
Problem
Even though it's entirely human-
made, we don't know the 
topology of the Internet.  
Knowledge of the Internet 
topology would be of great use 
to network researchers, ISPs, 
and policy makers.  Can we 
recover the Internet topology 
from available data?

Available Data 
Routeviews and RIPE have 
archives of routing tables for a 
select number of monitors 
placed throughout the Internet.  
Each routing table provides a 
list of shortest valley-free paths 
from the monitor to every other 
network in the Internet, and  
Gao's algorithm assigns a 
direction to each edge.  [1,2]

Proposal
Generate a set of graphs, each 
of which, if monitored in exactly 
the way the Internet was 
monitored, will yield the 
measured shortest valley-free 
paths.   By sampling from this 
set, we can provide a variety of 
plausible Internet topologies.

Problem
How can we take a list of 
shortest paths* and characterize 
the set of graphs that these 
shortest paths have come from?

* this argument can be extended from shortest paths to valley-
free shortest paths, and we use this extension in practice

Problem
This is a very large set of 
graphs, and some of these 
graphs seem, a priori, to be very 
unlikely.  For example, the 
Internet graph is thought to be 
sparse, but many of the possible 
graphs are not,  How can we 
narrow this set down?

Graph Theory
If we have a shortest path of a 
graph, then ALL edges on that 
path must be in the graph, and 
NO edges in the graph connect 
any vertices that are more than 
two hops apart.  Thus, every 
shortest path provides us with 
an assertion of edges and an 
assertion of non-edges.  [3,4]

Statistics
If we assume that our set of 
monitors has average degree 
equal to the average degree of 
the Internet graph, then the 
number of possible graphs 
shrinks to ~1023,664,454.  
Stronger assumptions about 
the representativeness of the 
set of monitors can lead to 
further reductions in size.

Set of Graphs
Our set of possible graphs is 
the set of all connected 
subgraphs of the complete 
graph that contain all 63,001* 
measured edges and all 26,521 
vertices and none of the 
1,241,476 forbidden edges.  
There are 10211,332,823 such 
graphs.
* Numbers from Routeviews data for 22 Sep 2007 

Solution
Sample the set of possible 
graphs which have the same 
average degree as the set of 
measurement points, or, more 
restrictively, the same degree 
distribution as the set of sample 
points.  If a given result is 
expected to hold over this 
sample set, then it is likely to be 
true for the Internet graph.
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What is the Internet graph?   This graph represents the inter-network connections 
that make up the Internet.  Every vertex is an independent network (autonomous system or AS) 
and every edge represents a contract between two ASs.  There are two forms of contract - 
peering, which is a bidirectional edge, and customer-provider, which is an edge from the provider 
to the customer.  In the valley-free model of  Internet routing, packets can use edges regardless 
of their direction, but no packet can travel against an edge after it has traveled with an edge.


