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[ ]

Vertical Integration

orizontal Integration

Apps & Services
i "

End-to-end
Everything over IP
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Optimization
Closed Architecture

Proprietary and Confidential

Differentiated
IP Transport

Virtualization
Open Architecture
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- IP (4 bytes/16 bytes)

< AS (2 bytes/4bytes)

* TCP/UDP port (2 bytes)
Breakthrough, Trade-off, Moore’s low..

* Multi-core

e

S/N

http://bgp.potaroo.net/

> (
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1980
* Jetc/hosts.txt DNS
- host name
1990
- BGP

-> Policy Routing NSFnet
Routing Policy

« CIDR
> Address block
* OSI (??21)
> GOSIP (rfc1169 )

?
MPLS, ECNg), diffserv, IP Multicast, Mobile IP...

-

Intra-domain onl
y (*) Explicit Congestion Notification
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InternetWeek2007 W4: The Internet Operation ( ) “ ”

Mobile architecture
superset
Mobile Architecture activity

Juniper Networks
Routing, Network Architecture

”Scientific Revolution”/ ”Normal Science”
(
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- AS
- IPv4
- RIB/FIB

Stability vs Convergence
Security
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AS

RFC1930 “Guidelines for creation, selection, and registration of an
Autonomous System (AS)” 1996 3

9. AS Space exhaustion

The AS number space is a finite amount of address space.
It is currently defined as a 16 bit integer and hence
limited to 65535 unique AS numbers. At the time of writing
some 5,100 ASes have been allocated and a little under 600
ASes are actively routed in the global Internet. It is
clear that this growth needs to be continually monitored.
However, if the criteria applied above are adhered to,
then there is no immediate danger of AS space exhaustion.
It is expected that IDRP will be deployed before this
becomes an issue. IDRP does not have a fixed limit on the
size of an RDI. ¢ )

IDRP : OSI Inter-Domain Routing Protocol. ISO/IEC 10747(*)
IDRP AS RDI (Routing Domain Identifier)
RDI length/value

(*) http://lwww.sigcomm.org/standards/iso_stds/IDRP/10747.TXT
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http://www.nanog.org/mtg-0702/presentations/huston.pdf

Copyright © 2007 Juniper Networks, Inc Proprietary and Confidential www juniper.net




[} Juniper
AS

BGP spec
Backward Compatibility
- No “flag day” transition

4-Byte AS Transition

= Think about this space as a set of NEW / OLD boundaries
s Define the NEW / OLD and the OLD / MEW transitions

= Preserve all BGP information at the transition interfaces
» Translate 4-Byte AS Path information into 2 e representation
= Tunnel 4-Byte AS Path information through 2-Byte AS domain as ar
update attribute

A.tyte AS Realm | 2.nle AS Realm 4-tste AS Realm

s Mapped 2byte AS Path / \ Augrnerted 2-byte AS Path
-

- HEW_AS_PATH attribute - Preserved 4 byte AS Path v
,

of 85 Fath to the preserved 48yte path

4-byte AS Palh

http://www.nanog.org/mtg-0702/presentations/huston.pdf

Copyright © 2007 Juniper Networks, Inc. Proprietary and Confidential Www juniper.net 11

[} Juniper

http://www.nanog.org/mtg-0710/presentations/Bush-v6-op-reality.pdf

(Today IPv6
Deployment

IPv4
Free Pool

.

Moday $/IPv4
/24

IPv4
Free Pool

—t
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IP 4 - IPv6 transition

Transition

Dual Stack

Tunneling

Translation

dual stack everywhere!
DNS
Service/Application Host

Tunneling v4disland vé6 island

Translation (NAT/NAPT(rfc2663), NAT-PT(rfc2766))
Translation

Copyright © 2007 Juniper Networks, Inc. Proprietary and Confidential

IPv4
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IP 4 - IPv6 transition
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Global IPv4 Private IPv4 Global IPv6
Internet 4-“-*- Y'Y
Service
Tierl/Globa
ISP
( TRN Y S
Regional ISPsI NAT oo P AjpTaﬁon
L g L X 2 ¢ e
Global IPv4 Private IPv4 Global IPv6
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e Transition
*|Pv6
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Co-existence

co-existence
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transition
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RIB/FIB

* IPv6
* IPv6 Multihoming, Traffic Engineering

ARIN M.Azinger v6ops@ops.ietf.org (2006 6 28
draft-ietf-v6ops-routing-guidelines-00 multihome guildeline

v6 v4 multihome IETF Guideline

( )
More specific v6
Let's not create a swamp out of v6 address space with more specific junk. (Pekka Savola)

RFC 4177 section 5.1 (L3 multihoming)

"This approach generally meets all the goals for multi-homing approaches with one notable
exception: scaleability.”

- draft-baker-v6ops-I13-multihoming-analysis-00
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IAB workshop 18-19 Oct.2006
http://lwww.iab.org/about/workshops/routingandaddressing/
1. Routing Scalability
2. The overloading of IP address semantics
3. Routing Convergence
4. Misaligned Costs and Benefits
5. Others
1. Mobility
2. Routing Security
[Workshop ]
1. Scalability of Routing and Addressing System is a concern
2. More discussion is needed with broader audience
3. Solution development should be open and transparent
4. Short/Intermediate term solution is needed concurrently
5. Roadmap to the solution deployment
6. Miscs (to create the mailing list ( ), etc.)
[Report]
: - rfc4984
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RIB/FIB

NANOG 39 BOF 5 Feb.2007

Joel Jeaggli FIB memory

(Force 10, Cisco, Foundry, Juniper, Extreme)

Apricot “future of routing” workshop 26-27 Feb.2007

Dave Meyer Chair
Jari Arkko, John Scudder, Vince Fuller Routing Scalability
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“Addresses can follow topology,

or topology can follow addresses,
but you can only pick one. ®

--- Yakov Rekhter
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?
IP address 2
(Locator)
(End Identifier)
[ ]

- DFZ(Default Free Zone) Locator

- Locator

- Multihome Mobility
(Host based)
- HIP, etc.
(Network based)
- Rewriting/Translating (8+8/GSE, etc.)
- Map and Encap/Tunneling (LISP, etc.)
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Locator ID (Network based Tunneling)

”Locator”
Edge device Tunnel
General overview of EID to Loc
appi i .
mapping ideas MAPPING PLANE

" Centralized/Distributed mappmg

DATA PLANE with TUNNELING

PLANE
http:/lwww.janog.gr.jp/meeting/janog20/pg-routing.html
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Locator ID (Network based Tunneling)

Many Open Questions:

- “ID” "Locator” bind mapping service
*  Mapping

— BGP --- “Push” protocol

— Caching --- “Pull” model

9
Mapping Convergence
- ICMP ? ?
Tunneling overhead, performance, bottleneck
Traffic Engineering ?
Deployability,
?
BGP free core (e.g. by MPLS) deployment
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“Any problem in computer science can be solved
with another layer of indirection.”

“But that usually will create another problem.”

* “A problem”: RIB/FIB

—David Wheeler

—rest of the quote

* “Another problem” : Mapping/Tunneling
Mapping/Tunneling overlay ”Loc/ID ”
L]
L]
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RIB/FIB
RIB/FIB
10
HW feasibility
Convergence Stability
. <->Convergence
» Convergence <-> Stability
* Protection <->

www juniper.net
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Convergence vs Stability

Convergence Stability
Connectivity
(happy packets © Randy Bush)

| Connectivity > Stability |

| Connectivity > Convergence |

d
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Convergence vs Stability

Stability

* Carrier delay / Interface Dampening
for DOWN event, UP event
*  Exponential Back-off
for IGP spf-delay, LSA generation
*  BGP RFD (*), MRAI

«  Protection

*) arbitrary dampening
Is RFD harmful ?!
http:/lwww.ripe.net/docs/routeflap-damping.html
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RFD

draft-li-bgp-stability-01
http://lwww.potaroo.net/ispcol/2007-06/dampbgp.html

[Goal] [ ]

Flap dampin ‘

R p.d c ping « Band-stop filtering
apid Lonvergence « Path length damping

Overhead .
* Path hunting e path selection
. (Refraction) * MRAI

« Aggregate withdraw
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FIB

e © oo
e o8&

B
1) Flattened FIB 2) Hierarchical FIB
e 1> o
nexthop to A
X.X.X.X X.X.X.X
Forwardin . Forwarding
Crientv@) ]—> nexthop to?A [Crt_entry(2) ]—>|indirect nexthop A}

y-y.y.y y.y.y.y

Forwarding
Crenty®) 1—=>| pexthop to A

n.n.n.n n.n.n.n
> >

- Protection
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1) Convergence

e

| (@) Detection |

| (2) Recalculation |

Convergence vs Protection

|(3) RIB(RPD) update|

|(4) FIB(RPD) update]|

| (5) FIB(PFE) update|

Copyright © 2007 Juniper Networks, Inc.

|(6) Readvertisement]|

5) FIB(PFE) update

Proprietary and Confidential

Other nodes

2) Recalculation

I 3) RIB(R

A
4) FIB(RPD) update

www juniper.net

29

Convergence vs Protection

2) Protection (s )

— |

(1) Detection |

\4

| (2) Recalculation |

|(3) RIB(RPD) update|

(4) FIB(RPD) update|

| (5) FIB(PFE) update|

Copyright © 2007 Juniper Networks, Inc

|(6) Readvertisement]|

I 3) RIB(R

5) FIB(PFE) update

Proprietary and Confidential

Other nodes

2) Recalculation

PD) update 6) Readvertisement
0

A
4) FIB(RPD) update

www juniper.net
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Convergence vs Protection
Convergence Protection
Globally consistent Local
Stability  trade-off FIB size  trade-off
- Convergence (IGP/BGP) - FRR (MPLS, IP)
- ECMP
Copyright © 2007 Juniper Networks, Inc. Proprietary and Confidential www juniper.net 31

Convergence vs Protection

A
X XXX}
g eBGP % Y-y-y-y.

uuT é @

B

. Protection Convergence

« Stability
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Control Plane
Graceful Restart / NSR

Control Plane Data Plane
® RE (Routing Engine)
® FE (Forwarding Engine)

PEl@

Control Plane
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\/7
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o
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TR~ .
/| 5%
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TN

© Graceful Restart

© Graceful Restart Neighbor ‘
helper

9
® NSR Neighbor >

NSR overhead

Proprietary and Confidential
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- “The Internet

Copyright © 2007 Juniper Networks, Inc.

Proprietary and Confidential

www juniper.net 34

17



[} Juniper

Do more with less
Virtualization
Automation

Copyright © 2007 Juniper Networks, Inc.
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1200
1000
800
The demand for mcreased system I
M func tionality is relentless...
600
100
200

Copyright © 2007 Juniper Networks, Inc.

AR ) N
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Do more with less
achievement

Capacity/Rack Size/System

Full rack
(non standard 23" wide)

3.2 Thps

1.28 Thps 1% Rack

T1600 T1600
Power/System Cooling Required/System
AEAT W 45 000+ BTU
9100 W |-~ 3 31050 BTU
T1600 T1600
Copyright © 2007 Juniper Networks, Inc. Proprietary and Confidential

Greater Scale

-
oreen |

\'_NEI'WORKING /

N

Leading Efficiency

www juniper.net 37

Do more with less

Micro Processor

13% 73%

* 20%
49%

->20% 2
73%
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13%

http://www.intel.co.jp/jp/business/technologies/focused-tech/process-rule/index02.htm
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Virtualization

#9
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> /[Fault Tolerant

www juniper.net 39
[} Juniper
Virtualization
1) Aggregation 2) Partitioning 3) Emulation
«Link bundling eLogical Router VPN
*RE redundancy evlan *VPLS
. *Modularity *Pseudo Wire
CsC, RR, LSP hierarchy... *Qo0S
*Multi-topology
«Confederation
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20



Virtualization

Control Plane

$ fate-sharing
Forwarding Plane
$ :QoS

Management Plane

$ i

Copyright © 2007 Juniper Networks, Inc.

(provisioning, syslog, statistics..)

Boundary

- Disaster Recovery, Risk Management

Proprietary and Confidential
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Virtualization

* Link Bundling

« Logical Router
Self-similarity

* Route Reflector

Vs
Vs

Vs

Vs

Copyright © 2007 Juniper Networks, Inc

+ QoS 211
+ RE redundancy
OK

+ Confederation

Proprietary and Confidential

é..;D@D_) ?2?

P— 3

* GRI/NSR vs Fast Convergence, Route Flap Dampening

www juniper.net
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Routing Engine

. Keepalive
v/ SW Fabric

. Forwarding Engine
e

» Oscillation

» Cascade Failure
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Logical Router (LR)

* Management Plane
Control Plane
« LR Software Instance

* Master Management Plane

. (Software Logical Router )
— Uplink
— CPU, memory
... with some partitions - Service Separation

- fate sharing
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Logical Router Uplink

Sub-interface
(VLAN, VC, DLCI)

l Ir ____________ A r
1 1
: Logical Router A !/ \ \ ! Logical Router A

Uplink
(e.g. 10GE/VLAN

Control Plane
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Logical Router

= Backbone
IPv4/v6 internet

LRO-master
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More Virtualization

Router

Router internal LAN External LAN

RE m

Rack of REs ‘

RE b

REm

RE b

Control Board
Routing Engine

REm

Switch } ‘

RE b

Control Board |

Fabric i PiC
AsIC D
T2 etz

Switch fabric for data

[ switch #

REm

RE b

REm

RE b

REm

RE b
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Transition

Transition
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(incrementally deployable)
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