Interdomain Multicast Rout ing Support

                                                                for Integrated Services Networks

                                                                          Daniel Zappala, Bob Braden, Deborah Estrin

USC Information Sciences Institute

Scott Shenker

Xerox PARC

Context

¯ F lows or flow aggrega tes  re serve a QoS  using a

                                      reservation protocol such as RS VP

¯ RSVP i s desi gned to operate over c urrent  routi ng

                                      infrastruct ure

                                                  ˘ Opportunistic: routing always uses short est path, even

                                                                                 if previ ously shortest pat h is still functi oning

                                                  ˘ Shortest path: routing uses a single cost metric (i.e. hop

                                                                                 count), chooses least-cost path

¯ Two proble ms: f ailed primary route problem,

                                      opportunistic route problem

                                                                                                                 Failed Primary Route Problem

¯ Applicati ons are limited to using t he shortest pat h

                                      route

¯ If application can’t obtai n desi red service  over  this

                                      route, it has no alte rna tive

¯ Other  paths may exist  that can accommodat e the

                                      flow

R1

Provider A Provider B

S

R2
R3

Network

X

RSVP failure

                                                                                                  Opportunistic Routing Problem

¯ Rout ing switches t o short est

                                      pat h, even whe n the current

                                      route is  stil l operati onal

¯ Data uses new rout e,

                                      reservations are on old r oute

¯ Length of service disrupt ion

                                      depends on how fa st RSVP

                                      ca n re-esta blish res ervation

¯ If reservation de nied on new

                                      pat h, disruption can be

                                      indefinite.

reservat ions

still on

original

route

R3

S

R2

R1
data uses

new, shorter

route

                                                                                    Solutions : Failed Primary Route

¯ Choose a primary route that  is known a priori to

                                      have suffic ient resources

¯ QoSPF for  intradomain routing

                                                  ˘ Global distribution and synchronizati on of l ink

                                                                                 resources and flow reservations

                                                  ˘ These are rapidly varying quantities: global distribution

                                                                                 not viable for i nterdomain routing

                                                Solutions : Failed Primary Route (2)

¯ Quali ty of Route (QoR) routing for int erdomai n

                                      routing

                                                  ˘ Use several static m etrics (i.e. maximal bandwidth or

                                                                                 minimal latency) and keep a routing table for each

                                                  ˘ Interactive apps can avoid satellite links, bulk data

                                                                                 transfer can seek maximum  bandwidth

                                                  ˘ Can improve chances of securing a reservation, but

                                                                                 does not avoid the probl em

                          Our Solution for Failed Primary Route

¯ Receiver s c an reques t an alterna te route when a

                                      reservation request f ails  on default QoR rout e

¯ Augment  routi ng wi th:

                                                  ˘ (1) Localized route const ruction to find alternate routes

                                                  ˘ (2) Interdomain rout ing mechanism for installing and

                                                                                 maintaining alternat e routes

¯ S calable route cons truction t hat does not requir e

                                      globally synchroni zed s tate or s electi on algor ithm

¯ S imple, robust , receiver -oriented mechanism for

                                      inst alling multicast routes

                 Our Solution for Opportunistic Routing

¯ Receiver s c an reques t that  routes be pinned

¯ Current route wi ll only c hange i f i t ceases to

                                      function

¯ Integrated with mul ticast routing, so re ceivers ca n

                                      choos e either opportunistic or  pinned routes

Architecture

          ¯ QoS M gr -- i ssues RSVP, alternate path, route

                                               pinning requests on be hal f of applicat ion

          ¯ Rout ing -- contacts loc al route construction age nt

                                               for route, t hen ini tiat es route setup

RSVP

Application

QoS Mgr

Local Route Construction

QoR Routing

Route Setup
                                        RSVP

Routing

                                                                                                    Host

Router

                                                                                       Local Route Construction Agent

¯ S cales to l arge int ernet

                                                  ˘ Doesn’t need to coordinate decisions wit h other agents

                                                  ˘ Can utilize information not capt ured by QoR static

                                                                                 metrics, i.e. status of local reservation requests,

                                                                                 resource i nformation not globally distributed

                                                  ˘ Can use metrics t hat are not necessarily least -cost

                                                                                 because route computation is not distributed

¯ S creens routes to e nsure tha t they don´t undermine

                                      integri ty or effic iency of multicast trees

¯ Chooses routes  for local rec eivers; route set up

                                      mechanism resolves confli cts wit hin mult icast tree

Route Setup: Alternate paths

                                                                                                                      Provider A
Provider B

S

R1

R2
R3

Network

¯ May specify onl y a portion of  the path

¯ Rout ing uses  alt ernate path {R1, A , S} for R1

¯ Hops R1, A, S  are fixed

¯ S egments [R1 - A]  and [A - S ] are oppor tunisti c

                                                                                Example of Alternate Path Setup

Local Route

Construction

Route Setup

Application

QoS Mgr

                                                                                      Host

                                     Router

(1) Alternate Path

      Request

                           (2) Route

                                Calculation

                                 Request

(3) Route

     [A,B]

S

R1 R2 R3

A

B

S

R1 R2 R3

(4) First-hop router

     initiates alternate

     path setup for R1

(5) Routing

     re-configures

     tree

Route Setup: Route Pinning

¯ Rout e pinning requires tha t the complete pa th be

                                      specified

¯ May be appl ied to alternate paths

¯ May convert an opport unistic  path i nto a pi nned

                                      pat h

                                                  ˘ Take advant age of computation provided by current

                                                                                 routing protocols

                                                  ˘ May want conversi on when applicati on obtains a

                                                                                 reservat ion over opportunist ic route

Example of Route Pinning

Local Route

Construction

Route Setup

Application

QoS Mgr

                                                                                      Host

                                     Router

(1) Route Pinning

      Request

                           (2) Route

                                Calculation

                                 Request

(3) Route

     [A,B,C,D]

(4) First-hop router

     initiates route

     pinning for R1 S

R1 R2 R3

A

B

C

D

Research Status

¯ Rout e setup mechani sms designed and prot otyped

                                      (further det ail s forthcoming)

¯ Currently s imulating a simple scheme for local

                                      route constructi on to determine effectiveness of

                                      using l ocal  information to construct  alternate paths

¯ Exploring other routing se rvi ces

¯ S ee whit e paper at

                                      ht tp: //netweb.usc.edu/daniel