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“ 2. ...The language is meant to serve for communication between a

builder A and an assistant B. A is building with building-stones: there are

blocks, pillars, slabs and beams. B has to pass the stones, and that in the

order in which A needs them. For this purpose they use a language

consisting of the words “block”, “pillar”, “slab”, “ beam”. A calls them out;

B brings the stone which he has learnt to bring at such-and-such a call.

... ... I will call these games “language games” and will sometime speak of

a primitive language as a language-game. ”

PHILOSOPHICAL INVESTIGATIONS, L. Wittgenstein
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Language

l

Cultural conventions shared by a group

l

without a central control or a global coordinator

↓

How these conventions occur and spread?

↓

Need of mathematical models
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Sociobiological Models

A better language acquisition strategy

may bring a selective advantage that

provides higher reproductive success.

Emphasis in genetic factors

Sociocultural Models

A good strategy provides

higher communication success

implying a better ability in reaching

cooperative goals

Emphasis in peer interaction
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Definition of a negotiation dynamics.

Spreading of conventions: homogeneous quantity emerge out of an initial disordered

state (Ising-like models, herding behavior)

Emergence of a shared vocabulary:

• agents characterized by a memory with a number of possible states,

each one characterized by a number of possible choices (when

infinite: open endness)

• interaction between agents should be asymmetric and characterized

by the presence of memory and learning/feedback effects. Some

possible mechanisms are: uploading, overlapping and agreement

mechanism

A. Baronchelli, M. Felici, E. Caglioti, V. Loreto and L. Steels, J. Stat. Mech. P06014 (2006).

A. Baronchelli, V. Loreto and L. Steels, Int. J. Mod. Phys. C19 785 (2008).

Emergence of communication conventions 7 E. Brigatti and I. Roditi
INCT-SC(CBPF) 2009



Naming Game

• Played by a population of N agents.
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Naming Game

• Played by a population of N agents.

• Interactions are pairwise and follow a set of simple rules

• One considers an environment composed an object to be

named. Each individual is described by its inventory (names

competing to name the unique object)) and evolves

dynamically in time.
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Naming Game

• Played by a population of N agents.

• Interactions are pairwise and follow a set of simple rules

• One considers an environment composed an object to be

named. Each individual is described by its inventory (names

competing to name the unique object)) and evolves

dynamically in time.

• Inventories are empty at the beginning of the game (t = 0).

• At each time step (t = 1, 2, ..) two agents are randomly

selected and interact: one of them plays the role of speaker,

the other one that of hearer.
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Interaction rules

1. Speaker: transmits a name to the hearer. If its inventory is

empty, the speaker invents a new name, otherwise it selects

randomly one of the names it knows;
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Interaction rules

1. Speaker: transmits a name to the hearer. If its inventory is

empty, the speaker invents a new name, otherwise it selects

randomly one of the names it knows;

2. Hearer: if the name is in his inventory, the game is a success,

and both agents delete all their names, but the winning one;
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Interaction rules

1. Speaker: transmits a name to the hearer. If its inventory is

empty, the speaker invents a new name, otherwise it selects

randomly one of the names it knows;

2. Hearer: if the name is in his inventory, the game is a success,

and both agents delete all their names, but the winning one;

3. Hearer: If the name is not known, the game is a failure, and

the hearer inserts the name in its inventory.
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Naming game interaction rules.
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Basic phenomenology. a) Total Number of names present in the system, Nw(t); b) Number of

different names, Nd(t); c) Success rate S(t), i.e., probability of observing a successful interaction

at a time t. The inset shows the linear behavior of S(t) at small times. Population of N = 103

agents. Final absorbing state, described by Nw(t) = N, Nd(t) = 1 and S(t) = 1, global

agreement on the form (name) to assign to the meaning (individual object) has been reached.
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Scaling with the population size N . In the upper graph the scaling of the peak and

convergence time, tmax and tconv, is reported, along with their difference, tdiff . All curves scale

with the power law N1.5. The lower curve shows that the maximum number of words (peak

height, Nmax
w = Nw(tmax)) obeys the same power law scaling.
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Modified Naming Game

A minimal model played by P agents

• No internal overlapping mechanism. The reservoir of words is subjected

to some constraints

The new words are distributed according to a Gaussian law exp(−x2/σ) .

• The agreement mechanism is the only responsible for the order/disorder

transition

We look for a lower bound for the cognitive mechanisms

• the speaker retrieves a word from its inventory associated with the

chosen object, or, if its inventory is empty, invents a new word (chosen

from a Gaussian with standard deviation σ).

• the speaker transmits the selected word to the hearer.

• if the hearer’s inventory contains such a word (success), the two

agents update their inventories so as to keep only the word involved in

the interaction.

• otherwise (failure): the speaker invents a new word.
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Phenomenology:

• Global quantities: the total number of words (Ntot) present

in the population, the number of different words (NDiff ) and

the success rate (S), which measures an average rate of

success in communications.

• With the aim of characterizing with more details our system,

describing directly its state and not just the outcome of the

game, we looked at an overlap function (Baronchelli et al.).

It corresponds to the total number of words common to all

the possible agents’ pairs:
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O =
2

P (P − 1)
·
∑

i≥j

ai

⋂

aj .

The behavior of this quantity is similar to S(t)
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Top: temporal evolution for the total number of words divided by the total population. In the

inset, total number of different words (NDiff (t)). Bottom: the success rate (S(t)) and the

overlap function O. The dashed curves represent a single realization. All other data are averaged

over 100 simulations. (P = 7000, σ = 5).
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Scaling with the population size P:

• NDiff. is independent on P , for large P ; Ntot. ∝ P (also analytically)

Scaling with σ:

• NDiff. ∝ σ; Ntot. ∝ σ1/2 (also analytically)

squares max. number of different words diff. popul.sizes; circles max. number of total words;

triangles max. number of different words diff. sigma.
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The maximum number of total words linearly scales with the

population number. In other words, the number of total words of

each player is not dependent on the dimension of the community.

This can be seen (Baronchelli et al.) if we represent the mean

total number of words for agent, at time step t, by n(t), and the

mean total number of different words by D(t). If we assume that

n(t) scales as β, unknown, we can write:
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n(t + 1) − n(t) ∝
1

n(t)β

(

1 −
n(t)β

D(t)

)

−
1

n(t)β
n(t)βn(t)β

D(t)
(1)

We are considering that the probability for the speaker to

communicate a specific word is 1
n(t)β and the probability for the

hearer to own that words is n(t)β

D(t) . It follows that the first term

represents the gain term for a failed communication, and the

second one the loss term We can use this equation for describing

the P dependence. D, for large P , can be considered a constant.

For this reason, at the stationary state, where we should impose

n(t + 1)− n(t) = 0, our equation reduces to 1
nβ ∝ nβ , which forces

β = 0. This fact implies that the number of total words for each

player is not dependent on P .
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NDiff. linearly scales with σ. This result is quite intuitive if we

approximate our distribution of new words with a box of

dimension σ.

We can use again equation 1 for examining the dependence of

Ntot on σ. We will look for a power-law dependence on σ; for this

reason we consider that n ∝ σγ with γ unknown. Using the fact

that, at equilibrium, D ∝ σ, we obtain:

1

σγ

(

1 −
σγ

σ

)

∝
1

σγ

σγσγ

σ

This equation implies that, at the stationary state, γ = 1/2. It

follows that Ntot ∝ σ1/2, a result confirmed by the numerical data

shown .
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100 1000 10000 1e+05
population

1e+05

1e+06

1e+07

tim
e

4 6 8 10 12
σ

10000

1e+06

1e+08

1e+10

tim
e

P=3000
P=1000
P=750
P=500
P=250

2 3 4 5 6 7 8 9 10 11 12
σ

1e-06

0.0001

0.01

P/
tim

e

P=3000
P=1000
P=750
P=500
P=250

TC ∝ P ; TC → ∞ for 6 < σcrit < 7

Emergence of communication conventions 22 E. Brigatti and I. Roditi
INCT-SC(CBPF) 2009



0.55 0.6 0.65 0.7
Overlap

0

0.2

0.4

0.6

0.8

1

Pr
ob

ab
ili

ty

σ=10
σ=15
σ=20
σ=25
σ=30

10 100
σ

0.4

0.45

0.5

0.55

O
ve

rl
ap

Probability of reaching consensus (frequency of runs which reach consensus) as a function of the

O = 2
P (P−1)

·
P

i≥j

ai

T

aj value of the initial conditions, for different σ values (P = 1000). In the

inset, mean value of O in the plateau region, as a function of σ, for standard initial condition.

Emergence of communication conventions 23 E. Brigatti and I. Roditi
INCT-SC(CBPF) 2009



Summary

• We showed a minimal model for the spreading of conventions.

• RESULT: The agreement mechanism is sufficient for

generating an ordering transition a.

an order/disorder transition in the σ space exists

the system belongs to a different universality class

a
E.B. and I.Roditi “Conventions spreading in open-ended systems ” New Journal of Physics 11

(2009) 023018
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