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Problem description and goals

Motivation

How do two factors affect intelligence in cooperative
agent-based systems?

m Communication
m Observation
How do they depend on each other?

m and how does this reflect on the collective performance of
the agents?



Problem description

Which factor has the greater influence?
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Motivations

. to the best of our knowledge, no studies have applied
formal intelligence tests for this purpose.

m in the real-world agents have limited sensitivity of the
environment (observations)

m relying on communication to improve their performance
can be inevitable.
m benefits of quantifying the influence

m understanding the rules of information aggregation in a
multiagent setting

m predicting the usefulness and expected performance of

these systems over different configurations.




Approach

Motivation

m Quantify the performance of artificial agents.

m Not every evaluation metric can be used as a formal
(universal) intelligence test

m Use (machine) intelligence tests
m evaluate a group of artificial agents collaborating in
different settings
m Adjust communication and observation abilities

m controlled experiments
m how these changes are reflected by their measured
intelligence
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Methodology

Methodology

What: Anytime Universal Intelligence Test (anYnt)
Why :
m test derived from formal and mathematical considerations
m builds upon Legg and Hutter's definition of universal
intelligence
m used in practice to evaluate artificial agents in a dynamic
setting
How :
m agent-environment framework [4].

m controlled experiments

Observation
Communication



Agent-Environment Framework

Methodology Observation

Environment




Methodology

A (lambda) environment: Anytime Intelligence Test

An interactive setting:

- Set of agents M = {7y, mp, w3, ™4 }
- @, © : positive/negative rewards
- Toroidal environment space
- Measured complexity of
movement patterns
- Balanced environment
- Dynamic setting

- Universal Intelligence [4]

T(m, U) =202 pup) - VT
=302 puln) - E (S5 07)

s.t. p : environment coded on a universal
machine U with probability py(u)
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Methodology

Communication modes

Set of agents N = {m, m2, 73, ..., T}
Local search agents Collectives Oracle agent
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Measuring Uncertainty and Information

Shannon'’s entropy [6]
m Environment p with N possible states
m H(u) : uncertainty in a given environment p
Methadology m H(o) : amount of information in an observation o

m log, the number of states in o, or the minimum number of bits
needed to describe o

m H(c) : amount of information in a communication range ¢
m log, the number of states in ¢, or the minimum number of bits
needed to describe ¢
At the beginning of a test the entropy is maximal.
Probability p(s,,) of a given state s, occurring follows a
uniform distribution and is equal to 1/|N|.

H(p) = — 32 p(su)logs p(su) = log | N| bits.

su€EN
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Experiments

initialize A environment
m set environment space dimensions
B generate set of agents to be evaluated 1
m initialize H(o) and H(c) parameters

Experiments

evaluate I1 over 1000 episodes

record average score 1°(H,, H.) € [-1.0,1.0] (used as
intelligence/performance measure)

A change entropy of H(o) or H(c)
repeat experiment (from step 2) with new H(o) or H(c)
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RESTS

Results: stigmergy or indirect communication
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Results: direct communication

Observation entropies H(o) —»
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Results:
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Step 3

Communication entropies : H(c)
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Communication mode
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Coefficient of success ¢

Communication-over-observation coefficient of success is:

Results s success(communication > observation)

number of tests

m ¢ close to 1 = communication has higher influence on
intelligence

m ¢ close to 0 = observation has higher influence on
intelligence



Coefficient of success ¢

Communication mode \ 1o} \ Dependency
Results stigmergy 0.0399 high

direct communication | 0.9855 low

imitation 0.9928 low




Entropy analysis
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Scope of experiments

Different Environment spaces
m different uncertainties

Number of evaluated agents

(]
Conclusions .
and future m Heterogeneous collectives
work
(]
(]

Different communication methods

Measure learning rather than search

m how does the collective performance vary with the
task/problem complexity ?



What is the bottom line re communication and
observation?

Dull systems with low perception abilities can be
re-compensated for and significantly improved by
introducing a measurable amount of communication

S m Increasing the communication entropies does not imply a
onclusions . R .
and future monotonic increase in intelligence

work

m Communication can be highly dependent on observation
and this dependency can be measured

m There exists a restricted range of entropies where
communication achieves its highest influence on the
group's intelligence




Observation, Communication and Intelligence in

Agent-Based Systems

Possible applications:

m searching for a moving target while avoiding injury
(collective pursuit problems)

B nest selection when there is one and only one best nest

m pattern recognition problems

Thank you
Questions?
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Coefficient of success

Definition
Let S={(x,y) € EXE|x>y}. The
communication-over-observation coefficient of success is:

¢ = (D_sinf(Y(x,y),T(y,x)) + |S|), where inf(a, b) is a

function that returns 1 if a < b, or zero otherwise.

Knowing that the test scores are of the form 7"(H,, H.):

References m ¢ close to 1 = communication has higher influence on
intelligence

B ¢ close to 0 = observation has higher influence on
intelligence
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