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Abstract algorithm and a learning environment.

Creolization is a self-organization process of new lan- o Learning Algorithm and Transition Proba-
guage community. Thus far, a simulation study of the emer- bility

gence of creoles has been reported in the mathematical
framework. In this paper we introduce a spatial structure o
to the framework. We show that local creole communities  The most remarkable point in the model of Nakamura et
are organized, and creolization may occur when language al. [4] is to introduce aexposure ratiay, which determines

learners learn often from non-parental language speakers, how often language learners are exposed to a variety of lan-
in contrast to the non-spatial model. guage speakers other than their parents. They modified the

learning algorithm of Nowak et al., taking the exposure ra-
tio into account in order to model the emergence of creole
community. Nakamura et al. [4] have shown that a certain
range ofa is necessary for a creole to emerge.

The learning algorithm determines a transition proba-

. The emergence of pidgins and creoles is one OT th_e rnOStbility @ = {q¢;} that a language learner whose parent
mtere_;tmg phenomena in language ghange:_ Pidgins arespeaksGi acquiresG;, given the distribution of popula-
smph_ﬂed tentative Iar)guaggs spoken in multilingual com- tion X = {a;), simiiarity among languages = {s;,},
mun!tles. They come into being where people heed to COM"the number of input sentencas and the exposure ratio
municate but do not have a language in common. Creoles ;
. . .~ "Y(See [4] for detail).

are full-fledged new languages which children of the pidgin
speakers acquire as their native languages. Grammar of Aoi
creole is different from any contact languages, although its
vocabulary is often borrowed from them [2]. Our goal is to
discover specific conditions under which creoles emerge.

Thus far, Nakamura et al. [4] proposed a mathemati-
cal framework for the emergence of creoles based on the .
language dynamics equation by Nowak et al. [5], showing 3 EXperiments and Results
that creoles become dominant under specific conditions of
similarity among languages and linguistic environment of  The spatial structure is a toroidal 50-by-50 square grid.
language learners. Our purpose in the present study is tdeach agent has 8 neighbors. Each agent chooses one of
introduce aspatial structureo Nakamura et al.’'s model, in  three languages every generation, two of whi€éh, and
order to observe self-organization process of creole commu-Gs, are pre-existing and randomly distributed with the same
nity. Especially, in this paper we compare behaviors of the total number at the initial state. The remained language,
two models. A related work for introducing a spatial struc- G3, is a creole, having a certain similarity between two lan-
ture into a mathematical model of language change has beeiguages. The similarity means the probability that a sentence
done by Castello et al. [3], who have analyzed a bilinguals uttered by aG; speaker is accepted lay;. In this paper, we
and spatial version of a mathematical framework by Abrams take the following valuess s = so1 = 0, s13 = s31 = 0.3,
et al. [1]. Different from Abrams-Strogatz’s model, Naka- s.3 = s32 = 0.4, s;; = 1, andw = 10 for the number of
mura et al.'s model [4] is well-defined in terms of learning input sentences.

1 Introduction

In the spatial model, we use the language distribution in
ghbors surrounding each agent to calculate the transition
probability . Each agent acquires a language through a
roulette selection according to the local transition probabil-

ity.



Figure 1. Example of the spatial dynamics
(white:G 1, black: G, gray: Gs; a = 0.7)

We show an examples of the spatial dynamics in Fig-
ure 1; (a) OnlyG; andG,, are distributed at the initial stage.

(b) Some local communities (hereafter colonies) of creole
are organized at the early stage. (c) B6th G» and creole
coexist at a quasi-stable stage. In this trial, the creole even-
tually becomes dominant at Generation 1552. Agents sur-
rounded by bottz; andG4 neighbors are likely to acquire

the creole. In fact, creole speakers often appear on the bor-
der between communities. This is because the large value
of o makes the agents to be exposed to both languages, and
the creole is the most efficient for accepting input utterances
from both languages.

We examine the probability of dominance for each lan-
guage (Figure 2). Note that the spatial model is based on
a stochastic dynamics. This graph is the result of 100 runs
for 1,000,000 generations at eaelvalue. The correspond-
ing result in the non-spatial model is the population distri-
bution at the stable generation, shown in Figure 3, since
the non-spatial model is based on the deterministic dynam-
ics. This parameter set makes creole dominant at the range
0.1 £ a < 0.8 (See [4]). In the spatial model, the proba-
bility that the creole is dominant gradually decreases from
a > 0.3, and it becomes 0.3 aroumd> 0.8.

These differences can be understood by considering lo-
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Figure 2. Probability of dominant language in
the spatial model
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Figure 3. Stable population distribution in the
non-spatial model

that emergence of local colonies at the early stage tends
induce the full creolization.

cal interaction and stochastic dynamics. The pre-existing References
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4 Conclusion

We show that in the spatial language dynamics, creole [5]
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