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Scott ShenkerHm 5@ fE LY

A Better Example: Programming

“The Power of Abstraction”

* Machine languages: n ] ]
_ Mastering complexity W “Modularity based on abstraction

Is the way things get done”
e Higher-level language:

. : — Barbara Liskov
- File system, virtual mer

e Modern languages: ev
- Object orientation, gark

Abstractions = Interfaces = Modularity

Abstractions key

/ \
(l What abstractions do we have in networking? >
\ /

“The Future of Networking , and the Past of Protocols”- S. Shenker et al.
http://opennetsummit.org/talks/shenker-tue.pdf
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Agility

1R 1k

Serviceability

SDN

(Software Defined Network)

Virtualization

N

Programmability

Control Plane Separation

4

Modularity

Abstraction
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Abstraction

- TERICLTRLST 1 -EF BE

- “Everything should be made as simple as possible, but not simpler.” -Einstein
http://rescomp.stanford.edu/~cheshire/EinsteinQuotes.html
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BGP&EIHZRIE

* BGP : framework for scaling and virtualization

- Muld-
CIDRIZ & aggregation, RRIZ& BBEE 1L, Remote Next-hop

- RIEZ

service, Multi-AF

=5 ELTDBGP

draft-ietf-idr-Is-distribution-00
draft-rfernando-virt-topo-bgp-vpn-00
draft-marques-I3vpn-end-system-07

- BGPD 1

Rt

- Cisco One-PK BGP
- draft-ward-irs-framework-00

- draft-keyupate-irs-bgp-usecase-01



BGP-LSIZ &k ATopologyl&EER D &2 %

 draft-ietf-idr-Is-distribution-00

c DBDIN—TAT A% XK T HBGP speakerhH¥, LSDB/TETR
#7ZBGP NLRIZZE#EL . B2 9 5 (LS: Link State)

 RR(Route Reflector)[Z& BB 1L
- Controller Scalability

« Multi-hop BGP session, remote-nexthoplZ&klY) . RABBI7%E . FEX
A TAE AN

1 2 3
01234567890123456789012345678901
B R e s st et S L e e Rt st et ot S
| NLRI Type | Total NLRI Length |
e Bt st R S e et (N I
| |
+ Route Distinguisher +
I I
B e T R s st I e e e e e e s o e e =
|
Link-State NLRI (variable) |

|
I
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Figure 2: Link State SAFI 128 NLRI Format
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*  BGP-LS speaker|XIGP topology g #RZBGP-LS NLRIS[ZZEHLILERT 5
* Route ReflectorMZ D FHEF. LY —J7(*)ITIEZ S

e ALTO server
* PCE server

. BE

COHE. FREED T ML
— 73

(Router|ZxfL TReflectionl
Thnizly)

BGP-LS

BGP-LS
( Speaker D
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BGP-LS
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BGP-LS3&E FA 451l : Network Positioning System

Apps/CDN/Gloyd =~ F—7—————————— Z<

_

—

Layer == >

BGP-LS [Z &3 BEOTILI)XLIZEST
Topology & #R5:E SHERZEE

NPS/ALTO

Networ k Server ' Geo-location
. NPS/ — * Information <:|__— Policy
SerVICes PrOXImlty collector Database

Layer Database * Algorithms Performance
* Databases data

BGP-LS [=& 3 < ZLSEHRDIEE |

o Topology R ¥Rz
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BGP-LSE FA{5ll : Multi-layer PCE

X Paths
' : <------F
. VPN Topology
> (BGP-LS)

T

' . v ! VPN Topology Slice 2

1 / -

" <€ Tunne! . y , (BGP-LS)

1

\

1

1

1

>

L3 Link Topology
(BGP-LS)

DWDM Topology
(OSPF/BGP-LS)

DWDM

ML-PCE

=JL
/or its aff g

* PCE: Path Computation Element - Constraint PathM 515 . $ KU E%X 7 (stateful-PCEP)Z 1T
D B | D N N



BGPIZ kA “Service Flow” DRE

e draft-rfernando-virt-topo-bgp-vpn-00

PCE(option)IZ&d
“best” path EEIR

PCE

Orchestration
tool

Source
PE

packe

App

#&zone PE (1)-(3)I&. RRIZXL T

[ —EXZEKIZFI1TI

RRIZ. ETOFERARELG Y —EX

iBHET D,

Orchestration toolhY, H—E X

Fx— (S1->52->S3) &,

classification policy (flow1l -> chainl)

TEET Do

PE(X. RRM B ITHER > T=policy[Z K

US4 DclassificationZ 1T,
BGPIX. classification policyD B2
[CHERASND,
PolicylZ<wF L1 =flowlZ*tL .
service overlay_t Mnexthop% E%5E
95, (e.g. (1) for S1)

Overlay tunnel (e.g. VXLAN)



BGPZ{#>7=Virtual Overlay
- Control Plane&VPN Forwarderd)/\ﬁﬁ

; IP1, VPN1000 | ;P1.1, VPN2000

VPN Forwarder
e XMPP Client

VEM1
[CE1]
192.168.1.1

1P2, VPN1000

* XMPP Server

e BGP Control Plane

VEM2
[CE2]
192.168.1.2

VPNT—T L%
VEMIZ
Ayvn—K

VPNT—T L%

e draft-marques-I13vpn-end-system-07

¢ BGP Control Plane
e XMPP Server

VSM1
[PE1]

VEMIZ

* BGP Control Plane
e XMPP Server

VSM2
[PE2]

Aooo—K
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-

- 1P1/32

IP1.1/32
IP2/32

VEM1
VEM1
VEM2

1000 XMPP
2000 XMPP
1000 BGP

IP1/32
IP1.1/32
IP2/32

VEM1
VEM1
VEM2

1000 BGP
2000 BGP
1000 XMPP
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BGP LSIZ &1+ 55

. Em

* (Cisco One-PK

- raw mode

- read/write mode
- 12RS data model
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