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Abstract

Resource allocation 1n scenarios 1nvolving uncertainty,
limited information, and potential threats can pose significant
challenges and difficulties. This study examines a new
biologically inspired distributed resource allocation
algorithm, drawing inspiration from the snapping shrimp
colonies. Operating within environments with uncertainty and
resource limitations, snapping shrimp colonies exhibit
distributed resource allocation when they allocate a limited
number of defenders to protect the nest. The hypothesis of the
paper 1s 1f inspiration 1s drawn from the snapping shrimp
colonies, then the distributed resource allocation can be
improved. The result 1s a new Snapping Shrimp Resource

Allocation Algorithm (SSRAA), which 1s developed and
applied to an Agent-Based Model of a wildfire scenario.

Research Question

Whether applying the Snapping Shrimp Resource Allocation
Algorithm (SSRAA) can lead to improved performance, even
with less sophisticated agents (less situational knowledge)?

Bio Inspiration : Snapping Shrimp

Snapping Shrimp
Family Alpheidae
Genus Synalpheus

* Eusocial Species
 Colony Intruder Response
* High Powered Snapping Claw

Colony Intruder Response Algorithm with Local and General Events

Signal for local event
Qutsider approaches colony within acoustic range

3 4

Allow intruder to flee/injure.

Snap against intruder

Notice outsider

3 : 2

Stop snapping when threat is gone

4

Return to normal routine

Identify if colony member or intruder

4

Assess threat of intruder to colony

.v Signal for general event

ithi : S inst intrud
within acoustic range » fHap aganst 1 =

Become colony defender
‘ Allow intruder to flee/injure

Optional: Link antennas with intruder .'
Stop snapping when threat is gone

3

Return to normal routine

Signal for help using claw snapping
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Results : SSRAA Algorithm VS Flood Algorithm in Wildfire Study
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Plots show how the flood vs SSRAA approach by the model. The SSRAA approach shows improve the performance with less advanced agents.

A) 10 Agents SS5RAA Approach

C) 20 Agents SSRAA Approach

B) 10 Agents Flood Approach
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E) 30 Agents SSRAA Approach
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1) 50 Agents S5RAA Approach
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F) 30 Agents Flood Approach
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1) 50 Agents Flood Approach
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G) 40 Agents S5RAA Approach
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C) 20 Agents SSRAA Approach
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Biological Inspired Algorithm VS Flood Algorithm

Begin: [dle Agent

begins 2t home cell
Y

Search: Agent will scan every 3

™ minutzs and note &l “On Fire”
cells

Reassess: followmg
fire extmpmshmg,
Agent will search
for any other cells
on fire to extmensh

Y

Detect: Agent determines which cell on
®  fire is closest, and designate this cell
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Move +Reduoce: Agent will move to

“target” cell, once reached will reduce
fire level per Equahon (3}
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Reception: Idle agent will recerve
signal and fire locahon coordinates
from respondmg zgent 1dle zgent will
begm movement if signal strength =
randomized detection threshold

Signal: If fire level 15 above distress
threshold send distress message to all

Return: When fire extmpmshed and no
other fires detectad retumn to home cell

D) 20 Agents Flood Approach
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L} 60 Agents Flood Approach

D) 20 Agents Flood Approach —
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Begin: Idle Agent
beginsat home cell

Search: Agentwill scan up to specific

Reassess: following
fire extinguishing,
Agentwill search
for any other cells
on fire o extinguish

q range every 5 minutes and note any
“On Fire” cells

v

Detect: Agentdetermines which cell on
fire is closest, and designate this cell
I'.i-l-al.ge_l-ﬂ
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Move+ Reduce: Agentwill moveto

“target” cell, once reached will reduce
fire level.

4

Return: When fire extinguished and no

other fires detected return to home cell

Biological Intruder Response Snapping Shrimp Algorithm vs Snapping Shrimp Resource Allocation Algorithm (SSRAA)

Limited

Application Case Study: Wildfire

Anylogic Model depicting the simulated resource allocation with wildfire
expansion and firefighter agents. This model compares both algorithms
together.

The SSRAA saved 73.5% of the forest
The Flood saved 70.6% of the forest

SSRAA outperformed Flood in 86% of
the scenarios examined

The peak advantage - 20 agents, where
SSRAA saved 5.95% more of the forest on
average than the Flood Approach.
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