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Abstract

We regard internal states of an automaton as emo-
tional states of an individual, its outputs as its ac-
tions towards another individual, and a parameter
a�ecting its state transition as a personal trait. We
therefore propose a representation of an individual
with emotional states and a certain personality, by
a stochastic automaton and a model of a group in
which each individual begins conversations with an-
other individual. The relations between individu-
als are generated from results of the conversations
based on the congruity theory in social psychology.

1 Introduction

Since the 1960s, many studies on computational mod-
els for emotion have been proposed[1][5]. The purpose
has been to represent the emotional process in one in-
dividual, blackboard models, production systems, neu-
ral networks, and so on have been used to model it. In
these studies, however, neither groups of individuals with
emotion nor relations between individuals or constraints
(from relations in individual dynamics) have been dealt
with.
In Arti�cial Life, on the other hand, groups that con-

sist of individuals with simple dynamics, relations gener-
ated through communications between the individuals,
and constraints from relations in individual dynamics
play major roles. However, emotional states and person-
alities of individuals have not been dealt with, although
some studies on emotion have employed mutual actions
between entities[3][4].
Some of the above models for emotion use production

rules to make a stimulus from the environment corre-
spond to an emotional state. We regard such correspon-
dence as a �nite state machine by regarding an internal
state of a �nite state machine as an emotional state of
an individual. More speci�cally, an input into this �nite
state machine is regarded as a stimulus from the envi-
ronment, and an output from the �nite state machine is
regarded as an action of an individual.
In this paper, we propose a simple representation of

an individual dynamics by using a stochastic automaton
and a model of a social group consisting of individuals
represented by automatons, and investigate properties in

the model. In particular, we focus on relations between
individuals and on generating these relations based on
an analogy from the theory on attitude changes in social
psychology.

2 Representation of a Group of

Individuals based on a Stochastic

Automaton

In this section, we de�ne a representation of an individ-
ual with emotional states and a certain personality by a
stochastic automaton.

2.1 Representation of an Individual by a

Stochastic Automaton

Let E = fE1; E2; : : : ; Emg be a set of symbols that rep-
resent emotional states and A = fA1; A2; : : : ; Amg be
a set of symbols that represent actions. We de�ne our
stochastic automaton whose internal state space is E and
whose input and output space is A as follows:

AT (r; f) =

fE;A;AC(r; �; �); EM(f; �; �); EF; �(f; r; �)g

r 2 [0; 1]D; f 2 [0; 1];

AC : [0; 1]D �E �A! [0; 1];

AC(r;Ei; Aj) : Probability that

the output is Aj

when the internal state is Ei;

EM : [0; 1]� A� A�E ! [0; 1]; (1)

EM(f;Aj ; Ak; El) : Probability that

the next internal state is El

when the input is Aj and the output is Ak;

EF (2 E): Halting tate;

�(f; r; Ei) : Probability that

the initial internal state is Ei0
B@
P

n

j=1
AC(r;Ei; Aj) = 1P

m

l=1
EM(f;Aj ; Ak; El) = 1

(i = 1; : : : ;m; j; k = 1; : : : ; n);P
m

i=1
�(F; r; Ei) = 1
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Here, r represents the personality parameter and f
represents the attitude towards an object for output.



Let em(t) 2 E be the internal state at discrete time t,
ac(t) 2 A be the output at t, and in(t) 2 A be the input
at t. Then, the relation em(t), ac(t) and in(t) share is
given as follows:

Prob(em(0) = Ei) = �(f; r; Ei) (2)

Prob(em(t+ 1) = Ei) = EM(f; in(t); ac(t); Ei)

Prob(ac(t) = Aj) = AC(r; em(t); Aj)

(i = 1; : : : ;m; j = 1; : : : ; n; t = 0; 1; : : :)

Let TREk(f; r) 2 Mm(R) be the state transition prob-
ability matrix in the case the input is Ak. From (1), we
can get TREk(f; r) as follows:

TREk(f; r) = (trek(f; r)ij ) 2Mm(R)

trek(f; r)ij = Prob(Ei ! Ej j input = Ak) (3)

=

nX
l=1

AC(r;Ei; Al)EM(f;Ak; Al; Ej)

(k = 1; : : : ; n; i; j = 1; : : : ;m)0
BBBBBB@

i:e:;

TREk(f; r) = AC(r)EMk(f) (k = 1; : : : ; n);

AC(r) 2M(R : m;n); EM k(f) 2M(R : n;m);
(AC(r))

ij
= AC(r; Ei; Aj)�

EMk(f)
�
ij
= EM(f;Ak; Ai; Ej)

Here, Mij is the (i; j) component of Matrix M

1
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We represent a conversation between an individual with
personality r and another individual with attitude f by
regarding AT (r; f) as the conversational dynamics of the
individuals. em(t) is regarded as the emotional state
of one individual at time t, ac(t) as the action of one
individual at time t, and in(t) as the action of the other
individual at atime t.

2.2 Representation of a Group of

Individuals

We de�ne a group of individuals with emotional states in
E and actions in A, by using the stochastic automaton
in subsection 2.1 as follows:

Indi =

ffi(t); emi(t); aci(t); ri; AT (ri; �); Fri(t); Gi(�)g

fi(t) = (fi1(t); fi2(t); : : : ; fiL(t)) 2 [�1; 1]L (4)

emi(t) 2 E; aci(t) 2 A; Fri(t) 2 [1;1)

ri 2 [0; 1]D; Gi : [1;1)� E �A! [1;1)

(i = 1; : : : ; L; L � 3; t = 0; 1; : : :)

Here, fi(t) is the vector for the attitude of the i{th in-
dividual toward the other individual, emi(t) is the emo-
tional state of the i{th individual, and aci(t) is the action
of the i{th individual at time t. Moreover, Fri(t) is the
frustration of the i{th individual at time t, ri is the per-
sonality parameter of the i{th individual, and Gi is a
function modifying Fri(t). Gi is de�ned as follows:

Gi(Fr; e; a) =

(
1:0 (e; a) 2 FRSRi

Fr + Ci (e; a) 2 FRSIi
Fr Otherwise

(5)

for (Fr; e; a) 2 [1;1)�E �A (i = 1; : : : ; L)�
FRSRi; FRSIi � E � A;
FRSRi \ FRSIi = 6
 ; Ci > 0

�

Equation (5) represents the situation in which the frus-
tration is refreshed when a particular action is done at a
particular emotional state, it is increased or maintained
in the other cases.
The major objective in this paper is to regard fi(t)

as the relations between individuals and to investigate
the dynamics of fi(t). We de�ne the procedure for the
generation of the relations between these individuals as
follows:
(a) Select any pair of individuals and execute the con-
versation between the selected individuals. (Note that
the other individuals do not change either their states or
attitudes and do not output any actions during the con-
versation between the selected individuals.)
(b) Modify the attitude of one individual toward the other
in (a) based on their emotional states at the end of the
conversation.
(c) Modify the attitudes of the other individuals toward
the individuals in (a) based on the attitudes modi�ed in
(b)
(d) Repeat (a),(b), and (c)

2.3 Representation of a Conversation

between Individuals

We de�ne the conversation starting at time t between
Indp and Indq (p; q = 1; : : : ; L; p 6= q) as follows:

f 0
pq
(t+ �) =

fpq(t) + 1

2Frp(t+ �)
; f 0

qp
(t+ �) =

fqp(t) + 1

2Frq(t+ �)
;

P rob(emp(t) = Ei) = �(f 0
pq
(t); rp; Ei)

Prob(emq(t) = Ei) = �(f 0
qp
(t); rq ; Ei)

Prob(acp(t+ �) = Aj) = AC(rp; emp(t+ �); Aj)

Prob(acq(t+ �) = Aj) = AC(rq ; emq(t+ �); Aj)

Prob(emp(t+ � + 1) = Ei) = (6)

EM(f 0
pq
(t+ �); acq(t+ �); acp(t+ �); Ei)

Prob(emq(t+ � + 1) = Ei) =

EM(f 0
qp
(t+ �); acp(t+ �); acq(t+ �); Ei)

Frp(t+ � + 1) =

Gp(Frp(t+ �); emp(t+ �); acp(t+ �))

Frq(t+ � + 1) =

Gq(Frq(t+ �); emq(t+ �); acq(t+ �))

(i = 1; : : : ;m; j = 1; : : : ; n; � = 0; 1; : : :)

Here, f 0
��(t+�) is the value with which the attitude f��(t)

is normalized in [0; 1] and which is a�ected by the frus-
tration Fr�(t+ �).
The conversation in equation (6) �nishes when the

conversation continues during a given time T (when
t = � ) or when emp(t+� ) = emq(t+� ) = EF . When the
conversation �nishes, the attitudes towards one another
are modi�ed based on the emotional states as follows:

fpq(t+ �) =

H(fpq(t) + prfp(rp; emp(t+ �)))

(p; q = 1; : : : ; L; q 6= p) (7)

prfp : [0; 1]
D �E ! R;



H : R! R; H(x) =

(
�1 (x < �1)
x (�1 � x � 1)
1 (x > 1)

Equation (7) shows that when the conversation �nishes,
the attitude of the individual that had executed the con-
versation toward the other is increased or decreased de-
pendent on the personality and emotional state of that
individual at the end of the conversation.
If f 0

pq
(t+�) and f 0

qp
(t+�) are constant during the con-

versation, we can represent the conversation in equation
(6) by a �nite Markov chain whose state space is E �E
as follows:

Prob ((Ei; Ej)! (Ek ; El)) =

nX
a=1

nX
b=1

0
B@

Prob(Aa j Ei in Indp)
�Prob(Ab j Ej in Indq)
�Prob(Ei ! Ek j Ab in Indp)
�Prob(Ej ! El j Aa in Indq)

1
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=

nX
a=1

AC(rp; Ei; Aa) trea(rq ; f
0
qp
(t))jl

�

nX
b=1

AC(rq ; Ej ; Ab) treb(rp; f
0
pq
(t))ik (8)

=

nX
a=1;v=1

�
AC(rp; Ei; Aa)� AC(rq ; Ej ; Av)
�EM(f 0

qp
(t); Aa; Av ; El)

�

�

nX
b=1;s=1

�
AC(rq ; Ej ; Ab)� AC(rp; Ei; As)
�EM(f 0

pq
(t); Ab; As; Ek)

�

(i; j; k; l = 1; : : : ;m)0
BBBBBBBB@

i:e:;
P rob ((Ei; Ej)! (Ek; El)) =�

AC(rp)EMl(f
0
qp
(t))tr(AC(rq))

�
ij

�
�
AC(rq)EMk(f

0
pq
(t))tr(AC(rp))

�
ji

EMk(f) 2Mn(R) (k = 1; : : : ;m)
(EMk(f))ij = EM(f;Ai; Aj ; Ek)

tr(M) : the transpose of Matrix M

1
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3 Generation of Relations between

Individuals based on an Analogy

from Social Psychology

During a conversation between one individual and an-
other in equation (6), we do not change the emotional
states of the other individuals and do not deal with their
output actions. At the end of the conversation, they
modify their attitudes towards the two individuals that
did the conversation based on the congruity theory[2].

3.1 Modi�cation of Relations based on the

Congruity Theory

The congruity theory predicts attitude changes in com-
munications based on cognitive consistency. Cognitive
consistency is based on the idea that humans have a
basic requirement: they want to maintain consistency
in their beliefs, attitudes, and actions for objects; if in-
consistencies exist, they cause displeasure. Humans are
motivated to reduce displeasure.

In the congruity theory or some theories on cognitive
consistency, a person (P ), a concept toward which P has
an attitude (C), and a message source that refers to C
(S) are dealt with. In these theories, the balance in the
attitude of P for C (PC), that of P for S (PS), and the
message of S for C (SC) are major problems.
The balance theory de�nes that if the sign of the prod-

uct of PC, PS, and SC is positive, the situation is bal-
anced; if it is negative, the situation is inbalanced.
In the congruity theory, the changes in values of PC

and PS is determined to balance the situation based on
the following equations (from [2]):

The Change in PS =W (SC; PC; PS)

=

(
jPCj

jPCj+jPSj
(PC � PS) (SC > 0)

jPCj

jPCj+jPSj
(�PC � PS) (SC < 0)

(9)

The Change in PC =W (SC; PS; PC)

If SC is positive, PC and PS are modi�ed to the same
value. If SC is negative, PC is modi�ed to a value whose
absolute value is the same as that of PS and whose sign
is the reverse of that of PS: that is, the attitudes are
modi�ed so that the situation is balanced and the bias
between the attitudes is canceled.

Balanced Situations
C

P S

PC SC
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+

+
C
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--
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+
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C
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P S-

-

-

- +

+ -

Figure 1: Balanced and Inbalanced Situations in the Bal-
ance Theory (from [2])

Now, we assume that Indp and Indq start the con-
versation at time t and �nish at time t + � . We regard
the attitude of Indp toward Indq as the message from
Indp to Indq and the attitude of Indq toward Indp as
the message from Indq to Indp, and de�ne the modi�-
cation of the attitudes of Inds(s 6= p; q) based on (9) in
the following:

fsp(t+ �) = H

�
fsp(t) +

1

2
W (fpq(t+ �); fsq(t); fsp(t))



+
1

2
W (fqp(t+ �); fsq(t); fsp(t))

�
(10)

fsq(t+ �) = H

�
fsq(t) +

1

2
W (fpq(t+ �); fsp(t); fsq(t))

+
1

2
W (fqp(t+ �); fsp(t); fsq(t))

�
(Here, W (0; �; �) � 0; W (�; 0; 0) � 0)

Here, H is the normalization function de�ned in (7).

3.2 Balanced Situations in the group

We generate the relations between the individuals by
repeating the conversation in (6) and the modi�ca-
tions of the relations in (7) and (10). When the rela-
tion for any combination of three individuals is a bal-
anced situation in the sense of the balance theory in 3.1
(i:e:; fpq(t)fsp(t)fsq > 0 for 8p 8q( 6= p) 8s( 6= p; 6= q)),
we say that the group is balanced; otherwise, we say
that the group is inbalanced.
Now, we assume that the group is balanced. By this

assumption, the i{th individual and the j{th individual
exist such that the i{th individual has a positive attitude
toward the j{th individual. If the other k{th individual
has a positive attitude toward the i{th individual, it also
has a positive attitude toward the j{th individual, and
thus the j{th individual has a positive attitude toward
the i-th individual by the assumption. Similarly, if the
k{th individual has a negative attitude toward the i{th
individual, it also has a negative attitude toward the j{
th individual; the j{th individual has a positive attitude
toward the i{th individual. Furthermore, if another l{
th individual has an attitude toward the i-th and j{th
individuals whose sign is the same as that of the k-th
individual, the k{th and l{th individuals have a positive
attitude for each other. Thus, if the group is balanced,
only the following two cases are possible:

1. Case 1: Every individual has a positive attitude to-
ward the other individuals.

2. Case 2: The group is separated into two subgroups.
Every individual in one subgroup has a positive at-
titude toward the other individuals in the same sub-
group and a negative attitude toward all individuals
in the other subgroup.

For each i(> 1), we assign 0 if the i{th individ-
ual belongs to the subgroup including the 1st individ-
ual (i:e:; fi1(t) > 0) and 1 if the i{th individual be-
longs to the subgroup not including the 1st individual
(i:e:; fi1(t) � 0). By using bit value bi(i = 2; : : : ; L), we
can number all balanced situations with the following N :

N =

L�2X
i=0

bL�i2
i; bi =

�
0 (fi1(t) > 0)
1 (fi1(t) � 0)

(11)

Thus, a total of 2L�1 balanced situations are possible.
Figure 2 shows the case of L = 4.
Moreover, we de�ne the degree of balance in the group

at time t as follows:

DB(t) =
1

L(L� 1)(L� 2)
� (12)
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3 4
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34
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Figure 2: All Possible Balanced Situations and their
Numberings (the case of L = 4)

X
i6=j

k>j;k 6=i

(fij(t)fik(t)fkj(t) + fij(t)fik(t)fjk(t))

This degree of balance can also be de�ned for inbalanced
situations. By the de�nition, DB(t) has the maximum
value of 1.0 if every individual has the maximum attitude
of 1.0 toward the other individuals and has the minimum
value of -1.0 if every individual has the maximum atti-
tude of -1.0 toward the other individuals.

4 One Example

The concrete description of the model we propose in Sec-
tions 2 and 3 depends on the following elements:
The set of emotional states for the stochastic automa-
ton: E in (1)
The set of action for the stochastic automaton: A in (1)
The dimension of the personality parameters: D in (1)
The halting state of the stochastic automaton: EF in
(1)
The initial state probability dependent on personality r
and attitude f : �(r; f; �) in (1)
The emotion{action probability matrix dependent on
personality r: AC(r) in (3)
The action{emotion probability matrices dependent on
attitude f : EM i(f) (i = 1; : : : ; n) in (3)
The degree of increase of frustration: Cp (p = 1; : : : ; L)
in (5)
The set of pairs of emotional state and action that re-
freshes the frustration: FRSRp (p = 1; : : : ; L) in (5)



The set of pairs of emotional state and action that in-
creases the frustration: FRSIp (p = 1; : : : ; L) in (5)
The functions that determine the change of attitude
at the end of conversation dependent on personality r:
prfp(r; �) (p = 1; : : : ; L) in (7)
We give one concrete example for the above elements

in the following:

E1 = "anger"; E2 = "hatred"; E3 = "fear";

E4 = "pleasure"; E5 = "sadness";

E6 = "neutrality"

A1 = "rebound"; A2 = "cooperation";

A3 = "disregard"

EF = E4 = "pleasure"; D = 10
BBBBB@

�(f; r; E1)
�(f; r; E2)
�(f; r; E3)
�(f; r; E4)
�(f; r; E5)
�(f; r; E6)

1
CCCCCA =

0
BBBBB@

0:0
(1� f)r
1� r
0:0
0:0
fr

1
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AC(r) =

0
BBBBB@

0:5r 1� r 0:5r
r 0:5(1� r) 0:5(1� r)

0:5r 1� r 0:5r
0:1(1� r) 0:8 + 0:2r 0:1(1� r)

0:1r 1� 0:9r 0:8r
0:3r 1� 0:7r 0:4r

1
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EM1(f) =

 
1� f 0:0 0:0 0:0 f 0:0
1� f f 0:0 0:0 0:0 0:0
0:0 0:0 f 0:0 0:0 1� f

!

EM2(f) =

 
0:0 0:0 f 0:0 0:0 1� f
0:0 0:0 0:0 f 0:0 1� f
0:0 0:0 f 0:0 0:0 1� f

!

EM3(f) =

 
f 0:0 0:0 0:0 0:0 1� f

1� f 0:0 0:0 0:0 f 0:0
0:0 0:0 0:0 0:0 f 1� f

!

FRSRp =

�
(E1; A1); (E2; A1); (E4; A4);
(E5; A1); (E5; A2)

�

FRSIp =

(
(E1; A2); (E2; A2); (E2; A3);
(E3; A1); (E3; A2); (E3; A3);
(E4; A1); (E4; A3)

)

Cp = 1:0 (p = 1; : : : ; L)

(prfp(r; E1); : : : ; prfp(r; E6)) =

(1� r)(�0:5;�0:5;�0:5; 0:5;�0:5; 0:0)

From the above probability matrices, we can get the
state transition probabilities in the conversation in (8);
in particular, the probability of transition from every
state (Ei; Ej) to the halting state (EF;EF ) in the fol-
lowing:

Prob(Ei; Ej ! EF;EF ) =

f 0
pq
(t)f 0

qp
(t) (AC(rp)i2)

2
(AC(rq)j2)

2

(i; j = 1; : : : ; 6)

In this example, if the attitudes toward each other are
positive, the conversation is easy to end at the halting

state ("pleasure"; "pleasure"). Moreover, if the person-
alities are low, the action "cooperation" is easy to be
selected, and thus the conversation is easy to end at
("pleasure"; "pleasure"). If the personality is low, how-
ever, the frustration tends to become high and the at-
titude drastically changes. In this case, the transition
probabilities tend to change frequently and the group
becomes unstable. If the personality is high, in contrast,
the frustration tends not to become high and the attitude
does not drastically change. Therefore, the transition
probabilities tend not to change frequently. However,
the action "cooperation" is not easy to be selected.

5 Simulations for the concrete model in

Section 4

We executed simulations for the concrete model de�ned
in Section 4 and investigated changes in the relations
in the group. In the simulations, we let the longest
conversation time T be 5 or 15 and the conversations
for all pairs of individuals be one round. One hun-
dred thousand rounds were executed. Moreover, we let
�i (i = 1; : : : ; 105) be the time when the i{th round �n-
ished.
In this paper, we focused on the simplest group which

consists of three individuals with the same personality
(i:e:; L = 3, r1 = r2 = r3). Note that the total number
of balanced situations is 3.). We prepared nine kinds of
personality parameters: ri = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, and 0.9, and evaluated the rate at which each
balanced situation in the group appeared through one
hundred trials, the situation and the degree of balance
in the group at each time �i (i = 1; : : : ; 105) for each
case.
(In the following �gures, the horizontal axis is the trial
number (i = 1; : : : ; 105))

5.1 Results of Simulations

Table 1 shows the rate at which each situation in the
group appeared through one hundred thousand rounds
in one hundred trials for each case. Table 2 shows the
average number of times that the situation changed and
the average number of balanced situations appearing
through one hundred thousand rounds in one hundred
trials for each case.
When the personality was low and the longest con-

versation time was short, the situation in the group
frequently transited between several situations and the
group was unstable. Figure 3 shows one example of tran-
sitions in balanced situations in the case of T = 5 and
ri = 0:2. In this case, the situation frequently transited
between all situations.
As the personality became higher, the rate at which

situation 0 (the situation where all individuals had a
positive attitude for each other) appeared became lower
and the changes in situation became less. Figure 4 shows
one example of transitions in balanced situations in the
case of T = 5 and ri = 0:8. In this case, the group
situation quickly became one of the balanced situations
other than at situation 0 and the group was stable.



r 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
[T = 5] Balanced Situation 0 12.2 9.8 2.6 0.3 0.0 0.0 0.0 0.0 0.0
[T = 5] Balanced Situation 1 30.1 30.3 31.6 33.6 36.3 34.9 27.2 26.7 23.6
[T = 5] Balanced Situation 2 27.1 31.1 31.9 30.5 34.7 27.6 38.6 36.0 39.4
[T = 5] Balanced Situation 3 29.5 28.3 33.7 35.5 28.9 37.5 34.2 37.3 37.0
[T = 5] Inbalanced Situation 1.1 0.5 0.2 0.1 0.0 0.0 0.0 0.0 0.0

[T = 15] Balanced Situation 0 91.8 91.3 96.8 84.1 72.1 41.4 3.0 0.0 0.0
[T = 15] Balanced Situation 1 2.2 4.0 2.0 5.5 11.6 16.9 30.1 34.0 31.0
[T = 15] Balanced Situation 2 3.1 3.0 1.2 6.4 6.4 21.3 38.4 35.0 31.0
[T = 15] Balanced Situation 3 2.9 1.7 0.0 4.0 9.9 20.4 28.5 31.0 38.0
[T = 15] Inbalanced Situation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table 1: The rate (%) at which each situation appeared for each case

r 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
[T = 5] number of change 87.4 60.1 29.4 13.6 5.8 3.0 1.9 1.4 1.2
[T = 5] number of situations 4.0 4.0 4.0 3.8 3.0 2.2 1.7 1.3 1.2

[T = 15] number of change 3.0 1.4 1.1 1.1 1.2 1.2 1.4 1.3 1.2
[T = 15] number of situations 1.9 1.3 1.1 1.1 1.2 1.2 1.4 1.3 1.1

Table 2: The average number of times that the situation changed and the average number of balanced situations
appearing for each case

When the personality was low and the longest con-
versation time was long, the rate at which situation 0
appeared was very high and the change of the situation
was little. Figure 5 shows one example of transitions in
balanced situations in the case of T = 15 and ri = 0:2.
In this case, the group situation quickly became like sit-
uation 0 and the group was stable. As the personality
became higher, the rate at which situation 0 appeared
became lower like in the case where the longest conver-
sation time was shorter.
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Figure 3: One Example of Transitions in the Situations
in the Case of T = 5 and ri = 0:2 (the virtual axis: the
situation number de�ned in (11))
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Figure 4: One Example of Transitions in the Situations
in the Case of T = 5 and ri = 0:8
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Figure 5: One Example of Transitions in the Situations
in the Case of T = 15 and ri = 0:2

Figures 6, 7, 8, and 9 show transitions in the degree
of balance in the group for the case of T = 5 and ri =
0:2, T = 5 and ri = 0:8, T = 15 and ri = 0:2, and
T = 15 and ri = 0:8. When the personality was low
and the longest conversation time was short, the degree
of balance changed more widely than the other case and
the group showed instability. As the personality became
higher and the longest conversation time became longer,
the width in the change of the degree of balance became
more narrow and the group became more stable.

5.2 Discussion

For the above results, we can consider the following dis-
cussion.

In the concrete mode de�ned in Section 4, the indi-
vidual with a low personality tends to increase the frus-
tration and change the attitude toward its conversation
partner frequently. Thus, when the personality is low,
the situation frequently changes. However, because the
individual with a low personality tends to select a coop-
eration action, the frustration tends to decrease and the
conversation tends to end at the halting state when the
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Figure 6: Transition in the Degree of Balance in the Group for the Case of T = 5 and ri = 0:2 (the vertical axis: the
degree of balance in the group DB(�i) de�ned in (12))
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Figure 7: Transition in the Degree of Balance in the Group for the Case of T = 5 and ri = 0:8
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Figure 8: Transition in the Degree of Balance in the Group for the Case of T = 15 and ri = 0:2
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Figure 9: Transition in the Degree of Balance in the Group for the Case of T = 15 and ri = 0:8

longest conversation time is long.

Figures 10, 11, 12, and 13 show transitions in the aver-
age frustration on three individuals for the case of T = 5
and ri = 0:2, T = 5 and ri = 0:8, T = 15 and ri = 0:2,
and T = 15 and ri = 0:8. In fact, the frustration is re-
duced more as the personality is lower and the longest
conversation time is longer. Thus, the situation where
all individuals have a positive attitude toward each other
easily appears in the case where the personality is low.
On the other hand, the individual with a high person-
ality tends not to increase the frustration and not to
change the attitude toward its conversation partner fre-
quently. Thus, the situation does not frequently change.
However, because the individual with a high personal-
ity tends not to select a cooperation action, the group is
easily separated.

6 Conclusion

We proposed a model representing a group that consistes
of individuals with emotional states by using a stochastic
automaton and an analogy of social psychology. More-
over, we investigated the properties of the model by ex-
ecuting simulations for a concrete case.

This model imitates only a part of the relationship
between actions and emotional states in humans, and
does it quite wildly. Furthermore, there is no guaran-
tee that the properties in the model re
ect some social
phenomena in the real world. In order to re
ect real
social phenomena, we need to consider many levels of
emergence: the relationship between person perception
in individuals and generation of structures of society, the
relationship between desires in individuals and survival
strategies of individuals under structures of society, and
so on.
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Figure 10: Transition in the Average Frustration on Three Individuals for the Case of T = 5 and ri = 0:2 (the
vertical axis: the average of Frp(�i) de�ned in (1) on all of the individuals)
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Figure 11: Transition in the Average Frustration on Three Individuals for the Case of T = 5 and ri = 0:8

1

50

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

Figure 12: Transition in the Average Frustration on Three Individuals for the Case of T = 15 and ri = 0:2
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Figure 13: Transition in the Average Frustration on Three Individuals for the Case of T = 15 and ri = 0:8
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