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Abstract

The study of social dynamics and social networks is the
key to reveal the mystery of how local human interactions
might lead to diversified global social patterns. Traditional
work on these fields generally neglects a key character of
social interaction - the multiplexity effect or the fact that
people interact through different social context with differ-
ent purpose and the potential coupled result. To study this
problem, we select, inspired by existing work, two specific
social interaction contexts: (1) cultural interaction and (2)
decentralized social search. Extensive work has been done
to characterize dynamics in both of them. However, the ex-
isting system level, centralized computational and mathe-
matic models cannot characterize the fundamental social
mechanism that forms the real world pattern (i.e. the per-
sistence of cultural diversity, the efficient navigability of so-
cial network) because they neglect two important charac-
ters of social entities: the local autonomous behavior (i.e.
the independent decision making ability under different sit-
uation) and the interaction incentive. To characterize the
multiplex effect and those limitations, we propose a com-
putational framework based on the bottom-up, autonomy-
oriented computing (AOC) paradigm. Under the frame-
work, a baseline model including a simple multiplex cou-
pling mechanism is implemented. The simulation-based ex-
periments demonstrate that the local autonomous coupled
behavior could generate great influence on the global per-
formance such as the resource utilization efficiency.

1 Introduction

The problem of linking the gap between local interaction
among social entities (individuals, groups, organizations,
etc) and the global society level patterns lays in the cen-
ter of sociology [7] as well as social behavior data mining
and modeling [12]. Social dynamics [4] and social network
analysis [27] [30] are two research fields focusing on this
problem. The former models the dynamic change of indi-
viduals’ status like binary opinion and the resulting group
dynamics such as rumor spreading [4]. The latter analyzes
the static or dynamic characters of social tie (e.g. local con-

nectivity) and the global patterns of the social network such
as small world and scale-free structure [3].

1.1 The Multiplex Social Dynamics

Traditional work that modeling social dynamics and so-
cial networks generally neglects [30] one of the key char-
acters of social interaction - the multiplexity effect. Multi-
plex means a social tie could serve as the channel to sup-
port social interaction with different roles and purposes
[9][23] at the same time. And the cumulated result within
one social interaction context will generate influence on the
other. Therefore we believe that the work modeling the lo-
cal global problem that does not take the multiplex effect
into account may fail to reveal the true picture of social in-
teraction.

To be concrete, we focus our study of multiplex effect
on two specific social interaction contexts: (1) cultural dy-
namics and (2) decentralized social search. Here, culture
refers to things (opinion, behavior, etc) that people could
influence on one another [2]. Culture dynamics means peo-
ple with similar features tend to cluster together with time
passing by. On the other hand, decentralized social search
means people search and share social resources with each
other, i.e. valued goods (wealth, information, expertise, etc)
that is embedded in the personal network accessible through
social tie [14].

We choose these two social interaction contexts for two
reasons: (1) rationality because the relationship of them has
been discussed in sociological literatures [21] [16][22][24]
and (2) comparability because a great number of modeling
work has devoted to study each dynamic process so that
we may compare our result with them. To name a few,
the Axelrod model [2] and the extensions [5][29] charac-
terize the persistence of cultural diversities with the local
interaction of entities under different situations. Kleinberg
[10][11] proposes a mathematic model to explain the small
world phenomenon [28] and more importantly the fact that
people can find the short route in the social network based
only on local view. Following work [15] observe the pattern
predicted by an extension of the model from the real world
data.



1.2 Challenges

Although the above mentioned work characterizes the lo-
cal global problem computationally or mathematically, they
do not consider the multiplex character of social dynam-
ics. Besides, a key limitation of these work is neglecting
two most important characters of social entity: the local au-
tonomous behavior (i.e. how entity behave differently under
different situations) and the interaction incentive (i.e. why
certain interaction take place).

Specifically, in the agent-based model [2] as well as the
extensions [5][29]. Every agent is homogeneous in their be-
haviors during cultural interaction, such as randomly part-
ner selection. In other words, the agent is not autonomous
or intelligence. Because of this, the entire system can be
implemented by only one scheduler agent. This centralized
modeling perspective limits these models in characterizing
and explaining the richness of real-world local social inter-
actions.

On the other hand, although the Kleinberg models
[10][11][15] characterize the social search behavior in a
distributed and localized manner, their models cannot an-
swer the further questions like why social networks can
self-organize themselves to such a form that efficient local
search can be supported [12]. This is because (1) the local
autonomous behavior in search is not accounted and (2) the
open, dynamic characters of social networks are neglected.

1.3 Our Considerations

In this work, we consider human society as an open, dy-
namic complex system. Here, the openness means both en-
dogenous and exogenous perturbations can happen, such as
the cultural drift discussed in [2][5]. The dynamic property
refers to the constant creation and dissolution of social rela-
tionships. Under this perspective, social dynamic processes
such as cultural dynamics and decentralized social search
happen as the result of the localized autonomous interac-
tion among individuals.

To achieve this purpose, we propose a computational
framework based on the bottom up autonomy-oriented com-
puting (AOC) paradigm [17]. Based on the proposed AOC
framework (we will refer to AOC-MSD framework below),
the local autonomous behavior and interaction incentive of
social entities can be explicitly defined. Besides, the open-
ness and dynamic aspects of human society can also be
modeled.

In this paper, we report the current research progress
on building the AOC-MSD framework. A baseline model
including a simple multiplex coupling mechanism is im-
plemented. The simulation-based experiments demonstrate
that, even under this simple mechanism, the local au-
tonomous coupling behavior could generate great influence

on the global performance such as the resource utilization
efficiency.

The rest of the paper is organized as follows. In section
2, we summarize several related work on social dynamics
and social networks modeling. The detailed problem state-
ment is given in section 3. The autonomy-oriented com-
puting framework is proposed in section 4 with the baseline
model implemented in section 5. The preliminary experi-
mental results are presented in section 6. In section 7 we
draw the conclusion and point out the future directions.

2 Related Work

In this section, we first justify the interrelationship of
cultural dynamics and social resource sharing dynamics by
surveying sociological literatures. Then we highlight mod-
eling work on each types of social dynamics.

2.1 Relationship of the Two Dynamic Processes

To infer the relationship between the dual dynamic pro-
cesses, two questions can be naturally raised: (1) does
the interpersonal similarity (i.e. sharing more cultural at-
tributes) affect the resource mobilization and utilization?
(2) does the social support process inversely affect the in-
terpersonal cultural interaction?

The answer to the first question is definitely yes. Pick-
lert et al. [24] demonstrates that similarities among peo-
ple can foster mutual support. Lizardo [21] points out that
cultural taste helps constructing social relations, establish-
ing networks of trusting relations and facilitating resource
mobilization. Lin also points out that ”greater similarity of
shared resources may be indicated by the greater homophily
among members” and vise versa [16]. Therefore, the local
cultural interaction could generate effect on resource shar-
ing behaviors.

The answer to the second question is, however, still elu-
sive. McPherson et al. [22] calls for study the effect of mul-
tiplex social ties on the process of homophily interaction.
However, neither empirical analysis nor theoretical model-
ing has been done to address this question. Therefore, it is
an open question and we intend to address it in this research
project.

2.2 Cultural Dynamics Modeling

The work on cultural dynamics mainly focuses on the
following research question: why does the heterogeneity of
cultural tastes among a group of people persist under the
mutual reinforcement of homophily principle [22] and so-
cial influence?

The purpose of the Axelrod [2] model is to address this
question. However, it is a centralized and system-level



model in the sense that the entities in the model are not
autonomous. All the behaviors are randomly based prob-
ability rules and they are homogeneous for all individuals.
For example, the ego chooses the interaction partner uni-
formly randomly from its neighbors. Although under this
assumption the core mechanism of homophily interaction
and social influence can be emphasized, it is far from re-
alistic social interaction scenarios. Therefore, other social
mechanisms and external factors truly exists in people’s lo-
cal cultural interactions cannot be accounted.

The network co-evolution model [5] mentioned above is
also centralized and top-down in this sense. For example,
in the random rewiring rule proposed in [5] an individual
randomly chooses another one in the entire population and
adds a new link with him. Although in [29], the authors
consider the heterogeneity of individual’s contact accessi-
bility, other aspects are similar to the Axelrod model thus
no explicit autonomous behavior exists for an individual.
This centralized modeling feature also hold by other exten-
sions and variations of the Axelrod model such as [13][8].
A good survey of this line of models can be referred to [4].

2.3 Decentralized Social Search

Why does social networks, without any centralized con-
trol, could self-organize themselves to such a state that
search strategy based only on local view can be adopted to
efficiently locate faraway target (e.g. people far across the
country [28], resource arbitrarily distributed [6])?

Kleinberg [10] proposes a mathematic model to study
this problem. A model parameter 𝑟 is used to tune the prob-
ability that any two individuals 𝑢 and 𝑣 on the two dimen-
sional lattice with distance 𝑑 is connected at long range. The
result shows that when 𝑟 equals 2, a decentralized search al-
gorithm can make best use of the geographic information in
the long range connections to do efficient search.

A following work by Liben-Nowell et al. [15] empir-
ically observes the geographic information and friendship
links within a dataset extracted from LiveJournal - an online
social network site. They generalize the Kleinberg model by
taking the non-uniform distribution of the population den-
sity into consideration. The data analysis result shows the
the social network in LiveJournal indeed shows the naviga-
bility predicted by their model.

Although the above mathematical model and related
simulation characterizes the efficient navigability of social
network, they still have not solved the mystery raised ahead
because we can still ask the question why people form
friendship in such a form that efficient navigability can be
achieved [12]? Therefore, the underlying factors that gen-
erate the navigability of social network is still a fascinating
open question [12].

Recently, several work adopting the autonomy-oriented

computing method [17] has deepened our understanding on
this question. Specifically, Zhang and Liu [32] proposes a
representative model of dynamic evolving social network
from the perspective of service transaction. Following this
view, Qiu and Liu [25] studies the issue of efficient de-
centralized search in the trust network. Based on the pro-
posed trust relationship evolving mechanism, they find the
network could self-organize itself to scale-free connection
pattern as well as achieving efficient target finding.

In this work, we will follow the AOC method to formu-
late the social resource search and sharing dynamics. How-
ever, our work focuses on the multiplexity effect of social
dynamics stated in detail below.

3 Research Problem Statement

As mentioned above, the purpose of this study is to ex-
amine the multiplexity effect of social dynamics. In cur-
rent stage, we focus our attention on two specific social in-
teraction contexts, namely, cultural dynamics and resource
sharing dynamics. We need to answer the following three
categories of questions so that the research problem can be
specified.

1. To formalize the cultural dynamics, we modify the
framework proposed in [2] by modeling the au-
tonomous behavior so that more realistic interaction
scenario can be captured. Specifically, the following
questions should be addressed:

∙ How to design the autonomous behavior rules
in the cultural interaction i.e. partner selection?
What kind of incentive is suitable to model the
motivation of cultural interaction? How to for-
mally define it? How do individuals update their
incentives?

2. In order to characterize the social resource sharing pro-
cess from the autonomous perspective, we need to for-
mally answer:

∙ How to model social resource? What is the re-
source sharing dynamics? How do individuals
generate resource needs and enquiry messages?
How does an enquiry information propagate in
the social network? How do individuals make re-
ferral if they do not have the resources? How do
they offer help if they have access to them?

3. Most importantly, to specify the term multiplexity ef-
fect we need to answer:

∙ How to design a mechanism that couple the two
types of social dynamics at the local interaction
level?



∙ What are the measurements to characterize the
global performance of cultural dynamics and re-
source sharing dynamics?

∙ How does the local coupling mechanism affect
the global performance of each dynamic process?

To build the AOC-MSD framework to study these ques-
tions, we summarize them into the following tasks:

1. Modeling the two types of social dynamics which in-
cludes two tasks: (1) construct the individual’s so-
cial interaction profile, i.e. individual attributes, au-
tonomous behavior rules; (2) design the mechanism
reflecting the coupling relationship of the two types of
behaviors.

2. Measuring the evolution of cultural regions and the re-
sulting cultural diversity. Examining the resource uti-
lization efficiency with predefined measurement. Cur-
rently we use: (1) the average resources accessability;
(2) the ratio of satisfied enquiry to the total number of
enquiry messages.

3. Testing the way different cultural diversity affect the
resource utilization efficiency. Inversely, examining
the way different resource utilization affect the evolv-
ing of culture diversity.

4 The AOC-based Framework

4.1 Basic Ideas

As is mentioned above, we intend to characterize the
multiplex social dynamics problem based on the method-
ology of AOC [18][19][17] so that the distributed, au-
tonomous characters of the local social interaction and the
open, dynamic features of the global social patterns can be
modeled.

One of the key purposes of AOC is modeling complex
system [17] from the bottom-up perspective. The building-
blocks of the complex systems or entities autonomously
interact with each other and the environment through the
existing or dynamically changing coupling relationship.
Through the locally incorporated self-organization com-
putability, certain global patterns will emerge (e.g. web
surfing regularities [20], HIV Immune patterns [31]).

In this AOC-based framework, we consider the human
society as a complex system composed by social entities
interacting with each other in cultural and resource sharing
dynamic processes. In Section 4.2 we introduce the profile
of social entities. The local autonomous behavior of entities
is presented in Section 4.3. To characterize the multiplexity
effect, the local behavior coupling is presented in Section
4.4.

4.2 Social Entity Profile

4.2.1 Basic Ideas

Active entities are the key elements of an AOC system be-
cause they represent the building-blocks of the complex sys-
tem under consideration. In the AOC-MSD framework, an
entity represents an individual involved in the cultural in-
teractions and/or resource sharing interaction. Below we
introduce the profile of an social entity.

Definition 1 A social entity 𝑒 represents an individual in-
volved in social interactions, i.e. communicating mutual in-
terests, sharing social resource. It can be formally defined
as a tuple, i.e. 𝑒𝑖 =< 𝑖𝑑, 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒, 𝑟𝑢𝑙𝑒𝑠 >, where 𝑖𝑑
denotes the identifier, 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 = {𝑎𝑡𝑡𝑟𝑐𝑢𝑙, 𝑎𝑡𝑡𝑟𝑟𝑒𝑠} rep-
resents the attribute of 𝑒 related to culture and resource
sharing dynamics respectively. 𝑟𝑢𝑙𝑒𝑠 = {𝑟𝑢𝑙𝑒𝑐𝑢𝑙, 𝑟𝑢𝑙𝑒𝑟𝑒𝑠}
denotes the behavior rules related to the two dynamic pro-
cesses.

The entity profile defined above demonstrates the idea
that any entity can involve in both cultural and resource
sharing dynamics. Therefore, they have states related to
each of them, represented by 𝑎𝑡𝑡𝑟𝑐𝑢𝑙 and 𝑎𝑡𝑡𝑟𝑟𝑒𝑠. Below,
we introduces them respectively.

4.2.2 Cultural Interaction Attributes

Culture at the individual level can be understanded as the
things that people can influence one another [2] such as
movie taste. In the current framework, we follow the defi-
nition of culture proposed in [2] in which each entity hold a
cultural vector, denoting the current states on each different
cultural features. The cultural trait represents the state value
of the entity on one feature. Formally, it could be defined
as:

Definition 2 The Culture vector of entity 𝑒, i.e.
𝑒.𝑉𝑐𝑢𝑙𝑡𝑢𝑟𝑒 = [𝜎1, 𝜎2, . . . , 𝜎𝐹𝑐 ] has 𝐹𝑐 number of cul-
tural features. Each feature may stand for cultural related
individual characters such as musical choice, clothing
preference, reading interests, etc. Each feature has 𝑞
possible trait values i.e. 𝜎𝑖 ∈ {0, 𝑞 − 1} to represent the
difference of individuals on that feature.

Therefore, in the current framework, we have 𝑎𝑡𝑡𝑟𝑐𝑢𝑙 =
𝑉𝑐𝑢𝑙𝑡𝑢𝑟𝑒. Based on the above definition, we could further
introduce the cultural similarity [2][5] to characterize how
similar two entities are.

Definition 3 The culture similarity 𝑠𝑖𝑚(𝑖, 𝑗) denotes the
overlap of the cultural feature value of two entities 𝑒𝑖 and
𝑒𝑗 , i.e.

𝑠𝑖𝑚(𝑖, 𝑗) =
1

𝐹𝑐
⋅

𝐹𝑐∑
𝑓=1

𝛿(𝜎𝑖𝑓 , 𝜎𝑗𝑓 ) (1)



4.2.3 Resource Sharing Interaction Attributes

Social resource means valued goods (wealth, information,
expertise) that is embedded in the personal network and ac-
cessible through direct neighbors or further referrals [14].

Similar to the 𝑎𝑡𝑡𝑟𝑐𝑢𝑙 entities have resource sharing re-
lated state in the AOC-MSD framework. It denotes whether
or not an entity holds or can access certain social resource.
Formally, it could be defined as:

Definition 4 Social resource embedded in the social net-
work is denoted as 𝑟𝑖, i.e. the 𝑖𝑡ℎ resource type. The re-
source accessibility of an entity 𝑒 is represented as resource
memory, 𝑒.𝑀𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 = [𝑟1, . . . , 𝑟𝑅𝑐 ],𝑟𝑖 ∈ {0, 1}. 𝑅𝑐 is a
parameter representing the number of possible resources in
the artificial society.

Therefore, in the current framework, we have 𝑎𝑡𝑡𝑟𝑟𝑒𝑠 =
𝑀𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒. The state variables of an entity 𝑒, i.e. 𝑒.𝑉𝑐𝑢𝑙𝑡𝑢𝑟𝑒

and 𝑒.𝑀𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 are dynamically changed by the local au-
tonomous behaviors introduced below.

4.3 Local Autonomous Behaviors

4.3.1 Basic Ideas

In the AOC approach, the autonomy is reflected by the dif-
ferent local behavior rules triggered internally or externally
by certain conditions [17]. In the AOC-MSD framework,
the local behavior rules naturally related to the two social
interaction contexts.

The list of the behaviors identified in culture and re-
source sharing dynamics are listed in Table 1. In this table,
two columns correspond to two social interaction contexts,
each of which contains three categories of behaviors to be
specified below.

Table 1: Local behavior in two social interactions.

Cultural interaction Resource sharing dynamics

initiating resource enquiry
parter selection information handling
homophily conform enquiry checking

4.3.2 Cultural Interaction Behavior Rules

The cultural interaction related behavior rules are summa-
rized in Table 2.

The first column denotes four types of cultural interac-
tion initiating strategies. The first two types are intuitive.
The affinity means each entity will decide whether or not
to initiate an interaction according to its past cultural in-
teraction results - or accumulated utility. It serves as the

Table 2: Local behavior strategies in cultural interaction.

Initiating Partner selection Homophily

always 𝑅𝐴𝑊
ℎ𝑎𝑝𝑝𝑒𝑛 random 𝑅𝑅𝐷

𝑠𝑒𝑙𝑒𝑐𝑡 objective 𝑅𝑜𝑏𝑗
ℎ𝑜𝑚𝑜

random 𝑅𝑅𝐷
ℎ𝑎𝑝𝑝𝑒𝑛 affinity 𝑅𝐴𝐹

𝑠𝑒𝑙𝑒𝑐𝑡 subjective 𝑅𝑠𝑏𝑗
ℎ𝑜𝑚𝑜

affinity 𝑅𝐴𝐹
ℎ𝑎𝑝𝑝𝑒𝑛 multiplexity 𝑅𝑀𝑃

𝑠𝑒𝑙𝑒𝑐𝑡

threshold 𝑅𝑇𝐻
ℎ𝑎𝑝𝑝𝑒𝑛

interaction incentive. In this framework, we name this util-
ity as affinity. The rationality and definition will be given in
section 4.4. 𝑅𝑇𝐻

ℎ𝑎𝑝𝑝𝑒𝑛 means each entity will decide whether
to initiate a cultural interaction only after the average local
sensed cultural similarity in its neighbors exceeds a thresh-
old value.

The second column corresponds to the partner selection
behavior. Three strategies are included. The random and
affinity based rules are similar to the previous ones in first
column. The multiplex strategy 𝑅𝑀𝑃

𝑠𝑒𝑙 means an entity 𝑒𝑖
chooses an interaction partner not only depend on the cur-
rent affinity but also affected by the result of the other types
of social interaction.

The third column denotes how two entities perform the
homophily interaction. 𝑅𝑜𝑏𝑗

ℎ𝑜𝑚𝑜𝑝ℎ𝑖𝑙𝑦 is used widely in the
system-level model [2][5]. In this strategy, the entire cul-
tural vector is used to calculate the cultural similarity. Com-
pared with 𝑅𝑜𝑏𝑗

ℎ𝑜𝑚𝑜𝑝ℎ𝑖𝑙𝑦 , the strategy 𝑅𝑠𝑏𝑗
ℎ𝑜𝑚𝑜𝑝ℎ𝑖𝑙𝑦 means the

entity only sense parts of its neighbor’s cultural features.
Besides, in this subjective perceive [26] rule, we could
further modeling the biased perception as well as erro-
neous/fake perception.

4.3.3 Resource Sharing Behavior Rules

The detailed resource sharing related behaviors are summa-
rized in Table 3.

Table 3: Local behaviors in resource sharing dynamics.

Resource Information Enquiry
enquiry handling checking

happen reply utility updating
generating referral
parter selection

The meaning of the behaviors in the first column is sim-
ilar to the cultural behaviors. In the second column, 𝑅𝑟𝑒𝑠

𝑟𝑒𝑝𝑙𝑦

denotes the feedback strategies if the entity holds the re-
source being requested. 𝑅𝑟𝑒𝑠

𝑡𝑟𝑎𝑛𝑠 means that if the entity
does not hold the enquired resource, whether and how will



it transmit the enquiry. Finally, 𝑅𝑟𝑒𝑠
𝑡𝑟𝑢𝑠𝑡 𝑢𝑝𝑑 denotes how the

entity update the utility. The notion of trust is presented
below.

4.4 Multiplex Coupling Relationship

4.4.1 Basic Ideas

In the AOC approach, coupling denotes certain constraint
relationship among the entities and/or with the environment
[17]. In this sense, the multiplexity character of social tie
can be considered as, in essence, a coupling relationship
among entities’ local autonomous behavior in different dy-
namic processes. In this section, we present a social tie
strength based multiplex coupling mechanism.

The basic assumption under this multiplex mechanism
is: the strength of social tie is affected by the contact time
and frequency [7] in different social interaction contexts,
i.e. cultural interaction and resource sharing interaction.
Inversely, the tie strength will further affect the interaction
probabilities.

4.4.2 The Nature of Social Tie

In the AOC-MSD framework, the nature of social tie is
the cumulate results of multiple social interactions. In the
cultural dynamics, the like minded persons tend to cluster
together and become more similar. The process naturally
changes the affinity relationship among community mem-
bers. Here, affinity means ”ideas,ideals and causes shared
by a tight community” [1].

On the other hand, the resource sharing dynamics
demonstrates why and how people provide mutual support
or different kinds of services to each other. Interpersonal
trust can be taken as the natural production of this process.
Here, trust reflects the belief or confident of ego that the re-
lationship partner will behave as expected [9], e.g. provides
service (e.g. resource sharing or referral) as needed [25].

Formally, the idea can be presented as following:

Definition 5 The affinity of entity 𝑒𝑖 to 𝑒𝑗 , i.e.
𝑒𝑖.𝑎𝑓𝑓𝑖𝑛𝑖𝑡𝑦(𝑒𝑗 , 𝑡) denote how much rewards 𝑒𝑖 has
received from the past cultural interaction with the
neighbor 𝑒𝑗 . It can be calculated as:

𝑒𝑖.𝑎𝑓𝑓𝑖𝑛𝑖𝑡𝑦(𝑒𝑗 , 𝑡) =
1

1 + 𝑒−𝑠𝑢𝑐𝑖𝑗(𝑡)
(2)

where 𝑠𝑢𝑐𝑖𝑗(𝑡) is the times of successful cultural interaction
between 𝑒𝑖 and 𝑒𝑗 . Here successful means 𝑒𝑖 is successfully
influenced by 𝑒𝑗 at certain time 𝑡, i.e. change one of its
cultural feature value.

Definition 6 The trust of entity 𝑒𝑖 to 𝑒𝑗 , i.e. 𝑒𝑖.𝑡𝑟𝑢𝑠𝑡(𝑒𝑗 , 𝑡)
denote the accumulated reward entity 𝑒𝑖 has gained from
past resource sharing with 𝑒𝑗 , i.e.

𝑒𝑖.𝑡𝑟𝑢𝑠𝑡(𝑒𝑗 , 𝑡) =
1

1 + 𝑒−𝑠𝑎𝑡𝑖𝑗(𝑡)
(3)

where 𝑠𝑎𝑡𝑖𝑗(𝑡) is the satisfied enquiry times entity 𝑒𝑖 get
from entity 𝑒𝑗 so far.

Definition 7 The tie strength 𝑒𝑖.𝑡𝑖𝑒𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ(𝑒𝑗 , 𝑡) per-
ceived by 𝑒𝑖 on 𝑒𝑗 is determined by both the affinity accumu-
lated in the cultural interaction as well as the trust formed
in the past resource sharing dynamics, i.e.

𝑒𝑖.𝑡𝑖𝑒𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ(𝑒𝑗 , 𝑡) = 𝛼 ⋅ 𝑒𝑖.𝑎𝑓𝑓𝑖𝑛𝑖𝑡𝑦(𝑒𝑗 , 𝑡) +
(1− 𝛼) ⋅ 𝑒𝑖.𝑡𝑟𝑢𝑠𝑡(𝑒𝑗 , 𝑡) (4)

where 𝛼 ∈ [0, 1] is a coefficient to adjust the weight of cul-
tural interaction as well as the resource sharing interaction.

After defining the multiplex social tie, we may adopt it in
the local autonomous behavior of entities in either of the so-
cial dynamic processes. Currently, the baseline model intro-
duced below does not implement this mechanism, we will
explore it in the future work.

Finally, the overview of the framework is illustrated in
Figure 1.

5 Baseline Model

In this section, we introduce a baseline model imple-
mented under the AOC-MSD framework . The purpose is
to take the AOC-by-Prototyping approach [18][19] to incre-
mentally address the proposed research question.

5.1 Cultural Dynamics Module

The model mechanism of cultural dynamics is demon-
strated in Table 4. In the implementation, each social en-
tity initiates the cultural interaction with one of its neigh-
bors uniformly randomly chosen. The probability of ho-
mophily conform is proportional to the cultural similarity
(definition3).

We have not included any autonomy mechanism in the
cultural module in the baseline implementation such as
affinity based initiating and partner selection rule. We in-
tend to keep the model as simple as possible so that we may
add one autonomous feature at a time and test the resulting
effect.

5.2 Resource Sharing Dynamics Module

The model mechanism of resource sharing dynamics is
shown in Table 5. The detailed meaning of the implemented
behavior rules can be referred to section 4.
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Figure 1: The AOC-MSD framework; In order to design a concrete model, three modules should be implemented: (1) initialization
module, (2) cultural dynamics module and (3) resource sharing module. The target measurements focus on two aspects: (1) the multiplex
effect and (2) the social network dynamics.

Table 4: Cultural dynamics module implementation. Detailed def-
inition refers to section 4. Objective based rule means the proba-
bility of homophily interaction is based on the overlap of the cul-
tural vectors.

Interaction Behavior Implementation

Initiating behavior Always initiate the culture interaction
Partner selection Random choose a neighbor to interact
Homophily conform Objective based rule

Table 5: Resource sharing dynamics module implementation. De-
tailed definition refers to section 4

Interaction Behavior Implementation

Resource enquiry 𝑅𝐴𝑊
ℎ𝑎𝑝𝑝𝑒𝑛: happen at each time step

𝑅𝑆𝐺
𝑔𝑒𝑛: single need each time step

𝑅𝑅𝐷
𝑠𝑒𝑙𝑒𝑐𝑡: random neighbor chosen

Information handling 𝑅𝐴𝑊
𝑟𝑒𝑝𝑙𝑦: always reply

𝑅𝑆𝑀
𝑟𝑒𝑝𝑙𝑦: cultural similarity based

𝑅𝐴𝑊
𝑡𝑟𝑎𝑛𝑠: always transmit

Enquiry checking 𝑅𝑟𝑒𝑠
𝑡𝑟𝑢𝑠𝑡 𝑢𝑝𝑑: not included

5.3 Multiplex Coupling Mechanism

In the baseline model, the tie strength coupling mecha-
nism introduced in section 4.4 is not implemented. Instead,
we design a simpler coupling mechanism including the fol-
lowing to aspects:

1. Local profile based coupling which reflects how the
entities’ state or local behavior in one dynamic process
will affect those in the other type. More specifically,
we make the assumption that entities reply behavior in
social resource sharing interaction can take two pos-
sibilities: (1) always reply and (2) cultural similarity
based reply. In the later one, the entities’ cultural fea-
ture value will affect the resource sharing process. Ex-
periment three below will address this.

2. Global dynamics happen order which reflects the hap-
pening order of the two dynamics. Two possibilities
are: (1) serial coupled order and (2) parallel order.
The former means the resource sharing dynamics hap-
pen after the convergence of cultural dynamics (i.e. no
more local change of cultural feature value). The later
means two dynamic processes will happen simultane-
ously. In the current baseline model, we implement the
serial version.

5.4 System Initialization

To implement the baseline model, two further aspects
should be mentioned:



∙ In the baseline model, we keep the initial social net-
work structure as a two-dimensional lattice, like [2][5].
Besides, we do not incorporate any network dynamics,
i.e. building and/or breaking social tie.

∙ Only one resource (i.e. 𝑅𝑎) is considered in the base-
line model which is randomly distributed initially. We
further introduce a model parameter 𝑒𝑡𝑎 to reflect the
abundance of the resources (definition 4), i.e. initially
there will be 𝑁 ⋅ 𝑒𝑡𝑎 entities hold the resource.

6 Preliminary Experiments

In this section, corresponding to the above baseline
model, we design three experiments that characterize: (1)
cultural evolution (experiment one); (2) resource utilization
(experiment two) and (3) multiplex coupling mechanism
(experiment three). The model parameters used in these ex-
periments is summarized in Table 6.

Table 6: The model parameters used in the following experiments

Symbol Description

𝑁 Number of social entities
𝐹𝑐 Cultural feature number (definition 2)
𝑞 Value range of one cultural feature (definition 2)
𝑅𝑐 Number of social resource type (definition 4)
𝑒𝑡𝑎 The ratio of entities initially chosen as resource

holder. It reflects the abundance of resources.
𝑇𝑙𝑖𝑚 Max enquiry message valid cycles (definition 4)

6.1 Evolution of Cultural Diversity

Motivation In this experiment, we intend to observe how
cultural regions evolve. The target measurement is cultural
diversity which follows the definition in [2][5]:

Definition 8 The culture diversity 𝐶𝑑𝑖𝑣 = ⟨𝑆𝑚𝑎𝑥⟩/𝑁 de-
notes the average size of the largest cultural region normal-
ized by the the number of entity 𝑁 .

Here, one a culture region denotes a connected part of the
social network within which all entities have the identical
cultural features and out of which the values are entirely
different.

Experimental Setting To observe the cultural region
evolving, we use 𝑁 = 100, 𝐹𝑐 = 3, 𝑞 = 10 for ease of
visualization. To observe the clear phase transition phe-
nomenon, we set 𝐹𝑐 = 3 and change 𝑞 ∈ {0, 1, . . . , 40},
𝑁 ∈ {100, 400, 900}.

Observation and Discussion Figure 2 demonstrates a
representative run of cultural dynamics in the baseline
model which shows that after 1000 cycles, cultural regions
with identical features (colors) emerge. This can be ex-
plained by the positive feedback mechanism designed in
the model: the more similar two individuals the more likely
they will interact thus will become more similar. Therefore,
the overall tendency in the cultural dynamics is the conver-
gence of cultural feature values.

Figure 3 illustrates the phase transition phenomenon ob-
served in [2]. The result demonstrates that for fixed cultural
feature value 𝐹𝑐, slightly change of trait range or 𝑞 will lead
to a dramatic change of the final cultural region. Besides,
small 𝑞 value will lead to the mono-cultural region while
large 𝑞 value will lead to the highly cultural diversity.

6.2 Resource Utilization Efficiency

Motivation In this experiment, we intend to observe the
global performance of resource sharing dynamics. The tar-
get measurement is defined as follows:

Definition 9 The resource access ratio of an entity at time 𝑡
or 𝑅𝑖

𝑎𝑐𝑐(𝑡) is the number of resources entity 𝑒𝑖 could access
at time 𝑡 proportion to the total number of resources in the
artificial society. The average resource access ratio is the
average of 𝑅𝑖

𝑎𝑐𝑐 on all entities.

Intuitively, the more resources accessible by all people
in the social network, the more utilization efficiency of the
society. Another intuitive aspect is related to how many
enquiries are satisfied defined as:

Definition 10 The enquiry satisfied ratio 𝑆𝑒𝑞 is the frac-
tion of all satisfied enquiry messages to the total generated
enquiry messages.
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Figure 3: Phase transition of cultural diversity with the change of
cultural trait value. With the decrease of 𝑞, the cultural diversity
change from mono-state to diversity state in a sudden manner
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Figure 2: Cultural region evolving, with different colors denote different cultural vector value. The result shows that (a) initially at 𝑇 = 0
nearly all entities are different with each other; (b) at 𝑇 = 1000 steps multiple cultural regions emerge.

Experimental Setting To observe the resource access
ratio, we use 𝑁 = 1600, 𝑅𝑐 = 1, 𝑒𝑡𝑎 = 1%. To
examine the enquiry satisfied ratio under different re-
source abundance, we use 𝑁 = 100, 𝑅𝑐 = 1, 𝑒𝑡𝑎 ∈
{0.01, 0.02, 0.04, 0.1, 0.2, . . . , 0.9}. In both scenario
𝑇𝑙𝑖𝑚 ∼ 𝑁𝑜𝑟𝑎𝑚𝑙(2, 5).

Observation and Discussion Figure 4(a) shows that all
entities could access the resource 𝑅𝑎 finally under the ex-
perimental setting. Besides, the convergence curve exhibits
the sigmoid shape.

The first observation is not plausible in the sense that in
reality, some entities may not be able to access the resource
no matter how many enquiries are made through his local
social circle. Besides, we conjecture that the sigmoid curve
is due to a positive feedback in the baseline model setting.
A model hypothesis is once an entity gets the accessability
of the resource, it can further offer it to others. As a result,
the more entities can access 𝑅𝑎 the quicker the rest entities
can access it. This observation leads us to further consider
the type of resource to be modeled, i.e. the information or
expertise resource is rather different from the material based
resource.

The result in Figure 4(b) is trivial in the sense that the
more resource abundance in the society, the easier an en-
quiry can be satisfied. However, an efficient resource uti-
lization society should be, under certain model mechanism,
less abundance resource can still satisfy most resource en-
quiries. We plan to address this issue in the future model
implementations.

6.3 Multiplex Coupling Effect

Motivation In this experiment, we intend to test the mul-
tiplex coupled mechanism implemented in the baseline
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Figure 4: Resource utilization efficacy:(a)all entities could access
the resource finally,(b)the more abundance of resource the more
enquiry messages are satisfied

model.
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(b) comparison the effect of different cultural diversity on
average resource access ratio

Figure 5: The effect of cultural similarity based reply rule on
resource utilization:(a)entities using the always reply rule could
quickly access the resources while with cultural similarity based
reply only 4.5% could access the resource,(b)with the increase of
𝑞, the order parameter control cultural diversity, the average re-
source access ratio decrease quickly.

Experimental Setting To examine the effect of local pro-
file based coupling we use 𝑁 = 400, 𝐹𝑐 = 1, 𝑞 = 15, 𝑅𝑐 =
1, 𝑒𝑡𝑎 = 1%, 𝑇𝑙𝑖𝑚 ∼ 𝑁𝑜𝑟𝑚𝑎𝑙(2, 5) in the first part of the
experiment. To test the effect of cultural diversity on the
resource sharing, we change 𝑞 ∈ {5, 7, 9, 11, 13, 14, 15} in
the second part.

Observation and Discussion From Figure 5(a), we may
observe the final average resource access ratio is inhibited
under the cultural similarity based reply rule. We conjecture
the reason for the inhibition can be explained as follows: (1)
because of the serial dynamics happen order, the resource
sharing dynamics will happen on cultural region that has al-
ready formed (see experiment one); (2) the resource is ini-
tially randomly distributed, therefore entities in one cultural
region may not be able to access the resource located in the
other regions because of the cultural boundary.

In order to validate the above explanation, we change

the cultural trait range value 𝑞 and observe the effect of
cultural diversity on the average resource utilization. As
we have observed in Figure 3, there is a phase transition in
the maximal cultural region size by increasing the 𝑞 value.
Therefore, we may expect that, with the increase of 𝑞 value,
the effect of inhibition will also be increased. Figure 5(b)
demonstrates this conjecture. More than 90% entities could
access the resource in the society when 𝑞 is smaller than 9.
However, when 𝑞 increases to 14 the proportion decreases
to less than 10%.

7 Conclusion and Future Work

In this work, we propose an autonomy-oriented com-
puting framework, the AOC-MSD framework, to study the
multiplexity effect of social dynamics, namely the multiple
channels of social interactions and the coupling results of
the dynamics processes. Specifically, we formalize the lo-
cal autonomous behaviors in cultural taste based social in-
teraction and resource sharing based social interaction. In
this framework, a social tie strength based coupling mech-
anism is proposed to characterize the interaction incentive
and multiplex nature of social interaction.

A baseline model based on the AOC-MSD framework is
implemented and three preliminary experiments have been
done to characterize: (1) the cultural evolution, (2) the re-
source sharing efficiency and (3) the multiplexity effect.
Experimental results show that the cultural similarity based
reply rule can generate significant influence on the resource
utilization efficiency. Specifically, the more cultural diver-
sity exists in the society, the less possibility community
members could access the resources in need.

Our future work will mainly focus on the following
aspects: (1) refining the design of entity’s resource pro-
file and the resource initialization rule, (2) implementing
the tie strength based multiplex mechanism and examining
the coupling effect by conducting systematic experiments,
(3) incorporating the network dynamics in the local au-
tonomous behaviors to capture the creation and dissolution
of social relationship and observe its effect on the evolving
of cultural diversity and the resource utilization efficiency.

References

[1] Affinity. http://en.wikipedia.org/wiki/Affinity (sociology).
[2] R. Axelrod. The dissemination of culture. Journal of Con-

flict Resolution, 41(2):203–226, 1997.
[3] S. Boccaletti, V. Latora, Y. Moreno, M. Chavez, and D.-

U. Hwang. Complex networks: Structure and dynamics.
Physics Reports, 424:175–308, 2006.

[4] C. Castellano, S. Fortunato, and V. Loreto. Statistical
physics of social dynamics. Reviews of Modern Physics,
348, 2008.



[5] D. Centola, J. C. Gonzalez-Avella, V. M. Eguiluz, and M. S.
Miguel. Homophily, cultural drift and the co-evolution of
cultural groups. Journal of Conflict Resolution, 51(6):905–
929, 2007.

[6] R. Crane, M. Cebrian, G. Pickard, W. Pan, and
A. Madan. Mit floats ideas in darpa balloon challenge.
http://news.cnet.com/8301-1023 3-10411211-93.html,
2009.

[7] M. S. Granovetter. The strength of weak ties. American
Journal of Sociology, 78, 1973.

[8] P. Holme and M. Newman. Nonequilibrium phase transi-
tion in the coevolution of networks and opinions. Physical
Review E, 74, 2006.

[9] R. J.Lewicki, D. J.Mcallister, and R. J. Bies. Trust and dis-
trust:new relationships and realities. Academy of Manage-
ment Review, 23(3):438–458, 1998.

[10] J. Kleinberg. The small-world phenomenon:an algorithmic
perspective. In Proceedings of the 32nd ACM Symposium on
Theory of Computing, pages 163–170, 2000.

[11] J. Kleinberg. Complex networks and decentralized search
algorithms. Proceedings of the International Congress of
Mathematicians (ICM), 2006.

[12] J. Kleinberg. The convergence of social and technological
network. Communications of the ACM, 51(11):66–72, 2008.

[13] K. Klemm, V. M.Eguiluz, R. Toral, and M. S. Miguel.
Nonequilibrium transitions in complex networks: a model
of social interaction. Physical Review E, 67, 2003.

[14] G. Lai, N. Lin, and S.-Y. Leung. Network resources, contact
resources, and status attainment. Social Networks, 20:159–
178, 1998.

[15] D. Liben-Nowell, J. Novak, R. Kumar, P. Raghavan, and
A. Tomkins. Geographic routing in social networks. PNAS,
102(33):11623–11628, 2005.

[16] N. Lin. Social Capital. International Encyclopedia of Eco-
nomic Sociology. Edited by Jens Beckert and Milan Za-
giroski. Routledge, London, 2006.

[17] J. Liu. Autonomy-oriented computing(aoc): The nature
and implications of a paradigm for self-organized comput-
ing(keynote talk). in Proceeding of the 4th International
Conference on Natural Computation(ICNC’08) and 5th In-
ternational Conference on Fuzzy Systems and Knowledge
Discovery(FSKD’08), 2008.

[18] J. Liu, X. Jin, and K. C. Tsui. Autonomy oriented comput-
ing: From problem solving to complex systems modeling.
Multiagent Systems, Aritificial Societies, and Simulated Or-
ganizations. Springer, Secaucus, NJ, USA, 2004.

[19] J. Liu, X. Jin, and K. C. Tsui. Autonomy oriented com-
puting(aoc): Formulating computational systems with au-
tonomous components. IEEE Transactions on Systems,
Man, and Cybernetics, Part A, 35(6):879–902, 2005.

[20] J. Liu, S. Zhang, and J. Yang. Characterizing web usage
regularities with information foraging agents. IEEE TRANS-
ACTIONS ON KNOWLEDGE AND DATA ENGINEERING,
16:566–584, 2004.

[21] O. Lizardo. How cultural tastes shape personal networks.
American Sociological Review, 71(5):778–807, 2006.

[22] M. McPherson, L. Smith-Lovin, and J. M. Cook. Birds of
a feather: Homophily in social networks. Annual Review of
Sociology, 27:415–444, 2001.

[23] L. M.Verbrugge. Multiplexity in adult friendships. Social
Forces, 57(4):1286–1309, 1979.

[24] G. Plickert, R. R.Cote, and B. Wellman. It’s not who you
know, it’s how you know them:who exchanges what with
whom. Scoial Networks, 29(3):405–429, 2007.

[25] H. Qiu, J. Liu, and N. Zhong. A dynamic trust network
for autonomy-oriented partner finding. AMT’09, pages 323–
334, 2009.

[26] E. M. Rogers and D. K. Bhowmik. Homophily-
heterophily:relational concepts for communication research.
The Public Opinion Quarterly, 34(4):523–538, 1970-1971.

[27] W. S and F. K. Social Network Analysis:Methods and Appli-
cations. Cambridge Univ. Press, Cambridge, 1994.

[28] J. Travers and S. Milgram. An experimental study of the
small world problem. Sociometry, 32(4):425–443, 1969.

[29] B. Wang, Y. Han, L. Chen, and K. Aihara. Limited ability
driven phase transitions in the coevolution process in axel-
rod’s model. Physics Letter A, 2009.

[30] D. J. Watts. A twenty-first century science. Nature, 445:489,
2007.

[31] S. Zhang and J. Liu. A massively multi-agent system for dis-
covering hiv-immune interaction dynamics. MMAS04,LNAI,
3446:161–173, 2005.

[32] S. Zhang and J. Liu. Autonomy-oriented social networks
modeling: Discovering the dynamics of emergent structure
and performance. International Journal of Pattern Recogni-
tion and Artificial Intelligence, 21(4):611–638, 2007.


