Metcalf's Law, P2P, and Complexity
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Three Points

The Internet is Frozen

=> Peer Systems

New Tools: Complexity




Metcalf's Law Repealed!

e Metcalf's Law: The value of a network
® V(n) ~ nA2
® ..assuming a complete, combinatorial graph
e But Web Created Hub/Spoke Imbalance
e DHCP/DynDNS, MCast, IPSec, IPv6, NAT, FireWall
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Hub/Spoke Problems

o Nameless; No Dynamic DNS
® Phones, Fax: Yes Computers: No

o So why not after all these years?
e HTTPS good enough.

o Not Just Media

® Cheap Session Mahagement
® Serverless Server: http:/ /MCastChannel/...

e OK .. If the Internet is Frozen, How Fix?
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Peer To Peer: Combinatorial Again |2z o

® Began as File Sharing

® Server: Napster, Serverless: Gnutella, Freenet
e (Clip2: Analysis and Super Peer

e _But Way Beyond Files:
¢ Emerging New Network: Application Protocols




Two Worlds: Complexity & P2P
e Complexity: Whole >> Sum of Parts

e Rapid Awareness in P2P World

¢ Small World Networks: 6 Degrees
¢ Dynamic Network -> Power Law
® Tools: Agent Systems l__“‘_‘“ -_ 1
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e Complexity Help:
® Session Scaling
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e Local Knowledge Search
® Connected Network
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Late Breaking News

Search in Power-Law Networks
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Fignre &: Secaling of the average node to node
o search fime in a random power-law graph
S with exponent 2.1, for random and high de-
Many communication and social networks have power-law link distributions, con- eree seeking strategies. . .
taining a few nodes which have a very high degree and many with low degree. The high —
comnectivity nodes play the important role of hubs in communication and networking, o
Ity y the e 0 . C o ey mcseacn
a fact which can be exploited when designing efficient. search algorithms, We intro- — om0
duee a number of local search strategies which utilize high degree nodes in power-law
graphs and which have costs which scale sub-linearly with the size of the graph. We
also demonstrate the utility of these strategies on the Grntella peer-to-peer network.

1 Imntroduction

A nnmber of large distributed systems, ranging from social [13] to commmunication [11]
to biological networks [9) display a power-law distribution in their node degree. This
distribution reflects the existence of a few nodes with very high degree and many with
low degree, a feature not found in standard random graphs [3]. An illustration of the
power-law nature of such networks is given by the ATLT call graph. A call graph is a Figure 4: Scaling of the time required to
graph representation of telephone traffic on a given day in which nodes represent people cover one half the graph for random and high
and links the phone calls among them. degree seeking strategies.

As is shown in Figure 1, the ont-link degree distribution for a massive graph of tele-
phone calls between individuals is power-law, with an exponent of approximately 2.1, The




Does Industry Care? Yes!

® Disruptive Technology

e Appliance Servers D

Grid Software

Peer Servers Lntl(SS

\
Peer Clients D

Peer Infrastructure

JXTA Specification
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