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SHOZO TOKINAGAT! and YosHIKAZU IKEDAT2

This paper deals with the analysis of cluster formations of agents on planes
consisting of multi-agents with decisions making and state transitions based on
local interactions. Assuming that agents are placed on lattices and they make
decisions for their behaviors and state transitions based on local interactions
using certain decision functions. We extend the model for local interactions in
firm/labor collaborations, and also propose the model for migration of labor
forces. Then, it is shown that equilibrium is attained in an asymptotic sense,
and the cluster of agents having the same state is formed. The basic model
is extended to treat the cases where the feature of agents are described by

multiple state variables. We also show cases agents use learning based on the
Genetic Programming (GP) so that we see improvement of agents’ behavior.
We discuss the relation between the time necessary for cluster formation and
the region of local interactions. We also show the estimation of functional form
of agents’ decision from real observations by using the GP.
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Fig.1 An example of cluster formation of agents (Model B, r = 1).
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Fig.2 Number of agents with single state variable whose states continue to change.
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Fig.3 An example of chaotic fluctuation of A;(t) (continuous value) at a certain lattice point c.
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Fig.4 An example of change of z¢ along time (Model L).
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Fig.5 An example of convergence to cluster (ratio R. representing changes in A1 (¢) from time ¢ to
t 4+ 1: Model B/Case M).
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Table 1 Time T, necessary to form clusters and the number of agents R. who change the state
after T, (denoted as T.(R.) in columns).

r=1 r=1.7 r=2
Model B/Case S 19.3(445.4) 33.3(4.4) 31.5(0)
Model B/Case M, M =1 | 39.3(1928.2) 39.1(5.4)  31.2(0)
Model B/Case M, M =2 | 30.3(2321.1) 34.1(6.1)  34.3(0)
Model L 69.3(0) 129.1(0)  151.2(0)
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Table 2 Relation between the radius r of local interaction and pseudo-radius p, of clusters.

r=1 r=17 r=2

Model B/Case S 5.3 7.4 10.3
Model B/Case M, M =1 5.6 8.2 11.4
Model B/Case M, M = 2 4.7 8.1 10.1
Model L 6.7 16.4 22.4
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Table 3 An example of estimated functional form for decision function of agent based on the GP

method.
cases r=1,M=1 Err
Model B/Case S | x(t)+[—0.62—[z(t—2)—0.01]]+0.01z(t— | 0.00012
2) +0.79
Model B/Case M | z(t) — [z(t — 3) — [(—0.12)[2z(t) + =(t — 0.023
3) + 0.14x(t)]]]
cases r=17 M =2 Err

Model B/Case S | 0.22[z(t — 3)] — 0.96]x(t — 2) + z(¢) + 0.1 0.0011
Model B/Case M | x(t) — [z(t —3) — [(—0.12)[0.01[z(¢t — 1) + 0.021
0.04+z(t—3)]+z(t)][z(t — 3) + z(t — 2)]]
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Fig.6 An example of change of approximation error by using the functional approximation to
decision rules of agents based on the GP method (Model B/Case M).
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Fig.7 An example of change of number of state denoted as R. for a certain variable (Model
B/Case S).
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Fig.8 An example of change of number of state denoted as R. for a certain variable (Model
B/Case M).
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Table 4 Changes of T, and R, for state variables when agents behave based on the GP method
(denoted as T.(R.) in columns).

r=1 r=17 r=2

Model B/Case S 26.3(0)  32.1(0)  28.2(0)
Model B/Case M, M =1 | 42.1(0) 40.2(0)  29.2(0)
Model B/Case M, M = 2 | 34.4(0) 35.2(0) 31.3(0)
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Fig.9 Changes of probability Pg showing that the variable y of an agent on a certain lattice is the
same as neighbors in Japan (Model B/Case J) and USA (Model B/Case U).

06 GpPOOOUOOUOOOOODOOUOLDOODOODOODOO
Table 6 Estimated functional forms of behavioral decision function of agents based on the GP
method.
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Model B/Case J | x5+ x1[0.524(z1 +x3 —x2 —0.885) — 1 5]
Model B/Case U | 0.438 + 0.561x1 + 0.801(xz2 — x3)
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