT V  / V o D  / D V R

C o n n e c t e d  H o m e :
Me d i a  / St o r a g e

C o n n e c t e d  H o m e :
Me d i a  / St o r a g e
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B and w id thB and w id th
I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
T i m e

I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
T i m e

I nternet
P ro to c o l
I nternet
P ro to c o l
I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
C o n t e n t

I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
C o n t e n t

C o nnec tiv ityC o nnec tiv ity
I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
Sp a c e

I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
Sp a c e

Q u al ity  
o f  E x p erienc e

Q u al ity  
o f  E x p erienc e

I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
F o r m

I n f o r m a t i o n  
b e c o m e s

A g n o s t i c  t o  
F o r m

F o u r  Key C o n n ec t ed  L i f e E n ab l er s
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C i sc o  I P  N G N  F r am ew o r k
Cisco is The Leader in IP Networking

I n telligen t N etw o r k in g
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N e x t  G e n e r a t io n  
P a c k e t  /  E t h e r n e t  
T r a n s po r t  
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Ph y s i c a l  L a y e r

L 3  S e r v i c e s

Pa c k e t  
T r a n s p o r t

L 3  S e r v i c e s
F u l l y  m e s h e d  a t  t r a n s p o r t  l e v e l

Pa c k e t  T r a n s p o r t  
O p t i c a lPa c k e t  T r a n s p o r t  

O p t i c a l

T r a n s po r t  o r ie n t a t e d  v ie w
R a t io n a lis e
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W h at  i s T -MP L S  ?

� D e f in it ion :  T r a n sp or t  M P L S  
F o r w a r d i n g  Pl a n e :  M PL S  l a b e l s w i t h  si m p l i f i c a t i o n s ( b i d i r e c t i o n a l  L S Ps)   
C o n t r o l  Pl a n e :  Ph a se  1 :  st a t i c  p r o v i si o n i n g  o f  l a b e l s u si n g  O S S / NM S
O A M  b a se d  o n  Y . 1 7 1 1

� S e r v ice s:  P h a se  1  :  P 2 P  con n e ct ion  or ie n t a t e d  se r v ice s on l y
� S t a n d a r d s:

I T U -T  b a se d  se t  o f  st a n d a r d s 

S t a t i c a l l y  d e f i n e d  
l a b e l s

Pr i m a r y  Pa t h
N e t w o r k  Ma n a g e m e n t  C o n t r o l

T-M P L S  n e t w o r k s

E t h e r n e t
F r a m e

A d a p t a t i o n
L a y e r

M P L S
L S P
S t a c k s

A d a p t a t i o n
L a y e r

M P L S
L S P
S t a c k s

E t h e r n e t
F r a m e

T-M P L S  b e t w e e n  P E s  ,  
A d a p t a t i o n  l a y e r  o n  t h e  P E s  t o  e n a b l e

t r a n s p o r t  o f  s p e c i f i c  p a y l o a d
L a y e r  1 L a y e r  1
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H o w  i s i t  P o si t i o n ed ?
� N ex t Generation S O N E T/ S D H  with  tigh t integration to M etro 
E th ernet and A ccess:  Transp ort E th ernet frames ov er p oint-to-
p oint V C s

� O ffers a transition p ath  to S P s/ C arriers wh o h av e a h uge 
S O N E T/ S D H  infrastructure and mov ing toward p acket

R e -u sa b il it y  of  O T N  n e t w or k s w it h ou t  e x p e n siv e  u p g r a d e  ( e . g .  
I n t r od u ct ion  of  con t r ol  p l a n e  m ig h t  r e q u ir e  m or e  m e m or y  or  d e v ice  
f or k l if t )

� N ex t Generation P acket Transp ort:  L ayer 2  h ollow core 
Cl a im :  ch e a p e r  O P E X ,  e a sie r  t o op e r a t e  a n d  d e p l oy  
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W h at  i s P B T  ?

� D e f in it ion :  P r ov id e r  B a ck b on e  T r a n sp or t  ( P B T )
F o r w a r d i n g  Pl a n e :  8 0 2 . 1 a h  e n c a p su l a t i o n  f r o m  Pr o v i d e r  B a c k b o n e  B r i d g i n g
C o n t r o l  Pl a n e :  A n  O S S / NM S  r e p l a c e s I EEE c o n t r o l  p l a n e  e l e m e n t s 
O A M  b a se d  o n  8 0 2 . 1 a g  ( w i t h  m o d i f i c a t i o n s)

� S e r v ice s:  P 2 P  con n e ct ion  or ie n t a t e d  se r v ice s on l y
� S t a n d a r d s:

PB T  i s p r o p r i e t a r y
PB B -T E i n  p r o j e c t  a p p r o v a l  r e q u e st  ( PA R ) ,  h a s j u st  e n t e r e d  t h e  st a n d a r d s 

D o e s n o t  a ssu m e  PB T  a s a  b a se  l i n e
A sp i r i n g  t o  b e  m o r e  t h a n  PB T ,  a d d r e ss M P2 M P se r v i c e s

S t a t i c a l l y  D e f i n e d  
B r i d g e  T a b l e s

Pr i m a r y  Pa t h
N e t w o r k  Ma n a g e m e n t  C o n t r o l
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W h o  ar e t h e T ar get  C u st o m er s?
� A  P R I M A R Y  t a r g e t  f o r  P B T  a r e  c u s t o m e r s  w i t h  l e g a c y  
S O N E T / S D H  s w i t c h i n g   a n d  N M S  s o l u t i o n s

� O p e r a t o r s  w h o  w a n t  t o  o f f e r  E t h e r n e t  s e r v i c e s  o v e r  
E t h e r n e t  I n f r a s t r u c t u r e

� E x i s t i n g  o p e r a t o r s  w h o  c u r r e n t l y  d e p l o y  I E E E  8 0 2 .1 a d  
(Q i n Q )  M e t r o  E t h e r n e t  n e t w o r k  a n d  w a n t  t o  e v o l v e  t o  
I E E E  8 0 2 .1 a h / P B T  n e t w o r k
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F o r w ar d i n g p l an e C o m p ar i so n  

F o r w a r d i n g  
T a b l e s

F o r w a r d i n g  
T a b l e s

F o r w a r d i n g  
T a b l e s

E d g e  
f u n c t i o n s

E d g e  
f u n c t i o n s

� I P / M P L S
Cu st om e r  p a ck e t  e n ca p su l a t e d  in  a n  M P L S  l a b e l  st a ck
F or w a r d in g  b a se d  on  a  l a b e l  sw it ch

� T-M P L S
Cu st om e r  p a ck e t  e n ca p su l a t e d  in  M P L S  l a b e l
F or w a r d in g  b a se d  on  a  l a b e l  sw it ch

� P B T
Cu st om e r  p a ck e t  e n ca p su l a t e d  in  8 0 2 . 1 a h
F or w a r d in g  w it h  m od if ie d  E t h e r n e t  sw it ch in g

Str o n g s im ila r ities  
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� NM S  b a se d  C o n t r o l  Pl a n e
� L o n g  t e r m  su p p o r t  i n t e g r a t e d  c o n t r o l  p l a n e ?

PBT and T-M PL S  � G-M PL S
G-M PL S  – L i nk  s t at e  Pr o t o c o l ,  R S V P e t c

� S i n g l e  S e r v i c e  C o n t r o l  Pl a n e
Pt 2 Pt  O nl y

� I n t e g r a t e d  Con t r ol  P l a n e
� M u l t i-se r v ice  Con t r ol  P l a n e

L 1 ,  L 2 ,  L 3  
Pt 2 Pt ,  M u l t i p o i n t

C o n t r o l  P l an e C o m p ar i so n
P B T  and  T -MP L S I P / MP L S  

N et w ork  M a na g ement  S y s t em 
C ont rol  P l a ne for P T 2 P T  S erv i ces N et w ork  M a na g ement  S y s t em

E d g e F o r w a r d i n g  
Ta b l e s

F o r w a r d i n g  
Ta b l e s

F o r w a r d i n g  
Ta b l e s E d g e E d g e F o r w a r d i n g  

Ta b l e s
F o r w a r d i n g  
Ta b l e s

F o r w a r d i n g  
Ta b l e s E d g e

I P / M P L S  
C o n t r o l  
P l a n e

I P / M P L S  
C o n t r o l  
P l a n e

I P / M P L S  
C o n t r o l  
P l a n e

PB T  / T -M PL S :  Sim p ly m o v es  c o m p lexity to  
th e N etw o r k  M a n a gem en t la yer
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O n c e U p o n  a L o n g A go …
� 1 9 7 2   R obert M etcalfe imp lemented A lto 
A loh a N etwork at X erox  P arc

� 1 9 7 6  name Ethernet coined
� H eritage is inh erently M u l ti p o i nt (i. e. ,  multip le 
tap p oints on sh ared media. )



© 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 18

IP/MPLS  C o n t r o l Pl a n e  
(f o r L2  &  L3  Se r v i c e s )

Broadcast
V i de o

E-L i n e
E-L A N

V oD V oI P I n te rn e t

L 3  Se r v ic e  “B U S”
E t h e r n e t  Se r v ic e  “B U S”

P ol i cy
F ram e w ork

&  
D y n am i c
S e ssi on  
C on trol

N M S /
O S S

Su b s c r i b e r Po l i c y E n f o r c e m e n t Po i n t s (PE P)
a t  Mu l t i - Se r v i c e  E d g e (s )  (MSE )

IPv6 IPv6 IPv4 B M A C IPv4

IPv4

IPv6

C-M A C

• A s n e w se r v i c e s a r e o v e r l a i d ,  t h e
n e t w o r k e d g e d e c o m p o se s.  A p p l i c a t i o n
e c o n o m i c s d i c t a t e t h e T a p  Po i n t s o n  a  
m u l t i p o i n t a g g r e g a t i o n n e t w o r k .  
• Po l i c i e s a r e o n l y a p p l i e d t o  r e l e v a n t  
a p p l i c a t i o n t r a f f i c a t  o p t i m a l  t a p p o i n t s.  
• S e r v i c e  G a t e w a y s c o u l d p h y si c a l l y b e
o n e b o x  o r m a n y
• E-L i n e  /  E-L A N a r e t w o o f  m a n y
a g g r e g a t e d se r v i c e s

N o w … S P  E t h er n et  A ggr egat i o n  V i si o n
From: Network per Service   T o: I P / E th ern et C on verg en ce
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N ex t -G en er at i o n  N et w o r k  R eq u i r em en t s 

Po l i c y  Pl a n e  ( p e r  S u b s c r i b e r )

I d e n t i t y A d d r e s s  
M g m t

S u b s c r i b e r  
D a t a b a s eM o n i t o r i n g

Po l i c y  
D e f i n i t i o nB i l l i n g Pr e s e n c e M e d i a t i o n

S i ng l e  
Ti e r
H u b &  
S p o k e
o r  R i ng   

A g g r e g a t i o n L3  Se r v i c e
E d g e

L3   C o r e  

Po r t a l

B u s i n e s s

R e s i d e n t i a l

AG

Mo b i l e

C P E
D S L / PO N

E t h e r n e t

E 1 / A T M

A c c e s s

F R/ A T M

C o r p o r a t e

E t h e r n e t
Po i n t  t o  Po i n t
Po i n t  t o  M P
M u l t i p o i n t
Ma n d a t o r y

Le g a c y  Se r v i c e s
A T M

F r a m e  R e l a y
T D M

O p t i o n a l

N G N  A p p l i c a t i o n
Ef f i c i e n t  I P M u l t i c a st
Ef f i c i e n t  Vo D  D e l i v e r y
C a l l  A d m i ssi o n  C o n t r o l

O p t i o n a l

O t h e r s
S t a n d a r d s B a se d
C o st  Ef f e c t i v e

Q o S ,  T E &  R e c o v e r y
F a st  Pr o v i si o n i n g

Ma n d a t o r y
SLA  E n f o r c e m e n t  a n d  Se r v i c e  C o n t r o l
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W h a t  a b o u t  H A  ?
R o u t e r  O S E v o lu t io n
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C o n t r o l  P l a n e  Ap p l i c a t i o n s

F o r w a r d i n g  P l a n e  Ap p l i c a t i o n s

N e t w o r k  S t a c k

S y s t e m  
I n f r a s t r u c t u r e

F o r w a r d
I n f r a s t r u c t u r e

O S  S c h e d u l e rMa
na

ge
me

nt 
Pla

ne
 A
pp

lic
ati

on
s

HA
 In

fra
str

uc
tur

e

Control Plane D ata Plane M anag em ent Plane
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Checkpoint DB M u l tica s t I P C S y s tem  DB
Dis tr ib u ted  I nf r a s tr u ctu r e

M em or y  M g m tI P C M echS y nch.  S er v icesS ched u l er

K er nel  S y s tem  S er v ices

� M o n o l i t h i c  K e r n e l
� C e n t r a l i z e d  I n f r a st r u c t u r e
� I n t e g r a t e d  Ne t w o r k  st a c k
� C e n t r a l i z e d  a p p l i c a t i o n s

� M i c r o  K e r n e l
� D i st r i b u t e d  I n f r a st r u c t u r e
� I n d e p e n d e n t  Ne t w o r k  st a c k
� D i st r i b u t e d  a p p l i c a t i o n s

Ne w  R o u t e r  O S  A r c h i t e c t u r e  i s r e q u i r e d  t o  d e l i v e r :
� C o n t i n u o u s sy st e m  o p e r a t i o n
� U n p a r a l l e l e d  sc a l a b i l i t y
� F l e x i b l e  se r v i c e  d e l i v e r y
� S i n g l e  u n i f i e d  sy st e m  v i e w
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I O S  X R  S o f t w ar e A r c h i t ec t u r e O v er v i ew
P ic k ing  T h e C o rrec t O S  T o  Meet C R S  S o f tw are R eq u irem ents

TR U E  M icrokernel 
(M ach ,  Q N X )
–M M U  ( M e m o r y  M a n a g e m e n t  
U n i t )  w i t h  f u l l  p r o t e c t i o n
–A p p l i c a t i o n s ,  d r i v e r s ,  a n d  
p r o t o c o l s  a r e  p r o t e c t e d

M onolith ic K ernel 
(B S D / L inux ,  N T)
–M M U  w i t h  p a r t i a l  p r o t e c t i o n
–A p p l i c a t i o n s  a r e  p r o t e c t e d

Pr o c e s s
M a n a g e r F i l e s y s t e m

A p p l i c a t i o n D r i v e r

A p p l i c a t i o nA p p l i c a t i o n

K e r n e l F i l e s y s t e m N e t w o r k D r i v e r

F A U L TF A U L T F AU L TF AU L T

F A U L TF A U L T

F A U L TF A U L T
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D i st r i b u t ed  C o n t r o l  P l an e

� Routing protocols and signaling protocols can 
run in one  or m ore  ( D ) RP

� E ach  ( D ) RP  can h av e  re dundancy  support 
w ith  standb y  ( D ) RP

� O ut of  re source s h andling  f or proactiv e  planning

R P2 R P3 R P4 R PnR P1

R E S I L L I E N T  
S Y S T E M  P R O C E S S  
D I S T R I B U T I O N

B G P  
I S -I S M P L S M ul t i -ca s tB G P  
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I O S  X R  S u m m ar y
� L o n g e v i t y

–S c a l e  t o  9 2 T b p s
–Pr o g r a m m a b l e  H a r d w a r e  

� C o n t i n u o u s  S y s t e m  O p e r a t i o n
–No  si n g l e  p o i n t  o f  f a i l u r e
–No n  S t o p  F o r w a r d i n g
–I n  S e r v i c e  S W  U p g r a d e

� F l e x i b l e  S e r v i c e  C r e a t i o n  A r c h i t e c t u r e
–L o g i c a l  R o u t e r s
–Vi r t u a l  R o u t e r s
–VR F

� S i n g l e  U n i f i e d  S y s t e m  V i e w
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