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The paper studies a stochastic patent race in which firms can 
undertake several projects aimed to the same innovation . The paper 
shows that the invariance of the market portfolio of projects does 
not hold when we increase the number of firms in the market from 
one to two or more firms. · This result has also implications for 
the efficiency of the market outcome. If firms can perfectly price 
discriminate so that the private prize for innovating is equal to 
the social prize, the paper shows that the market undertakes more 
projects than the socially desirable number. However, each project 
is undertaken at an efficient level of effort which is independent 
of the size of the prize for innovating. 

I thank Jaime Sempere for helpful comments. 



1 INTRODUCTION 
The issue of how firms invest in Rand D in a strategic setting 
have received a great deal of attention from the economics 
profession over the last ten years'. Raaj K. Sah and Joseph E. 
stiglitz (1987) wrote a very interesting article on the invariance 
of market innovation to the number of firms. The authors assume an 
economy in which firms can undertake several parallel projects 
aimed to the same innovation2 • The probability for any project to 
get the innovation is a function of the firm's investment in that 
project. There is no time in their model and the probability " that 
two or more projects are successful is nonegligible . Thus, their 
model is not a game of timing . Firms compete in a market 
characterized by Bertrand competition . Hence, if two or more firms 
innovate, Bertrand competition will take away all the benefits for 
innovation. "This assumption gives . . -their- . . model a winner­
takes-all feature similar to that in the patent race literature" 
(Sah and stiglitz (1987) p.98). The main result of their paper is : 

i. "The market portfolio of projects -the number of projects 
undertaken as well as the e xpenditures on each of them- is 
unaffected by the number of firms" (Sah and stiglitz (1987) p.99). 

with uncorrelated projects and symmetric equilibria they were able 
to show that: 

ii . The level of effort at which each project is undertaken, is 
independent of the size of the prize granted to the firm if she is 
the only winner. 

iii . If social benefits are equal to private benefits -if firms can 
perfectly price discriminate- then the market portfolio of outcome 
is socially efficient in the sense that both the level of effort 
and the number of projects undertaken by the market are equal to 
the level chosen by a social planner3

• 

It turns out that conclusions (i) and (iii) are sensitive to the 
assumptions of their model. In particular, the fact that the model 
is not a game of timing and the fact that two or more projects can 

1 The reader may consult the excellent survey by Reinganum 
(1989) . 

2 The authors do not have to assume that the proj ects are 
uncorrelated to prove their main result, however to make welfare 
analysis they do assume that the projects are uncorrelated. 

3 Sah and stiglitz do not talk explicitly about this result, 
rather they argue that private benefits are smaller than social 
benefits because the innovator cannot appropriate all the consumer 
surplus, therefore for them the number of projects that the market 
undertakes is smaller than those undertaken by the social planner. 



be successful . This paper studies the implications of a 
specification in which the timing of innovation matters. I study 
a model in which firms can undertake several projects aimed to the 
same innovation in the contex t of a stochastic patent race . 

2 THE MODEL 
consider a model a la Loury (1979) with lump sum costs of Rand D, 
in which firms can undertake several parallel projects aimed to the 
same innovation . The projects are statistically independent. As 
in Loury, the timing of innovation t' of any single project is 
distributed according to an e xponential distribution function with 
parameter ).: 

To make things comparable between the social planner solution and 
the market outcome, assume that the parameter ). is a function of 

C' j , the investment by firm i on project j. Assume also that 
the function ). (-) satisfies the following conditions : ). (0) - 0, 

lim ).' (c,j)·o, ). '( -) >0 and )."( c'j ) >0 if Cij<C, )."( c, j ) =0 if C' j "C and 
.,cJ}-

finally )." (cij ) <0 if Cij>C, with C>o 

The firms compete for a prize R, the loosers do not get anything. 
The reader may notice that the assumption of lump sum costs makes 
the cost e xpenditures independent of the duration of the race. We 
know this is trivially true for an economy without time. On the 
other hand, the assumption that the winner takes all is better 
justified in this case by assuming that a patent right gives the 
winner the privilege of exploitation of the innovation. 

Under the above assumptions the probability that the rivals of firm i 
have not innovated by time t is given by : 

k j II n e -l. (Cjk) t 

J"~ t ... t 

where k j represents the number of projects undertaken by firm j 
Given the symmetry of the technology, any firm will choose the same 
level of effort for all projects . Hence, the last condition can be 
simplified to: 

where On the other hand the probability that firm i 

innovates before time t is given by: 

4 See Kamien and Schwartz (1982) p. 192. 



1-e -k'l. (c,) t 

The probability that firm innovates in t 

k i A (c i) e -k 'I. (c, ) t 

Expected profits of firm 
expression: 

i are equal to the following 

The firm will win the prize R, only if it innovates before all 
the other rivals do. After integrating the last expression , I get 
the following expression for expected benefits : 

. RkiA (c.) . 
V'(Il,R,r);Max[ . ' k'cJ 

c"k, ll+k'A (c;) +r 

3 RESULTS 
I concentrate my analysis on symmetric Nash equilibria, the first 
order conditions ares : 

(1) 

Where nm=Nmk" with N m equal to the number of firms . From the 
last two conditions it can be verified immediately that : 

A (c) A' (C) 
c 

The last expression implies the following proposition : 

Proposi tion 1: All firms choose the efficient level of effort, 
regardless of the size of the prize . 

The last proposition confirms result ii of Sah and stiglitz. 

S In the first order conditions for k" I assume for 
simplicity that k , is a continuous variable. The analysis with k, 
discrete does not change the results. Loury (1979), Lee and Wilde 
(1980) and Reinganum (1982) make similar assumptions with respect 
to discrete variables. . 



,. 

Notice that the conditions in (1) (the first order condition for 
a noncooperative Nash solution) imply also that n" , the total 
number of projects undertaken by the market, is invariant to a 
change in the number of firms in a noncooperative Nash solution . 
If N" i ncreases the firms will respond by reducing the number of 
projects per firm ( k') so that n m remains constant . In the 
context of a stochastic patent race, Result i of Sah and st i gl i tz 
holds if the solution is a noncooperative Nash solution ( i. e . 
whenever we have two or more firms), the following proposition 
summarizes this finding : 

Proposition 2 : 
Nash solution 
market) . 

The invariance result is true for a noncooperative 
(i . e . whenever there are two or more firms in the 

Now let me compare the total number of projects undertaken by the 
market with the monopoly outcome. Since the monopoly does not care 
on which project succeeds, the monopolist is only concerned with 

nB). ( c) , the aggregate probability of innovation in the next instant 
of time . Expected benefits for the monopolist become : 

n sA ( c ) R 
VS(R r) = Max [ S -nSc 1 

, n' , c. nSA ( cs)+r , s 

The first order conditions for n S and cs are : 

(2 ) 
1 Rr 

From the last conditions we notice immediately that cs=c=c, 

me compare the number of projects undertaken by the monopolist 
those undertaken by the market . By combining (1) and (2) : 

(n m-k)A(c)+r r 
(n mA(c)+r)2 (n S A (c)+r)2 

Let 
with 

From the last equation we get that n "> nS . If the number of firms 
that the monopolist controls is equal to the number of firms in the 
market, k'>k s , the representative firm undertakes a larger number 
of projects than in the cooperative solution . This result is not 
surprising , in a market environment firms care about their own 
success, whereas in the monopolist case it does not matter which 
firm succeeds . There is an e xternality in the market environment 
generated by the fact that each firm wants to be first in achieving 
the innovation . 

Define s as the social prize of innovation . If the monopolist 
can perfectly price discriminate, S=R . The social planner 
solution is identical to the monopolist solution , the latter 
reasoning applies unmodified to the social planner solution . 
Therefore , the market undertakes a larger number of projects than 



the socially desirable level. The following proposition summarizes 
these latter reasonings : 

Proposition 3 : i) In a stochastic patent race, the number of 
projects undertaken by the market is not invariant to the number of 
firms, in particular, when we compare the number of projects 
undertaken by one firm (the monopolist) with the number of projects 
undertaken by two or more firms we notice that the number of 
projects undertaken by the latter market structure is higher than 
the one for the single monopolist. 

ii) Whenever the monopolist can price discriminate and therefore 
R:S , the market outcome yields an excessive number of projects as 

compared with the social planner solution. 

Proposition 1 and 3 illustrate the restrictiveness of the 
specification of the Loury (1979) model. The externality present 
in the market outcome was translated into too many firms allocating 
suboptimal levels to Rand D. When firms are not restricted to 
choose only one project, the inefficiency is translated into too 
many projects working at the optimal level. 

4 CONCLUDING REMARKS 
The driving force in Sah and stiglitz results is the assumption of 
an economy without time. This assumption implies that the 
probability that two or more projects innovate is nonnegligible. 
A firm will undertake an additional project by comparing its 
expected benefits with the costs of undertaking it. "This project 
yields a benefit only if the other projects undertaken by the firm 
fail, as well as if all of the other projects undertaken by other 
firms fail. The marginal decisions are thus influenced by the 
total number of projects undertaken in the market and not by how 
these projects are partitioned between the firms" (Sah and stiglitz 
(1987) p. 101) . 

In contrast, in this setting, the firm that innovates wins the 
race. A firm increases its number of projects with the aim of 
reducing the expected day of discovery . The probability that two 
projects innovate at the same time is zero, therefore the 
probability that two or more projects succeed is zero. A firm will 
undertake an additional project only if the reduction on the 
expected date of innovation is such that the increase in expected 
benefits overcompensates the additional costs of undertaken the 
project . Due to the fact that in a strategic environment (two or 
more firms), each firm wants to be first , the expected date of 
innovation is lower than the expected date of innovation for the 
cooperative solution (the monopolist case). The way noncooperative 
firms reduce the expected date of discovery is by undertaking more 
projects each. In Sah and stiglitz, the fact that other projects 
undertaken by a firm have a positive probability of being 
successful, undermines the incentive to undertake the marginal 
project. This project will yield a benefit only if the other 
projects in the market (including those undertaken by the firm) 



fail. 

This paper highlights the role of timing in the innovation process. 
The fact that each firm wants to be first yields an inefficient 
outcome. When we relax the restriction that forces each firm to 
undertake a single project, we eliminate one inefficiency present 
in the work by Loury (1979), the fact that each firm works at a 

" suboptimal level. However, we still get to much effort allocated 
to Rand D when we compare the market outcome with the social 
planner solution. 

Besides, in a noncooperative environment as in Sah and stiglitz, 
firms do take into account in their marginal decisions the number 
of projects undertaken by the whole market, in such a way that the 
number of firms is irrelevant in the marginal decisions. However, 
the invariance theorem is not true when we increase the number of 
firms from one to two or more. 

Sah and stiglitz have a contest model in which several projects may 
be successful. This paper modifies the conclusions reached by Sah 
and stiglitz in the context of a stochastic patent race in which 
firms can undertake several projects. 

The paper has policy implications, we know from proposition 1 that 
each firm will undertake each project at the most efficient level. 
The objective of policy in an economy in which the timing of 
innovation matters is to grant patent rights for a duration of time 
that can reduce R and therefore expected profits to a level that 
commits the firms to undertake the same number of projects that the 
social planner choose". 

Finally, it is interesting to contrast the invariance theorem with 
the previous belief about the relation between market structure and 
innovation. The previous belief considered the number of firms as 
an important variable that affected the incentives to innovate. 
Moreover, the expectations of monopoly rents were considered as 
crucial for undertaking Rand D. Whenever we have a noncooperative 
solution, the result of this model undermines the structure of the 
market as an important variable for determining the market 
structure of projects for innovation . But the possibility of 
getting monopoly rents is still important . 

" Remember that we are assuming that the social benefits are 
equal to private benefits . 



BIBLIOGRAPHY 

Loury, G. (1979) : "Market structure and Innovation," Quarterly 
Journal of Economics , 395-410 . 

Reinganum, J. (1981) : "Dynamic Games of Innovation," Journal of 
Economic Theory , 25 , 21-41 . 

Reinganum, J . (1982) : "A Dynamic Game of Rand D: Patent Protection 
and competitive Behavior , " Econometrica , 50, 671 - 688 . 

Reinganum, J . (1989) : "The Timing of Innovation : Research and 
Development, and Diffusion" in Volume 3 of Handbook of Industrial 
Organization, ed . R. Schmalensee and R.D. Willig . 

Sah, R.K. 
Innovation 
98-108. 

and J stiglitz (1987): "The Invariance of Market 
to the Number of Firms, " Rand Journal of Economics , 18, 



SERlE DOCUMENTOS DE TRABAJO 

The ,following working papers from recent years are still 
available upon request from: 

Rocio Contreras, 
Centro de Documentacion, Centro de Estudios Economicos, El 
Colegio de Mexico A.C., Camino al Ajusco # 20 C.P. 01000 
Mexico, D.F. 

90/1 Ize, Alain. "Trade liberalization, stabilization, 
and growth: some notes on the mexican experience." 

90/11 Sandoval Musi, Alfredo. "Construction of new 
monetary aggregates : the case of Mexico." 

90/111 Fernandez, Oscar . "Algunas notas sobre los modelos 
de Kalecki del cicIo economico ." 

90/IV Sobarzo, Horacio E. "A consolidated social 
accounting matrix for input-output analysis." 

90/V Urzua, Carlos M. "El deficit del sector publico y 
la politica fiscal en Mexico, 1980 - 1989." 

90/VI Romero, Jose. "Desarrollos recientes en la teoria 
economica de la union aduanera." 

90/VII Garcia Rocha, Adalberto. "Note on mexican economic 
development and income distribution." 

90/VIII Garcia Rocha, Adalberto. "Distributive effects of 
financial policies in Mexico." 

90/IX Mercado, Alfonso and Taeko Taniura "The mexican 
automotive export growth: favorable factors, 
obstacles and policy requirements . " 

91/1 Urzua, Carlos M. "Resuelve: a Gauss program to 
solve applied equilibrium and disequilibrium 
models ." 

91/11 Sobarzo, Horacio E. "A general equilibrium analysis 
of the gains from trade for the mexican economy of 
a North American free trade agreement." 

91/111 Young, Leslie and Jose Romero. "A dynamic dual 
model of the North American free trade agreement." 



91/IV 

91/V 

91/VI 

92/1 

92/II 

92/III 

92/IV 

92/V 

92/VI 

93/1 

93/II 

93/III 

93/IV 

93/V 

93/VI 

93/VII 

Yunez-Naude, Antonio. "Hacia un tratado de libre 
comercio norteamericano; efectos en los sectores 
agropecuarios y alimenticios de Mexico . " 

Esquivel, Hernandez Gerardo. "Comercio 
intra industrial Mexico-Estados Unidos." 

Marquez, Colin Graciela. "Concentracion y 
estrategias de crecimiento industrial." 

Twomey, J. Michael. "Macroeconomic effects of trade 
liberalization in Canada and Mexico." 

Twomey, J . Michael. "Multinational corporations in . 
North America : Free trade intersections." 

Izaguirre Navarro, Felipe A. "Un estudio empirico 
sobre solvencia del sector publico: El caso de 
Mexico." 

Gollas, ·Manuel y Oscar Fernandez. "El subempleo 
sectorial en Mexico." 

Calderon Madrid, Angel. "The dynamics of real 
exchange rate and financial assets of privately 
financed current account deficits" 

Esquivel Hernandez, Gerardo . "Politica comercial 
bajo competencia imperfecta: Ejercicio de 
simulacion para la industria cervecera mexicana." 

Fernandez, Jorge. "Debt and incentives in a dynamic 
context." 

Fernandez, Jorge. "Voluntary debt reduction under 
asymmetric information . " 

Castaneda, Alejandro . "Capital accumulation games." 

Castaneda, Alejandro. "Market structure and 
innovation a survey of patent races." 

Sempere, Jaime. "Limits to the third theorem 
of welfare economics." 

Sempere, Jaime. "Potential gains from market 
integration with individual non-convexities." 

Castaneda, Alejandro. "Dynamic price competition in 
inflationary environments with fixed costs of 
adjustment." 



93/VIII Sempere, Jaime. "On. the limits to income 
redistribution with poll subsidies and commodity 
taxation." 

93/IX 

93/X 

93/XI 

Sempere, Jaime. "Potential gains from integration 
of incomplete markets." 

Urzua, Carlos M. " Tax reform and macroeconomic 
policy in Mexico . " 

calderon, Angel. "A stock-flow dynamic 
analysis of the response of current account 
deficits and GOP to fiscal shocks . " 

93/XII Calderon, Angel. "Ahorro privado y riqueza 
financiera net a de los particulares y de las 
empresas en Mexico . " 

93/XIII Calderon, Angel . "Polltica fiscal en Mexico." 

93/XIV Calderon, Angel. "Long-run effects of fiscal 
policy on the real levels of exchange rate and 
GOP." 

93/XV Castaneda, Alejandro . "On the invariance of market 
innovation to the number of firms. The role of 
the timing of innovation . " 


