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Abstract—In this research, the authors analyze network stability Il. AGENT-BASED MODELING
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 whicl A smallstable g

is added one agent to a stable network (seven agents). Thirdly, the network(Group A) Q g
authors analyze interpersonal comparison of utility. The “star-network

” was not found on the result of interaction among stable two small Q A large network g
networks. On the other hand, “decentralized network” was formed Q g
from several combination. In case of added one agent to a stable A smallstable Q

network (seven agents), if the value of “c”(maintenance cost of per network (Group B)

a link) was larger, the number of patterns of stable network was
also larger. In this case, the authors identified the characteristics q_fj
large stable network. The authors discovered the cases of decreasi
personal utility under condition increasing total utility.

g.gl. An idea of 4-4 agents cases

Keywords—Social Network, Symmetric Situation, Network Stabil-

ity, Agent-Based Modeling. A'Stable network of
seven agents

Addinga agent Q Q g
Q A large network Q
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I. INTRODUCTION

OCIAL 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 buyefg. 2. an idea of 7-1 agents cases
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. TABLE |

In this research, the authors analyze stable network shages DEGREE SEQUENCES OF STABLE NETWORK ANB-4 AGENTS CASES
which are the results of interaction among agents. In our
model, agents make a decision about relationship with oth The Degree Sequences of| The Cost of Maintaining Links
agents. This model is applied by modified connection modj Stable Networks (Value of )
(6] Group 1 | Group2 | 02|03 |04 |05|06]|07

In previous research [7],. the authors gsed our modifig] D 1143 1.1.1.3 vl T 1
connection model and carried out simulation of some cas
which were interactions among four, five, six, seven and eigll(2) 2,2,2,2 |1,1,1,3
agents. In this research, the authors apply this stable netwo
[7] to analyzing interaction among two stable social networks
Firstly, the authors focus on analyzing large networks (eigh(4) 1,1,2,2 [1,1,1,3
agents) by connecting different two stable small social ne
works (4-4 agents cases). A small stable network is consist
on four agents. Secondly, the authors analyze the network

(eight agents) shape which is added one agent to a stablepe authors built agent-based model for analyzing interac-

network (seven agents)(7-1 agents cases_)_. Thirdly, the authpsg among two small stable networks. The authors defined

analyze interpersonal comparison of utility on “7-1 agenifis cases as “4-4 agents cases”(Shown in Fig.1). The authors

cases”. built also agent-based model for analyzing interaction stable
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TABLE I
THE DEGREE SEQUENCES OF STABLE NETWORK ANB-1 AGENTS CASES
NO The Cost of Maintaining Links
Vs (Value of C)
W(®) = Ni(e =D = (j} Ni@t)= Nt~ DU {j} 02]03|04|05]|06|0.7
@ (6) = wi(3(0) @M = uGD)
[ [ 1) 1,1,1,1,1,2,5 vi|iv|v
Nj() = Ni(e =D - i) N@©) = Nt -1 u i}
0= wEw 0= o) L2 11134 Vi
g3 1,1,1,1,2,2,4 (a)
©
@ 11,112,244 O
[
>
o= ueD &l 1,111,233 (o
E 6 1,1,1,1,233 (@
=
M 1.1,1,2223 v
2
Z |8 1.1,22224
K™
§(® 1,1,22233
() = (6) = Ni(e () = 1(6) = Ny(e - @
Noom | | MOne-D Noom | | No-Na-D % (10) 1,2,2,2,2,2,3 v v
(%]
g (1) 2,222,222
()
3/(12) 2,2,2,2,2,3,3 vi|v|v
End (%
o [(13) 2,2,2,2,2,4,4 v
o
Fig. 3. Behavior rules of ageritand agen Eo (14) 2.2.2.2 2.5.5 v
2|4 2,2,22,2,5
é’ (15) 2,2,2,2,3,3,4 v
(16) 2,3,3,3,83,83,3 v
ui(g) = Z(;sw —|Ni(g)|e (17) 3,3,3,3,4,4,4 v
J#i

where left-hand side represents utility of agénfirst term of If agenti and agentj are not linked, they decides to keep

right-hand side represents that agertbtains positive effect or to connect their links. In case of connecting the link,

(e.g., valuable information, benefit) from directly or indirectly” . . ; &
linked agents.y represents that the more indirect links, th peighborhood (links) set of agents expressed asit), N;(1).

more effect is decreased. That is< 6 < 1 is given, Utilities of agenti is expressed a$;(t). Agent j is also

. . ._expressed same as that of agéent
Second term of right-hand side represents costs of malntaln-p g

ing links. Where,N;(g) is set of neighborhood (direct links)
of agenti, |N;(g)| is cardinalities of neighborhood. That is,
Ni(g) :={j € N :ij € g} is given.c is positive real number  Simulations of interaction among four agents were carried
and represents maintenance cost of per a link. out and got several network formations (Shown in TABLE 1)
Rules of their behavior are represented in fig3. In previo(ig] . TABLE | represents combinations of the degree sequences
research [7], the authors used this rules and got several staiflatable network and shows cases of value.oThe degree
network shapes. A network shape at perigdl i6 defined sequences 1113 of stable network were formed by value of
by ¢(t),t = 0,1,.... If every agent has not any links, that= 0.2, 0.3, 0.4, 0.5, 0.6, 0.7. The degree sequences 2222 of
network shapes are expressed;&¥). A neighborhood (links) stable network were formed by value of= 0.2. The degree
set of agent at period ) is expressed ad/;(¢) Utilities of sequences 1122 of stable network were formed by value of
agent: at period €) is expressed as;(t). A agenti and ¢ = 0.3, 0.4, 0.5, 0.6, 0.7. The check marks in the TABLE
agent;j are chosen randomly at periot).(A network shape is | represent results of [7] and show simulation cases in this
dependent on pasy(t — 1)) decision at that time. A network research (4-4 agents cases).
shape of this periog(t)) is depend on decision of agenand Firstly, the authors carry out combination cases of (1), (2),
agentj. (3), (4), (5) in TABLE I. These cases are carried out 1,000
If agent: and agentj are already linked, they decidestimes. There are 18 patterns. Therefore the authors are going
to keep or to cut their links. In case of cutting the linkfo get 18,000 data.
neighborhood (direct links) set of agentis expressed as Simulations of interaction among seven agents were carried
g(t) == g(t — 1)\ {ij}, Ni(t) := Ni(t —1)\ {j}. Utilities out and got several network formations (Shown in TABLE
of agenti is expressed a8;(t) := wu;(g(t)). Agentj is also Il) [7] . TABLE Il represents the degree sequences of stable
expressed same as that of agéent network and shows cases of valuecofThe degree sequences

I1l. CASES OFAGENT-BASED MODEL
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TABLE Il TABLE V
THE RESULT OF4-4 AGENTS CASESC = 0.2 THE RESULT OF1122AND 1113NETWORKS ON4-4 AGENTS CASES
c=02 (1) 1113-1113 (2) 2222-1113 (3) 2222-2222 (4) 1122-1113 c=03 c=04 c=05
The Degree  Total Appearance Total Appearance Total Appearance The Degree Total Appearance Total Utility Appearance Total Appearance
_Seauences Utility Ratio Utility Ratio Utility Ratio Sequences Utility Ratio Ratio Utility Ratio
23333444 34.80 21.9% 34.80 34.6% 34.80 18.1% 22223333 32.53 36.8% 30.53 38.3% 2853 31.4%
22222345 34.96 14.9% 34.96 10.0% 34.96 0.1% 11122234 31.55 32.7% 29.95 30.4% 2835 22.2%
22333344 34.88 13.5% 34.88 20.6% 34.88 6.6% 12222234 32.04 19.9% 30.24 19.9% 2844 22.9%
33333344 34.80 13.4% 34.80 12.1% 34.80 37.3% 12222333 31.78 7.5% 29.98 8.5% 28.18 6.2%
22223344 34.96 8.5% 34.96 2.3% 34.96 4.0% Two other forms, 3.1%  Two other forms, 2.9%.  Three other forms, 17.3%.
33333333 34.88 7.3% 34.88 12.7% 34.88 32.5%
Four other forms, 20.5%.  Three other forms, 7.7%. Two other forms, 1.4%. C=06 c=07
The Degree Total Appearance ... Appearance
TABLE IV 590“9"019;7”993 Ut‘IZ‘t5y57 e 29.3% TOtaIZLJ:I:; e 49.1%
THE RESULT OF1113AND 1113NETWORKS ON4-4 AGENTS CASES 20922233 26.13 19.6% 2433 0.8%
11122333 26.09 17.1%
(1) 1113-1113 €=03 c=04 €=05 11111234 26.25 15.5% 2485 18.7%
The Degree Total Appearance Total Appearance Total Appearance Four other forms, 18.5% Seven other forms, 314%.
Sequences Utility Ratio Utility Ratio Utility Ratio
12222234  32.04 696% 30.24 67.8% 28.44 74.9%
11111144 31.58 __ 10.9%  30.18 __ 11.9% 2878 __ 10.8% TABLE VI
12222333 31.78 7.7% 29.08 4.3% 28.18 0.3% THE RESULT OF1122AND 1122NETWORKS ON4-4 AGENTS CASES
11122234  31.55 48% 29.95 6.8% 2835 6.7%
Three other forms, 70%. Three other forms, 9.2%  Two other forms, 7.3%. (5) 1122-1122 c=03 c=04 c=05
C=06 c=07 The Degree Total Appearance Total Appearance Total Appearance
The Degree Total Appearance Total Appearance Seguences Utility Ratio Utility Ratio Utility Ratio
Sequences Utilty  Rafio Utilty  Ratio 22223333 32.53 48.9% 30.53 49.0% 2853 40.5%
33  26.13 44.2% 2433 42.9% 12222333 31.78 30.9% 2998 313% 28.18 26.8%
1 3 2557 15.6% 12222234 32.04 9.3% 30.24 9.6% 28.44 10.4%
11122333 26.09 13.6% 11122234 31.55 8.2% 29.95 8.4% 28.35 3.9%
11111144 27.38 8.4% 25.98 11.0% One other form, 2.7%. Two other forms, 1.7%. Two other forms, 18.4%.
11111234 26.45 45% 2424 38.2%
Four other forms, 13.7%. One other form, 7.9%. Cc=06 Cc=07
The Degree Total Appearance Total Appearance
Seguences Utility Ratio Utility Ratio

11222233 25.83 55.8% 24.23 42.7%
1111125, 1111134, 1122224, 1122233, and 2222233 of stal 22222233 26.13 19.7% 24.33 30.8%

network were formed by value of= 0.3, 0.4, 0.5. The degree 12222223 2557 19.1% 23.97 15.8%
sequences 1111224 ta)1111224 (b), 1122224, 1122233, Two other forms, 5:4% Six other forms. 1074
and 2222233 of stable network were formed by valuec of

= 0.6, 0.7. The degree sequences 1111233 and 2222222 o
stable network were formed by value of= 0.6. The degree N tI'ABLEIII was analyzed for tendency to form network

sequences 1111134 and 1111233 (d) of stable network wi péape. The authors define concentrated links to one agent (e.g.,

formed by value of = 0.7. The degree sequences 222224 € degree sequences 1113) as“star network”. The authors

2200055, 2222334, 2333333, and 3333444 of stable netwdR e also dispersed links (e.g., the degree sequences 2222)
were for€ned by va’llue of = 02 The check marks in the®s “decentralized network”. In cases of (1)1113-1113 and

TABLE Il represent results of [7] and show simulation cas )2222-1113 were formed the degree sequences 23333444,

S ) : 2345, 22333344 frequently. In case of (3)2222-2222
Lnatskgs research (7-1 agents cases). One agent is added to V\igﬁs?formed the degree sequences 33333344 and 33333333

Secondly, the authors carry out combination cases of quuently. The star network wasn't reformed by (1)1113-1113
@), () (43/ ®), 6), (7). ©) {g) (10), (11), (12), (13) (14§ .hd (2)2222-1113 cases. The range of degrees was from two to

(15), (16), (17) in TABLE II. These cases are carried out 1,0 fye: On the other hand, ﬂecentrallz?d network wafs reformed
times. There are 32 patterns. Therefore the authors are go |¥%(3)2222'2222 case. The range of degrees was from 3 to 4.
to get 32,000 data. Initial shapes affect large stable neiwork shapes.

Thirdly, the authors analyze interpersonal comparison ofThe resultg of (1)1113-1113 and= O'_3’ 04, 0.5, 06, 0.7
utility on each case of TABLE II. were shown in TABLE IV. In cases aof = 0.3, 0.4, 0.5 were

formed the degree sequences 12222234 frequently. In cases
of ¢ = 0.6, 0.7 were formed the degree sequences 22222233
IV. RESULTS OF THESIMULATION frequently. ¢ = 0.7 was also formed the degree sequences
A. 4-4 agents cases 11111234 frequently.

The result of 4-4 agents cases of the simulation, networkThe results of (4)1122-1113 and = 0.3, 0.4, 0.5, 0.6,
shape was categorized by value of’.“That is, network 0.7 were shown in TABLE V. In cases ef= 0.3, 0.4, 0.5
shapes ofc = 0.2, network shapes of = 0.3, 0.4, 0.5, were formed the degree sequences 22223333 and 11122234
and network shapes of = 0.6, 0.7. In case ot = 0.2, frequently. In cases of = 0.6, 0.7 were formed the degree

network shape of (1)1113-1113, (2)2222-1113, (3)2222-228gquences 12222223 frequently.

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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TABLE VI
THE RESULT OF CASES OF ADDING ONE AGENT TA111125NETWORKS

TABLE XlI
THE RESULT OF CASES OF ADDING ONE AGENT TA112223NETWORKS

(1) 1111125 c=03 c=04 c=05 (7) 1112223 Cc=0.6 c=07

The Degree Total Appearance  Total Appearance Total Appearance The Degree Total Appearance  Total Appearance

Sequences Utility Ratio Utility Ratio Utility Ratio Sequences Utility Ratio Utility Ratio
11122225 32.06 68.9% 30.46 71.2% 28.86 73.0% 11112233 2533 459% 23.93 43.3%
11111135 31.83 17.3% 30.43 13.1% 29.03 14.1% 22222233 2613 253% 24.33 44.2%
11111126 32.60 13.8% 31.20 15.7% 29.80 12.9% 11112224 2599 12.8% 2459 12.5%

Three other forms, 16.0%.
TABLE VI TABLE Xl

THE RESULT OF CASES OF ADDING ONE AGENT TA111134NETWORKS

THE RESULT OF CASES OF ADDING ONE AGENT TA122224NETWORKS

g_ﬁ);nnu c=03 c=04 c=05 c=06 (8) 1122224 c=03 C=04 c=05
e Degree Total Total Total pp! Total Appearance
Utility Ratio Utility _ Ratio Utilits Ratio Utility __Ratio The Degree Total Appearance  Total Appearance Total Appearance
11111234 31.55 70.8% 29.95 71.1% 2835 71.5% 25.05 44.5% Sequences Utility Ratio Utility _Ratio Utility _ Ratio
11111234 24.85 27.5% 12222234 32.04 47.5% 30.24 42.6% 28.44 57.2%
11111144  31.58 14.8% 30.18 14.3% 28.78 14.2% 2598 12.5% 11122234 31.55 33.8% 29.95 36.8% 28.35 29.4%
11111135 31.83 14.4% 30.43 14.6% 29.03 143% 26.23 15.5% 11122225 32.06 125% 30.46 13.4% 28.86 13.4%
12222333  31.78 6.2% 29.98 7.2%
TABLE IX TABLE XIV
THE RESULT OF CASES OF ADDING ONE AGENT Td 111224 §) THE RESULT OF CASES OF ADDING ONE AGENT TA122233NETWORKS
NETWORKS
(9) 1122233 c=03 c=04 c=05
(3) 1111224 Cc=06 c=07 The Degree Total Appearance  Total Appearance Total Appearance
The Degree Total Appearance Total Appearance Sequences Utility Ratio Utility Ratio Utility Ratio
Sequences Utility Ratio Utility __ Ratio 12222333 31.78 38.9% 29.98 36.8% 28.18 38.3%
11112224 25.99 31.2% 2459 28.2% 22223333 3253 33.5% 30.53 33.3% 28.53 34.7%
11 4 24.49 27.3% 11122234 31.55 27.6% 29.95 29.9% 28.35 27.0%
11111234  26.45 29.2% 25.05 27.2%
11111225  27.17 13.4% 25.77 17.3% TABLE XV
33 26.13 11.6% THE RESULT OF CASES OF ADDING ONE AGENT TA222223NETWORKS
Four other forms, 14.6%.
(10) 1222223 c=06 c=017
The Degree Total Appearance  Total Appearance
Sequences Utility Ratio Utility Ratio
TABLE X 11222233 2583 39.0% 2403 29.9%
THE RESULT OF CASES OF ADDING ONE AGENT Td 111224 ) 11222233 24.93 28.9%
NETWORKS 33 2613 37.2% 2433 28.7%
12222223 25.57 18.3%
(4) 1111224 =06 =07 11222224 24,49 12.5%
The Degree Total Appearance Total Appearance Three other forms, 5.5%.
Sequences Utility Ratio Utility Ratio
22222233  26.13 29.9% 2433 1.1%
11111234 2625 14.9% 2424 13.9% TABLE XVI
11111234 2485 13.8% THE RESULT OF CASES OF ADDING ONE AGENT T@222222AND
12222223 2557 14.2% 2222233NETWORKS
11111225  26.56 13.1% 25.16 15.5% _
11222233 25.83 12.6% 24,03 1.7% (TL‘)D””’” — £-08
e Degree otal ppearance
11222224 24.49 53.4% Sequences Utility Ratio
Three other forms, 15.3% Two other forms, 0.6%. 12222293 2557 100.0%
(12) 2222233 c=03 c=04 c=05
TABLE XI The Degree Total Appearance  Total Appearance Total Appearance
Sequences Utility Ratio Utility Ratio Utility Ratio
THE RESULT OF CASES OF Aoﬁéﬁsvg:ssAeENT TA111233 ¢) AND (d) 29993333 3253 55.8% 3053 588% 2853 58.0%
12222234 32.04 29.8% 3024 26.7% 28.44 26.9%
12222333 31.78 14.4% 29.98 14.5% 28.18 15.1%
(5) 1111233 c=06 (6) 1111233 c=017
'Sl'he Degree Eztla: stearance 'Srhe Degree E(tﬂia! gpsearance TABLE XVII
~=eduehoes T A0 ~eduences e THE RESULT OF7-1 AGENTS CASESC' = 0.2
11222233 25.83 50.8% 11222233 24.03 56.7%
11111234 26.25 16.2% 11111234 24.24 299%  (13) 9200044 c=02 (15) 2222334 c=02 (16) 2333333 c=02
11112233 25.33 12.7% 11111333 24.39 13.4%  [The Degres Total  Appearance [The Degree Total  Appearance [The Degree Total  Appearance
Utility Ratio Sequences Utility Ratio Sequences Utility Ratio
11111234 2645 12.6% 23333444 34.80 62.5% 22333344 34.88 40.2%) 33333344 34.80 45.5%)
11122333 26.09 7.7% 22222345 34.96 21.8%) 33333344 34.80 37.6%) 23333444 34.80 44.8%)
- - 55 34.96 15.7% 22222345 34.96 222% 22333344 3488 9.7%
(14) 2222255 c=02 (17) 3333444 c=02
The Degree Total Appearance [The Degree Total Appearance
Utility Ratio Sequences Utility Ratio
33333555 34.64 73.59‘;0‘ 44444444 34.56 58.6"é|
66 34.88 26.5%] 33333555  34.64 41.4%)
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TABLE XVIII TABLE XIX
THE CASE DECREASING PERSONAL UTILITY(1111224 §)) THE CASE DECREASING PERSONAL UTILITY(1111224 §), 1111233,
1222223)
(3) 1111224 (a) C=06
The Degree D A B c D E F G (4) 1111224 (b) C=06
1111224 | Degree | 1 1 1 1 2 2 4 The Degree D A B c D E F G
Total Utility Utiity | 3.144_3.144__27856 278562832 2.832 208 1111224 | Dogres | 1 ] ] 1 2 2 7
196032 | LinkedID] G G E F__GG DG ABEF Total Utility Utility | 3042 3.042 3.0416 25808 2576 296 _ 1.952
Dogres Sea D A B c D E F G H 191936 | LinkedID|_G G G E D.F EG ABGCF
12222223 | Degree | 3 2 2 1 2 2 2 2 @ 1111224 () C= 07
Total Utility Utiity | 2.804 3.114 3344 33232 31143216 3344 3216 The Denres ]
255744 | LinkedID|C.D.G_E.H _B.H B BF EG __AF__BGC s 1D A B c D E F G
Fw— D A B C D 3 F a H 1111224 | Degree | 1 1 1 1 2 2 4
11112233 | Degres | 3 2 1 1 2 1 3 1 Total Utility Utiity | 2.042 2942 29416 24808 2376 276 1552
Total Utility Utilty | 2.004 3216 33232 30928 3216 3.323  3.16 _ 3.0928 17.9936 | LinkedID| G G G E D.F EG AB.CF
25328 | LinkedID|C.F.G_G.H___A E DG A ABE B (5) 1111233 (b) C =07
Dogres Sea D A B c D E F G H The Degree D A B c D E F G
11112233 | Degree | 3 1 3 1 1 2 2 1 1111233 | Degres | 1 1 1 1 2 3 3
Total Utility Utiity | 3.16_3.083 2904 30928 3323 3216 __ 3216 _ 33232 Totl Uity Utliy | 2814 2814 2016 25832 2504 222 2092
25328 |LinkedID|C.FF.G G AEH F C_ _AD AB c 1794224 |Linked D] G a F E DF CEG ABF
Dogres Sea D A B c D F G H (10) 1222223 C-086
11222233 | Degree | 2 3 3 2 1 2 1 2 The Domres -
Total Utiity Utlty |3.114 3.032 3032 3.1136_ 3426 3344 34256 3344 s 1D A B ¢ b E F G
258304 |LinkedID| D.H C.F.G B.EH AF G __B.D B AC 1222223 | Degree | 1 2 2 2 2 2 3
Degres Seq D A P S ) £ F G H Total Utility Utility | 2914 2832 2704 26016 2704 2832 2392
22222233 | Degres | 2 3 5 5 2 2 2 3 189792 |LinkedlD]| G ©G BD CE DF EG ABF
Total Utility Utiity | 3.344 3032 3344 3344 3344 3344 3344 3032
26128 | LinkedlD| GH EFG EH FH BGC BD AB AGCD

1111224 (a) and (b) were same degree sequences, but network
shapes were different each other. In cases: of 0.6, 0.7
were formed the degree sequences 11112224 and 11111234
frequently. ¢ = 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 of= 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

were formed the degree sequences 22223333 and 12227 t‘,gvork shapes were different each other. In cases of 1111233

frequently. In cases of = 0.6, 0.7 were formed the degreeC ¢ =06, 1111233 (c)k = 0.7 were formed the degree

sequences 11222233 and 11111234 frequently.
sequences 11222233 and 22222233 frequently. The result of cases of adding one agent to 1112223 net-

works were shown in TABLE XII. In cases af = 0.6, 0.7
B. 7-1 agents cases were formed the degree sequences 11112233 and 22222233
The result of 7-1 agents cases of the simulation, netwoidequently. Tendency of occurrence frequency 11112233 was
shape was categorized by value of.“That is, network shapes similar. But variation of the degree sequences:en0.6 were
of ¢ = 0.2, network shapes aef = 0.3, 0.4, 0.5, and network more than cases aef = 0.7.
shapes of: = 0.6, 0.7. The result of cases of adding one agent to 1122224 networks
The results of cases of adding one agent to 11111@&re shown in TABLE XIll. In cases ot = 0.3, 0.4, 0.5
networks andc¢ = 0.3, 0.4, 0.5 were shown in TABLE were formed the degree sequences 12222234 and 11122234
VII. In cases ofc = 0.3, 0.4, 0.5 were formed the degredrequently.
sequences 11122225 frequently. Tendency of occurrence freThe result of cases of adding one agent to 1122233 networks
quency 11122225 was similar. were shown in TABLE XIV. In cases of = 0.3, 0.4, 0.5
The result of cases of adding one agent to 1111134 networksre formed the degree sequences 12222333 and 22223333
and ¢ = 0.3, 0.4, 0.5, 0.6 were shown in TABLE VIIl. In frequently. In cases af=0.3, 0.4, 0.5, tendency of occurrence
cases ofc = 0.3, 0.4, 0.5 were formed the degree sequencisquency was similar.
11111234 frequently. In cases of= 0.6 were also formed The result of cases of adding one agent to 1222223 networks
the degree sequences 11111234 frequently. Notice that in @iere shown in TABLE XV. In cases of = 0.6, 0.7 were
case of 11111234 were same degree sequences, but netiamked the degree sequences 11222233 frequently. In cases
shapes were different each other. of ¢ = 0.7, notice that in the case of 11222233 were same
The result of cases of adding one agent to 1111224 @ggree sequences, but network shapes were two types.
networks were shown in TABLE IX. Notice that in the case of The results of cases of adding one agent to 2222222

E3.1136
Total Utility = 19.6032

Total Utility = 25.5744

Fig. 4. Stable network shape of 1111224 and 12222223

The results of (1)1122-1122 and = 0.3, 0.4, 0.5, 0.6,
0.7 were shown in TABLE VI. In cases af= 0.3, 0.4, 0.5
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networks and:c = 0.6 were shown in TABLE XVI. In cases In case of (4) 1222223(by = 0.6 is shown in TA-
of ¢ = 0.6 were formed the degree sequences only 12222288 E XIX. If results of the simulation were degree se-
The result of cases of adding one agent to 2222233 netwofkgences 11112233 (total utility 25.328), 11122333 (26.0864)
were also shown in TABLE XVI. In cases of = 0.3, 0.4, or 12222223 (25.5744), then the degree of agent “4vas
0.5 were formed the degree sequences 22223333, 12222fz84 in some case. In addition personal utility of the agent
frequently. In cases af= 0.3, 0.4, 0.5, tendency of occurrencavas decreased.
frequency was similar.
In case of ¢ = 0.2, network shape of (13)2222244, V. CoNCLUSION
(14)2222255, (15)2222334, (16)2333333, (17)3333444 in TA-In this research, the authors analyzed interaction among two
BLE XVII was analyzed for tendency to form networkstable networks. Firstly the authors carried out simulation of
shape. Variation of the degree sequences on (14)2222255 4rflagents cases. The result of the simulation, some patterns
(17)3333444 were only two types. 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
C. Analyzing interpersonal comparison of utility on “7-1several combination.
agents cases” Secondly, the authors analyzed the network (eight agents)

d th K sh hich q hape which was added one agent to a stable network of
The authors analyzed the network shape which was a en agents (7-1 agents cases). The result of the simulation,

one agent t(_) a St"_‘ble network of seven a_gents (7-1 agei¥ost close to "star network” shapes (e.g. (1)1111125 and
cas.es). In thl_s_ section, the authors analyze interpersonal CC(E)_1111134) of stable network by seven agents became one
parison of ut|||ty_on “7-1 agents cases’. .. shape at a higher rate than that of other cases (e.g. (1)111115
In our model, |f_amoun_t of agents Was_added, total utility Qfacame 11122225 at about 70 percent ratio). In case=of
the network was increasing. Therefore, in a lot of cases, €agh patterns of network shape were two or three. In addition
personal utility of agents was increased by adding one ageffigency of degree sequences was "decentralized network”. In
to stable network. However, in some cases, despite adding @age of. = 0.3, 0.4 and 0.5, patterns of network shape were
agent to stable network, personal utility of some agents Wgsee or four. In case of = 0.6, patterns of network shape
decreased. were from five to eight except a case of (11) 2222222, In case
TABLE XVIiI represents the cases of (3)1111224(a 0.6  f . = 0.7, patterns of network shape were from three to eight.
and shows that utility of some agent was decreased despitgiQhe value of “c” was larger, the number of patterns of stable
added one agent. Stable network shape of seven agents ({dalork was also larger.
utility was 19.6032) is shown in Fig.4. Stable network shape Thjrdly, the authors analyzed interpersonal comparison of
after interaction among eight agents (total utility was 25-574ﬁlility on “7-1 agents cases”. In our model, if amount of
is also shown in Fig.4. Personal utilities of agent"and agent agents was added, total utility of the network was increasing.
“B " of Fig.4 were decreased by added one agent. Therefore, in a lot of cases, each personal utility of agents was
In cases of (4)1111224(by = 0.6 (shown in TABLE increased by adding one agent to stable network. However,
XIX), utility of agent “A " , agent “B” and agent “C’ are in some cases, despite adding one agent to stable network,
same. That is, these three agents are replaceable. If resultge&dbonal utility of some agents was decreased. The authors
the simulation were degree sequences 11112233 (total utilifigcovered patterns of decreasing personal utility oh “c 6
25.328), 11122333 (26.0864), 11222233 (25.8304), 122222337 For example, In case of (4) 1222223(b) 0.6, if degree
(25.5744), or 22222233 (26.128), then the degree on oneseljuences were 11112233 (total utility 25.328), 11122333
agent “A” , “B” and “C” was three. In addition personal(26.0864) or 12222223 (25.5744), then the degree of agent
utility of the agent was decreased. If results of the simulatiop ” was four in some case. In addition personal utility of the
were degree sequences 12222223 (total utility 25.5744) gjent was decreased.
11112233 (25.328), then the degree of agent “Was three.  |n this research, the authors identified the characteristics
In addition personal utility of the agent was decreased.  of a large stable network which was the result of interaction
In case of (4)1111224(h) = 0.7 is shown in TABLE XIX. among eight agents(“7-1 agents cases”). Especially, the thing
If results of the simulation were degree sequences 11111284t the authors discovered the cases of decreasing personal
(total utility 25.0544) or 11111144 (25.976), then the degregility under condition increasing total utility, has important
of agent “D” was four. In addition personal utility of the meaning. For instance, what that means is that if one company
agent was decreased. If results of the simulation were degegrers into an industry by easing of regulations, then total
sequences 11111234 (total utility 24.2352), then the degreewtifity of industry may increase, but utility of other companies
agent “D” was three in some case. In addition personal utilitmay decrease.
of the agent was decreased in some case. Our model can apply to concrete issues for social environ-
In case of (5)1111233 (k)= 0.6 is shown in TABLE XIX. ment.
If results of the simulation were degree sequences 11111234

(total utility 24.2352), then the degree of agent™For “G ” ACKNOWLEDGMENT
was four in some case. In addition personal utility of the agentThe authors would like to thank Kozo Keikaku Engineering
was decreased. Inc. for providing the Multi Agent Simulator, named “artisoc”.
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