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Abstract

:

This paper explores the role of cultural transmission in extortion. Extortion is modeled as an asymmetric contest where individuals from one group attempt to take from individuals in another group. Using a model of cultural transmission, this paper finds the existence of a unique asymptotically stable equilibrium where there are a fraction of people who defend against extortion and a fraction of people who take from others. The degree of extortion is decreased when: (1) extortion is less effective; (2) socialization efforts of parents who resist are more effective; and (3) socialization efforts of parents who abstain from extortion are more effective. A key finding is the existence of a complementarity between the effectiveness of socialization. When socialization is more effective for resisting extortion and choosing not to extort, there is a much larger reduction of extortion than either increase could achieve alone. This provides a potential explanation for why some countries like Singapore and Hong Kong were able to greatly reduce corruption and suggests potential policy applications.
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1. Introduction


In all societies, there exist individuals that attempt to take from others. For example, in Aceh, as truck drivers travel their route, they are stopped at security checkpoints [1]. Soldiers stationed at the checkpoints are supposed to provide security. Instead, there are many who extort bribes. It is so common that most drivers automatically pay them, with many who refuse beaten until they do. In the Philippines in 1975, some tax authorities extorted money from citizens by threatening to falsely inflate their tax liability and forcing them to undergo costly litigation if they refused [2]. Both the soldiers and tax authorities have advantages through superior weapons or political connections that make it difficult for people to challenge their corrupt actions.



Extortion is a particularly damaging form of corruption. Attempts to fight corruption have been largely unsuccessful as countries that are corrupt typically remain so despite interventions. Anti-corruption programs that attempt to improve or add resources to legal and financial institutions have found little evidence of success [3]. Singapore and Hong Kong are two notable exceptions of countries that were able to greatly reduce corruption [3]. Both countries created independent anti-corruption agencies. In Hong Kong, an education program was implemented to try to change the culture of corruption [4]. In Singapore, pay was increased, public officials were rotated to prevent tie formation, rules were made publicly available, and rewards were given to people who refused bribes [3]. In Singapore and Hong Kong, the anti-corruption programs did lower the benefits and costs of corruption, but they also emphasized the moral importance of not engaging in corruption. Empirical evidence suggests that culture may have a strong effect on individual tendencies to engage in corruption [5,6,7,8,9,10]. Through the provision of education and information, it is possible that the success of Hong Kong and Singapore is in part due to changes in the distribution of cultural values.



This paper examines how culturally transmitted values and differences in power influence the persistence of extortion. This is addressed theoretically by analyzing an asymmetric contest in a model of cultural transmission [11,12,13]. In the model, there are two populations. One population (citizens) consists of people who are willing to fight against extortion and those who are not. The other population (elites) contains people who choose to extort from citizens and those who abstain. In the model, values are socially transmitted to children by their parents as well as by society. Parents choose costly socialization efforts that influence the probability that their child will have the same values as they do. The model introduces a new feature into the cultural transmission model by allowing for a bias in socialization efforts by parents that can differ depending on their type. This bias can capture how parental socialization may be more or less effective depending on the environment [14,15,16]. For example, a parental lesson that bribery is wrong may be re-enforced by what children learn in school, read in books, or watch on television. After socialization, citizens and elites are randomly matched and engage in the contest.



1.1. Key Result


The key result is the existence of a unique asymptotically stable equilibrium where there are a fraction of people who defend against extortion and a fraction of people who chose to take from others. When there are wide differences in power between those who extort and those who resist, extortion is quite prevalent. Extortion is decreased when: (1) the socialization efforts of parents who resist are more effective and (2) the socialization efforts of parents who abstain from extortion are more effective. In addition, there exists a complementarity between socialization efforts, showing that, when socialization is more effective for resisting extortion and abstaining from extortion, there is a much larger reduction of extortion than either increase could achieve alone. This provides a potential explanation for why Singapore and Hong Kong were able to greatly reduce corruption, and suggests that cultivating “good citizens” may lower the prevalence of extortion in a society by changing underlying preferences.




1.2. Prior Literature


In this paper, extortion is modeled as an asymmetric contest where individuals from one group attempt to take from individuals in another group. The study of extortion is related to a wider literature examining conflict. Introduced by Smith and Price [17], the hawk–dove game has been extensively used to gain insights into the evolution of conflict [18,19,20,21,22,23,24]. In the standard hawk–dove game, two players can compete over a shared resource. Players can choose the hawk strategy in which they fight for the resource or the dove strategy where they do not enter the conflict. A different approach is the producer–scrounger game that has been used to study the evolution of food stealing in animals [25,26,27]. In the game, animals can allocate time between producing food and scrounging food from others. If in possession of food, an animal can choose to defend against theft by scroungers. If not in possession of food, an animal can choose whether to take food from the producers. Broom et al. [27] found that, as the intensity of conflict increases, taking food from producers and not resisting if a scrounger takes their food becomes increasingly common strategy in the population. Both the hawk–dove and the producer–scrounger game capture important elements of conflict but differ from extortion in a few key ways. In both the hawk–dove game and the producer–scrounger game, each player has the ability to take from others. However, extortion differs in that there is an asymmetry in the game where only one party has the ability to extort, and the other party may try to resist. Extortion further differs from the producer–scrounger game since extortion often occurs between groups with different levels of power. As a result, the model in this paper captures situations such as soldiers’ decisions to extort truck drivers in Aceh [1] and tax authorities threatening to inflate tax liabilities of citizens to extort money [2]. Due to their position of power, the soldiers and tax authorities do not typically have to resist extortion by citizens. This difference makes it important to study extortion in a two population game.



This paper uses a model of cultural evolution to analyze the dynamics of extortion. Mathematical modeling of cultural evolution began with the seminal works of Cavalli-Sforza and Feldman [28] and Boyd and Richerson [29]. Both Cavalli-Sforza and Feldman [28] and Boyd and Richerson [29] introduced evolutionary models to study the population dynamics of cultural traits. In Cavalli-Sforza and Feldman [28], the probability of acquiring a cultural trait was influenced through three potential channels: vertically from parents to child, obliquely from the parents’ generation to the child, and horizontally from child to child. Boyd and Richerson [29] incorporated additional transmission rules such as frequency-dependence where the probability of acquiring a cultural trait is influenced by frequency of the cultural trait in the population and payoff-based learning where cultural traits that produce higher payoffs are more likely to be imitated by others. Adding to our understanding of cultural evolution, numerous studies have examined how these transmission rules and other forms of social learning influences the adoption of cultural traits [29,30,31,32,33,34,35].



In both Cavalli-Sforza and Feldman [28] and Boyd and Richerson [29], transmission rules are modeled exogenously. However, there is reason to believe that parents may hold preferences over certain cultural traits and choose strategies that influence the chance that their child adopts those preferred traits [13]. Extending the approach of Cavalli-Sforza and Feldman [28], Bisin and Verdier [11] endogenize the vertical transmission from parents to child by allowing parents to invest in a costly effort that influences the probability that direct socialization is successful. This endogenous socialization approach has been used to study a wide range of topics including: political ideology and voting [36], preferences for social status [37], cooperation norms [38] and coordination [39]. Bisin et al. [40] also use this approach to study cooperation in a one-shot symmetric prisoner’s dilemma where individuals are of two types: cooperators or defectors. The authors show that, for certain parameter ranges, there can exist a heterogeneous population of both cooperators and defectors. In contrast to Bisin et al. [40], this paper studies extortion using a contest that is more closely related to prior studies examining evolutionary behavior in hawk–dove games [17,22] and producer–scrounger games [25,26,27]. Additionally, by analyzing an asymmetric game, this paper extends the cultural transmission model used in Bisin and Verdier [11] to two populations. This methodological approach can be used in future work to analyze how endogenous socialization influences cultural transmission in a wider range of games. Finally, this paper introduces a bias in the effectiveness of direct socialization efforts by parents. The efforts that parents undertake to influence the cultural trait adopted by their child may have different returns depending on the environment or the specific cultural trait.



In a related paper, Hauk and Saez-Marti [4] examined the intergenerational transmission of corruption. Their model includes an infinitely-lived principal-agent who chooses between two projects to offer individuals. One project gives the principle the highest potential payoff if the agent is honest, but the worst payoff if the agent is dishonest. Individuals can be of two types: those who feel guilty about being dishonest and those who do not. These types are transmitted intergenerationally by parents and society. Hauk and Saez-Marti [4] show that, since the principal is unsure of the type, this leads to either a separating or pooling equilibrium. Their result sheds light on how culture may influence investment by individuals or firms in countries that have high or low corruption. This paper adds to this literature by focusing on how culture and biases in socialization influences extortion. By studying the dynamics of two populations, those who can choose whether to extort and those who can choose whether to resist, this paper examines how culture affects both sides of corrupt interactions. In contrast to Hauk and Saez-Marti [4], the model predicts a unique stable equilibrium where corruption will always occur. Differences in culture and power can influence the level of corruption, but corruption and resistance will persist in the population.





2. Basic Contest


Suppose there are two populations of equal size. Individuals in population one (citizens) have some value V that they can choose to defend against possible extortion. In population one, there are two types of citizens: Type-A’s value exerting effort in a contest for V and Type-B’s do not.1 Let the fraction of Type-A’s value be q and Type-B’s value be   1 − q  . In population two (elites), there are two types of individuals: Type-C’s value exerting effort in a contest for V and Type-D’s do not. Let the fraction of Type-C’s be p and Type-D’s be   1 − p  . Each citizen i from population one is randomly matched with an elite j from population two. Both i and j observe the type they are matched with and choose a costly effort level that influences the probability that they will receive the value V in the contest. The contest is assumed to be an asymmetric Tullock [41] contest defined as follows:


      P i   (  x i  ,  x j  )      =        x i    x i  + λ  x j    ,     i f   x i  > 0  o r   x j  > 0 ,        1  1 + λ   ,     o . w .          











The parameter   λ > 0   captures the asymmetry between the two populations on the probability of winning the contest. The utilities for a given type and corresponding match are summarized in Table 1. The costs are a function of effort and the cost of effort is assumed to be the same for each i and j;   x i   and   x j  .2 The maximized utilities for each type and match are summarized in Table 2.3




3. Cultural Transmission


In order for a contest with positive efforts to occur, it is necessary that individuals perceive some benefit from the contest. Valuations in contests are often taken as given, but in reality they may be influenced by culturally transmitted values. To capture this, imagine that people live two periods in overlapping generations. Suppose that each person is born, socialized, and then plays the contest in period t. In period   t + 1  , each person has a single child and can choose a socialization effort level   d  i ϵ { A , B , C , D }   . Socialization efforts increase the chance that a child will be the same type as their parents. Parents in period   t + 1   want to maximize the expected utility of their child, but they do so with altruistic paternalism [11]. As a result, they use their own utility function to evaluate the utility of a child’s potential type. These costly effort choices of parents influence the population dynamics of types.



Type-A parents can directly socialize their child to be type-A with probability   θ  d A   , where   θ > 0  . If direct socialization fails, then the child undergoes oblique socialization. Oblique socialization is non-direct socialization that occurs from the parent’s generation to the child’s. That is, with probability   1 − θ  d A  ,   the child randomly selects another adult in the population to imitate. The term  θ  captures the effectiveness of a parents socialization efforts. As a result, the probability that a type-A parent will have a type-A child is    P  A A   = θ  d A  +  ( 1 − θ  d A  )  · q   and the probability the child will be type-B is    P  A B   =  ( 1 − θ  d A  )   ( 1 − q )   . Similarly, a type-B parent will have a type-B child with probability    P  B B   =  d B  +  ( 1 −  d B  )   ( 1 − q )    and a type-A child with probability    P  B A   =  ( 1 −  d B  )  · q  .



Parents want to maximize the expected utility of their child based on the potential payoffs from playing contest. Define   V  A A    as the utility that a type-A parent believes a type-A child will receive and   V  A B    as the utility that a type-A parent believes a type-B child will receive. Here,    V  A A   =  U  i  A   (  x i  ,  x j  )    and    V  A B   =  U  i  A   (  x i  ,  x j  )   . A type-A parent uses their own utility function to evaluate the potential utility of their children. Similarly, a type-B parent as   V  B B    and   V  B A   .



A type-A parent faces the following maximization problem:


      max   d A  ϵ  [ 0 , 1 ]      P  A A   ·  V  A A   +  P  A B   ·  V  A B   − C  (  d A  )  .     











Here,   C (  d A  )   is the cost of socialization effort. Following Montgomery [12] and Bisin and Verdier [13], for simplicity, assume that   C  (  d A  )  =  1 2    (  d A  )  2   . Solving for the optimal socialization effort gives    d  A  ⋆  = θ  ( 1 − q )   [ ▵  V A  ]    where   ▵  V A  =  V  A A   −  V  A B     . Similarly, for type-B, we have    d  B  ⋆  = q  ( ▵  V B  )    where   ▵  V B  =  V  B B   −  V  B A    . Both   ▵  V A    and   ▵  V B    can be viewed as measures of cultural distaste.



The change in q from period t to   t + 1   is as follows:


      q  t + 1   −  q t      = − q ·  P  A B   +  ( 1 − q )  ·  P  B A   .     











Substituting and rearranging gives:


      q  t + 1   −  q t      = q  ( 1 − q )   [ θ  d  A  ⋆  −  d  B  ⋆  ]  .     











Taking the continuous time approximation and subbing in both   d  A  ⋆   and   d  B  ⋆   gives the replicator dynamic [12,13]:


      q .  = q  ( 1 − q )   [  θ 2   ( 1 − q )   ( ▵  V A  )  − q  ( ▵  V B  )  ]  .     



(1)







Derivation for population two is similar with Type-C’s choosing socialization effort   d C   and type-D’s choosing socialization effort   β  d D    where   β > 0  . Defining   ▵  V C  =  V  C C   −  V  C D     and   ▵  V D  =  V  D D   −  V  D C    , the replicator dynamic can be written as:


      p .  = p  ( 1 − p )   [  ( 1 − p )   ( ▵  V C  )  −  β 2  p  ( ▵  V D  )  ]  .     



(2)








4. Contest with Cultural Transmission


Using Table 2 and substituting the cultural distastes into the dynamics for q and p, we have the following set of differential equations:4


     q .     = q  ( 1 − q )  [  θ 2   ( 1 − q )   (   p V    ( 1 + λ )  2   )  − q  (   p λ V    ( 1 + λ )  2   )  ] ,     



(3)






     p .     = p  ( 1 − p )  [  ( 1 − p )   (   q  λ 2  V    ( 1 + λ )  2   +  ( 1 − q )  · V )  −  β 2  p  (   q λ V    ( 1 + λ )  2   )  ] .     



(4)







There exist a total of seven equilibria denoted as   (  q ⋆  ,  p ⋆  )  5 The four exterior equilibria on the corners are:   ( 0 , 0 )  ,   ( 0 , 1 )  ,   ( 1 , 0 )  , and   ( 1 , 1 )  . Two additional equilibria exist on the boundaries, namely   (   θ 2    θ 2  + λ   , 1 )   and   ( 1 ,  λ   β 2  + λ   )  . The interior equilibrium is     θ 2    θ 2  + λ   ,     θ 2  λ +   ( 1 + λ )  2     θ 2  λ +   ( 1 + λ )  2  +  θ 2   β 2     .



Proposition 1.

The equilibrium    q ⋆  =   θ 2    θ 2  + λ     and    p ⋆  =    θ 2  λ +   ( 1 + λ )  2     θ 2  λ +   ( 1 + λ )  2  +  θ 2   β 2      is the unique asymptotically stable equilibrium.





Proof. 

Please see Appendix A. ☐





Figure 1 illustrates an example of the different equilibria that can occur in the system. The interior equilibrium is uniquely stable, showing that there will always be some fraction of individuals who extort and a fraction of individuals who resist. The equilibrium fraction of people willing to defend themselves against the aggressors is increasing in  θ . This suggests that, when socialization is more effective for parents of Type-A, there will be a larger frequency of resistance in the population. However, the fraction of Type-As is decreasing in  λ . When Type-As are less effective at winning the contest with a Type-C, there will be less resistance in the population. The equilibrium level of Type-Cs is increasing in  λ , and decreasing in  θ  and  β . Interestingly, there is a complementarity between the effectiveness of socialization on the equilibrium level of Type-Cs. The term    θ 2   β 2    suggests that the effectiveness of socialization for Type-As and Type-Ds can have a combined effect of lowering the level of extortion. This is illustrated in Figure 2, which plots the equilibrium levels of p and q as a function of  λ . We can see that, as  λ  increases, there is a large amount of extortion. Increasing the effectiveness of  θ  or  β  does help, but the effect in reducing extortion is much larger when both  θ  and  β  increase.



The biases in socialization efforts,  θ  and  β , capture important features in influencing the frequency of types. When parents attempt to socialize their children, these efforts can be more or less effective depending on the environment in which the child is raised. For example, Type-Ds may teach their children that it is wrong to take from others. This lesson may be reinforced by the outside world. As a result, this lesson is more likely to lead children in a position of power to resist taking from others. Alternatively, even if Type-Ds teach their children that it is wrong to take from others, the children may receive the opposite lesson from the environment. This reduction in the effectiveness of parental effort leads to more extortion in the population. This suggests a potential reason for why issues like corruption and crime can be so persistent.




5. Conclusions


This paper introduces an asymmetric Tullock [41] contest into a model of cultural transmission to study the prevalence of extortion. The model introduces a new feature that allows for a bias in the socialization efforts by parents that can differ depending on their type. The key result is the existence of a unique stable equilibrium where there are a fraction of people who defend against extortion and a fraction of people who choose to take from others. An important finding is that there exists a complementarity between the effectiveness of socialization. When socialization is more effective for resisting extortion and abstaining from extortion, there is a much larger reduction of extortion than either increase could achieve alone. This result suggests an additional explanation for why some countries like Singapore and Hong Kong were able to greatly reduce corruption. This complementarity suggests that anti-corruption programs may be more effective by targeting corruption at both the top and bottom. This paper presents a step forward in trying to understand how cultural transmission can influence adversarial situations. Future research should explore the influence of other socialization and cultural factors such as conformity [35], identity formation [42], and beliefs [43].
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Appendix A


Using the results from Table 2, we can calculate the cultural distaste parameters. Using the parents own utility function to calculate the cultural distastes of each parent, we have:


     Δ  V A     =     [ p  (  V   ( 1 + λ )  2   )  +  ( 1 − p )   ( V )  ]  −  [ p  ( 0 )  +  ( 1 − p )   ( V )  ]  ,       Δ  V B     =     [ p  ( 0 )  +  ( 1 − p )   ( V )  ]  −  [ p  (   − λ V    ( 1 + λ )  2   )  +  ( 1 − p )   ( V )  ]  ,       Δ  V C     =     [ q  (    λ 2  V    ( 1 + λ )  2   )  +  ( 1 − q )   ( V )  ]  −  [ q  ( 0 )  +  ( 1 − q )   ( 0 )  ]  ,       Δ  V D     =     [ q  ( 0 )  +  ( 1 − q )   ( 0 )  ]  −  [ q  (   − λ V    ( 1 + λ )  2   )  +  ( 1 − q )   ( 0 )  ]  .     











Substituting the above cultural distaste parameters into the dynamics, Equations (1) and (2) give the differential equations in Section 4.



Proposition A1.

The equilibrium    q ⋆  =   θ 2    θ 2  + λ     and    p ⋆  =    θ 2  λ +   ( 1 + λ )  2     θ 2  λ +   ( 1 + λ )  2  +  θ 2   β 2      is the unique asymptotically stable equilibrium.





Proof. 

To verify that    q ⋆  =   θ 2    θ 2  + λ     and    p ⋆  =    θ 2  λ +   ( 1 + λ )  2     θ 2  λ +   ( 1 + λ )  2  +  θ 2   β 2      are asymptotically stable, we first compute the Jacobian of the differential Equations (3) and (4). After simplifying, the Jacobian is:


     J ( q , p )     =      p V  ( 3  θ 2   q 2  − 4  θ 2  +  θ 2  )  −   λ p V ( 2 q − 3  q 2  )    ( 1 + λ )  2        q v  ( q − 1 )   ( λ q −  θ 2  + q  θ 2  )     ( 1 + λ )  2         − p V   ( p − 1 )  2   − λ p V  ( p − 1 )  (   β 2  p − 2 p + 2    ( 1 + λ )  2      V  ( 3  p 2  − 4 p + 1 )  +   q V ( 2  β 2  p − 4 p − 3  β 2   p 2  + 3  p 2  + 1    ( 1 + λ )  2   −   q V ( 2  β 2  p − 8 p − 3  β 2   p 2  + 6  p 2  + 2   ( 1 + λ )        .     











Plugging in    q ⋆  =   θ 2    θ 2  + λ     and    p ⋆  =    θ 2  λ +   ( 1 + λ )  2     θ 2  λ +   ( 1 + λ )  2  +  θ 2   β 2    ,   we get:


     J (  q ⋆  ,  p ⋆  )     =       − λ  θ 2  V  ( 2 λ + λ  θ 2  +  λ 2  + 1 )     ( λ +  θ 2  )    ( 1 + λ )  2   ( 2 λ +  β 2   θ 2  + λ  θ 2  +  λ 2  + 1 )      0       −  β 4   θ 2  V  (  λ 2  + 2  λ 2   θ 2  + λ  θ 24  + 2 λ  θ 2  + λ +  θ 2  )     ( 2 λ +  β 2   θ 2  + λ  θ 2  +  λ 2  + 1 )  3       −  β 2  λ  θ 2  V  ( 2 λ + λ  θ 2  +  λ 2  + 1 )     ( λ +  θ 2  )    ( 1 + λ )  2   ( 2 λ +  β 2   θ 2  + λ  θ 2  +  λ 2  + 1 )        .     











Solving for the two eigenvalues gives:


   Λ 1  =   − λ  θ 2  V  ( 2 λ + λ  θ 2  +  λ 2  + 1 )     (  λ 2  +  θ 2  )    ( 1 + λ )  2   ( 2 λ +  β 2   θ 2  + λ  θ 2  +  λ 2  + 1 )    ,  










   Λ 2  =   − λ  β 2  V  ( 2 λ + λ  θ 2  +  λ 2  + 1 )     ( λ +  θ 2  )    ( 1 + λ )  2   ( 2 λ +  β 2   θ 2  + λ  θ 2  +  λ 2  + 1 )    .  











Since   λ , V , θ , β > 0  , both   Λ 1   and   Λ 2   are negative. As a result, since both eigenvalues are negative and real, the equilibrium is a sink and is asymptotically stable. ☐
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	1.
	
The results of the model are similar if both Type-A’s and Type-B’s value exerting effort, but Type-A’s place a greater value on winning the contest compared to Type-B’s. As long as there is a difference in the valuation of the contest between the two types, the results will be similar. Norming Type-B’s value to zero simplifies the presentation of the results.





	2.
	
Assuming different linear costs of efforts between the groups gives predictable results. For example in subsequent analysis, assuming costs are higher for individuals in population one leads to a higher equilibrium fraction p and a lower equilibrium fraction q. The reverse holds as well assuming costs are higher for population two. As a result, similar costs were assumed for ease of exposition.





	3.
	
It is assumed that both Type-Cs and Type-Ds via their position of authority receive some fixed benefit or salary that is independent of their decision to extort from citizens in population one. This benefit for ease of notation is assumed to be zero, since, as long as this benefit is the same for both types, the results will be unchanged.





	4.
	
See Appendix A for details.





	5.
	
If   p = 0  , then any q can be an equilibrium. In this case, there is no extortion so there is no payoff difference between type A’s and B’s.
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Figure 1. Example of phase plane (   θ 2  = 2  ,    β 2  = 2  ,   λ = 2  ,   V = 1  ). 






Figure 1. Example of phase plane (   θ 2  = 2  ,    β 2  = 2  ,   λ = 2  ,   V = 1  ).



[image: Games 09 00049 g001]







[image: Games 09 00049 g002 550] 





Figure 2. Changes in population frequencies as a function of  λ . Subfigures (a) and (b) assume different values for the bias in socialization parameters:  θ  and  β . 
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Table 1. Individual match and utility function.
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	Type-C’s     U  j  C   (  x i  ,  x j  )    
	Type-D’s     U  j  D   (  x i  ,  x j  )    





	Type-A’s    U  i  A   (  x i  ,  x j  )    
	       P i   (  x i  ,  x j  )  · V −  c i   (  x i  )           P j   (  x i  ,  x j  )  · V −  c j   (  x j  )       
	      V −  c i   (  x i  )          −  c j   (  x j  )       



	Type-B’s    U  i  B   (  x i  ,  x j  )    
	      −  c i   (  x i  )          V −  c j   (  x j  )       
	      V −  c i   (  x i  )          −  c j   (  x j  )       
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Table 2. Individual match and maximized utilities.






Table 2. Individual match and maximized utilities.










	
	Type-C’s     U  j  C   (  x  i  ⋆  ,  x  j  ⋆  )    
	Type-D’s     U  j  D   (  x  i  ⋆  ,  x  j  ⋆  )    





	Type-A’s    U  i  A   (  x  i  ⋆  ,  x  j  ⋆  )    
	      V   ( 1 + λ )  2            λ 2  V    ( 1 + λ )  2       
	     V       0     



	Type-B’s    U  i  B   (  x  i  ⋆  ,  x  j  ⋆  )    
	     0       V     
	     V       0     
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