Some insights on Collective
Problem Solving & Emergence



ldeas of “emergence”

No central locus of control

A phenomenon seen to arise from the
Interactions of elements at a lower level in the
explanation

These Interactions give something more than
the sum of the parts

The result of the interactions is difficult to predict
— and to design analytically, but what about evolution?

Brooks added emergence to his mantras of
situatedness and embodiment




Pheidole pallidula.
4000 corpses in a 50x50cm arena

Deneubourg 1991



After 20 hours



After 68 hours



How did they “agree” where to build the
graveyards? How was this communicated?

Model: |  k’s are constants, fis
e Ants will move an estimate of local
randomly object density
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Simulation: 1500 ‘corpses’, 100 ‘ants’



After 100,000 steps



After 2,000,000 steps



Beckers, Holland & Deneubourg 1994
“From local actions to global tasks:
Stigmergy and collective robotics”

1. Go straight
forwards

2. |If obstacle
(not pucks),
make random
turn

3. If pushing >=3
pucks, back-
up then make
random turn
























Stigmergy

Coined by Pierre-Paul Grassé studying termites in 1959
‘stigma’ (outstanding sign) + ‘ergon’ (work)
“Incitement to work by the products of work”

agents’ behaviour is influenced by the effects in the local
environment of previous behaviour

A special kind of “communication”? Handy because the
‘signal’ is received exactly when and where it's needed.
A kind of “external representation”?

In behaviour-based robotics, the “behaviours” (eg. SA
layers) can communicate/coordinate through stigmergy!



Collective Sorting Applet

.\Resources\CollectiveSorting demo\nLoqgolLite.jar
(open ant-sorting5.nlogo)

 If an ant does not carry anything and bumps into a
colour, it picks it up (provided this colour is not
surrounded by similar colours - between 1 and 5)

e |f an ant carries a colour and finds similar colours
(between 1 and 3) in the previous patches it has visited,
It drops it down.



“Ant Colony Optimisation” (ACO)






What does the internet look
like?

From:

How robust is the Internet?
Yuhai Tu

Nature 406, 353-354(27 July
2000)
doi:10.1038/35019222

A router



Routing Table



‘Ant’ routing

Each node occasionally sends out an ‘ant’
packet with a random destination

Ant Is routed like a packet, and we think of
routing table info like pheromones

Could simply use pheromone build-up on
shortest paths to adjust routers, BUT

When ant reaches destination, let's have it
retrace its steps and update all the routers with
the info about route quality all the way to the
destination (“Backward Ants”)

— Need other tweaks like pheromone evaporation



Ant Colony / “swarm” Optimisation

Can be competitive with the best alternatives in apps like
network routing and Traveling Salesperson Problem
(TSP)

Robust: if some ants go wrong, the system keeps
working (no central point of failure)

Flexible: if conditions change, the system rapidly adapts,
because the ants had already been exploring the
previously slightly-worse-than-best routes

See the work of Marco Dorigo






Robot interactions as
communication (cf. stigmergy)

Quinn’s robots were evolved to move off In
a group together (see resources directory)

Each group consists of copies of the same
neural network controlling each robot.

he robots “negotiate” a leader, but with
no dedicated communications channel!

Can be used to study evolution of
communication and signals in nature




