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One of the important peculiarities of information is that
1% 1s expensive to produce but cheap to reproduce, How does a price
system react to this phenomenon? One reaction will be to avoid the
production of information altogether. Alternatively, firms mey decide
to keep their information to themselves. In other cases the price
system breaks down into imperfect competition., All three of these
laigsez-faire reactions are inefficient and it may be argued that
it is desirable to impose social controls like a patent system or
government control on the market for information. In the present

paper we discuss some economic aspects of a patent system.

1. A Model of the Patent System: Run-of-the-Mill Inventions.

Patents are licenses for a monopoly over informstion. They
are used, presumably, when mechanisms for producing information effi-

clently are not available. In other words, they are a kind of second

This work was performed with support from the Ford Foundation and
the National Science Foundation.



best, or optimal feasible, sclution to the problem of inducing the

optimal rate of technological change.

Assuming that the patent system has been chosen as the proper
instrument for promoting technological change, the guestion arises,
what kind of patent system should be organized? What should be the
life of a patent?l/ Should there be compulsory licensing? Should

there be fees?

We propose to examine the question of the optimal life of
a patent in a simple model of patenting proposed by Arrow [1962].
It is assumed that the product market is competitive, and that poten-
tial investors can invest gcarce resources to produce inventlons.
The inventor sets an arbitrary royalty for licenses on the invention.
(Alternatively, the inventor may be a monopolist of the final product

since the solution is exactly the same.)

We assume that there are constant costs of production both
before and after the invention. The invention is used in the industry
forever., There are enough industries or potential products so that
any one invention does not disturb the demand or supply for inventions

in the future.

Assume that the demand for all goods is described by the

E/ The problem of the optimal life seems to have escaped discussion
in the literature, with the exception of Machlup ([1958], pp. 66
£f.). All arguments about existence of the patent system are really
arguments about the length of life of patents since the abolition
of a patent system means imposing & zero lifetime.



linear demand curve:
(l) Y=a"dpe

The cost of production (and thus the price) before the invention is
co » A certain amount of resources (R) is invested in inventive
inputs, giving a new process with cost ¢ = co~B(R), The conventional

cost and demand curves are pictured in Figure l.g/

Arrow has showné/ that for the linear demsnd curve the
royalty will equal the area ABCD when GO/HO is greater than one-

half, that is for inventions which are not drastic.

Assuming that the inventor sets the profit-maximizing
royalty, he will set the per unit royalty (r) equal to the differ-
ency AB 1n Figure 1, that is, he will collect the entire cost re-

duction on the output OG . Therefore, for the life of the patent

output will be reduced by GH from the level which would obtain if
the invention were freely available. Under certain simplifying as-

sumptions we can measure soclety's deadweight loss as CDE .Hj

2/ If arc elasticity is -d , then MQ/Q = -dAp/p , so the require-
ment is that d(cl - co)/co <1 . For elagticities in the neigh-

borhood of unity this implies that cost be reduced more than 50
percent, certainly a drastic invention. Product inventions will
be "drastic" under this definition. The theory is modified for
drastic inventions in section 2.

3/ Arrow [1962], pp. 619-622.

&/ This result is well-known and 1s discussed in Samuelson {1948],
Chapter T.
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EQUILIBRIUM IN PRODUCT MARKET BEFORE AND AFTER INVENTION
(RUN-OF-THE-MILL PRODUCT INVENTION)



After the patent expires, the process will be used univer-
sally, price will fall to OA , and there will be no further dead-

welght loss.

We now want to examine the optimal life of the patent, T .
In the absence of the patent 1t 1s assumed that no research will be
performed since it is impossible to appropriate the invention. There-
fore the gain to society is ABCD for all time and DCE from T

on. Socliety's cost 1s the resources invested in research.
We can formalize the model as follows. The profit of the

inventor is:

T
(2) %(R) = [ Ybre"pvdv - &R
0.

The royalty for run-of-the-mill inventions is given by
(3) r=p, =P =¢c -c = B(R)

where Yb is output before the invention, »r 1is the unit royalty,

R 1is the amount of research, s 1is the cost of research, and p
is the discount rate. From now on s and p &are to be interpreted

as shadow prices. B(R) is the "invention possibility function.“é/

2/ B(R) is a novel feature of the model, not present in Arrow [1962]
or McGee [1966]. It is absolutely essentiml for determining the
absolute life, We assume B'(R) >0, B"(R) <0 at least after
a point.



Since inventors are profit-maximizing, they maximize (2)
given the invention possibility function in {3) and the life of the

patent, T . This implies

T
7'(R) =0 = [ Y B'(R)e ™ av - &
]

Y B'(R)(1 - ePT}
= o -5
pT .
Define @(T) = 1 - €~ . We thus have
(%) B'(R)eY, = sp

Similarly the benefit to society from the invention is :é/

- -] [-+]
(5) W= [rYe™av+ (Y, - Y)re ™ ay - sR
o 0 T 2471 o

From (1) we know

I - ¥, =-dp - p) =
S0
rY 2
o, rdll - ¢(m)]

é/ We take welfare to be the sum of profite and comsumer surplus.
This aspumption will give correct (Pareto-optimal) results when
the marginal utility of income is strictly constant.
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We now maximize W in (6) subject to the comstraint in

(h).l/ The Lagrangean is

i BFB)YO . aB(r)2[1. - ol

S 5o - &R + L[B'(R)qﬂa - spl

(7) L

Differentiate (7) with respect to both ¢ and R :

| 2
oL dB .
(8) a“-~§5—+-LBIomO
ar  B'Y% . am'B(L - @) "
(9) - alarani 2L - s+ BT, = 0

Solving for A in (8) and (9) and equating:

' . § - -
(10) dBe . B'Y_ + 4B B(1 - @) - 8p
2pB'Y, PB gL _

Cancelling and recalling from (4) that sp = B'(B)cpIo :
. 2
-B pdB” = 2B'°[Y_ + aB(L - 9} - @¥_]

(11) q){-B"Bzd + 23'2(d3 + ro)] = 23'2(10 + dB)

I/ We maximize welfare subject to the constraint that inventors fol-
low the rule in (4). This is eguivalent to setting

%}.—. gg + g% % equal to zero.

We ignore the horrible second-order conditions.



Thus

2B'(aB + ¥
S o

2

(12) Q= ——
. 2B'2(aB + Y ) - B"Bd

We convert 4 into an elasticity by setting Yb =P, = 1.

Then we have the maximizing T defined by:

15 . = dB + 1
(. ) w() as(1 + %) + 1

where
B"B
—-;’5
and
(1%) 'rn—%log(l—fp), 0<ps<l, 0<T<w

Thus the optimal life of the patent depends on the elasti-
city of demand (d) , the importance of the invention (B) , and

the curvature'of'the invention possibility function (o) .§/-

§/ One of Alfred Marshall's rare slips seems to concern the problem
of optimal life of & patent: "If it were possible to adapt the
duration of each patent grant to its peculisr conditions, the public
interest would call for & specially long period for patents relating
to processes to which the law of Increasing Return appllied strongly,
but in which its effecte are siowly developed.” (Marshall [1919],
p. 407). Exactly the opposite conclusion seems to apply, as can
be seen by drawing a declining cost curve for the invention. Mar-
shall's confusion probably came from the same error which led him
to propose bounties for increasing returns industries.



The formula in (13) colneides roughly wlth what our intui-
tion would tell us. Since g 1is positive, we know that the optimal
life is a finite, positive period. As the function B(R) tends toward
fixed proportions (B" » -o)} the optimal life tends to zero, while
if there are no diminishing returns (B" + 0) the optimal life be-

comes very large.

Other resulis can be shown which are perhaps less obvious.
Note that for more important Inventions the optimal length of life
is shorter, since the importance of the second order dead-welght
loss increases.gl Similarly, as the elasticity of demand for the
good in question rises, the optimel life decreases. This last result
is obvious in the limit, since for completely inelastlc demand there

is no deadweight loss.

One result of this model 1s that compulsory licensing can
never be more efficient than a simple patent system. If there is a
fixed maximum on fees, this will discourage any invention which has
8 greater reduction of cost, without any counteracting positive in-
centive. If there is a decision as to the "fair fee," this will act

ag & tax if the fair fee is less than the monopoly royalty and will

2/ It is almost universally argued that more important inventions
should have longer lives. (Unimportant inventions are, by statute,
exempted from patent coverage. See the discussion in Machlup [1958],
section 4-D,) To the extent that more important inventions are
riskier or require longer periods of development, a longer life
may be justified. But in general more important inventions involve
larger second order effects and thus should have shorter lives.

This result holds for run-of-the-mlll inventions examined
here, The conventional wisdom is, however, correct for drastic
process inventions as is shown in section 2 helow.
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have no effect otherwise. As will be shown below, a tax always leads
to a less efficilent solution. Therefore, compulsory licensing cannot

increase efficlency.

By a similar argument it can be seen that instituting annual
fees to keep the patent alive, as is done in many European countries,

decreases the efficiency of the system.

2. Drastic Inventions

The second kind of invention is what we will call “drastic”
inventions. A drastic invention is one where the royalty is deter-
mined on the dowmward-sloping part of the derived-demand-for-the-in-
vention curve. This will happen with linear demand functions when-
ever output is more than doubled. By convention we say that the out-
put of a previously unproduced good is more than doubled, so product
inventions are drastic. Figure 2 shows the product mafket and derived
demand for s drastic invention. JCE 1s the product demand, with
constant average cost curves BC and AE for before and aftexr the
invention, respectively. DEF 1s the derived demand for the patented
invention, with DEGH its marginal revenue. Since the inventor be-
haves like a monopolist, with no marginal cost, he will set MR = O ,
which occurs at H . This gives egquilibrium royalty of OR and equi-

1ibrium price 0K .

It is easily verified that OR is exactly one-half of JA



- 1] -

J
p B ¢
o]
L
Pate
A M E
pl
E
D
|
1
|
R |
G

° NN

Figure 2
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(which shows why the definition of drastic invention given above is

the correct one).

The profit of the inventor is:
Tl 1 -pv
a(R) = of 5(5' - pl)[a. - (a - 3la - pl})]e dv - sR .

Since p, = p_ - B(R) ,

1 T 1, Lo 1o\ -pv
x(R) =5 J (a - p, + B)(a - da + 5B - Zdp Je " av - R .
. o

Thus the necessary condition for the inventor's maximum is:
x'(R) = 0 = Egl(ea - da + 4B - dp_ + da - dp_ + B1) - 5 .

or

(15) 2ps = @B'(a - dp_ + dB)

The benefit to society is given by

W= [AJE - [ BIC- [ MEL - =R
o ) o
*1 -pv
= oj' 3a - p_ + B)[a - d.(p0 - B)le Flav
*1 -pV
- f -2-(3. - po)(a - dpo)e PVay
)
T v
- [ gla - P, * B)[a - d(po - B)le"avr - sR .
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Since the second term is & constant we can ignore it and write the Lagrangean:

(R, ¢) = (a - p_ + B)(a - ap_ + dB)[‘é%‘ - g%] - sR + A[gB'(a - dp_ + dB) - 2ps]
To simplify, define
u=4a - Po + B

w:a-dpo-i-d_B

which gives

La-(EB;;?)-W-sR+L{ch’w-2ps] .

Maximizing with respect to R and ¢ :

%L L@ pi(ua + w) - 6 + (B + B)

%:mlen—;-'!'w'w

Eliminating A :

(k- @)B'(ud + w) - 8sp _.u
8op(B'%a + B'W) SeB

Solving for ¢ and using (15):

o = 48 5(ua + )
w(5B’2 ~ B"™u)

_ _#ud + w)

B
3'2
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1.
We see that - Bu_ou s BO
B‘E B
hB(é + 9%

(16) ?=Spron
or, uslng the convention Po = YO = 1 , note that for process inven-
tions w=d+ B and w=1+ 4B

‘ 2
(17) e tBL L 3D 4 2 )

=T +aB)58 + old + B)]

This holds only for process inventions. For product inven-
tions Yo =0 , and we get the following expression for the optimal
life:

a(d - 1)
g - dco + dB8

ola - c, + B) + 5B .

2+

(18) Q= 4B

where e, is the original cost of production.

How does the optimal life of drastic inventions compare with
the optimal life for run~of-the-mill inventions? The general form
of {17) and (18) makes interpretation rather difficult. The following

connﬁents comé from the numerical analysis described in section k.

Equation (17) gives the length of life for drastic process
inventions. One rather surprising result is that the optimal life
generally rises with the importance of the invention. This is puzzling

in light of the opposite relation for run-of-the-mill inventlons.
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The rationale seems to be that for drastic inventions half the decrease
in cost is passed on in lower prices during the life of the patent,
while for run-of-the-mill inventions decreases in cost do not affect
price &t all. It is, thus, not necessary to wait until the patent
expires to reap the benefits of technological change for drastic in-

ventions.

A second difference from the result for run-of-the-mill
inventions is that in certain circumstances the optimal 1life may be
infinite. This can be seen by substituting d = B =1 and very small
¢ into {17). The reason for this is that when inventions become very
importanf the incentive effect of lengthening the life i1s more bene-

ficial than the deadweight loss.lg/

Equation (18) gives the length of life for product inventions.
The pattern of optimal life for this type is not at all regular and

discussion will be deferred to section k.

3. Problems with the Analysis.

The theory we have been outlining has innumerable problems,
which may perhaps vitiate the resulis. On the other hand, 1t is fair

to say that even the problems of the model illustrate some of the

}9/ It is in this case that the static character of the model produces
the most unacceptable results. With a progressive technology,
glving perpetusal paetents is a dubious policy.
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more fascinating questions in the economics of knowledge.li/

1. We have assumed that the total supply of inventions is
unaffected by the rate and importance of invention. This assumption
violates one's intuition on the importance of prior knowledge in pro-

ducing more knowledge.

This particular problem has both a "local" and a "global"
aspect. We will first discuss global interdependencies of knowledge.
The problem is that as the rate of invention or knowledge production
increases, more (or possibly less) inventions can be produced at less
(or possibly greater) cost. The usual reasons for this dependency
is that production of knowledge as an output depends on the existing
stock of knowledge ss an input. As the stock of knowledge incresses
this affects the productivity in meking new knowledge in two ways.
First, there is & technical complementarity, which we will call the
imitation effect, which incresses the productivity of other resources.
Becond, there is & technical substitution, or rivalry, we will call

the depletion effect, which reduces productivity; this depletes the

l&/ We will not include in the list standard sorts of economic gues-
tlons, as follows: (i) We heve assumed that the marginal util-
1ty of income is conmstant; (ii) Do inventors (or firms) maxi-
mize profits; (iii) How do individuals behave in the Presence
of massive uncertainty (although see footnote 30); etec.
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number of potentiml theorems-to-be-proved by proving one.lg/

T

32/ We can formalize this by writing the following cost function for
research for an inventor:
cy = G(Rl; Rps »+» B3 R 15 oes Rm) .

The function G gives the cost of production to the first inventor
of an invention. This is a function of his research (Rl) .

In addition, people working on Yeimiler" inventions affect his
productivity \(32, veos Rn) . Then there is the group working
on research in general (R , eeesy R ) « 'The second through
th n+l m
m terms reflect external economies.

Now we usually assume that research is always complementary,
g0 that Gi >0, i=1, +v., m . Raising the level of research

globally (i.e., for R, through R ) lowers the cost of a given

invention; this is the imitation effect and most generally be
favorable.

On the other hand, inventors are not merely interested in
producing knowledge. They want to produce increases or advances
in knowledge. Since other research may increase what is known
prior to an invention, the advance may be slimmer than originally
anticipated. It is in this sense that other research is rival
to our research; it may deplete the number of theorems to be proved.

et us make this more concrete. Before two inventors get
to work, assume that pencils can be produced at 5 cents a plece.
The first inventor can invent a process for producing pencils
at 3 cemnts by investing $1,000 in research. A second inventor,
however, invests $500 and gets a process for L cents per pencll.
The first inventor now finds it would only cost him $800 to in-
vent hils process. The reduction of cost of $200 is the imitation
effect, but the fact that the invention saves only 1 cent (in-
stead of 2 cents) is the depletion effect.

Some of the pathologies assoclated with the economics of
information are due to very strong imitation effects. The fact
than an invention, once produced, is economlcally a free good
means that the cost of producing (i.e., reproducing) it is neg-
ligible.

The depletion effect is in reality & pecuniary (but not. tech-
nological) external diseconomy, whereas the imitation effect is
both a technological and a pecuniary external economy.
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The long footnote is necessary for an understanding of in-
terdependence. We can readlly see that the imitation effect of general
(or basic) research may be strong for both research which is closely
related and that which is unrelated. On the other hand, the depletion
effect is usually negligible except for research which is closely

related.

Global interdependence (we will call this "global spillover")
formally means that the césts of performing any invention depend on
the general level of research. We would expect that globally the
imitation effect would outwelgh the depletion effect; thus there would
be technological external econcmies to increasing to genersl level

of inventive activity.:/

The presence of externslities from global spillover will
generally meaen that the optimal life as calculated above is under;
stated. (It is obviously not correct to say that if patented research .
activity is emall then the understatement is small.) The conceptual
framework for handling externalities of this nature has been analyzed
elsewhere,iﬁ/ 80 it will not concern us here. Merely note that in
some sense the spillover is closely related to how perfectly the patent
system allows appropriation. If an invention cen really be appropriated,
in the sense that the ideas can be completely controlled, then global
splllover is curtailed. Thus, if a patent controls not only the

mousetrap, but the concept of spring traps, the possible spillover

1/ See Nelson, et.al. [19671, ». T77.

1k/ See Nordhaus [1967], Chapter 3.
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will be much smaller. This is the important issue of the optimal

"preadth" of a patent, to which we return in polnt 4 below.

2. So much for global spillovers. Local spillovers are
much more complicated in their effect; these are interactions between
inventors working on technically similar problems. Whereas with
global spillovers there 1s a presumption that imitation effect out-
weighs depletion effect, the opposite may be true for local spill-
overs. How unfortunate for economists that there is but one general

equilibrium to discover, which has been "depleted" since 1881.

The real questions about patent systems are involved with
guestions of local spillovers: these are the lssues of competing
patents, inventing around patents, suppressing patents, and overlap

of patents. We will take these up in turn.

3. Competing patents are the center of many questions in-
volving & patent system. If several inventors are working on the
same project, are producing the same ideas, but the earliest gets
the patent, we can say two things: there is a duplication of effort
and society got the invention. Somehow it would be desireble to
avold the duplication, especially if it was caused by a patent system

and if the invemtion would have been forthcoming anyway.

This is unfortunately vague, but the process of competing
patents 12 not easlly described. There seem to be three kinds of
interactions between competing inventions or inventors, all of which

are peculiar to inventions which are "eclose" to each other. The



first interaction is the pecuniary external diseconomy discussed above,
the depletion effect. If a process is invented and provided free

of charge, lowering costs of production by X dJollars, then (for
non-drastic inventions) the royalty rate on any new lnvention is re-

duced by X dollars.lﬂi/

What 1s the implication of this bizarre form of pecuniary

external diseconomy for the optimel 1ife? The answer is unclear.

If existing prices reflect true social costs and inventors' foresight
is accurate, then this pecuniary diseconomy would not appear to bias
the optimal life; this is the standard argument sbout the efficiency
of & price system. On the other hand, the essence of the economy
under examination is that prices do not represent social costs due
to the inapproprisbility of Iinformation, It mast merely be an asser-
tion, therefore, to claim that the depletion effect does not bias the

optimal life.

A second interaction 1s the race to the patent office, the
"horserace effect.” People working on an invention are racing against
others with the same idea. Ope obvious result is to have time enfer
strongly in the decisions, but it is not clear how this affects the

research. A second result is that the expected value of the invention

Lha/ What if there are two patents ( n patents) which are perfect
substitutes in production, but each is legally valid, competing
for the derived demand for technology? We have ducpoly ( n -
opoly) with all its indeterminancies. We thus assume a compe-
titive patent market, or that an 0ld patent has expired.
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(the private value) is less than its discounted royalties. If on the
éverage a company finds that the proportion q < 1 of its patents
are first in line at the Patent Office the first term in (2) should
be multiplied by q . This obviously lowers the optimal R . On
the other hand, since there is duplication of effort the social cost
is greater. If there are n competing inventors, then the social
cost in {(5) 18 nsR rather than sR . The net effect of this is
very surprising. If all companies are equally successful and each
arrives at the Patent Office 1/nth of the time, then we have the
truly remarkable result that the horserace effect completely washes
out.lé/ The horserace is about the purest kind of depletion effect
one can imagine, but it does not change the optimal life at all.gé/
This strengthens the presumption that the depletion effect does not

distort the optimal life.

A third kind of local interaction is where a higher rate
of invention shortens the economic life of patents. In this case,

royalty rates go to zero before the patent explires. This is really

L/ This can be demonstrated as follows: (4) becomes qB'(R)YO = sp ,
while the third term in (7) is nsR . Working through the equi-
librium gives:

LB + 1
bB(1 + %) + nq

(1) ¢ =

If the leadtimes are distributed evenly, then ¢ = 1/n so (i)
becomes precisely {13).

lé/ Note that the horserace effect differs from the first effect since
only one of the inventions of the former kind is valid while all
the latter are.
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a speclal subcase of another kind of model of the optimal nfe.}l/

4, Yhe next difficulty with the model is part of one of
the most fascinating questlions in thé economics of information: the
optimal "bresdth® of a patent. The breadth of the patemt is the amount
of the information in an invention which the patent allows the :anen-;
tor to appropriate. This leads to questions like the following:
Should the inventer reap the reward from imitations in other fields,

or from ideas inspired by the invention? Should there be protection

!—l/ More specifically, we have assumed that no technological progress
occurred during the life of the patent. A more realistic assump-
tion is that the competitive costs of production decline continu-

ouely, say according to po(t) = poe'gt . If initial royalty is
r, » then r(t) = ro+ p(_,(e'gt - 1) . Although the complete

solution has proved intractable, it appears that the life of the
patent will always be less than the economic life (1.e.,

T(.].'.logM) .
g Py

What then is the effect when a global change in the patent
laws increases the amount of resourges devoted to research and
shortens the econamic 1ifetime of inventions (this seems in-
tuitively very plausible). The answer seems to be that 1t shortens
the optimal life. The depletion effect in this case means that
there is an upward bias in: our formulas.

In certain industries the rate of invention is so high that
the economic life of an invention is shorter than the legal life
of the patemt. Comanocr [1964] presents data indicating that in
the ethical drug industry the maximum impact of a patent on sales
is in the second year after its introduction; after about five
years the impact has declined sharply. (Comamor [1964], Table 2,
p. 376.) In such an industry the length of 1life would have to be
drastically shortened to affect the research effort. The considera-
tions used here would indicate that the optimal life in the
industry should be much smaller than at present.
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ageinst "patenting around" inventions? Since the bresdth of a patent
determines how mach of the new knowledge is appropriable, it 1s ap-
pealing to assert that the breadth of patents on all inventions or
discoveries should be aspproximately the same. Yet by statute discovery
of laws of nature are specifically excluded from patents (zero breadth),
while many mechaenical inventions would appear to be almost completely

appropriable (large breasdth).

This guestion is closely related to the question of the
foptimal externality.“ié/ Since internalization has costs (in this
case a monopoly on information) it is not always the cptimal feasible
policy to completely internalize the externality since this would

lead to more deadweight loss than necessary.ig/

A simple example of the breadth guestion can be built into
the model used earlier. Let us assume that patent authorities control
the amount of spillover from the patent, given by the breadth parameter,

6 . If the invention lowers cost from c, to ey we assume that

after the invention the proportion 6 spills ocut from the invention

so that the freely avallable technology has cost ¢ = ¢y + 6(cO - cl) .

If © =0 (no breadth) then all the invention spills over, and conversely.

E'-Q/‘.!.‘l'vsz literature on "optimal externality" refers to the distribution
of the gains or losses from internalizing externalities. See for
example Dolbear [1966). A<cw March 1949

ég/This is obvious in the discussion of the optimal life. To intermalize
completely means to make the life of the patent infinite,



- 2k -

In Flgure 3 if cost falls from , to ¢y s then competitive cost

falls by (1 - 9)(co - cl) .

What is the optimal breadth of a patent? Curiously, there
is no determinate snswer, except that ¢6 equals a 'constant.a—o/ The
addition of & second policy tool does not lead to an increase in wel-
fare because the two maximum conditions are linearly dependent. There-

fore there is no unique optimal breadth of paten‘bs.y

A final note is " in order. It is probably true that if the
inventor can discriminate perfectly, then the solution is for infinite
life. The perfectly dlscriminating solution is Pareto-optimal, With
this consideration in mind, it might be asserted that price dlserimination

in petents is not & bad idea, as 1s commonly assumed.

2/ We show this for run-of-the-mill inventions only. Teke (2) and note
that r = 6B(R) , so that (&) becomes (U*)

(1) - WB'Y_ = sp .

The Lagrangean, (5%), includes & term which tekes into account the
gain in welfare in period (0, T) due to lower price:

By, 870 - @), o1 - 6)as®
o ep ‘ 2p
It can be shown that the equilibrium reduces %o the single equation;

@ = (bB + 1)[bB(L + o/2) + 11"Y , which 1s closely related to (13).
It is interesting to note that the addition of another policy variable
does not ellow any increase in welfare.

(5%) L=

- &R + L[B'tpYOB - 8p) .

2y We can alsc raise the question of the "third best," that is, what
the optimal breadth should be when the life cannot be changed. It
can be shown from the equilibrium that if the life is set for average
inventions, importent inventlons should have a smaller breadth than
aversge and small inventions should have larger breadth. The latier
is cleéarly not the case in the present patent laws.
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EXTERNAL ECONOMICS DETERMINED BY EREADTH OF PATENTS
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4., Empirical "Estimastes" of the Optimal Life.

Although the model developed in this paper can stand on its
own, we are ultimately interested in applying the model to estimate
the optimal 1life in the real world. Given the knowledge of the para-
meters of the system, it is more than modesty to note that the results
gre fenciful. One may therefore interpret the emplrical results as

somewhere between firm estimates and numerlcal examples.

The variables which determine the optimal life are b,
p, B, and o . The first three of these pose no great difficulties
in estimation: elasticity of demend (b) , discount rate (p) , and
reduction in per unit cost for the invention (B) . The parameter
o , representing the curvature of the invention function, is probably

impossible to estimate with much confidence.

It is perilous to guess a plausible value for o . Many
awthors have used the functional form B(R) = BR* to show the rela-
tionship between inventive inputs and productivity growth.gz/ This
seems t0 be & reasgonable kind of function both from the relstionship
of research of size of firm and the research-output ratio.gﬁ/ The

velue of o cean be calculated as follows:

gé/ The use of a log-linesr function has beenxcanonized by Griliches
[1964], Mansfield [1965], Minasian [1962], and others. Suffice
it to lament that the real world has not read these works.

2y See Nordhaus [1967], section 3-C.
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o= -

- 1)r* %
(19) = @(J‘(Z.'-zotaﬁz)zoz-.92'31q

lL~Q
&

Thus o represents the ratio (1 - a)/a where « is the elasticity
of output with respect to research. Empirical work mentioned in Ffoot-

note 2t gives a value of @ = .10 as most likely, making o =9 .

There has been no examinetion of the average value of B
(the percentage cost reduction of the invention), although this task
would pose no serious analytical difficulties., As & guess, it would
appear that since there are a large number of inventions issued
annually, the average reduction in cost would be.small. We take g
range around B = .05 as plausible. Note that this makes most in-

‘ventions except product inventions "run-of-the-mill" inventions.gé/

We take the value b = 1.0 as an average value for the

elasticity of demsnd.

The final parameter is the discount rate, p . The appro-

22/ For an excellent discussion of patent statisties, see Schmookler
[19661].
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priate level for this would seem to be about 0,20 (that is, 20%).§§/

We have listed the optimal life for inventions under the
specified assumptions in Tables 1 through 3. Table 1 gives the Op;
timal life (T) for run-of-the-mill, process inventions. We see
that the optimal lives for run-of -the-mill inventions are not too
far from the life under United States patent laws. If we are to.take
1.0 for the usuel elasticity of demand, the optimal life ranges from
27 years for really trivial inventions (B = .001) to 1.5 years for
the most importent (B = 1,0) . If we think B = .05 1is an aversage
invention, the optimal life is about nine years. This value is mod-
erately sensitive to changes in the size of the invention or the elas-
ticity of demand. Numerical evaluation shows that for B = .05 and
d = 1.0 , the optimal life is moderately semsitive to changes in

g, with T=5.6 when 0 =20 and T = 12.2 when o = 4 .

One might conclude from the present analysis that the actual
life for run~of-the-mill inventions is longer than is optimal. It

must be emphasized that this is a highly uncertain estimate.

The results are much more satisfactory for drastic process
inventions. Surprisingly, the optimal life turns out to be gquite

ingensitive to changes in any of the parameters.

gé/Mbst estimates of the (real) social rate of return are in the vicinity
of 20% (see Eckaus and LeFeber {1962], Solow [1965], Chapter 3, or Fhelps
and Phelps [1966]). If the inventor has a required rate of return
p* £ p , then the present analysis must be modified slightly, as is
shown in footnote 30 below.



TABLE 1

OPTTMAL LIFE OF PATENT FOR RUN-OF-THE-MILL FROCESS INVENTIONS

Value of B

001 .01 .02 .05 .10 .20 .50 .75 .90

Value of 4
.25 34.0 22.5 19.1 147 11.6 8.7 n n n
.50 30.5 19.1 15.8 11.6 8.6 6.2 3.7 n n
5 28.5 17.1 13.9 9.8 T.2 5.0 2.9 2.4 =n
1.0 27.0 15.8 12,6 8.7 6.2 L4.2 2.5 2.0 1.9
1.5 25,0 13.9 10.8 7.2 5.0 3.b 2.1 1.7 1.6
2.0 23.6 12.6 9.6 6.2 ko2 2,9 1.8 1.5 1.4
4.0 20,2 9.6 6.9 k.2 2.9 2.0 1.k 1.é 1.2
10.0 15.8 6.2 k.2 2.6 1.8 1.k 1.2 1.1 1.1

n = Not applicable

Notes to Table 1. We have assumed the rate of discount {p) = .20 ,
o = 9.0 , and that fiscal policy is neutral (in the sense of section
%5 ). 'The cells labeled n refer to the fact that these are drastic
inventions, for which the optimal life is given in Table 2 . The
optimal life is calculated according to equations (13) and (1h) in
the text.



TABLE 2

OPTIMAL LIFE OF PATENT FOR DRASTIC PROCESS INVENTIONS

\\\\ Value of B
\ 25 50 .80 | +90 1.0
Value of 4
.10 1.9 1.k 1.4 1.5 1.5
25 1.0 1.3 1.k 1.5 1.5
.50 n 1.2 1.k 1.k l.h
.75 n n l.b 1.k 1.k
1,00 n n n n 1.k
2,00 n n n n n

n = not appliecable

Notes to Table 2. Assumed values for other parameters are that ¢ =9
and p = .20 and thet fiscal policy is neutral. The optimal life is
eslculated according to equation {18) and (14). Drastic inventions
imply that B >d , so for elasticities of demand around 1.0, process
inventions will almost never be drastic,
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TABLE 3

OPTIMAL LIFE OF PRODUCT INVENTIONS

For a =1.0
alue of B .005 01 .,.10 .50 .80 1.0
VYalue of d
0L 1.7 1.7 1.7 1.7 1.7 1.7
.10 1.7 1.7 1.7 1.8 1.8 1.8
+50 1.7 1.7 1.9 2.4 2.6 2.8
1.0 L2 4,2 k.2 L.2 .2 4,2
2.0 117 lp6 1-2 11'02 o« 9‘7
10.0 L7 L Lk 0 w o
a = 0,80
w 050 08’0 .95 1.0
Value of 4 '
.01 1.9 2,1 2.0 2.0
.10 2.1 2.2 2.2 2.2
.50 2.8 3.3 3.3 3.4
1.0 5.3 5.7 5.4 5.3
2.0 0.0 w0 w0 20.5
10.0 0.5 O Lo ©

Notes to Teble 3. For this table it is assumed that p = .20 , ¢ = 9.0,
and that fiscal policy is neutral. The values given above represent the
solution to eguation (18) in the text. Recall that for a product invention
to be economically feasible, B >>co - a (which explains why we only examine

B > .2 in the second half of the table).

coﬂl.

We have normalized by setting
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Even more surprising is the fact shown in Table 2 that the optimal
life for drastic process inventions seems 0 be very small, in the
order of one-tenth of the actual 1life of patents. The reason for the
very small life seems to be that drastic inventions are very important
inventions and thus have a great deal of potenitial deadweight loss if

they have long life.

A final pattern of optimal lives appears for product inventions,
88 1s shown in Table 3. Recall that the parameter a glves the lnter-
cept of the demand function (after the cost of production before the
invention is normalized at 1). The pattern of lives does not make a
great deal of sense. I{ is easlly seen that for relatively inelastic
demand the optimal life 1s very short; on the other hand, when the
elasticity of demand is greater than unity weird patterns appear and

no general rule seems to apply»gﬂ/

5. Fiscal Incentives for Invention.gg/

There are several ways Lo influence ilnventions in a patent
system. We have so far discussed but two, the life and breadth of
the patent., It is also possible to increase the return of inventors
(and thus the level of invention) by giving invention tax credits
6r by subsidizing inputs. We discuss this problem briefly in the

present section. Fiscal measures in the present model can be intro-

EEZ/A third kind of life of interest for product laventions is thet where
the product had very high cost to begin with. Taking the limit in
(18) as c, tends to infinity shows the optimsl lifes to be zero.

Although we do not have an explanation for the strange resulls in
Table 3, it may be that second order conditions are not assured for
d >1 . It is easily verified that the second order conditions for
a social opbimum -- that is, the Lagrangean, not the profit function --
are very messy. This could account for the bizarre results in Table 3.

g§/This section deals with fiscal incentives for run-of-the-mill, process
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duced by rewriting (2):

T
(2%) 12(t) = of (1 + 6)Yore-ptd.t ~-(rL+y)sR ®>-1

b4 e

Iy

Here -y 1is the subsidy on research inputs and -8 the tax on revemue.
If =8 then -y is the profits tax. By going through the same

procedure we see that the Lagrangean in (7) becomes:

B(R)Y 2,
(19) b= ——2+ dB_(R)Eél " 9) _p+ B! (R)g¥,_ - sp%—:?al]

By differentiating (19) with respect to the fiscal paremeters we get:

OL _ _ A8
(20) 3?“-‘"17‘4‘-9'8'<°
(21) oL _ As 1+2 >0
(L + 8)
and the optimal 1ife is glven by
(22) olr) = — 222 1 K= ot

]
bB(1 +%) +k

Clearly the optimum is unaffected by a profits tax (assuming, of course,

that p does not change).

The present fiscal policy toward research has been described
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elsewhere.gg/ Tt was there shown that for corporations & = -.48

and ¥y = ~ .58 . Therefore, for corporations, Xk = 1.20 . Table &
shows the optimal life for different fisecal parameters (with p = .20
and o =9 ). The optimal life under the present tax structure appears

to be conslderably less than 17 years.

By examining (20) and (21) we can determine the optimal
tax policy. The meximum of L occurs when A =-1 and 8 = e ’
or for k = o =~ which gives the optimal life to he zero. We thus
know that when there are no constraints on fiscal incentlves the op-
timal patent poliecy is to have a very high invention tax ecredit and
subsidy on inputs and a very short life. In the limit, the deadwelght
loss is zero and Pareto efficiency is reached. Since a royalty 1s
charged only for an infinitesimal period of time this solution is
in accord with the conventionasl theorem that the efficlency price

of information may be zero.

It is obviously impossible to obtain the optimal policy.
A more realistic policy might be to give fax shelter to inventors.
Thus if royalties from patents are tax-free, but costs continue to
be deductible, then this is equivalent to 8 =0 and - y = the
tax rate. For corporations with -y = A48 , this implies a value

of k of sbout 2. In this case the optimal 1ife is about three

29/ See Nordheus [1967], section 3-C.
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TABLE 4
OPTIMAL LIFE OF PATENT, IN YEARS,

WITH DIFFERENT FISCAL INCENTIVES

Elasticit Fiscal Parameter (k)
of demand

(v) 1.0 12 2.0
0.25 147 8.0 3.3
0.5 . 11.6 1.3 3.2
1.0 8.7 6.2 3.1
2.0 | 6.2 5.0 2.8
10.0 2.6 2. b 1.9

Notes to Table 4. We have assumed that p = .20, B=.05, and
o =9 . The optimal lives are calculated sccording to equations (22)
and (14). The fiscal parameter k 1is to be interpreted as follows:
k = 1.0 is fiscal neutrality; k = 1.2 glves the fiscal parameter
under the present current write-off for R and D ; k= 2,0 gives
the value for corporations when returns from inventions are tax-free.
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years. For individual inventors, -y would probably be less than
48 for unimportant inventions and higher for important inventions,

and the optimsl 1life would be longer or shorter, respectively.ég/

A Tinal policy for Increasing efficlency would be for the
govermnment to purchase the rights to inventions after patents have
been issued. This would in theory, completely eliminaste lnefficiency.

The policy is especially useful for important inventions, where the

deadwelght loss is significant.

29-/A few final comments on other problems are in order. Suppose that
inventors are risk averse and require a risk premium on invention.
Let p¥* be the required rate of return on invention and p the
social rate of return. From Mansfield's work [1964] and [1965]
it would appear that p*/p might be as high as 2 . It 1s easily
verified that this is equivelent to & k = 1/2 . Thus even under
Favoreble fiscal conditione, say where there was a tax shelier,
the optimal life would be in the range of thirty years for B = .05 .
If there are discrepancies between private and social marginal
product for other reamsons they can be handled in the same way.
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