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Motivation

Ant algorithms for search in 
peer-to-peer networks

Content-based approach
Meta-data for annotating 
documents

Content distribution 
influences performance

To which extent?
Can use of taxonomies 
improve performance?

Query for 
„WWW“

4 Docs for 
„WWW“

4 Docs for 
„WWW“

4 Docs for 
„WWW“

Query for 
„WWW“

10 Docs for 
„WWW“

2 Docs for 
„WWW“
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The SemAnt algorithm

Ant algorithm for search in peer-to-peer networks
Queries are ants
Routing with pheromone trails 

Trail laying and trail following
One type of pheromone for each keyword

SemAnt combines features from
Ant Colony System 

For graph-based 
optimization problems
Trail laying and trail following

AntNet
For load-adaptive routing 
of data packets
Forward and backward ants
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Trail following and trail laying

How do forward ants select the next peer?
Exploiting strategy

Select best link
Exploring strategy

Derive goodness value pj for each link
Compute random value q in [0, 1]
Select link if q <= pj

How do backward ants update pheromone trails?
Amount depends on 

Number of documents found
Number of hops

0.1
0.5

0.4
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Application scenario

Network topology
Small-world network with 1024 peers

Test data: ACM Computing Classification System taxonomy
Documents annotated with one leaf topic
Queries consist of one leaf topic
Research area 

sub-topics of a 3rd-level topic

Query distribution is uniform
Probability that a peer issues 
a query is 0.1 per time unit

SemAnt parameters
85% exploiting strategy, TTL of 25

A B C ...

1 2

1 2 ...

Research area
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Peer is an expert in one 
research area 

60% of its documents
20% belong to another 
research area
20% of documents are 
instances of random topics

Comparison of 
k-random walker
SemAnt maxResults
(Ants use maximum TTL) 
SemAnt minResources
(Ants stop after first result)

Performance comparison with k-random walker
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Decrease coherence of 
content …

Peers store 
100%, 80%, 60%, 
40%, 20%, 0%
of their documents related 
to one research area
Remaining documents are 
instances of random topics

… and performance decreases as well!
Can information from the taxonomy be used for enhancing it?

How?

Influence of content distribution
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Using taxonomies

Pheromone trails also for higher-level 
topics

Backward ants drop same amount as for 
topic itself
Forward ants consider these trails for 
exploiting strategy

How many higher-level topics?
Useful only for direct super-topic

To which extent?
Trail for topic: 100%
Trail for super-topic: 25%

A B C ...

1 2

1 2 ...

Research area
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100%: Same, but converges faster
60%, 80%, 40%: Significant improvement (~40%, ~38%, ~30%)
20%: Slight improvement after 2500 time units
0%: Worse
The lower the coherence, the longer it takes to converge

Improvement by using underlying taxonomy
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Conclusion

Content-based query routing in unstructured peer-to-peer 
networks based on the ant metaphor

Successful queries leave small traces in the network
Heuristics use traces to direct subsequent queries
=> Ants build a map of the content distribution

Contribution of this paper
Impact of content distribution
Taxonomies for improvement

Future work
“Conditional flooding” 0.1

0.5
0.40.1

0.8
0.1
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