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An Agent-based Model for Analyzing Interaction of
Two Stable Social Networks

Masatora Daito, and Hisashi Kojima

Abstract—In this research, the authors analyze network stability
using agent-based simulation. Firstly, the authors focus on analyzing
large networks (eight agents) by connecting different two stable small
social networks (A small stable network is consisted on four agents.).
Secondly, the authors analyze the network (eight agents) shape which
is added one agent to a stable network (seven agents). Thirdly, the
authors analyze interpersonal comparison of utility. The “star-network

was not found on the result of interaction among stable two small
networks. On the other hand, “decentralized network” was formed
from several combination. In case of added one agent to a stable
network (seven agents), if the value of “c”(maintenance cost of per
a link) was larger, the number of patterns of stable network was
also larger. In this case, the authors identified the characteristics of a
large stable network. The authors discovered the cases of decreasing
personal utility under condition increasing total utility.

Keywords—Social Network, Symmetric Situation, Network Stabil-
ity, Agent-Based Modeling.

I. I NTRODUCTION

SOCIAL network is formed by friends, business, aerial
route and so on. Many studies of social network has been

done by social scientists. For example a study reported that
more than 50 percent of people in Massachusetts got jobs
using social ties [1]. Studies of relationships between buyers
and sellers on business transaction[2, 3], a study of business
ties and joint development [4] and a study of air transportation
networks [5] are also used social network analysis.

In this research, the authors analyze stable network shapes
which are the results of interaction among agents. In our
model, agents make a decision about relationship with other
agents. This model is applied by modified connection model
[6].

In previous research [7], the authors used our modified
connection model and carried out simulation of some cases
which were interactions among four, five, six, seven and eight
agents. In this research, the authors apply this stable networks
[7] to analyzing interaction among two stable social networks.
Firstly, the authors focus on analyzing large networks (eight
agents) by connecting different two stable small social net-
works (4-4 agents cases). A small stable network is consisted
on four agents. Secondly, the authors analyze the network
(eight agents) shape which is added one agent to a stable
network (seven agents)(7-1 agents cases). Thirdly, the authors
analyze interpersonal comparison of utility on “7-1 agents
cases”.

M. Daito is with the Department of Business Administration, Okayama
Shoka University, 2-10-1, Kyomachi Tsushima, Kitaku, Okayama City,
Okayama 7008601 Japan e-mail: m-daito@po.osu.ac.jp.

H. Kojima is with the Department of Economics, Okayama Shoka Univer-
sity.

II. A GENT-BASED MODELING
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Fig. 1. An idea of 4-4 agents cases
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Fig. 2. An idea of 7-1 agents cases

TABLE I
THE DEGREE SEQUENCES OF STABLE NETWORK AND4-4 AGENTSCASES
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The authors built agent-based model for analyzing interac-
tion among two small stable networks. The authors defined
this cases as “4-4 agents cases”(Shown in Fig.1). The authors
built also agent-based model for analyzing interaction stable
network of seven agents and one agent. The authors defined
this cases as “7-1 agents cases”(Shown in Fig.2).

This model is applied by modified connection model[6]. Our
modified connection model is as follows:
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Fig. 3. Behavior rules of agenti and agentj

ui(g) =
∑

j 6=i

δs(ij) − |Ni(g)|c

where left-hand side represents utility of agenti, first term of
right-hand side represents that agenti obtains positive effect
(e.g., valuable information, benefit) from directly or indirectly
linked agents.δ represents that the more indirect links, the
more effect is decreased. That is,0 < δ < 1 is given.

Second term of right-hand side represents costs of maintain-
ing links. Where,Ni(g) is set of neighborhood (direct links)
of agenti, |Ni(g)| is cardinalities of neighborhood. That is,
Ni(g) := {j ∈ N : ij ∈ g} is given.c is positive real number
and represents maintenance cost of per a link.

Rules of their behavior are represented in fig3. In previous
research [7], the authors used this rules and got several stable
network shapes. A network shape at period (t) is defined
by g(t), t = 0, 1, . . . . If every agent has not any links, that
network shapes are expressed asg(0). A neighborhood (links)
set of agenti at period (t) is expressed asNi(t) Utilities of
agent i at period (t) is expressed asui(t). A agent i and
agentj are chosen randomly at period (t). A network shape is
dependent on past (g(t− 1)) decision at that time. A network
shape of this period(g(t)) is depend on decision of agenti and
agentj.

If agent i and agentj are already linked, they decides
to keep or to cut their links. In case of cutting the link,
neighborhood (direct links) set of agenti is expressed as
ĝ(t) := g(t − 1) \ {ij} N̂i(t) := Ni(t − 1) \ {j}. Utilities
of agenti is expressed aŝui(t) := ui(ĝ(t)). Agent j is also
expressed same as that of agenti.

TABLE II
THE DEGREE SEQUENCES OF STABLE NETWORK AND7-1 AGENTSCASES
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If agent i and agentj are not linked, they decides to keep
or to connect their links. In case of connecting the link,
neighborhood (links) set of agenti is expressed aŝg(t), N̂i(t).
Utilities of agent i is expressed aŝui(t). Agent j is also
expressed same as that of agenti.

III. C ASES OFAGENT-BASED MODEL

Simulations of interaction among four agents were carried
out and got several network formations (Shown in TABLE I)
[7] . TABLE I represents combinations of the degree sequences
of stable network and shows cases of value ofc. The degree
sequences 1113 of stable network were formed by value ofc

= 0.2, 0.3, 0.4, 0.5, 0.6, 0.7. The degree sequences 2222 of
stable network were formed by value ofc = 0.2. The degree
sequences 1122 of stable network were formed by value of
c = 0.3, 0.4, 0.5, 0.6, 0.7. The check marks in the TABLE
I represent results of [7] and show simulation cases in this
research (4-4 agents cases).

Firstly, the authors carry out combination cases of (1), (2),
(3), (4), (5) in TABLE I. These cases are carried out 1,000
times. There are 18 patterns. Therefore the authors are going
to get 18,000 data.

Simulations of interaction among seven agents were carried
out and got several network formations (Shown in TABLE
II) [7] . TABLE II represents the degree sequences of stable
network and shows cases of value ofc. The degree sequences
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1111125, 1111134, 1122224, 1122233, and 2222233 of stable
network were formed by value ofc = 0.3, 0.4, 0.5. The degree
sequences 1111224 (a)1, 1111224 (b), 1122224, 1122233,
and 2222233 of stable network were formed by value ofc

= 0.6, 0.7. The degree sequences 1111233 and 2222222 of
stable network were formed by value ofc = 0.6. The degree
sequences 1111134 and 1111233 (d) of stable network were
formed by value ofc = 0.7. The degree sequences 2222244,
2222255, 2222334, 2333333, and 3333444 of stable network
were formed by value ofc = 0.2. The check marks in the
TABLE II represent results of [7] and show simulation cases
in this research (7-1 agents cases). One agent is added to each
case.

Secondly, the authors carry out combination cases of (1),
(2), (3), (4), (5), (6), (7), (8), (9), (10), (11), (12), (13), (14),
(15), (16), (17) in TABLE II. These cases are carried out 1,000
times. There are 32 patterns. Therefore the authors are going
to get 32,000 data.

Thirdly, the authors analyze interpersonal comparison of
utility on each case of TABLE II.

IV. RESULTS OF THESIMULATION

A. 4-4 agents cases

The result of 4-4 agents cases of the simulation, network
shape was categorized by value of “c”. That is, network
shapes ofc = 0.2, network shapes ofc = 0.3, 0.4, 0.5,
and network shapes ofc = 0.6, 0.7. In case ofc = 0.2,
network shape of (1)1113-1113, (2)2222-1113, (3)2222-2222

1In the case of 111124 (a),(b) are same degree sequences, but network
shapes are different each other. In the case of 1111233 (c),(d) are also same
degree sequences, but network shapes are different each other.
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in TABLEIII was analyzed for tendency to form network
shape. The authors define concentrated links to one agent (e.g.,
the degree sequences 1113) as“star network”. The authors
define also dispersed links (e.g., the degree sequences 2222)
as “decentralized network”. In cases of (1)1113-1113 and
(2)2222-1113 were formed the degree sequences 23333444,
22222345, 22333344 frequently. In case of (3)2222-2222
was formed the degree sequences 33333344 and 33333333
frequently. The star network wasn’t reformed by (1)1113-1113
and (2)2222-1113 cases. The range of degrees was from two to
five. On the other hand, “decentralized network” was reformed
by (3)2222-2222 case. The range of degrees was from 3 to 4.
Initial shapes affect large stable network shapes.

The results of (1)1113-1113 andc = 0.3, 0.4, 0.5, 0.6, 0.7
were shown in TABLE IV. In cases ofc = 0.3, 0.4, 0.5 were
formed the degree sequences 12222234 frequently. In cases
of c = 0.6, 0.7 were formed the degree sequences 22222233
frequently. c = 0.7 was also formed the degree sequences
11111234 frequently.

The results of (4)1122-1113 andc = 0.3, 0.4, 0.5, 0.6,
0.7 were shown in TABLE V. In cases ofc = 0.3, 0.4, 0.5
were formed the degree sequences 22223333 and 11122234
frequently. In cases ofc = 0.6, 0.7 were formed the degree
sequences 12222223 frequently.
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TABLE XVIII
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Fig. 4. Stable network shape of 1111224 and 12222223

The results of (1)1122-1122 andc = 0.3, 0.4, 0.5, 0.6,
0.7 were shown in TABLE VI. In cases ofc = 0.3, 0.4, 0.5
were formed the degree sequences 22223333 and 12222333
frequently. In cases ofc = 0.6, 0.7 were formed the degree
sequences 11222233 and 22222233 frequently.

B. 7-1 agents cases

The result of 7-1 agents cases of the simulation, network
shape was categorized by value of “c”. That is, network shapes
of c = 0.2, network shapes ofc = 0.3, 0.4, 0.5, and network
shapes ofc = 0.6, 0.7.

The results of cases of adding one agent to 1111125
networks andc = 0.3, 0.4, 0.5 were shown in TABLE
VII. In cases ofc = 0.3, 0.4, 0.5 were formed the degree
sequences 11122225 frequently. Tendency of occurrence fre-
quency 11122225 was similar.

The result of cases of adding one agent to 1111134 networks
and c = 0.3, 0.4, 0.5, 0.6 were shown in TABLE VIII. In
cases ofc = 0.3, 0.4, 0.5 were formed the degree sequences
11111234 frequently. In cases ofc = 0.6 were also formed
the degree sequences 11111234 frequently. Notice that in the
case of 11111234 were same degree sequences, but network
shapes were different each other.

The result of cases of adding one agent to 1111224 (a)
networks were shown in TABLE IX. Notice that in the case of

TABLE XIX
THE CASE DECREASING PERSONAL UTILITY(1111224 (b), 1111233,
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1111224 (a) and (b) were same degree sequences, but network
shapes were different each other. In cases ofc = 0.6, 0.7
were formed the degree sequences 11112224 and 11111234
frequently. c = 0.7 was also formed the degree sequences
11222224 frequently.

The result of cases of adding one agent to 1111224 (b)
networks were shown in TABLE X. In cases ofc = 0.6 was
formed the degree sequences 22222233 frequently. On the
other hand,c = 0.7 was also formed the degree sequences
11222224 frequently. In this cases, variation of the degree
sequences were more than other cases.

The result of cases of adding one agent to 1111233 (c) and
(d) networks were shown in TABLE XI. Notice that in the
case of 1111233 (c) and (d) were same degree sequences, but
network shapes were different each other. In cases of 1111233
(c) c = 0.6, 1111233 (c)c = 0.7 were formed the degree
sequences 11222233 and 11111234 frequently.

The result of cases of adding one agent to 1112223 net-
works were shown in TABLE XII. In cases ofc = 0.6, 0.7
were formed the degree sequences 11112233 and 22222233
frequently. Tendency of occurrence frequency 11112233 was
similar. But variation of the degree sequences onc = 0.6 were
more than cases ofc = 0.7.

The result of cases of adding one agent to 1122224 networks
were shown in TABLE XIII. In cases ofc = 0.3, 0.4, 0.5
were formed the degree sequences 12222234 and 11122234
frequently.

The result of cases of adding one agent to 1122233 networks
were shown in TABLE XIV. In cases ofc = 0.3, 0.4, 0.5
were formed the degree sequences 12222333 and 22223333
frequently. In cases ofc = 0.3, 0.4, 0.5, tendency of occurrence
frequency was similar.

The result of cases of adding one agent to 1222223 networks
were shown in TABLE XV. In cases ofc = 0.6, 0.7 were
formed the degree sequences 11222233 frequently. In cases
of c = 0.7, notice that in the case of 11222233 were same
degree sequences, but network shapes were two types.

The results of cases of adding one agent to 2222222
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networks andc = 0.6 were shown in TABLE XVI. In cases
of c = 0.6 were formed the degree sequences only 12222223.

The result of cases of adding one agent to 2222233 networks
were also shown in TABLE XVI. In cases ofc = 0.3, 0.4,
0.5 were formed the degree sequences 22223333, 12222234
frequently. In cases ofc = 0.3, 0.4, 0.5, tendency of occurrence
frequency was similar.

In case of c = 0.2, network shape of (13)2222244,
(14)2222255, (15)2222334, (16)2333333, (17)3333444 in TA-
BLE XVII was analyzed for tendency to form network
shape. Variation of the degree sequences on (14)2222255 and
(17)3333444 were only two types.

C. Analyzing interpersonal comparison of utility on “7-1
agents cases”

The authors analyzed the network shape which was added
one agent to a stable network of seven agents (7-1 agents
cases). In this section, the authors analyze interpersonal com-
parison of utility on “7-1 agents cases”.

In our model, if amount of agents was added, total utility of
the network was increasing. Therefore, in a lot of cases, each
personal utility of agents was increased by adding one agent
to stable network. However, in some cases, despite adding one
agent to stable network, personal utility of some agents was
decreased.

TABLE XVIII represents the cases of (3)1111224(a)c = 0.6
and shows that utility of some agent was decreased despite of
added one agent. Stable network shape of seven agents (total
utility was 19.6032) is shown in Fig.4. Stable network shape
after interaction among eight agents (total utility was 25.5744)
is also shown in Fig.4. Personal utilities of agent “Aand agent
“B of Fig.4 were decreased by added one agent.

In cases of (4)1111224(b)c = 0.6 (shown in TABLE
XIX), utility of agent “A , agent “B and agent “C are
same. That is, these three agents are replaceable. If results of
the simulation were degree sequences 11112233 (total utility
25.328), 11122333 (26.0864), 11222233 (25.8304), 12222223
(25.5744), or 22222233 (26.128), then the degree on one of
agent “A , “B and “C was three. In addition personal
utility of the agent was decreased. If results of the simulation
were degree sequences 12222223 (total utility 25.5744) or
11112233 (25.328), then the degree of agent “Fwas three.
In addition personal utility of the agent was decreased.

In case of (4)1111224(b)c = 0.7 is shown in TABLE XIX.
If results of the simulation were degree sequences 11111234
(total utility 25.0544) or 11111144 (25.976), then the degree
of agent “D was four. In addition personal utility of the
agent was decreased. If results of the simulation were degree
sequences 11111234 (total utility 24.2352), then the degree of
agent “D was three in some case. In addition personal utility
of the agent was decreased in some case.

In case of (5)1111233 (b)c = 0.6 is shown in TABLE XIX.
If results of the simulation were degree sequences 11111234
(total utility 24.2352), then the degree of agent “For “G
was four in some case. In addition personal utility of the agent
was decreased.

In case of (4) 1222223(b)c = 0.6 is shown in TA-
BLE XIX. If results of the simulation were degree se-
quences 11112233 (total utility 25.328), 11122333 (26.0864)
or 12222223 (25.5744), then the degree of agent “Awas
four in some case. In addition personal utility of the agent
was decreased.

V. CONCLUSION

In this research, the authors analyzed interaction among two
stable networks. Firstly the authors carried out simulation of
4-4 agents cases. The result of the simulation, some patterns
of network shapes was formed. Notice that “star-network
was not found on the result of interaction among eight agents.
On the other hand, “decentralized network” was formed from
several combination.

Secondly, the authors analyzed the network (eight agents)
shape which was added one agent to a stable network of
seven agents (7-1 agents cases). The result of the simulation,
almost close to ”star network” shapes (e.g. (1)1111125 and
(2)1111134) of stable network by seven agents became one
shape at a higher rate than that of other cases (e.g. (1)111115
became 11122225 at about 70 percent ratio). In case ofc =
0.2, patterns of network shape were two or three. In addition
tendency of degree sequences was ”decentralized network”. In
case ofc = 0.3, 0.4 and 0.5, patterns of network shape were
three or four. In case ofc = 0.6, patterns of network shape
were from five to eight except a case of (11) 2222222. In case
of c = 0.7, patterns of network shape were from three to eight.
If the value of “c” was larger, the number of patterns of stable
network was also larger.

Thirdly, the authors analyzed interpersonal comparison of
utility on “7-1 agents cases”. In our model, if amount of
agents was added, total utility of the network was increasing.
Therefore, in a lot of cases, each personal utility of agents was
increased by adding one agent to stable network. However,
in some cases, despite adding one agent to stable network,
personal utility of some agents was decreased. The authors
discovered patterns of decreasing personal utility on “c= 6
or 7. For example, In case of (4) 1222223(b)c = 0.6, if degree
sequences were 11112233 (total utility 25.328), 11122333
(26.0864) or 12222223 (25.5744), then the degree of agent
“A was four in some case. In addition personal utility of the
agent was decreased.

In this research, the authors identified the characteristics
of a large stable network which was the result of interaction
among eight agents(“7-1 agents cases”). Especially, the thing
that the authors discovered the cases of decreasing personal
utility under condition increasing total utility, has important
meaning. For instance, what that means is that if one company
enters into an industry by easing of regulations, then total
utility of industry may increase, but utility of other companies
may decrease.

Our model can apply to concrete issues for social environ-
ment.
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