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Decision-making swarms are prevalent in the wor
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Decision-making swarms are prevalent in the world

How can we engineer swarms to make
predictable, reproducible decisions?
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swarm conditions, which must be met in order for the desired outcome to be achieved.
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further food source?
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Number of Agents on Path

ne second 10004 souUrce added, tne swarm move
attractor, which represents switching paths.
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umping into each other?

A group of grasshoppers is in an enclosed space




bumping into each other?

As they move around, they contact each other




bumping into each other?

Upon contact, the grasshopper’s serotonin level increases
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How can we engineer a swarm that can determine the size of a room by merely
bumping into each other?

Continued collisions further increase the serotonin levels, until...
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How can we engineer a swarm that can determine the size of a room by merely
bumping into each other?

Continued collisions further increase the serotonin levels, until...
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How can we engineer a swarm that can determine the size of a room by merely
bumping into each other?

Continued collisions further increase the serotonin levels, until...
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How can we engineer a swarm that can determine the size of a room by merely
bumping into each other?

The grasshopper begins its transition into a locust

T"_EIMSA Examples - Definitions - Hamiltonian - Decisions * Ants = Locusts = Conclusion 350f 45  IMSAloquium 2017



bumping into each other?

The erratic behavior of locusts lead to many more collisions, increasing the rate of serotonin increase
for surrounding grasshoppers
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bumping into each other?

As a result, more grasshoppers turn into locusts




bumping into each other?

As a result, more grasshoppers turn into locusts




bumping into each other?

Eventually, all of the grasshoppers have transitioned into locusts




bumping into each other?
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The internal state of the agent increases by a constant amount for collisions with other
agents. This state also decays exponentially over time. After the threshold, the agent is
triggered.

S Threshold

N4

Increases from collisions with agents
(Size of increase = R(e,))

/N

Exponential decay over time
(Decay constant of k)
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condition is that the global property must increase over time.
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dynamics of the internal state.

Swarm condition

kP
Rmu.'r.

< Ntrigger-

(I - [ Gﬂ' L 0 o .. 0 . L o Cil
-
o [ ] -
¢ o o . . ] .
& .

o 5 (o) ‘E] & . a o
a o %o oo &
S0 0 . O

o
& o o *
a Q
i ~ . o 2 » -
O 5 o Q
& .
0 2 g < o s O
S a a o o £ o
|\Itrigger =2 Ntrigger =20




experimental data.

Sum of Agent States over Time

50 _
40 ‘-:
" :
g :
© N
Y
e
[ N
(=] .
< :
Y .
O 20 -
= :
> z
n K
10 o . .
= Swarm Density vs Ratio of Successful State Changes to Total Runs
; 1.0
n0 2000 4000 6000 8000 10000 —
Time —_—
0.8 _
2 —
T _
o6 JR—
Q —
D —_—
C —
©
8 —_
[ —
@ 04 —
T p—
w1 —
02 —
0.0 _
0.000 0.001 0.002 0.003 0.004 0.005 0.006
Density

~IMSA

Illinois Mathematics and Science Academy|




Problem Description —» Local Propertes = —— Global Properties / Functions
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