Conventionalization of Linguistic Knowledge
Under Communicative Constraints

Tao Gong

Andrea Puglisi

Physics Department

“La Sapienza” University
Rome, Italy
gtojty@gmail.com
Andrea.Puglis@romal.infn.it

Vittorio Loreto

Physics Department

“La Sapienza” University

Rome, Italy

& ISI Foundation

Complex Systems Lagrange LAB
Turin, Italy
Vittorio.Loreto@romal.infn.it

William S.-Y. Wang

Department of Electronic Engineering
The Chinese University of Hong Kong
China

wsywang@ee.cuhk.edu.hk

154

Abstract

The language game approach has recently been adopted to
explore the conventionalization of linguistic knowledge in
a social environment. Most contemporary studies focus on
the dynamics of language games in random or predefined so-
cial networks, but neglect the reverse roles of communicative
constraints in language evolution and social structures. This
article, based on two forms of language games (the naming
game and the category game), examines whether a simple,
distance-based communicative constraint can affect the con-
ventionalization of linguistic knowledge. The study bridges
the gap between random networks and complex social struc-
tures, and illustrates that the internal properties of language
games can influence the effects of communicative constraints
and social structures.
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Language evolves primarily via social contact among a limited
number of individuals. A prerequisite for successful language
use is conventional linguistic knowledge (Lewis 1969; Barr
2004). Recently, multi-agent simulations based on theoretical
frameworks have been applied to the question of how these
conventions become established without a central coordinator
(see Wagner et al. 2003; Loreto and Steels 2007). Many pro-
posed models in this line of research have adopted a language
game approach (Loreto and Steels 2007) to explore the con-
ventionalization (a process of social agreement in which one
conforms one’s language to that of others or of the commu-
nity [Burling 2005]) of different types of linguistic knowledge.
This approach views language as a complex adaptive system
(Steels 2000; Wang 2006) and usually postulates a popula-
tion of agents and an interaction protocol (a language game;
Steels 2002) among them. Using the language game, agents
carry out some communicative tasks. By inventing new forms
of conceptualization and/or expression and adjusting available
knowledge based on its utility, frequency, or social prestige,
agents can gradually build up a communication system from
scratch. Through iterated language games among agents, a set
of linguistic knowledge will gradually become conventional in
the population, and related statistical analyses can examine the
dynamics of the game and provide quantitative data on human
language and its evolution.

Many forms of language games have been proposed, in-
cluding the naming game (Baronchelli et al. 2006), which
studies the emergence of coherence (in the form of shared vo-
cabulary), and the category game (Puglisi et al. 2008), which
simulates the emergence of a set of conventional linguistic
categories. These two games are briefly reviewed in the next
section.

Although such language games reveal successful social
strategies, statistical physicists (e.g., Dall’Asta et al. 2006;
Kalampokis et al. 2007) seem more interested in exploring the
dynamics of language games in predefined social structures,
such as fully connected graphs, 1D/2D lattices, and scale-free
(Barabasi and Albert 1999) or small-world (Watts 1999) net-
works. Most of these latter explorations have neglected the
reverse role of language games in social structure because
in approaches such as these, a successful or failed language
game cannot affect the predefined social connections among
individuals.

As a social phenomenon, linguistic interactions can af-
fect both the participants’ knowledge and their social con-
nections. An accumulation of failed or successful interactions
can weaken or strengthen social connections, while local com-
municative constraints during linguistic interactions, such as
geographical or social distance, can alter the probability that
agents will interact with each other, thus affecting individual
or group similarities on a global scale (Axelrod 1997). Local
communicative constraints, in existence long before the emer-
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gence of complex social structures, can continue to cast their
influence on the formation of mutual understanding and social
structures (Nettle 1999). Therefore, it is premature to proceed
from random networks directly to complex structures before
conducting a careful study of these constraints and their roles
in language evolution and social structures.

With all this in mind, we present here a simulation study,
based on the naming game and the category game, whose aim is
to explore the role of a simple, distance-based communicative
constraint on the conventionalization of shared vocabulary and
linguistic categories. The results and related analyses reveal
some essential differences in these language games, which can
cause different performances under the same communicative
constraint. These findings contribute not only to the discussion
of mutual influence between linguistic communications and
social structures, but also to the exploration of language game
dynamics in complex networks.

In what follows, we first briefly review the naming game
and the category game to give readers some concrete ideas
about the language game approach. We then introduce the
distance-based communicative constraint. Based on the sim-
ulation results using these language games, we illustrate the
effect of this constraint on the conventionalization of linguis-
tic knowledge, point out some different internal properties of
these language games, and analyze their distinct performances
under the same communicative constraint, ending with our
conclusions.

The Language Games

The Naming Game

The naming game studies the conventionalization of lexical
knowledge among idiolects. It simulates how, during linguistic
interactions, individuals exchange words (names) to arrive at
what to call a particular object in their environment. Through
some local strategies and iterated naming games among agents,
acollective agreement on a shared word-meaning mapping can
emerge in a population of agents.

In the naming game model (Baronchelli et al. 2006), N
homogeneous agents use invented or learned words to describe
an object (meaning). Each agent has an unlimited, initially
empty inventory (memory) in which to store the exchanged
words. In one version of the game, two agents (a speaker and a
hearer) are randomly chosen from the population. The speaker
first utters a word to the hearer. If its inventory is empty, the
speaker will randomly invent a word; otherwise, it will utter
an available word randomly selected from its inventory. If
the hearer has the same word in its inventory, the game is
successful, and both agents delete words other than the uttered
one from their inventories; otherwise, the game fails, and the
hearer learns the uttered word and adds it to its inventory.
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The naming game and its dynamics. (a) Two examples of the naming game
(adapted from Baronchelli et al. 2006). (b) The dynamics of the naming game
in a fully connected graph with N = 100 agents and r = 8 x 10> games. The
top panel traces S(#), the middle Ny, (¢), and the bottom Ny (t).

These strategies are exemplified in the two examples of
the naming game shown in Figure 1(a). In the first (top) game,
the speaker utters “LEL,” a randomly selected word. Since the
hearer’s inventory does not contain “LEL,” this game fails, and
the hearer adds “LEL” to its inventory. In the second game, the
speaker utters “LEL.” Since the hearer already has this word
in its inventory, the game is successful, and both agents delete
other words in their inventories and preserve only “LEL.”

The dynamics of the naming game can be traced by sev-
eral indices, such as N, (), the total number of words in the
population; N, (), the number of different words in the popu-
lation; and S(#), the average successful rate of naming games
among all pairs of agents. Based on these indices, Figure 1(b)
summarizes the dynamics of the naming game in a fully con-
nected graph. A detailed analysis of the dynamics can be found
in Baronchelli et al. (2008).

The Category Game
The category game extends the naming game to consider the
conventionalization of semantic categories and their common
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word labels among idiolects. In the category game model
(Puglisi et al. 2008), N individuals describe stimuli from a sin-
gle analogical perceptual space. These stimuli are represented
by real-valued numbers ranging from 0.0 to 1.0. Agents can
perceive these stimuli and establish perceptual categories to
discriminate them. Each perceptual category corresponds to
a discrete subinterval within [0.0, 1.0]. Agents can assign a
list of words to describe the stimuli from this subinterval. If
one of these words was successfully used in previous category
games, it will become the preferred word of that perceptual
category. Agents have unlimited inventories to store both per-
ceptual categories and their word labels. If some perceptual
categories share the same preferred word, a linguistic category
that unifies the subintervals of these categories will emerge. If
most agents in the population develop a number of common
linguistic categories (their unified subintervals have similar
boundaries and their preferred words are identical), a “categor-
ical language” represented by common categorical knowledge
is said to emerge in the population. In linguistics, an example
of such categorical knowledge is the color terms; in a lan-
guage, a number of perceptually different color stimuli can be
called by an identical color term, such as red, green, or blue.
In addition to color categories and color terms, the category
game can simulate the emergence and conventionalization of
other categorical knowledge in a population of agents.

In a category game, two agents (a speaker and a hearer)
are randomly selected, and M (>2) stimuli are presented to
them. The speaker discriminates these stimuli and uses a word
to describe one stimulus (topic). The hearer tries to guess the
topic from other contextual stimuli based on both the speaker’s
word and the hearer’s own inventory of perceptual categories.
In this model, an agent’s discrimination ability is restricted
by its perceptual power, denoted by dpi,, the minimal nu-
merical distance required for distinguishing two stimuli. In
an individual category game, the minimal distance between
any presented stimuli is dpy, although, in general, stimuli can
take any numerical value, constrained only by the numerical
precision used in the experiment.

The individuals’ perceptual categories and their words can
be adjusted during category games using some local strategies.
Such strategies are exemplified in the two examples of the cat-
egory game shown in Figure 2(a). In the upper game, since the
two stimuli fall into the same perceptual category, the speaker
has to discriminate the topic (“a”) by creating a new bound-
ary in its rightmost category at the position (a + b)/2, thus
separating that category into two new perceptual categories.
These new categories inherit the word inventory (“green” and
“olive”) of their parent category. The speaker then browses the
list of words in the category that contains “a.” If there was a pre-
vious successful game with this category, its preferred word is
sent to the hearer; otherwise, the newly created word (“brown”)
becomes the preferred word and is sent to the listener. Since the

Biological Theory 3(2) 2008



- ®
<]

E \

=2} Topic
N @ @
£ X

@ Topic

red greenolive
yellow

0 il i .
10 10 10
No. Category Games per Agent

(b)

Figure 2.

Tao Gong et al.

n green
own blue

Success

hearer MEEE 0
red greenoclive
Overlap (NumAgent=100)
1 OB
0.9+
Q
kS
& feeeons
g 0.8
(e}
0.7h e b
[ ] HE
i == Perceptual Category|
| === Linguistic Category|
0.6 — T
10 3 10'

10
No. Category Games per Agent
(c)

The category game and its dynamics. (a) Two examples of the category game (adapted from Puglisi et al. 2008). The round objects are stimuli presented in these
games, among which the topics are pointed to with arrows. Each agent has a colorful banner to represent the perceptual space, which is partitioned by bars into
perceptual categories, whose word inventories are listed above or below. (b) and (c) The dynamics of the category game in a fully connected graph with N =
100 agents, dmin = 0.01,and t =5 x 10* games, traced by UR (b) and Overlap (c).

hearer does not have “brown” in its inventory, this game fails.
Then, the speaker points at “a,” and the hearer discriminates
the topic, adding “brown’ to the inventory of its corresponding
category. In the second game, the speaker chooses the topic
“a,” which can already be discriminated by a perceptual cate-
gory whose preferred word is “green.” The speaker then sends
“green” to the hearer. The hearer knows “green” and points at
the topic contained in its corresponding perceptual category.
This game is successful, and both agents eliminate all the com-
peting words in their used perceptual categories, leaving only
“green.” If ambiguity occurs, in the sense that the speaker’s
word is associated with many categories containing the topic,
the hearer chooses randomly among the categories.

In a fully connected graph, category game dynamics can
be evaluated by two indices, Understanding Rate (UR) and
Overlap. To measure UR, all pairs of agents play “virtual”
category games without updating their perceptual categories
and the word lists associated with those categories, and the
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percentage of successful games in all these virtual games is
then calculated. Overlap evaluates the alignment of subinter-
val boundaries of the perceptual or linguistic categories. It is
calculated by the overlap function (Puglisi et al. 2008), shown
in equation (1):

0=2) 0;/NN -1,
i<j
22(101‘;)2

TP + 3 Uc)? )

Oij =

where [c is the width of the subinterval of category c, ¢; is a
category of player i, and ¢;; is the category intersection set
obtained based on the category boundaries of both players i
and j. o;; indicates the degree of alignment between categories
in players i and j, which will reach 1.0 if the subinterval
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boundaries of these two sets of categories are identical. The
dynamics of the category game in a fully connected graph
is shown in Figure 2(b)—(c), and a detailed discussion of the
dynamics can be found in Puglisi et al. 2008.

Both of these language games have been proposed as a
way to abstract the self-organizing process of conventional-
ization of linguistic knowledge. In a fully connected graph,
the emergence of shared lexical knowledge using the naming
game (indicated by S) and of common categorical knowledge
using the category game (indicated by UR and Overlap) is sim-
ilar, both starting from a disordered state, then undergoing a
sharp transition from no knowledge to conventional linguistic
knowledge, and ending up at a saturation state. The similarity
in dynamics reflects the similarities in the strategies adopted in
these language games. For instance, each agent in these games
has a dynamical inventory in which to store names and percep-
tual categories and their word labels. If necessary, agents can
randomly create the name to call a particular object or a per-
ceptual category to discriminate a particular topic from other
contextual stimuli. If a game is successful, both participants
eliminate all the competing words, leaving only the word ut-
tered in that game; otherwise, the speaker clarifies the topic by
pointing and the hearer adds the speaker’s word to its inventory.

The Distance-based Communicative Constraint

In this section we adopt the naming game and the category
game to examine whether a distance-based communicative
constraint on these language games can affect the convention-
alization of linguistic knowledge. To introduce the constraint,
as shown in Figure 3, we put all agents in a 2D torus, X>
(X 1is the side length of this torus). Agents can take discrete
positions in X? and their positions are not overlapped. After
playing a language game, an agent can move to one of its
eight unoccupied, adjacent discrete locations. Compared with
other 2D structures, there is no physical boundary in a torus;
if agents at the rightmost (leftmost, top, or bottom) positions
move further right (left, up, or down), they will reappear in the
leftmost (rightmost, bottom, or top) positions. This structure
can represent either a physical world or a virtual one, such as
the distributions of opinions or social status.

The distance-based communicative constraint is defined
as follows: in an X2, language games only take place between
agents whose coordinates are within a limited block distance
(D, and D,), as shown in equations (2) and (3):

|xi —x;| <Dy or |x—x; —0.5X| < Dy, 2)

lvi—yi| <Dy or |y—y;—05X|<D,,  (3)

where x;, y; are agent i’s coordinates in X2. The second part
of each equation concerns the special feature of torus.
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The 2D torus with moving agents.

D, and D, can represent either a geographical constraint
such as the city-county distance or a social constraint such as
dissident opinions. It acts as an individual’s local view, under
which an agent can contact at most (2D, + 1) x (2D, + 1) —
1 (itself) other agents if all of them are in its nearby locations.
If D, and D, are 1, each agent can only interact with those
lying in its eight adjacent locations. This distance constraint
also provides a bias in agent movement. If a language game
between two agents is successful, they tend to bind together
by moving jointly to maintain their block distance within D,
and D, (i.e., if either of them moves, it tends to move to
one of its unoccupied, adjacent locations [if any] so that their
block distance after the movement is still within D, and D,).
If the game fails, this binding may break down (i.e., if either
of them moves, it moves randomly to one of its unoccupied,
adjacent locations [if any]). This constraint is local and much
simpler than those defined by global complex networks. It
may trigger clusterization, i.e., the emergence of social clus-
ters, each containing some agents who share similar linguistic
knowledge but may not necessarily interact directly with each
other. These clusters and their shared knowledge provide the
prototypes of complex social structures and their communal
languages.

This communicative constraint can affect interactions
among agents in two ways: (1) through the local view, in which
an agent can only interact with others within its local view; (2)
through the movement bias, by which agents can contact others
previously outside its local view and form clusters.

To evaluate the effects of this constraint on the forma-
tion of conventional linguistic knowledge, we carry out two

Biological Theory 3(2) 2008
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The dynamics of the naming game (a) and that of the category game (b) in Experiment 1 based on N7 (numbers outside brackets are the average values, and

those inside brackets are the standard deviations values).

experiments. In Experiment 1, 100 agents are located in a 10?
torus (each location in the torus is occupied by an agent) and D,
and D, vary. In this situation, the local view is the only factor to
affect interactions. In Experiment 2, 100 agents are put into tori
having different side lengths, but D, and D, remain constant.
In this situation, the movement bias also affects interactions.

In a unit time step of these experiments, all agents are se-
lected one by one following a random sequence. Once an agent
is chosen, it will play a language game with one of the others
lying within its distance constraint (if any). After that, it will
move (only in Experiment 2), based on the game result (suc-
cessful or failed), to one of its unoccupied, adjacent positions
(if any). Noticing the different timescales in which convention-
alization is achieved in a fully connected graph, we set the total
number of time steps in the naming game to 100 (the maximum
number of possible interactions is 100 x 100 = 10*) and in the
category game to 5 x 10* (the maximum number of possible
interactions is 5 x 10°). The actual interactions depend on X,
D, and Dy, and on agent displacement in the torus.

In each condition, the results of 20 simulations are col-
lected. In each simulation, we set up 200 sampling points in
the total timescale to calculate several indices. For the naming
game, these indices include S, N, and N7 (the number of time
steps required to reach the highest §); for the category game,
these indices include UR, Overlap of linguistic categories, and
Nr (the number of time steps required to reach the highest
UR). If all agents gradually share a common word-meaning
mapping or a set of common linguistic categories, S will in-
crease to 1.0 and N, will decline to 1, and UR and Overlap
will increase to 1.0, too. If clusterization occurs, S and N; will
not reach 1.0 and neither will UR and Overlap. In this situa-
tion, a small number of N, in the naming game can reflect the
number of isolated clusters (although a big N; may indicate
that agents are still at the misunderstanding stage) and N7 in
both games can indicate the efficiency of conventionalization
in the whole population or in different clusters.
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The Simulation Results

Experiment 1: Under Different Distance Constraints
(Dxand D))

In this experiment, all agents lie in a 107 torus, and D, and D,
change from 1 to 9 with a step of 2. The conventionalization of
linguistic knowledge is achieved in all conditions using both
forms of language games. Figure 4 illustrates the dynamics of
these games in this experiment using Nr.

As shown in Figure 4, when D, and D, are so small
that not every two agents in the whole group can directly
interact with each other, the conventionalization of linguistic
knowledge is still achieved via intermediate agents, and all
agents form one cluster. With the increase in D, and D,,
the conventionalization process is accelerated, since agents
with bigger local views can contact more individuals in the
group to share their names or align the subintervals of their
perceptual categories and acquire common preferred words in
these categories. But when D, and D, become quite large,
the acceleration effect on conventionalization becomes less
explicit (N7 will not further decrease) since agents can already
interact with all others in the group.

Experiment 2: Under Different Torus Sizes (X)

In this experiment, 100 agents are randomly located in tori
with various sizes but the local views of these agents remain
at 5. In the naming game, the torus size changes from 10 to
50 with a step of 10. In the category game, it changes from 10
to 90 with a step of 20. Figure 5 shows the dynamics of these
language games in this experiment using S, Ny, and N, for
the naming game, and UR, Overlap of linguistic categories,
and N7 for the category game.

Using the naming game, the lexical conventionalization in
Experiment 2 follows two regimes. When X is smaller than 30,
agents can encounter others through movement and get their
words converged, and all agents can form one cluster and share
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a common word. Once X exceeds 30, this one-step movement
does not allow for agents to meet many others. S begins to
drop, and both N7 and N, increase. In this situation, clusteri-
zation occurs: some isolated clusters each sharing a common
word gradually emerge, as shown by the slight increase in N;.
The low S of the whole group also indicates that these clus-
ters share different words. Moreover, these clusters and their
shared words are temporally stable, as illustrated by the values
of S and N,, which remain stable for a long time in partic-
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ular simulations. This occurs because once these clusters are
formed, the movement bias can restrain their members from
moving freely, and reduce the chance of contacts between
members of different clusters. Clusterization in Experiment
1 illustrates a “local convergence, global polarization” phe-
nomenon (Axelrod 1997): agents within clusters can clearly
understand each other via a shared word, but those between
clusters cannot, as they employ different words. This phe-
nomenon partially reflects the coexistence of many languages

Biological Theory 3(2) 2008



in the world, and it is largely caused by communicative con-
straint on local interactions.

Using the category game, with the increase in X, the time
steps required for a high degree of mutual understanding also
increase, while increases in both UR and Overlap of linguistic
categories are delayed. However, using the category game,
clusterization does not occur even in a much bigger torus X =
90; in all tori, after a number of time steps, agents can achieve a
set of conventional linguistic categories having a high UR and
Overlap. These results suggest that using the category game,
the movement bias in the communicative constraint does little
to help the formation of clusters or to restrain agents from
freely interacting with others.

Collectively, the simulation results in both experiments
show the role of the communicative constraint in the con-
ventionalization of linguistic knowledge. First, a big cluster-
sharing common linguistic knowledge can be formed among
individuals whose local views may not allow them to interact
directly with each other. Second, there is a correlation between
the local view and world size. Under a fixed world, the increase
in the local view can accelerate the conventionalization pro-
cess. Under a fixed local view, an increase in world size can
delay this process in the whole population and it may trigger
clusterization, as shown in the naming game. The condition of
enlarging local views is reminiscent of today’s growing mass
media and the development of a “global village” over recent
centuries, while a fixed local view with increasing world sizes
reflects the fact that people still have a relatively limited view.
The simulations in this article address a scenario with these
two competing conditions; other activities, such as opinion
formation (Rosvall and Sneppen 2007), may follow a similar
scenario.

Despite these general tendencies, under the simulation
settings used here the same communicative constraint fails to
trigger clusterization during the category game, which inspires
us to seek the underlying differences between these language
games.

Discussion

These two types of language games display both similarities
(listed earlier) and differences. In the naming game, the object
is fixed; what differs are the names to call it. Based on local im-
itation strategies, two agents can easily make their inventories
converge after only a few naming games. And once converged,
future naming games between these agents remain successful.
Even if the convergence breaks down due to interference from
other agents, it can quickly be reestablished within a limited
number of naming games.

In the category game, however, the topic and other contex-
tual stimuli are randomly selected from a continuous percep-
tual space. Given the various contexts, to categorize the same
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topic, agents may partition the perceptual space differently
by creating perceptual categories with different boundaries.
Due to a mismatch of their boundaries, in these categories the
preferred words to call a topic may not easily converge. The
uncertainty in the stimulus selection will cause the bound-
ary alignment of perceptual categories and the “word con-
tagion” phenomenon (the spread of preferred words among
adjacent perceptual categories to form linguistic categories;
Puglisi et al. 2008) in individuals’ inventories to continue for
a long time, until they become slower and slower and, fi-
nally, imperceptible. Therefore, without external interference,
the acquisition of categorical knowledge between two agents
cannot be efficiently achieved within a limited number of cate-
gory games, even though the agents are endowed with similar
discrimination and learning mechanisms. Since it is utterly
impossible to experience all stimuli in the continuous percep-
tual space, after a number of category games, a temporary
solution to the problem of how to achieve a certain degree
of mutual understanding emerges, in which a number of lin-
guistic categories that roughly partition the whole space into
some discrete subintervals—each using a different preferred
word—are gradually shared among agents. This solution is
largely determined by the repertoire of external stimuli and
the properties of the communicative task involved in the cate-
gory game (Puglisi et al. 2008).

Considering these different properties, a successful nam-
ing game can clearly indicate the convergence of two agents’
lexical knowledge and the movement bias based on it is a good
factor to form and maintain social clusters. However, the suc-
cess of a single or even a few category games is insufficient
to indicate the convergence of participants’ categorical knowl-
edge and the same movement bias cannot play a similar role
in building up social clusters.

As shown in Figures 1(b) and 2(b), the number of games
per agent (time steps) required to achieve conventionalization
(Tihare) based on the naming game is much smaller than that
based on the category game. This timescale difference also
helps explain the different success rates of the two language
games under the same communicative constraint in Exper-
iment 2. Instead of qualitative analyses, we can suggest a
quantitative analysis on this point.

In Experiment 2, agents need to explore the torus to con-
tact each other. If we assume that agents are randomly hopping
on the torus, the mean square displacement of agent position
should follow equation (4):

((x(t) — x(0))*) ~2Dt, )

where D is a diffusion coefficient. In the dilute limit and ab-
sence of constraints, if each agent on average plays and moves
once in a time step, D is of order 1. With a slightly reduced
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value of D, equation (4) is expected to hold for longer times,
even in the presence of constrained interactions among agents
(e.g., when displacement is correlated after a successful game).

When an agent explores the torus, following equation
(4), a repertoire of category boundaries and category names
also travels through the system together with this agent. Small
pieces of these repertoires among agents are distributed by
means of constrained interactions, and can in principle travel
faster: constrained interactions allow information to hop on
the torus with a diffusion coefficient not larger than D, (D,),
both of which are kept constant in Experiment 2.

A combination of agent diffusion and constrained inter-
action drives the travel of categorical information through the
system. The time steps required for this information to travel
across the whole torus should follow equation (5):

Taer ~ X*/D, )

where D is a constant not smaller than 1 and not larger than
D,.

While an agent travels, through category games, it learns
the repertoires of surrounding agents. As shown in Experiment
2,in atime Tyhare, it manages to share a large part of its category
and word label inventories with the population it has contacted
during its lifetime.

The comparison of these two characteristic times, 7g;¢r and
Tihare» determines the fate of the system:

(1) If Tgisr < Typare (€., when X < o/Typare D), each agent vis-
its the world in a shorter time than the time required to achieve
shared categorical knowledge, then clusterization (i.e., differ-
ent “category languages”) is not possible in this regime;

(2) If Tyigg > Thare (i.€., when X > /Tepare D), an intermedi-
ate “clusterized” regime may appear during the time window
Tshare < T < Tty

Note that T, also depends of course on the agent density
and D, (D,). For example, it is impossible to simply increase
X2 (to increase Tyig) and keep a constant N, since Tp,re Would
also increase. The system volume should be increased at a
constant density, which requires a proportional increase of N.

With our choices of parameters, the largest possible Tyhare
in the category game is of the order of 10*, under which the
simulation results indicate that the system is in regime (1) and
clusterization is impossible. We suspect that an increase of X
(and of N) by a factor of 10 should cause regime (2) to be vis-
ible. Of course, given times longer than Ty, regime (1) will
eventually come back. In the naming game, since convention-
alization among agents is achieved on a much shorter Typyre,
it is much easier to observe clusterization. Asymptotically in
time, regime (1) will also eventually govern the naming game
anyway.
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Besides the situation in Experiment 2, the internal prop-
erties of these language games may also influence the effect
of the social structures that provide more complex topological
constraints. For instance, since coherence can be efficiently es-
tablished via a limited number of naming games, agents with
many social connections (hubs) become important drivers of
the convergence of the whole population. Meanwhile, based
on a simple, distance-related communicative constraint and
some naming-game-like interactions, similar complex net-
works can be triggered, as exemplified in the studies of lexical
convergence and language change in complex networks (e.g.,
Kalampokis et al. 2007; Baronchelli et al. 2008; Ke et al. 2008).
However, using the category game, the hub’s role becomes in-
explicit and it is difficult to predict the global structures under
the same communicative constraint.

All these analyses suggest that, unless we clearly examine
the internal properties of language games and their relations
with local communicative constraints, we should not directly
play various language games under the same predefined social
structures, since under the same structure, different language
games may have different dynamics, and different language
games may trigger different global social connection patterns.

Conclusions

This article presents a simulation study whose aim is to ex-
plore the conventionalization of linguistic knowledge using
two language games under a local, distance-based commu-
nicative constraint. The simulation results and related analyses
suggest that different properties of the communicative tasks
involved in language games can affect the role of commu-
nicative constraints and social structures. This finding, largely
neglected by previous explorations, may guide the future study
of social structure effects on language evolution. The frame-
work proposed here, together with the statistical analyses in
correlated conditions, also makes it possible to carry out a
systematic study of the mutual influence of local interactions,
conventionalization of linguistic knowledge, and global social
structures.
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