 Global Network Positioning: A New Approach to

 Network Distance Prediction

   T. S. Eugene Ng and Hui Zhang, C arnegie Mellon Universit y

        Current State of the Art ˘ IDMaps

        New Approach: Global Network Positioning

¯ Model Inter net as a virtual topology of T racers and end hosts

¯ T racers measure r aw virtual hop distances and disseminate

            them to HOPS server s via IP Multicast

¯ HOPS sever s co mp ute virtual topology and predicted

            distances, co mmunicate with clients via a quer y/r eply protocol

        Challenging Issues

Architecture ˘ Part 2

¯ Hosts called Land mar ks measure inter - Land mar k distances

¯ Comp ute Land mar k coordinates b y minimizing the overall

            discrepancy between measur ed distances and co mputed

            distances

                         ˘ Cast as a generic multi - dimensional global minimization problem

¯ Land mar k coordinates ar e disseminated to ordinar y end

            hosts to provide the orientatio n necessar y for an end host to

            co mpute its o wn coordinates r elative to the Land mar ks

¯ Land mar k coordinates ar e wid ely disseminated to end hosts

¯ Host coordinates are r elatively fixed local properties and

can be exchanged easily amo ng hosts during discover y

¯ N sets o f coordinates can convey O( N 2 ) distances

¯ Distance predictions are fast comp utations per for med by

end hosts, no ser ver bottleneck

¯ Structured nature o f coordinates can be exploited to

perfor m near est neighbors searches efficiently

¯ Land mar ks ar e simple, passive (non - intr usive), hence

co mpatible with firewalls, and  easy to deploy

Internet Measurement Based Evaluation

Properties

¯ Scalability

                         ˘ Virtual topology data widely disseminated to HOPS servers

                         ˘ Requires more HOPS servers to scale with more client queries

¯ Prediction speed/scalability

                         ˘ Communication overhead is O(N 2 ) for distances among N hosts

¯ Prediction accuracy

                         ˘ How accurate is the ^Tracers/end hosts~ virtual topology model w hen

                                      the number of Tracers is small?

¯ Deplo yment

                         ˘ Tracers/HOPS servers are sophisticated; probing end hosts may be

                                      viewed as intrusive

                                                             y
                                                                                                                       (x

2

,y

2

,z

2

)

x

                  z

             (x

                      1

                          ,y

                                   1

                                      ,z

                                               1

                                                   )

             (x

                      3

                          ,y

                                   3

                                      ,z

                                               3

                                                   )

                                                                                                           (x

                                                                                                                    4

                                                                                                                        ,y

4

,z

4

)

¯ Model Inter net as a geo metric

space ( e.g. 3D E uclidean) in

which ther e is a well - defined

distance function

¯ Char acterize the position of

any end host with coordinates

¯ Use co mputed distances to

predict actual distances

        Architecture ˘ Part 1

y

                                                                  Key: Get end hosts actively involved

Landmark Operations

Ordinary Host Operations

¯ Each ordinar y host measures its distances to the Land marks

¯ Ordinar y host co mputes its o wn coordinates r elative to the

Land mar ks b y minimizing the overall discr epancy between

measured distances and co mp uted distances

˘ Cast as a generic multi - dimensional global minimization problem

Open Questions
x

Internet

(x

2

,y

2

)

(x

1

,y

1

)

(x

3

,y

3

) (x

4

,y

4

)

L

1

L

2

L

3

L

1

L

2

L

3

x

                                                                                                    Internet

(x

2

,y

2

)

(x

1

,y

1

)

(x

3

,y

3

)

L

1

L

2

L

3

                                                                                                  L

                                                                                                         1

                                                               L

                                                                     2

L

3

Which geo metric model? Ho w many Land marks? Ho w

does the dimensio nality o f the model r elate to the

Land mar ks? Ho w to place Land marks? W hy does it wor k?

¯ 9, 12, 15 well - distributed Landmarks (or Tracers when emulating IDMaps )

¯ 7 - dimensional Euclidean space model

¯ Evaluate over 15,000 host - to - host distances

Perfect

Factor of 2
y