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The probability of 퐿
퐴

 with high ability is 푃
퐴

; The probability of 퐻
퐴

 with low 

ability is （１－푃
퐴
）; 퐿

퐴
’s probability of seeking help is 푞; its probability of not seeking 

help １ − 푞; The probability of 퐻
퐴
’s help-seeking is 푞’; Its probability of not seeking for 

help is − 푞’. Let the probability of 퐿
퐴

 be 푃
퐴

, the probability of 퐻
퐴

 be （１－푃
퐴
）. 

Let the probability of 퐿
퐵

 be 푃
퐵

, the probability of퐻
퐵

 be （１－푃
퐵
）. The probability of 

퐿
퐵

 giving help is 푟’, its probability of not help is − 푟’. The probability of 퐻
퐵

 giving 

help is 푟, its probability of not help is − 푟. Thus, the belief of player A and B at 

each point is: 

훾 =
(1－푃퐵 )푞푃퐴

푞푃퐴 1－푃퐵 +푞’ 1－푃퐵 (1－푃퐴 )
=

푞푃퐴

푞푃퐴 +푞’(1－푃퐴 )
、 1 − 훾 =

푞’(1－푃퐴 )

푞푃퐴 +푞’(1－푃퐴 )
、

 휌 =
푃퐵 푞푃퐴

푞푃퐴 푃퐵 +푞’푃퐵 (1－푃퐴 )
=

푞푃퐴

푞푃퐴 +푞’(1－푃퐴 )
、 1 − 휌 =

푞’(1－푃퐴 )

푞푃퐴 +푞’(1－푃퐴 )
、

휀 =
( －푃퐵 )푞푃퐴 푟

푞푃퐴 －푃퐵 푟 푞푃퐵 푃퐴 푟’
=

( －푃퐵 )푟

－푃퐵 푟 푃퐵 푟’
、 1 − 휀 =

푃퐵 푟’

1－푃퐵 푟+푃퐵 푟’
、

휇 =
(1－푃퐵 )(1－푃퐴 )푞’푟

푞’ 1－푃퐵 (1－푃퐴 )푟+푞’푃퐵 (1－푃퐴 )푟’
=

(1－푃퐵 )푟

1－푃퐵 푟+푃퐵 푟’
、 1 − 휇 =

푃퐵 푟’

－푃퐵 푟 푃퐵 푟’
、

휃 =
(1－푃퐵 )푃퐴 푞(1−푟)

푞 1－푃퐵 푃퐴 (1−푟)+푞푃퐵 푃퐴 (1−푟’)
=

(1－푃퐵 )(1−푟)

1－푃퐵 (1−푟)+푃퐵 (1−푟’)
、 1 − 휃 =

푃퐵 (1−푟’)

1－푃퐵 (1−푟)+푃퐵 (1−푟’)
、

휋 =
(1－푃퐵 )(1−푃퐴 )푞’(1−푟)

푞’ 1－푃퐵 (1−푃퐴 )(1−푟)+푞’푃퐵 (1−푃퐴 )(1−푟’)
=

(1－푃퐵 )(1−푟)

1－푃퐵 (1−푟)+푃퐵 (1−푟’)
、1 − 휋 =

푃퐵 (1−푟’)

1－푃퐵 (1−푟)+푃퐵 (1−푟’)
、

훿 =
(1−푞)푃퐴 1－푃퐵

(1−푞)푃퐴 1－푃퐵 +(1−푞’) 1－푃퐵 (1－푃퐴 )
=

(1−푞)푃퐴

(1−푞)푃퐴 +(1−푞’)(1－푃퐴 )
、

1 − 훿 =
(1−푞’) 1－푃퐵 (1－푃퐴 )

(1−푞)푃퐴 1－푃퐵 +(1−푞’) 1－푃퐵 (1－푃퐴 )
=

( 푞’)( －푃퐴 )

( 푞)푃퐴 ( 푞’)( －푃퐴 )
 

Therefore, if player A seeks for help, player B is in two situations: help and not 

help. Take the utility of player A when player B helps as 푈
퐴푠푒푒푘푂

, and the utility of 

player A when player B doesn't help A as 푈
퐴푠푒푒푘푋

. Thus, 

 

푈
퐴 푆푒푒푘푂

= −훼
퐴

퐸
퐵

푎
퐴 푆푒푒푘

− 푎
퐴

− 훽
퐴

푐푎
퐵
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푈
퐴 푆푒푒푘푋

= −푎
퐴

푐 − 훼
퐴

퐸
퐵

푎
퐴 푆푒푒푘

− 푎
퐴

 

Player A's utility is: 

 

푈
퐴 푆푒푒푘

= 푃
퐵

푟’푈
퐴 푆푒푒푘푂

+ 1 − 푟’ 푈
퐴 푆푒푒푘푋

+ 

(1 − 푃
퐵

)[푟푈
퐴 푆푒푒푘푂

+ (1 − 푟)푈
퐴 푆푒푒푘푋

] 

 

푈
퐴 푁표푡 푠푒푒푘

= −푎
퐴

푐 − 훼
퐴

퐸
퐵

푎
퐴 푁표푡 푠푒푒푘

− 푎
퐴

 

 

In the case of 퐻
퐴

 with high ability: 

퐸
퐵

푎
퐴−푆푒푒푘

− 퐻
퐴

= 1 − 푃
퐵

퐿
퐴

훾 + 퐻
퐴

1 − 훾 + 푃
퐵

퐿
퐴

휌 + 퐻
퐴

1 − 휌 − 퐻
퐴

 

= 퐿
퐴

훾 + 퐻
퐴

1 − 훾 − 퐻
퐴

> 0 

퐸
퐵

푎
퐴−푁표푡 푠푒푒푘

− 퐻
퐴

= 1 − 푃
퐵

퐿
퐴

훿 + 퐻
퐴

1 − 훿 + 푃
퐵

퐿
퐴

휎 + 퐻
퐴

1 − 휎 − 퐻
퐴

 

= 퐿
퐴

훿 + 퐻
퐴

1 − 훿 − 퐻
퐴

> 0 

 

Therefore, 훼
퐴

 of both parties is 훼
퐴

.  Player A's utility in seeking help is: 

 

푈
퐴 푆푒푒푘

= 푃
퐵

푟’푈
퐴 푆푒푒푘푂

+ 1 − 푟’ 푈
퐴 푆푒푒푘푋

 

+(1 − 푃
퐵

)[푟푈
퐴 푆푒푒푘푂

+ (1 − 푟)푈
퐴 푆푒푒푘푋

] 

= [푃
퐵

푟’ + (1 − 푃
퐵

)푟]푈
퐴 푆푒푒푘푂

+ [푃
퐵

1 − 푟’ + (1 − 푃
퐵

)(1 − 푟)]푈
퐴 푆푒푒푘푋

 

= [푃
퐵

푟’ + 1 − 푃
퐵

푟]{−훼
퐴1

퐿
퐴

훾 + 퐻
퐴

1 − 훾 − 퐻
퐴

− 훽
퐴

푐푎
퐵

} + [푃
퐵

1 − 푟’

+ 1 − 푃
퐵

1 − 푟 ]{−푐퐻
퐴

− 훼
퐴1

퐿
퐴

훾 + 퐻
퐴

1 − 훾 − 퐻
퐴

} 

Player A's utility when he doesn't seek for help is: 

푈
퐴 푁표푡 푠푒푒푘

= −푎
퐴

푐 − 훼
퐴

퐸
퐵

푎
퐴 푁표푡 푠푒푒푘

− 푎
퐴
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compare the difference of the utility of players’ different selection. 

In the case of 퐻
퐵

 : 

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

 

= −퐻
퐵

푐 − 훼
퐵1

 퐿
퐵

(1 − 휀) + 퐻
퐵

휀 − 퐻
퐵

+ 훼
퐵1

퐿
퐵

(1 − 휃) + 퐻
퐵

휃 − 퐻
퐵

+ 훽
퐵

푐푎
퐴
 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

In the case of L  : 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

 

= −퐿
퐵

푐 − 훼
퐵2

퐸
퐴

푎
퐵 퐻푒푙푝

− 퐿
퐵

+ 훼
퐵2

퐸
퐴

푎
퐵 푁표푡 ℎ푒푙푝

− 퐿
퐵

+ 훽
퐵

푐푎
퐴
 

= −퐿
퐵

푐 − 훼
퐵2

퐿
퐵

(1 − 휀) + 퐻
퐵

휀 − 퐿
퐵

+ 훼
퐵2

퐿
퐵

(1 − 휃) + 퐻
퐵

휃 − 퐿
퐵

+ 훽
퐵

푐푎
퐴

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

In the case of 퐻 : 

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푆푒푒푘

 

= [푃
퐵

푟’ + 1 − 푃
퐵

푟]{−훼
퐴1

퐿
퐴

훾 + 퐻
퐴

1 − 훾 − 퐻
퐴

− 훽
퐴

푐푎
퐵

} + [푃
퐵

1 − 푟’

+ 1 − 푃
퐵

1 − 푟 ] −푐퐻
퐴

− 훼
퐴1

퐿
퐴

훾 + 퐻
퐴

1 − 훾 − 퐻
퐴

+ 퐻
퐴

푐 + 훼
퐴1

퐿
퐴

훿 + 퐻
퐴

1 − 훿 − 퐻
퐴

 

= −훼
퐴1

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐻
퐴

− 훽
퐴

푎
퐵

) 

In the case of 퐿
퐴

  : 

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 

= [푃
퐵

푟’ + 1 − 푃
퐵

푟]{−훼
퐴2

퐿
퐴

훾 + 퐻
퐴

1 − 훾 − 퐿
퐴

− 훽
퐴

푐푎
퐵

} + [푃
퐵

1 − 푟’

+ 1 − 푃
퐵

1 − 푟 ] −푐퐿
퐴

− 훼
퐴2

퐿
퐴

훾 + 퐻
퐴

1 − 훾 − 퐿
퐴

+ 퐿
퐴

푐 
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+훼
퐴2

퐿
퐴

훿 + 퐻
퐴

1 − 훿 − 퐿
퐴

 

= −훼
퐴2

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

Player belief: 

휀 =
1－푃

퐵
푟

1－푃
퐵

푟 + 푃
퐵

푟’
、휃 =

1－푃
퐵

1 − 푟
 、휌 =  훾 =

푞푃
퐴

푞푃
퐴

+ 푞’ 1－푃
퐴

、  

훿 =
1 − 푞 푃

퐴

1 − 푞 푃
퐴

+ 1 − 푞’ 1－푃
퐴

、 

Furthermore, B with high ability can expect A’s ability as 푎
퐴

=  훾 퐿
퐴

+ (1 −

훾) 퐻
퐴

 .The ability of B with low ability can expect A’s ability as 푎
퐴

=  휌 퐿
퐴

+ (1 −

휌) 퐻
퐴

 We thus substitute them into utility function. In addition, Player A with either 

the high ability or low ability would decide to seek help or not, player B with either 

the high ability or low ability would decide to help or not. When player A is helped by 

player B with high ability, r = 1; when player B with high ability doesn't help, r = 0; 

when player B with low ability helps, 푟’ = 1; when player B with low ability doesn't 

help, 푟’ = 0 When player A with low ability seek for help, q = 1; when player A with 

low ability doesn't seek for help, q = 0; when player A with high ability seeks for help 

푞’ = 1, when player A with high ability doesn't seek for help 푞’ = 0. In summary, 

there are situations including  푟 = 1, 푟 = 0, 푟’ = 1, 푟’ = 0, 푞 = 1, 푞 = 0, 푞’ = 1, 푞’ = 0. As 

a result, there are 16 combinations. According to calculating there are nine 

equilibriums. The following section will discuss these equilibriums.  

The first equilibrium is: 퐻
퐵

 help; 퐿
퐵

  not help; 퐿
퐴

 seek; 퐻
퐴

 not seek 

① 푟 = 1, 푟’ = 0, 푞 = 1, 푞’ = 1 

In the case of 퐻
퐵

: 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

) + 푐(훽
퐵

 [ 푃
퐴

퐿
퐴

+ 1 − 푃
퐴

퐻
퐴

] − 퐻
퐵

) 

In order to meet the condition 푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 푒푙푝

> 0, there must be: 
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Case 1퐵：                           Case 2퐵：∅ 

 

In the case of 퐻
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 

= −훼
퐴1

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐻
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ (1 − 푃
퐵

)푐(퐻
퐴

− 훽
퐴

퐻
퐵

)， 

Therefore, in order to meet the condition 푈
퐴

− 푈
퐴  

> 0, there must be: 

훽
퐴

< −훼
퐴

 훾  훿 퐿퐴 퐻퐴

푐퐻퐵 ( 푃퐵 )
+

퐻퐴

퐻퐵

. Because there are  훾 −  훿 > 0and  훾 −  훿 < 0, The 

relationship between 훽
퐴
 and 훼

퐴
 is shown in the following figure: 

    

 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐(퐿
퐴

− 훽
퐴

퐻
퐵

]) 

Therefore, in order to meet the condition 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

> 0, there must be: 

훽
퐴

< −훼
퐴

 훾  훿 퐿퐴 퐻퐴

푐퐻퐵 1－푃퐵

+
퐿퐴

퐻퐵

. 

Because there are  훾 −  훿 > 0 and  훾 −  훿 < 0,  the relationship between 
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푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

) + 푐(훽
퐵

퐿
퐴

− 퐻
퐵

) 

Therefore, in order to meet the condition 푈
퐵 푒푙푝

− 푈
퐵 푛표푡 푒푙푝

> 0, there must be: 

훽
퐵

> −훼
퐵1

퐿
퐵

− 퐻
퐵

푐퐿
퐴

+
퐻

퐵

퐿
퐴

 

The relationship between 훽
퐵
 and 훼

퐵
 is shown in the following figure: 

 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

== 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

) + 푐(훽
퐵

퐿
퐴

− 퐿
퐵

) 

Therefore, in order to meet the condition 푈
퐵 푒푙푝

− 푈
퐵 푛표푡 푒푙푝

< 0, there must be: 

훽
퐵

< −훼
퐵2

퐿
퐵

− 퐻
퐵

푐퐿
퐴

+
퐿

퐵

퐿
퐴

 

The relationship between 훽
퐵
 and 훼

퐵
 is shown in the following figure: 

 

To put the two figures above together, we must distinguish between occasions 

between  
푐퐿퐵

퐿퐵 퐻퐵

− 휉 >
푐퐻퐵

퐿퐵 퐻퐵

 as case 1퐵  and
푐퐿퐵

퐿퐵 퐻퐵

− 휉 <
푐퐻퐵

퐿퐵 퐻퐵

as case 2퐵 . At this 

point: 
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Case 1퐵：                          Case 2퐵：∅ 

 

In the case of 퐻
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 

= −훼
퐴1

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐻
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴1

퐿
퐴

− 퐻
퐴

+ (1 − 푃 )푐(퐻
퐴

− 훽
퐴

퐻
퐵

) 

Therefore, in order to meet the condition 푈
퐴 푠푒푒푘

− 푈
퐴 푛표푡 푠푒푒푘

< 0 there must be: 

훽
퐴

> −훼
퐴1

퐿
퐴

− 퐻
퐴

푐(1 − 푃 )퐻
퐵

+ 1 

The relationship between 훽
퐴
 and 훼

퐴
 is shown in the following figure: 

 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐(퐿
퐴

− 훽
퐴

퐻
퐵

) 

Therefore, in order to meet the condition 푈
퐴 푠푒푒푘

− 푈
퐴 푛표푡 푠푒푒푘

> 0 there must be: 

훽
퐴

< −훼
퐴2

퐿
퐴

− 퐻
퐴

푐퐻
퐵

1－푃
퐵

+
퐿

퐴

퐻
퐵

 

The relationship between 훽
퐴
 and 훼

퐴
 is shown in the following figure: 
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To put the two figures above together, we must distinguish between occasions 

between  
푐퐿퐴 푃퐵

퐿퐴 퐻퐴

− 휉 >
푐퐻퐴 푃퐵

퐿퐴 퐻퐴

 as case 1퐴 and 
푐퐿퐴 푃퐵

퐿퐴 퐻퐴

− 휉 <
푐퐻퐴 푃퐵

퐿퐴 퐻퐴

 as case 

2퐴. At this point: 

Case 1퐴：                 Case 2퐴：∅ 

          

Player A must satisfy all of the conditions of game equilibrium case1퐴. Player B must 

satisfy all of the conditions of game equilibrium case1퐵. To satisfy both case1퐴 and 

case1퐵, there must be 0 < 휉 < c 1 − 푃
퐵

. The figure is as follows: 

 

③ 푟 = 1, 푟’ = 0, 푞 = 0, 푞’ = 0 

In the case of 퐻
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

) + 푐(훽
퐵

[훾 퐿
퐴

+ 1 − 훾 퐻
퐴

] − 퐻
퐵

) 

Therefore, in order to meet the condition 푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 푒푙푝

> 0 there must be: 

훽
퐵

> −훼
퐵1

퐿
퐵

− 퐻
퐵

 푐[훾 퐿
퐴

+ 1 − 훾 퐻
퐴

]
+

퐻
퐵

 훾 퐿
퐴

+ (1 − 훾) 퐻
퐴

 

The relationship between 훽
퐵
 and 훼

퐵
 is shown in the following figure: 
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= −훼
퐴1

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐 퐻
퐴

− 훽
퐴

푎
퐵

 

= −훼
퐴1

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐(퐻
퐴

− 훽
퐴

퐻
퐵

) 

Therefore, In order to meet the condition 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

< 0 there must be: 

훽
퐴

> −훼
퐴1

 훾 −  훿 퐿
퐴

− 퐻
퐴

푐퐻
퐵

1－푃
퐵

+ 1 

When  훾 −  훿 > 0 and  훾 −  훿 < 0, the relationship between 훽
퐵

 and 훼
퐵

 is 

shown in the following figure: 

  

 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐 퐿
퐴

− 훽
퐴

푎
퐵

 

= −훼
퐴2

 훾 −  훿 퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐(퐿
퐴

− 훽
퐴

퐻
퐵

) 

Therefore, In order to meet the condition 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

< 0 there must be: 

훽
퐴

> −훼
퐴2

 훾 −  훿 퐿
퐴

− 퐻
퐴

푐퐻
퐵

1－푃
퐵

+
퐿

퐴

퐻
퐵

 

When  훾 −  훿 > 0 and  훾 −  훿 < 0, the relationship between훽
퐴
 and 훼

퐴
 is  

shown in the following figure: 

: 

Does not exist 
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④ 푟 = 0, 푟’ = 0, 푞 = 1, 푞’ = 1 

In the case of 퐻
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)[휀 − (1 − 푃
퐵

)] + 푐(훽
퐵

[푃
퐴

퐿
퐴

+ (1 − 푃
퐴

)퐻
퐴

] − 퐻
퐵

) 

Therefore, In order to meet the condition 푈
퐴 퐻푒푙푝

− 푈
퐴 푁표푡 푒푙푝

< 0 there must be: 

훽
퐵

< −훼
퐵1

퐿
퐵

− 퐻
퐵

[휀 − (1 − 푃
퐵

)]

 푐[푃
퐴

퐿
퐴

+ (1 − 푃
퐴

)퐿
퐴

]
+

퐻
퐵

 푃
퐴

퐿
퐴

+ (1 − 푃
퐴

)퐿
퐴

 

When 휀 − 휃 > 0 and 휀 − 휃 < 0, the relationship between 훽
퐵
 and 훼

퐵
is  

shown in the following figure: 

 

 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒  푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 
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Therefore, in order to meet the condition 푈
퐵 푆푒푒푘

− 푈
퐵 푁표푡 푆푒푒푘

< 0 there must be: 

(훽
퐵

< −훼
퐵

퐿퐵 퐻퐵 [ ( 푃퐵 )]

 푐[훾퐿퐴 ( 훾)퐻퐴 ]
+

퐻퐵

 [훾퐿퐴 ( 훾)퐻퐴 ]
, when   휀 − 휃 > 0  and  휀 − 휃 < 0 , the 

relationship between 훽
퐵
 and 훼

퐵
 is shown in the following figure: 

    

 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)[휀 − (1 − 푃
퐵

)] + 푐{훽
퐵

[휌퐿
퐴

+ 1 − ρ 퐻
퐴

] − 퐿
퐵

} 

Therefore, in order to meet the condition 푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 푒푙푝

< 0 there must be: 

훽
퐵

< −훼
퐵2

퐿
퐵

− 퐻
퐵

[휀 − (1 − 푃
퐵

)]

 푐[휌퐿
퐴

+ 1 − ρ 퐻
퐴

]
+

퐿
퐵

 [휌퐿
퐴

+ 1 − ρ 퐻
퐴

]
 

When  휀 − 휃 > 0 and  휀 − 휃 < 0, the relationship between 훽
퐵
 and 훼

퐵
 is  

shown in the upper right of the following figure: 
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 be: (γ − 푃
퐴

) > 0, when  훾 −  훿 > 0, the relationship between 훽
퐴
 and 훼

퐴
 is  

shown in the following figure: 

 

Player B's all conditions and player A's all conditions must be met. Thus, the 

result is 0 < 휉. The figure is shown as follows: 

 

⑥ 푟 = 1, 푟’ = 1, 푞 = 0, 푞’ = 0 

In the case of 퐻
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)[ 1 − 푃
퐵

− 휃] + 푐(훽
퐵

[훾퐿
퐴

+ (1 − 훾)퐻
퐴

] − 퐻
퐵

) 

Therefore, in order to meet the condition 푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 푒푙푝

> 0, there must be: 

훽
퐵

< −훼
퐵1

퐿
퐵

− 퐻
퐵

[ 1 − 푃
퐵

− 휃]

 푐[훾퐿
퐴

+ (1 − 훾)퐻
퐴

]
+

퐻
퐵

 [훾퐿
퐴

+ (1 − 훾)퐻
퐴

]
 

When  휀 − 휃 > 0 and  휀 − 휃 < 0, the relationship between 、훽
퐵
and 훼

퐵
is  

shown in the following figure: 
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In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)[ 1 − 푃
퐵

− 휃] + 푐{훽
퐵

[휌퐿
퐴

+ 1 − ρ 퐻
퐴

] − 퐿
퐵

} 

Therefore, in order to meet the condition 푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 푒푙푝

> 0,  there must be: 

훽
퐵

< −훼
퐵2

퐿
퐵

− 퐻
퐵

[ 1 − 푃
퐵

− 휃]

 푐[휌퐿
퐴

+ 1 − ρ 퐻
퐴

]
+

퐿
퐵

 [휌퐿
퐴

+ 1 − ρ 퐻
퐴

]
 

When  휀 − 휃 > 0 and  휀 − 휃 < 0, the relationship between 훽
퐵
and 훼

퐵
is  

shown in the following figure: 

 

 

To combine the two figures above together, we must distinguish between 

occasions between  
푐퐿퐵

퐿퐵 퐻퐵

− 휉 >
푐퐻퐵

퐿퐵 퐻퐵

 as case 1퐵 and
푐퐿퐵

퐿퐵 퐻퐵

− 휉 <
푐퐻퐵

퐿퐵 퐻퐵

as case 2퐵.  

At this time, 
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Case 1퐵：                           Case 2퐵： 

    

In the case of 퐻
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 

= −훼
퐴1

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐(퐻
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴1

(γ − 푃
퐴

) 퐿
퐴

− 퐻
퐴

+ 푐{퐻
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 −  푃
퐵

퐻
퐵

} 

Therefore, In order to meet the condition 푈
퐴

− 푈
퐴 푛표푡 푠푒푒푘

< 0, there must be: 

훽
퐴

> −훼
퐴1

(γ − 푃
퐴

) 퐿
퐴

− 퐻
퐴

푐 푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

+
퐻

퐴

[푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

]
 

When  훾 −  훿 > 0 and  훾 −  훿 < 0, the relationship between 훽
퐴 

and 훼
퐴

is  

shown in the following figure: 

  

 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

(γ − 푃
퐴

) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐{퐿
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 −  푃
퐵

퐻
퐵

} 
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Since the results of the union set of case 1퐵 and case 2퐴 are 휉 < c, 휉 > c, ξ 

does not exist. Since the results of the union set of case 2퐵 and case 1퐴 are 휉 > c、

휉 < c, 휉 does not exist. The result of the union set of case 2퐵 and case 2퐴 is  휉 > c. 

The figure is shown as follows: 

 

⑦ 푟 = 1, 푟’ = 1, 푞 = 1, 푞’ = 1 

In the case of 퐻
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)[ 1 − 푃
퐵

− 휃] + 푐(훽
퐵

[훾퐿
퐴

+ (1 − 훾)퐻
퐴

] − 퐻
퐵

) 

Therefore, in order to meet the condition 푈
퐵 푒푙푝

− 푈
퐵 푛표푡 푒푙푝

> 0, there must be: 

훽
퐵

< −훼
퐵1

퐿
퐵

− 퐻
퐵

[ 1 − 푃
퐵

− 휃]

 푐[훾퐿
퐴

+ (1 − 훾)퐻
퐴

]
+

퐻
퐵

 [훾퐿
퐴

+ (1 − 훾)퐻
퐴

]
 

When  휀 − 휃 > 0 and  휀 − 휃 < 0, the relationship between、훽
퐵
and훼

퐵
is  

shown in the following figure: 
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In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)[ 1 − 푃
퐵

− 휃] + 푐{훽
퐵

[휌퐿
퐴

+ (1 − ρ)퐻
퐴

] − 퐿
퐵

} 

Therefore, in order to meet the condition 푈
퐵 푒푙푝

− 푈
퐵 푛표푡 푒푙푝

> 0, there must be: 

훽
퐵

< −훼
퐵2

퐿
퐵

− 퐻
퐵

[ 1 − 푃
퐵

− 휃]

 푐[휌퐿
퐴

+ (1 − ρ)퐻
퐴

]
+

퐿
퐵

 [휌퐿
퐴

+ (1 − ρ)퐻
퐴

]
 

When  휀 − 휃 > 0 and  휀 − 휃 < 0, the relationship between, 훽
퐵
and 훼

퐵
 is  

shown in the following figure: 

 

 

To put the two figures above together, we must distinguish between occasions 

between  
푐퐿퐵

퐿퐵 퐻퐵

− 휉 >
푐퐻퐵

퐿퐵 퐻퐵

 as case 1퐵 and 
푐퐿퐵

퐿퐵 퐻퐵

− 휉 <
푐퐻퐵

퐿퐵 퐻퐵

 as case 2퐵. At this 

point: 
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Case 1퐵：                           Case 2퐵： 

     

In the case of 퐻
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 

= −훼
퐴1

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐(퐻
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴1

(푃
퐴

− 훿) 퐿
퐴

− 퐻
퐴

+ 푐{퐻
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

} 

Therefore, in order to meet the condition 푈
퐴 푠푒푒푘

− 푈
퐴 푛표푡 푠푒푒푘

> 0, there must be: 

훽
퐴

> −훼
퐴1

(푃
퐴

− 훿) 퐿
퐴

− 퐻
퐴

푐 푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

+
퐻

퐴

[푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

]
 

When  훾 −  훿 > 0 and  훾 −  훿 < 0, the relationship between 훽
퐴
and 훼

퐴  
is  

shown in the following figure: 

 

 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

(푃
퐴

− 훿) 퐿
퐴

− 퐻
퐴

+ 푐{퐿
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 −  푃
퐵

퐻
퐵

} 

Therefore, in order to meet the condition 푈
퐴 푠푒푒푘

− 푈
퐴 푛표푡 푠푒푒푘

> 0, there must be: 
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To satisfy Case 2퐵 and player A’s conditions, the result is 1 > 휉 > c.  The figure 

is as follows: 

 

⑧ 푟 = 1, 푟’ = 1, 푞 = 1, 푞’ = 0 

In the case of 퐻
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐻
퐵

) 

= 훼
퐵1

(퐿
퐵

− 퐻
퐵

)[ 1 − 푃
퐵

− 휃] + 푐(훽
퐵

퐿
퐴

− 퐻
퐵

) 

Therefore, in order to meet the condition 푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 푒푙푝

> 0, there must be: 

훽
퐵

> −훼
퐵1

퐿
퐵

− 퐻
퐵

[ 1 − 푃
퐵

− 휃]

 푐퐿
퐴

+
퐻

퐵

 퐿
퐴

 

The relationship between 훽
퐵
and 훼

퐵
is shown in the following figure: 

 

 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)[ 1 − 푃
퐵

− 휃] + 푐(훽
퐵

퐿
퐴

− 퐿
퐵

) 

Therefore, in order to meet the condition 푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 푒푙푝

> 0,  there must be: 
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훽
퐵

> −훼
퐵2

퐿
퐵

− 퐻
퐵

[ 1 − 푃
퐵

− 휃]

 푐퐿
퐴

+
퐿

퐵

 퐿
퐴

 

    The relationship between 훽
퐵
and 훼

퐵
is shown in the following figure: 

 

 

To combine the two figures above together, we must distinguish between 

occasions between  
푐퐿퐵

퐿퐵 퐻퐵

− 휉 >
푐퐻퐵

퐿퐵 퐻퐵

 as case 1퐵 and
푐퐿퐵

퐿퐵 퐻퐵

− 휉 <
푐퐻퐵

퐿퐵 퐻퐵

as case 2퐵.  

At this point, 

Case 1퐵：                          Case 2퐵： 

     

In the case of 퐻
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 

= −훼
퐴1

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐(퐻
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴1

퐿
퐴

− 퐻
퐴

+ 푐{퐻
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 −  푃
퐵

퐻
퐵

} 

Therefore, in order to meet the condition 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

< 0,  there must be: 
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훽
퐴

> −훼
퐴1

퐿
퐴

− 퐻
퐴

푐 푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

+
퐻

퐴

[푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

]
 

The relationship between 훽
퐴
and 훼

퐴  
is shown in the following figure: 

 

 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃
퐵

푟
′

− 푃
퐵

푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

퐿
퐴

− 퐻
퐴

+ 푐{퐿
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

} 

Therefore, in order to meet the condition 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

> 0,  there must be: 

훽
퐴

< −훼
퐴2

퐿
퐴

− 퐻
퐴

푐 푃
퐵

퐿
퐵

+ 1 −  푃
퐵

퐻
퐵

+
퐿

퐴

푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

 

The relationship between 훽
퐴
and 훼

퐴
is shown in the following figure: 

 

Since 훼 − 훼 = 휉, there are 

푐퐿퐴

퐿퐴 퐻퐴

− 휉 >
푐퐻퐴

퐿퐴 퐻퐴

as case 1퐴 and 
푐퐿퐴

퐿퐴 퐻퐴

− 휉 <
푐퐻퐴

퐿퐴 퐻퐴

 as case 2퐴. At this point, 
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= −훼
퐴2

퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

퐿
퐴

− 퐻
퐴

 

Owing to 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

> 0 must be satisfied, 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 must 

be less than 0. This contradicts 푞 = 1. 

⑩ 푟 = 0, 푟’ = 0, 푞 = 0, 푞’ = 1 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

(−1) 퐿
퐴

− 퐻
퐴

 

Owing to −훼
퐴

(−1) 퐿
퐴

− 퐻
퐴

 is always positive, 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 must be 

greater than 0. This contradicts 푞 = 0. 

⑪ 푟 = 1, 푟’ = 0, 푞 = 0, 푞’ = 1 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

(−1) 퐿
퐴

− 퐻
퐴

+ 1 − 푃
퐵

푐{퐿
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 −  푃
퐵

퐻
퐵

} 

Owing to −훼
퐴

(−1) 퐿
퐴

− 퐻
퐴

 and 1 − 푃
퐵

푐{퐿
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 −

 푃
퐵

퐻
퐵

}are always positive, 푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

 must be greater than 0. This 

contradicts 푞 = 0. 

⑫ 푟 = 0, 푟’ = 1, 푞 = 1, 푞’ = 0 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

) −1 + 푐(훽
퐵

퐿
퐴

− 퐿
퐵

) 

Owing to 훼
퐵

(퐿
퐵

− 퐻
퐵

)(−1) and푐 훽
퐵

퐿
퐴

− 퐿
퐵

 are always negative, 푈
퐵 퐻푒푙푝

−

푈
퐵 푁표푡 푒푙푝

 must be less than 0. This contradicts 푟’ = 1. 

⑬ 푟 = 1, 푟’ = 1, 푞 = 0, 푞’ = 1 

In the case of 퐿
퐴

 

푈
퐴 푆푒푒푘

− 푈
퐴 푁표푡 푠푒푒푘

= −훼
퐴2

(훾 − 훿) 퐿
퐴

− 퐻
퐴

+ 푟 + 푃 푟’ − 푃 푟 푐(퐿
퐴

− 훽
퐴

푎
퐵

) 

= −훼
퐴2

(−1) 퐿
퐴

− 퐻
퐴

+ 푐{퐿
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 −  푃
퐵

퐻
퐵

} 

Owing to −훼
퐴

(−1) 퐿
퐴

− 퐻
퐴

 and 푐{퐿
퐴

− 훽
퐴

푃
퐵

퐿
퐵

+ 1 − 푃
퐵

퐻
퐵

}  are 

always positive, 푈
퐴

− 푈
퐴  

 must be greater than 0. This contradicts 푞 = 0. 
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⑭ 푟 = 0, 푟’ = 1, 푞 = 1, 푞’ = 1 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

) −1 + 푐(훽
퐵

퐿
퐴

− 퐿
퐵

) 

Owing to 훼
퐵

(퐿
퐵

− 퐻
퐵

)(−1) and푐(훽
퐵

퐿
퐴

− 퐿
퐵

)  are always negative, 푈
퐵 퐻푒푙푝

−

푈
퐵 푁표푡 푒  푝

 must be less than 0. This contradicts 푟’ = 1. 

⑮ 푟 = 0, 푟’ = 1, 푞 = 0, 푞’ = 0 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

) −1 + 푐(훽
퐵

퐿
퐴

− 퐿
퐵

) 

Owing to 훼
퐵

(퐿
퐵

− 퐻
퐵

)(−1) and  푐(훽
퐵

퐿
퐴

− 퐿
퐵

) are always negative, 푈
퐵 퐻푒푙푝

−

푈
퐵 푁표푡 푒푙푝

 must be less than 0. This contradicts 푟’ = 1. 

⑯ 푟 = 0, 푟’ = 1, 푞 = 0, 푞’ = 1 

In the case of 퐿
퐵

 

푈
퐵 퐻푒푙푝

− 푈
퐵 푁표푡 ℎ푒푙푝

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

)(휀 − 휃) + 푐(훽
퐵

푎
퐴

− 퐿
퐵

) 

= 훼
퐵2

(퐿
퐵

− 퐻
퐵

) −1 + 푐(훽
퐵

퐻
퐴

− 퐿
퐵

) 

Owing to 훼
퐵

(퐿
퐵

− 퐻
퐵

)(−1) and푐(훽
퐵

퐻
퐴

− 퐿
퐵

) are always negative, 푈
퐵 퐻푒푙푝

−

푈
퐵 푁표푡 푒푙푝

 must be less than 0. This contradicts 푟’ = 1. 

4. Discussion 

Based on the above equilibrium analysis results, the difference in self-awareness 

ξ is greatest when it is larger than c, it becomes equilibrium⑥ and equilibrium⑦. In 

other words, when the degree of loss avoidance of the player is the highest, there are 

equilibrium⑥ and equilibrium⑦. At this time, the helper always helps, regardless of 

help-seekers’ ability. When 휉  is small, there are equilibrium① , equilibrium② , 

equilibrium③, equilibrium⑥, equilibrium⑦ and equilibrium⑧. At this time, player B 

with high ability would help. 훼  is the largest in equilibrium ④ , equilibrium ⑤ , 

equilibrium ⑥  and equilibrium ⑦ . At this time, we concluded that helpers and 
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help-seekers behave similarly, regardless of ability. 

   With respect to the helper, by equilibrium ④  and equilibrium ⑤ , if the 

self-awareness α is large but the politeness β is very small, neither player B with high 

ability nor with low ability would help. By equilibrium ① , equilibrium ②  and 

equilibrium ③, if self-awareness α and politeness β are within a certain range, player 

B with high ability would help, player B with low ability would not. In equilibrium ⑥, 

equilibrium ⑦ and equilibrium ⑧, when self-awareness α and politeness β are all 

large, either player B with the high ability or low ability would help. 

With respect to the help-seeker, in equilibrium⑦, If politeness 훽 is small when 

seeking help, either player A with low ability and with high ability would seek help. In 

equilibrium ② and equilibrium ⑧, if self-awareness α and politeness β are within a 

certain range, player A with high ability would not seek help, however, player A with 

low ability would seek help. In equilibrium ③  and equilibrium ⑥ , when 

self-awareness α and politeness β are both large, either player B with the high ability 

or low ability would not seek help. 

In situation⑫ , situation⑭ , situation⑮  and situation⑯  where there is no 

equilibrium, it is impossible that player B with high ability does not help but help with 

low ability. While the psychological effect of self-awareness 훼  and politeness 훽 

affect human behavior, it is impossible to force others to do things beyond your 

abilities. 

In situation⑩, situation⑪, situation⑬ and situation⑯, it is unlikely that player 

with low abilities would not seek help and player with high abilities would seek help. 

5. Implications 

This paper studies human irrational behavior from the perspective of behavioral 

economics. Through the establishment of a game model, we can understand why 

people do not seek help when they are clearly in trouble. Because people have the 

nature of politeness, it is difficult to ask for help from others if they are excessively 
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other people's impression would not seek help. 

7. Limitations and Future Directions  

To simplify the model, the study has limitations. First, this study does not consider 

the repaying, in other words, whether the help will be repaid in the future. Second, this 

study only considered two psychological factors, politeness and self-awareness; 

however, there could be other psychological factors which would influence human 

behavior in this situation.  

Future studies can consider the act of repaying; the game model can be set as a 

repeated game. In addition, other psychological factors can be considered in the game 

model for a better understanding of human help-seeking and help-giving behavior. 
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