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Merriam Webster Dictionary (2011)

SPAM
Unsolicited usually commercial   

e-mail sent to a large number of 
addresses. 

Monty Python (1974)

First Known Use: 1994. Origin 1930s: 
apparently from sp(iced h)am.



?



It is a process of negotiation

the speaker tries to draw the attention of the hearer toward an 
external meaning through the production of a conventional form

L. Wittgenstein 1952

“wabaku”

Cfr “The Talking Heads experiment”, Steels et al 1996.





The “minimal” Naming Game



Population of N agents

Each agent is characterized by its inventory (or lexicon) i.e. a list of 
name-object associations

At each time a speaker and hearer are selected

A population of individuals who want to assign a 
name to a single object - local interactions



Object Name Name Object

SPEAKER HEARER

Invention
or

random choice
Interpretation

Success: 

Failure:                                  



Success

A
X
Z

A
Y

Speaker  Hearer

A A

Speaker  Hearer

A
X
Z

A
Y

Speaker  Hearer

Failure

A
X
Z

A
Y
X

Speaker  Hearer



N

1N/2

Invention

Building of correlations

Convergence



Scaling relations



The exponents can be derived

Hyp: Close to the maximum 

implies α=1/2

Similar arguments for the other exponents.



Topology



Lattices: slow consensus, finite memory

Fast local spreading, 
then coarsening

 Finite memory 



Shortcuts prevent clusters

Finite connectivity (as in lattices) ⇒ finite memory

Small-world (as in mean-field) ⇒ fast convergence

Short-time coarsening, then mean-field behavior

Nmax
w ∼ N tconv ∼ N1.4±0.1



Role-topology entanglement on networks

p(1st) ~ P(k) p(2nd) ~ kP(k)

Nmax
w ∼ N tconv ∼ N1.4±0.1

both on homogeneous and heterogeneous networks
see, for the voter model, Castellano, 2005; Suchecki et al, 2005



~ N1.5~ N3~ N1.5Convergence
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~ N~ N~ N1.5Maximum
memory
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[1] L. Dall’Asta and A. Baronchelli, J. Phys. A: Math. Gen. Accepted for publication (2006). 
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- topology 
- temporal region

A master equation approach allows to 
recover all the functional forms

half-normal 
(SF net)

exponential 
(ER)

exponential +
delta (MF)

<k>

<
k2

>

Reorganization region:

exponential 
(SF net)

exponential 
(ER)

power law +
exponential (MF)

<k>

<
k2

>

Convergence region:

Inventory size hystogram



Always consensus?



Generalized Naming Game

Success

A
X
Z

A
Y

Speaker  Hearer

A A

Speaker  Hearer

A
X
Z

A
Y

Speaker  Hearer

Failure

A
X
Z

A
Y
X

Speaker  Hearer

A
X
Z

A
Y

Speaker  Hearer

1-

β

β



0 0.2 0.4 0.6 0.8 1
β

103

106

109

t co
nv

Consensus-polarization transition

consensus
active 

polarized 
state



nA, nB , nAB

dnA

dt
= −nAnB + βn2

AB +
3β − 1

2
nAnAB

dnB

dt
= −nAnB + βn2

AB +
3β − 1

2
nBnAB

No invention process and three species:

d(nA − nB)

dt
=

3β − 1

2
nAB(nA − nB)

β>1/3  stable consensus;     β<1/3  stable polarization

The transition is understood analytically

nA = nB = b(β), nAB = 1− 2b(β)

nA = 1, nB = nAB = 0Consensus:
Polarization: 



The transition occurs also on networks

Weak dependence on:
- the pair selection strategy (speaker first, hearer first, mixed)
- the exponent of the power-law degree distribution



The transitions are many
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Local broadcasting



One-to-many spreadingOne-to-many spreading

sensor networks 

staticmobile
see also Q. Lu, G. Korniss, and B. K. Szymanski, PRE 77, 016111 (2008).



In the NG feedback is implicit

1. the speaker speaks
2. the hearer communicates the success/failure
3. both agents update



 [1] Baronchelli et al., PRE 
73 (2006) 015102(R) 

ANDREA BARONCHELLI PHYSICAL REVIEW E 83, 046103 (2011)
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FIG. 1. (Color online) Interaction rules. The speaker’s inventory
contains three words, namely, A, X, and Z, while the hearer’s one
contains A and Y . If the speaker randomly selects word A, the
interaction is a success (top). In the usual NG both agents delete
competing synonyms, in the HO-NG only the hearer updates her
inventory, while in the SO-NG only the speaker does that. When
the word transmitted by the speaker is not known by the hearer (for
example, X), on the other hand, the latter adds it to her inventory and
the interaction is classified as a failure (bottom). In this case, both the
HO-NG and the SO-NG behave as the NG.

reason beyond this difference and point out that the SO-NG
spontaneously falls in the critical regime of the generalized NG
model introduced in [20] (Sec. II). The fact that the HO-NG
remains efficient, on the other hand, allows us to introduce a
very natural broadcasting scheme that significantly simplifies
previously introduced protocols [9] when the population is
embedded in any kind of topology (Sec. III).

II. NONSYMMETRIC UPDATING AND THE ROLE OF
FEEDBACK

Relevant observables in the NG are the total number of
words Nw(t), defined as the sum of the inventory sizes of all
the agents, and the number of different words Nd (t), counting,
as the name suggests, how many different words are present
in the system at time t [2]. The dynamics proceeds as follows
(see Fig. 2) [2,7]: At the beginning both Nw(t) and Nd (t) grow
linearly as the agents invent new words. As invention ceases,
Nd (t) reaches a plateau whose height is, on average, N/2
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FIG. 2. (Color online) Time evolution of the NG. (Top) The total
number of words Nw(t) grows till it reaches a maximum, Nmax

w at time
tmax , corresponding to the maximum amount of memory required to
the population. Due to an increase in successful interactions, it then
starts decreasing till the final state, in which Nw(t) = N , meaning
that all the agents share the same unique word. The inset shows that
the HO-NG and the SO-NG exhibit the same qualitative behavior
observed in the NG. (Bottom) The number of different words present
in the system saturates at Nd (t) = N/2 as soon as the invention
process ceases. It then remains almost constant to fall finally to
the consensus value Nd (t) = 1 at the convergence time tconv . Data
refer to a population of N = 103 agents and are averaged over 103

realizations.

words (since the agents interact in pairs). On the other hand,
Nw(t) keeps growing till it reaches a maximum at time tmax ,
whose height, Nmax

w , corresponds to the highest amount of
memory (i.e., size of the inventories) required by the system.
The total number of words then decreases and the system
reaches the convergence state at time tconv . At convergence all
the agents share the same unique word, so that Nw(tconv) = N
and Nd (tconv) = 1.

We now focus on the scaling of the memory consumption
and the convergence time with the system size. In the usual
NG it holds that tconv  N  , tmax  N  , and Nmax

w  Nµ,
with   µ    1.5 (where the time is counted in terms of
microscopic interactions) [2]. Figure 3 shows that the same
scaling is observed also in the SO-NG and the HO-NG as far
as the time and height of the peak of Nw(t) are concerned.
Looking at the convergence time, however, it is clear that
while the HO-NG behaves as the usual NG,2 the SO-NG
is remarkably slower, showing a tconv  N  with   2.0
behavior. This numerical result is important. Indeed, the fact
that the HO-NG behaves substantially in the same way as the
usual NG implies that the hearer’s feedback to the speaker
is not crucial and opens the way to the implementation of
straightforward broadcasting protocols, as we see in the next
section.3

2The curve for the convergence time of the NG for systems of
different sizes exhibits small oscillations when plotted in log-log
scale [7] and it does not therefore appear as a perfectly straight line.

3The fact that the HO-NG and the NG behave in the same way
as far as the scaling with the system size of the relevant quantities is

046103-2

Which role for the symmetric update?



Feedback is not crucial
ROLE OF FEEDBACK AND BROADCASTING IN THE . . . PHYSICAL REVIEW E 83, 046103 (2011)
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FIG. 3. (Color online) Scaling with the system size. (Top) In the
SO-NG the convergence time tconv is much larger than in the NG
and the HO-NG. Also the scaling with the population size is slower
than the tconv  N  with   1.5 (dashed line) exhibited by both the
NG and the HO-NG. (Bottom) The time (left) and the height (right)
of the total number of words scale in all cases as tmax  N  and
Nmax

w  Nµ, with   µ  1.5 (dashed lines). Each point represents
the average value obtained over 30 simulation runs and is plotted
with the correspondent statistical error (often not visible on the scale
of the graph).

To shed light on the extremely slow convergence of the
SO-NG it is convenient to consider the generalized NG scheme
defined in [20]. The rules are the same as in the NG, but for
the fact that in case of a successful interaction the agents
update their inventories with probability  (so that the usual
rules correspond to the  = 1 case). Generalizing in the
same way the HO-NG and the SO-NG is straightforward:
In the first, only the hearer will update her inventory after
a success and will do that with a probability  , in the latter
it will be only the speaker. The generalized NG exhibits
a consensus-polarization transition at  c = 1/3. For  >  c

the system always reaches the final consensus state, while
for  <  c two competing words survive asymptotically
(in the limit N  ∞ ) and convergence is never reached.4

The transition can be understood considering that, after the
peak of the total number of words, the dynamics proceeds
through the progressive elimination of competing words, and
just before convergence only two different words, say A and
B, are present in the system [7]. Thus, the population can
be divided into three groups formed by all the agents whose
inventory stores either only A or only B or both A and B,
whose relative size in the population we label as nA, nB , and

concerned holds in the framework of the simplified scheme introduced
in [2], being a consequence of the the fact that homonymy is not taken
into account. Feedback remains, in fact, a fundamental ingredient of
any language games, as devised by Wittgenstein [3].

4This is, in fact, the first of a series of transitions occurring as
  0 [20].

nAB . The transition probabilities from different groups are the
following [20,33]:

pA  AB = nB + 1
2nAB, pB  AB = nA + 1

2nAB, (1)

pAB  A = 3  
2

nA +  nAB, pAB  B = 3  
2

nB +  nAB. (2)

In Eq. (1), an agent with a single word A (B) adds B (A)
to its inventory when, playing as hearer, she receives it from
the speaker. This may happen either because the speaker stores
only B (A) or because the speaker stores both words and selects
randomly, with probability 1/2, B (A). In Eq. (2), on the other
hand, an agent reduces her inventory from AB to A (B) only in
case of an update following, with probability  , a success on
word A (B). The interaction may involve another agent with
two words [in this case the factor 1/2 relative to the speaker ex-
traction is balanced by the fact that both agents will have only A
(B) in their inventory] or an agent storing only A (B). In the lat-
ter case, either the AB agent is the speaker and plays A (B) with
probability 1/2 or she is the hearer and the success is certain,
the sum of these two terms yielding the factor 3/2 [Eq. (2)].

The above transition probabilities translate into the fol-
lowing mean-field equations for the evolution in time of the
fractions of agents in each state [20]:

dnA

dt
= − nAnB +  n2

AB + 3  − 1
2

nAnAB, (3)

dnB

dt
= − nAnB +  n2

AB + 3  − 1
2

nBnAB, (4)

and nAB = 1 − nA − nB . The fixed points are nA = 1,nB =
nAB = 0 and nA = nAB = 0,nB = 1 and nA = b(  ),nB =
b(  ),nAB = 1 − 2b(  ), with b(  ) = 1+5  −

√
1+10  +17  2

4  [and
b(0) = 0]. Defining the magnetization as m = nA − nB , we
have

dm

dt
= 3  − 1

2
nABm. (5)

Thus, for  c > 1/3, sgn( dm
dt

) = sgn(m): |m|  1 and the
system ends up in an absorbing state of consensus in the A
or B option. For  c < 1/3, sgn( dm

dt
) = − sgn(m) and |m|  0,

implying the stationary coexistence of the three phases, with
nA = nB and a finite density of AB agents.

To describe the SO-NG in the same framework one must
modify Eq. (2) to take into account that the hearer never
updates her inventory after a success [Eq. (1), concerning the
update following a failure, remains unchanged]. The transition
probabilities now read

pAB  A =  
!nA

2
+ nAB

2

"
, pAB  B =  

!nB

2
+ nAB

2

"
, (6)

yielding

dnA

dt
= − nAnB +  

2
n2

AB +  − 1
2

nAnAB, (7)

dnB

dt
= − nAnB +  

2
n2

AB +  − 1
2

nBnAB, (8)

and therefore,

dm

dt
=  − 1

2
nABm. (9)
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One-to-many spreadingHearer-only is OK, broadcasting is natural

see also Q. Lu, G. Korniss, and B. K. Szymanski, PRE 77, 016111 (2008).



Faster convergence on het. networks
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Hubs become extremely influential
ROLE OF FEEDBACK AND BROADCASTING IN THE . . . PHYSICAL REVIEW E 83, 046103 (2011)
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FIG. 6. (Color online) Leader election. The probability that a
given agent gets elected increases (almost) linearly with the degree
in the broadcasting scheme (solid symbols) and it is inversely
proportional to the same quantity in the usual NG with pairwise
interactions (open symbols). All curves refer to heterogeneous
networks generated with the UCM with minimum degree k = 4
and degree exponent  = 2.5 (circles) and  = 3 (squares). Data
come from 104 simulation runs and have been logarithmically binned.
Curves are vertically shifted for clarity.

In [9] it is pointed out also that the NG could provide a
valuable mechanism for leader election among a group of
sensors. The leader is a single node with important responsi-
bilities ranging from routing coordination to key distribution,
and the NG would make the identification of the leader
hardly predictable from the outside, resulting in enhanced
security of the system to possible attacks. To study the effect
of broadcasting on the election of the leader, we have run
simulations in which at the beginning of the process every node
is endowed with a word. All words are different and therefore
represent a tag assigned to the agents. Having checked that
these initial conditions do not alter the scaling properties of the
system (data not shown), we look at the statistics of the word
upon which consensus is reached, and more in particular on the
degree of the node to which it was assigned at the beginning. It
has already been observed, even though never quantified, that
in the case of pairwise interactions the hubs, playing mostly
as hearers, are not good promoters for conventions, but rather
act as intermediaries between lower degree nodes [14]. In fact,
Fig. 6 shows that in the NG the probability that a given node
of degree k spreads her identity (i.e., is elected) is linearly
suppressed by a factor k, and the same behavior is observed
also for the HO-NG (not shown). Remarkably, the situation
is inverted in the broadcasting scheme, where this probability
is magnified by the same linear k factor. Due to the dramatic
nonlinearities of the process it is difficult to go beyond the
numerical experiment, but this observation can be relevant
for the applications and at the same time sheds light on the
existence of profound differences between the pairwise and the
broadcasting schemes at a microscopic level, whose detailed
investigation is left for future work.

IV. DISCUSSION AND CONCLUSIONS

In this paper we have focused on the role of feedback in the
NG. We have modified the rule that prescribes the symmetric
update of the agents’ inventories after a successful interaction,

addressing the two circumstances in which only one of them
acts in case of success. We have shown that if the updating
agent is the speaker the NG protocol becomes inefficient and
the final consensus state is reached in much longer times as
compared to the scaling of the usual symmetric rule. Casting
this finding in the broader context of a generalized NG scheme,
we have shown analytically that preventing the update of
the hearer sets the model to a critical point below which
consensus is not the stable solution, and the system would
persist forever (in the thermodynamic limit) in a polarized
state in which two words survive indefinitely. At the critical
point the magnetization is therefore conserved and consensus
is reached through large fluctuations in a finite system, thus
being slower than in the NG. When the update is performed
only by the hearer, on the other hand, the scaling of the
main quantities with the system size remains the same as in
the usual NG. Thus, feedback is not crucial in the NG as
defined in [2]; that is, the scaling of the convergence time
and of the memory required to the system does not change
if the hearer never informs the speaker of the outcome of
the game.

The results concerning the HO-NG have also allowed us
to introduce a very natural broadcasting scheme in which
the speaker transmits simultaneously the word to all of her
neighbors, who update their inventories following the usual
rules. We have shown that this scheme is efficient in terms
of convergence time, outperforming the pairwise interaction
rule in heterogeneous networks as far as the scaling of the
convergence time is concerned, with some minor drawbacks
from the point of view of the memory requirements. Finally, we
have discussed how these findings could be relevant also from
the point of view of possible applications in the field of sensor
networks [9,12].

Our work sheds light on the dynamics of the NG, pointing
out that the update of the hearer is a fundamental ingredient of
the model contrarily to the feedback provided to the speaker,
which turns out to be less crucial. It also opens the way to
several lines of investigation. From the theoretical point of
view, a systematic study of the broadcasting dynamics on
different kinds of networks as well as its generalization, and
thorough characterization, in the probabilistic  framework
is potentially very interesting. Furthermore, while in this
paper we have concentrated on the study of the system scale
behaviors, performing in the future a detailed analysis of the
microscopic aspects of the dynamics, so far addressed only
in [15], could provide important insights into the broadcasting
rule as well as into the difference between the NG, the
SO-NG, and the HO-NG. It is also worth noting that the
result concerning the possibility of neglecting the hearer’s
feedback might help in the more ambitious exploration of
the connection between the dynamics of the NG and that
of the voter model [41,42] or of other simple ordering
dynamics schemes (see also [6] on the challenges concerning
this point).

From the point of view of the applications, finally, the
broadcasting scheme is relevant for sensor nodes, as we have
already mentioned. Moreover, it could be the best solution
also in those cases in which the communicating agents are not
embedded in a static network, but on the contrary move in an
unknown environment and need to communicate about their
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Probability that the first spreader of the 
consensus word is a node of degree k



The SO-NG is spontaneously critical
ANDREA BARONCHELLI PHYSICAL REVIEW E 83, 046103 (2011)
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FIG. 4. (Color online) The generalized NG: Consensus time as
a function of  . In the NG the convergence time tconv diverges at
 c = 1/3. The HO-NG is less robust, and  c = 1/2. For the SO-NG,
on the other hand, it holds that  c = 1, so that the final consensus is
never a stable solution. Dotted vertical lines represent the theoretical
predictions. Data refer to a population of 3 × 103 agents and each
point represents the average value obtained from 30 simulation runs.
Error bars represent the statistical error of the average value.

Thus, the transition occurs at  c = 1, and the SO-NG is
naturally critical. This explains why the behavior of the SO-NG
is qualitatively different from the one observed in the usual
NG. The system is not driven to consensus, but rather ends
up there only due to large, system size, fluctuations of the
magnetization. The same analysis can be repeated also for the
generalized HO-NG, where one finds that  c = 1/2. Hence,
even though for  = 1 the HO-NG and the NG behave in the
same qualitative way, the latter is more robust to perturbations
in the generalized setting. Figure 4 shows that numerical
simulations are in very good agreement with the theoretical
prediction, confirming that focusing on the two words case
is indeed a valid assumption to determine the critical values
of  (while it can be an oversimplifying starting point to
describe more subtle properties of the convergence process
in the NG [20]).

III. BROADCASTING ON NETWORKS

Complex networks are the natural environment to inves-
tigate the dynamics of models that aim at describing social,
technological, or biological systems [35–39]. Motivated by
the communication protocols employed by sensor nodes, Lu,
Korniss, and Szymanski introduced a broadcast version of
the NG to make it applicable in sensor networks [9,12]. In
this framework, the rules are the same as in the usual NG
but for the fact that the speaker transmits her word to all her
neighbors at the same time, rather than to a randomly selected
one. If a hearer has that word in her inventory, she deletes all
the competing synonyms but the winning one; otherwise she
adds the new word to her memory. As for the speaker, she
will consider the interaction a success if at least one of the
hearers knows it. At least one successful hearer must therefore
report to the speaker that she knew the transmitted word. In real
network this communication could be performed, for example,
through the “lecture hall” algorithm [40].

The results discussed above about the HO-NG, however,
show that, at least as far as pairwise interactions are considered,
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FIG. 5. (Color online) Broadcasting on networks. Scaling of the
consensus time (top) and the maximum number of words (bottom)
for the broadcasting rule on ER homogeneous (left) and UCM
heterogeneous networks (right). Each point is averaged over 30
simulation runs (5 runs on each of 6 network realizations), and error
bars are not visible on the scale of the graph. Heterogeneous networks
(right panels) are generated with the uncorrelated configuration model
(UCM) [34], with minimum degree k = 4 and degree exponent,
P (k)  k −  , is  = 2.5. ER networks are generated with  k  = 8.

there is no need for the speaker to receive any feedback in order
to guarantee an efficient route to convergence. Thus, a very
natural broadcasting scheme might simply consist of letting
only the hearers update their inventories, following the usual
rules in case of failure or success. Figure 5 shows that such
a simple broadcasting scheme guarantees a fast convergence.
The scaling exponent  of the consensus time, tconv  N  ,
is   1.4 in Erdos-Renyi (ER) homogeneous graphs and
  1.1 in uncorrelated heterogeneous networks [34], the
latter being compatible also with a logarithmic behavior
tconv  N ln N . Therefore, the broadcasting scheme yields a
much faster convergence when the broadcasting protocol is
adopted, but only in heterogeneous networks. This is not the
case in the usual NG, where it holds that   1.4 in both ER
and heterogeneous networks [14].

Though faster, however, the broadcasting scheme is not
scalable in the thermodynamic limit, since the maximum
memory required to the system scales with an exponent µ  
1.1 (again compatible with a behavior Nmax

W  N ln N ), thus
implying that single agents should have an infinite memory as
N  ∞ . This is not the case for the usual NG, where it holds
that µ  1 [14]. Strictly speaking, therefore, it is not possible
to conclude whether the broadcast rule has to be preferred
to the usual pairwise interaction scheme, but rather it would
be necessary to decide in a case by case setting, depending
also on the topology in which the agents are embedded. In
case of heterogeneous networks, broadcasting is certainly the
fastest solution when the memory of the system is not a vital
parameter, while pairwise interaction offers the best solution
if inventory size is a (major) concern. However, the memory
consumption is probably not a big issue for all the practical
purposes in which a finite population is considered, due to the
small value of µ.
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Hence we observed a much slower scaling



Conclusions

Consensus from meaning negotiation

Andrea Baronchelli

Complex networks are optimal (fast convergence + finite memory) 

A consensus/polarization transition exists in a generalized 
setting. It occurs also on networks. Polarized state is active.

Local broadcasting. Feedback is not crucial in negotiation, hence 
broadcasting is naturally implemented. Things do change. 

More complex problems (e.g. categorization), are addressed based on 
the NG.
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