
Of the many algorithms that exist to deal with

control problems in swarms most of these:

• Depend on access to the global picture of the

network.

• Ability to monitor agent performance.

• Focus on network topology discovery.

Our work has focus on the network model where

communication is limited only to collisions and

there is no access to a global picture.
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Model
• n uniform anonymous agents located on a circle with a unit 

circumference.

• All agents travel with the uniform speed 1.

• Agents perform actions in synchronised rounds, with each 

round being the time it would take an agent to walk the 

circumference of the circle if n = 1.

• At the start of each stage (formed of at most n rounds) agents 

randomly, and independently, decide their initial movement 

(clockwise, C, or anti-clockwise, A).

• Agents cannot overpass one another and upon collision 

instantly start moving with the same speed in the opposite 

direction.

• Agents have zero visibility, cannot exchange messages or leave 

marks on the circle.

• At the end of round each agent gets some limited information 

about its trajectory adopted during this round that is stored 

for further analysis. 2/5
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Aim and Results

THE TASK :

• Each agent must discover the starting location of every other agent on the 
circle.

• Thus the main goal is to find out how quickly one can generate a successful 
stage by sending each agent to the random direction at the beginning of each 
stage.

THE RESULT: 

• If n is odd, one can prove that the choice of random directions leads to 
success with probability 1/log n.

• So our main result is a fully distributed randomised algorithm that solves the 
location discovery task whp in O(log2 n) stages.

• Thus, as each stage is based on the number of rounds, in order to generate 
the successful stage whp we need O(n log2 n) rounds.
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Special Cases

• Even n – Still solvable in O(n log2 n) time if extra 
information (point of the first collision in each round) 
is available to agents.

• Unknown n – Solvable if the length of the circle is 
known.

• Sense of Direction Agreement – Solvable when 
rotation index ≠ 0.

• Equidistant distribution and Patrolling – Achieved in 
one stage after location discovery is accomplished.
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Summary

• Agents can not communicate, move with 
constant speed, but must know in advance 
either n or the circumference of the circle.

• Agents randomly choose a starting direction at 
the start of each stage that is concluded with 
agents’ arrival to their initial positions.

• THEOREM: The location discovery problem can 
be solved in time O(n log2 n) with high 

probability.
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