
  



• BGP is not guaranteed to converge on a 
stable routing.  Policy interactions could lead 
to “livelock” protocol oscillations.                         
See “Persistent Route Oscillations in Inter-domain Routing” by K. Varadhan, R. 

Govindan, and D. Estrin.  ISI report, 1996  

• Corollary: BGP is not guaranteed to recover 
from network failures.  
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• A graph of nodes and edges,  

• Node 0, called the origin,  

• For each non-zero node, a set or 

permitted paths to  the origin.  This 

set always contains the “null path”.  

• A ranking of permitted paths at 

each node. Null path is always 

least preferred. (Not shown in 

diagram)  

When modeling BGP : nodes represent  

BGP speaking routers, and 0 represents  

a node originating some address block  

most preferred 

… 

least preferred  

Yes, the translation  

    gets messy! 
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• node u’s assigned path is either the null 

path or is a path uwP, where wP is 

assigned to node w and {u,w} is an edge 

in the graph, 

• each node is assigned the highest 

ranked path among those consistent 

with the paths assigned to its neighbors. 
A Solution need not represent  

a shortest path tree, or  

a spanning tree.   

A solution is an assignment of  

permitted paths to each node  

such that 
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DISAGREE 



1 

0 2 

3 

1 0 

1 2 3 0 

2 3 0 

2 1 0 

3 2 1 0 

3 0 

1 

0 2 

3 

1 

0 2 

3 

Remove primary link Restore primary link 

1 0 

1 2 3 0 

2 3 0 

2 1 0 

3 2 1 0 

3 0 

primary  

link 

backup  

link 



2 

0 

3 
1 

2 1 0 

2 0 

1 3 0 

1 0 

3 2 0 

3 0 

4 

3 

Persistent Route Oscillations in Inter-Domain Routing. Kannan Varadhan, Ramesh Govindan, 

 and Deborah Estrin. Computer Networks, Jan. 2000 



 When a node/link fails, how quickly can BGP recover? 
 Common wisdom 

 Very fast, a few milliseconds 

 Route withdrawals sent immediately 

 ASPATH loop detection eliminates problems with DV 

 Reality somewhat different… 

 Meta-issue 
 Does BGP ever converge? 

 Griffin et al00 show that with unconstrained policies it doesn’t 
have to and its NP-hard to tell if it does 

 However, Labovitz et al, deal with constrained policies that do 
converge 








