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ABSTRACT

A product is developed and introduced into the market as an output
of research efforts. At first it is a-monopolistically supplied

new product, then newer products appear and it becomes an old
product to which imitation may or may not occur, and finally it
exits from the market. We formulate this product lifecycle using

& variation of generation-overlapping medel, to separate competiticn
on imitation from competition on innovation. It is found that the
firm spends more on product innovation when imitation is not allowed
(irrespective of whether entry is free or not into the innovation
sector), and when fewer firms are engaged in innovation (if the
number of innovators is fixed). Also, it is conjectured that market
mechanism produces too little product innovation and too little

variety of products relative to the social optimum.



1. INTRODUCTION

This paper Investigates firm decision-making on product innovation,
namely, research and development toward new products, and market equilibria
under diverse market conditions, assuming a Cournot ecohomy in which every
firm takes as given not only prices but alsc research and development
expenditures of its rivals.

As is well known, when Schumpeter (1942) discussed innovation, he
regarded the development of new.products as one of the most important means
of innovation. In fact, in real firms, developing new products is a very
important corporate strategy. For instance, when 941 firms were asked to
state the objectives of R & D in an investigation by the Economic Planning
Agency of Japan (1981, p.220), 69.3 percent of them raised developing new
products and/or entering into new industrial fields, which is almost three
times the percentage (24.1 percent) given to the development of new
processes and/or saving energy and resources.

Despite this importance of péoduct innovation, little effort has been
given to theoretically analyze the firm decisions on product innovation
and their implicatioﬁs. True, there are several studies on innovation
such as the works by Dasgupta and Stiglitz (1980a, 1980b); however,
these all considered process innovation, namely, research efforts to
reduce production costs. We also have studies on product differentiation
such as Spence (1976) and Koenker and Perry (1981); however, these studies
used static models in which the cost of developing new differentiated
products is not taken into account except as a fixed cost in production.
It is needed therefore to model firm research efforts toward new products
in order to inquire into the relation between research and development or
product variety on the one hand and industrial structure or social welfare

on the other.



When a firm succeeds in developing a new product, it establishes
itself as a monopolist in the supply of the product, thus earning monopoly
profits. However, as time passes and particularly as the patent expires,
other firms start imitating to produce the same product and enter into the
market, The monopolist position of the original innovator then erodes ang
his moneopoly profits diminishes or wvanishes. This suggests that competition
occurs in two aspects -- competition on inncvation, namely, developing new
products, and competion on imitation, namely,supplying the same product as
that already introduced by someone else. Likewise, entry occurs in two
aspects —- entry into the innovation sector, and entry into the market of
an established product. We analyze the problem under this situation by
means of the following model.

Suppose that a firm makes research today (period 0) expending R.
This research may or may not succeed, but suppose that the extent of the
sﬁccess is measured by the number of resulting new products. Sinee this
number is uncertain at the time of the research, denote its expected value
by m, which may be integer or not and may exceed one or not. It is
reasonable to assume that m 1is inereasing in R when R exceeds the
minimem level Rf that is a fixed-cost portion of the research cost, such
as the cost of building and maintaining a laboratory of a minimum scale.
It is also reasonable to assume diminishing returns with researchs; hence,

m=m(R) with m'(R) >0 and m"(R) <0 for R>R, and m(R) = 0 for

f
R < Rf.

Suppose that the new product is introduced into the market at the
beginning of the next period {period 1). During this period, only the
innovator can produce the product due to, say, the patent protection; thus,

he is a monopolist. At the end of the period, however, the patent expires

and in the following period (pericd 2) entry occurs unless other barriers



are effective such as those due to brand names or resource availability, and
as a result the innovator loses his monopoly profits. In period 3 and
the following periods, all the products are assumed to find no demand.

When preoduct life cycle is formulated inn this fashion, if entry barrier
exists to the market of an c¢ld product is one question, and if somecne else
may enter the innovation sector starting efforts for product innovation
when existing innovators earn positive profits net of research costs is
another. Thus four cases are séparated; monopoly-monopoly with entry
barriers, meonopoly-competition with entry barriers, monopoly-monopoly with
free entry, and monopoly-éompetition with free entry, where "monopoly"
before the hyphen indicates that every innovator is a monopolist in the
market for a new product, "monopoly”" or "competition'" following the hyphen
indicates if in the market for an old preduct monopoly b& the innovatoer
persists or entry occurs and perfect competition prevails with zero profit,
respectively, and "with entry barriers" or "with free entry" indicates
whether or not entry into the innovation sector is impossible even when
innovation is profitable.

In this paper, ﬁe will compare the levels of research efforts under

these four alternative situations, and compare them with the social optimum.

2. MODEL

In each period, there are two types of products -- new products
which were introduced into the markets at the beginning of the
period as a result of research in the previcus period, and old products
wnich were introduced at the beginning of the previous pericd as a result
of research two periods ago. The quantity and price of i-th new product
are denoted by xy and pi, respectively, whereas those of i-th old

product are ¥i and q; - Thus , v in this period is the quantity of the



product the quantity of which in the last period was X,

The utility function of the representative consumer we assume to be

b
U=2Zax,~ +2Zaay, . (1)

i i
where al, a2, and b are all positive constants, b is assumed less

than one, and a is assumed not greater than one. If the consumer prefers

2

both an ©ld product and a new product to the same extent, then a2 = 1.
However, realistically, a consuﬁer may enjoy novelty getting a larger
satisfaction out of a new product than an old one. If so, a, < 1.
The summation in (1} goes over all the products in the market; hence,
it in fact is a double summation such that one summation is over the products
produced by each firm and the over is over firms. Also, because the first
summation in (1) is with respect to the products introduced into the markeis
in this period whereas the second summation is with respect to the products
introduced in the last pericd, the upper limit of the summation differs
between them unless the number of new products is invariant over successive
periods.

The utility function, obviously, is separable among goods, and
symmetriec among new products and among old products (but not between a

new product ‘and an old product unless a, = 1). This symmetry implies

2
that between any pair of new products, between any pair of old products, or
between any pair of an old product and a new product, the distance
{subjectively evaluated by the consumers) in terms of product characteristics
is the same. Hence, such a case ig excluded that one new product is a closer
substitute to a particular old product than other new products.

The consumers maximize (1) subject to the constraint that

Lpgxy +L gy, =Y (2)
1 1



where Y 1is the income or, if we are dealing not with entire economy
but with a part of them (say, the machinery industry only), Y may be
interpreted as the total expenditure planned to the relevant industry
provided that it is determined independently of the prices, . and q, -

The constrained utility maximization yields the following conditions:

%07 Api-e
" (3)
yi - a‘Aqi .
vhere 6 =1/(1 -b) >1, A= (A/albjl/(b_l) with M denoting the
o 1/(1-b) : :
Lagrange nmultiplier, and a = as <1 which shows the ratic of

the demand to an oid product to the demand to a new product at a common
price. Since A depends on Y and prices, so does A. How it is
determined will be analyzed later.

Cn production side, we assume a constant unit cost to be denoted
by u. This is assumed constant across different generations of gocds;
thus, the innovation is a pure product innovation withoul any element of a
cost-reducing product innovation.

Now consider a firm succeeded in innovation and started selling the
new product as a moncpolist. -His gross profit (gross because research
cost is not deducted yet) M, from the product equals {p - ulx
suppressing subscript 1 for p and x. Because he is a mohopolist,
he determines x and p so that ﬂx is maximized given the demand
function (3). In this maximization, we assume that the firm ignores
the dependence of A on its output and priecing decisions. In short,
this means that income effect is not taken into account in the pricing
decisions. BSuch effect will be present if the amount spent on the good
in question consists a substantial portion of the consumer's budget and

hence its price increase significantly decreases his real income, or if
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the firm thinks it likely that the price change causes changes in other
products' prices. That we deny the latter possibility is in line with

the Cournot assumption on conjectural variation. It is noted, however,
that the Cournot assumption here is extended to apply to other products
supplied by the same firm in addition to the products supplied by other
firms. That is, even though the firm may supply multi products, in pricing
decisions it considers each product separately. It is noted that later,
in the firm's decision-making on R & D expenditures, we will assume that
the firm takes into account the effect that innovating and introducing
ancther product into the market reduces the demand for other products of
the firm because consumers have to cut their efpenditures to the other
p?oducts in order to buy the new product. Thié may appear inconsistent
with the negligence of the income effect in pricing decisions. Logically
if probably is. Nevertheless, we consider this rather realistic because
igcreasing the price of a product marginally is likely to reduce consumers'
réal income only slightly whereas introducing a new product may well cause
cénsumers to significantly alter the allocation of their budgets among
diverse products. This is all the more true when, as is very often the
case, the firm adopts a multidivisional structure relegating the pricing
and output decisions of each good to the relevent division but maintaining
the decision on R & D withing the general office (the top executive and
the staffs). For each division tends to think of only the product it is
dealing with whereas the general office considers matters from the viewpoint
of the entire organization.

The maximization then yields
p = 6u/(6 - 1) (L)

and



x = A{Bu/(9 - 1)]“e (5)

The gross profit from the preduct evaluated at the optimal solution is

-eu—(e-l)(8 .46l

T = Ab

X l)

(6)

For an old product, depending on whether the market structure is
monopoly-monopoly (MM) or monopoly-competition (MC) the market price and
output vary. Consider MM first. Ther the monopolist's gross profit
from the product equals (g - u)y and this is maximized subject to (3),

vilelding

Bu/(6 - 1) (1)
178 (8)

Nel
1l

ah[Bu/(8 - 1)

el
]

Thus, the price is the same but the output is less by the proportion of a
compared to those of a new product. The gross profit evaluated at this

optimal solution is

mo= aAB_Bu_(e_l)(B - 1)%1 (9)

In MC where the market for an old product is perfectly competitive,

the gross profit should he zero. Thus
q=u (10)

with the cutput

!

¥y = alu (11)

We are now ready to proceed to the analysis of the optimal research

efforts.



3. MONOPOLY-COMPETITION (MC) WITH ENTRY BARRIERS

Consider a firm, j, planning research under monopoly-competition (MC).
When he expends Rj in this period (periqd 0), he expects to have new
products by the number of m(Rj) in the next period (period 1). Therefore,
his expected total gross profits in peried 1 are m(R‘j)'n'x where ﬁx is
defined by (6). In period 2, due to the assumption of MC, the firm earns
no profit from the products he is to innovate. Hence the expected present
value of net profits (net in that research cost is deducted), VC(RJ), is as

follows when B 1is the discount factor (subscript c indicates MC):

VC(R‘j) m(Rj)BTrx _ gl

8-1

m(Rj)BAle"eu‘(e’l)(e - 1)t gl (12)

where Al denotes the value of A at period 1. Assuming an expected-
value-maximization behavior, the optimal level of R'j is determined so
as to maximize (12). Before carrying out this maximization, however, we
need to evaluate Al.

At period 1L, the total number of new products is Ejm(Rj) where the
summation goes over all the firms, and the total expenditures to new
products are ij(Rj)px. During the same period, the number of old products
depends on research efforts during period (-1) because these are the
products iﬁtroduced at the beginning of period 0. Obviously, research
efforts at period (~1), namely, at the past period, are now historiecally
given. Denoting these by ﬁj, the total number of old products,

ij(ﬁj) = Ejﬁq, is also given. Then the total expenditures on old products

are Zjﬁaqy. Substituting (L), (5), (10) and (11) into (2), we have

1-8,1-6 ¢ radanut® =y (13)
J 1 1

8-1

£ m(RIIA O 6
J 1



with the subscript 1 to A and Y denoting their values in period 1.

Solving for Al, we have

A = ue'lyl/[el‘e(e _ 1)8'1zjm(3j) + azjﬁj] (14)

Substituting this into (12), we have

. n(r3)ee~C (o - 1)9'lyl .
V(R = R 7 - R
97 V(e - 1)7 Ejm(RJ) + aijJ
m(Rj)BgY .
= 1 - RrY : (15)

(Gij(Rj) + azjﬁj)e

where 3 =[(9 - 1)/619'1 < i;

To obtain the optimal level of Rj, we differentiate (15) with
respect to Rj and set it equal to zero. In this differentiation we
assume that BRk/BRj =0 for all kX # j. That is, we assume that an
innovator expects his choice of reseach expenditures not affecting his
rivals'. This of course is the Cournot behavioral assumption extended %o
research decisions (see Ruff 1969 for a similar treatment applied to
process innovation). We then have (the second-order condition is

satisfied because of the negativity of m"(RY))

m' (87)6Y; 6

am(Rj)
~ " . {l - A A A } = 1 (16)
(ezjm(RJ) + aijJ)G GEjm(RJ) + anﬁJ

Since Zjia is a given datum and B, 9, a, and Y., are common

1
across firms, (16) immedietely implies that RY is common across
innovators. Therefore the superscript j may be suppressed. Also, the

number of innovating firms n 1is constant over periods due to entry

barriers; hence, Ejm(RJ) = m(R) and EjﬁJ = nm. In the long-run
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equilibrium with constant Y as well as constant B8, 8 and a, which we
will call the stationary equilibrium, R is also constant; hence, m = m(R)
and we have

~

m'(R)BYa 9 }

=1 (17)

wn(R)6(6 + a) L n(6 + a)

It is straightforward to prove that B8R/98 > 0, BR/3Y > 0, 8R/dn < O,
and BR/éa < 0 provided n > 2; by differentiating (17). That is, the
stationary level of research efforts per innovator is larger the larger
the discount factor (the smaller the discount rate), the larger the size of
the economy or the market, the fewer the number of innovators, and the
less preferred an old product is relative to a new product (the larger
the utility is gained from novelty). These results all appear reascnable.
For instance, as people tend to prefer new products more over old products,
firms should have a stronger incentive to introduce new products. As
fhe number of innovators is larger, the market for each innovator is
;;aller resulting in less incentive for innovation. The effect of demand

elasticity 8 on R is ambiguous.

L.  MONOPOLY-MONOPOLY (MM) WITH ENTRY BARRIERS

When no imitation is allowed to take place, an innovator keeps his
monopolistic position up to periocd 2. Thus, he earns monopoly profits not
only during period 1 but also during period 2. His gross profit from a
new product at period 1 is given by (6) and his gross profit for the same
product at period 2, now an old product, is given by {9). Hence, the
expected present value of net profits, Vm(Rj), under menopoly-monopoly (MM)

is as follows:



~0 1-8

vm(Rj) = m(z9)(Ba, 67 (e - 1)6-1

-8 1-0

+ BgaAge w0 - 1)1

-® 0 (18)

where A2 denotes the value of A at period 2.
Consider period 1. The number of new products is ij(Rj) and the

number of old products is Zjﬁj, Just as in the previous section. However,

each of the old products is now supplied monopclistically with the price

and quantity given by (7) and (8), respectively. Substituting (L), (5},

(7} and (8) into (2) and solving the equation for A, we have

8-1 B-1 1-6 y =]
Al =8 "u {8 -1) Yl/[ij(RJ) + aijJ] (19)

In period 2, the number of old products is ij(RJ). The number of new
products is ij(RlJ) where RlJ denotes the expenditures to be made

on research during pericd 1. Similarly to {(19), therefore,

o = gf1,0-1

, (6 - l)l—eYe/[ij(le) + azjm(Rj)] (20)

Substituting (19) and (20) into (18), we have

n(RY)R Y BaY .
1 N 2 } g

0 { ij(Rj) + azjﬁj ij(le) + aij(Rj)

Vm(RJ) =

Vm(RJ) therefore depends not only on current research expenditures

of all the firms, Rl, ...,Rn, and on historically given research expenditures
which determine ﬁl, ..., T, but also on the expected research expenditures
of all the firms in the next period, Rll, ceny Rln. To analyze the decision

of the innovator thus requires to assume that he not only knows the levels
of current research efforts of other firms but also correctly estimates
the levels of research efforts to be undertaken in the next period by
other firms. This admittedly is a heroic assumption. lIn the analysis of
the stationary equilibrium to which most of our analyses will be confined,

however, this assumption perhaps is acceptable because then the level of R

11



stays constant over periods for any innovator and each innovator only needs
to know the current research levels of other firms and expects them to
persist in the future.
We also need to extend the behavioral assumption of the Cournot

type to imply that the innovator, j, expects that his rival's research
efforts in the following perioed, le, are not affected by his choice of
current research efforts Rj, for all k # j. Even, then, however, it will
not be logical to assume that éle/BRj = 0, namely, that his choice of
future research efforts is independent of the choice of his current
research efforts. To determine Ble/BRj requires an analysis of the
entire time path of Rj by means of dynamic programming. Sucﬁ an analysis
is complicated and here we only assume that 3315/333, which we will hereafter
dénote by &, is not greater than one. This assunption we consider is

saf'e enough for the following reasons. When Rj is increased, this
increases the number of old products supplied during period 2 implying
that the market for new products is smaller. This will reduce the incentive
for research in period 1 to introduce new products in period 2. Hence &
is likely negative.

At the other extreme, we may suppose that the innovator only considers

a steady state such that his level of research efforts is kept constant.

J
1

by the same amount. If such rules of thumb is adopted, then & equals

That is, when he considers changing RJ, he always plans to change R

one. B5till another possibility is that the innovator considers the impact

of Rj on his future decisions negligibly small, which is most likely when

there are numbers of innovators. In this case & is approximately zero.

Ali these possibilities are acceptable under our assumpticn that & < 1.
Let us now obtain the optimal level of R'j by maximizing Vm(Rj)

with respect to Rj. By differentiation, we find that the following

condition must be satisfied:

12
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' Ind
m'{RY)B { . Yl . BaY2 .
0 Ejm(RJ) + azerJ ij(RlJ) + a;jm(RJ)
. Y BaY. (S8 + a) :
- u(RY) [ L 2 : - ] } =1  (22)

- " + - " "
{ij(RJ) + aer_ﬂJ)E (ij(RlJ) . anm(RJ})

As in the previous section, there is no reason that RJ and le
should differ among firms; hence, R‘j =R and le = Rl for all .
The number of firms n is constant for all pericds due to the entry barriers
to the innovation sector. In a stationary egquilibrium (22) reduces to

n' (R)RY
=1 (23)

{ v e 1+ Bald + a) }

m(R)8(1 + a) (L + a)n

By means of comparative analyses {ignoring the wvariability of §),
it is straightforward to prove that 9R/9B8 > 0, dR/9Y > 0, 3R/3n < O,
and OR/30 < 0 provided & £1 and n > 2, but the sign of 3R/8a is
ambiguous. That is, each firm makes larger research efforts the larger the
discount factor (the smaller the discount rate), the larger the market, the
fewer the number of fivals, and the less elastic the demand. These results

again appear intuitively agreeable.

5. COMPARISON: MM VERSUS MC UNDER ENTRY BARRIERS

We now compare (17) and (23) to investigate which of MM and MC yields
larger research efforts in the stationary equilibrium when n is fixead.

To ease this comparison the condition for MC, (17), is rewritten as

=1 (2y4)




1k

and the condition for MM, (23), is rewritten as

m'"(R JBY 1 1 } m'(Rm)BEY a { L § + a }

m(Rm)Gn 1L+ a (1 + a)n

(25)
" where subscripts ¢ and m are attached to R +to indiéate the level of R
under MC and MM, respectively.

In comparing these equations, we first note that the second term in
the RHS of (25) is positive provided =n > 1, and consequently the RHS is
less than one. Second, because g <1, [5/(8 +a)]ll - 6/{6 + ajn] <
[1/(1 + a)][1 - 1/{1 + a)n] if n > 2. These two observations imply that

if n> 2, m'(Rc)/m(Rc) > m'(Rm)/m(Rm) by (24) and (25). Because mn" < 0,

this immediately implies that Rc < Rm given the same condition. Therefore,

Proposition 1: If the number of innovating firms is fixed

and there are at least twe such firms, then each firm makes more

research efforts under MM than MC in a stationary equilibrium.

This results because the innovator can capture a greater level of profits
under MM for two reasons. First, because the supply of an old product is
less under MM (compare (8) to {11)), demand tends to be larger for new
products under MM. This effect is shown by the fact that 5 is less than
one in {2k). Second, the innovator can earn monopoly profits in period 2
from old broducts under MM but not under MC. This effect is shown by the
second term in the RHS of (25). Thus the profits from product innovation
are larger under MM stimulating research efforts.

This is true evern taking into acecount a sort of income effect that
introducing a new product reduces the market for othef products hurting

the profits from the products the innovator has already introduced, which

is larger under MM than MC. This negative effect is shown in the .
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equations by the fact that the negative term in the brace is larger in
absolute value in the LES of (25) than (2L). Our proposition in effect
shows that this disincentive under MM is not large enocugh to overturn the

stronger incentive under MM discussed above.

6. FREE ENTRY INTO THE INNCVATION SECTOR

Buppose now that entry is free into the innovation sector; that is,
everyone can undertszke research to develop new products. Because such entry
will take Place as long as the present value of research, VC(RC} or Vm(Rm),
is expected to be positive, the value must be zero at any long-run equilibrium
with free entry. That is, the number of firms n is determined so that
the value equals zero.2

lUrder MC, VC(RC) must be zero. By {15), therefore, in a stationary
equilibrium with free entry such that n is constant and Rj =R for
all J and for all periods, it must be that

oY
n R, =~ (26)
(6 + a)d
where n, denotes the number of innovating firms in a stationary
equilibrium under MC with free entry.

Under MM, Vm(Rm) must be zero. Hence, by (21),

B(1 + Ba)y

nRkR =

= (27)
N SR T

where n is the staticnary eguilibrium level of n under MM with
free entry.
Comparing (26) and (27) and noting that 8 < 1 anrd Ba > 0, we

immediately find that n R >n R . Since nR f(or n R ) iz the sum
m m ¢ e m m ce
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of research expenditures of all the firms in the economy under MM (or MC),

we obtain the following proposition:

Proposition 2: In a stationary equilibrium with free entry

into the innovation sector, total research expenditures are larger

under MM than under MC.

Since comparative analyses are straightforward from (26) and (27), the

result is presented without probf: Under both MM and MC, total research

expenditures {nR) is larger the larger the discount factor (the smaller the

discount rate), the larger the size of the economy Y, and the smaller a,

that is, the more consumers prefer new products to old products. Also,

é smaller demand elasticity results in a larger total research efforts under

MM but an ambiguocus effect under M{. These appear reasonable to the author.
We now want to compare n, and nos and Rc and Rm in the stationary

eﬁuilibrium with free entry. For this purpose, we eliminate n, from (17),

the value-maximization condition, and (26), the zero-profit condition, to

get

Rm'(R ) BR
g ¢ {1-—-—} =1 (28)
m(Rc) 8Y
Similarly, we eliminate n  from (23) and (27) to get
R m'(R ) 1+ Ba(8 + &) 6R
mm {1- S m } -1 (29)
(1 + Ba) BY

m(Rm)

Obviously, {29) differs from {28} only by the term,

(1L + Ba(d +a)l/(1 + Ba)g. But since 0<a <1, 0<B<1, and §< 1,

this is less than one. The term outside of the brace in each of these
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equations is the elasticity of m with respeet to R. Denote it by
E(Rc) or E(Rm). Then we find that the LEHS of (28) or (29) is decreasing

in Rc or Rm if (but not only if) & is constant or decreasing in

Rc or Rm' These two facts together imply that Rm > RC if e is

constant or decreasing in R. Thus the following conditien is obtained:3

Proposition 3: If the elasticity of research output (the

expected number of new products) with respect to research input
(research expenditures) is constant or decreasing in research
input, then in a stationary equilibrium with free entry, research

expenditures per firm are larger under MM than under MC.

Proposition 2 showed that nmRm > ncRc and Proposition 3 showed that
under the condition on elasticity, Rm > Rc. Therefore, which of n. and

n, is larger is ambiguous. In fact, from (26) and (28),

g e(R )
n == £ (30)
© 8+ee(R)-1
C
and from (27) and (2?)
1+ Ba(S + a) E(Rm)
n = (31)

T+ B+ a) e(R ) -1

When the condition in Proposition 3 is satisfied, E(RC) E_E(Rm). Thus ,
a >mn, if [1 + Ba(8 +a)]/(1 + Ba)(1 + a) > 6/(6 + a). The latter
condition is satisfied if S + a > 1, because 8 < 1. As discussed in
section 3, however, ¢ may be negative and a £ 1l:; hence, the condition
is not likely satisfied. Therefore, it does not appear that the reiative

ranking between MM and MC in terms of the number of innovators czn be

unambiguously determined.
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T. THE SOCIALLY OPTIMAL RATE OF PRODUCT INNOVATION

We would now like to consider the socially optimal rate fo'research
efforts toward product innovation and compare it with the rate under
market mechanism.

In this paper we assume that the social objective is to maximize the
discounted present value of utility stream where the level of utility at
each period is determined by the utility function (1). The discount
factor to be used in this objective is assumed RB. This is for simplifying
purposes only and if the reader finds it uncomfortable, he may use, s=ay,
é, in the following analysis. Whether the rate that the society uses to
discount future utilities is greater than, equal to, or less than the rate
éhat the innovating firms use to discount their future profits is a
difficult question as discussed in the literature on optimal economic

gfowth, which we will avoid here.

The objective funection is thus

8

1l =1

[n(t-1)m(R(6-1))a,x(£)° + n(t-2)m(R(t-2))a a y (£ )°]6" (32)
0

%
where, as before, n(t} is the number of research unit (innovator) and
R(t), the amount of research expenditures per research unit so that
n(t-1)m(R(t-1)) is the total expected number of new products introduced
to the economy at the beginning of period t.

As the representative individual is subject to the budget constraint,
the economy as a whole is subject to the constraint that the rescurces
to be used -- in production and research -- cannot exceed the available

L

amount Y; hence, for all %,

n(t-1)m(R(t~1))ux{t) + n(t-2)m(R(t-2) Juy(t) + R(t) = Y(t) (33)



The social optimum requires that x(t), y(t), R{t) and n(t) are
determined so that (32) is maximized subject to (33). Maximizing with

respect to x(t) and y{(t) yields

-0

x(t) = Bu and y(t) = aLBu_e

(34)

)1/(b-1)

which are both constant over time, where 3B = (u/alb when

the Lagrange multipliers given to the constraints (33) are uBt for
all t, 8 = 1/(1 - b), and a = 521/(l_b). Comparing (34) to (3), we
immediately find that these conditions for the social optimum are
satisfied when the output markets are competitive so that p = q = u,
if the Lagrange multipliers are the same. This agrees with the

standard proposition in welfare economics.

Maximization with respect to R(t) yields

n(t)m' (B(t)) [a,x(+1)°8"" + & ay(t+2)°6""2) - et

S (6 )m (R(6) Juy (t+2) - uB®n(s) = o (35)

- uB
Using (34) and dividing both sides by uBtn(t) > 0, we get
1-6
m' (R(t))Bu™ (L + Ba)B/(0 - 1) =1

Combining this eguation with (33) and (3L) assuning constant Y, we

have for all t

Rsmt(R ) {1+ Ba)B Y

m(RS) (6 -~ 1)(1 + a) n R

indicating by subscript s the socially optimal level.
The number of research units may or may not be a policy variable.
If it is, then maximization must be made with respect to L which,

combined with (35), vields

19 -

n{tm" (R{t) )ux(t+1)



n, = =—2=- (37)

that is, the number of research units should equal the elasticity E(RS)
of m with respect to Rs.

On the other hand, we may suppose that research is monopolized in
a government-financed laboratory; then, n, = 1. Or we may compare the
socially optimal level of research per innovator with the value-maximizing
level with the number of innovators or research units fixed. At any case,
(36) must hold.

Unfortunately, analyzing this social optimality condition in
comparison to that. under market mechanism (either MM or MC, and either
with free entry or with entry barriers) does not yield conclusive results.
in most instances. For this reason, in place of algebraic analyses,
we will attempt to conjecture the general tendency by means of numerical
examples. In these examples, we assume the following production function

in research:

)k

m= kD(R - R, (38)

where ko and k are positive constants with k < 1, and Rf is the
fixed-cost portion of research cost. Note that this function assumes a
constant elasticity of m with respect to R - Rf, which is Xk, but
a decreasing elasticity with respect to R satisfying the assumption
in Proposition 3, for & = XR/(R - Rf).

All the relevant conditions were rewritten in terms of RR/Y’
denoted by ry (& =c, m, and s), which indicates the share of research

expenditures (per research unit) in the national income or, if we are

dealing with a particular industry only, in the total expenditures in the

20
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industry. We also denote Rf/Y by f. Then, given the values of the
demand eiasticity 6, the discount factor B, the ratio a of the demand
to an old preduct to the demand to a new product at a common price, the

elasticity k of m with respect to R - R the ratio £ of the minimum

£
research expenditures to the market size, and the extent & that the
research efforts in the next pericd of an innovating firm is affected
by its own research efforts this period in the case of MM, we can calculate
the socially optimal research sﬁare T the socially optimal number of
research units ns, research share rc and the number of innovators nc
in the stationary equilibrium with free entry under MC, and research
share rm and the number of innovators a in the stationary equilibrium
with free entry under MM. The results are given in Table 1.

In these examples, we set R = 0.25 and & = 0. The latter means
that when an innovator makes a decislon on the current level of research
he ignores its repercussion to the level of his own research in the next
period. We make this assumption mainly for lack of any other plausible
value, but it was confirmed that changing & does not change the results
much. Note that & ‘is relevant only under MM; hence, the calculated
values of ros Ny T, and n, are independent of &. The value, 0.25,
of B corresponds approximately to an annual discount rate of 15 percent
if one period is 10 years long, 10 percent if 15 years long, T percent
if 20 years long, and 5 percent 1if 30 years long. For other parameters,
we tried severzl values as shown in Table 1.

The table shows that if B = 0.25, § = 0, X = 0.9, £ = 0.01 (I percent),
a =1, and 6 = 1.2, then the socially optimal research share (per research
unit) is 1.01 percent while the socially optimai number of research unit
is 97.8, and‘so forth. We immediately find from the table that for any

combination of the values of the paremeters r is small and very close



to f whereas n_ is very large. This is due to the diminishing
marginal returns against research input. That is, the society is better
to have numerous research units each barely exceeding the minimum size f.
This appears rather unrealistic and unconvineing. We thus proceeded
to find the socially optimal level of research when the number of research
units is fixed for some reason. Numerical examples for such second-best
solution are given in the last three columns of Table 1, each column
showing r. when n is fixed at one (the case of government monopoly
in research), n, (the stationary equilibrium level of n under MC with
free entry}, or n, (the stationary equilibrium level of n under MM
with free entry). From these emerge some interesting facts. First,
rs given n = nc always exceeds rc,and Ty given n = nm always
exceeds ro That is, we may conjecture that at a stationary equilibiium -
under free entry, each innovating firm tends to make research efforts
at a level less than is socially optimal, and that this result holds
whether the economy is MC or MM.
Second, with n fixed ro tends to be larger as © 1is smaller,
as f is larger, and as k 1is larger. Also when n = 1, a smaller
a implies a larger ro- These are not surprising because a smaller 8
implies that marginal ubtility declines faster as the quantity of a good
increases; hence, increasing the variety of products becomes more effective
in increasing utility than increasing the quantity of each good given
the catalogue of products. A smaller a of course implies that people
prefer to have many new products. A large k implies that the marginal
product of research does not decrease rapidly and‘a large £ implies
that the minimum scale of research must be large; hence, it is no wonder

that the optimal research size is larger.
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Third, we find that total research expenditures under .MC and MM,
rcnc and ronos respectively, are smaller than those socially optimal,
T, in every case including the case in which the government monopolizes
research, except for a very few instances.

Combining these observations from our numerical examples, we may
conjecture as follows irrespective of whether we compare total research
expenditures, nR (= nrY), between the social optimum and market equilibria
or wWe compare research expenditﬁres per research unit or innovaiing firm,

R (= rY), at the same number of research units:

Conjecture: Market mechanism (whether MC or MM) tends to
produce smaller research efforts toward proeduct innovation than

is socilelly desiratble,

Needless to say, since we are only using numerical examples, we
may not deny other possibilities. Ackowledging this limitation, we
still find the result interesting. In particular, the conjecture above
implies that we may have too few new products and too little variety of
preducts under m&rkef mechanism. This is not in agreement with what
many people tend to think and not with what we teach in microeconomics
using the Chamberian monopolistic competition model. On the other hand,
it is consistent with the findings in other recent studies such as
Spence (1976) and Koenker and Perry (1981), even though these authors
employed a statlc model ignoring the dynamic (intertemporal) aspect of
the consequence of product innovation such as product lifecycle and
generation-overlapping (of products) as discussed here, and -

failing to separate competion on imitation from competiiicn on innovation.
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8. SUMMARY

We have employed a discrete model in which research efforts result

in a certain number of new products, which depends on the research
expenditures, at the beginning of the following period. These products
have the life span of two periods; that is, in the first period after
the innovation they are sold as new products and in the second period, as
0ld products, but in the third and following periocds they are not demanded
at all. In the first peripd, each of the innovators is a monopolist in
the market for his new product. 1In the second pericd, there are two
possibilities ~- the case called monopoly-monopoly (MM) in wﬁich ne
imitation and entry can take place to the now old product, and the case
called monopoly-competition (MC) in which imitation and entry takes
place to the effect that profits out of the product vanish. Thus,
ﬁM and MC differ in whether competition takes place in imitation.
| Competition may also occur in another aspect, namely, innovation.
fhat is, when innovators earn positive profits others may start research
efforts to capture the profits. Therefore, entry may be free forcing
the innovator's profits to wvanish, or there may be barriers to entry
gllowing the innovators to earn positive profits in the long-run.
This is competition on innovation. Thus, depending on MM versus MC,
and on free entry versus entry barriers into the innovation sector,
we separated four cases. We have analyzed the optimization behaviors
of firms and the equilibrium conditions under these alternative cases.
We then compared them to the social optimum.

Among the major findings were that (i) with entry barriers, an

innovator makes more research efforts in MM than MC if there are an
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identical number of innovators, (ii) with entry barriers, research
expenditures per innovator is a decreasing function of the number of
innovators in both MM and MC, (iii) under free entry, both total
research expenditures and per-innovator résearch expenditures are
larger in MM than MC, and {iv) from the result of numerical examples,
it is conjectured that in both MM and MC innovators tend to make
research efforts at a suboptimal level,

The last result depends heﬁvily on the assumed utlility function of
a representative consumer in which the marginal utility due to an increase
in the quantity of a good given the variety of goods is diminishing
whereas the marginal utility due to an increase in the variety of goods
given the guantity of each good is constant. Thus, when the quantity of
each good reaches some level, expanding the catalogue of products becomes
more effective in increasing utility level than inereasing quantities
given the catalogue. This is in contrast to the standard Chamberlin
model of moncpolistic competition where consumers are supposed indifferent
to the variety of products. Consequently, our model expected too little
variety of products ﬁhereas the Chamberlin model expecits too much variety
compared to the soclal optimum.

Given the conjecture of suboptimal research efforts under market
mechanism, the first three resuits listed above imply that concentration
(meaning fewer innovators) and barriers to imitation {meaning MM) may
rather contribute than harm social welfare. Of course this coniribution
must be weighed against the welfare loss due to monopolistic pricing --
compare the monopolistic pricing given by equation (L) or (7) to the
competitive pricing given by (10) which in section 7 was shown to be

seccially optimal. It must be also acknowledged that the presence of



rivalry may induce an innovator to hasten the pace of innovation and
increase the amount of research efforts for fear of the rival's success
in innovating first, as discussed by Kamien and Schwartz {1978).
8till we may at least say that criticizing concentration and entry
barriers solely on the ground of monopolistic pricing and the resulting
welfare loss overlooks the other side of the coin, namely, their
contribution to supply a wider variety of products by making intense
research efforts.

That this conclusion is very much in the spirit of Schumpeter,

perhaps I need not remind the reader.
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NOTES

1. EFEach firm was allowed to give multiple objectives. Tn addition to
those quoted in the text, 58.6 percent oflthem raised "the applied
research on existing products"; whether this implies improving products
or improving production process is unclear.

2. To have an economic meaning, n must be an integer. Hence, strictly
speaking, n will ne determined at the meximum integer that keeps the
value nonnegative. In this analysis we avoid this complication and treat
n as if 1t could be a non-integer.

3. Note that because research is assumed to involve a fixed cost Rf
and hence m increases in R only for R > Rf, € is more likely
decreasing in R (satisfying the condition in the proposition) than

the elasticity with respect to the variable portion of the research
expenditures, namely, (R - Rf)m'(R)/m(R). An example will be given

in equation (38) in the next section.

L. An interpretatio; is that only labor is used in production and
research with u the constant labor-output ratio and R the man-hcurs

of researchers employed in a research unit, the wage rate is normalized to

unity, and Y dis the total amount of labor force.
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TARLE 1. NUMERICAL EXAMPLES.

Given values are B = 0,25 and & = Q.

given r when n is
paraneters Tixed at
£ a 6 r T T n n n 1 n n
s Q m B C m c m
—— when k = 0.9 —
1 1.2 ] 1.01 3.79 5.67 97.8 2,3 2.3 L41.87 18.85 18.55
2 1.01 3.10 4.81 92.6 1.3 1.6 13.21 16.p4  8..45
10 1.02 1.53 2.57 L4o,2 0.5 0.6 2.52  L.36 3.52
.5 1.2 | 1.01 3.79 k.97 98.0 3.2 3.1  46.31 14.83 15.09
2 1.01 3.10 4.15 93.7 2.0 2.3 15.29 8.01 T.2h
10 1.02 1.53 2.15 50,2 0.7 0.9 2.82  3.57 3.09
.11 1.2 0.10 0.75 0.89 . 997.8 1i.4h 14.6 L41.3Lh 3.69 2.89
2 0.10 0.87 0.84 992.7 6.2 9.3 12.42 2,08 1.4
10 0.10 0.kl 0.60 oL1.h 1.7 2.6 1.6 0.99 0.69
.5 1.2 | 0.10 0.75 0.85 998.0 16.1 18.3 L5.82 2,90 2.55
2 0.10 0.67 0.79 993.8 9.3 11.9 1k.52 1.64 1.30
10 0.10 0.hk1 0.53 951.1 2.7 3.6 1.9%  0.78 0.62
.00 1 1.2 | 0.01 0.10 0.10 9997.6 -89.3 131.9 h1.29 0.47 o0.31
2 0.01 0.09 0,10 9992.7 4k.5 79.8 12.34 0.29 0.16
10 0.01 0.08 0.09 9%k1l.5 8.9 17.2 1.55 0.1 0.10
.5 1.2 0.01 0.10 0.10 9997.7 126.5 159.4 u45.77  0.37 0.29
2 0.01 0.09 0.10 9993.7 66.7 ©6.8 1hk.hs 0.22 0.16
10 0.01 0.08 0.09 9951.1 14,0 21.5 1.85 0.1% o0.10
-= when k = 0.5 —
1 1.2 1.01 1.8k 1.9%  98.2 b7 6.7 28.81L 6.74 Lh.o1
2 1.01 1.75 1.91 03.1 2.4 h.1 8.17 3.98 2.70
10 1.01 1.31 1.66 hi.2 0.5 0.9 1.85 2,61 1.90
.5 1.2 1.01 1.84 1.92 98.4 6.6 8.2 32.60 5.51 L.60
2 1.01 1.75 1.87 oh.1 3.6 5.0 9.h9 3,32 2.62
10 1.01 1.31 1.55 51.0 0.8 1.2 2.02 2.23 1.8k
1 1 1.2 0.10 0.20 0.20 998.2 k3.3 65.3 28.16 0.72 0.50
2 0,10 0.20 0.20 §93.1 21.2 39.3 7.3 0.4k " 0.28
10 0.10 0.19 0.20 941.9 3.8 8.0 0.96 0.33 0.21
.5 1.2 { 0.10 0.20 0.20 998.4 61.3 T78.5 31.98 0.59 0.k47
2 0.10 0.20 0.20 - 99L.2 31.7 L7.2 8.66 0.36 .27
10 0.10 0.19 0.19 951.5 5.9 9.7 1.13 0.27 o0.21
.01 1 1.2 0.0L 0.02 0.02 9997.7 428.9 651.2 28.10 0.07 0.05
2 0.01 0.02 0.02 9993.0 208.7 390.8 7.26  0.0%  0.03.
10 0.01 0.02 0.02 99L41.9 35.2 78.3 0.87 0.03 0.02
.5 1.2] 0.01 0.02 0.02 9997.5 607.8 781.6 31.92 0.06 0.05
2 0.01 0.02 0.02 9993.9 313.0 L69.1 8.58 0.04 0.03
10 0.01 0.02 0.02 ©9951.5 55.0 94.1 1.0L  0.03 0.02
NOTES: £ and r are given in percentages.
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