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Can emergent behaviour In
MANA be represented
by a metamodel?
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Introduction

MANA - Lanch¥3_JMS

 MANA and complexity

— Map-Aware Non-uniform
Automata

Lock [~ |10767E3366

e International collaborations

— TTCP JSA TP3
— Project Albert

Temain= BiliardT able, Elevation= 0.0m
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Our theory: the Metamodel

E [ AB j = k1PN PN P(x,1)
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Our theory: the Metamodel

The first term

E ( AB j = 1PN PIN (DD (x, 1)
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First term: Theory
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First term: Meet Scenario data

Increasing
Blue agent
effectiveness
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Our theory: the Metamodel

The second term

( AB ] = k"D A1 (0)@(x, 1)
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Second term: Theory
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Second term: example MANA data

— Blue European
Western Front

— Red European
Western Front

Blue Lanchester

Red Lanchester

— Blue Meet

— Red Meet

Measure of casualties

— Blue Swarm

— Red Swarm

100 150 200

Time step
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Second term: Theory

 Analysis tool:

for j=0,1,2,....N

« Expected result

Py (f)oc|f]
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Second term: Euro West Front data

-
o
!

Power (log scale)

y = 270.44x°23241
R? = 0.9107

Frequency (arbitrary log scale)
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Second term: Lanchester data
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Power (log scale)
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y = 1121.3x2%3%3
R’ = 0.8831
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Second term: Meet data
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Power (log scale)

y = 21594x>3829 [
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Second term: Swarm data

100000

Power (log scale)

y = 47803x> 0726
R? = 0.9641
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Replication results - EWF scenario

Power (log scale)
S

1‘0 &

y = 340.15x 723749
R? = 0.9741

Frequency (arbitrary log scale)
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Replication results - Lanchester

Power (log scale)
o

TR

Frequency (arbitrary log scale)

y = 1260.1x24749
R? = 0.9111
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Conclusions

« Metamodel Term 1

— Power law not disproved

« Metamodel Term 2

— Power law not disproved

— Gradients within predicted bounds [-3, -1]
 Confidence in results

- Metamodel not disproved so far
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Way forward

« Characterise casualties’ volatility over time

— E.g. Provision of medical facilities

e Third term of metamodel

— Self-organised clustering of agents

« Joint development of theory and experimentation

— Relationship between local collaboration and emergent force
behaviour
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Can emergent behaviour In
MANA be represented
by a metamodel?

We believe, Yes
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Any questions?
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