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Group Selection Design Pattern

 A number of novel “group selection” models are coming from
theoretical biology and computational social science

 We give initial work towards a “group selection” design pattern or
“approach” for creating cooperative distributed systems

 We present some previous simulation models that use the approach
in the form of a design template

 There are still open issues
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Group Selection Models

 Recent models of “group selection”
 Based on individual selection
 Producing dynamic social structures
 Limit free-riding
 Increasingly group-level performance
 Don’t require reciprocity
 Could be very useful in P2P
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Schematic of the evolution of groups in the tag model. Three generations (a-c) are shown.
White individuals are pro-social (altruistic), black are selfish. Individuals sharing the same tag
are shown clustered and bounded by large circles. Arrows indicate group linage. When b is
the benefit a pro-social agent can confer on another and c is the cost to that agent then the
condition for group selection of pro-social groups is: b > c and mt >> ms

Riolo, Axelrod, Cohen, Holland, Hales, Edmonds…
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Schematic of the evolution of groups in the network-rewire model. Three generations (a-c) are
shown. Altruism selected when:b > c and mt >> ms. When t = 1, get disconnected components,

when 1 > t > 0.5, get small-world networks

Hales, D. & Arteconi, S. (2006) Article: SLACER: A Self-Organizing Protocol for Coordination in P2P
Networks. IEEE Intelligent Systems, 21(2):29-35

Santos F. C., Pacheco J. M., Lenaerts T. (2006) Cooperation prevails when individuals adjust their social
ties. PLoS Comput Biol 2(10)
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Schematic of the evolution of in the group-splitting model. Three generations (a-c) are
shown. Altruism is selected if the population is partitioned into m groups of maximum

size n and b / c > 1 + n / m.

Traulsen, A. & Nowak, M. A. (2006). Evolution of cooperation by multilevel selection. Proceedings of the
National Academy of Sciences 130(29):10952-10955.
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Group Selection Design Pattern

 Assumptions:
 A system is composed of individual entities that can benefit from

interaction with other entities
 The population of entities is partitioned into groups such that

interaction is mainly limited to entities within the same group
 Entities measure their own performance periodically producing a

utility value
 Entities may spontaneously change their behavior and group

membership
 Entities may view and copy some state of other entities
 Entities desire to increase their performance (utility)
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Group Selection Design Pattern

 Key Aspects:
 Collective Goal - A desirable goal that the population of entities

should attain.
 Group Boundary Mechanism - How an entity can locate and

communicate with in-group members.
 Intra-Group Interaction - What kinds of utility effecting

interactions an entity participates in with other in-group members.
 Utility Calculation Metric - How an entity calculates a utility value

based on its individual goal and in-group interactions.
 Group Migration Mechanism - How migration between groups is

performed.
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Group Selection Design Pattern

 Emergent Process:
 Entities are grouped in some initially arbitrary way
 Interactions between entities within groups determine entity

utilities
 Based on utility comparisons between entities, and possibly

randomized change, group memberships and interaction
behavior (strategy) change over time

 Groups which produce high utility for their members tend to grow
and persist as entities join

 Groups which produce low utility for their members tend to
disperse as entities leave

 Hence group beneficial behavior tends to be selected
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CacheWorld
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CacheWorld Outline Algorithm

• capacity and load for each node
specify different scenarios

• maximum number of neighbours (k)
currently fixed

• nodes “satisfied” if all queries
submitted to them are answered
(over a given period - the load
cycle)

• nodes associated with single
unique content item replicated
between linked neighbours

• nodes are “receptive” if they have
spare capacity or are not satisfied
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Q = queries answered, S = satisfied nodes
(very simple scenario, half nodes underloaded, half overloaded, k = 1)

CacheWorld
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FileWorld
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Conclusion

 Still many open issues for malicious behaviour
 More of an “approach” than a “pattern” ?
 Can this approach be used for real deployed systems?
 Perhaps a similar approach can improve BitTorrent?
 Currently based in Delft on P2P-Next project: based on tribler.org

social bittorrent engine. Includes VTT, BBC, Pioneer, European
Broadcasting Union - “EU next generation internet TV standard”

 Trying to apply these group selection ideas in this deployed system
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