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Network characterization

 Topology
− graph model: G(N,E)
− node

 routers, AS domains
− edge

 communication links, AS connectivities
 Traffic

− packet level
− session level
− application level
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Network traffic observations

 TCP accounts for most of the packet traffic on 
the Internet

 Traffic flows are bidirectional, but often 
asymmetric

 Most TCP conversations are short-lived
 The packet arrival process is not Poisson
 The session arrival process is Poisson

http://pages.cpsc.ucalgary.ca/~carey/papers/2001/measurements.pdf

Q: why?
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Network traffic observations: more

 Packet sizes are bimodally distributed
 Packet traffic is non-uniformly distributed
 Network traffic exhibits "locality" properties
 Aggregate network traffic is multi-fractal in 

nature
 Internet traffic continues to change
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UVicNet traffic
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BCNet/CA*Net4
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Internet2
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Sprint
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WorldCom
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Topology modeling

access networks

hosts/endsystems

routers

domains/autonomous systems exchange point

stub domains

transit domains

border routers
peering

http://www.ipam.ucla.edu/publications/cntut/cntut_1547.ppt
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Waxman model (Waxman 1988)

 Router level model
 Nodes placed at random in    

2-d space with dimension L
 Probability of edge (u,v):

− ae^{-d/(bL)}, where d is 
Euclidean distance (u,v), a and 
b are constants

 Models locality

v

u d(u,v)
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Transit-stub model (Zegura 1997)

 Router level model
 Transit domains 

− placed in 2-d space
− populated with routers 
− connected to each other

 Stub domains 
− placed in 2-d space
− populated with routers
− connected to transit domains

 Models hierarchy
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Topology measurement

 Router-level topology
− traceroute

 AS-level topology
− BGP

The AS graph
may look like this. Reality may be closer to this… 
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Student presentation

 Dandan Huang
− [FFF99] Michalis Faloutsos, Petros Faloutsos, and 

Christos Faloutsos, "On Power-Law Relationships 
of the Internet Topology". In Proceedings of 
SIGCOMM '99
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Inet (Jin 2000)

 Generate degree sequence 
 Build spanning tree over nodes 

with degree larger than 1, using 
preferential connectivity

− randomly select node u not in tree
− join u to existing node v with 

probability d(v)/Σd(w)
 Connect degree 1 nodes using 

preferential connectivity
 Add remaining edges using 

preferential connectivity
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BRITE (Medina 2000)

 Generate small backbone, with 
nodes placed:

− randomly or
− concentrated (skewed)

 Add nodes one at a time 
(incremental growth) 

 New node has constant # of 
edges connected using:

− preferential connectivity and/or
− locality
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This lecture

 Internet characterization
− network traffic
− network topology

 Explore further
− Routeviews
− Rocketfuel
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Next lectures

 July 18: more on reality check
− [LAWD04] Lun Li, David Alderson, Walter Willinger, 

John Doyle. A First-Principles Approach to 
Understanding the Internet's Router-Level 
Topology. In SIGCOMM 2004.

 July 23: guest lecture by Mr Michael Chan
− Director of Product Development at MCK Advanced 

Technology and CitiWide Broadband
 “A technology company is going to great heights to 

broadcast an Internet signal over much of Victoria.”
--- Times Colonist
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Course projects presentation

 July 25
− Justyn Bussey and Dale Lyons; Ryan Chen; Hong-

Yi Wang
 July 30

− Andy Yu and Chun-Hung Chiu; Emad Shihab; Ming 
Lu

 August 1
− Leo Gong and Ching-Chang Chen; Haoling Ma; 

Dandan Huang


