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Abstract  This paper analyzes the welfare implications of acquiring information for 

profit-maximizing and labor-managed firms (in short, PMF and LMF).  We invent a unified 

method of exploring the role of information in a two-person game under uncertainty on the 

basis of comparative static analysis, and then apply the method to both the PMF and LMF.  

It is shown that whereas the LMF 's behavior is analogous to that of the PMF in some 

circumstances, the former may be entirely different from the latter in others.  Because a 

special status is accorded to labor as a variable factor of production, the informational 

analysis of the LM economy requires special care for both computation and interpretation. 

Looking carefully at reality, there are a variety of capitalist firms, presumably forming a 

sort of spectrum with PMF at one end and the LMF at the other end.  We would strongly 

believe that LMF also matters and should be worthy of due investigation.  

. 

 

 

 
 
―――――――――――――――― 
 This paper is a newly revised version of Sakai (1995).  The revision work has been done 

on the basis of recent development of related areas of research. 
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1  A Variety of Market Economies:  An Introduction 
 
This chapter aims to compare the working and performance of profit-maximizing and 
labor-managed firms from an informational point of view.  In what follows, those two 
different types of firms are respectively shortened to PMF and LMF.   
   While there are many intriguing problems in modern oligopoly theory , it is 
unquestionably correct to say that the issue of the impact of the information acquisition 
and transmission on the activities and welfare of firms operating under uncertainty 
constitutes a most, if not the most, important problem we have to investigate today.  In 
reality, there exist a variety of institutions through which firms in an industry are able 
to obtain information about demand , cost or whatever.  No doubt, government 
agencies and trade associations are among those information-gathering organizations. 
The question of much interest is whether and to what extent the establishment contributes 

to the welfare of producers, consumers, and the whole society. 

   Looking at the real world in a historical perspective, we understand that there have been 

a great variety of market economies.  Presumably, at the one end of the spectrum of 

possible forms, there surely exists the typical American-type economy, which as can often 

been seen in many standard micro-economics tests, may be well-described by the traditional , 

neoclassical profit-maximizing firm.  Interestingly enough, however, nearly at the other 

end, there exists the once-admired Japanese-type economy, which seems to be different from 

the American economy in many respects.   First of all, the Japanese firm can often be 

regarded as a large family, with the company president playing the role of a head of the 

family.  Second, a small group of company managers are no longer thought of mere agents 

of stockholders, but rather they are more likely the representatives of the whole employees.  

Third, in Japan, decision making and information flow are not exclusively monopolized by a 

selected number of top executives but are largely shared by all employees, including even 

ordinary salaried workers.  Fourth, and most importantly, a considerable portion of total 

profit goes into the pockets of all workers through extra payment of summer and winter 

bonuses, provision of sport and leisure facilities and the like.  In short, as convincingly 

pointed out by Komiya (1988a, 1988b) and others, the typical Japanese firm seems to have 

many characteristic of the LMF as opposed to the neoclassical PMF.  Since Japan has 

become a world economic power, it should be worthwhile to carefully compare the PM and 

LM economies from an informational point of view.   1)      
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   The issue of information transmission and exchange among firms was initiated by 
Basar and Ho (1974) and Ponssard (1979) as applications of stochastic nonzero-sum 
games to an oligopoly market with PMFs.  While the literature on that issue has been 
extensive since then, it is quite unfortunate that little attention has been paid to the 
role of information in oligopoly with LMFs.  In fact, although the working and 
performance of the LM economy under uncertaintyhas been discussed by Fukuda (1980), 
Hey (1981), Hey and Suckling (1980), Muzondo (1979) and others, it appears that the 
role of information has not drawn due attention. The purpose of this paper is to fill in 
such a gap by exploring the effects of information acquisition on LMFs.  2) 

   It will well-known that comparative static results for the LMF are usually different 
from. and sometimes even opposite to, those for the PMFs.  For instance, as contrasted 
with the standard PMF situation, the output of each LMF responds negatively to a rise 
in the product price and positively to an increase in the final cost.  Those and other 
"perverse results" were first noticed by Ward (1958) and have subsequently provided the 
focus for much of the literature on the LMF.  The question we would like to ask in this 
paper is whether and to what extent the role of information in the emerging LM 
economy really differs from that in the traditional PM economy.  3) 

   We find quite useful to newly invent a unified method of systematically exploring the role 

of information in a two-person game under uncertainty.  We develop the general framework 

on the basis of comparative static analysis, and proceed to apply it two specific models, 

namely the PM and LM duopolies.  When there is no information available, the optimal 

strategy of each player must be a "routine action" because it cannot know any specific value 

of a stochastic (demand or cost or whatever) parameter.  In plain English, an ignorant 

walking man with no guide maps has no option but simply walk forward on a narrow road in 

front of his very eyes.  If a certain amount of precious information becomes available, 

however, the optimal strategy of the player becomes no longer routine, but rather a more 

flexible "contingent action" in the sense that it should be dependent on each realized value.  

In other words, a cautious and well-equipped climber chooses his best combination of  

climbing routes taking account of weather and road conditions.  For instance, if the 

mountain whether happens to change, his climbing route might change accordingly.  Thus, 

the important question of whether additional information is beneficial or harmful to a player 

can simply be reduced to the straightforward one of whether by taking a contingent action 

rather than a routine action the player is better-off or worse-off.   As can easily be expected, 

in most cases knowledge is indeed valuable.  The real world where many imperfect men 

like us live, the answer should not be simple like that.  Indeed, there exist some other 

circumstances in which less knowledge may be better than more knowledge : possibly, 
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ignorance produces courage, thus becoming unexpected bliss. 

   We are really interested in comparing the welfare results of information acquisition and 

transmission on the LM duopoly with those of its PM twin.  By making a sequence of such 

comparisons, we will succeed in obtaining the following set of comparative static results: 

 
   ➀  In general, the effect of acquiring demand information on the expected output of both 

the LMF and the PMF cannot be determined unless a set of restrictions are placed on the 

form of the demand and (inverse) production function.   If the demand function is 

specifically linear and each (inverse) production is quadratic, however, the expected output 

of each LMF surely increases by gathering demand information.  This specific result may 

be contrasted with the corresponding PMF case in which the expected output remains 

unaffected by such information transfer. 
   ②  Generally speaking, the acquisition of demand information may positively or 

negatively contribute to both the expected profit per worker of each LMF and the expected 
profit of each PMF, depending again on the form of demand and production functions.  In 

the specific yet important case of linear demand and quadratic (inverse) production, 

whereas acquisition of information definitely makes the PMF better off, it may make the 

LPF better off or worse off, depending on the specific form of the production function of a 

stochastic (demand or production) parameter.  Remarkably, this demonstrates the 

possibility that in some circumstances, ignorance is bliss to the LMF.  
   ③ Let us turn to the case when uncertainty is about fixed cost.  Then the effects of the 

acquisition of (fixed) cost information on both the expected output and the welfare of each 

LMF are indeterminate in sign.  These results are definitely positive on the specific case 

mentioned above,  Such welfare results are in sharp contrast to the traditional PMF 

situation in which both the expected output and the welfare of each PMF remain unscathed 

by such information transmission. 

 

   To summarize, it is a more intricate task to explore the welfare impact of information 

transmission on the LMF than on the traditional PMF.  In the simple yet important case of 

linear demand and quadratic production, the welfare results for the LFM are clearly 

different from those for the PMF.  This indicates the intriguing properties characteristic of 

the LM economy.   

   The paper is organized as follows.  In the next section we introduce a unified method of 

analyzing the role on information in a two-person game under uncertainty.  This method is 

applied to the PM economy on the third section and to the LM economy in the fourth section.  

A detailed analysis of the simple yet important case where the demand function is linear and 
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each production function is quadratic is carried out in the fifth section.  And conclusions are 

made in the final section. 

 

2  Comparative Statics and the Role of Information:  The General Framework and its 

     Applications   

 

This section will introduce a unified method of investigating the role of information in a two 

person game under uncertainty.  The general framework will be developed on the basis of c 

comparative static analysis, and will be applied in the following sections to two specific 

models, namely PM and LM duopolies. 

 

2.1  The General Framework 
 

Our basic framework is the following two-person game under uncertainty.  There are two 
players in our model ― players 1 and 2.  Let Z i ( yi , y j , α)  the objective function of 

player i  ( i  = 1, 2; i ≠ j ), where  y i   represents the strategic variable of player i andα

is a common stochastic parameter,  As is usual, it is assumed that  Z i  is a an increasing 

and concave function of y i  . 

    It should be noted that the parameter α is subject to a certain probability density 

function φ(α) .  Each player may or may not know the realized value of  α before 

making his decision.  Concerning the information structure of our model, we are content to 

limit our attention to the following two opposite cases: 
   ⑴ The case of no information whatever, denoted by η0 , in which each player is 

completely ignorant of α . 

   ⑵ The case of complete information, written asηc  , in which each player can get 

information aboutα presumably through a third party such as a government agency or an 

independent research association.   

   In this paper, we are also content to make an additional set of assumptions.  First of all, 

information is neither costly nor noisy.  Next, we take account of no possibility of telling a 

lie or cheating.  Moreover, other problems relating to non-symmetric information and risk 
aversion are not considered here． Although we understand importance of those problems,  

we dare to omit them here as a first approximation.  
   Under no information, η0 , each player aims to maximize the expected value of his 

objective function, where the expectation is taken over α .   The player makes a 

Cournot-Nash type of conjecture about the rival, that is, he chooses his best strategy on the 

assumption that his rival's strategy is fixed, which gives rise to a Cournot-Nash equilibrium.  



 6 

More specifically, the pair (y 1 0 , y 2 0 ) of strategies is said to be an equilibrium pair under  
η0  if the following set relations holds: 

 
     y i 0  =  arg max  E [ Z i  ( y i , y j 0 , α ) ]    for all  y i                         (1)   

                                                   ( i  = 1, 2 ; i ≠ j )   

   At equilibrium, the optimal strategy of each player stands for a "routine action" since it 
depends on any specific value of α.  In plain English, a man sticks to the same action for 

all possible changes of  α .  In what follows, we will introduce the following linearity 

assumption: 

 

Assumption (L) 
The objective function  Z i  of each player is a linear function of  α  ( i = 1, 2) . 

 

   At the first glance, this assumption may look rather restrictive.  However, it is quite 

convenient for our analytical purpose.  Besides, as will be seen later, it is satisfied in most 

of standard duopoly models under uncertainty.  4)  

   If we make Assumption (L), then  E [ Z i  ( y i , y j , α ) ] is mathematically equivalent to  

 Z i  ( y i , y j , Eα ) , whence Eq. (1) can be reformulated as the following: 

 
     y i 0  =  arg max   Z i  ( y i , y j 0 , Eα ) ]    for all  y i                             (2)   

                                                   ( i  = 1, 2 ; i ≠ j )   

   Let us assume that the function Z i  is continuously differentiable to a desired degree.  

Then, a set of sufficient conditions for maximization are given by the following relations: 

 
    ∂Z i / ∂y i  =  0  .                          ( i  = 1, 2)              (3) 

   
    ∂2 Z i / ∂y i 2  <  0  .                        ( i  = 1, 2)              (4) 

  

   In the light of (3), it is not a difficult job to derive the following set of reaction functions: 

  
       y i  =  R i 0  (y j ,  Eα )                     ( i , j  = 1, 2 ; i ≠ j )        (5) 

 

Clearly, an equilibrium pair (y 1 0 , y 2 0 ) , if it exists, is a pair of strategies which satisfy Eq. 

(5).   

   Along with some other regularity conditions to be imposed on the objective function, 

those conditions aforementioned will ensure the existence of a Cournot-Nash equilibrium 
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underη0 .  However, they are not sufficient to ensure the stability of that equilibrium.  

Following Samuelson (1946), for the sake of comparative static analysis, we have to require 

stability.  This will be guaranteed if the absolute value of the slope of each reaction curve is 

less than unity, so that the following set of equations must hold: 

 
         | d R i 0 / d y j | <  1  .     ( i , j  = 1, 2 ; i ≠ j )                (6) 

 

where the derivative is evaluated at equilibrium.   5) 

   Let us turn to the case of complete information, ηc  .  In this case, each player can 

acquire information about α , and for any given α he chooses a best strategy against 

some optimal strategy of his rival.  Therefore, at equilibrium each optimal strategy is 

regarded as a "contingent action," meaning that it is dependent on each realized value of  
α .  Mathematically speaking, the pair ( y 1c (α) , y 2c (α) ) of strategies is called an 

equilibrium pair underηc  if for each givenα , the following conditions are met: 

 
       y i c (α)   =  arg max  Z i  ( y i , y j c(α) , α )     for all  y i .                      (7)   

                                                   ( i , j  = 1, 2 ; i ≠ j )   

   As is usual, sufficient conditions for maximization are provided by the following 

equations: 

 
    ∂Z i / ∂y i  =  0  .                          ( i  = 1, 2)                (8) 

   
    ∂2 Z i / ∂y i 2  <  0  .                        ( i  = 1, 2)                (9) 
       

   By virtue of (8), we obtain a pair of reaction functions as follows: 

 
       y i  =  R i c  (y j , α )                     ( i , j  = 1, 2 ; i ≠ j )           (10) 

 
   It is noted here that on appearance, the reaction function R i c underηc  has the same 

functional form as the reaction function R i 0 underη0 , the only difference being thatα is 

now present instead of Eα .  We would like to stress that such difference is more than 

mere appearance:  it should be very substantial indeed.   

   Under some regularity conditions on the objective function, there should exist an 
equilibrium pair (y 1 c (α) , y 2 c (α) ) such that  y i  =  R i c  (y j (α) , α ) .  In addition, 

stability will be ensured underηc whenever, for each givenα , the following relations hold: 
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             | d R i c/ d y j | <  1  ,     ( i , j  = 1, 2 ; i ≠ j )              (11) 

 

where the derivative is evaluated at equilibrium.   

   We are in a position to explore the role of information in our two-person game under 

uncertainty.  We can do such a task by making a sequence of comparisons between 
equilibrium values underη0 and those underηc .    We are especially interested in 

comparing  y i 0  with  E y i c (α) , and Z 0  with  E [ Z i (α) ] . 

   Underηc , both y i  and Z  are functions of α ( i = 1, 2). These functions may be or 
may not be convex (or concave) inα . Suppose that y j (α) is convex (or concave) in α. 
Then, it follows from Jensen's inequality formula that for any possible probability 
density functionφ(α) of α , E [y i (α)] is greater than (or less than) y i ( Eα) , where 
the expectation is taken for φ(α) .  Under Assumption (L) above, we find y i c ( Eα) =  
y i 0 . and Z i c ( Eα) = Z i 0 .  We can thus establish the following result: 
 

Proposition 1   
   Under Assumption (L), information acquisition increases (or decreases) E [y i]  if 
y i  is a convex (or concave) function ofα.  A similar result also holds for  E [ Z i ]  

( i = 1, 2) .       
        

   In order to investigate the impact of information acquisition on E [ Z i ] , it is 
necessary to examine the convexity (or concavity) of Z i  with respect toα .  If we 
differentiate Z i  = Z i  ( y i (α) , y j (α) , α )  with respect to α , we have the following 
equation: 
 
   d Z i / dα =  (∂Z i /∂y i ) ( d y i / dα)  +  (∂Z i /∂y j ) ( d y j / dα)  
             +  (∂Z i / ∂α )  .      ( i , j  = 1, 2 ; i ≠ j )              (12) 
 

   The first, second and third terms on the right-hand side of (12)  respectively denote 
the "indirect own effect", the "indirect cross effect" and the direct effect" of a rise inα on 

Z i  .  Since (∂Z i /∂y i ) must vanish by the fist-order condition,  (12) can be simplified 

to the following: 

 

   d Z i / dα =  (∂Z i /∂y j ) ( d y j / dα) + (∂Z i / ∂α )  .   ( i ≠ j )       (13)  
 
   If we further differentiate both sides of (7.13) with respect toα , we can determine the 

sign of the second-order derivative d2Z i / dα2 .  In fact, we have the following equation: 
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  d2Z i /dα2 = 【 (∂2Z i /∂y i∂y j ) (d y i /dα) + (∂2 Z i /∂y j 2 ) ( d y j / dα) 】( d y j / dα)  

             +  (∂Z i /∂y j ) ( d 2y j / dα2 )  +  (∂2Z i /∂α2
 )  .     ( i ≠ j )       

 

   If the game in question is symmetric, then the resulting Cournot-Nash equilibrium  
is also symmetric, so that the equilibrium value of y i  and  y j  should be just equal.  
Consequently, (7.13) can be rewritten as follows: 

 

  d2Z i /dα2 = 【 (∂2Z i /∂y i∂y j ) + (∂2 Z i /∂y j 2 ) 】( d y i / dα) 2  

             +  (∂Z i /∂y j ) ( d 2y j / dα2 )  +  (∂2Z i /∂α2
 ).    ( i ≠ j )    (14)   

  
   It is noted that the right-side of (14) consists of three terms.  The first term is 
ambiguous in sign, depending on the value and sign of the two second-order derivatives  
(∂2Z i /∂y i∂y j ) and (∂2 Z i /∂y j 2 ) .  While the second term is positive (or negative) 
if  
y i  is convex (or concave) in α , the sign of the third term is indeterminate.  Needless 
to say, the total impact of information acquisition is a combination of these three 
components each of which might go either directions.  Therefore, we should be 
extremely careful before reaching any definite conclusion.  As the saying goes, Rome 
was not built in a day.  Likewise, a unified approach to oligopoly and information 
cannot be established so easily, requiring a detailed case-by-case analysis.   6) 

   Let us safely get out of such a "blind ally of ambiguity."  We believe that a 
diagrammatic explanation would be very instructive in understanding the meaning of 
Proposition 1.  For simplicity, as is indicated in Fig. 1, let us assume that the stochastic 
parameter α takes on one of two equally likely values ― high (H ) or Low (L ).   It 
is noted that Eα = (H + L ) / 2 .  
    In this simple two-valued distribution case, the relevant reaction curves may be 
positively or negatively sloping, depending on the functional form of Z .  Forα= H,  
"player 1's reaction curve for player 2's choice y 2 " is shown as  R 1 H, , whereas for    
α = L , it is drawn as R 1 L .  Note that  R 1 L  lies west of R 1 H because  L  is 
numerically less than H .  A dotted curve  R 1 O  denotes the average of these two 
reaction curves for player 1.  In a similar fashion, we are able to draw the reaction 
curves R 2 H  and  R 2 L  together with their average R 2O  for player 2.  
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         Fig. 1  The Simple Uniform Distribution :  φ (α)  
             Remark.  φ(H ) =φ(L ) = 1/2 ; φ(α) = 0  otherwise 

     

 

 

 

 

       
 
        Fig. 2  Equilibrium under Uncertainty:  η0  versus  ηc  

               Remark.  Q O  = (y 1 0 , y 2 0 ) ; Q H = ( y 1 (H ) , y 2 (H ) ) , Q L  = ( y 1 (L ) , y 2 (L ) )  
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   In Fig. 2, we may easily find Cournot-Nash equilibriums under η0  and those under 

ηc .  On the one hand, when both players are ignorant ofα , the point represents  a 
stable equilibrium underη0 , with  (y 1 0 , y 2 0 ) being a pair of equilibrium strategies.  On 

the other hand, in ca both players can know α , a pair of the two points, Q H and  Q L , 
show stable equilibriums.  In this latter case, the vector of two pairs, (( y 1 (H ) , y 2 (H ) 

) ; ( y 1 (L ) , y 2 (L ) ) stands for a pair of equilibrium strategies of players 1 and 2 under ηc .     
     
   We are in a position to see by means of a diagram how information acquisition by 
both players affects E y i , the average of y i s .  Suppose that y i (α) is a convex function 

of α and that the three points, ( H , y i (H ) ) , ( L , y i (L ) ) and (Eα, y i 0 ) , are located 
as in Fig. 3, where Eα = (H + L ) / 2 .  Ten, we can easily find the following relations: 
 

    ( y i (H ) + y i (L ) ) / 2  =  E y i (α)  >  y i ( Eα)  =  y i 0 . 

  

   Consequently, information acquisition, on average, makes both players more active 
and lively.   
 
 
 
 

      

 
                  Fig. 3  The convexity of  y i (α)         
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2.2  Applications to Profit-Maximizing Duopoly 
 
We are ready to apply the general framework developed in the previous section to two 
important classes of two-person games under uncertainty, namely, profit-maximizing 
and labor managed duopolies facing demand or cost risk.  This section will deal with 
the impact of information acquisition on the PM economy. 
   Let us consider an industry with two firms producing a homogeneous product.  
Firm i  produces output x i  with the help of labor l i  and other unspecified fixed 
factors.  The relation between x i  and l i  is described by the inverse production 
function  l i  = 
g (x i ) , in which  g ' (x i ) > 0  and g " (x i ) > 0  ( i = 1, 2).    
   Each firm faces a price p i  for its product, being given by the inverse demand 
function  p  = b  — h (X ) , where h ' (X ) > 0 and X = x 1 + x2 .  Let  w  be the 
competitively given wage rate and k  the fixed cost.  Then, firm i ' s profit is defined by 
the following:  7) 

 
   Πi  = (b — h (X ) ) x i  — w g (x i ) — k  .   (i = 1, 2)                   (15) 
 
   The profit function Πi  is a linear function of b  or k , thus satisfying Assumption 
(L) stated above.  Under some circumstances, the parameter b may be a stochastic 
parameter showing demand uncertainty.  Under others, the parameter k may be a 
stochastic parameter representing fixed cost uncertainty.  For instance, if x i  stands for 
the amount of beer production by the i th brewery, then b may represent the 
fluctuations of GDP or the state of the weather whereas k may be related to the 
variations of various rents or the breakdown of machinery.   
   Sufficient conditions for profit maximization are given as follows: 
 
  ∂Πi /∂x i  ≡ｂ —ｈ — h ' x i  — w g'  =  0  ,            ( i  = 1, 2)      (16) 

   

   ∂2Πi /∂x i 2 ≡  — (2 h ' + h " x i + w g " )   <  0  .       ( i  = 1, 2)      (17) 

  
   In the light of (16), we find that, at equilibrium, x i  is a function of x j , which is 
nothing but firm i' s reaction function for firm j , being simply denoted by R i (x j ). 
Indeed, it is not a difficult job to derive the first-order derivatives of R i (x j )  as follows: 
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   d R i / d x j  =  — [ h + h "x i ] / [ 2h + h " x i + w g " ]   .                  (18)           
  

                                                      ( i , j  = 1, 2 ; i ≠ j )   

 

   Now, recall the stability condition (6) implies the following: equation, 
 
     | d R i / d x j | <  1  .     ( i , j  = 1, 2 ; i ≠ j )                    

 
   This together with the second-order condition (7.17) above implies that  [ 2h + h " x i 

+ w g " ]   >   | h + h "x i |  , which in turn implies the following: 
 

       3h ' + 2h " x i  + w g "  > 0                                               (19) 

 

   Let us carry out comparative static analysis and explore the impact of information 
acquisition by PMF on equilibrium values.  If we differentiate (16) with respect to b, 
then we obtain the following first derivative:  
 
     d x i / d b  =  1  / (3 h ' + 2 h " x i  + w g " ) ,                            (20) 
 
which is positive by virtue of (7.19).  Further differentiation of (20) with respect to b  
results in the following second derivative: 
  
   d 2x i / d b 2 = — (8h ' + 4h"x i + w g "' ) / (3h ' + 2h" x i + w g" ) 3 .              (21) 
 
   Mathematically speaking, the second derivative d 2x i / d b 2  may go in either 
direction, depending on the sign of the quantity (8h ' + 4h"x i + w g "' ) .  Therefore, we 
can establish the following proposition: 
 
Proposition  2   
d 2x i  / d b 2   ⋛ 0   ⇔   8h"  + 4h"' x i + w g "'  ⋛ 0 . 
 
   In the light of Proposition 1 above, this proposition tells us that information 
acquisition about b  may increase or decrease the expected output of each PMF, 
depending on the sign and value of h  and g .     
   Now, let us focus on the special yet interesting case in which the demand function is 
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linear, and the production function is linear or quadratic, implying that h " = h "' = 0 and  
g "' = 0.  Then, since the quantity ( 8h"  + 4h"' x i + wg "' ) vanishes in this special case, 
it follows from Proposition 2 that d 2x i  / d b 2  =0 , so that the expected output of each 
PMF remains unscathed by information acquisition about b .  Interesting enough, such 
a special and simple case has long been a focal point of investigation in the literature on 
oligopoly with uncertainty (see Ponssard (1979), Sakai (1990, 1991), for instance).  
Besides, a much more detailed analysis of this simple case will be given in the next 
section.   
   Now, let us consider the impact of changes in b on profits.  By making use of (15) , 
(20 ) and (21) above, we have the following first and second derivatives: 
 
   dΠi / d b  =   x i ( 1 — h ' (d x i / d b ) )     
     
             =  x i ( 2 h ' + 2h" x i + w g ' )  /  ( 3 h ' + 2h " x i + w g " )          (22)  
         
  d2Πi / db 2  =  (d x i / d b ) — (h ' + 2h "x i ) (d x i /db ) 2 — h' x i (d2 x i / d b 2)  
 
             =  (2h' + wg" )  /  (3h ' + 2h " x i + w g " ) 2   

 

                        + h ' x i ( 8h " + 4 h "' x i + w g "' )  /  (3h ' + 2h " x i + wg " ) 3    (23)  
 
   Consequently, in view of (23), we can establish the following proposition: 
 
Proposition 3 
 d2Πi / db 2  ⋛ 0  

   ⇔  (2h' +w g" ) (2h' +w g" ) + h 'x i ( 8h " + 4 h "'x i + w g "' )  ⋛ 0 .  (i = 1,2)    
 
   The sign of the second derivative d2Πi / db 2 cannot be determined unless some 
specific conditions are imposed on demand and production.  In general, the acquisition 
of demand information may positively or negatively contribute to the expected profit of 
each PMF, depending to the sign and value of h  and g .  In the special case of linear 
demand and quadratic production, (23) is reduced to the following: 
 
   d2Πi / db 2   =   (2h' +w g" ) (3h' +w g" )2  , 
 
which is clearly positive.  Therefore, in this simple case, the acquisition of demand 
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information makes each PMF better off, which agrees common sense.  8) 

   Now, suppose that there is uncertainty about k , the fixed cost.  Since there are no 
terms associated with k present in (16), it follows that  d2x i / dk 2  = 0.  Moreover, by 
means of (15), we have d2Πi / dk 2 = 0.  We can summarize these observations as 
follows: 
 
Proposition  4 
 d2x i / d k 2  = 0  and  d2Πi / d k 2 = 0.    ( i = 1, 2) 
 
   This proposition says that, as can be expected, the acquisition of fixed cost 
information does not affect the expected output and expected profit of each PHF in any 
way. 
 
2.3  Applications to Labor-Managed Duopoly 
 
In this section, we will examine the role of information in the LM economy, the main 
theme of this chapter.  It is well-known that the comparative static analysis of the 
LMF leads to some "perverse results."  We employ the term "perverse" to indicate 
behavior opposite to that of the PMF.  The question of interest is how and to what 
extent the LMF' s response to information acquisition is different from that of the  
PMF.   9) 

   Using the same notation as in the previous sections and following the tradition of 
Ward (1958), we assume that the LMF 's objection is to maximize its profit per worker 
rather than profit per se.  Specifically, firm i 's profit per worker is given as follows: 
 
   S i  ≡Πi / l i  =  [ (b — h ) x i —w g —k ] / g  .   (i = 1, 2)                 (24) 
 
   We can write the sufficient first-order and second-order conditions as follows: 
 
 ∂S i /∂x i  ≡ [ｂ —ｈ — h ' x i  — (w + S i) g' ] / g  =  0  ,  ( i  = 1, 2)      (25) 

   

   ∂2S i /∂x i 2 ≡  — [ (2 h ' + h " x i + (w + S i) g " ] / g   <  0  .      

                                                          ( i  = 1, 2)      (26) 

 

   Observation of (25) tells us that, at equilibrium, x i  is a function of x j , which is 
nothing but firm i' s reaction function for firm j , being simply denoted by R i (x j ). 
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Indeed, it is a rather routine task to derive the first-order derivatives of each LMF as 
follows: 
 
   d R i / d x j  =  
 
  [ g ' h ' x i — g  (h' + h" x i ) ] /  g  [ (2 h ' + h " x i + (w + S i ) g " ]  .     (27)    
                                                          ( i , j  = 1, 2 ; i ≠ j )   

  
   The stability condition (6) above in conjunction with the second-order condition (26) 

implies that  |  g ' h ' x i — g  (h' + h" x i ) |  <   g  [ (2 h ' + h " x i + (w + S i ) g " ]  , 

which in turn leads to the following :   10) 

 

   D i  ≡   g  [ 3 h ' + 2h " x i + (w + S i) g " ] — g ' h ' x i   >  0 .              (28) 
 
   The question to ask is how and to what extent the acquisition of information of 
demand or cost affects the expected output and expected profit per worker of each LMF.  
First, we wish to explore the LMF 's response to information acquisition about b , the 
demand intercept.  By differentiating (25) with respect to b , we obtain the first-order 
and second order derivatives: 
 
     d x i / db  =  —  (g ' x i — g )  /  D i  ,                                          (29)  
 
     d2xi / db 2  =  (g ' x i — g ) 【 2g "x i D i   —  (g ' x i — g ) E i  】 /  D i 3   ,,     (30)  

                                                      

where the quantity  E i   is defined as follows: 

 

    E i   =  2h ( g ' — g " x i ) + (g g "' + g ' g " ) (w + S i)  
            + 4g ( 2h ' + h " x i )  .                        (i  = 1, 2). 
  

   Note that the quantity  (g ' x i — g ) is positive whenever g is convex in x i  . Therefore, 
it is seen in (29) that an increase in demand really decreases the output level, 
confirming a famous "perverse behavior" of the LMF.   In the light of (30), we 
immediately establish the following proposition: 
 
Proposition  5 
   d2xi / db 2    ⋛ 0    ⇔   2g "x i D i   —  (g ' x i — g ) E i   ⋛ 0 .       (i  = 1, 2). 
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   If we compare this proposition with Proposition 2 above, then we readily see that it 
is generally a more demanding job to analyze the informational implications for the LM 
duopoly than those for the PM duopoly.  Indeed, it is not easy to determine whether the 
quantity  2g "x i D i  is greater or less than the quantity  (g ' x i — g ) E i  .  Therefore, 
the effect of obtaining demand information on the expected output of each LMF is 
ambiguous unless further restrictions are placed on the form of the demand and 
production functions.  It is in the next section, we will carry out a detailed analysis for 
the simple yet important case where h is linear and g is quadratic. 
   The impact of acquiring demand information on the welfare of each LMF can be 
measured by the following first-order and second-order derivatives: 
 
  d S i / db  =  (x i / g ) [ 1 — h ' ( d x i  / db ) ] 
 
           =  x i  [ D i + h ' ( g ' x i  — g ) ]  /  g D i   ;                     (31) 
 
 d2S i / db 2  =  [ (g ' x i — g ) / g 2 ]  ( — d x i / db )  [ 1 — h '  ( d x i  / db ) ] 
 
               — (x i / g ) 【 2 h "  (d x i / db ) 2  + h ' ( d2xi / db 2 ) 】   (32) 
                                                            (i  = 1, 2)    
   Inspection of (32) indicates that the question of determining the sign of the second 
derivative d2S i / db 2  is rather involved.  While the first term of the right-hand side of 
(32) is positive since d x i  / db  is negative (see (29 ), the second-term is ambiguous in 
sign since the signs of h " and d2xi / db 2  are indeterminate.  By inserting (29) and (39) 
into (32) and performing some calculations, we find the following: 
 
   d2S i / db 2  =  ( g ' x i — g ) F i / g 2 D i 3  ,                              (33) 

 

where  F i  denotes the quantity defined as follows: 
 

   F i  =  D i  ( g ' x i — g ) 【D i + h ' ( g ' x i  — g ) — 2 g h "x i 】 
 
     — g h ' x i  【 2g " x i D i  —  ( g ' x i — g ) E i  】.   (i  = 1, 2)       (33a) 
 
   We can thus establish the following proposition: 
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Proposition  6 
     d2S i / db 2    ⋛ 0    ⇔     F i    ⋛ 0  .         (i  = 1, 2)  
 
    This proposition shows the effect of acquiring demand information on each LMF's 
expected profit per worker.  As expected, it is generally ambiguous unless further 
restrictions are placed on the demand and production functions.  With some conditions 
on h  and g , the second-order derivative  d2S i / db 2  may be negative, implying that 
ignorance may be bliss.  Since we believe that this is an intriguing result, we will 
conduct a more detailed analysis in the next section. 
   Let us turn to the case of fixed cost uncertainty.  By differentiating the first-order 
condition (25) with respect to k , we now have the following results: 
 
   d x i / d k  =  g ' / D i  ;                  ( i  = 1, 2)                         (34)  
 
   d2x i / d k 2  =  g '  ( 2g " D i   —  g ' E i )  /  D i 3   ,,                               (35)  

  
   By making use of (35), it is fairy easy to establish the following proposition: 
 
Proposition  7 
   d2x i / d k 2    ⋛ 0    ⇔  2g " D i   —  g ' E i   ⋛ 0  .      (i  = 1, 2)  
   
   As it is seen in this proposition, the expected output of each LMF may respond 
positively or negatively to the acquisition of fixed cost information:  indeed, it depends 
on the form of the demand and production functions.  This result is in sharp contrast to 
the PMF situation in which xi  is linear in k , and hence the expected output of each 
PMF remains unaffected by the acquisition of fixed cost information (see Proposition 4).  
If we consider the simple case where the demand function is linear and the production 
function is quadratic, then we may show that the production activity of each LMF, on 
average, increases by the information acquisition.  11) 

   Finally, let us explore the welfare impact of fixed cost information on the LMF.  In 
the same manner as above, we can measure the impact by the following first-order and 
second-order derivatives: 
 
   d S i / d k  =  — (1 / g ) [ 1 + h ' x i  ( d x i  / dk ) ]    
         
            = — (h ' g ' x i  +  D i  )  /  g D i     ;                         (36) 
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  d2S i / d k 2  = (g ' / g 2 ) ( d x i  / dk ) [ 1 + h ' x i  ( d x i  / d k ) ]    
         
          — (1 / g ) 【 (2h "x i + h ' ) ( d x i  / dk ) 2  + h ' x i  ( d2 x i  / dk 2  ) 】 
  
      =  (g ' / g 2 ) ( G i / D i 3  )  ,         ( i  = 1, 2)                    (37) 
 

where  G i  is the quantity newly defined as follows: 
 
   G i   =  g ' D i  (D i  + h ' g ' x i  )   
          — g 【 D i g '  (2h "x i + h ' ) + h ' x i ( 2g ' D i  — g ' E i ) 】。        (37a)  
 
   We can thereby establish the following proposition: 
 
Proposition  8 
     d2S i / d k 2   ⋛ 0    ⇔   G i  ⋛ 0  .           ( i  = 1, 2)                      

 

   In order to see how fixed cost information affects the welfare of each LMF, it is 
necessary to examine the convexity or concavity of S i   with respect to  k  (see 
Proposition 1 above).  According to Proposition 8, we cannot say whether the 
second-order derivative d2S i / d k 2  is positive or negative unless we specify the exact 
form for the demand and production functions.  Consequently, the effect of acquiring 
fixed cost information on each LMF 's expected profit per worker may go in either 
direction.  It will be shown in the next section, however, that when h  is linear and g  
is quadratic, the welfare of each LMF increases by the acquisition of fixed cost 
information, which would agree with common sense.   12) 

 
 

2  A Simple Case of Linear Demand and Quadratic Production   

      
Whereas the informational properties of the LM economy are more or less similar to 
those of its PM twin in some circumstances, the former may be entirely different from 
the latter in others.  In order to make the distinction between these two regimes much 
clearer, in this section we will carry out a very detailed analysis of the simple yet 
important case in which the demand function is linear and each firm's production 
function is quadratic. 
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   For simplicity, let us make the following assumption:0 
 
Assumption (DL-PQ) 
  ➀ (Demand: Linear)         h ( X )  =  x 1 + x 2  .   
  ➁ (Production: Quadratic)   g (x i ) = x i 2    ( i  = 1, 2)    

 

   First, we will deal with the PM economy.  Clealy, firm i s profit function is written 
as Πi  =  (b — h (X) ) x i  — w g (x i ) — k  = (b — x i — x j ) x i  — w x i 2   — k .  So, if 
firm i  maximizes  Πi  under the Cournot-Nash assumption on its opponent's output, 
the following first-order condition must be met: 
 
 ∂Πi /∂x i  ≡ｂ — 2 (1 + w ) x i — x j  =  0  ,  ( i , j  = 1, 2 ;) i ≠ j )     (38} 
  

   Since  ∂2Πi /∂x i 2  ≡  — 2 (1 + w ) <  0, the second-order condition is always 
satisfied.  In the light of (7.38), we can derive each PMF 's reaction function as follows: 
 
  [PMF]     R i   :   x i  =  【 1 / 2 (1 + w ) 】( b — x j ) .       (i ≠ j )           
 
   The two reaction curves, R 1  and R 2 , are shown in Fig. 4.  As is expected, both 
curves are downward-sloping straight lines.  Point Q * represents a unique Cournot- 
Nash equilibrium which is apparently (globally) stable.  The equilibrium output of 
each PMF is then provided as follows: 
 
       x i *  =   b  / (3 + 2 w ) .                ( x i  = 1, 2)              (39) 
 
   And, by virtue of (38), firm i 's equilibrium profit can be rewritten as follows: 
 
        Πi *  =  (1 + w ) (x i *) 2  — k .                                   (40) 
 
   We must determine the signs of the second-order derivatives with respect to the 
parameters in question in order to explore the impact of information acquisition by 
PMFs on equilibrium values.  If we differentiate (39) and (40) with respect to b  twice, 
then we find the following: 
 
     d x i * / db 2   =  0 ; 
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     d Π  i * / db 2   =  ２(1 + w) / (3 + 2w ) 2   >  0 . 
 
   In this simple case, x i * is a linear function of b .  As a result, information 
acquisition about b  has no impact on each PMF 's expected output, but does increase 
its expected profit.   
  
 
          

      

     Fig. 4  Profit-Maximizing (PM) Duopoly:  A Simple Case 

    
 
            
   Similarly, we can have the following: 
 
        d2x i * / d k 2   =  0 ; 
 
        d2Π  i * / d k 2   =  0 . 
  
   Since both  x i *  and Π  i * are linear functions of k , it follows that information 
about  k  does not affect the expected outputs and profits of PMF s in any way.   
   Now, let us turn to the role of information in the LM economy.  Note that under  
Assumption (DL-PQ), we have S i  ≡Πi / l i  =  [ (b — x i — x j ) x i —w x i 2 — k ] / x i 2    .   
by means of (24) .  So, if firm i  maximizes S i  under the Cournot-Nash assumption on 
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its rival's output, the following first-order conditions should be satisfied: 
 
   ∂S i /∂x i  ≡ [ x i (x j — b ) + 2 k ] / x i 3  =  0.  ( i , j  = 1, 2 ;) i ≠ j )    (41) 
 
   Making use of (41), firm i 's equilibrium profit per worker is expressed by the 
following equation: 
 
        S i * =  k / ( x i *) 2   —  1 — w .                                  (42) 
   
   The second-order condition for profit per worker requires the following: 
 
   ∂2S i /∂x i 2  ≡ 2 [x i ( b —x i ) — 3k ]  /  x i 4   <  0 .                    (42a) 
 
   Because  x i ( b —x i ) — 3k = — k  <  0 by means of (41), the second-order condition 
is satisfied.  From (41) , each LMF 's reaction function is given as follows: 
 
  [ LMF ]   R i  :     x i  =  2k / ( b —x i ) .        (i ≠ j )           
 
   The two reaction curves for the LM economy are shown in Fig. 5.  For convenience, 
assume that b 2 is greater than 8 k .  Then, as is clear from the figure, there exist two  
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   Fig. 5  Labor-Managed (LM) Duopoly:  A Simple Linear Case 

  
 
equilibrium points, Q * and  Q ** .   The corresponding equilibrium outputs are then 
given as follows : 
  
           Q * :       x i *  =  ( b — (b 2 — 8k ) 1/2  ) /  2              (43)  
 
            Q ** :       x i *  =  ( b  + (b 2 — 8k ) 1/2 ) /  2               (44)  
 
   Let us compare this Fig. 5 with the last Fig. 4.  Then, we see that even in the simple 
case of linear demand and quadratic production, each LMF 's reaction curve is no longer 
a straight line but a rectangular hyperbola.   Thus, it is a more difficult job to 
investigate the working of the LM economy than that of its PM twin.   
   In Fig. 5 , Point Q * is stable but Point Q ** is not so.  Therefore, for our 
comparative static analysis to be valid, we have only to focus on the stable point, 
namely Point Q * .  As a result, x i *  stands for the only relevant equilibrium output of 
firm i .    
   We are ready to examine the informational implications for the LM economy.  By 
repeatedly differentiating (43) and (42) with respect to  b , we obtain the following 
second derivatives: 
 
  d2 x i * / db 2  =  2 x i * ( b — x i * ) / (b — 2 x i * ) 3  =  4k / (b 2 — 8k ) 3/2   >  0 ; 
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  d2 S i * / db 2  =  ( b — x i * ) (b — 4 x i * )  /  x i * (b — 2 x i * ) 3   

 

     =【b + (b 2—8k ) 1/2 】【2 (b 2—8k ) 1/2 —b 】 / 【b —(b 2 —8k ) 1/2 】( b 2—8k ) 3/2     

 

     ⋛  0 .                                                                 (45) 
 
   It is seen that x i * is a convex function of  b .  Thus, for the simple case of linear 
demand and quadratic production, we can unequivocally determine the impact of 
information acquisition about b  on E x i  .  Obtaining demand information increases 
the expected output of each LMF.  This result may be contrasted with the PMF case of 
linear demand and quadratic production, where as stated above, the expected output 
remains unaffected by such information acquisition.     
   In the present simple case of PMF, we have shown that Π  i * is a convex function of 
b , implying that the welfare of each PMF increases by the acquisition of demand 
function.  It is seen in (45), however, S i * is neither convex nor concave in b , whence 
the impact of the demand information acquisition on the welfare of each LMF  is 
ambiguous.  In fact, the second-order derivative d2 S i * / db 2  depends on the sign of 
the quantity 【2 (b 2—8k ) 1/2 —b 】, which is positive or negative according to whether b  is 
greater than or less than the quantity  (32 k / 3 ) 1/2  . 
   Fig. 6  demonstrates the relationship between b  and S i * .  Apparently, Curve   
S i * is inverse-S shaped with M being a reflection point.  For instance, let us consider 
the following discrete uniform distribution of b , that is, φ(b )  =  1/2  for  b  =    
(32 k / 3 ) 1/2 +  m ,  (32 k / 3 ) 1/2  +  2 m ;  andφ(b )   =  0   otherwise.  ( Note that  
m  is a given positive integer.)    
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      Fig.  6  The Relationship between h and S i *          

 
 
 
 
    Then, the information transmission makes each LMF better off ( or worse off) 
whenever m  is positive (or negative).  Even working with the case of linear demand 
and quadratic production, we have thus been led to a "perverse result," characteristic of 
the LM economy.  Once again, we have learned that the value of information may be 
negative and ignorance may be bliss ! 
   Finally, let us analyze the effects of obtaining fixed cost information on the 
equilibrium values.  In view of (43) and (45), it is not difficult to derive the following 
second-order derivatives: 
 
   d2 x i * / d k 2  =  8  / (b — 2 x i * ) 3 =  8 / ( b 2 — 8k ) 3/2   >  0 ; 
  
   d2 S i *  / d k 2  =  4b (b — 3 x i * )  /  (x i * ) 3 (b — 2 x i * ) 3  

                   

         =  16b【3 (b 2—8k ) 1/2 —b 】/【b — (b 2—8k ) 1/2 】3 【 b 2 — 8k 】3/2    >  0 . 
 
   It is noted by (41) and (45) that at equilibrium, b — 3 x i * = 2 [ k — (x i * ) 2 ] / x i * 
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 = x i * (w + S i * ) >  0.  Therefore, the second-order derivative d2 S i * / dk 2  must be 
positive as shown above. 
   Since both  x i *  and  S i *  are convex functions of  k , it follows from Proposition 
above that the acquisition of fixed cost information increases the expected output and  
expected profit per worker of each LMF.  These results are in marked contrast to the 
PMF world where the information acquisition has no influence on the expected output 
and expected profit f each PMF.   
   Table 1 summarizes the effects f obtaining demand and cost information on the 
equilibrium values for the PM and LM duopolies.  While we limit our attention to the 
simple case of linear demand and quadratic production, we may easily understand that 
the information implications for the LM economy are different from those for the PM 
economy.  In fact, it appears that information plays a greater role in the LM economy 
than in the PM economy.  This is because the sign pattern for the former economy looks 
more complicated and more intriguing than for the latter economy.   
  
 : 
 
      
 
 
  Table 1  The Impact of Information Acquisition :  A Simple Case of Linear 

           Demand and Quadratic Production 

 
 —————————————————————————————————————————————————————————————————————————— 
   Uncertainty        PM duopoly                  LM duopoly 

 ―――――――――――――――――――――――――――――――――――――― 

   Demand    ｄ2x i */ db 2    0         ｄ2x i */ db 2        + 
                            ｄ2Π i */ db 2   +         ｄ2S i */ db 2         ± a) 

------------------------------------------------------------------------------------------------------------------- 
      Fixed         ｄ2x i */ dk 2    0         ｄ2x i */ dk 2        + 

      Cost          ｄ2Π i */ dk 2   +         ｄ2S i */ dk 2         + 

―――――――――――――――――――――――――――――――――――――― 

   a)   ｄ2S i */ db 2  ⋛ 0  ⇔  b   ⋛ ( 32k / 3 ) 1/2 
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3  The Labor-Managed Economy Also Matters :  Conclusions 
 
In this paper, we have been concerned with the role of information played in PM and 
LM duopoly models.  We are especially interested in seeing how and to what extent the 
LMF 's response to the acquisition of demand or cost information is different from the 
traditional PMF twin.  To this end, we have first developed a unified approach to the 
role of information in a two-person game under uncertainty, and then applied the 
approach to the PM and LM duopolies. 
   Generally, it is a more demanding task to explore the informational implications for 
the LM duopolies than those for the PM duopolies.  This is because in contrast to the 
equal treatment of labor and other factors of production in the conventional PM 
economy, a special status is accorded to labor as a vital factor of production.   As can 
easily be understood, such non-symmetric treatment in the LM economy requires 
special care in the computations and interpretations of welfare results.  In short, 
human beings play special status at the LM firm, thus being fundamentally different 
from other raw materials and machinery.  This distinction should clearly be recognized 
in the discussion of the LM economy.  
    If we want to discuss the working and performance of the capitalist economy, it is 
correct to say that the PMF matters as one of the conventional forms.  We want to 
assert, however, that the LMF also matters as an alternative form. .   
   Michael E. Porter (1947- ) is a distinguished American academic who is well-known 
for his theories on economic science, business incentives, and social relations.  In a 
very influential article in Harvard Business Review, Porter (2011) and his fellow worker 
Mark R. Kramer have once remarked: 
 
   The capitalist system is under siege.  In recent years business increasingly has been 

   criticized as a major cause of social, environmental, and economic problems.  Companies 

   are wisely thought to be prospering at the expense of their communities. 

                                                (Porter & Kramer 2011, p. 11)   
 
   We think that Porter's recognition of the capitalist system as being "the system 
under siege" is of the utmost importance.   We agree with Porter that a big business 
should be viewed as a major cause of social, environmental, and economic problems: 
Companies may be prospering at the expense of other players such as smaller 
businesses,  non-profit organizations and the general public.  According to Porter, 
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companies could bring business and the society back together if we redefine their 
purpose as "creating shared value " rather than "producing surplus value," meaning 
that what is good for business is also good for the society (also see Porter (2011) ) .  This 
remind us of the traditional philosophy of Japanese merchants of "three-way 
advantages," implying that what is good for the seller is good for the buyer and also 
good for the society as a whole.   In other words, the seller, buyer and the society 
should create shared value.  In this respect, it is recalled that Ryutaro Komira, a 
influential Japanese economist, has once regarded the Japanese firm as a sort of LMF.  
Besides, Masahiko Aoki (1990), another distinguished economist, has worked hard 
toward an economic model of the Japanese firm within the framework of a "cooperative 
game theory."   13)      .         
    In conclusion, in reality, there exist a variety of capitalist firms, forming a wide 
spectrum containing the American-type PMF at one end and the Japanese-type LMF at 
the other end.  We would like to stress that LMF also matters: it is worthy of serious 
investigation.   
    A few final words.  There are many directions in which we can extend our analysis 
of the role of information in the LM duopoly markets.  First, in this paper, we have not 
fully examined the impact of information acquisition on the welfare of the consumer as 
a third party.  Second, no attention was not paid to the possibility that information 
acquisition may favorably affect the group solidarity that presumably distinguishes the 
LM economy from the PM economy.   
   Third,  we have ignored the problem of risk aversion and firm-specific risks.  As 
shown by Sakai and Yoshizumi (1991a, 1991b), the presence of risk aversion has an 
effect of increasing the degree of concavity of the objective function (the whole profit or 
per capita profit function) of each firm, this enhancing the possibility that information 
is harmful rather than beneficial.  Fourth, we could apply our analysis to the case of 
differentiated products and/or the Bertrand-type situation where the strategy of each 
LMF is not its quantity but its price.  As the work of Okuguchi (1986) indicates, the 
comparison between Bertrand and Cournot equilibriums for the LM economy under 
product information is very important.  Finally, in this paper, the number of firms in 
an industry is limited to only two.  We believe that the generalization of our analysis to 
an oligopolistic market would be a challenging problem to tackle.  Those and other 
related problems will be left for further research.  So far so good.  However, so many 
unsolved problems are waiting for us !   
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.Footnotes   

1)   For the critical role of information in the Japanese economy, see Imai (1992). 

  

2)   For an overview and evaluation of information sharing in the PM economy, see Sakai 

(1990, 1991). 

 

3)   An excellent summary of the literature on the LM economy was given by Bonin and 

Putterman (1987).   
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4)   For instance, Assumption (L) is met in the pioneering models of Basar and Ho (1974) 

and Ponssard (1979).   Also see Sakai (1990, 1991). 

 

5)   For the stability analysis of a two-person game and its application to duopoly, see 

Friedman (1977) and Okuguchi (1978). 

 

6)   We may say that y i  and y i  are strategic substitutes (or strategic complements) if and 
only if the second cross derivative ∂2Z i /∂y i ∂y j  is negative ( or positive ) .  See Bulow 

et al. (1985). 

 

7)   In general, the inverse demand function should be written as  p = H (X , b ),  where 

b  represents a shift parameter.  To make our analysis manageable, we assume here that 
the function  H  is separable such that H (X , b )  =  b — ｈ(X ) .  

 

8)   It is Oi (1961) , one of Sakai's respected teachers at Rochester, who first noticed the 

convexity of the profit function with respect to price under perfect competition, arguing that 

price instability makes the PMF better off.   Later,  Rothenberg and Smith (1971) 

extended Oi ' s analysis to cover a general competitive model where the feedback for other 

sector is also allowed for.  In their analysis, the PMF is expected to instantaneously adjust 
its output decision ex post for a random demand; which , in effect, means the PMF takes a 
contingent action on an ex ante basis.   In the present paper, by reformulating the ex post 
Oi-Rothenberg-Smith analysis as an ex ante one, we shed new light on the value of 

information in duopoly.    

 

9)   See Bonin and Putterman (1987). 

 

10)  It is noted that the reaction function may be positively or negatively sloped, depending 

on the form of the demand and production functions. 

 

11)  In passing, we note that  dx i / dk  is positive (see (7.34). Therefore, output and labor 

respond positively to increase in fixed cost.  Interestingly, this is another "perverse 

behavior" of the LMF.   

 

12)  This result is sensitive to the assumption that the PMF is a risk-neutral player in the 

sense that it seeks maximal expected profit.   If we instead assume that the PMF displays 
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risk aversion and hence maximizes its expected utility of profit , then the acquisition of cost 

information is expected to have a significant influence on the welfare of the PMF.  The 

same reservation should be kept for the LMF world.   In short, risk aversion really 

matters !   For this point, see Sakai and Yoshizumi (1991a, 1991b).      

  

13)   The Ohmi merchants of Japan give us a good example of the traditional philosophy of 

"three way advantages," namely, advantages for the seller, the buyer and the society.  It 

seems that the philosophy is still alive in Japan today.  See Ogura (1980, 1991).   
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