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A Outline

Introduction

Overview of Omicron
e Architecture
e Operations

Mechanisms of Omicron
e Clusters
* Role assignment

Applying burn-in at heterogeneous peer-to-peer networks
« Uptime distribution
» Cost based modeling
 Survivability

Conclusions
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Critical Requirements for Overlay Networks
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Structured macro level
(de Bruijn)
e Scalable
« Asymptotically optimal
 Diameter

« Average node
distance

* Fixed node degree
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* Stable components required o
;@ @

Clustered micro level
e Redundancy and
fault-tolerance
 Locality aware
 Finer load balance
e Handling hot spots

A Omicron: Overlay Network Topology

de Bruijn graph
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A Join Process

S é How to select a cluster to join (or migrate)?
g8  Aiming at a globally stable network
ts 7;;  "Stable/Reliable" clusters are the target of the joining and
23 maintenance processes
: % Lack of complete network stability knowledge
* Very costly to obtain
o Sampling is a promising alternative
b, b Al
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A Cluster Endurance and Network Stability

Definitions and terminology

Network stability Sy (t) is the probability that the topology of
the network remains unmodified until some time 't'.

Peer reliability Rp(t) is the probability that the peer remains
online until some time 't'.
Rp(t) = Pr{X >t} =1— F(1).

Cluster endurance E(t) is the probability that at least one
peer of the cluster will remain online until some time 't'.

Ec(t) =1 -1}, (1 - F(t)
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Cluster

Common overlay network operations
e Maintaining structure (topology)
 Indexing advertised items
e Caching popular items
e Routing queries
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. Role Specialization for Peers

Organized
Maintenance,
Indexing,
Caching and
Routing in
Overlay
Networks
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A Optimal Role Assignment

After cluster selection
* roles are assigned to the newly joined or migrated peers

Assignment of demanding roles is costly
e Such roles should be assigned to reliable peers

Goal
« Minimize the cost of assigning demanding roles to peers

Approach
* Investigate peer uptime distribution
« Exploit the distribution properties with a burn-in method



Peer Uptime Distribution
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A Burn-in: Method and Conditions

Optimal role assignment time?

= Burn-in method
g8 * Tests the reliability of manufactured components
ts 7;; » |dentifies defected components
*g 3 » Applies effectively when defectiveness appears early
é § » Suitable for heterogeneous populations
Condition
* Hazard rate (failure rate) shape
. 0.00020 — -
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A Cost-based Burn-in Concepts

Peer role utility, e.g. ur = # routed messages
Role assignment cost: ¢; = required indexing information

Mission time: tm
e Minimum utilization time

Burn-in time: t,
« Maximize the probability that a peer will survive for the additional
mission time after it has survived the burn-in process

: _ Burn-in  Mission time
Expected burn-in cost: failure cost failure cost

/

E[Cy(t)] :fuctb + cpp F'(tp) + e s [F (8 + tm) —F ()]

Lost utility  Failure during Failure during
burn-in mission time



Burn-in cost

« Example use case:
cqg = 10000 units

uc = 2 units/secs
Cpr = 60000 units
e Results:

tm = 5000 secs
tp, ~ 6300 secs
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Survivability
e Without burn-in:

R(t) =1— F(t)

« Using burn-in:
R(y) = Rtty)

R(t)
\

Burn-in time

Burn-in cost
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Evaluation: Peer Survivability
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A Conclusions

Summary
« Omicron
» Hybrid overlay network
» Designed to meet several critical requirements for P2P
systems
o Sampling mechanism of Omicron
 Employed to provide a well balanced and stable network
e Low operation cost
* Role Specialization
« Capitalizing on peer uptime distribution
« Maximizing peer utilization by addressing heterogeneity
* Burn-in can be used to derive more stable and efficient systems
when heterogeneous peers are present

Outlook
« Real role assignment costs
* Phase type based modeling
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