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Part I: Processors and Mobile Objects
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Processors
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“Smart Dust”
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Mobile Objects and Robots
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Moving Small Objects
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This Talk
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•Massive particle swarms
•Global control, not individual motion

•We show hardness for                      
given, external obstacles

•We establish positive results for          
designed, additional obstacles

•Work in progress,                      
combining theory and practice
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Video
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Part II: Why Obstacles Are a Nuisance
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Obstacles as Opponents
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•   Targets may not be easy to reach.
•   Motion planning gets quite tricky in parallel.

Cottonwood leaf vascular network



x2 x3 x4
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Complexity: Binary Variables
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Choice only matters when it is a variable’s “turn”!

Choice: left or right?
Independent choices?!
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Complexity: Binary Variables

13

Minor detail: Avoid reversible choices!
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Complexity: Clauses

14



18.08.2015 | Sándor P. Fekete | Controlling Particle Swarms | BDA 2015

Complexity: Truth Checking
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Complexity: Overall Construction
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(¬x1 _ ¬x3 _ x4) ^ (¬x2 _ ¬x3 _ x4) ^ (¬x1 _ x2 _ x4) ^ (x1 _ ¬x2 _ x3)



x1 = 1, x2 = 0, x3 = 1, x4 = 0
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Complexity: Overall Construction
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(¬x1 _ ¬x3 _ x4) ^ (¬x2 _ ¬x3 _ x4) ^ (¬x1 _ x2 _ x4) ^ (x1 _ ¬x2 _ x3)

FAIL!



x1 = 1, x2 = 0, x3 = 0, x4 = 1
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Complexity: Overall Construction
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(¬x1 _ ¬x3 _ x4) ^ (¬x2 _ ¬x3 _ x4) ^ (¬x1 _ x2 _ x4) ^ (x1 _ ¬x2 _ x3)

SUCCESS!
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Complexity: Summary
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Part III: Why Obstacles Are a Blessing
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Life without Obstacles
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Lack of obstacles can be harmful!
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How Obstacles Can Be Helpful
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How Obstacles Can Be Helpful
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How Obstacles Can Be Helpful
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Multiple Permutations
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Multiple Permutations
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Designing Obstacles
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CW: (12) CCW: (123456789)
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Designing Obstacles
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CW: (12) CCW: (123456789)
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Designing Obstacles
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Breaking News on Complexity!Breaking News on Complexity

18.08.2015 | Sándor P. Fekete | Controlling Particle Swarms | BDA 2015

29

Additional Consequence: 
PSPACE-Completeness!
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Conclusions
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•More work in theory and practice!
•Work in progress
•Other constraints and objectives
•3D
•More general motion
•Practical constraints
•Heterogeneous objects
•Objects that bond
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Sales Pitch

http://www.swarmcontrol.net
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Thank you!


