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Motivation

Observation: ants achieve impressive results, especially
robustness, despite inherent limitations and frequent failures

Questions:

& What makes a group of simple, limited creatures
much more efficient than any single one ?

4 Can we borrow ideas for robotics ?

Our assumption:

The ant’s strength is related to its weakness:

limited sensing, computing and communication implies:
no single bit of information is critically important

In the sequel: some examples of analysis, simulation and
lab experiments, demonstrating the robustness of ant-robots %
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Outline

® Ants and Graphs
¢ Robustness of ant-walks on graphs

¢ Ant-walks and cycles
O EAW and the Euler cycle
O VAW and the Hamilton cycle

¢ Patrolling and the Blanket time

m  Ants on the Continuum
¢ MAC-PC

& Lab Projects:
O MAC and PC
O CAW (Continuous Ant Walk)

m  Open questions and Conclusions

Joint Work with:

Freddy Bruckstein, Micha Lindenbaum, Elon Rimon, ﬁ
Vladimir Yanovski, Noam Gordon, Ronen Keidar
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Ant-Walks on Graphs

®  Paradigm:
¢ walk around the graph
& leave traces
¢ navigate using the traces

®  Example: Edge Ant Walk (EAW) [a.k.a. “Edge Counting”]:

Assumption: there is a “next” pointer in each vertex,
pointing to one of the outgoing edges

EAW Rule:

1. Initialization: For all vertices u in V', set next(u) .= 0;
2. Iterations: Being at vertex u do
1. Set e .= next(u);
2. Set next(u) := [next(u) + 1] mod deg(u);

3. Go along ¢;
If two (or more) agents occupy the same vertex, %
let them act sequentially by some arbitrary order
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EAW - example
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EAW - example
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EAW and the Euler Cycle

Assume an Edge Ant Walk on a graph G(V,E)

Euler Cycle (EC) = a cycle in which each edge in E is
visited exactly once

Theorem:
If G is Eulerian (in-degree(uw)=out-degree(u) for all vertices u),
then an EAW process converges to an Euler cycle
How long does it take ?
& O(mn), where m=|E|, n=|V]
[Bhatt, Even, Greenberg, Tayar (99)]
& O(mD), where D=diam(G)
[Yanovski, Wagner, Bruckstein (99)] ﬁ
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EAW, Euler and Extended Euler

What if G is non-Eulerian ?

Extended Euler Cycle (EEC):
a cycle in which all edges in E are visited
the same number of times

Example:
a non-Eulerian graph:

an EEC of order 2: {123452635164}*
(a cycle where each edge occurs exactly twice) %
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EAW, Euler and Extended Euler

Theorem:
The unified path of a group of k agents
applying the EAW rule eventually enters
an Extended Euler Cycle (of some order)

How long does it take ?
estimation with simulation: less than mD

Guess:
time decreases with &, but no proof yet.

Application: patrolling a network, that is:
continuously exploring all edges, as uniformly as possible

Let us first consider a simpler method of (stochastic)
patrolling ... ﬁ
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Patrolling by a Random Walk

A simple random walk on G(V,E), ruled by

is an ergodic process that eventually arrives at a stationary
distribution 7 .

and the convergence (“mixing”) rate to « can be expressed
by the blanket time B [Winkler , Zuckerman (96)]:

*
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Patrolling by a Random Walk

Blanket time (edge version):
The first time at which, for any two edges e, f in E,

by random walk:
E[B] = O(C (log log n)?) (expected time)
where C is the expected cover time of G

[Kahn,Kim,Lovasz,Vu (FOCS’00)]
Note: C canbe as large as O(n®) [as in a lollipop graph]

by EAW:  B<2mD (deterministic) %

Ant Robotics: Israel A. Wagner, IBM & Technion, 2003 11

Simulations - MultiAgent Ant Walk

*
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