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THE SUBJECTIVE APPROACH TO GENERAL EQUILIBRIUM UNDER IMPERFECT COMPETITION* FRANCESCA BUSETTO Università di Udine, Dipartimento di Scienze Economiche, via Tomadini 30, 33100 Udine, Italy e-mail: [email protected]



July 2001 ABSTRACT The major developments in general equilibrium under imperfect competition have been elaborated within an "objective" approach, namely the cournotian tradition, pioneered by Gabszewicz and Vial (1972). Only a few contributions have been proposed within the "subjective" approach, initiated by Negishi (1961), although that seems to be more appealing, as it is more general and requires less computational ability from the agents’ perspective. In this paper, we study the main problems of the subjective approach to general equilibrium under imperfect competition, with regard to individual rationality, expectations, and coordination. In particular, we investigate the issues related to the adjustment processes, that have thus far received scarce attention in both the subjective and the objective approach. In such a way we clarify the nature of some fundamental problems concerning individual rationality and coordination. In particular, we show that the basic assumptions underlying the equilibrium notions proposed within the cournotian tradition are essentially different from those that characterize Negishi’s approach and the attempts to interpret this author’s theory as a special case of a more general cournotian-type framework (Gary-Bobo (1987), (1989)) are in fact incoherent with the original model. Therefore, we demonstrate that to formalize adjustment mechanisms towards equilibrium within Negishi’s approach raises quite peculiar difficulties, that can be to some extent overcome within the cournotian approach. The main implication of our analysis is that, given the current state of the literature, no satisfactory solution has been provided within the subjective tradition to the problem of formulating a general equilibrium concept based on rationality criteria and coordination mechanisms suitable to be applied to the case of market power and strategic interaction. Journal of Economic Literature Classification Number: D.51.
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1. INTRODUCTION.



Since the late 1950s, an increasing literature has developed, aiming at introducing in the General Equilibrium (GE) framework - traditionally applied to the analysis of perfectly competitive markets - elements of imperfect competition. Some authors (in particular, Arrow (1958)) deemed that moving in this direction also made possible to overcome some typical limitations of General Competitive Equilibrium (GCE) theory in providing a proper explanation of economies' behavior out of equilibrium. A fundamental assumption of GCE theory is that market prices are the only informational signals that agents participating in the economy take into account in formulating and choosing their plans of action. Agents take prices as given and make their choices always believing they will be able to realize them. In fact, the rationality criterion typically employed by this theory provides that each agent, on the basis of market prices and certain individual characteristics - including a preference ordering on the set of plans of action a priori possible for him - first determines a set of plans he believes he will be able to carry out, and then chooses, from among these subjectivelyfeasible plans, the plans he proposes to actually perform. The plans chosen are those that maximize a given objective representing the agent's preferences. These assumptions are used not only to characterize the equilibrium positions of the economies investigated, but also to describe the adjustment process, controlled by a fictional "auctioneer" according to the well-known "supply and demand law", that typically supports the notion of GCE and represents an exogenous form of coordination of individual choices. The same assumptions are retained in the traditional analyses of GCE stability, represented by the theory of tâtonnement processes (Arrow e Hurwicz (1958); Arrow, Block and Hurwicz (1959)), and the early formulations of the theory of non-tâtonnement processes (Hahn (1962), Hahn e Negishi (1962)1). Arrow (1958) is the first author who suggests that, if proper disequilibrium analyses are to be formulated, the traditional hypotheses of the theory of perfect competition are to be replaced with other hypotheses borrowed from the theory of monopolistic or imperfect competition2. Arrow's suggestion led the way for investigating, on the one hand, the case in which agents internal to the economy set prices themselves, instead of a fictional auctioneer and, on the other, the case in which agents perceive quantity constraints on their set of possible transaction plans. It has often been maintained in the GE literature that, by introducing quantity constraints into the analysis of individual choice, GCE theory's typical hypothesis that agents behave "stupidly", always believing they will be able to carry out their plans, would turn out to be in some way relaxed3; therefore, the 1



The papers mentioned in the text can be considered as the originators of the line of research concerning the so-called "Hahn-Negishi processes" (or "Hahn processes"). These models are the starting point of more recent analyses of the GCE stability, although the latter elaborate relevant elements extraneous to the early formulations of the theory. The main reference, as regards the second phase of development of non-tâtonnement processes, is Fisher (1983). 2 See also Arrow (1974). In effect, this suggestion has been taken by the most recent analyses of the stability of nontâtonnement processes, mentioned in the previous note. 3 Borrowing an expression typically used by Fisher (1983), in what follows we will say sometimes that agents behave "stupidly" to briefly indicate a context in which agents are always subjectively certain about the outcomes of their choices, independently of whether their expectations are fulfilled or not.
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open problem of modeling situations in which agents realize the economy may be in disequilibrium could be properly dealt with4. The literature on GE under imperfect competition is divided into two main approaches. The first one, initiated by Negishi (1961), is characterized by the hypothesis that imperfectly competitive firms face "subjective" (or "perceived") demand curves5. The other approach supposes that oligopolistic or monopolistic firms face "objective" demand curves, which always coincide with the "true" demand curves. The latter approach is in turn subdivided into different lines of research, the most important of which is represented by the Cournot tradition, initiated by the work of Gabszewicz and Vial (1972), where the Cournot-Walras general equilibrium concept was first introduced. However, the attempts to introduce elements of imperfect competition and strategic interaction in the GE framework raise fundamental problems. They concern rationality criteria, information requirements, perception formation processes, choice simultaneity, choice coordination. Most of work on these problems has been done within the objective approach6. Only a few contributions have been elaborated in the subjective tradition7, that propose different concepts of equilibrium. The fundamental features of these concepts and the relationship among them have not been sufficiently explored in the literature. In this paper, we intend to identify the main problems related to the subjective approach to GE under imperfect competition. We focus on the most representative examples of this approach namely the theories of Negishi ((1961), (1974), (1989)), and Gary-Bobo ((1987), (1989)) - aiming at shedding some light on the relationship existing between them. We first point out the main features of the static models elaborated by these authors. Then, we concentrate on the relationship between static analysis and dynamic analysis of the adjustment processes towards equilibria within their theories. The investigation of the issues related to the adjustment processes, that have thus far received scarse attention in both the subjective and the objective approach, permits us to clarify the nature of some fundamentals problems concerning individual rationality criteria and choice coordination. In developing our analysis of the subjective approach we contrast it with the traditional GCE theory, on the one hand, and the Cournot approach, on the other. The structure of the paper is as follows. Section 2 is on Negishi's theory of General 4



This view is expressed by the models of fix-price equilibria with quantity rationing elaborated by the economists of the "French school" (see, in particular, Benassy (1976), (1982)). It is re-proposed and developed in the context of nontâtonnement analysis by Fisher (1983). For a discussion of the rationality criteria employed within GCE theory and the hypothesis of agent's "stupidity", see Donzelli (1993). For a discussion of these points with reference to the nontâtonnement theory, see Busetto (2000). 5 This notion was originally introduced by Bushaw and Clower (1957). 6 The main developments are in the Cournot tradition. Different concepts of Cournot-Walras equilibrium have been proposed, which rely on the hypothesis that oligopolistic firms affect strategically the competitive price-mechanism through quantity-settings (see Dieker and Grodal (1986), Gabszewicz and Michel (1992), Codognato and Gabszewicz ((1991), (1993)), Codognato (1995). For a discussion of the main problems related to the different concepts of Cournot-Walras equilibrium, see Codognato (1994). Besides the Cournot tradition, two other traditions have developed in the objective approach to GE under imperfect competition. One of them, that of Marschak and Selten (1974) and Nikaido (1975), assumes that firms behave strategically, but the strategic variables are the prices. The other line of research, initiated by the work of Shapley and Shubik (1977), views the whole economy as a "market game", where all agents behave strategically and send both quantity and price signals in all markets. For an attempt to reconcile the three traditions mentioned above, see d'Aspremont, Dos Santos Ferreira and Gérard-Varet (1997). 7 Besides the contributions by Negishi ((1961), (1972), (1989)), see Arrow and Hahn (1971), Silvestre ((1977a), (1977b), (1978)), Gary-Bobo ((1987), (1989)), Benassy ((1976), (1982), (1991)), and the survey by Hart (1984).
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Monopolistic Equilibrium (GME). In the first part, we examine the fundamental properties of the GME static model proposed by this author and compare them with the correspondent properties of the traditional models of GCE. In particular, we show that within Negishi's theory either price and quantity variables play two different roles, as choice variables, on the one hand, and informational signals, on the other. In the second part of section 2 we show that this has relevant implications as regards the possibility of formulating dynamical processes of adjustment towards GMEs. There, we examine the dynamical aspects - either implicit and explicit - of Negishi's theory. In particular, we focus on a hypothesis of price adjustment towards GMEs, verbally suggested by Negishi in his essays, similar to the traditional hypothesis proposed by the competitive theory of tâtonnement. We provide an explicit dynamical formalization of this adjustment hypothesis and point out the basic inconsistencies between it and Negishi's static model. In particular, we highlight the fundamental difficulties inherent in the concept of “present state of the market”, which plays a crucial role within Negishi’s static theory of GME and, more generally, within the whole subjective approach. We conclude that the adjustment process considered cannot be applied to the concept of GME. In section 3 we contrast Negishi's GME theory with Gabszewicz and Vial's Cournot-Walras theory. We show that the fundamental hypotheses underlying the equilibrium notions proposed within the cournotian tradition are essentially different from those that characterize Negishi's theory and, consequently, the two approaches present different problems with respect to the possibility of formalizing adjustment processes towards equilibria; in this regard, we show that the basic assumptions of Gabszewicz and Vial’s model make possible to overcome some of the difficulties one encounters when trying to build up an adjustment mechanism towards equilibrium within Negishi’s framework. In such a way, we shed some light on the relationship between Negishi's original model of GME and the reformulation proposed by Gary-Bobo. In section 4 we show that the latter possesses the basic features of cournotian models and represents in fact a substantial revision of the original Negishi's theory. In section 5 we draw the conclusions of our investigation.



2. NEGISHI'S THEORY OF GME.



2.1. Negishi's static model of GME: equilibrium notion, rationality criteria, prices and quantities as choice variables and informational signals.



Let us start from an analysis of Negishi's static model of GME8 and consider a finite economy with m consumers, indexed by i, n firms, indexed by j and l commodities, indexed by h. Consumers are perfectly competitive, and thus take prices as given. Each of them is characterized by a consumption set X i = { xi } = R+l , an utility function U i ( xi ) over X i 9, a vector ω i ∈ R+l + of initial endowments and certain profit shares in the n firms, denoted by θ ij ≥ 0 (with 8



∑θ



ij



= 1 ).



The description of the model proposed here follows in the substance Negishi (1961). The assumptions employed by Negishi on consumers' utility functions are the same as in the standard theory of GCE (see Debreu (1959)).



9



5



Firms are divided into the subset N 1 = {1,...., n' } of perfectly competitive firms, and the subset N 2 = {n'+1,...., n } of monopolistically competitive firms. The former are price-takers, the latter perceive they can affect the prices they will be able to obtain for certain commodities. Every firm j = 1,...., n is characterized by a production set Y j = { y j }⊂ R l 10. Let us indicate by p ∈ R+l a vector representing the prices of the l commodities. Taking his initial endowments, market prices, and the distribution of firms' profits as given, each perfectly competitive consumer i chooses his consumption plans by solving the following problem: n



[2.1] max U i ( xi ) s. t. pxi = pω i + ∑ θ ij py j . j =1



Taking market prices as given, each perfectly competitive firm j ∈ N 1 chooses its production plans by solving the following problem:



∑p



[2.2] max



h



y jh s. t. y j ∈ Y j .



h∈H



We now consider the hypotheses on monopolistic firms' decision process. For each firm j ∈ N 2 , let H j ⊂ H = {1,...., l} be the set of commodities whose markets are dominated by j. Let us assume that H j ∩ H k = ∅ if j ≠ k , where j , k ∈ N 2 , which means that, if the h-th commodity's market is dominated by a firm j ∈ N 2 , then that market is not dominated by any other firm. Let



UH



j



denote the set of commodities whose markets are controlled by some firm j ∈ N 2 , and



j∈N 2



H\



UH



j



the set of commodities whose markets are perfectly competitive. The latter set could be



j∈N 2



empty. We assume that, in any case, H \ H j = ∅ for all j ∈ N 2 , which means that no firm controls all markets. Each firm j ∈ N 2 takes the prices of commodities h ∉ H j as given. For each h ∈ H j , it is characterized by a subjective inverse demand (supply) curve, that represents the price a monopolistically (monopsonistically) competitive firm expects it will be able to obtain for a given output (input) as a function of the amount of that output (input) it sells (buys). In general, a subjective demand curve will not coincide with the "true" market demand curve. Within Negishi's GME static model, each monopolistic firm forms its expectations on the relationship between price and quantity of a certain controlled commodity on the basis of that commodity's "present state of the market” and the other commodities' observed prices. The “present state of the market” of a commodity h ∈ H j can be defined as a pair ( p h , σ h ) , with σ h = ( y1h ,...., y nh , x1h ,...., x mh ) 11. For given p and σ h , the subjective inverse demand (supply) curve 10



Also the assumptions on firms' production sets are the same as in the standard theory of GCE (see Debreu (1959)). In this regard, it is to be note that the hypothesis of non-increasing returns to scale, on which Negishi's model relies, becomes strong in the context of imperfect competition. For an attempt to incorporate some forms of increasing returns into the subjective theory of GE under imperfect competition, see Silvestre ((1977a), (1978)). 11 As already stressed in the previous section, the concept of present state of the market is crucial within the whole subjective approach and difficult to interpret, especially out of equilibrium. This likely explains why different
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perceived by a firm j ∈ N 2 for a commodity h ∈ H j can be formally represented as follows: [2.3] p he = p he ( y jh , p, σ h ) , for all h ∈ H j , where ∂p he / ∂y jh < 0 ( > 0 if the h-th commodity is an input) and p he denotes the expectation on p h . Functions p he ( ., p, σ h ) are assumed to meet the following consistency condition: m



m



[2.4] p h = p he ( y jh , p, σ h ) if y jh = ∑ xih − ∑ y jh − ∑ ωih , i =1



j '≠ j



i =1



which assures that the demand curve of a commodity h ∈ H j perceived by a firm j ∈ N 2 intersects the true demand curve at the present state of the market12. Negishi focuses on the special case in which functions p he ( . , p, σ h ) take the following linear form: [2.5] p he ( y jh , p, σ ) = a h ( p, σ h ) y hj + bh ( p , σ ) , for all h ∈ H j , with a h ( p, σ h ) < 0 . Given the present state of the markets under its control, and the prices of the other commodities in the economy, each monopolistic firm determines controlled commodities' prices and production plans by solving the following problem: [2.6] max



∑p



h∉H



h



y jh +



j



∑p



h∈H



e h



( y jh , p, σ h ) y jh s. t. y j ∈ Y j



.



13



j



We now analyze the elements characterizing the notion of GME proposed by Negishi and compare them with those characterizing the standard GCE notion. [D.1] A state of GME in the sense p * , xi* , i = 1,...., m, y *j , j = 1,...., n, such that:



of



Negishi



is



given



by



a



collection



formulations of this concept have been given by Negishi ((1961), (1972), (1989)) and other authors in the subjective tradition. The formulation adopted here, coherent with Negishi (1961), permits us to develop a systematic discussion of the basic problems ineherent in the line of research considered. 12 Condition [2.4] is borrowed from Negishi (1961). Let us notice that it does not imply that m



y jh =



∑x −∑y ih



i =1



m



jh



−



j '≠ j



∑ω



ih



and consequently holds both in equilibrium and out of equilibrium. It seems to us that



i =1



this formulation differs in the substance from other versions of the condition of compatibility with the present state of the market proposed within the subjective approach. In particular, it seems to differ from that proposed by Hart (1984), p = p he ( y jh , p , σ h ) . This condition should implicitly require that which takes the form m



y jh =



∑ i =1



13



x ih −



∑ j '≠ j



m



y jh −



∑ω



ih



and therefore hold only in equilibrium.



i =1



As remarked in the literature, profit maximization may not be a rational objective for imperfectly competitive firms. On this problem, with reference to Negishi’s model, see Hart (1984).
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(i) given p = p * and y j = y *j , j = 1,..., n, xi* ∈ X i solves problem [2.1] for all i = 1...., m ; (ii) given p = p * , y *j solves problem [2.2] for all j ∈ N 1 ; (iii) given (σ h , p h ), h ∈ H j and p h = p h* , h ∉ H j , y *j and p h* , h ∈ H j , solve problem [2.6] for all j ∈ N 2 , with σ h = σ h* = ( x1* ,....., x m* , y *j ,...., y n* ) and p h = p h* , h ∈ H j ; n m m n m  * * * * * x − y − ω ≤ p x − y − ω ih  = 0, for all h ∈ H . 0 ,  ∑ ∑ ∑ ∑ ∑ ih jh ih h ∑ ih jh i =1 i =1 i =1 j =1 i =1  i =1  m



(iv)



Hypotheses (i)-(iii) are rationality conditions on individual choices. Hypotheses (i) and (ii) are the conditions, typically employed by GCE theory, that perfectly competitive agents maximize utility or profit taking prices as given. Hypothesis (iii) says that monopolistic firms maximize profit taking into account the effects that the amounts of controlled commodities they employ or produce can have on the prices they obtain in the corresponding markets. Hypothesis (iv) requires that the aggregate excess demand of every commodity is zero (except for "free goods" disposal), which expresses the condition that the plans of action rationally chosen by all agents in the economy are mutually consistent. Definition [D.1] includes the standard notion of GCE as a special case. We have just to assume that the inverse demand function takes the following form: [2.7]



p he ( y jh , p, σ h ) ≡ p h , h ∈ H j , j ∈ N 2 .



We now propose to identify the main properties characterizing the concept of rationality used by Negishi and point out differences and analogies between this concept and the traditional concept of rationality used by GCE theory. By incorporating typical elements of monopolistic competition into a GE framework, Negishi extends the information set that agents take into account in formulating and choosing their plans. More precisely, in Negishi's model each monopolistic firm behaves as a price-taker in the markets of commodities that it does not control. But, as for commodities under its control, it takes into account the amount it expects to be able to sell at every possible value of their prices, given the present state of the markets. As already mentioned, several GE theorists14 have advanced the idea that, by introducing quantity constraints on agents' transaction sets, monopolistic and imperfect competition models remove the hypothesis that agents behave "stupidly", always believing they will be able to perform their desired transactions, and consequently can deal with some problems traditionally disregarded within GCE theory, like that of describing situations in which agents realize that the economy is out of equilibrium and their plans are not objectively feasible. Within Negishi's model, quantity constraints are precisely represented by the amount of sales of controlled commodities that firms endowed with monopoly power expect to be able to realize at every possible value of those commodities' prices. In other words, quantity constraints are expressed by monopolistic firms' perceived demand curves. But the quantity constraints incorporated into the notion of perceived demand curve, which firms take into account when they formulate their plans, must be rigorously distinguished from the quantity constraints effectively faced by firms out of equilibrium, when they attempt to carry out their desired transactions, but do not succed in so doing. The former are constrains perceived ex-ante, the second are constraints 14



See note 4.
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experienced ex-post. Once they have formed their perceptions of controlled commodities' demand curves, on the basis of the present state of the markets, monopolistic firms rationally choose their plans, always believing they will be able to effectively sell as much of those commodities as provided by their perceived demand curves15. In equilibrium, their expectations will turn out to be correct. In such a situation, in fact, monopolistic firms maximize their profit just at the present state of the markets. According to the compatibility condition [2.4], at that point their subjective demand curves intersect the true market demand curves16 and their rationally-chosen plans will turn out to be objectively feasible. Otherwise, it is to be thought that monopolistic firms adjust their perceptions, also on the basis of the actual quantity constraints faced out of equilibrium. The very concept of a subjective demand curve implicitly presupposes that price-makers learn from the information they acquire over time on the actual state of the market17. The analysis developed in this section leads to the conclusion that, although the information set taken into account by agents in making their choices is extended to include either price and quantity variables, the concept of rationality employed by Negishi in his GME model maintains some fundamental features of the one used by GCE theory. In particular, it is worth noticing that monopolistic firms' expectations on market demand for controlled commodities concur to delimit the set of plans these agents believe they will be able to carry out; from among these plans, monopolistic firms then choose the plans they wish to actually carry out. Within Negishi's static model, perceived demand curves can be precisely interpreted, as far as controlled commodities are concerned, as the suitable extension to the case of monopolistic competition of the concept of subjectively feasible set, that characterizes the rationality criterion adopted by traditional models of GCE. The above discussion makes also clear that the role played by price and quantity variables within the theory of monopolistic competition is different from the one played within the traditional theory of GCE. At this stage, it is worth introducing some observations. Variables typically used within GCE theory can be divided into the following three classes: 1) choice variables, that are controlled by agents and depend directly on their decisions; 2) variables external to the economy, that are not controlled by agents at all and depend only on exogenous factors; 3) all remaining variables, that are not directly controlled by agents, but depend jointly on choice and external variables. Within GCE theory, there is a clear distinction between the role played by quantity variables, on the one hand, and price variables, on the other. Amounts demanded and supplied are choice variables. Prices, which act as informational signals, belong to the third category and do not depend directly on individual choices. Within Negishi's model of GME, instead, prices - like amounts demanded and supplied - are the outcome of the decision process of agents internal to the economy. Therefore, within that model, either prices and amounts demanded and supplied are choice variables. On the other hand, either prices and quantity variables are informational signals. In fact, both prices and quantity variables play two overlapping roles, as choice variables and informational signals. In the next section, we aim at showing that this has relevant consequences on the possibility of explicitly modeling dynamical processes whose rest points meet the fundamental properties of the static notion of GME in [D.1].



15



We assume that firms have point expectations on price-quantity relationships. In equilibrium, firms are not required to have a correct perception of the entire market demand curves. 17 On this point, see in particular Benassy (1976). 16
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2.2. Disequilibrium notion and adjustment mechanism implicit in Negishi's existence proof. As can be drawn from the above description of Negishi’s theory of GME, within that theory a disequilibrium state of an economy is to be meant as a situation in which the aggregate excess demand of some commodity h is different from zero. Moreover, within Negishi’s work, there is the idea of an adjustment process towards equilibrium as a sort of price tâtonnement, which goes on until the aggregate excess demand of every commodities gets to zero. Such a view of the adjustment mechanisms towards equilibrium is primarily expressed by the logic underlying Negishi's existence proof for a GME position as defined in [D.1]. Anyhow, a dynamical interpretation of the hypotheses used to prove the existence of equilibria as defined in [D.1] can also be found within Negishi's more recent studies on monopolistic competition in a GE context (see Negishi (1989)). Other authors maintains that the GME notion [D.1] is implicitly supported by a hypothesis of adjustment of prices and individual plans in many respects similar to the one described by the theory of walrasian tâtonnement18. Then it is worth giving an outline of Negishi's existence result, which is an application of the well-known Kakutani's fixed point theorem (1941). m



n



i =1



j =1



Negishi starts with defining a non-empty, compact, convex set S l −1 × ∏ X i' × ∏ Y j , where X , i = 1,...., m, denotes a suitable restriction of the consumption sets X i , i = 1,...., m, and S l −1 is the (l − 1) -dimensional simplex. He then proceeds to construct a correspondence - which can be denoted by χ - from the set ' i



m



n



i =1



j =1



S l −1 × ∏ X i' × ∏ Y j into itself. Let us define a vector σ = (σ 1 ,...., σ h ) and denote a given initial



m



n



i =1



j =1



( p, σ ) ∈ S l −1 × ∏ X i' × ∏ Y j , m



the



n



i =1



j =1



correspondence



χ



gives



For any given pair us



a



new



pair



n



( p, σ ) = χ ( p, σ )∈ S l −1 × ∏ X i' × ∏ Y j i =1



m



( p, σ ) ∈ S l −1 × ∏ X i' × ∏ Y j .



state of the economy by a pair



19



in compliance with the following hypotheses. Given



j =1



initial prices and production plans p, y j , j = 1,...., n , each consumer computes his share of profits substituting max (0, py j ) for py j in the budget constraint; then he determines a new xi which satisfies condition [2.1]. Given p , each perfectly competitive firm j ∈ N 1 determines a new production plan y j , which satisfies condition [2.2]. Each monopolistic firm j ∈ N 2 determines a new production plan y j , which satisfies condition [2.6], given p and σ h , h ∈ H j . So we get a new vector σ . Negishi assumes that a new price vector p is generated in the markets through a sort In particular, Benassy (1976) provides an interpretation of Negishi's model along these lines. Using the same language as employed by Negishi in illustrating his result, we refer here to the pair ( p, σ ) = χ ( p, σ ) as univocally determined. It is to be stressed that we are working with correspondences and, in general, this is not the case. The basic assumptions of Negishi's model do not permit him to univocally determine agents' plans of action and GMEs.



18 19



10



of demand and supply mechanism. To represent this mechanism, he uses the following rule, originally formulated by Uzawa (1958): [2.8]: n m   m  p h = λ −1 max 0, p h + µ ∑ xih − ∑ y jh − ∑ ωih , µ > 0, h = 1,...., l , j =1 i =1  i =1   with: l n m   m  λ = ∑ max 0, p h + µ  ∑ xih − ∑ y jh − ∑ ω ih  > 0, h = 1,...., l , h =1 j =1 i =1  i =1   for µ > 0 small enough. m



n



i =1



j =1



In general, the new state of the economy ( p, σ ) ∈ S l −1 × ∏ X i' × ∏ Y j will be different from the old one. Nonetheless, Negishi shows that the hypotheses of his model guarantee that the m



n



i =1



j =1



correspondence χ from S l −1 × ∏ X i' × ∏ Y j into itself is upper hemicontinuous. Therefore, by Kakutani's theorem, it has at least one fixed point. Finally, Negishi shows that a fixed point of χ is a GME as defined in [D.1]20. As remarked in the literature (especially by Hildenbrand and Kirman (1976)), the correspondences used in the existence proofs based on Kakutani's theorem need not to have any economic interpretation. In particular, they need not to have any interpretation as dynamical processes converging to equilibria. In fact, within GCE theory there can be found several examples of correspondences that, when interpreted as dynamical processes are not converging, but nonetheless have a fixed point satisfying the basic features of a GCE. Nonetheless, as already stressed, in Negishi's work there are many indications that this author interprets the hypotheses of his existence result as the rules of a dynamical adjustment process towards GMEs. In particular, Negishi seems to believe that a hypothesis of price adjustment complying with the supply and demand law - like the one applied to the notion of GCE - can be used to support his notion of GME. We have seen above that, within Negishi's model, this hypothesis is expressed by the Uzawa's rule [2.8]. In effect, such a dynamical interpretation of the set of assumptions used by Negishi in his existence proof causes difficulties of various nature and turns out to be, in many respects, inconsistent with the basic assumptions of the static model. First of all, it is not clear what kind of relationship would exist between the hypothesis that prices change according to the demand and supply law and the hypothesis that at least the prices of some commodities are rationally determined by monopolistic firms. Let us recall that the prices of controlled commodities are choice variables for these firms. To shed some light on this point, it is useful to make a comparison between Negishi's theory of GME and the traditional theory of GCE. 20



Note that the conditions for the existence of a GME as defined in [D.1] are more stringent than those required for the existence of a walrasian equilibrium. More precisely, a quasi-concavity condition on monopolistic firms' profit functions is to be introduced. Such a condition is automatically satisfied within Negishi's model, due to the linearity condition on the perceived inverse demand curves, that causes profit functions to be quadratic.
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As already mentioned, GCE models rigorously distinguish between choice variables, which are controlled by agents internal to the economy, and informational signals, which do not depend directly on these agents' decisions. The former are represented by the amounts of commodities demanded and supplied by the individuals participating in the economy, the latter are represented by prices. This allows one to formalize a dynamical adjustment process towards equilibrium such as the one described by the theory of tâtonnement - in which prices play the role of state variables. Variations in prices are controlled by a fictional auctioneer external to the economy according to the demand and supply law and induce agents to revise their planned transactions when they are not objectively feasible. The latter represent the outcome of the dynamical system considered. Let us thus analyze the functioning of a competitive tâtonnement in discrete time. If we denote by T ≡ {t } ≡ N the sequence of unit periods over which that process takes place, we can write: [2.9] p (t + 1) = p (t ) + k[ z ( p (t ), c )] where: ∂k / ∂z h > 0, h = 1,...., l , and ∆p(t ) ≡ p (t + 1) − p (t ) = 0 ↔ z ( p (t ), c ) = 0. We synthetically denote by c the constant value of the input variables of the process, represented by agents' individual characteristics; we indicate by p ( . ) a normalized price vector and by z (.,.) a function representing the aggregate excess demands of all commodities in the economy, obtained by adding the net transactions rationally chosen by all the agents participating in the economy. The price variation law in the [2.9] is the fulcrum of the adjustment process described by the theory of competitive tâtonnement. We can assume it takes the following special form: [2.10] p(t + 1) = p (t ) + µ[ z ( p(t ), c )] where µ is an arbitrary constant greater than zero. Although at a first sight the price variation law in [2.10] looks like a dynamical version of the [2.8], we will explain below that there exist some relevant differences between these two expressions. Within Negishi's model, the lack of a clear distinction between choice variables and informational signals (in the sense attributed above to these expressions) prevents us from applying to the equilibrium notion in [D.1] an adjustment rule similar to the one proposed by the theory of tâtonnement. To support this claim, we will now make explicit the hypotheses on the adjustment processes of the economy implicit in Negishi's existence proof.



2.3. Dynamical formalization of Negishi's existence proof hypotheses. To begin with, it is to be noted that, however defined, an adjustment process supporting the equilibrium notion in [D.1] is to be thought as a virtual mechanism. The givens of the problem, on the basis of which a particular GME position in the sense of Negishi is determined, are represented by the values of agents' individual characteristics, including their initial holdings. In order to assure
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that the equilibrium reached by the system corresponds to these values, they must not change over the adjustment process21. This condition is satisfied if it is supposed that agents do not carry out their plans of action until the system has achieved an equilibrium position. Here we get into a first sort of problems. In fact, within Negishi's model, monopolistically competitive firms do not know the true market demand curves. These agents form their subjective perceptions of them on the basis of the present state of the markets, that is of the quantity constraints actually experienced in disequilibrium. As pointed out by Benassy (1976), the hypothesis that agents do not actually perform their planned transactions out of equilibrium makes fictitious the whole learning process implicit in Negishi's theory, since this process turns out to rely on observations that agents are never able to get within the model. t ≡ N the sequence of unit periods over which the virtual adjustment Let us denote by T ≡ {} mechanism suggested by Negishi takes place and concentrate our attention on the beginning of a certain unit period t. The input variables of the process are represented here - as in the case of perfect competition - by agents' individual characteristics. Just to simplify notation, in what follows we do not consider them explicitly. This does not affect our analysis at all, since these variables are supposed to remain unchanged over the adjustment process. Notice that the information that agents take into account in formulating their choices now concerns not only prices, but also the amounts of commodities demanded and supplied. In a dynamical version of Negishi's GME theory, the present state of the system at the beginning of period t is to be meant as the set of the data describing the situation of the markets at the end of period t − 1 . Therefore, it can be expressed as follows: m



n



i =1



j =1



[2.11] ( p, σ ) (t − 1) ∈ S l −1 × ∏ X i' × ∏ Y j . According to Negishi, we assume that at period t ≥ 1 , given the present state of the economy, ( p, σ )(t − 1) , each agent chooses his plan of action complying with the usual optimization rules, under the condition that the other agents' choices at period t are the same as those at period t − 1 . Each consumer i chooses a consumption plan taking into account the price system and the production plans of all firms j = 1,...., n at period t − 1 . Then we can write: [2.12] xi (t ) = g i ( p (t − 1), ( y1 ,...., y n )(t − 1)), for all i = 1,...., m, where g i is the "rational choice function" of consumer i, derived from [2.1]. Each perfectly competitive firm j ∈ N 1 chooses a production plan taking into account the current prices at period t − 1 . Then we can write: [2.13] y j (t ) = g j ( p(t − 1)), for all j ∈ N 1 ,



21



On the possible interpretations of tâtonnement models as virtual or real processes and the corresponding equilibrium notions proposed by the theory of GCE, see Donzelli ((1986), (1993)), Busetto (1995).
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where g j is the "rational choice function" of firm j ∈ N 1 , derived from [2.2]. As far as monopolistically competitive firms j ∈ N 2 are concerned, Negishi assumes that each of them determines a production plan according to [2.6], taking into account the price system and the amounts of commodities h ∈ H j demanded and supplied at period t − 1 . We have then: [2.14] y j (t ) = g qj ( p (t − 1); σ h (t − 1), h ∈ H j ) , for all j ∈ N 2 , where g qj is the "rational choice function" of firm j ∈ N 2 with respect to the amounts demanded and supplied by the firm itself on markets h = 1,...., l (the index "q" means that we are here referring to "quantity" variables). From this set of assumptions Negishi obtains a vector m



n



i =1



j =1



σ (t ) = ( x1 ,...., x m , y1 ,...., y n ) (t ) ∈ ∏ X i' × ∏ Y j . At this point, he assumes that variations in prices take place according to the Uzawa's rule, which can be re-written here as: [2.15]: m n  m  −1  p h (t ) = λ 0, p h (t − 1) + µ  ∑ xih (t − 1) − ∑ y jh (t − 1) − ∑ ω ih (t − 1)  , i =1 j =1  i =1   for all h = 1,...., l , where: n l m   m  λ = ∑ max 0, p h (t − 1) + µ  ∑ xih (t − 1) − ∑ y jh (t − 1) − ∑ ω ih (t − 1)  > 0 . h =1 j =1 i =1   i =1  m



n



i =1



j =1



So a pair ( p, σ ) (t ) ∈ S l −1 × ∏ X i' × ∏ Y j turns out to be defined and becomes the starting point for a new iteration of the process in the period t + 1 . We can imagine that the mechanism under investigation goes on until the economy has achieved a position in which variations in prices, as well as in the aggregate excess demands of all commodities, are equal to zero. With reference to the dynamic process sketched above, we can make two kinds of observations. First, we can note that conditions [2.6] in Negishi's model require that each monopolistically competitive firm determines, together with a production plan, the prices of the commodities under its control. Within the theory considered, the price system represents the outcome of these agents' decision process. We can thus introduce for prices an expression analogous to the one introduced above for the amounts demanded and supplied by firms j ∈ N 2 . If we denote by p j a vector representing the prices controlled by each monopolistically competitive firm, we have: [2.16] p j (t ) = g jp ( p (t − 1); σ h (t − 1), h ∈ H j ) , for all j ∈ N 2 , where g jp is the "rational choice function" of firm j ∈ N 2 with respect to the prices of commodities
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h ∈ H j under its control (the index "p" just means that we are concerned here with "price" variables). Like functions g qj , functions g jp can be derived from conditions [2.6]. Therefore, within the model considered, also variations in prices from each period t to the next turn out to be dependent on the optimal choices of the firms endowed with monopolistic power. We have, in fact: [2.17] ∆p j (t ) ≡ p j (t + 1) − p j (t ) = g jp ( p(t ); σ h (t ), h ∈ H j ) − g jp ( p(t − 1); σ h (t − 1), h ∈ H j ) , for all j ∈ N 2 . There is no guarantee that variations in prices determined by [2.17] comply with the Usawa's rule [2.15]. On the other hand, given that here prices are not only informational signals, but also choice variables, we cannot impose on them, from the outside of the model, a rule like the one expressed by the demand and supply law, independent of the decisions of the agents participating in the economy. This would imply, in fact, the contemporary presence of two mutually inconsistent variation rules. Let us consider a second point. At every period t ≥ 1 , each agent determines his plan of action assuming that the strategies of all the other agents are fixed. In other terms, each agent makes his choices taking into account different components of the present state of the markets ( p, σ )(t − 1) . Out of equilibrium, these "static" expectations turn out to be regularly unfulfilled. On this regard, it is worth noticing that the decisions on quantity variables made by agents at time t are not associated with the current prices at the same period, but with the current prices at time t − 1 . Recall that firms endowed with monopoly power in some markets are price-takers in the markets they do not control. In synthesis, demands and supplies σ (t ) = ( x1 ,...., x m , y1 ,...., y n ) (t ) are not associated with the price vector p (t ) . This raises further difficulties, different from those pointed out above, connected with the interpretation of the notion of present state of the markets used by Negishi. Due to the reasons just m



n



i =1



j =1



explained, the pair ( p, σ ) (t ) ∈ S l −1 × ∏ X i' × ∏ Y j , which represents the outcome of the dynamical adjustment process at every time t ∈ T , does not permit us to determine the actual position of market demand curves at that time, as would be required by Negishi's GME theory. According to the hypotheses of this theory, the information incorporated into the "observed" price vector p (t − 1) and the "observed" quantity vector σ (t − 1) would permit monopolistic firms to know the value of the aggregate demand for the commodities under their control associated with that price vector; expectations on demand curves at period t + 1 would be consistent with that information. Condition [2.4] of Negishi's model states in fact that monopolistic firms' perceived demand curves intersect the true market demand curves at the present state of the market. Note that this observation holds either in the case in which prices change according to the [2.15] and in the case in which they change according to the [2.17]. This brings out an important difference between the demand and supply law proposed by Negishi in the context of his existence proof and the analogous law described by the theory of competitive tâtonnement. The latter requires that, at time t ≥ 1 , agents choose their plans of action taking into account current prices at the same time and are induced to change their individual choices just by variations in those prices. We want now to check if some of the difficulties pointed out above can be overcome by
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providing a different interpretation of some of the hypotheses used by Negishi in his existence proof. Let us assume that, at every time t ∈ T , given an initial present state of the system, monopolistic firms choose a price vector p (t ) and a production plan vector ( y n '+1 ,...., y n ) (t ) , in compliance with the usual profit maximization condition [2.6], assuming that the prices of the commodities they do not control are fixed. Let us suppose that these firms cannot revise their plans of action during the same period t and the decisions made by monopolistic firms are announced to the other agents in the economy - perfectly competitive firms and consumers. Then perfectly competitive firms determine their production plans ( y1 ,...., y n ' ) (t ) and consumers determine their consumption plans ( x1 ,...., x m ) (t ) under the usual constraints. Given these hypotheses on agents' rational decision processes, we obtain a pair ( p, σ ) (t ) ∈ S



l −1



m



n



× ∏ X × ∏Yj . i =1



' i



j =1



Notice that, also in this case, variations in prices depend on the optimal choices of monopolistic firms; therefore, it is not possible to subordinate prices to an exogenous variation rule - like the one expressed by the demand and supply law - extraneous to the choices of the agents participating in the economy. In this case, perfectly competitive agents' plans of action are associated with the prices set by monopolistic firms at time t. Nonetheless, since the latter agents maximize profits assuming that the prices of the commodities they do not control are fixed, total market demands and supplies are not associated with the new price vector p (t ) . We are getting here into the same kind of difficulty with the interpretation of Negishi's concept of present state of the system as encountered above. On the other hand, if we remove the hypothesis that monopolistic firms cannot change their choices during the period t, and suppose that they can re-formulate their production plans once they have known the prices of the commodities they do not control, every revision of production plans will be followed by a revision of price decisions. This seems to be a problem that cannot be avoided when the typical hypotheses of the theory of monopoly are extended from a partial equilibrium context, in which the prices that are not controlled by the monopolist are exogenously given and fixed, to a GE context, in which markets are controlled by different firms and all prices are determined endogenously (and simultaneously) by the theory. The discussion developed above permits us to conclude that a GME in the sense of Negishi cannot be conceived as the rest point of a dynamical process obtained by making explicit the hypotheses on the adjustment mechanisms of the economy implicit in Negishi's static analysis, and in particular in the logic used by this author to prove the existence of an equilibrium as in [D.1]. This provides a further argument supporting the above-mentioned thesis of Hildenbrand and Kirman (1976): The assumptions introduced by Negishi to construct the correspondence χ permit him to show, by means of the existence theorem, the admissibility, from a logical standpoint, of an equilibrium position as defined in [D.1]. But this is something different from constructing a dynamical process which explains how the economy can get to such an equilibrium position. To conclude this section, it is worth mentioning a second adjustment hypothesis, explicitly formalized by Negishi in his 1961's essay. After proving the existence of an equilibrium [D.1], this author proposes to provide a stability result for an adjustment process extending to imperfect competition economies the adjustment process for perfectly competitive economies formalized by Samuelson (1941) and Arrow, Block and Hurwicz (1959). Taking inspiration from Lange (1944), Negishi assumes that in a monopolistically competitive market the excess demand is always zero and the firm which controls the market adjusts the price to get to the maximum profit. But the
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assumptions on the economies' functioning that Negishi uses in his dynamic model are different from the assumptions that he uses is his static model, and in many respects inconsistent with them. In particular, the expectations on the relationship between the price that a monopolistic firm sets and the amount it can sell on the corresponding market, expressed by the concept of subjective demand curve in the static model, are not consistent with the expctations on this relationship adopted by Negishi in the dynamic model. Therefore, we can conclude that this second hypothesis of adjustment cannot either be applied to Negishi's concept of GME22.



3. GABSZEWICZ AND VIAL'S COURNOT-WALRAS MODEL: EQUILIBRIUM NOTION, RATIONALITY CRITERIA, IMPLICIT ADJUSTMENT MECHANISMS. A COMPARISON WITH THE ORIGINAL NEGISHI'S MODEL.



Gabszewicz and Vial's Cournot-Walras model is the first extention to a GE context of the Cournot model. As is well-known, Cournot (1838) considers the oligopolistic market of a homogeneous consumption good, in which each oligopolistic firm is characterized by a cost function and is assumed to perfectly know the true inverse demand curve and all rivals' cost functions. On the basis of this information, it independently chooses how much to produce in order to maximize its profits, given the other firms' production choices. A Cournot equilibrium takes into account the fact that firms' choices are interrelated trough the inverse demand curve and describes a situation in which all firms simultaneously maximize their objective, given the production decisions of the other firms. In such a case, each firm's expectations on the production decisions of the rivals turn out to be correct. It is worth mentioning that, since the work of Theocharis (1960), a line of research has developed that studies the stability properties of dynamical processes in which agents act according to the basic assumptions of the Cournot model23. Okuguchi (1976), for instance, proposes a simple adjustment mechanism in discrete time in which variations in every firm's output conform with the following rule: [3.1] y (t ) − y (t − 1) = ν ( ~ y (t ) − y (t − 1)) , where 0 < ν ≤ 1 and ~ y (t ) is the output level that maximizes the firm's profits at time t, given the market inverse demand curve and the hypothesis that the firm considered expects the rivals' output level at time t to be the same as at time t − 1 . The author shows that this process has a unique fixed point, for every set of initial conditions, and that it complies with the Cournot equilibrium conditions. Thus, he obtaines a global stability result for this type of equilibrium. We now go back to a GE context and consider Gabszewicz and Vial's Cournot-Walras model. These authors analyze an economy with m perfectly competitive consumers, indexed by i , 22



For a discussion of the basic assumptions of the dynamical model explicitly formalized by Negishi and its relationship with this author's static GME model, see Busetto (1997). 23 See, for example, Fisher (1961), Hahn (1962), Okuguchi ((1964), (1976)).
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n oligopolistic firms, indexed by j , and l consumption goods, indexed by h, that are produced by firms and distributed, according to given shares θ ij (with



m



∑θ



ij



= 1 for all j), among consumers,



i =1



who have previously provided them with primary non-marketable inputs24. Besides by shares in firms' production, each consumer i is characterized by a consumption set X i = { xi } = R+l , an utility function U i ( xi ) over X i 25, and an endowment vector ω i ∈ R+l + . Each firm j is characterized by a production set Y j = { y j }⊂ R+l 26. n



Given a vector y = ( y1 ,...., y n ) ∈ ∏ Y j ⊂ R+l×n , we can define an "intermediate endowment j =1



vector" n



[3.2] ω i + ∑θ ij y j , for all i, j =1



and a pure exchange competitive economy where each consumer i, taking the price system p = ( p1 ,...., p l ) ∈ R+l as given, chooses his exchange plans solving the following problem: n



[3.3] max U i ( xi ) s. t. pxi ≤ pω i + ∑θ ij y j . j =1



Let us now define a vector x = ( x1 ,...., x m ) ∈ R



l× m +



n



, associated with a given y ∈ ∏ Y j , and i =1



introduce the GCE notion associated with the exchange economy defined above. [D.II] A state of competitive equilibrium associated with y for the exchange economy considered is given by a pair ( pˆ , xˆ ) such that: (v) given p = pˆ , xˆ i ∈ X i solves problem [3.3] for all i = 1,...., m ; m



(vi)



m



n



∑ xˆ − ∑ ω − ∑θ i



i



i =1



i =1



ij



yj = 0.



j =1



Hypotheses (v) and (iv) are the typical walrasian GE conditions. The first is the usual rationality assumption on individual plans of action; the latter requires the mutual consistency of all agents' rationally-chosen plans of action27. If we assume that the GCE price set associated with 24



This escludes that firms trade with each other and removes from the model any analysis of input allocation among firms. We will return below on the role played by these and other restrictive hypotheses adopted by Gabszewicz and Vial. On the critical assumptions underlying the Cournot-Walras equilibrium concepts, see Gabszewicz and Vial (1972), Hart (1984), Codognato (1994). 25 The assumptions on the utility functions are standard. 26 Production sets Y j are assumed to be compact and convex. 27



The assumptions on utility functions and initial endowments assure that there exists at least one GCE for all n



y∈



∏Y i =1



j



.
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every y is single-valued, we obtain a walrasian price function pˆ ( y ) that depends on the normalization rule adopted28. Each firm perfectly knows the function pˆ ( y ) that can be re-written as: [3.4] pˆ ( y ) = pˆ ( y j , y − j ) where y − j = ( y1 ,...., y j −1 , y j +1 ,...., y n ) . It represents the relationship between the amount of the l goods produced by firm j and the prices it can obtain for them, given the amounts produced by the rivals, and extends to the GE context the notion of objective inverse demand curve previously used in the Cournot model29. Taking into account this function and its expectations on the rivals' production decisions, every firm j chooses simultaneously and independently its production plan by solving the following problem: [3.5] max π ( y j , y − j ) = pˆ ( y j , y − j ) y j s. t. y j ∈ Y j



30



.



We can now introduce the conditions characterizing Gabszewicz and Vial's Cournot-Walras equilibrium notion. n



m



j =1



i =1



[D.III] A state of Cournot-Walras GE is given by a triplet ( p * , y * , x * ) ∈ R+l × ∏ Y j × ∏ X i such that: (vii) given p = p * , y j = y *j , j = 1,...., n, xi* ∈ X i solves problem [3.3] for all i = 1,...., m ; (viii) given y − j = y −* j , y *j ∈ Y j satisfies condition [3.5] for all j = 1,...., n ; (ix) p * = pˆ ( y *j , y −* j ) . Conditions (vii) and (ix) tell us that x * and p * represent a GCE on the markets of the consumption goods. This equilibrium is associated with the vector y * that, by condition (viii), is a Nash-equilibrium of the game played by the n firms. Each firm j maximizes its profits taking all rivals' strategies as given and knowing, from the function pˆ ( y j , y − j ) , the effects that its production choice has on the prices of the l goods31. In Gabszewicz and Vial's model, consumers' choices comply with the parametric rationality criterion typically used in the standard GCE theory, whereas firms' decisions conform to a rationality criterion that explicitly incorporates elements of strategic interaction. In the model considered, the amounts produced of the l consumption goods are variables directly controlled by firms. Prices are not taken by firms as given - as it happens in the GCE theory - nor they are 28



With regard to the assumption of deterministic selection and the dependence of the equilibria upon the normalization rule, see references in note 24. 29 As in the Cournot model, oligopolistic firms do not know the output decisions of the rivals. 30 With regard to the problems raised by the assumption of nominal profit maximization within Cournot-Walras models, see references in note 24 and Grodal (1992). 31 Gabszewicz e Vial's existence proof for a Cournot-Walras equilibrium relies on standard fixed-point techniques. As in the Negishi's model, a quasi-concavity assumption on firms' profit functions is to be introduced.
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directly determined by firms - as it happens in Negishi's GME model32. Here each firm j knows it can affect consumption goods' prices, together with all the other firms, by choosing its quantity strategy. Prices are thus only partially and indirectly controlled, through the competitive pricing mechanism, by each firm j. Each firm chooses how much to produce of each good taking into account its point expectations on the rivals' production levels and the walrasian price function pˆ ( y j , y − j ) . It incorporates all the feedback effects existing between firms' production decisions and consumers' exchange plans and implies that firms exactly know the interaction mechanisms operating in the system. From this function, each firm j can draw the relationship between its production decisions and market prices. Like Negishi's subjective demand curves, Gabszewicz and Vial's objective demand function pˆ ( y j , y − j ) can be interpreted as the set of plans of action that the firm considered believes it will be able to carry out. In the present context, such plans specify the amounts of goods that it can directly produce and the prices that it can indirectly obtain. From among these subjectively-feasible plans, the firm then chooses the pairs amounts produced-prices that maximize its objective, represented by its profit function. Once again, agents behave "stupidly", always believing that they will be able to actually perform their plans. In other words, as in the theory of perfect competition, agents are always subjectively certain that an equilibrium prevails in the economy. Notice that, within Gabszewicz and Vial's model, each firm can always effectively perform its production plans. Nonetheless, only when its expectations on the rivals' production levels are correct it gets the expected outcomes in terms of profit. Otherwise, its production choices turn out to be non-optimal, and the firm wants to revise its decisions. So we get to the issues related to the adjustment mechanisms towards equilibrium. We propose now to make explicit the hypotheses on this subject implicit in Gabszewicz and Vial's equilibrium notion. To this end, let us denote by T = {t } = R+ the sequence of unit periods over which the economy considered evolves. The assumptions on which Gabszewicz and Vial's model relies make possible to overcome some of the problems one encounters in trying to define adjustment processes towards equilibrium within Negishi's theory. In section 2, we have seen that these problems are essentially caused by the fact that, within that theory, price and quantity variables play the role of choice variables and informational signals at the same time. All the variables that agents take into account in making their decisions directly depend on other agents' decisions. In other words, a simultaneity problem arises in the determination of the relevant variables of the system. In the remainder of this section, we intend to show that Gabszewicz and Vial's CournotWalras equilibria can be conceived as the rest points of an adjustment process that combines a virtual price adjustment mechanism (within each time t ∈ T ), like those elaborated within the theory of competitive tâtonnement, and a quantity adjustment mechanism (from each t ∈ T to the next), similar to those elaborated, for the case of a single market, within the previous cournotian tradition. It is important to notice that a dynamical process of this type can be defined essentially because these authors modify Negishi's framework in two main directions. First, by defining the objective demand curve as a walrasian price function, they remove the direct determination of prices from agents internal to the economy, although they leave each firm a partial control on these variables. Consequently, Gabszewicz and Vial break down the simultaneity in the determination of 32



Recall that within Gabszewicz and Vial's model firms do not directly act on the markets.
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the relevant variables of the system. In this context, the price adjustment mechanism can act as a mechanism of coordination of individual choices. Second, by separating the analysis of production phenomena from the analysis of exchange phenomena, Gabszewicz and Vial cut off some interrelations typical of the theory of GCE, which were present also in Negishi's model, and go back to an analytical scheme similar, to some extent, to the partial equilibrium one characterizing the previous cournotian tradition. The adjustment process implicit in the notion of Cournot-Walras equilibrium proposed by Gabszewicz and Vial can be described as follows. At the beginning of any given period t ≥ 1 , each firm j receives from consumers the inputs to be used in the production process and decides how much to produce of each consumption good in compliance with the [3.5]. In making its choices, it takes into account the demand curve pˆ (. ,.) and its expectations on the production levels of the rivals. We can assume that each firm j is characterized, as in the Okuguchi's model seen above, by static expectations: at any time t ≥ 1 , it makes its choices believing that the amounts produced by the rivals are the same as at time t − 1 33. Let us now suppose that production takes place instantaneously and firms distribute the amounts produced among consumers according to the preassigned shares. The amounts of consumption goods received by every consumer i contribute, together with vector ω i , to define the intermediate endowments of this agent and represent (like all the other individual characteristics of consumers) the input variables of the virtual price adjustment process that leads Gabszewicz and Vial's exchange economy to a GCE position [D.II]. Let us denote by T v = t v = R the time sequence over which this process takes place34 and assume that, at a given initial time t 0v ∈ T v , a price system p (t 0v ) ∈ R+l is announced (we can suppose that it coincides with the GCE price system at (t − 1) ∈ T ). Taking into account this price vector and its own characteristics, each consumer i rationally chooses its plans of action in compliance with [3.3]. If, at prices p (t 0v ) , the exchange economy considered is in disequilibrium, with the aggregate excess demand of some good h different from zero, prices will adjust, at the subsequent virtual time, according to the usual demand and supply law, and consumers will consequently revise their plans. The process goes on until the exchange economy has reached the GCE position associated with vector y (t ) , in which the aggregate excess demand of all goods are equal to zero and consumers can effectively carry out their plans. Therefore, in contrast with Negishi's theory, Gabszewicz and Vial's model allows observable phenomena to take place at any time t ∈ T . Each firm j can observe the amounts produced by the rivals and the GCE prices associated with vector y (t ) and compare its expected and effective results in terms of profits. When its perceptions of the rivals' production levels turn out to be correct, walrasian equilibrium prices pˆ ( y j , y − j ) coincide with expected prices and the firms'



{ }



effective profits coincide with its expected profits. Otherwise, the firm considered wants to change its production plans. We can assume that variations in the amounts produced by each firm j conform with the 33



As in the partial equilibrium case, also in the present context the hypothesis of static expectations can be relaxed by introducing adaptive or extrapolative expectations. 34 The index "v" indicates that we are concerned here with a purely "virtual" adjustment process: out of an equilibrium state as defined in [D.3], consumers do not perform any actual action and consequently their intermediate endowments do not change.
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typical rules of the dynamical models elaborated within the antecedent cournotian tradition, like the Okuguchi's one examined above. At any time t, firms adjust their production decisions taking into account their observations at time t − 1 . Given a new vector y ( t ) , a new set of intermediate endowments and a new GCE can be determined. The process goes on until the system has achieved a Cournot-Walras equilibrium. In such a situation, all agents, consumers and firms, realize their rational choices35. As already mentioned, the possibility of defining this dynamic process is essentially due to some semplyfing hypotheses adopted by Gabszewicz e Vial in their static model. We have seen, in section 2, that, within Negishi's system, every good can act as an input or an output in the production process, and as a consumption object. In addition, every good is a commodity: it is traded at the current price on the respective market. Every agent, consumer or firm, can act on all markets, as a buyer or a seller. Gabszewicz and Vial distinguish between production factors that cannot be used for consumption and produced consumption goods; consumers provide firms with the former, firms provide consumers with the latter. This is a distinction frequently used in the standard GCE theory. Nonetheless, these authors further semplify their analytical scheme, in comparison with the Negishi's one, by assuming that production factors are not marketable and that firms distribute consumption goods among consumers according to preassigned shares. These hypotheses exclude that firms can directly act on the markets and remove any problem caused by possible interrelations between consumers and firms' behavior on the factors' markets, on the one hand, and on the consumption goods' markets, on the other36. This set of assumptions gives Gabszewicz and Vial's framework some of the typical features of the partial equilibrium models proposed within the previous cournotian tradition. In the substance, their theory differs from that type of models in two main respects. First, these authors assume that each oligopolistic firm can produce more than one consumption good. Nonetheless, this assumption does not essentially alter the analysis of production phenomena developed in the standard Cournot model. In particular, notice that, while in that model each firm's production costs are represented by an exogenous cost function, depending only on the same firm's output level, in Gabszewicz and Vial's model the analysis of production costs is completely disregarded. Second, Gabszewicz and Vial build their notion of objective demand curve on a detailed analysis of individual consumers' choices. As we have seen above, this part of their model exactly conforms with the basic assumptions of pure exchange GCE theory and represents an important element distinguishing this model from the previous cournotian analysis. But not even this analysis of exchange and consumption phenomena affects the analysis of production provided by the standard Cournot model and, in particular, the relationship between production analysis and consumption analysis. Either with l = 1 or with l > 1 , it simply develops a specific element of the original cournotian analysis, without modifying its fundamental structure. 35



Under suitable restrictions, the stability results obtained within the literature on tâtonnement processes can be applied to the adjustment mechanism of the exchange economy analyzed by Gabszewicz and Vial and the stability results reached within the studies on cournotian dynamics can be applied to the adjustment process of the amounts produced by firms. 36 We re-find these kind of problems within the model of GE under imperfect competition with objective demand curves formalized by Marschak and Selten (1974), which incorporates a non-cooperative game similar to the one proposed by Gabszewicz and Vial in a full-iteraction GE context similar to the one studied by Negishi.
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To conclude this section, let us notice that, although we have shown that a dynamical adjustment model can be built consistently with the fundamental hypotheses of Gabszewicz and Vial's static equilibrium notion, this does not mean that this model provides a satisfactory disequilibrium theory. The part describing the price adjustment mechanism suffers in fact the same problems - of a theoretical and empirical nature - often remarked in the literature with respect to the theory of virtual tâtonnement37, while the part describing firms' output adjustment mechanism raises - like the Okuguchi's model seen above - problems concerning the ad hoc nature of the assumptions on firms' expectations.



4. GARY-BOBO AND THE COURNOTIAN VERSION OF NEGISHI'S MODEL. Gary-Bobo re-introduces the idea, already advanced in the literature38, that Negishi's GME notion can be easily applied to the typical context of Cournot-Nash models, in which imperfectly competitive firms are quantity-setters and prices are the outcome of choice interaction mechanisms. This implicitly casts aside one of the basic features of Negishi's theory, that is the hypothesis that prices are directly controlled by agents internal to the economy. Gary-Bobo introduces a general notion of non-competitive GE, called “locally consistent equilibrium” (LCE), in order to create a link between the subjective approach, typical of Negishi's theory, with the objective approach, typical of the Cournot tradition. Gary-Bobo uses a framework borrowed from Gabszewicz and Vial's Cournot-Walras model. He introduces within this general framework different hypotheses about imperfectly competitive firms' information set. A “k th-order locally consistent equilibrium” (k-LCE) is an imperfectly competitive GE in which firms perceive only a k-th order Taylor expansion of their true demand curves. When k = ∞ firms perfectly know their true demand curves and Gary-Bobo's model coincides with Gabsewicz e Vial's CournotWalras model. When k = 0 firms, as in Negishi's GME model, only know the present state of the markets and make their choices on the basis of subjective demand curves consistent with it. GaryBobo thus provides a cournotian version of Negishi's model39. In this section, we propose to shed some light on the relationship between this version and the original one. The analysis developed in the previous section has pointed out the basic elements that differentiate Gabszewicz and Vial's from Negishi's theory. We propose now to show that most of those elements are kept by Gary-Bobo in his 0-LCE model and that this author's cournotian reformulation of Negishi's model can be obtained only by substantially revising the basic structure of the theory. Like Gabszewicz and Vial, Gary-Bobo separates exchange from production analysis. Consumers are the only agents acting on the competitive markets. As for production, firms play a non-cooperative game. There is no intermediary good in the economy40. In contrast with 37



See, for example, Arrow and Hahn (1971 ), Fisher (1983), Donzelli (1986). See Nikaido (1975), Hart (1984). 39 In fact, Gary-Bobo analyses the properties of LCEs also with k ≥ 1 and, for this case, he provides a theorem of equivalence between the set of k-LCE strategies and the set of Cournot-Walras equilibria (see Gary-Bobo (1989), section 6). 40 For a discussion of these assumptions, see section 3 above. 38
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Gabszewicz and Vial, Gary-Bobo attempts to include, within the basic framework of the CournotWalras model, an analysis of the input allocation among firms. He assumes that there is a set of l goods in the system, all of which are used for consumption. A subset of them is produced by firms, the other subset is made up of primary goods that can be kept by consumers to satisfy their needs or given to firms to be used in production. Since there is no intermediary good, these two subsets are necessarily disjoint. In effect, Gary-Bobo does not develop a complete theory of input demand and supply. He assumes that each oligopolistic firm j is characterized by a production set Y j , defined over R l n



instead over R ; given y ∈ ∏ Y j ⊂ R ln , each competitive consumer i not only is provided by l +



j =1



firms with their outputs according to some preassigned shares θ ij , but also contributes to provide firms with primary inputs according to the same shares. A vector of intermediate endowments can then be defined as: n



[4.1] ω i + ∑θ ij y j , for all i = 1,...., m ; j =1



a pure exchange competitive economy relative to the given y and a walrasian price-function pˆ ( . ) can be generated as in Gabszewicz and Vial's model41. An element that distinguishes Gary-Bobo's from Gabszewicz and Vial's framework and makes the former closer to Negishi's model is given by the assumptions on oligopolistic firms' expectations. The walrasian price function pˆ ( . ) is the true market demand curve. When firms perfectly know it, we are back to Gabszewicz and Vial's Cournot-Walras model. Within Gary-Bobo's analytical scheme, firms can have only a subjective perception of pˆ ( . ) . This author introduces the notion of "prevailing state of production decisions", y = ( y1 ,...., y j ,...., y n ) ∈ Y , which adapts to the new context the notion of present state of the market used in Negishi's GME model. Firm j's belief on the true inverse demand curve is defined as a function [4.2] pˆ ej = pˆ ej ( y j , y ) , which expresses the price system that the firm expects to hold in equilibrium when the prevailing state of production decisions is y and it deviates from y j to a new production plan y j . Taking y as given, firm j determines its production decisions by solving the following problem: [4.3] max pˆ ej ( y j , y ) y j



s. t.



y j ∈Yj .



41



A hypothesis of deterministic selection is to be introduced to this end. In addition, function pˆ ( . ) depends on the normalization rule adopted. In the context examined here, the further hypothesis that consumers' intermediate endowments are strictly positive is to be introduced in order to assure the feasibility of y and the existence of pˆ ( . ) .



This implies that the sets Y j are bounded below.



24



n



m



j =1



i =1



[D. IV] A state of k-LCE is given by a triplet ( p * , y * , x * ) ∈ ∆ × ∏ Y j × ∏ X i and a collection of e* j



beliefs pˆ ( . ) such that: (x) given p = p * and y = y * , xi* ∈ X i solves problem [3.3] for all i = 1,...., m ; (xi) given y = y * , y *j ∈ Y j satisfies condition [4.3] for all j = 1,...., n ; (xii) p * = pˆ ( y * ) = pˆ ej* for all j = 1,...., n ; (xiii) D kj pˆ ( y * ) = D kj pˆ ej* ( y *j , y * ) for all 1 ≤ κ ≤ k and j = 1,...., n ; where ∆ is the set of normalized prices, and D kj denotes the k-th order derivative with respect to y j ( y = y * in the right side of equation (xiii) is taken as given). Conditions (x) and the first part of condition (xii) tell us that x * and p * represent a GCE on the markets of the consumption goods. This equilibrium is associated with the vector y * that, by condition (xi), is a Nash-equilibrium of the n-firm game. Given the prevailing state of production decisions, each firm j maximizes its expected profits taking into account the perceived effects that its production choice has on the prices of the l goods. The second part of condition (xii) and condition (xiii) identify the set of information on the basis of which the oligopolistic firms make their choices. These conditions together express the hypothesis that, in a neighborhood of a k-LCE, all firms know the k th-order approximation of their true demand curves42. The case in which k = 0 reflects a purely subjective approach. A 0-LCE is characterized by conditions (x)-(xii) and represents the above-mentioned cournotian version of Negishi's equilibrium notion [D.1]. In this case, firms only know the prevailing state of the markets, represented, in the present context, by the prevailing state of production decisions and the associated price system. The second part of condition (xii) requires that firms' subjective demand curves are consistent with it. This hypothesis corresponds to condition [2.4] of Negishi's model43. As in Gabszewicz and Vial's theory, firms' decisions conform to a rationality criterion that explicitly incorporates elements of strategic interaction. Each firm directly sets its production plans. As for prices, it knows it can indirectly affect them, together with all the other firms, by choosing its quantity strategies. Here, the firm does not know the entire true demand curve. Given the prevailing state of the markets, it forms its perceived demand curve pˆ ej = pˆ ej ( y j , y ) and makes its decisions as to maximize its expected profits assuming that all the other firms do not change their strategies. In other words, each oligopolistic firm has static expectations on the rivals' production choices. In choosing its strategies, it behaves "stupidly", always believing that it will be able to realize its objective. At a 0-LCE, its expectations on the market demand curve and the rivals' strategies will turn out to be correct. In such a situation, exactly as in the original Negishi's 42



Of course, when k > 0 , technical assumptions assuring the differentiability of pˆ and pˆ ej , j = 1,...., n , are



introduced. It is to be stressed that Gary-Bobo's paper focuses on the role played by local perceptions in the determination and properties of equilibria, and consequently disregards a global approach to closeness between objective and subjective demand. 43 On the existence of k-LCEs and, in particular, of 0-LCEs, see Gary-Bobo ((1989), (1987)).
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model, each firm maximizes its profits just at the prevailing state of the markets. According to the compatibility condition stated in the second part of (xii), at that point the firm's subjective demand curve intersects the true market demand curve and realized profits coincide with expected profits. Notice that, as in Gabszewicz and Vial's model, each oligopolistic firm can always effectively perform its production plans, but, only when its expectations are correct it gets the expected outcome. Otherwise, the firm's production strategies would be non-optimal. In this case, it is to be thought that each oligopolistic firm adjusts its perceptions (on the basis of the new prevailing state of the markets) and consequently revises its production decisions. As regards the adjustment mechanisms towards equilibrium, it is not possible to support a 0LCE with a process like the one we have defined in the previuos section with reference to Gabszewicz and Vial's Cournot-Walras equilibrium. Let us introduce some considerations to support this claim. Let T = {t } = R+ be the sequence of unit periods over which the economy studied in Gary-Bobo's 0-LCE model evolves. In a dynamical version of this model, the prevailing state of the markets at the beginning of any given period t ≥ 1 is to be meant as the production plans realized at period t − 1 and the associate price system. Let us assume that, at period t, given the prevailing state of the markets, each oligopolistic firm makes its production decisions in compliance with the rationality criterion just discussed, under the condition that the rivals' choices at period t are the same as at period t − 1 . We then obtain a new vector of production plans n



y (t ) ∈ ∏ Y j . According to Gary-Bobo, let us now suppose that, within the same period t, each j =1



firm receives from consumers the inputs to be used in the production process in compliance with some preassigned shares, production takes place instantaneously, and each firm distributes its outputs among consumers in compliance with the same preassigned shares. The intermediate endowments of each consumer i can be consequently determined and a virtual price adjustment process over a time sequence T v = t v = R can be defined as in the case of Gabszewicz and Vial's theory44. The process goes on until the exchange economy associated with y (t ) has reached a GCE position. At this stage, each firm j can observe the new prevailing state of the markets and compare its expected and realized profits. When its perceptions of the market demand curve and the rivals' production plans turn out to be correct, walrasian equilibrium prices coincide with expected prices and each firm effectively meets its objective. Otherwise, the firm considered wants to revise its production choices. But, in contrast with what happens in Gabszewicz and Vial's model, here we cannot assume that variations in each firm's production plans conform with the typical rules of cournotian dynamics. Those rules require in fact that, at any time t, once it has observed the prevailing state of the markets, every firm j adjusts its production choices, along the commonly known true market demand curve, until the economy reaches a state in which all firms simultaneously maximize their profits. Within Gary-Bobo's 0-LCE scheme, firms do not know the true market demand curve. In this context, it is to be thought that, at any time t, once it has observed the prevailing state of the markets, every firm j adjusts its own perceived demand curve and moves along it with a view to maximizing its profits. But subjective demand curves are arbitrarily formed. This has two kinds of implications. On the one hand, the well-known problem concerning the little predictive power of the models belonging to the subjective approach arises again45. In effect, Gary-Bobo proves that,



{ }



44 45



See section 3 above. For a discussion of this issues with reference to Negishi's model, see Hart (1984). On the arbitrariness of conjectures,
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given any feasible allocation such that the production of each firm is different from zero and yields non-negative profits, there exist subjective demand curves for which this allocation is a 0-LCE. On the other hand, there is no guarantee that, when the system is out of a 0-LCE, variations in firms' perceived demand curves permit the system to reach such a position.



5. CONCLUSIONS.



We have studied the main difficulties of the subjective theory of GE under imperfect competition. We have focused on the contributions by Negishi and Gary-Bobo, showing the relationship between them. First, we have considered the basic features of the static equilibrium concepts proposed by these authors. We have concentrated on imperfectly competitive agents' individual rationality and some related issues, regarding these agents' information set and the way they form and revise expectations. Then, we have investigated the problems related to adjustment mechanisms towards imperfectly competitive equilibria and the role the play as coordination mechanisms. With reference to Negishi's GME theory, our analysis has pointed out a fundamental simultaneity problem in the determination of the relevant variables of the system. In that theory, both price and quantity variables play in fact two different roles, as choice variables and informational signals. We have shown that, due to this fact, neither a simple price adjustment process similar to a competitive tâtonnement, nor a dynamical process extending to a GE context adjustment hypotheses previously proposed for a single market within the cournotian tradition can be used to support Negishi's GME notion. In this regard, we have seen that particular difficulties are raised by the concept of present state of the markets, crucial in monopolistic firms' decision process and perceived demand curves formation. A comparison between Negishi's GME and Gabszewicz and Vial's Cournot-Walras models has clarified that the assumptions on which the latter model relies make possible to overcome some of the problems one encounters when trying to define adjustment processes towards equilibrium within Negishi's theory. With reference to Gabszewicz and Vial's equilibria, we have been able to define an adjustment process combining a virtual price adjustment mechanism like those elaborated within the theory of competitive tâtonnement and a quantity adjustment mechanism inspired by those previously elaborated within the cournotian tradition for the case of a single market. Nevertheless, we have shown that this has been possible because these authors cut off some interrelations typical of the GE approach, which were present in Negishi's model, and go back to an analytical scheme resembling, in many respects, the partial equlibrium one characterizing the antecedent cournotian tradition. Gary-Bobo intends to provide a cournotian version of Negishi's model by re-introducing subjective demand curves within the basic framework proposed by Gabszewicz and Vial. We have shown that this version markedly differs from the original Negishi's model. In addition, using belief-arbitrariness arguments, we have explained why Gary-Bobo's 0-LCEs cannot be see also Hahn (1977).
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supported by an adjustment mechanism as the one we have defined for the case of Gabszewicz and Vial's theory. Our analysis leads to the conclusion that, at the current state of the literature, nobody within the subjective tradition has been able to satisfactorily deal with the problem of introducing individual rationality and coordination notions suitable to be applied to a GE context characterized by imperfect competition and strategic interaction.
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