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Abstract 

In this paper, the commitment to a policy of know-how trading by the participants in an 

industry is explained by the firms’ attempt to induce the equilibrium of a single industry-wide 

cooperative research joint venture. In a repeated game framework, we show that pre-

commitments by non-cooperative firms to disclose their own know-how to the industry can be 

effective in inducing cooperative R&D investments by the participants.  
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1. Introduction 

Informal know-how trading is the extensive change of proprietary know-how by informal 

networks of process engineers by rival firms, in the US steel minimill industry and elsewhere. 

von Hippel (1987, 1988) focus on the role of proprietary know-how trading in the diffusion of 

innovation, and oligopoly. Informal trading between rivals is the costliest form of trade and 

thus potentially the hardest to explain as economically rational behavior. The economic 

analysis builds on the observation that traded know-how is often possessed by more than one 

firm prior to a trade. von Hippel provides an economic explanation for know-how trading 

between direct competitors in the context of a simple, two-party Prisoner’s Dilemma. von 

Hippel explores whether and when the informal trading of proprietary know-how between 

rivals is a novel type of cooperative R&D. von Hippel establishes the conditions under which a 

policy of know-how trading will usually pay better, from the point of view of participating 

firms, in the long run than any other strategy. 

There are many instances in science, industry and education in which knowledge transfers are 

deliberate and reciprocal. Helsley and Strange (2004) model these endogenous knowledge 

transfers, and show that endogeneity fundamentally changes the effects of the transfers on 

resource allocations. Holding group size fixed, Helsley and Strange show that knowledge 

transfers may arise as a kind of barter under perfect information, with efficiency a likely 

outcome when the value of knowledge is verifiable ex ante. Knowledge barter can also take 

place when the value of the knowledge transferred is verifiable only ex post if the interaction is 

repeated and if discount rates are not too high. 

Firms face asymmetric information when know-how is a non-contractible variable. It is very 

difficult to impose by contract the provision of a specific know-how. There are situation in 

which profitable research joint ventures do not start because of the asymmetry of information 

concerning the disclosure of know-how (Pérez-Castrillo and Sandonís, 1996). The R&D projects 

would be undertaken if the firms were able to commit themselves to fully cooperate. Some 

R&D projects are undertaken, but they end up reaching an inefficient equilibrium.  

Some knowledge transfers are accidental, which are then knowledge spillovers. The word 

“spillover” seems to be used as the firms’ interactions are not price-mediated. Spillovers in 

industry are commonly modeled as an automatic result of firms’ investment in R&D. Other 

knowledge transfers involve deliberate decisions to give knowledge to other firm. d’Apremont 

and Jacquemin (1990) stress the crucial role played by the spillover parameter of the R&D 

benefits in oligopoly models and suggest the usefulness of endogeneizing it.  

Kultti and Takalo (1998) offer an explanation for the spillover parameter. Kultti and Takalo 

show that the spillover of R&D can be endogenized in a sense that even without spillovers 

have no incentive to exchange the R&D information after the investments are sunk. They 

assert that duopoly firms always have an incentive to exchange the research information after 

the R&D investments are made if the degree of spillover that the firms have agreed upon is 

symmetric. 



This paper’s main contributions to knowledge are as follows. First, we develop a model of R&D 

investment and endogenous knowledge transfers through commitments to disclosure of 

know-how in a duopoly market setting, which provides the basis for analyzing how 

endogeneity qualitatively changes the effects of the transfers on R&D behavior. In contrast to 

the conventional assumption in which knowledge transfers are treated as exogenous 

spillovers, in this model one firm chooses whether or not to exchange knowledge with 

another. Second, we examine the conditions under which knowledge exchanges can take place 

in the model, and the levels of R&D investment that may simultaneously occur in equilibrium. 

Third, in a repeated game framework, we show that commitments by non-cooperative firms to 

disclose their own know-how to the industry can be effective in inducing cooperative R&D 

investments by the participants. The commitment to a policy of know-how trading by the 

participants in an industry is explained by the firms’ attempt to induce the equilibrium of a 

single industry-wide cooperative research joint venture. 

The remainder of the paper is organized as follows. Section 2 considers the commitments to 

provision and disclosure of know-how by non-cooperative firms in a game-theoretical 

framework of duopoly. Section 3 examines repeated know-how trading and the possibility of 

cooperative R&D being an equilibrium solution to the repeated game. Finally, Section 4 closes 

the paper. 

 

2. The model 

This section presents a simple model of R&D investment and knowledge transfers to highlight 

the effects of commitments to know-how disclosure on R&D behavior in a duopoly market 

setting. 

The timing of the game is the following. The two firms make decisions in two stages. In the first 

stage both firms invest non-cooperatively in cost reducing R&D, and then they exchange a 

fraction of their R&D results. In the last stage the firms choose production and engage in 

Cournot competition in the final product market. 

Suppose that firms in an industry produce homogenous products with constant marginal costs. 

Demand for their products is , with , where  and  are 

the quantities produced by firm  and , respectively, and the market price  is a linear 

function of the market quantity . 

Firms can improve their market profitability by undertaking investments in R&D, which reduce 

their unit costs of production and entail positive spillovers on the rival’s cost. While some 

knowledge may plausibly spill over to other firms in industry, it is likely that the degree of 

spillover is in part a deliberate economic choice. In order to simplify the interpretation of 

results, suppose that firms can keep their know-how proprietary: there are no exogenous 

spillovers. The degree of spillover is assumed to be controlled by firms and there are no 

exogenous spillovers. Proprietary know-how is a subject for trading only if free diffusion can be 

prevented. 



If no R&D is undertaken by firms, unit costs of production are , , with . 

Production costs of firm  may be reduced through own R&D efforts,  as well as the other 

firms’ R&D efforts, , . The importance of the latter effect is captured through the 

spillover parameter , which reflects the extent of knowledge transfers to firm . 

Specifically, the effective level of R&D efforts of firm  is 

,    .       (1) 

Thus, unit costs of production of firm  are . 

The R&D technology firms employ exhibits diminishing returns, specified as increasing 

marginal costs of R&D. Total R&D costs are then , where  is the technology 

parameter, which is inversely related to the efficiency of the innovation process. 

Thus, firms’ total profits  are specified as follows 

,    .   (2) 

The method of backward induction is adopted to find the equilibrium values of the model, and 

so the quantity choices at the final stage of the game are derived first. From the profit function 

(2), we obtain optimal output quantities as 

,    .   (3) 

Given the equilibrium level of output (3), the -th firm’s profit function can be expressed as 

.      (4) 

This R&D investment and sharing game is played repeatedly for an infinite number of periods. 

Every period, firms decide on R&D investment and knowledge sharing simultaneously. R&D 

investment and know-how exchanges are perfectly observable for the rival with one-period 

delay. The time aspect is only important in the sense that the game is repeated; there are no 

other dynamic linkages. 

Suppose that firms want to establish a cooperative equilibrium in R&D supported by trigger 

strategies. One must acknowledge that this is only one type of strategies that firms can in use 

in supergames. A repeated game in which both firms adopt the grim strategy has two phases: 

a cooperative phase and a punishment phase. Detection and consequent punishment of a 

defection are assumed to take one period to unfold. 

Firms are likely to achieve the highest private gain over many repetitions if they cooperate. 

However, each player is always tempted to defect from cooperation because it will reap the 

highest gain from a single play if it defects while its partner behaves cooperatively. If one firm 

deviates from the cooperative outcome, both firms switch to the punishment phase from the 

next period on. The reversal to the punishment phase is eternal. 



This concludes the structure of the duopoly model as well as the specification of the strategies 

of the repeated game. 

 

3. Equilibrium results 

In this section, we look for the cooperative outcome achieved as a subgame perfect Nash 

equilibrium of the repeated game. Suppose that cooperation in R&D investment and sharing is 

envisaged by the participating firms in the industry. 

von Hippel (1987, 1988) proposes an economic explication for informal trading of know-how 

between rival firms that appears to represent a novel form of cooperative R&D. Informal 

trading of proprietary know-how between rivals can be explained in terms of maximizing the 

profits (rents) which firms reap from it. One obvious form of know-how trading builds on the 

observation that many firms often have a unit of know-how which a trader needs. Know-how 

trading involves an exchange of valuable knowledge between traders; at the same time the 

firms keep the know-how secret from non-traders.  

An important question arising at this point is the following. How could firms try to reap the full 

value of their R&D investments before the investment costs are sunk? We claim that the 

commitment to a policy of know-how trading by the firms in the industry before they possess 

the know-how is a way to maximize the profits which firms could reap from it. Indeed, suppose 

that both firms pre-commit to disclose, possibly significant, portions of their know-how. Then 

firms make decisions on how much to invest in R&D constrained by the fact that their choices 

on foreseeable knowledge exchanges must be feasible. When firms commit to a symmetric 

policy of know-how trading, we would expect that they choose the optimal levels of R&D 

investment in R&D cooperation. We need to prove this claim. 

A single play of the repeated game has four possible outcomes. One outcome of the one-shot 

game arises when both firms cooperate. The cooperative outcome would occur if the firms 

maximize the joint profits. When firms commit to a policy of know-how trading, their 

economic decisions are the result of optimization problems subject to constraints on know-

how trading. The cooperative outcome would be obtained by solving the following constrained 

optimization problems: 

  ,    ,    (5) 

whereby both firms decide on R&D investment and know-how exchange levels simultaneously. 

When there is knowledge exchange, the maximum amount of knowledge that firm  is willing 

to provide in order to receive an amount  from firm  is defined by . 

To prove our claim, first we need to find solutions that simultaneously satisfy all restrains 

, . The set of potential knowledge exchanges is 

. This result implies that .  



We conventionally model R&D cooperation as a research joint venture and look only for a 

symmetric equilibrium. In the symmetric case, , we obtain  

.          (6) 

If there is to be trade of know-how, there must be equally valuable know-how in the 

possession of the other firm. Thus each firm must possess a particular “unit” of know-how 

prior to a given trade. 

In his economic analysis of informal know-how exchanges, von Hippel (1987, 1988) begins 

placing know-how trading in the context of a two-party Prisoner’s Dilemma by observing that 

traded know-how is often possessed by more than one firm prior to a trade. von Hippel 

assumes therefore  that firms possess a particular “unit” of know-how prior to a given trade. 

Substituting equation (6) into (5) yields  

,    .       (7) 

The substitution of  reduces the system of two constrained optimization problems (5) 

to a firm’s maximization problem. It can easily be seen that, because of symmetry, maximizing 

the joint profit function of a cooperative research joint venture  

       (8) 

with respect to firms’ R&D investments  and  is equivalent to maximizing individual profit 

(7). These two optimization problems are equivalent as the solution to one immediately leads 

to a solution to the other. This proves our claim. 

Thus, optimal cooperative R&D investment and sharing levels, respectively  and , are the 

solutions to problems (5). For the perfect spillover case, , we obtain the cooperative, full 

knowledge sharing outcome. Since firms are symmetric, firm-specific subscripts are omitted 

here. 

Two other possible outcomes of the one-shot game arise when one firm defects while the 

other cooperates. Given that a rival sticks to the cooperative agreement, a firm may increase 

its profits by deviating from the cooperative outcome in both R&D investment and sharing. 

This is the optimal defection for a firm. It can easily be shown that, once a firm decides to 

cheat, it is optimal to cheat in R&D investment as well as in R&D sharing, because it results in 

higher defection profits.  

Defection profits for firm , while firm  sticks to the agreement, are obtained as follows: 

.        (9) 

The last possible outcome is the payoff to both firms when both defect. This is the non-

cooperative, no knowledge exchange outcome. In case no firm pre-commits, both firms choose 

an amount of know-how to be revealed equal to zero. In this case, the degree of spillover is 



 and so we have the outcome of the two-stage R&D duopoly game as modeled by 

Spencer and Brander (1983).  

The one-shot Nash equilibrium R&D investment levels are deduced by simultaneously solving 

the following firm’s maximization problems:  

,    .        (10) 

The grim strategy says that even if a firm is the first to deviate, it continues to deviate 

thereafter. A deviation triggers the punishment for the rest of the game. The punishment 

consists in all firms reverting to the one-shot Nash equilibrium forever. This punishment 

executed in both R&D investment and know-how disclosure is more severe, and therefore 

more likely to prevent cheating, than a punishment in one variable, the R&D investment. The 

cooperative outcome can be sustained with eternal punishments. 

We now present the main result of the paper, and then explain it.  

PROPOSITION: The repeated non-cooperative game of R&D investment and commitment to a 

strategy of know-how trading has the solution of a cooperative research joint venture in each 

of its plays if the discount rate is not too high. 

The main result is that cooperative R&D investment and know-how trading can arise in 

equilibrium if the interaction between firms in industry is repeated and the discount rate is not 

too high. Firms will stick to the cooperative equilibrium when they are sufficiently patient. 

However, there are other equilibria in this repeated game, some of which involve no 

knowledge transfers. 

The model of cooperative research joint venture is outcome-wise equivalent with the one-shot 

stage game of our repeated game of R&D investments and commitment to know-how trading 

strategies. Our repeated game yields in every period the same result as the cooperative 

research joint venture with knowledge transfers. This result is the fully cooperative equilibrium 

solution to the symmetric duopoly model of R&D and spillovers by d’Aspremont and 

Jacquemin (1998). The scenario in which firms share their R&D results completely and 

coordinate their R&D expenditures so as to maximize the sum of their profits is called a 

research joint venture cartel by Kamien et al. (1992). 

 

4. Conclusion 

In this paper, we have developed a theoretical framework to investigate the impact of 

adopting a strategy of know-how trading on the degree of R&D cooperation. We have shown 

that the consequences of cooperation in know-how sharing under the conditions of the model 

are similar to a policy of cooperation in R&D investments in areas with large spillovers. An 

industry-wide policy of cooperation among competitors with respect to R&D investment and 

sharing would simply result in maximal joint profits. This cooperative R&D outcome could be 

generalized to any degree of spillover other than 100%. So far as known to the writer, this 



result hasn’t yet been proved. It is likely that von Hippel hasn’t conjectured this beneficial 

possibility to industry and society in his work.  
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