Some Insights on Collective
Problem Solving & Emergence

e Today: principles
 Next time: applications



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

f empty-handed and
oump Into a corpse,
nick up with
orobability =

e |f carrying, drop with
probability =

o 2 . 2

k™ + f k™ + f




Simulation: 1500 ‘corpses’, 100 ‘ants’



After 100,000 steps



After 2,000,000 steps



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




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!



EQ.

* You read an email that your library book is
overdue.

* You react by placing the book in front of
the door, then forget about it

 \When you come to leave, obstacle
avolidance causes you to pick it up and
triggers go-to-library behaviour.



Stigmergic building of roofed
galleries by termites









e Termites prefer to
deposit soil on raised
points

* Depositions become
focus for further ones

« If standing on hind
legs and stretching up,
then stick soll on side



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.



Quinn’s evolutionary robotics expt.

* Evolve neural net to control robot
(simulation, but test in reality in the end)

* Only sensors simple (noisy) infrared
range-finders

* Fitness eval: place n robots next to each
other, each with an identical copy of the
neural net controller --- how far can they
travel while staying within sensor range of
each other?






Robot interactions as
communication (cf. stigmergy)

The Initially-identical robots “negotiate” a leader,
but with no dedicated communications channel!

Obstacle avoidance can result in a new leader!

Any “communication” is through their relative
positions and sensing of proximity

Evolutionary Robotics can be used to study
origins and evolution of communication and
signals in nature




Next: Applications



“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



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 Travelling Salesperson Problem
(TSP)

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

Distributed: no central co-ordinator needed

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

Cheap/Fast (?): each ant is simple

See the work of Marco Dorigo
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1.
2.

3.

Simple ACO algorithm for TSP

IS distance between i1&]. Initialise
pheromones ; to small value.

m ants placed randomly at cities

Each ant k constructs a tour maintaining
a list J, of cities yet to be visited

An ant at |1 hops to | (from J,) with
probability related to ; and inversely

related to d; (£ 17d ]_b
i i

pik - a - b
| i J, [l‘it] [dit]



ACO algorithm continued

4. When every ant has completed a tour, update
pheromones ;
e reduce by evaporation

* Increase by amount proportional to the quality of the
solutions in which edge (i,j)) was used by one ant or

more
5. Goto 2
 Typically

— m = number of cities
— =1, 8 HYDSRUDWLRQ UDWH
. LOLWLDO SKHURPRQH OHYHO



ACO Is competitive on TSP

 Compared to alternative methods

 One of those Is a GA with special mutation
and crossover operators that exchange
edges within and between tours while
keeping them valid.

 Compare the dynamics of exploration of
the search space?



Agent Based Modelling
(aka “Individual Based Models”)

0 gain understanding, rather than as
direct problem solving

— Find simple rules for agents, consistent with
nature, such that emergent collective
behaviour meets observation: eqg. Craig
Reynolds “boids”

— explore how to manipulate the system: eqg.
road traffic, crowds leaving stadium In
emergency




Craig Reynolds’ “Boids” (1986)

* Separation : steer to
avoid crowding local
flockmates

« Alignment : steer
towards the average
heading of local
flockmates

e Cohesion : steer to
move toward the
average position of
local flockmates



Boids 2

 Embeds assumptions about agents’
perceptions of local neighbourhood

..\Resources\Craiqg
Revnolds\Applet\index.html




Boids 3

 And now... with obstacle avoidance and
low-priority directional goal (next slide)

« Applications:

— Movies: eg. flocks of bats and penguins in
“Batman Returns”; Lion King, etc. etc.

— Computer Games (slide+2)
— Inspiration for more specific modelling









 Reynolds says that the balance between
order and long-term unpredictabllity
(chaos) In boids Is consistent with “life at
the edge of chaos”



 Highways Agency: Simulation of
Strategies for Traffic on Motorways
(SISTM)

* ‘Microscopic’ modelling of individual
drivers
— vehicle following
— lane changing

Adjusted to meet observations at both
micro and emergent levels

Showed that M25 variable speed limit
would work (big speed difference
between lanes® lane changing ®
waves of braking ® local stoppages)



Yet another example: Redesign of Oxford
Circus by Atkins Consulting, Oct 2009

Individual-based model of different kinds of
pedestrian (eq. tourists, natives, bag-carriers)
tuned to fit individual & emergent observations.

Model used to test proposed changes to
pedestrian crossing & street furniture.

2D model rendered in 3D for public relations

Similar approaches to design crowd flow control
In Heathrow terminal 5, stadiums, etc.

.\Resources\ABM OxfordCircus OctO9\ORB - full.flv




Ecology & Biology: ecosystems, fish,
mammals, birds, insects, forests, marine
Invertebrates, arachnids, bacteria

Humans: crowds, anthropology, artificial
socleties, sociology, interpersonal
communication, emotion

Economics
Traffic & other vehicles
Animation and interactive media



