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Concurrent Collective Strategy Diffusion of
Multiagents: The Spatial Model and Case Study
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Abstract—Strategy diffusion is a common phenomenon in the
collective motion of multiagents, which is the large scale of strat-
egy penetrations of certain agents on other agents; there are many
kinds of diffusion forms; among them, the collective diffusion is
always seen, which implies that a social strategy accepted by col-
lective agents may have strong authority and tend to diffuse to
other agents. This paper presents a novel spatial model for the
collective strategy diffusion in multiagent societies. In the model,
the social distance between agents can be measured in a euclidian
space; the authority of a social strategy is determined by not only
the number but also the collective social positions of its overlaid
agents; social strategies that have strong authorities are impressed
on the other agents, and the agents will accept (partially or in full)
or reject them based on their own social strategies and social po-
sitions. Moreover, the paper also considers the concurrent form in
the collective diffusion and presents that an agent’s social strategy
is influenced not only by the diffusion that bears on itself but also
by other concurrent diffusion processes that bear on other agents,
and an agent will incline to the average social strategy of the whole
system, which can make the system more unified. Finally, the paper
uses queue orientation as a case to study the presented model.

Index Terms—Collective diffusion, concurrent form, multia-
gents, social strategy, spatial model, unification trend.

I. INTRODUCTION

EYNOLDS initiated research on the distributed behav-
R ioral model on A flock of birds based on simulation as an
alternative to scripting the paths of each bird individually [1];
since then, the collective motion in multiagent societies has been
receiving much attention in many research fields [2]-[10]. So-
cial strategy is the action that an agent adopts to behave in the
collective motion; for example, in the flock of birds, the fly-
ing direction and velocity is the strategy of each bird. To attain
harmony within the collective motion, agents always need to
coordinate their social strategies with each other [11]-[14].
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Generally, in a multiagent society, each agent has its own
initial social strategy governing behavior; with the passage of
time, some agents are likely to imitate the strategies of others [1],
[2]. The penetration and imitation of strategies among agents is
called diffusion, which is always seen in the collective motion
of multiagents, such as flocks of birds, herds of animals, and
schools of fish [1].

There are many diffusion forms; among them, the collec-
tive diffusion is familiar, which denotes that a social strategy
accepted by collective agents may have strong authority and
tend to diffuse to other agents. Collective diffusion is an im-
portant phenomenon in the collective motion of multiagents;
however, there are no systemic related works on this issue [21].
The previous benchmark works on collective motion of multia-
gents [ 1]-[10] focused on the strategy coordination of individual
agents; an individual agent may sense and adjust its own strategy
to keep pace with the neighboring agents.

The modeling for social multiagents, which involves social,
cognitive, and political factors, may be very complex. In [1]-[7],
[32], and [33] the authors always assume that multiagents locate
in a euclidian space and the social distance can be measured as
geographical one. Thus, we also care about the spatial model
for collective diffusion in this paper.

This paper investigates the collective diffusion in multiagent
societies and proposes a general spatial model to explain it. In
the model, the social distance between agents can be measured in
a euclidian space, the authority of a social strategy is determined
by not only the number but also the collective social positions of
its overlaid agents; social strategies that have strong authorities
are impressed on the other agents, and the agents will accept
(partially or in full) or reject them based on their own social
strategies and social positions.

Moreover, in the real society, there are many diffusion pro-
cesses from collective agents to collective agents that take place
concurrently, which is called concurrent form. Therefore, this
paper also considers the concurrent form in the collective dif-
fusion and presents that an agent’s social strategy is influenced
not only by the diffusion that bears on itself but also by other
concurrent diffusion processes that bear on other agents, and an
agent will incline to the average social strategy of whole system,
which can make the system more unified.

Finally, we use the simulation of queue orientation to make a
case study for the proposed diffusion model and test the useful-
ness and effectiveness of the model.

The rest of this paper is organized as follows. In Section II,
we introduce the collective strategy diffusion phenomenon with
concurrent form in multiagent societies. In Section III, we
present the formal framework to modeling collective diffusion.
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In Section IV, we make a case study of queue orientation to test
the proposed formal model. In Section V, we discuss the related
work. Finally, we present our conclusion and future work in
Section VI.

II. COLLECTIVE STRATEGY DIFFUSION PHENOMENON WITH
CONCURRENT FORM IN MULTIAGENT SOCIETIES

A. Collective Strategy Diffusion Phenomenon

Diffusion phenomenon is the penetration and imitation of
strategies among agents. We initiated a study on how to evolve
individual social strategies to global social law through hierar-
chical agent diffusion [18]. In our original model, each agent has
its own social strategy at the first stage of the system. Further,
we assume that the agents possess “social ranks” and the ranks
are known by all agents. As the system runs, the strategies of
superior agents will tend to diffuse to (be adopted by) the junior
agents. Given the right conditions and enough time, a global so-
cial law may be finally established. A simple example is given
as follows:

Two businessmen enter the same conference room. One starts to
smoke but the other complains. Upon learning that the smoker has
a higher position in the same company, the complainer changes his
strategy of “smoking is not permitted” to “go ahead.” This means
that the social law in the conference room has become “‘smoking is
permitted.” [Scenario 1: diffusion by rank]

Only the diffusion of the social strategies of superior agents to
junior agents was considered in [18]. However, such a situation
is not truly representative of reality. In real society, there are
so many collective intentions and practices [19], [20], and the
social strategies shared by many junior agents can also influence
the superior agents. The following example demonstrates this:

You like smoking very much and you occupy the highest position
in your company. However, if all other members dislike smoking,
you will probably stop smoking, i.e. your social strategy has been
trumped by that of the majority. Therefore, the social law of your
office is now “no smoking.” [Scenario 2: diffusion by numbers]

The interplay between rank, strength of strategy support, and
the numbers of supporters is extremely complex. The emergence
of a social law may not prevent some agents from maintaining
their original strategies or indeed adopting contra strategies. For
example

None of the employees in an office like smoking; so the social law
in the office is “no smoking in the office.” Now the boss starts a
long discussion with the employees. The boss has a habit: he likes
to smoke while giving orders to the staff. Therefore, the boss will
smoke even though the social law is “no smoking in the office.”
[Scenario 3: persistence of outliers]

In Scenario 3, the outlier agent has a very high social position;
so its corresponding social strategy may have high dominance,
though the number of overlaid agents is few.

Scenarios 1-3 may seem too simple, but they are common
basic forms in real social strategy diffusion. Thus, in this paper,
we will mainly capture these basic characteristics of the strategy
diffusion in multiagent societies. We think that the authority of a
social strategy shall be determined by the amounts and collective
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Fig. 1. Three forms of agent social strategy diffusion. (a) Hierarchical im-
mediate diffusion (sequential form). (b) Collective diffusion (sequential form).
(c) Collective diffusion with concurrent form.

positions of its covered agents together. A strategy becomes
more dominant as the number of adopters increases and/or their
positions increase. The success of a social strategy supported by
many junior agents over the social strategy of superior agents
can be called collective insurgent diffusion; the reverse is called
collective elite diffusion.

The social strategy that is shared by collective agents can be
called as collective social strategy. In this paper, we will explore
when and how the collective social strategy shared by collective
agents may diffuse to other agents. With our framework in this
paper, scenarios 1-3 can all be explained well.

B. Concurrent Form and Unification Trend
in Collective Diffusion

In the real society, there are many diffusion processes from
collective agents to collective agents that may take place con-
currently. Therefore, we also explore the concurrent mechanism
in the agent social strategy diffusion [22].

In the concurrent agent social strategy diffusion, there is an
interesting phenomenon that can be called unification trend:
when many diffusion processes take place concurrently in the
agent system, the agents will incline to select an identical av-
erage social strategy that can make the system unified. Such
a phenomenon is also familiar in human society where people
always tend to select a common social strategy that will make
the community more harmonious.

The concurrent mechanism of social strategies includes the
simultaneous diffusion with the shapes of one to one, collective
to one, one to collective, and collective to collective. Fig. 1
is the illustration for our three forms of agent diffusion. From
Fig. 1(c), we can see that many diffusion processes in the system
may take place concurrently. Therefore, when we consider a
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diffusion process, we also need to consider the impacts of other
diffusion processes that take place concurrently.

III. PROPOSED MODEL
A. General Model for Collective Diffusion

1) Authority of Social Strategy: The agent with higher au-
thority has higher dominance to diffuse. If a social strategy is
accepted by many agents, its authority will be strong. However,
different agents will contribute different amounts to the author-
ity of a social strategy. A superior agent strengthens a strategy’s
authority far more than a junior agent.

Definition 1: Social position of agent ¢ can be a function
pi — [0, 9], where 9 is a natural number. p; > p; = agent ¢ has
superior position to agent j.

In this paper, our basic idea for the authority of social strategy
is that if agent a has a social strategy s, a is implicitly confer-
ring some importance to the authority of s. Then, how much
importance does an agent a confer to its social strategy s? Let
p, represent the social position of a, then agent a confers p,
units of rank to s.

2) Overlay Group of Social Strategy: The agents that share
a social strategy are called the overlay group of such strategy.
Let G(s) represent the overlay group of social strategy s, we
have

Vs, G(s) = {ulagent u accepts the social strategy s}.
ey
Let G(s) be the overlay group of social strategy s, the rank of

s can be defined as follows:

Vs, Rank(s) = Z Dy )

ueGy

Obviously, the rank of a social strategy is determined by the
number and social positions of its overlay group members. The
diffusion strength of social strategy s is in direct proportion to
its rank. Moreover, we will use the concept of group rank to
represent the social strategy rank, i.e.,

Vs, Rank(G(s)) = Rank(s).

3) Spatial Distance Between Agent and Overlay Group: In
the related benchmark research on collective motion of mul-
tiagents [1]-[7], the authors always let all agents locate in a
euclidian space. Therefore, in this paper, we also consider the
spatial distance for simplifying the explanation of model.

It is very simple to compute the spatial distance between two
agents, but not the one between an agent and a group. As stated
before, each agent in the group strengthens the authority of
strategy to a different extent. Therefore, we introduce the factor
of social position into the definition of spatial distance between
an agent and a group as follows.

Definition 2: If d(a,u) denotes the spatial distance between
agent a and agent u, |G| denotes the number of agents in group
G, and p,, denotes the social position of agent u, then the spatial
distance between agent a and group G can be defined as follows:

1
Gl X X ueq Pu

Duc = D (puxdla,w).  (3)

uelG

From this definition, in group G, the superior agent is
implicitly conferring more importance than the junior agent
to Dy¢.

4) Difference Between Social Strategies: Since social strate-
gies involve social, cognitive, and political factors, it is difficult
to give a uniform definition for the difference between two so-
cial strategies. For example, the social strategies of flying birds
are their flying directions and velocities; thus, now, the differ-
ence of social strategies is the angular difference of directions
and the numerical difference of velocities. In this paper, we use
DLy, s; to represent the difference between social strategy s;
and s;. Moreover, let S be the whole set of strategies available
to a multiagent society, then we can have a definition of the max-
imum difference between strategies within a multiagent society,
$ = max,, s, es (DL, s, )

5) Diffusion Impact Force From Overlay Group to Agent:
The impact force from an overlay group to an agent is deter-
mined both by their distance and the group’s authority (i.e., the
rank of the corresponding social strategy). Therefore, we define
the impact force from overlay group G to agent a as follows:

IFg .,

_ <01Rank(G)>

U2Dag

= f< o1 ZueG Dy )
o2 (1/ (1G] XX eq Pu)) X Eueg (Pux d(a,u)))

“)

where f is a monotone increasing function, and o7 and o9
are parameters to determine the relative importance of the two
factors. Obviously, the nearer the agent is to the group and the
higher the group’s rank is, the greater the impact force of the
group is on that agent.

If a social strategy covers many junior agents, its authority
may become stronger although the covered agents are junior. Ac-
cordingly, the diffusion impact force may also become stronger
according to (4); therefore, such a social strategy may diffuse to
other agents, which is the explanation of collective insurgence
diffusion.

If a social strategy covers fewer very superior agents, its
authority may also become stronger although the amounts of
covered agents are fewer according to (2). Then, the diffusion
impact force may also become stronger according to (4); there-
fore, such a social strategy may also diffuse to other agents,
which is the explanation of collective elite diffusion.

6) Counteracting Force From Agent to Overlay Group:
Based on real-world observations, if agent a is not a member
of overlay group G, a will instinctively counter such influence.
The counteracting force from agent a to overlay group G is de-
termined by the following factors: 1) the social position of agent
a; 2) the average social position of overlay group G and 3) the
distance of the social strategies between agent a and overlay
group G. The higher the social position of agent a is, the larger
the difference in social strategies is, the lower the average social
position of overlay group G is, and the more the agent a resists
adopting the social strategy of overlay group G. Therefore, if we
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let the social strategy of agent a be s; and the social strategy of
overlay group G be sy, we define the counteracting force from
agent a to overlay group G as

Pa
CFu¢ =g (o1-DL,,,, x ag- (5)
¢ g<1 : 2(1/|G|xzuecpu)>

where ¢ is a monotone increasing function, and «; and aw are
two weighting parameters. Also, we can directly use

1
oa-DLyy, x Ozz'(pa/<|G| Zm))
ueG

to denote the counteracting force.

From (5), we can see that the counteracting force of a will
become very strong if we set the position of a as a very high
value. Therefore, now the social strategy of a cannot be changed
by other agents, which is the explanation of scenario 3.

7) Collective Diffusion Criterion of Social Strategy: The
collective diffusion criterion of agent social strategy needs to
consider both IF;_,, and CF,_. . The more IF;_,, is and the
less CF,_¢ is, the more likely it is that agent a will adopt or
move toward the social strategy of group G. Therefore, we use
the ratio of IF;_, to CF,_¢ as the diffusion criterion. If the
ratio exceeds a predefined value, the social strategy of agent a
will change by some amounts.

We can predefine two parameters, £ and 7, according to the
actual situation being simulated. If the value of IF;_, /CF,_¢
is more than &, the social strategy of a will completely switch to
that of G. If the value of IF5_,, /CF,_¢ is less than £ but more
than 7, then the social strategy of a will change to some extent
but not equal to that of G. While the value of IF¢_,, /CF,_¢ is
less than n, the social strategy of a remains unchanged

SG, if 5 < IFGﬂa /CFG*}G
5:1 = C(SaaSG)a lfn < IFG—»a/CFaaG < € (6)
Sa, if IFGHG/CFGHG <n

where s/, is the new social strategy of a after one step in the
simulation, and C(s,, s¢) is the coordination between s and
Sa-

8) Conflict Between the Diffusions of Different Overlay
Groups: If there are two overlay groups G; and Go, and
IF¢, .o /CF,_q, is the same as IF¢, ., /CF,_¢,, we can say
that there is a conflict between the diffusions of two overlay
groups. In such a situation, agent a will select to incline to the
social strategy that is closer. Therefore, if IFg, _, /CF,_.q, ==
IF;, .o /CF._q,, 51 is the social strategy of Gy, s5 is the so-
cial strategy of Go, and — denotes the “incline” process de-
scribed in Section III-A7, then the new social strategy of a will
be changed as follows: s, — s if Dy 5, < Ds,s, and s, —
s9 if Dy 5, > Dy, s, -

9) Goal Function of Collective Diffusion: In this paper, we
mainly consider the collective diffusion based on the authorities
of strategies; thus, we want the strategies with higher authorities
to be easily accepted by other agents. Therefore, we define
the performance criterion of diffusion as a measurement of the
winnowing process of social strategies. Let Ng be the number
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of social strategies in the system after diffusion, |G(s)| be the
number of agents in the overlay group of social strategy s, then
the performance criterion of the diffusion can be defined as

Ps = 5= Y (Rank(s){G(s)). )

seS

Higher value of Pg indicates that fewer dominant social
strategies have survived and also shows that better diffusion
performance can be obtained.

10) Sequential Collective Diffusion Process: In the sequen-
tial diffusion process, the social strategy with the strongest au-
thority will first diffuse to other agents that belong to the other
social strategies’ overlay groups. After that, the social strategy
with the second strongest authority will diffuse to other agents
that belong to the agents with more junior authority social strate-
gies, until there are no diffusions to take place.

Let A be the set of agents in the system and s, be the so-
cial strategy of agent a, the diffusion process can be shown as
Algorithm 1.

Algorithm 1
Input S; /*the set of initial social strategies of multiagents*/
Input SL; /*the whole set of social strategy available to agents*/
Do
{SL=SL;4=4

While SL is not empty:

{Select the social strategy with the strongest authority from SL: s*;

Do
{For Vae A -G(s*):
Ifp<IF /CF

G(s")>a a>G(s")
{G(s,)=G(s,)—{a};
Rank(s,) = Rank(s,) - p,
If G(s,)={} thenSL=SL—{s,};
Compute s, according to Equation (6);
G(s,)=G(s,)U{a};
Rank(s,) = Rank(s,)+ p,;}
} Until the Pg does not change any more;
SL=SL—{s"};4=4-G(s");}
} Until the Pg does not change any more;
Output S and Ps.

B. Dealing With the Concurrent Form and Unification Trend

In the previous section, we only consider the sequential form
of collective diffusion. However, such a situation is simple and
sometimes may not be real in the society. When diffusion pro-
cesses take place concurrently with the unification trend, each
agent will incline to select the social strategy with strong im-
pact strength as well as the social strategy that will be accepted
by other agents in the system. Therefore, when we decide the
change probability of an agent’s social strategy, we will con-
sider the social strategy impact strength and the average social
strategy of all agents together.

In the diffusion, an agent will go toward a new social strategy
that can be called inclined social strategy. Next, we will consider
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the impact forces of different inclined social strategies to an
agent by dealing with the concurrent mechanism and unification
trend in the diffusion.

1) Trend to Strong Social Strategy: In (2), we only simply
define the impact strength of a social strategy as its authority.
Now, for considering all diffusion processes concurrently, we
think that the impact strength of a social strategy will be decided
by the collective positions and geographical distribution of the
agents within its overlay group.

Definition 3: Let s, (x, y) denote the impact strength of social
strategy s at the place of (z, y) and i©(x, y) denote that agent
i does not locate at the place of (z, y), then ss(x,y) is defined
as

V1Pi
R 2 A 2
i€G(5),i0(z,y) 72'\/(1‘1 )2 + (yi —y)

where v, and ~, are parameters to determine the relative im-
portance of the two factors. If agent a locates at the place of (z,
y) and the set of social strategies in the system is .S, then the
probability that a inclines to select social strategy s in diffusion
can be initially defined as

prob; = — @Y ©)

2mes Sm(@y)’

Obviously, this definition for change probability in diffusion
is simple without considering other concurrent diffusion pro-
cesses and unification trend.

2) Concurrent Trend to Current Average Social Strategy:
Now, the agent will incline to select not only the social strategy
with strong impact strength, but also the average social strategy
that can satisfy the trend to unification.

Then, what is the average social strategy? Obviously, it is not
the simple average value of all social strategies. In this paper,
we think that the average social strategy is the average of social
strategies by regarding their ranks.

Definition 4: Let S be the set of social strategies in the system
and s is a social strategy in S, the current average social strategy
of the system (CASS) can be defined as

cass=Y" Rank(s) (10)

ses Em es Rank(m)

define the change probability by modifying (9) to

prob; *
_ Biprob; + B2(1 — DL cass/S)
Y nes (Bi-proby + B5-(1 — DL, cass/S))
_ Bi-(ss(x,9) />, cs Sm (2,Y)) + B2-(1 = DL, cass /)
Znes (61'(571 (-Tv y)/zm es Sm (x: y)) +62'(1 _DLTL,CASS/%))
(11)

where 3; and (3, are parameters to determine the relative im-
portance of the two factors, and S is the maximum difference
of strategies in the system. Therefore, the probability that agent
a selects social strategy s is determined by not only the impact
strength of s but also the difference between s and CASS.

3) Concurrent Trend to Expected Average Social Strategy:
Definition 5: Let the current social strategy of agent ¢ be s; and
its locality be (z;,¥;), S be the set of social strategies in the
system, and s be a social strategy in S, then the expected social
strategy (ESS) of agent ¢ after the diffusion can be defined as

ESS; = prob] * xs. (12)

ses

Definition 6: Let n be the number of agents in the system, S
be the set of social strategies in the system, and s be a social
strategy in S, then the expected average social strategy of the
whole system can be defined as

EASS = Z (pr ESSi) :Z(Zp 3" prob; # xs>.

i—1 i Vi i=1 R rs
(13)

As said before, the agent has three inclinations: the social
strategy with strong impact strength, the CASS, and the EASS.
Therefore, we need to compromise these three inclinations to-
gether.

Then, the real probability that agent ¢ goes toward social strat-
egy s given in (14), shown at the bottom of the page, where A1,
Mo, and A3 are parameters to determine the relative importance
of the three factors. Obviously, > ©, prob;  x = 1.

4) Performance Judgment of the Diffusion: In (7), we de-
fine the original goal function of diffusion. Now, for the trend
of unification, we will try to make the difference between all
agents’ strategies and the CASS after diffusion is minimized.
Let the number of agents be n, then the total difference between
all agents’ strategies and the CASS can be called as variation
index (VI)

The inclination of an agent will compromise the two factors VI = 1 Z DL, cass. (15)
of social strategy impact strength and CASS together. Now we [
prob % = Alprobf + )\2(1 — ds,CASS/%) + )\3(1 - ds‘EAss/C\\Y)
' Y ones (Ai-probi +do-(1 —d, cass/S) + A3(1 — dp £ass/S))
- )»1~(SS(ZL',y)/ ZmeS Sm (w,y)) +)¥2'(]— 7ds,CASS/S) +)\3(]— - ds.,EASS/S) (14)

ZnES ()\1'(8n (%y)/ ngg Sm (xa ZU)) + )L2(1 - dnA,CASS/%) + )Ls(l - dn,EASS/%))
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Obviously, the less the VI is, the higher the unification trend
result can be received by diffusion.
Therefore, we can modify (7) to

Pg
n-> .5 (Rank(s)-|G(s)])
Ng->°1 y DL, cass

n-3 s (Rank(s)|G(s)])
Ny ’

, if Y DLscass #0
=1

else.

(16)

5) Saturation of the Diffusion: Then, how can we fix it on
the end of the diffusion? The end of diffusion can be called
as diffusion saturation. In the status of diffusion saturation, the
diffusion cannot proceed any more. Thus, the saturation of the
diffusion can be defined as

EASS == CASS. (17)

6) Concurrent Collective Diffusion Process:

Algorithm 2
Input A, S; /*the agent system, and the initial set of social strategies of multiagents™*/
Input SL; /*the whole set of social strategy space available to agents*/
Do
{For eachagent i € A :
{For each social strategy s € SL :
Compute prob; * * ;

Select the social strategy with the highest prob; * * , denoted ass® ;
The social strategy of agent i inclines to s® according to Equation (6);}
} until EASS == CASS ;
Qutput S and Ps .

IV. CASE STUDY
A. Introduction for the Case of Queue Orientation

To explain our model, we use the case of an agent system
that reproduces a crowd of strangers standing on a soccer field
(modeled by a 2-D space). At the initial stage, the orientation of
each agent (its strategy) is quite random. What we are looking
for is the emergence of a unique strategy: most agents face the
same direction. Therefore, at the initial stage of our agent sys-
tem, each agent can stand with its orientation; after continuous
diffusion, the agents may stand with a unique orientation. Obvi-
ously, if many agents or some superior agents stand for a unique
orientation, then the other many individuals had no choice but
to fall back on such strong orientation.

We can let agent stand with one of the eight orientations
in Fig. 2(a). Therefore, the social strategy of an agent is its
standing orientation. Let n be the number of agents, then we
can use an array to denote the social strategies of agents. s; —
{1,...,8},1 < i < n, represents social strategy of agent i.

Therefore, the multiagent system in our case can be formally
defined as follows.

Definition 7: The multiagent system simulating people stand-
ing orientations is a tuple (G, A, 1), which consists of a 2-D
grid G with the set of places (x, y), a set A of agents, and a

|
PR &1
*

A4

%

Agent

(a) social strategy=standing orientation Social strategy

Fig. 2. Case of people standing orientation.
Social Strategy | 1 |2 |3 | 4 516 |7 |8
Agent Overlay agents ale |\ |bd [N\ |\ ¢
Position Authority 1141016 0jojol3
(b)
Fig. 3. Social positions, strategies, and authorities of the agent system in
Fig. 2(b).
Social strategy
Social /|1 |2 (3|4 |5]|6]|7 |8
srategy | 1] O |1 [2 13143 [2]1
21110112 (3 ]4([3]|2
312|101 ([2]3[4]3
41312 |1 |01 ([2]3 |4
514 (3|2 [1]0]1]2]3
613 (4 (32 |1 |0]1]|2
7121314 |32 (1][0]1
8§11 12131432110
Fig. 4. Distance among social strategies.

placing function A : (z,y) — {1,2,...,8}.If1 <m < 8, then
“A(x,y) = m” denotes that there is an agent at the place of (z,
y) whose social strategy is m. If m = 0, then “A(z,y) = m”
denotes that there are no agents at the place of (x, y).

As an example, we can compute the authorities of eight social
strategies (i.e., the eight standing orientations) in Fig. 2(b). Let
the social positions of the agents be shown as Fig. 3(a), then the
authorities of the social strategies are shown as Fig. 3(b). We
can find that although the agents that adopt social strategy 4 are
agent b and agent d, whose social positions are both junior to
agent e, but the authority of social strategy 4 is more than the
social strategy 2 that covers agent e.

Definition 8: The difference between two social strategies ¢
and 7 in our case can be defined as the angular distance of their
represented standing orientations

Cols -l

if [j—i| <4

18
if |j— i > 4. (19

Therefore, the difference among the social strategies in our
case is shown as Fig. 4.
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Fig. 5. Agent social strategies with Pg = 135. Rank(1) = 3, Rank(2) = 5,

Rank(3) = 13, Rank(4) = 12, Rank(5) = 0, Rank(6) = 7, Rank(7) = 12, and
Rank(8) = 9. Pg¢ = 178/7.

B. Case Study for Sequential Collective Diffusion

1) Case Demonstrations: Let the social strategies of G and
a before diffusion be m and n, respectively, 1 < m, n <8.
If m > n, the change of the standing orientation of a will be
clockwise; if m < n, the change of the standing orientation of
a will be anticlockwise. Therefore, on the basis of (6), we can
design the diffusion criterion of the case in (19), shown at the
bottom of the page, where s, is the new social strategy of a after
one step in the simulation.

We examined several cases to demonstrate and test our model.
Fig. 5 is one such case, where social strategy 3 has the strongest
authority. So we compute IF ., /CF, ¢ between other agents
and the overlay group of social strategy 3. The distribution of
IF;_,/CF,_¢ is shown as Fig. 6. As a trial, we set £ and 7 to
10 and 4, respectively. This yields diffusion from G(3) to other
agents according to (19) and Algorithm 1, and the progress of
diffusion is shown in Figs. 7-9. Pg does not change from Fig. 9,
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Fig. 7. Agent social strategies after the first-round diffusion from G(3) to
other agents, where Rank(1) = 0, Rank(2) = 3, Rank(3) = 31, Rank(4) = 2,
Rank(5) = 0, Rank(6) = 4, Rank(7) = 12, and Rank(8) = 9. Ps = 393/5.

m,
r e ., /CF, .
2m — 8 — —&—G/ng(n—m—i—S)-‘,
IFe ., /CF, .
n+G/Gx0n—mw
3
s, =
IFG—»a/CFa—»G J
n— ————"" x(n—m)|,
L 3
Fe_,/CF, .
2m+8—n—G/§G><(m—n+8)J,
n?

if ¢ <IFs_,./CF,_ ¢
ifm—-—n>4
ifo<m-n<4

) lfn < IFGHa/CFaHG < 5

if —4<m-n<0

ifm—-n<—4

if IFg .. /CF,c <7 (19)
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Fig. 8. Agent social strategies after the second-round diffusion from G(3) to
other agents, where Rank(1) = 0, Rank(2) = 0, Rank(3) = 49, Rank(4) = 0,
Rank(5) = 0, Rank(6) = 0, Rank(7) = 12, and Rank(8) = 0. Pg = 447.
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Fig. 9. Agent social strategies after the third-round diffusion from G(3) to
other agents, where Rank(1) = 0, Rank(2) = 0, Rank(3) = 49, Rank(4) = 0,
Rank(5) = 12, Rank(6) = 0, Rank(7) = 0, and Rank(8) = 0. Py = 447.

so diffusion process is finished. The total number of diffusion
steps is 3. From Fig. 9, we can see that the standing orientations
of all agents are identical after three diffusion steps, except for
the agent in the bottom right corner.

Next, we change the values of £ and 7. At first, we decrease
them step by step for four cases, and then increase them step
by step for another four cases. The diffusion results are given
in Table I. From Table I, we can see that more steps are needed
to reach diffusion termination when ¢ and 7 increase. There-
fore, we should set £ and 7 to match the actual situation being
simulated.

2) Analyses for the Case Demonstrations: Our proposed
model shows us that the social strategy of a superior agent may
be changed by the social strategy shared by many agents, which
is an example of collective insurgent diffusion. The case demon-
stration showed that it was possible for one agent of quite high
position to retain its social strategy even after all other agents
have adopted the same social strategy, i.e., the counteracting
force of the outlier agent overrides the collective diffusion force
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TABLE I
DIFFUSION RESULTS FOR DIFFERENT & AND 7

DIFFUSION

Case & 71 Rounps s Ps
2 2 0.5 2 3 1159
3 4 1 2 3 1159
4 6 2 3 3 1159
5 8 3 3 3,5 447
1 10 4 3 3,5 447
6 12 6 4 3,8 447
7 14 8 4 3,8 447
8 16 10 5 3,8 447
9 18 12 7 3,8 447
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Fig. 10. Initial case, where P§ = 12.9 and CASS = 5.

of all other agents. Moreover, if we increase the social position
of the outlier agent significantly, it is possible that its social
strategy will diffuse to all other agents, which is an example of
collective elite diffusion.

We note that real-world situations are often characterized by
multiple strategies. For example, a commanding officer may
walk among his troops in formation, and so has a completely
different orientation to everyone else. The troops understand the
situation and so unify their own orientations and do not blindly
track the officer’s orientation. In another simple example, the
commander has an absolute power and can order all soldiers to
follow his direction; the soldiers have to obey the order.

C. Case Study for Concurrent Form

Fig. 10 is a case for testing the concurrent mechanism, where
there are 19 agents with different social strategies (standing
orientations). From the top left to the bottom right, we can
number the agent as aj,az, ... , ajg. Now we compute the
change probabilities of all agents, respectively, according to (9),
(11), and (14), which are shown in Table II. In Table II, the
value denotes the social strategy with the highest probability.
Originally, the inclination process in Algorithm 2 should be
progressed according to (19). Now, for simplification reason,
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TABLE II
INCLINED SOCIAL STRATEGIES WITH THE HIGHEST CHANGE PROBABILITIES IN THE INITIAL CASE
Agent aj a as ay as as az as ag aj
prob; Sy S3 Sy Sy4 Sy S3 Sy4 83 S3 S3
prob; * Sy Sy Sy Sq Sy §3 Sy Sy4 $3 §3
prob; ** Syq Sy Sy4 Syq Sy Sy Syq Sy Sy Sy
Agent ap ap as (7] as ae ap ags apg
prob; S3 S3 S6 S6 S3 S6 §3 §3 $3
prob; * Sy S3 S3 S3 S3 S3 Sy §3 S4
prob; x * Sy Syq Sq Sq Sy Sq Sy Sy Sy
TABLE III

INCLINED SOCIAL STRATEGIES WITH THE HIGHEST prob; * IN FIG. 11

»

Fig. 11. Agent system after the first diffusion by choosing prob; .
CASS = 4 and P! = 622.8.

we set & = 1 = 01in (19). Thus, the new strategy of agent ¢ will
be fully changed as s®.

1) If we select prob; # *, the diffusion can be finished within
one step, and the diffusion result is that all agents adopt
S4.

2) If we select prob; *, the diffusion result after the first
step is shown as Fig. 11. Now we make the second step
diffusion for Fig. 11 according to prob; *, the results are
shown in Table III. From Table III, we can see that now
the diffusion is finished.

3) If we select prob;, the diffusion result after the first step is
shown as Fig. 12. Then, we make the second step diffusion
for Fig. 12 according to prob;. The results are shown in
Table IV. Therefore, now the diffusion is finished.

Analyses for the test results:

1) From the earlier results, we can see that it only needs one
step for the diffusion if we select prob; * x. When we
select prob; * *, we consider the concurrent mechanism
and the unification trend. Thus, the social strategies of all
agents can reach unification shortly.

Agent aj a; as ay as as ay ag ay a
prob; * Sy4 Sy4 Sy Sy S4 Sy4 Sy4 S4 S4 Sy
Agent a ap as ay ajs as az as a
prob; * Sy Sy Sy Sy Sy Sy S4 Sy Sy
A L A L
T T
~ 1
Oy O»
a ‘L’: a ;:
OF O | OF O |
| - o - | -
Oy A P OF b I
| OF | o
OF @, 4 OF 200
Y o> 0. o>
(o0 (o0
» »

»

Fig. 12.  Agent system after the first diffusion by choosing prob;. CASS = 4
and P! = 197.5.

2)

3)

When we select prob; * to decide the change probability
of social strategy, we need two steps to reach the status
of unification. After the first step, the number of social
strategies in the system is 2.

When we select prob; to decide the change probability of
social strategy, we also need two steps to reach the status of
unification. The number of steps is equal to those of change
probability with prob? . However, when the first step is
finished, the performance of the system with prob;* is
more than the one with prob; . Therefore, prob; * consid-
ers the concurrent mechanism and unification trend better
than the prob;.

Summary: We can also demonstrate our model in some other

cases

, which is shown in Table V. Therefore, for the perfor-

mance criterion, prob; * % > prob;* > prob;, where “>" de-

notes

“performs better than.”

V. RELATED WORK

The research of this paper is related to the collective motion,
simulation, and social behavior of multiagents, such as social
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TABLE IV
INCLINED SOCIAL STRATEGIES WITH THE HIGHEST prob; IN FIG. 12

Agent a; a as ay as ags a; as ay a
prob; 3 3 83 3 3 3 83 83 3 3
Agent ap a: as (47 ajs a6 apz ars ajp
prob; S3 S3 S3 S3 S3 S3 S3 S3 S3

TABLE V
TEST RESULTS FOR OTHER CASES, WHERE P( (i) DENOTES
Pfq AFTER THE ¢TH STEP DIFFUSION

Case | Change Probability | Steps | R(I) }3(3 @(3 E@) RO R(©
1 prob; 2 8 231 / / / /
prob; * 2 114 231 / / / /
prob; * 1 231/ / / / /
2 prob; 5 34 139 291 448 981 /
prob; * 4 112 298 361 981 / /
prob; ** 2 242 981 / / / /
3 prob; 6 12 132 189 208 302 99%4
prob; * 4 34 189 245 994 / /
prob; ** 2 213 994 / / / /
4 prob; 3 24 109 341 / / /
prob; * 2 98 341 / / / /
prob; ** 1 341 / / / / /
5 prob; 6 12 45 176 221 304 981
prob; * 4 23 75 331 981 / /
prob; * * 3 103 231 981 / / /

cognitive modeling of social and collective action. Generally

speaking, the related work can be categorized as follows.

1) The collective motion of multiagents: The collective mo-

tion of multiagents has been receiving much attention in
many research fields [1]-[7]. The previous benchmark
works on collective motion of multiagents focused on the
strategy control of individual agents; an individual agent
may sense and adjust its own strategy to keep pace with
the neighboring agents. In the collective motion of multia-
gents, each agent can select any arbitrary initial strategies
to behave; with the passage of time, each agent acts solely
on the basis of its own local perception of the world and
imitates the average strategy of its neighbors; thus, the
collective synchronization may be received.
On the multiagent simulation, the one for crowd of vir-
tual human and social behaviors is attracting much at-
tention [24], [25]. The related work mainly focused on
presenting frameworks or virtual scenarios for simulating
the human and social behaviors, and the research results
are always related on some specific applications, such as
evacuation systems, training systems. The goal of related
work is to reproduce realistic (or near realistic) scenarios
or environments of social human activities. Therefore, the
architecture and framework are always the key issues.

3) Diffusion is always explored in the social science
[14]-[16]: In these works, the authors mainly investigate
the large scale of penetration of some social phenomena,
such as knowledge diffusion, innovation diffusion. There-
fore, the work of diffusion in social science care about the

2)

social phenomena, but not the modeling and simulation
based on multiagents.

On the social aspects of multiagent systems, modeling and
analyses on the organizations and norms are studied in the
research community [23], [26]-[31]. These related work
focus on the virtual organizations of multiagent societies
based on norms or institutions; especially, the formal se-
mantics of organization should be defined to implement a
social multiagent system.

In summary, these works do not make systemic research on
the collective diffusion mechanism in large scale of multiagent
systems; moreover, the concurrent form of diffusion has not
been modeled in the multiagent community.

4)

VI. DISCUSSION AND CONCLUSION

In this paper, we present a model for the collective social
strategy diffusion in multiagent societies. The two kinds of dif-
fusions, collective insurgence and elite diffusions, are modeled
by setting the variables differently in our formal framework
and demonstrated by the case studies. Moreover, this paper also
explores the concurrent form of collective diffusion with unifica-
tion trend. In the concurrent diffusion, many diffusion processes
will take place simultaneously, and an agent’s social strategy is
determined by not only the diffusion that bears on itself but also
other diffusion processes that bear on other agents.

This paper is mainly focused on the spatial diffusion model,
which assumes that all agents locate in a euclidian space, and the
social distance between agents can be measured as a geograph-
ical one. Regarding the future work, we are currently working
on the development and application of the model in real soci-
ety. We will improve our model’s adaptation for the real society
diffusion by involving more social and cognitive factors.
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