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rLFAP Overview

R1 (R5) pre-computes next hop
R4 for its traffic destined to R5
(R1) if link between R1 and R5
fails (local LFAP is an RFC now)

Topology dependent partial
coverage

~70-85% for single link failure

the elements of success

No local LFAP exists

R1 and R2 pre-compute next hops
R2 and R3, respectively, for their
traffic destined to R5

RS and R4 pre-compute next hops
R4 and R3, respectively, for their
traffic destined to R1

Upon failure detection, this info is

sent to R2 and R4 (i.e., X=1)
%= Telcordia.



Extensions to local LFAP

» X-hop neighborhood parameter (e.g., X=1 represents 1-hop neighborhood)
» routing tables of nodes within X-hop neighborhood are locally calculated
(use LSDB and calculate SPT for X-hop neighbors — no information
exchange among nodes)
 does not affect convergence time since all LFAPs are pre-computed
* interoperability can be supported if routers can have different X

* router should disseminate parameter X at the beginning — e.g., for

router with X=0, rLFAP is not supported

* router with X=0 will be excluded from X-hop neighborhood even
they are physically in neighborhood

* Failure notification mechanism
* a new packet format including interface identifier field
* assign as a control packet for expedite forwarding
» send redundant failure notifications to increase reliability against a lost
(receiver will use only the first notification arrived, others will be ignored)

* All LFAPs are installed locally (no information exchange other than failure

notification)
%= Telcordia.



rLFAP Benefit

Realistic topologies
using BRITE topology
generator

N: # of nodes in
network

E ... @verage # of
outgoing edges per
node

Coverage depends on

E rather than N

mean
100% coverage using
small neighborhood
size (i.e., X=2)

E an LFAP Coverage Percentage
N (%)
X=0 X=1 X=2
p(add)=0. 20 3.64 82.39 98.85 100.0
01
beta=0 .01 50 3.86 82.10 98.69 100.0
100 3.98 83.21 98.03 100.0
p(add)=0. 20 3.70 85.60 99.14 100.0
05
beta=0.05 50 4.01 84.17 99.09 100.0
100 4.08 83.35 98.01 100.0
P(add)=0. 20 5.52 93.24 100.0 100.0
1
Beta=0.15 50 6.21 91.46 99.87 100.0
100 6.39 91.17 99.86 100.0
E. .. Coverage Percentage (%)
N X=0 X=1 X=2
p(add)=0. 154 (AT&T) 6.88 91.04 99.81 100.0
42
DFN .32 .7 100. 100.
beta=0 . 62 30 ( ) 8.3 93.76 00.0 00.0
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» = [LFAP in XORP

REFERENCE: www.xorp.org

Management processes

r Router cLl SNMP
finder manager
BGP4+
. PIM-SM
- \> -//
el ' IGMP/MLD
(OSPF d
1 P | Multicast Routing
Unicast Routing I

Forwarding Engine
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» = \WISER emulation tool

/-@9_ USER SPACE ) . | * Modified Fedora Core 8 kernel
% for Virtual Network Stacks &
- | Q Interfaces
i « Support unicast and multicast
= Q routing protocols through
p - XORP
% | * Support 100 nodes in a single
i box
I L KERNEL SPACE 21 « Interoperability with External
p y = Devices
5 | + Wireless MAC emulation
HARDWARE
L 5/
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WISER GUI

B3 WISER Emulation Tool
File Mode

Fun

Satellite (node #16):
” Name: Ka Band 1
#| Type: Ei-SATCOM

Mobility

«

Painter coordinates (lon, lat): -110,590, 37,878 i

T
s
»

—

the elements of success

Reset

Pause time Flow

Mormal time Flow

Time Flow 210

Tirne Flow =100

foom

emulation time

00:00:00.000

Mode: running emulation | Connected to: 192.4.20,1858 | Scenario file name: none

Display Node/Link Info
Link calar: (%) Mone ) Schedule ") Demand ") Bit error ratio ) Bandwidth {1 Load ode #4:
ame: 4-594FL (MLRS) ToC
Type: TCHN-E
[]Hide sateliite links [ Hide zero demand links Show schedules Interface: VIRTULL
Position (lon, lat): -110.665
Shiawe only net group: | All b
ki graup F; 3
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BEFORE dev 4.6.4 FAILED (OSPF routes)

Message from LANforge-Server
FRouting table for YWirtual Router: Router-4 (43

10240024 dev 2.4.4 scope link

10250024 via 10.2.4 2 dev 2.4 4 proto xorp metric 2 notify
10220024 via 10.2.4.2 dev 2.4 4 proto xorp metric 2 notify
10230024 via 10.2.4.2 dev 2.4.4 proto xorp metric 2 notify
1035024 via 10 458458 dev 454 protoxorp metric 2 notify
10.3.3.024 via 10.1.4.1 dev1.4.4 proto xorp metric 3 notify
10.1.4.0024 dev 1.4.4 scope link

10150024 via 10.1.41 dev1. 4.4 protoxorp metric 2 notify
1011024 via 10.1.4.1 dev1.4.4 proto xorp metric 2 notify
10120024 via 10.1.4.1 dev 1.4.4 proto xorp metric 2 notify
1013024 via 10.1.4.1 dev1.4.4 proto xorp metric 2 notify
10670024 via 10.4.6.6 dev 4. 6.4 proto xorp metric 2 notify
1066024 via 104 6.6 dev 4 6.4 proto xorp metric 2 notify
10780024 via 10.4.7.7 dev 4 7.4 proto xorp metric 2 notify
10770024 wia 10.4.7.7 dev 4.7.4 proto xorp metric 2 notify
1069024 via 104 6.6 dev 4 6.4 proto xorp metric 2 notify
10680024 via 10,4 6.6 dev 4 6.4 proto xorp metric 2 notify
10.4.59.0/24 dev 4.5.4 scope link

10.4. 4024 dev brd scaope link

10470024 dev 4.7.4 scope link

10.4.6.0/24 dev 4. 6.4 scope link

1085024 via 10 44848 dev 4 54 protoxorp metric 2 notify
101114024 via 10466 dev 4.6.4 protoxorp metric 4 notify
101115 0024 via 104 6.6 dev 4.6.4 protoxorp mmetric 4 notify
101113024 via 104 66 dev 4 6.4 protoxorp metric 4 notify
101141024 via 10466 dev 4.6.4 protoxorp metric 4 notify
101014024 wia 104 6.6 dev 4. 6.4 protoxorp mmetric 5 notify
10101580024 via 104 6.6 dev 4.6.4 protoxorp metric 4 notify
101012024 via 10466 dev 4.6.4 protoxorp metric 4 notify
1010130024 via 104 66 dev 4 6.4 protoxorp metric 4 notify
1010100024 via 10.4. 6.6 dev 4.6 4 protoxorp metric 5 notify
1010110024 via 10,4 6.6 dev 4. 6.4 protoxarp metric 4 notify
109150024 via 104 6.6 dev 4 6.4 protoxorp metric 3 notify
109120024 via 10.4.6.6 dev 4 6.4 proto xorp metric 3 notify
109130024 via 10.4.6.6 dev 4. 6.4 proto xorp metric 3 notify
10911 0024 via 104 6.6 dev 4 6.4 protoxorp metric 3 notify
10990024 via 10.4.6.6 dev 4 6.4 proto xorp metric 3 notify
10880024 via 10.4.6.6 dev 4. 6.4 proto xorp metric 2 notify
101815 0024 via 104 6.6 dev 4 6.4 protoxorp metric 4 notify
1014140024 via 10466 dev 4.6.4 protoxorp metric 5 notify
101315 024 via 104 6.6 dev 4.6.4 protoxorp mmetric 4 notify
1013130024 via 104 66 dev 4 6.4 protoxorp metric 4 notify
1012159024 via 10466 dev 4.6.4 protoxorp metric 4 notify
101214024 vwia 104 6.6 dev 4.6.4 protoxorp mmetric 4 notify
101213024 via 10466 dev 4.6.4 protoxorp metric 4 notify
101212024 via 10466 dev 4.6.4 protoxorp metric 4 notify

EEX

AFTER dev 4.6.4 FAILED (OSPF + rLFAP routes)
EBX

Message from LAMforge-Server
Routing table for Wirual Router: Router-4 (4)

10.2.4.0024 dev 2.4.4 scope link

102590024 via 104,599 dev 4.9.4 proto xarp metric 2 notify
10220024 via 1024 2 dew 2.4 4 protoxarp tmetric 2 notify
10.2.3.0024 via 10.2.4.2 dev 2.4 4 proto xorp metric 2 notify
1035024 via 10458 dev 4.5.4 proto xorp metric 2 notify
10.2.23.0024 wia 10.1.4.1 dew 1.4 .4 proto xarp metric 3 notify
101 40024 dew1.4.4 scope link

1015024 via 10458 dev 4.5 4 proto xorp metric 2 notify
10110024 wia 10.1.4.1 dew 1.4 .4 proto xaorp metric 2 notify
10120024 via 10.1.41 dew1.4.4 protoxarp mmetric 2 notify
10130024 via 10.1.41 dev1. 4.4 protoxorp metric 2 notify
10670024 via 10.4.7.4 dev 4.7.4 proto xorp metric 2 notify
10660024 wia 10.4.7.4 dev 4.7.4 proto xarp metric 3 notify
10780024 via 10477 dev 4.7 4 protoxorp mmetric 2 notify
10770024 wvia 10.4.7.7 dev 4.7.4 proto xorp metric 2 notify
10690024 via 10.4.7.4 dev 4.7 4 proto xorp metric 3 notify
10680024 via 10.4.7.4 dev 4.7.4 proto xorp mmetric 3 notify
10450024 dev 4. 54 scope link

10.4.4.0024 dev brd scope link

10.4.7.0024 dew 4.7.4 scope link

104 60024 dew 4 6.4 scope link

10850024 via 10458 dev 4.5 4 proto xorp metric 2 notify
1011140024 via 10.4. 7.4 dev 4.7 4 proto xorp metric 9 notify
1011158 24 wia 10.4.7.4 dev 4. 7.4 proto xorp metric 5 notify
101113024 wia10.4.7 4 dev 4 7.4 proto xorp metric 5 notify
1011 A1 024 wia 10.4.7.4 dev 4. 7.4 proto xorp metric 5 notify
1010140024 wvia 10.4.7.4 dew 4.7 .4 proto xorp metric 6 notify
101015 0024 wia 10.4.7 4 dev 4 7.4 proto xorp metric 5 notify
101012024 wvia 10.4.7.4 dev 4. 7.4 proto xorp metric 5 notify
101013024 wia 10.4.7.4 dev 4. 7.4 proto xorp metric 5 notify
1010100024 wia 10.4.7.4 dev 4. 7.4 proto xorp metric 6 notify
101011 . 0024 wia 10.4.7 4 dev 4 7.4 proto xorp metric 5 notify
109150024 via 10.4.7.4 dev 4.7.4 proto xorp metric 4 notify
109120124 wvia10.4.7.4 dev 4.7.4 proto xorp metric 4 notify
109130024 via10.4.7 4 dev 4 7.4 protoxorp metric 4 notify
109110024 via 10.4.7.4 dev 4. 7.4 proto xorp metric 4 notify
10.9.9.0024 via 10.4.7.4 dev 4.7.4 proto xorp metric 4 notify
10.2.8.0024 wvia 10.4.7.4 dev 4.7.4 proto xarp metric 3 notify
101815 0024 wia 104 7.4 dev 4 7.4 proto xorp metric 5 notify
101414 024 wia 10.4.7.4 dev 4. 7.4 proto xorp metric 6 notify
1013190024 via 10.4. 7.4 dev 4.7 .4 proto xorp metric 9 notify
101312024 wia 10.4.7.4 dev 4. 7.4 proto xorp metric 5 nu:utifg.r|
1012158024 via 10.4.7 4 dev 4 7.4 proto xorp metric 5 notify
101214024 wia 10.4.7.4 dev 4. 7.4 proto xorp metric 5 notify
1012130024 wvia10.4.7.4 dew 4.7 .4 proto xorp metric & notify
101212024 wia10.4.7 4 dev 4 7.4 proto xorp metric 5 notify

OK

OK

the elements of success

28 LFAPs are
successfully
installed

RIB update time

for 28 LFAPs is
~5-Tms
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BEFORE dev 4.6.6 FAILED (OSPF routes)

Message from LAMforge-Server

Routing table for Witdual Router: Router-6 (G)

10240024 via 10464 devd BB
102500024 via 10464 devd BB
10220024 via 10464 devd BB
1023024 via 10464 devd BB
102500024 via 10464 devd BB
1023024 via 10464 devd BB
10140024 wia 10464 devd BB
10150024 via 10464 devd BB
10110024 wia 10464 devd BB
10120024 via 10464 devd BB
10130024 via 10464 devd BB
10.6.7.0024 dew B.7.6 scope link
10.6.6.0/24 dev brE scape link

107824 via 106 7.7 devB. 7.6
107724 wia 106 7.7 devB. 7.6
10.6.9.0/24 dew B.9.6 scope link
10.6.8.0/24 dew B5.8.6 scope link
10450024 via 10464 devd BB
10440024 via 10464 devd BB
104724 wia 106 7.7 devB. 7.6
10.4.6.0/124 dew 4. 6.6 scope link
10550024 via 10464 devd B.6

proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp

proto xarp
proto xarp

metric 2 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 4 notify
metric 2 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify

metric 2 notify
metric 2 notify

B

proto xorp metric 2 notify
proto xorp metric 2 notify
proto xorp metric 2 notify

proto xorp metric 2 notify
1011140724 wia 10.6.9.9 dev B.9.6 protoxorp
10111590724 wia 10.6.9.9 dev B.9.6 protoxorp
1011130024 wia 10.6.9.9 dev B.9.6 protoxorp
1011110024 wia 10.6.9.9 dev B.9.6 protoxorp
1010140724 wia 10.6.9.9 dev B.9.6 protoxorp
1010150724 wia 10.6.9.9 dev B.9.6 protoxorp
101012024 wvia10.6.9.9 dev B.9.6 protoxorp
1010130724 wvia 10.6.9.9 dev B.9.6 protoxorp
1010100724 wia 10.6.9.9 dev B.9.6 protoxorp
1010110724 wia 10.6.9.9 dev B.9.6 protoxorp
109150024 via 10.6.9.9 dev 65 9.6 protoxorp metric 2 notify
109120024 via 10.6.9.9 dev 65.9.6 protoxorp metric 2 notify
1091230024 via 10.6.9.9 dev 65 9.6 protoxorp metric 2 notify
10.9.11.0024 via 10.6.9.9 dev 65 9.6 protoxorp metric 2 notify
10.9.90/24 via 10.6.9.9 dev 65.9.6 protoxorp tmetric 2 notify

10.8.8.0/24 via 10.6.8.8 dev B.B.6 protoxorp tmetric 2 notify

101515 024 wia 10.6.9.9 dev 596 proto xarp
101414 024 wia 10699 dev 596 protoxarp
101315024 vwia 10699 dev 596 protoxarp
101313024 wia 10699 dev 596 protoxarp
101215024 wia 10699 dev 596 protoxarp
101214 024 wia 10699 dev 596 protoxarp
101213024 wia 10699 dev 596 protoxarp
1012120024 wia 10699 dev 596 proto ¥orp

rmetric 3 notify
rmetric 3 notify
rmetric 3 notify
rmetric 3 notify
rmetric 4 notify
rmetric 3 notify
rmetric 3 notify
rmetric 3 notify
rmetric 4 notify
rmetric 3 notify

metric 3 notify
metric 4 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify

AFTER dev 4.6.6 FAILED (OSPF + rLFAP routes)

Message from LANforge -Server

Routing table for virdual Router: Router-6 (B

10240024 via 106,76 devB.7.6
10250024 via 10676 dev 6.7 6
1022024 via 10676 dev 6.7 6
10230024 via 1067 6 dev B TR
10250024 via 1067 6 dev B TR
10230024 via 1067 6 dev B TR
101 40024 via 1067 6 dev B TR
10150024 via 10676 dev 5.7 6
10110024 via 106,76 dev 65.7.6
10.1.2.024 via 10676 dev .76
10130024 via 106.7.6 dev 65.7.6
10670024 dev B.7.6 scope link
10.6.6.10/24 dev brE scope link

107824 via 106.7.7 dev 6.7 6
107724 via 106 7.7 dev 5.7 6
10.6.9.0024 dev 6.9.6 scope link
10680024 dev 686 scope link
10450024 via 1067 6 dev B TR
10440024 via 10676 dev B TR
1047024 via 10677 dev B TR
10.4.6.0/124 dev 4. 6.6 scope link
105850024 via 10676 dev65.7.6

proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp
proto xarp

proto xarp
proto xarp

metric 2 notify
metric 4 notify
metric 4 notify
metric 4 notify
metric 4 notify
metric 5 notify
metric 3 notify
metric 4 notify
metric 4 notify
metric 4 notify
metric 4 notify

metric 2 notify
metric 2 notify

EBX

proto xarp metric 3 notify
proto xarp metric 3 notify
proto xarp metric 2 notify

proto xorp metric 4 notify
1011140024 via10.6.9.9 dev B.9.6 protoxarp
10111590124 via 10,699 dev B.9.6 protoxarp
10111300524 via 10,699 dev B.9.6 protoxarp
1011110024 via10.6.9.9 dev B.9.6 proto xarp
101014 024 wvia 10699 dev 6.9.6 proto xorp
1010158 024 via 10699 dev B.9.6 proto xorp
1010120024 via 10699 dev 696 proto xorp
101013024 via 10699 dev B.9.6 protoxorp
1010100024 wvia 10699 dev 696 proto xorp
101011 .24 wia 10699 devw 696 proto xorp
109150024 via 10.6.9.9 dev 65.9.6 proto xorp metric 2 notify
10.912.0/124 via 10.6.9.9 dev 65.9.6 proto xorp metric 2 notify
10.913.0/24 via 10.6.9.9 dev 65.9.6 proto xorp metric 2 notify
10.9.11.0/24 wvia 10.6.9.9 dev 65.9.6 proto xorp metric 2 notify
10990524 via 10.6.9.9 dev 6.9.6 proto xorp metric 2 notify

10880024 via 10.6.8.8 dev 6.8.6 proto xorp metric 2 notify

10159159.0/24 via10.6.9.9 dev B.9.6 protoxarp
101414024 via 10699 dev 6.9.6 proto xorp
1013158024 via 10699 dev B.9.6 proto xorp
101313024 via 10699 dev B9 6 protoxorp
1012158024 via 10699 dev 6.9 6 proto xorp
101214 024 via 10699 dev B9 6 proto xorp
101213024 via 10699 dev B 9.6 proto xorp
1012120024 via 10699 dev 65.9.6 proto xorp

metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 4 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 4 notify
metric 3 notify

metric 3 notify
metric 4 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify
metric 3 notify

OK

oK

the elements of success

14 LFAPs are
successfully
installed

RIB update time

for 28 LFAPs is
~4-6ms

#= Telcordia.
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== CoOnvergence results

. rLFAP implementation in XORP

Remote LFAP computation within X-hop is completed
« Xis a configurable parameter
» ltis set to the same number for all nodes

 LFAP installation to RIB is implemented
 Failure notification mechanism is being implemented
» Failure detection mechanism (similar to BFD) is being implemented

« 7 XORP processes (e.g., xorp_rtrmgr, xorp_ospfv2, xorp_rlfap, etc.)
for each virtual router

* 105 processes for 15-node topology in a single box
« RIB update times are ~5-7ms for 28 LFAPs for RT4 and ~4-6ms for
14 LFAPs

 Number of LFAP updates will be less for remote routers (routes
affected from a remote failure will be subset of routes affected from a
local failure)
* Implies that less time required for LFAP installation in remote router
compared to LFAP installation in router local to failure

10 #= Telcordia.
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_ . Switching from LFAPs to primary paths

IGP convergence from temporary alternate paths to
primary routes (e.g., OSPF routes) should also be loop
free

What percentage of rLFAP routes are exactly the same
as OSPF new routes after failure?

Results show that the percentage of the routes that is
the same increases as X increases (For X=infinity,
rLFAP paths = OSPF paths)

Safe convergence from LFAPs to OSPF when OSPF
new routes are calculated

11 #= Telcordia.



AFTER dev 4.6.4 FAILED and OSPF CONVERGED  AFTER dev 4.6.6 FAILED and OSPF CONVERGED

the elements of success

Message from LANforge-Server

Message from LANforge-Server

Routing table forvirual Router: Router-4 (47 FRouting table for Wirtual Router: Router-6 (B)

10240024 dev 2.4.4 scope link 10240024 wia 106.7.7 dev 6.7.6 proto xorp metric 2 notify

10250024 wia 10.4.5.5 dev 4.5.4 proto xarp metric 2 notify 10250024 via T06.7.7 dev 676 protoxorp metric 4 notify

10220024 via10.2.4.2 dev 2.4 4 proto xorp metric 2 notify 1022024 %ia10.6.7.7 dev 5.7.6 proto xarp metric 4 notify F 1 5 d
10230024 vig 10.2.4.2 dev 2.4 4 proto xorp metric 2 notify 10230024 via 106 7.7 dev 676 proto xarp metric 4 notify or -noae
10250024 via 10.4.59.49 dev 4.5.4 proto zarp metric 2 notify 1025024 via 10.6.7.7 dev 5.7.6 proto xarp metric 4 notify H

102230024 wia 10.1.4.1 devw 1.4.4 proto xarp metric 3 notify 10230024 via 106 7.7 dev 576 proto xarp metric 5 notify Scenarlo’ reSU|tS
101 40024 dew1.4.4 scope link 10140024 via 10.6. 7.7 dev 6.7.6 proto xorp metric 3 notify

10150024 via10.4.5.8dev 4.5 4 protoxorp metric 2 notify 101580024 via 106.7.7 dev B.7.6 proto xorp metric 4 notify Showed that
10110024 wvia 10.1.4.1 dev 1.4.4 proto xorp metric 2 notify 1011024 wia 10.6.7.7 dev 6.7.6 proto xarp metric 4 notify LFAPS are the
100120024 wia 10.1.4.1 dev 1.4.4 proto xorp tmetric 2 notify 10120024 via 106.7.7 dev 576 proto xarp metric 4 notify

10.1.3.0024 wia 10.1.4.1 dev1.4.4 proto xorp metric 2 notify 10.1.3.0024 via 10.6.7.7 dev 6.7.6 proto xorp metric 4 notify same as OSPF
106724 wig 10.4.7.7 dev 4.7 4 proto xorp metric 2 notify 10670024 dev 6.7.6 scope link

10.6.6.0/24 via 10.4.7.7 dev 4.7.4 protoxarp metric 3 notify 10.6.6.0/24 dev br6 scope link new routes after
10780024 via 10.4.7.7 dev 4.7.4 proto xorp tmetric 2 notify 10.7.8.0/24 via 10.6.7.7 dev 6.7 6 proto xorp metric 2 notify .

10.7.7.0/24 via 10 4.7.7 dev 4.7.4 protoxorp metric 2 notify 10.7.7.0/24 via 10.6.7.7 dev B.7.6 proto xorp metric 2 notify failure

1069024 wvig 10.4.7.7 dev 4.7 4 proto xorp metric 3 notify 10.6.9.0/24 dev 6.9.6 scope link

10.6.8.0024 via 10.4.7.7 dev 4.7.4 protoxorp metric 3 notify 10.6.8.0/24 dev 6.8.6 scope link

10.4.5.0024 dev 4.5.4 scope link 10450024 wia 10.6.7.7 dev 5.7.6 proto xarp metric 3 notify

10.4 40024 dew brd scope link 10.4.4.0024 wia 10.6.7.7 dev 5.7.6 proto xorp metric 3 notify OSPF updateS to
10.4.7.0024 dev 4.7 4 scope link 1047 0024 via 10.6.7.7 dev B.7.6 protoxarp metric 2 notify R|B are safe
10550024 via 10.4.5.5 dev 4.5.4 protoxorp metric 2 notify 10.5.5.00/24 via 10.6.7.7 dev 6.7.6 proto xorp metric 4 notify

101114 0024 wia 10.4.7.7 dev 4.7 4 protoxorp metric & notify 10.11.14.0024 via 10.6.9.9 dev 5.9.5 proto xorp metric 3 notify (doeS not need tO
1011 15 0024 wia 104 7.7 dev 4.7 4 protoxorp metric 5 notify 10111580024 via 10.6.9.9 dev .96 proto xorp metric 3 notify .
10.11.123.0/24 wia 10.4.7.7 dev 4.7.4 protoxorp metric 5 notify 10.11.12.0/24 via 10.6.9.9 dev 6.9.6 proto xorp metric 3 notify be coordmated)
1011110024 via 10.4.7.7 dev 4.7 4 protoxarp metric 5 notify 10.11.11.0/24 via 10.6.9.9 dev 6.9.6 protoxorp metric 3 notify

1010140724 %ia 10.4.7.7 dev 4.7.4 protoxorp metric 6 notify 10.10.14.0/24 via 10.6.9.9 dev 6.9.6 proto xorp metric 4 naotify

101015.0/24 via 10,4 7.7 dev 4.7 4 protoxarp metric 5 notify 1010.15.0/24 via 10.6.9.9 dev 6.9.6 proto xorp metric 3 notify

101012.0/24 via 10,4 7.7 dev 4.7 4 protoxorp metric 5 notify 1010120024 via 10.6.9.9 dev 6.9.6 protoxorp rmetric 3 notify

1010130024 via 10.4.7.7 dev 4.7.4 protoxarp metric 5 notify 1010.13.0/24 via 10.6.9.9 dev 6.9.6 proto xorp metric 3 notify

1010100724 %ia 10.4.7.7 dev 4.7.4 protoxorp metric 6 notify 10.10.10.0/24 via 10.6.9.9 dev 6.9.6 proto xorp metric 4 notify

1010110724 via 10,4 7.7 dev 4 7.4 protoxarp rmetric 5 notify 1010.11.0/24 via 10.6.9.9 dev 6.9.6 proto xorp metric 3 notify

10915 0/24 wia 10477 dev 4.7 4 protoxorp metric 4 notify 10.9.15.0024 via 10.6.9.9 dev 6.9.6 proto xorp metric 2 notify

109120024 via 10,477 dev 4.7.4 protoxorp metric 4 notify 10.9.12.0024 via 10.6.9.9 dev 6.9.6 proto xorp metric 2 notify

10.9.13.0024 wia 10,477 dev 4.7.4 proto xorp metric 4 notify 10.9.13.0024 via 10.6.9.9 dev 6.9.6 proto xorp metric 2 notify

10.9.11.0/24 via 10,477 dev 4.7.4 protoxorp metric 4 notify 10.9.11.0024 via 10.6.9.9 dev 6.9.6 proto xorp metric 2 notify

10.9.9.0/24 via 10.4.7.7 dev 4.7.4 protoxorp metric 4 notify 10.9.9.0/24 via 10.6.9.9 dev 6.9.6 proto xorp metric 2 notify

10.8.8.0/24 via 10.4.7.7 dev 4.7.4 proto xorp metric 3 notify 10.8.8.0024 via 10.6.8.8 dev 6.8.6 proto ¥xorp metric 2 notify

101519 0/24 via 10.4.7.7 dev 4.7.4 protoxarp metric 3 notify 1015150024 via 10.6.9.9 dev 6.9.6 proto xorp metric 3 notify

101414 024 wia 10.4.7.7 dev 4. 7.4 protoxorp metric B notify 1014.14.0/24 via 10.6.9.9 dev .96 proto xorp metric 4 notify

10.1315.0/24 wia 10.4.7.7 dev 4.7.4 proto xorp metric 5 notify 10.13.15.0/24 via 10.6.9.9 dev 5.9.6 proto xorp metric 3 notify

101312024 wia 10.4.7.7 dev 4.7.4 protoxorp metric 9 notify 1012 132.0/24via 10.6.9.9 dev 5.9.6 proto ¥orp metric 3 notify

10.12.16.0024 wia 10.4.7.7 dev 4.7.4 protoxofp metric 5 natify 10.12.15.0/24 via 10.6.9.9 dev 5.9.6 protoxorp metric 3 notify

101214 024 wia 10.4.7.7 dev 4. 7.4 protoxorp metric 5 notify 1012140024 via 10.6.9.9 dev 596 proto ¥orp metric 3 notify

1012130724 wia 10,477 dev4 7.4 protoxarp metric 5 notify 1012120024 via 10.6.9.9 dev 5.9.6 protoxarp metric 3 notify

101212024 wia 10.4.7.7 dev 4.7 4 protoxorp metric 9 notify 1012.12.0/24via 10650 dev 5.9.6 protoxorp metric 3 notify

o oK #= Telcordia.
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% LAB EXPERIMENTS
R3 Multicast traffic from sender host

connected to R1 to receiver host
connected to R5

' R4 Assume (S,G) represents this session

Using default COTS router’s timers,

PIM-SM convergence took longer than

OSPF (~40 seconds) after a failure
Multicast requires not only unicast

convergence but also multicast tree
repair (e.g., PIM Join messages)

The same experiment is repeated but
multicast fast reroute enabled

RS pre-computes that new RPF will be
R4 if link R1-R5 fails (loop-free)

After rLFAP repairs unicast routing, R4
is installed as a new RPF node for this
session (S,G) (e.g., static RPF)

It took about a second to convergence
Multicast fast reroute as external process

13 #= Telcordia.
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14

No loop-free RPF for the multicast
session from R1 to R5 if link R1-R5

fails

rLFAP repairs unicast routes so
that R4 becomes a loop-free RPF
for R5 to receive multicast session

(S,G)
Multicast fast reroute within XORP
for sub-100 ms convergence

#= Telcordia.
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