
of R&D effectiveness.
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Figure 4.5 The Entrant's Profits under No Infringement

Figure 4.5 shows that the entrant's profits under no infringement are constant for

breadth values less than or equal to the entrant's most preferred location (b~Eo) and they

are declining for breadth values greater than the entrant's most preferred location

(Eo<b~l). When patent breadth is less than or equal to the entrant's most preferred

location, the entrant always finds it optimal to locate at her most preferred location (Eo)

and makes maximum profits (IT~). However, when patent breadth is greater than the

entrant's most preferred location it becomes increasingly costly for the entrant to locate

outside the patentee's claims.

The entrant will choose to enter and not infringe the patent if and only if

IT ~l > O. The patent breadth that makes entry under no infringement non profitable for
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the entrant ( IT ~I ~ 0) must satisfy the condition given by:

(4.22)

Thus, bn denotes the breadth of patent protection that makes the entrant indifferent

between entering the market without infringing the patent on the one hand and not

entering on the other hand. Since bn E (£0,1] equation (4.22) implies that bn exists only

8
for ~ values such that f3 ~ - .

9

Equation (4.22) shows that the greater are the R&D costs (the greater is ~) that

need to be incurred for the production of the entrant's product, the smaller is the patent

breadth that prevents entry under no infringement. This result is depicted in Figure 4.5

and the intuition behind it is as follows. The entrant must locate outside the patentee's

patent breadth for infringement not to occur. If patent breadth is large it may not be .

profitable for the entrant to locate outside the patentee's claims because it becomes more

expensive to produce her product. The greater are the costs of producing the better

quality product, the closer to the patentee the entrant is forced to locate and thus the

smaller is the patent breadth that makes it unprofitable for the entrant to enter without

infringing the patent.

Equations (4.18) and (4.22) give the conditions for non-entry under infringement

and under no infringement, respectively. The breadth of patent protection that deters

entry in the patentee's market, b, if it exists, must simultaneously satisfy both

conditions for non-entry under infringement and under no infringement. Thus, the entry

deterrence condition is given by:
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(4.23)

Equation (4.23) shows that patent breadth b deters entry if and only ifboth the entrant's

expected profits under infringement and her profits under no infringement are less or

equal to zero; for b =b E(rr~) ~ 0 1\ rr~l ~ o.

Another important element in the patentee's decision making, besides the

existence of the patent breadth b that can deter entry, is whether there is a patent

"'"breadth b E (80 ,1] that makes the entrant indifferent between infringing and not

infringing the patent. If entry cannot be deterred (i.e., a b does not exist), before the

entrant enters she must decide whether to infringe or not infringe the patent. As

described in sub-section 4.3.2 patent breadth b, if it exists, makes the difference

between the entrant's expected profits when she infringes the patent and her profits

when she does not infringe the patent (denote by ZE ) equal to zero.

The determination of the entrant's expected profits under infringement and her

profits under no infringement allow the patentee to determine the value of ZE .

Substitution of the expressions for the expected profits under infringement and the

profits under no infringement given by equations (4.17) and (4.21), respectively, into the

expression for ZE' given by equation (4.10), yields:

8 f3 2 4
Z =(-+-)b --b-C

E 8113 2 9 E
(4.24)

Equation (4.24) shows that ZE is a function of the breadth of the patent (b), the

entrant's cost structure (~) and the entrant's' trial costs (CE). The entrant's cost structure

and the trial costs are exogenous to the game; these parameters are not affected by the

96



decisions made by the patentee or the .entrant. Patent breadth, however, is determined by

the patentee. Thus, the breadth of patent protection claimed can determine whether the

entrant will find it profitable to infringe or not infringe the patent.

Proposition 4.2 When the entrant finds it optimal to enter the market (i.e., when entry

cannot be deterred) then:

(a) The greater is the breadth of patent protection the greater is the entrant's

incentive to infringe the patent.

(b) The more costly it is to produce the better quality product the greater is the

entrant's incentive to infringe the patent.

(c) The greater are the entrant's trial costs the smaller is the entrant's incentive to

infringe the patent.

Proofs:

BZ 16 4 4
(a) _E =(-+fJ)b--~O'\j fJ~- 1\ be(&o,1]

Bb 81fJ 9 9

The greater is the breadth of patent protection the more costly it becomes for the entrant

to locate outside the patentee's claims. In addition, the greater is the breadth of patent

protection the greater is the probability that the patent will be invalidated and that the

entrant will win at trial. Both the above outcomes increase the entrant's incentive to

infringe the patent.

BZE 8 1 2 4
(b)-=(--+-)b ~O'\j p~-l\be(&o1]

BfJ 81P 2 9 '

The greater are the costs that need to be incurred for the production of the better quality

product the less profitable it becomes for the entrant to locate outside the patentee's
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claims.

aZE(c) -=-1<0.0
aCE

The existence of a patent breadth that deters entry, b, is closely linked to the

existence of a patent breadth that makes the entrant indifferent between infringing and

not infringing the patent, b. Figures 4.6 and 4.7 depict different scenarios with respect

to the existence of band b. Figure 4.6 depicts two cases under which entry cannot be

deterred - abE (so, 1] does not exist. Figure 4.7 depicts three cases under which entry

can be deterred - abE (so, 1] exists.

$
$

1bo

noEI--------

(a) (b)

Figure 4.6 The Entrant's Profits under Infringement and No Infringement

when Entry cannot be Deterred - a be(80, 1] does not Exist

Panel (a) in Figure 4.6 represents the case where there is no patent breadth that
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can deter entry in the patentee's market and abE(eo, 1] does not exist. In this case non

infringement is always an optimal strategy for the entrant as the curve depicting' the

entrant's profits under no infringement is above the curve depicting the entrant's

expected profits under infringement for all patent breadth values (see Proposition 4.3 for

a formal proof). Panel (b) in Figure 4.6 represents the case where there is a b E(eo, 1],

but b does not satisfy the entry deterrence condition, thus implying that entry cannot be

deterred (see Proposition 4.6 for a formal proof). This result occurs because patent

breadth b results in positive profits for the entrant irrespective of whether she infringes

the patent or not. Neither bI nor b
ll

can deter entry since none of them satisfies the entry

deterrence condition.
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Figure 4.7 The Entrant's Profits under Infringement and No Infringement

when Entry can be Deterred - a be(£o, 1] Exists

Panel (a) in Figure 4.7 represents the case where entry can be deterred and there

is no b E (80 ,1]. Patent breadth b
ll

deters market entry since it satisfies the entry

deterrence condition. In fact, any value of patent breadth such that b E [b 11 ,1] can deter
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entry. Panel (b) in Figure 4.7 represents the case under which b is the only patent

breadth that can deter entry. Finally, panel (c) in Figure 4.7 represents the case where

there is abE (eo, 1] and b satisfies the entry deterrence condition. In this case, there is a

range of patent breadth values that can deter entry in the patentee's market. That is,

eitherb ,bI ,b
ll

or any b E [bn ,bI] can deter entry since all the above patent breadth

values satisfy the entry deterrence condition.

As it was mentioned above, patent breadth b, if it exists, should make ZE =0 .

To determine whether a b exists ZE =(_8_ +t )b 2
- 4 b - CE =0 is solved for b. This

81{3 2 9

9(4{3 ±.fiJP~16CE + 8{3 + 81CE{32)
solution yields the following two roots: bi 2 = 2.

, 16+81{3

9(4{3-.fiJP~16C +8{3+81C {32) 4
The root b2 = E 2 E ~ 0 'r;j {3 ~ - /\ C~O and it is thus

16+81{3 9

9(4{3 +.fiJP~16CE + 8{3 + 81CE{32)
rejected since£o < b ~ 1. The root b = ~ 0 \:f

I 16+81,82

{3 ~ 4 /\ C~O and it is accepted as a possible solution. Thus, if b exists it will be equal
9

The patent breadth b that makes the entrant indifferent between infringing and

not infringing the patent is a function of the entrant's cost structure (P) and her trial costs

(CE). Patent breadth b exists only if the values of pand CE are such that £0 < b~ 1. It is

easily verified that the condition b- £0 > 0 is satisfied for all pand CE values. That is,
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condition b ~ 1 is satisfied for certain combinations of f3 and CE values. To determine

the combinations of f3 and CE values which satisfy the condition b ~ 1, the pairs of f3 and

CE values which satisfy the above constraint as an equality (b =1) are determined first.

The solution of b -1 =0 with respect to CE yields: C =16 -72{3 + 81{32 . The
E 162{3

combination of f3 and CE values for which b-1 =0 is represented by the locus b =1 in

Figure 4.8. The area to the right of the locus b=1 represents all combinations of f3 and

CE for which b exists (b < 1); this area includes the dotted and vertically hatched areas

in Figure 4.8. This case is also depicted in panel (b) in Figure 4.6 and in panel (b) and

(c) in Figure 4.7. The area to the left of the locus b =1 represents all combinations of f3

and CE values for which b does not exist (b > 1); this area includes the non-shaded and

the horizontally hatched areas in Figure 4.8. This case is also depicted in panel (a) in

Figure 4.6 and panel (a) in Figure 4.7.
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Entry cannot be
deterred

Entry cannot be
deterred, ~ b

Figure 4.8 Combinations ofCE and pValues for which b,b E (Eo,l] Exist

If 8 0 < b ~ I exists, it can deter entry if and only if it also satisfies the entry

deterrence condition ..!.. ~b~ ~81CEP . The entry deterrence condition is satisfied for
9P 8

P~ ~ and for certain combinations of 13 and CE values. To find the combinations of 13
9

and CE values that satisfy the entry deterrence condition, the locus that satisfies the

condition as an equality is determined first. The locus b= b in Figure 4.8 refers to the

pairs of 13 and CE values for which ..!.. = b= ~81CEP holds true. Solution of the above
9P 8

condition with respect to CE yields: CE = 512 3 • This case is also depicted in panel (b)
656lP

in Figure 4.7. All combinations of 13 and CE values above the locus b=b and below the
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locus b = 1 - the dotted area in Figure 4.8 - satisfy the entry deterrence condition. This

case is also depicted in panel (c) in Figure 4.7. The combinations of p and CE values

below the locus b=b and below the locus b=1 - the vertically hatched area in Figure

4.8 - do not satisfy the entry deterrence condition. This case is also depicted in panel (b)

in Figure 4.6.

The close relationship between the existence of a patent breadth bE (8'0,1] that

can deter entry and a patent breadth b E (8'0,1] that makes the entrant indifferent

between infringing and not infringing the patent is further demonstrated in the

propositions that follow.

Proposition 4.3 If b E (8'0,1] does not exist it is never optimal for the entrant to infringe

the patent.

Proof:

At the entrant's most preferred location 8 0 non infringement is always more profitable

than infringement for the entrant. That IS, for
4

b =8'0 =-
9[3

128 8 4 h b d· . . I h ·f
ZE =-CE + 3 --- < 0 'V [3 ~ - /\ CI2:0. Tea ove con It10ns Imp y t at la

6561[3 81[3 9

bE (8'0,1] does not exist (i.e., there is no patent breadth that makes ZE=O), then ZE<O

'VbE[O,I] which implies that rr~l > E(rr~). This result is depicted in panel (a) in Figure

4.6 and in panel (a) in Figure 4.7. 0
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Proposition 4.4 If b E (80 ,1] does not exist, the only patent breadth bE (80 ,1] that can

deter entry is the patent breadth that satisfies the non-entry condition under no

infringement.

Proof:

From Proposition 4.3 it is known that for b=eo ZE<O. If b that makes ZE=O does not

exist then 'db E [0, 1] ZE<O~ IT:1 > E(IT ~ ). If there is a patent breadth bn that satisfies

the non-entry condition under no infringement this implies that for b = bn IT:1 ~ O.

Given that IT:I > E(IT~), when b =bn the entry deterrence condition is also satisfied. In

this case, any bE [bll ,1] can deter entry. This case is depicted in panel (a) in Figure

4.7.0

Proposition 4.5 If b E (80 ,1] exists:

(a) The greater are the costs ofproducing the higher quality product, the smaller is

the breadth of the patent that makes the entrant indifferent between infringing

and not infringing the patent.

(b) The greater are the trial costs, the greater is the breadth of the patent that

makes the entrant indifferent between infringing and not infringing the patent.

Proofs:
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The more costly it is to produce the better quality product, the closer the entrant is forced

to locate to the patentee and the smaller is the breadth of patent protection that makes it

unprofitable for the entrant to locate above the patentee's patent breadth.

The greater are the trial costs the less appealing is infringement to the entrant. The

entrant in this case will infringe the patent only if the breadth is so large that her cost

structure does not allow her to locate outside the patentee's claims. 0

Proposition 4.6 If b E (80,1] exists and b cannot deter entry (i.e., b does not satisfy the

entry deterrence condition), then there is no bE (80 ,1] that can deter entry.

Proof:

If b exists, then for b =b ZE=O. Since b cannot deter entry it follows from equation

(4.10) that at b =b both E (II ~ ) > 0/\ II ~I > 0 must be satisfied. Assume that there is a

b> b that can deter entry in the market. Then at b =b both E (II~ ) < 0 1\ IT ~I < 0

should be satisfied. But aE(IT~) ~ 0 which, given that at b =b E(IT~) > 0, implies
ab

that Vb> b E (IT ~ ) > o. Thus, there is no patent breadth b> b that can deter entry..

Now assume that there is a b< b that can deter entry in the market. Then at b =b both

arr NI a2rr NI
E(rr~) < 0 /\rr~I < 0 must be satisfied. But rr~I is concave in b, -_£- ~ 0, 2£ ~ 0

ab ab

which, given that at b = b IT ~I > 0 , implies that Vb< b at b =b rr ~I > O. Thus, there
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is no patent breadth b< b that can deter entry in the market. This case is presented in

Figure 4.6, panel (b). D

Proposition 4.7 If b E (£0,1] exists and it satisfies the entry deterrence condition as an

equality then b is the only breadth ofpatent protection that can deter entry.

Proof:

The proof in this proposition is similar to the proof in Proposition 4.6. Since b is the

breadth of patent protection that makes ZE=O, if b makes E(II ~ ) = 0 it should also

make II~I = 0 (this follows from equation (4.10». Since 8E(II~) ~ 0 '\I b< b
8b

/ ,.. ,.....,., " ,.....,.,

E(II E ) < 0 and '\I b > b E(II ~) > O. Also, since II~I is concave in b, '\I b < b

II~I > 0 and '\I b> b II~I < O. Thus, there is no b"* b for which E(II~) < 0 /\

II ~I < 0 which implies that there is no b"* b that satisfies the entry deterrence

condition. This case is depicted in Figure 4.7, panel (b). D

Proposition 4.8 If b E (£0,1] exists and it satisfies the entry deterrence condition as a

" "
strict inequality then there is a range ofpatent breadth values in the interval [bn ,bI] or

in the interval [bn ,1] that can deter entry.

Proof:

If b exists, then for b = b ZE=O. If b can deter entry it follows from equation (4.10)

that at b = b both E (II ~ ) < 0/\ II ~I < 0 must be satisfied. Given that II ~I (b=O) > 0, II ~I
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is concave in b and at b =b n~1 < 0, there is a breadth of patent protection bll E (O,b)

h h n NI OS' 'I I . h 8E(IT ~ ) ° d b b E(IT I) °suc t at E (b-b ) = . tmt ar Y gIven t at ~ an at = E <
- 11 8b

" ,....,
there may exist a bl E (b ,1] such that E(IT~) . = 0. This case is represented

(b=b/)

graphically in Figure 4.7, panel (c). If bl E (&0,1] exists then any bE [bll,b l ] can deter

entry. If bl E (&0,1] does not exist then any bE [bll ,1] can deter entry in the market. 0

4.3.2.2 The Patentee's Strategic Patent Breadth Decision

In sub-section 4.3.2.1 it was shown that the existence of a patent breadth b that deters

market entry and!or a patent breadth b that makes the entrant indifferent between

infringing and not infringing the patent depends on the entrant's R&D effectiveness (~)

" '"
(i.e., her R&D cost structure) and her trial costs (CE). The existence of b and b

determines the patentee's optimal patent breadth choice and the profits that can be

realized. Different outcomes with respect to the patentee's patent breadth choice and

profits emerge under different scenarios regarding the existence of b and b. These

scenarios and the respective outcomes that emerge are presented in Figure 4.9.
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Figure 4.9 The Patentee's Strategic Patent Breadth Decision
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• Scenario One: There is a patent breadth h or a range ofpatent breadth values in

the interval [hll ,hI] or in the interval [h
ll

,1] that deter entry.

Under this scenario, irrespective of whether b exists or not, it is always optimal for the

patentee to claim the breadth ofpatent protection h or any breadth values in the interval

[hll , hI] or in [hll,l] that deter entry. By claiming h the patentee makes monopoly profits

• Scenario Two: There is no patent breadth h that can deter entry and there is no

patent breadth b that makes the entrant indifferent between infringing and not

infringing the patent.

Under this scenario, as described in Proposition 4.3, the patent is never infringed. The

patentee's profits under no infringement are rrpV.1 =n B =~, where Gil == b (see sub
1 9

section 4.3.2.1). The patentee chooses the breadth of patent protection that maximizes

his objective function given by equation (4.25):

b
P: maxrr NI =-

b P 9

S.t. 0 ~ b ~ 1

(4.25)

Equation (4.25) shows that the patentee's profits under no infringement are increasing

linearly in patent breadth. Given that patent breadth takes values in the interval 0 ~ b ~ 1

the patentee's profits under no infringement are maximized for b=1. The patentee's

profits when the patent is never infringed are depicted in Figure 4.10.
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Figure 4.10 The Patentee's Expected Profits when the Patent is Never Infringed

In Figure 4.10 the patentee's profits are increasing linearly in patent breadth and

are maximized for b=1. The above results show that when it is never optimal for the

entrant to infringe the patent (i.e., when there is no b or b) it is always optimal for the

patentee to claim the maximum breadth ofpatent protection, bmax =1.

The results in scenario two capture the standard assumption made in the patent

breadth literature with respect to the patentee's patent breadth decision. The assumption

in the patent literature is that the patentee claims the maximum breadth of patent

protection (Merges and Nelson 1990, Gilbert and Shapiro 1990, Lanjouw and

Schankerman 2001). The above result suggests claiming the maximum patent breadth is

an optimal strategy for the patentee only if non infringement is an optimal strategy for

the entrant.

• Scenario Three: There is a patent breadth b that makes the entrant indifferent

between infringing and not infringing the patent and b cannot deter entry.
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Under this scenario, as it has been shown in Proposition 4.6, if b cannot deter entry then

there is no other breadth of patent protection bE (&0,1] that can deter entry. In this case,

the patentee has to determine whether it is more profitable to induce infringement by

claiming a patent breadth b > b or not to induce infringement by claiming a patent

breadth b ~ b .The patentee under this scenario uses the value of Zp == E(IT ~) - IT ~l to

determine the optimal patent breadth. If Zp > 0 the patentee chooses a b >' b that

induces the entrant to infringe the patent. If Zp ~ 0 the patentee chooses a b ~ b that

induces non infringement. The optimal patent breadth value is determined through the

solution of the patentee's maximization of expected profits under infringement and

under no infringement.

• The Patentee's Expected Profits when he Induces Infringement (b > b)

When the patentee claims b > b he knows that the entrant's optimal strategy is to

infringe the patent. The patentee makes monopoly profits with probability J.L == 1-b if

his patent is found valid during trial (or equivalently if infringement is found) and

duopoly profits with probability 1- J.L == b if his patent is revoked (or eq?ivalently if

&'
infringement is not found). The patentee's duopoly profits are given by 1l"~ == t where

4
& T == - b is the entrant's optimal location when she infringes the patent (see sub-

9f3

section 4.3.2.1). The patentee also incurs trial costs denoted by Cp which are

independent of the breadth of patent protection claimed.

The patentee chooses the breadth of patent protection that maximizes his

112



expected profits under infringement. 1)le patentee's objective function is given by:

P: (4.26)

s.t. b + e ~ b ~ 1 where e ~ 0

The Lagrangean of the patentee's profit maximization problem is given by:

The Kuhn-Tucker conditions for a maximum are:

aL 8b aL .
-~O=>-II +--~ +22 ~O, b20 and b-=O
ab m 81[3 ab

aL aL
-20=>1-b20 .11 20 and ~-=O
a~ , a~

. '- oL 8b
Since b + e ~ b ~ 1 => b *- 0 => - =0 => -II +--- ~ + 22 =0

ab m 81[3

'- aL 81fJIl
Case 1. If Al = ,,12 = 0 => b + e < b < 1 and from - = 0 => bI = m

ab 8

The S.O.C. for a maximum are not satisfied, a
2

~ =_8_ > 0 which implies that bI is a
ab 81[3

minimum not a maximum and bI is thus rejected as a solution. The above conditions

indicate that there is a comer solution to the expected profit maximization problem.

Thus, either b=1 or b = b+e is the breadth of patent protection that maximizes the

patentee's expected profits under infringement.

Case 2. If Al > 0 then b=1 and ,,12 =O. In this case, ~ =_8_ - II m and the patentee's
81[3

113



expected profits are:

E(llI) =~-C
p b=l 81{3 P

(4.27)

-- . 8(b +e)
Case 3. If .,1,2 < 0 then b =b + e and Al = o. In thIS case, .,1,2 = ll rn - and the

81{3

patentee's expected profits are:

I -- 4 -- 2E(llp)b b- = (l-b -e)ll rn +-(b +e) -Cp
= +e 81{3

-- 4 --
limE(ll~) b- =ll rn -bll +-b 2 - Cp
e~O b= +e rn 81{3

h
-- 9(4{3 +.fifP~16CE + 8{3 + 81CE{32)

were b = ------------
16+81{32

(4.28)

Comparison of the patentee's expected profits when b=1 given by equation (4.27) to the

patentee's expected profits when b =b+e given by equation (4.28) yields the following

results. For monopoly profit values ll rn ~ 0.089, E(ll~)b=l ::; E(ll~) b=b+e. For

monopoly profit values ll rn <0.089, E(ll~)b=l >E(ll~)b=b+e. Note that, under

scenario three, all values of the entrant's R&D effectiveness (~) and trial costs (CE) are

such that both C < 16 -72{3 + 81{32 and C ::; 512 are satisfied (i.e., ~ and CE
E - 162{3 E 6561{33

values in the vertically hatched area in Figure 4.8).

The above results show that the smaller are the monopoly profits that the

patentee makes when his patent is found valid at trial, the greater is the patentee's

incentive to claim the maximum breadth of protection and have his patent revoked. This

happens because under infringement the entrant's location is proportional to the breadth
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of the patent (i.e., 8 T =~b ) so the greater is patent breadth the further away from the
9/3

patentee the entrant locates and the greater are the profits at the last stage of the game for

both players. In other words, in this case, the effect of the loss of monopoly profits due

to the large patent breadth is smaller than the effect of the increased profits brought by

the increased level of differentiation between the two products. However, when

monopoly profits are large the patentee does not want to risk having his patent revoked

by claiming the maximum breadth of patent protection and he claims b =b + e instead.

In this case, the effect of the decrease in expected profits due to the decrease in product

differentiation is smaller than the effect of the increase in expected profits due to the

increased probability that infringement will be found at trial and the patentee will realize

monopoly profits.

Given that the level of monopoly profits is unknown, two cases have to be

considered. Under the first case E(rr~)b=l > E(rr~)b=b+e' while under the second case

E(rr~)b-l ~E(rr~) - . The two graphs in Figure 4.11 depict the above two cases- b=b+e

~ ~

when bl E(b +e, 1) (panel (a)) and when bl f£(b +e, 1) (panel (b).
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Figure 4.11 The Patentee's Expected Profits when Infringement is Induced

As shown in Figure 4.11 when the patentee's expected profits under

infringement are represented by the curve AB the patentee maximizes his profits by

choosing the patent breadth b =b+e. When the curve CB reflects the patentee's

expected profits under infringement then the patentee maximizes his profits by choosing

the maximum breadth ofpatent protection bmax =1.

• The Patentee's Profits when he Induces Non Infringement (b ~ b)

When the patentee claims b ~ b he knows that the entrant's optimal strategy is to not

infringe the patent. The patentee chooses the breadth of patent protection that maximizes

his profits under no infringement given by:

P: NI B Gn b
maxil p ="1 =-=-

b 9 9
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'"s.t. 0 ~ b ~ b

Since the patentee's profits under no infringement are increasing linearly in patent

breadth the breadth of patent protection that maximizes equation (4.29) is b11 = b .

Substituting b
ll

=b in equation (4.29) yields the patentee's maximum profits under no

infringement:

NI b 4fJ+J2jp~16CE +8fJ+81CEfJ2
IT -- - -------:;",...-------

p -9- 16+81p2
(4.30)

Having determined the optimal patent breadth and the level of profits under

infringement and under no infringement the patentee can determine the value ofZp. Two

cases must be considered depending on whether b =1 or b =b+ e is the optimal patent

breadth under infringement.

Under this case Zp is redefined as Z~ = E (IT ~ )b=l - IT ~l •

Proposition 4.9 When b E (co,l] exists and it cannot deter entry, claiming the maximum

breadth ofpatent protection (bmax = 1) is never an optimal strategy for the patentee

unless b = 1.

Proof:

1 I NI 4 4fJ + J2jp~16CE + 8fJ + 81CEp2
Z =E(IT) -IT =----~~------

P P b=l P 81P 16 + 81P2
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Since Z~ < 0 the optimal strategy for the patentee under scenano three when

E (II~ ) b = I > E (II pI) - is to claim patent breadth b = b which does .not
b=b +e

induce infringement.

Under this case Zp is redefined as Z; = limE(II~) _ - II~I.
e~O b=b+e

Substituting equations (4.28) and (4.30) into Z; Yields:

2 "" 4 ""2 b
Z =fI -bfI +-b -C --

p m m 8113 p 9

h
"" 9(4f3+..fiJP~16CE +8f3+81CE f32)

were b =-------------
16+81132

The value of Z; cannot be determined without knowledge of the values of the

parameters II m , P, Cp and CE. When b E (&0,1] exists and it cannot deter entry the

optimal breadth of patent protection is either (b =b) or (b =b+e) depending on the

relative values of the parameters fI m , fJ , Cp and CE •

"Proposition 4.10 When the patentee cannot deter entry (a b does not exist) and there

exists a patent breadth b that makes the entrant indifferent between infringing and not

infringing the patent then:

(a) The greater are the patentee's monopoly profits (fI m) the greater is the

patentee's incentive to induce infringement.

(b) The greater are the patentee's trial costs (Cp) the smaller is the patentee's
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incentive to induce infringement.

(c) The greater are the entrant's costs ofproducing the better quality product the

greater is the patentee's incentive to induce infringement given that the

patentee's monopoly profits are different than zero.

Proofs:

(a)

C < 16-72P+81p2 C < 512
E - 162P A E - 6561p3 .

Since under this scenario the patentee cannot deter entry, the only case that he can earn

monopoly profits is if his patent is infringed and he wins at trial. Thus, the greater are

the monopoly profits that he anticipates to make the greater is his incentive to claim a

patent breadth that will induce infringement.

az 2

(b)-P=-I<Oacp

az~ =-A+162PB+8AB(16+81p2)- 1296B _ 4B
2

(16+81p2)2 +
(c) ap 16+81fJ2 fJ

II m (-9B(16+81p2) + 1458PB) ~ 0

16-72fJ+81fJ2 512
'v'~, CE such that, CE :::; ACE :::; 3 and II m > O.

162P 6561P

jP(8+162CEfJ) ~16CE +8fJ+81CEp2
4 + +-=-----=---=----

.fi~16CE+8fJ+81CEfJ2 .fijP
Where A =---...:..---------------- and

16+81fJ2

4P +.fijP~16CE + 8fJ +81CEp2
B =----~-------

(16+81fJ2)2 .
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The intuition behind this result is as follows. The greater are the entrant's R&D costs,

the closer the entrant is forced to locate to the patentee. In this case, the patentee has a

greater incentive to induce infringement because the closer to the patentee the entrant is

forced to locate, the smaller need be the patent breadth that will induce the entrant to

infringe and thus, the smaller is the probability that the patent will be invalidated at trial.

The effect that CE has on the patentee's incentive to infringe the patent is inconclusive, it

depends on the values of ~ and II m • 0

Figure 4.12 depicts the patentee's expected profits under infringement and his

profits under no infringement as a function ofpatent breadth.

$

A

b b +e b 1

Figure 4.12 The Patentee's Expected Profits under Infringement and his Profits·
under No Infringement under Scenario Three

In Figure 4.12 line KA represents the profits that the patentee makes when his

patent is not infringed. The curves AB and A'B refer to the expected profits that the
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patentee makes when his patent is infringed and E{IT1p)b_1 ~ E{IT pI ) ~ . The curve- b=b+e

CB refers to the expected profits that the patentee makes when his patent is infringed

and E{IT~)b=1 > E(IT~)b=b+e. When the patentee's expected profits under infringement

are depicted by the curve A'B or the curve CB, the profits for the patentee are

maximized at point A where the breadth of patent protection is b. When the patentee's

expected profits under infringement are depicted by the curve AB profits for the patentee

are maximized at point A where the breadth ofpatent protection is b+ e .

To summarize the findings of sub-section 4.3.2.2, the patentee's choice of the

optimal patent breadth depends on the entrant's R&D cost structure (f3) and her trial

costs (CE). When the combination of Band CE values is such that both conditions 13 ;;::: ~
9

and C > 512 are satisfied (A and CE values are in the dotted and horizontally
E - 656113 3 JJ

hatched areas in Figure 4.8), then there exists at least one patent breadth b that can deter

"
entry in the market. In this case, the patentee always chooses patent breadth b and

maximizes his profits (ITm) operating as a monopolist.

When the combination of B and CE values is such that both conditions

4 8 16-7213+8113 2
• •

- ~ 13 < - and CE > are sattsfied (B and CE values are In the non-
9 9 16213

shaded area in Figure 4.8), then there is no patent breadth that can deter entry or that can

make the entrant indifferent between infringing and not infringing ~he patent. The

patentee thus finds it optimal to claim the maximum patent breadth (bmax=1), since in

this case the patent is never infringed and a trial never occurs.
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Finally, when the combination of ~ and CE values is such that both conditions

C < 16-72/3+81/32 and C
E

< 512 3 are satisfied (~ and CE values are in the
E - 162/3 6561/3

vertically hatched area in Figure 4.8), then it is optimal for the patentee to choose either

patent breadth b and not induce infringement or b+ e and induce infringement. The

choice of the optimal patent breadth in this case depends on the patentee's trial costs

(Cp), the monopoly profits that the patentee will make ifhis patent is found valid at trial

(TIm) and the entrant's R&D cost structure (~) and trial costs (CE).

4.4 Concluding Remarks

In this chapter a simple game theoretic model is used to describe the patenting behavior

of an innovator who, having invented a drastic product innovation and having decided to

seek patent protection, determines the breadth of patent protection that maximizes the

appropriability of the rents from his innovation. To determine the optimal breadth of

patent protection claimed, the patentee acts strategically, choosing the breadth of

protection that induces the desired behavior by the entrant. The patentee is foresighted

and anticipates that he may have to incur costs to enforce his patent rights. The model

suggests that the strategic patent breadth, that is, the breadth of patent protection that

maximizes the innovators ability to appropriate innovation rents, depends on the

entrant's R&D cost structure and her trial costs.

Contrary to what it is traditionally assumed, the results show that it is not always

optimal for the patentee to claim the maximum patent breadth possible. In fact, only for

certain values of the entrant's R&D effectiveness and trial costs it is optimal for the
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patentee to claim the maximum breadth of patent protection. The patentee claims

maximum patent protection when he cannot deter entry and the entrant always finds it

optimal to not infringe the patent. The maximum breadth of protection is also claimed

when the only patent breadth that deters entry b=b is equal to one which occurs for a

specific combination of R&D and trial costs (i.e., for f3 =~ and CE =.!. ).
9 9

The results hold under the assumption of a fencepost patent system; which

implies that the events that the patent is infringed and the patent is invalid can be treated

as mutually exclusive and exhaustive. In addition, it has been assumed that the market

can only support two products, and that the R&D process is deterministic. Relaxing the

above assumptions is the focus of future research.
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CHAPTER V

STRATEGIC PATENT BREADTH FOR DRASTIC PROCESS

INNOVATIONS

5.1 Introduction

In chapter IV the patent breadth that maximizes the innovator's ability to appropriate

innovation rents was determined for drastic product innovations. This chapter examines

the strategic patenting behavior of an innovator who has invented a patentable process

innovation and uses patent protection to maximize the appropriability of this innovation.

Process innovations are new technologies that refer to the way or method of generating a

product (e.g., an example of a process innovation could be a new process that produces a

purified version of existing proteins). The product itself does not have to be new or

patentable for the process to be patentable (e.g., purified versions of existing proteins are

not patentable in some countries). Usually new processes are either cost reducing and/or

they improve the efficiency ofproducing a product (e.g., a process that generates a purer

form of a protein).

The distinction between product and process innovations is an important one as

the nature of competition in a market depends on whether the patent protects a product

or a process (Eswaran and Gallini 1996). Product patents usually grant greater protection
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than process patents (Merges and Nelson 1990). When the innovator holds a product

patent, rivals cannot produce the same product even if a different or a

more efficient process is used for its production. l However, when the innovator holds a

process patent for producing a given product, but not a patent on the product itself, rival

firms with non-infringing processes can produce the same product or different versions

of it.

An example used in the literature to underline the significance of the distinction

between product and process patents for the level of competition in the market is the t-

PA (Tissue Plaminogen Activator) drug. This is a clot dissolving heart attack drug,

which is the first commercially successful product derived using recombinant DNA

technology (Eswaran and Gallini 1996, Merges and Nelson 1990). This drug was

introduced by Genentech, which received a product and a process patent in the US but

only a process patent in the United Kingdom (in the United Kingdom the product was

found to be non-patentable). In the United Kingdom, fifteen other firms that were

working on the generation of the drug were free to purse non-infringing processes for

generating the non-patentable product. In the US, however, work by other firms on the

drug was blocked, mainly because the company held a product patent (Eswaran and

Gallini 1996).

The process innovations that are examined in this chapter are assumed to be

drastic innovations. Drastic process innovations are considered because these

innovations are usually granted broader protection by the Patent Office (EPO 2000a,

1 An example is the Scripps Clinic & Research Found v. Genentech court case. In this case the court found
that a blood clotting protein made with recombinant DNA techniques violated a product patent held by
Scripps Clinic who had purified the same protein from human blood. Even though Genentech's process
was more efficient, it could not be used because Scripps Clinic held a product patent (Merges and Nelson
1990).
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USPTO 1999), as has been explained in chapters II and IV. Given that broad patents are

challenged and invalidated more often than narrow ones (Waterson 1990, Lanjouw and

Schankerman 2001, Merges and Nelson 1990), the innovator ofa drastic process should

be more careful when he determines the breadth of patent protection claimed as he

cannot depend on the Patent Office to structure his claims. In addition, drastic process

innovations are associated with greater innovation rents, which increase the incentive of

other parties to challenge the validity of the patent and to litigate (Harhoff and Reitzig

2000, Lanjouw and Schankerman 2001).

The patent validity challenges can be either direct or indirect. Direct validity

challenges are launched in the Patent Office or in the courts and they usually take place

shortly after the issue of the patent. Indirect validity challenges are launched in the

courts during an infringement trial.2 This chapter considers only direct validity

challenges.3 This chapter examines the determination of the optimal patent breadth for

the innovator when he is faced with a positive probability that the validity of his patent

will be directly challenged. The assumption made in the patent literature (i.e., Merges

and Nelson 1990, Gilbert and Shapiro 1990, Lanjouw and Schankerman 2001) that the

patentee always applies for the broadest scope of patent protection is explicitly

examined in this chapter.

The rest of the chapter is organized as follows. Section 5.2 presents the theoretical

framework developed to examine the innovator's strategic patenting behavior. The main

2 As it has been explained in chapter II, it is a common practice of accused infringers to respond to
accusations of infringement with a counterclaim that the patent is invalid and it should be revoked.
3 Indirect validity challenges are not considered because, unlike chapter IV, this chapter does not examine
patent infringement.

126



assumptions of the model are stated,in this section. Section 5.3 describes the analytical

solution of the strategic patent breadth model. Finally, section 5.4 concludes the chapter.

5.2 Theoretical Development of the Strategic Patent Breadth Model

The determination of the optimal patent breadth for a strategically behaving innovator

who has invented a process innovation and seeks patent protection is modeled as a

sequential game of complete information. The agents involved in the game are an

incumbent/patentee who is a holder of a process patent and an entrant who considers

entering into the incumbent's market. It is assumed that the process innovation that is

generated by the incumbent meets the patentability requirements and that the regulator

(i.e., Patent Office) always grants the patent as claimed. As in chapter IV the regulator is

not explicitly modeled. The model considers the determination of the strategically

optimal patent breadth when the innovator has no guidance from the Patent Office in

structuring his claims.

The game consists of two periods, period one, which takes place over the time

interval T0-To, and period two, which takes place over the time interval T0-00. The

expression To denotes the time that the patent is granted and the expression To (To=O)

the time that the incumbent markets the new product and the entrant enters the market.

During the first period of the game, the incumbent, having developed a process

innovation and having decided to seek patent protection, determines the breadth, b, of

patent protection claimed. During this period the validity of the patent may be directly

challenged. The outcome of the challenge determines whether the validity of the patent

is upheld or not. If the validity challenge is successful and the patent is revoked, the
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entrant enters the market at time To using the incumbent's process and the entrant and

the incumbent choose their respective output levels and compete in the market. If the

patent validity is not challenged or if it is challenged and the challenge is unsuccessful

(i.e., the patent is found to be valid), then the entrant, starting at time To, determines the

flow of R&D spending, x, that will enable her to generate a non-infringing process. The

incumbent operates as a monopolist for as long as the entrant is not successful in

generating the non-infringing process. Once the entrant succeeds in generating the non-

infringing process, however, the incumbent and the entrant choose their respective

output levels and compete in the market.

The single entrant assumption is made to simplify the analysis. The assumption

implies that either there is a minimum efficient scale requirement in this industry or that

large sunk costs not linked to the R&D process need to be incurred upon entry that

prevent the market from becoming competitive even when the incumbent's patent is

revoked. Thus, the sunk costs that need to be incurred by the players upon entry are

exogenous (the level of the sunk costs is not affected by the players' decisions, e.g.,

regulatory costS)4 and their level is such that I1(n:::2) ~ 0 while I1(n:::3) < 0 (n denotes the

number ofplayers).

The incumbent's decision to invest in R&D and patent his product is not

considered in this game. The above decisions are treated as exogenous. The only

decision the incumbent makes is to determine the breadth of patent protection for his

process. The length of patent protection is assumed to be fixed and for simplicity it is

also assumed to be infinite. Thus, the patent will stay active unless it is invalidated

4 In contrast, the level of endogenous sunk costs is determined by the players' decisions, e.g., advertising
or R&D expenditure.
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during a patent validity challenge and is thus revoked. It is also assumed that the

incumbent's patent does not infringe on any previous product or process patent and there

is only one Patent Office where the incumbent can apply for patent protection. Time is

modeled as being continuous and complete and perfect information are assumed. The

incumbent acts strategically taking into consideration the entrant's response to different

patent breadth choices when he determines the breadth ofpatent protection claimed.

A summary of the formal strategic patent breadth determination game is depicted

diagrammatically in Figure 5.1. In period one the incumbent determines the breadth of

patent protection claimed, b, and he is granted a process patent. The patent is then

challenged by a third party with probability 8 and during the challenge process the

viability of the patent is determined. The patent is upheld with probability Jl and it is

revoked with probability 1-Jl. The upholding or revoking of the patent marks the end of

period one. In period two the product is marketed by the incumbent. If the validity of the

patent is not challenged or if it is challenged and upheld, then at the beginning of period

two the entrant chooses the optimal flow of R&D spending, x. The incumbent operates

as a monopolist for as long as the entrant is not successful in generating her own non

infringing process. Once the entrant succeeds, however, the incumbent and the entrant

choose their respective output levels and they each earn duopoly profits. The payoffs for

the incumbent and the entrant when the patent is challenged and upheld are given by

E(Il/)~ and E(Il E)~' respectively (see payoffs at A). If the patent is not challenged,

the payoffs are given by E(Il/)NC and E(IlE)NC, respectively (see payoffs at C). If the

patent is revoked after it has been challenged, then starting at the beginning of period

two the entrant produces the new non-patentable product using the incumbent's process

129



and the incumbent and the entrant receive payoffs E(IT f)~ and (IT E)~' respectively (see

payoffs at B).
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The Strategic Patent Breadth Game
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In this model the entrant knows (with certainty) the outcome of the patent

challenge when she decides on the level of R&D expenses to be incurred or when ·she

decides on whether to enter the market using the incumbent's process. The incumbent on

the other hand knows only the probability with which his patent will be challenged and

the probability with which his patent will be upheld when challenged when he

determines the breadth ofpatent protection claimed.

5.2.1 The Process Innovation Space, Patent Breadth and the R&D Process

It is assumed that the patentable process is used for the production of a new non

patentable product (e.g., the t-PA drug in U.K.). The potential entrant is thus free to

produce the new product by generating her own non-infringing process. This model

assumes that if the entrant enters the market she will do so without infringing the

incumbent's process. In addition, if the entrant is successful in generating her own

process, she does not have to patent it since further entry is not anticipated.

The model assumes that the patented process results in zero per unit production

costs and that if the entrant succeeds in generating her own non-infringing process, her

process will be equally efficient (i.e., the entrant's process also results in per unit

production costs of zero). Thus, the model is not a quality ladder model where one

innovator supersedes the other in producing a better innovation. Both the

incumbent/patentee and the potential entrant use their processes to produce the new non

patentable product, which is viewed by the consumers as a homogeneous product. In

other words, consumers are indifferent as to whether the new product was made with the

incumbent's or the entrant's process.
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It is also assumed that there are no close substitutes for the new product. The

above assumption implies that the incumbent will make monopoly profits for as long as

the entrant fails to generate a non-infringing process. Once the entrant succeeds in

generating her own non-infringing process, the incumbent and the entrant will share the

market, each making duopoly profits.

The process innovation space and the breadth of patent protection are depicted in

Figure 5.2. The line of unit length represents the process innovation space. Each point

within this space represents a process that is capable of producing the product in

question at the same production cost. Thus, different points on the unit length line refer

to the different processes that can be used to produce the non-patentable product at a per

unit cost of zero. The closer are two points in the process innovation space, the more

similar are the processes in terms of the way they work in generating the given product.

1b

A BIr-,..------..-r---ea---...,
°

Figure 5.2 The Process Innovation Space and the Breadth of Patent Protection

Point A in Figure 5.2 refers to the patented process generated by the incumbent.

Patent breadth refers to the area on the unit length line around point A which is protected

by the patent. Patent breadth includes all the processes that, if they were developed by

competitors, would infringe the patent. Patent breadth takes values in the interval

bE(O,l]. A patent breadth value close to zero (b~O) implies that the patent protects only
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against duplication of the patented process. On the other hand, a patent breadth value

equal to one (b=1) implies that there is no other process that can be used to produce the

non-patentable product without infringing the patent. As in chapter IV, it is assumed that

patent breadth defines an exact border ofprotection (i.e., fencepost patent system).

To simplify the model it is assumed that it is a third party and not the potential

entrant who directly challenges the validity of the patent.5 Thus, in this model, the

entrant benefits from the validity challenge without incurring the opposition costs. The

costs incurred by the incumbent during a validity challenge are denoted by CT and are

assumed to be independent of the breadth of patent protection. In addition, it is assumed

that the incumbent's opposition costs do not affect the probability that the patent will be

challenged and the probability that the validity of the patent will be upheld.

The probability that the validity of the patent will be directly challenged is

denoted by 8 and it is a function ofpatent breadth. Recent empirical studies have found a

positive relationship between the breadth of the patent, measured by the number of

claims made, and the probability of validity challenges (Lanjouw and Schankerman

2001). In addition, Lentz (1988) and Merges and Nelson (1990) observe that the greater

is the breadth of patent protection, the greater is the probability that the validity of the

patent will be challenged. Following the above studies, this model assumes a positive

relationship between patent breadth and the probability that the validity of the patent will

be challenged. For simplicity, it is further assumed that when the maximum patent

breadth is claimed (bmax=1), the validity of the patent is always challenged. These

5 Third parties are allowed to challenge the validity ofpatents in the Patent Office without having to prove
any special interest for doing so (see chapter II). Harhoff and Reitzig (2000) state that various interest
groups are trying to influence the European patenting practice by filing opposition cases especially against
biotechnology patents.
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assumptions are captured by assuming that the probability that the validity of the patent

will be directly challenged, 8, is equal to £5 =b .

The patent may not always be found valid during the patent validity challenge.

There is a probability, denoted by ~, that the validity of the patent will be upheld during

the validity challenge, where ~ is given by J.-l = 1- b . Thus, the greater is the breadth of

patent protection, the smaller is the probability that the validity of the patent will be

upheld. As it has been discussed in chapter IV, the above assumption is justified by the

fact that the greater is patent breadth, the harder it is to show novelty, nonobviousness

and enablement. In addition, empirical evidence suggests that courts tend to uphold

narrow patents and revoke broad ones (Merges and Nelson 1990, Waterson 1990). As in

chapter IV, when patent breadth takes its maximum value (bmax=1), the patent is always

found to be invalid (~=O).

In statistical terms, the event that the patent will be challenged and the event that

the validity of the patent will be upheld are treated as independent.6 This assumption is

valid given that the patent validity challenger is not the one who rules on whether the

patent is valid. There is no evidence in the literature to suggest that there is a relationship

between the probability that the patent will be challenged and the way the courts and/or

the Patent Office rule on patent validity issues.

When the validity of the patent is not challenged, or when it is challenged and

upheld, the entrant must invest in R&D to generate her own non-infringing process to

produce the non-patentable product, if she wants to enter the market. To capture the

6 This assumption implies that the probability that the patent will be upheld given that is has been
challenged is equal to the probability that the patent will be upheld, i.e., prob[1l18]=prob[Il].
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uncertainty associated with the R&D process it is assumed that the innovation process is

stochastic. Innovation in this model occurs according to the Poisson process.7 The

research technology is 'memoryless'; that is, the probability that the entrant will succeed

in generating an innovation at any given point in time depends only on the current R&D

expenditure, not on past R&D experience (Tirole 1988). This is a common assumption

in the R&D literature and is made to simplify the analysis (Loury 1979, Lee and Wild

1980). The instantaneous probability of success is denoted by A and is constant. The

parameter A shows that if the entrant has not succeeded by time 't in generating a non-

infringing process then the probability of succeeding at the next instant, that is at 1 + dt ,

is Adt. The elapsed time, 't, before an innovation arrives has a probability density

function described by the exponential distributionf(r) = Ae-Ar for 'A>O and O~'t~OO and

a cumulative probability function F(r) = 1~e-Ar • The cumulative distribution gives the

probability that success will occur by time 't (i.e., F(1) = prob(t ~ 1]).

In this model it is assumed that the instantaneous probability of success A is a

function of the entrant's R&D spending per unit of time, denoted by x, and the breadth

of patent protection b, A = f(x,b). The flow rate of R&D spending, x, is assumed to be

constant and it is incurred by the entrant for as long as it takes to realize a success.

Following standard economic theory assumptions, it is assumed that the R&D spending

7 The Poisson distribution gives the probability of x occurrences of an event over a specified period of

time. The probability mass function is given by P(x) = e-
Il

AX for x=O,I,2 ....., and 1..>0 and by P(x) = °
x!

otherwise. The parameter A gives the mean rate of occurrences per unit of time and it also represents the
variance of the Poisson distribution.
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per unit of time increases the probability of success at a decreasing rate; Ax>O, Axx<O and

also Rim Ax = °and Ax(O)~oo (Loury 1979, Reinganum 1983).
x~<x)

The instantaneous probability of success A is also a function of the breadth of

patent protection since in this model success implies that the entrant will only be able to

enter with a non-infringing process. That is, the entrant must generate a process outside

the technological territory - i.e., the patent breadth - claimed by the incumbent. Given

that the entrant has not already succeeded, it is assumed that the greater is the patent

breadth, the smaller is the probability that the entrant will succeed at the next instant, in

generating a non-infringing process for producing the new non-patentable product. It is

thus assumed that the bread~ of patent protection decreases the probability of success at

an increasing rate; Ab<O, Abb>O. The justification for this assumption is that since the

entrant will enter with a non-infringing process, the greater is patent breadth the more

dissimilar will be the two processes - the further away from the patentee's process the

entrant's process will be in the process innovation space in Figure 5.2. This, in tum,

implies that the greater is patent breadth, the less useful is the information disclosed by

the patent for the entrant and thus the more difficult it becomes for the entrant to

generate her non-infringing process.

To completely describe the instantaneous probability of success, A, the

instantaneous probability of success is assumed to be either additively or

multiplicatively separable in the flow of R&D spending and in patent breadth, i.e.,

A = qJ(x) + ffJ (b) or A = qJ (x) . ffJ (b). The functions qJ (x) and ffJ (b) satisfy all theoretical

assumptions concerning the instantaneous probability of success, that is, qJ x >°,
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qJxx < 0, ljJ b < 0 and ljJ bb > o. With the additive1y separable formulation, the marginal

effect of R&D spending on the probability of success is independent of the breadth of

the patent, AXb = o. With the multiplicatively separable formulation the marginal effect

of R&D spending on the probability of success is inversely related to the breadth of the

patent, AXb < 0 (see Proposition 5.2 for a formal proof).

Given the above, when A =q;(x) + VJ (b) the incumbent's patent breadth choice

affects the entrant's probability of success, "A, only directly (Ab < 0). When

A = q;(x)· VJ (b) the incumbent's patent breadth choice affects the entrant's probability of

success, "A, both directly (Ab < 0) and indirectly (Axb < 0). In this case, as patent breadth

increases, the harder it becomes to generate a non-infringing process (i.e., direct effect)

and the less effective R&D spending becomes in increasing the probability of success

(i.e., indirect effect). An additively separable function and a multiplicatively separable

function that satisfy all theoretical assumptions regarding the instantaneous probability

of success are given by 1;. : A =x 8 +.!. and 12 : A =!..- respectively, where e E(O,l].
b b

5.3 The Analytical Solution of the Strategic Patent Breadth Game

Given the assumption of complete and perfect information, the incumbent knows when

he determines the breadth of patent protection claimed how patent breadth affects the

probability that the patent will be challenged, (), the probability that the validity of the

patent will be upheld after challenge, J,!, and the entrant's probability of succeeding at
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any given instant in generating a non-infringing process, A. The incumbent chooses the

breadth of patent protection that will induce the desired behavior from the entrant and

will allow him to maximize the rents that he can appropriate from his innovation.

The optimal breadth of patent protection for the innovator is determined using

backwards induction. Backwards induction yields the only subgame perfect Nash

equilibrium of this game by eliminating Nash equilibria that do not represent credible

threats (Fudenberg and Tirole 1991). The duopoly profits that are realized at the second

period of the game when both the incumbent and the entrant operate in the market are

determined first. The entrant's decision of the optimal R&D spending is determined next

and the incumbent's optimal patent breadth choice is determined last.

5.3.1 Determination of the Duopoly Profits

During the second period of the game (T0-(0) both the incumbent and the entrant

produce the product when either the entrant succeeds in generating the non-infringing

process or when the patent is revoked after being challenged. Since production costs

have been assumed to be zero, both players will produce the same output and will earn

the same rate of instantaneous profits. These instant profits are given by

IT / =IT E =IT d > 0 .8 Although the entrant earns the same level of instantaneous profits

the discounted profits will differ from those of the incumbent depending on the R&D

expenditures and on the exogenous sunk costs she has to incur.

8 Given that the incumbent and the entrant compete in quantities and not in prices and that the unit
production costs are zero the duopoly profits that they realize are positive. This is a standard result in the
literature when firms with the same cost structure engage in Cournot competition (Tirole 1988, Carlton
and Perloff 1999).
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5.3.2 The Entrant's Optimal R&D Spending Decision

Two cases emerge regarding the entrant's behavior depending on whether the patent is

challenged and revoked or on whether the patent is not challenged or is challenged and

upheld. The entrant's optimal decision when the patent is challenged and revoked is

examined first.

• The Patent is Challenged and Revoked

The entrant does not have to make an investment decision if the patent is revoked after

being challenged. Since generating a new process is costly for the entrant (i.e., positive

R&D costs are required), the entrant simply uses the incumbent's process to produce the

new product. When the entrant uses the incumbent's process to produce the new product

her discounted profits are given by:

(5.1)

where r is the discount rate and F are the exogenous sunk costs incurred by the entrant at

time zero (To).

The entrant finds it optimal to enter the market when the patent is challenged and

revoked if (IT E)R > 0 => IT d > F .
r

• The Patent is Not Challenged or is Challenged and Upheld

When the patent is not challenged, or is challenged and upheld, the entrant must decide

on the flow of R&D spending that will enable her to generate the non-infringing process

that will be used for the production of the new product. The entrant chooses the flow of

R&D spending, x, that m':lXimizes the present value of her expected profits. Note that the
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entrant's expected profits are the same irrespective of whether the patent is not

challenged or challenged and upheld (E(I1E)~=E(I1E)NC) since it is not the entrant but

a third party that challenges the validity of the patent. The entrant's objective function is

given by:

00

m:xE(I1E)~ = E(I1 E)NC = f e-rte-A(x,b)t(A(X,b)IT
d

-x)dt-F
o

(5.2)

Equation (5.2) shows that if the entrant has not succeeded before time t in

generating the non-infringing process, she then receives I1 d if she succeeds at time t.

This event has probability density A(x,b)e-A(x,b)t. The entrant pays R&D costs of x so

long as no success has occurred. This event has probability e-A(x,b)t. Finally, the entrant

pays costs F at time zero irrespective ofwhether she succeeds in generating the process.

Performing the indicated integrations the entrant's objective function can be

expressed as:

(5.3)

The entrant chooses the flow of R&D spending that maximizes her objective

function given in equation (5.3). Optimization of equation (5.3) yields the following first

order conditions (F.O.C.) for a maximum:

aE(I1E)~ aE(fIE)NC r+A(x,b) *
= =0 => x- +rIld =0 => x =x(b,r,Il d )ax ax Ax

(5.4)

The F.O.C. yield the optimal flow of R&D spending expressed in terms of

known parameters; the breadth of patent protection, the duopoly profits and the discount
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rate. The F.D.C. implicitly define the entrant's best response function, which shows how

the entrant responds to different patent breadth choices.

To graphically characterize the optimal level of the flow of R&D spending let

() d h() r+A(x,b) Th h b .g x =x an x = rIT d • e F.D.C. can t en e wntten as:
Ax

r+A(x b)
g(x) -h(x) =0 => x = '-rITd

Ax
(5.5)

The second order conditions (S.D.C.) imply that for a maximum the condition

given in equation (5.6) must be satisfied.

(5.6)

Equation (5.6) shows that at the optimum the slope of h(x) must be greater than the

slope of g(x); h(x) must cut g(x) from below at the optimum. Given that gx =1 > 0

equation (5.6) implies that h(x) must be increasing in x and also that hx > 1. It is easily

verified that both the above conditions for the existence of an optimum are satisfied as

both the additive and the multiplicative formulations of the instantaneous probability of

success, 'A. Also, h(O) = -rITd since 'Ax(O)~oo which holds due to the theoretical

properties of the instantaneous probability of success.

The slope of h(x) is decreasing in the flow of R&D spending, x, for both the

additive and the multiplicative formulations of the instantaneous probability of success,

'A, that is, hxx =
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in the Appendix. Note that the detennination of the curvature of hex) is not important

for the results, it is necessary only for the graphical representation of the optimum.

Figure 5.3 depicts the graphical representation of the detennination of the

optimal flow of R&D spending. In Figure 5.3 the curve hex) cuts the curve g(x) at two

different points. From these two points only point A is an optimum because only at point

A is the slope of hex) greater than the slope of g(x) .

g(x) , hex)

o~--#---_...:..-_--------------.

x

Figure 5.3 Graphical Representation of the Determination of the Optimal Flow
of R&D Spending (x*).

The entrant's expected profits when the patent is not challenged or when it is

challenged and upheld are obtained by substituting the optimal flow of R&D spending

into the entrant's expected profit function. The substitution yields the payoffs given by

equation (5.7).
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E(IT )~ =E(Il )NC = ..i(X* ,b)ITd - X* _ F
E (, E r+..i(x*,b)

(5.7)

The entrant will enter the market only if she realizes positive profits, that IS, if

E(IlE)~ = E(IT E)NC > O. This condition can be expressed as:

..i(x* ,b)ITd -x* F 0 IT x* +(r+..i(x* ,b»F
----*"--- - > => d > *

r+..i(x ,b) A(x ,b)
(5.8)

Note that the entry condition in equation (5.8) is determined by the level of

duopoly profits, the discount rate, the exogenous sunk costs and the incumbent's patent

breadth decision. Equation (5.8) opens the possibility that a patent breadth value

bE (0,1] may exist such that the entry condition is not satisfied. If b exists and it is

chosen by the incumbent, then the entrant will not enter the market.

When entry is not deterred the entrant's optimal flow of R&D spending is given

by equation (5.4). This equation can be used to determine the effect of a change in the

breadth of patent protection, the level of duopoly profits and the discount rate, on the

optimal flow of R&D spending.

The effect of a change in patent breadth on the optimal flow of R&D spending is

determined by examining dx * . The expression for the term dx * is derived by totally
db db

differentiating the optimality condition g(x) =h(x) => x = r + A - rIT d (i.e., equation
Ax

(5.5», with respect to the optimal flow of R&D spending, x*, and patent breadth, b. The

result of this differentiation is:
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(5.9)

It is known from equation (5.6) that gx - hx < O. Also, gb =O. Thus, the sign of the

dx*
slope of the best response curve, -, depends on the sign of the term hb , where

db

h = AbAx - Axb(r + A)
b (A

x
)2 .

The nature of the instantaneous probability of success, 'A" must be specified

before the relationship between the optimal level of R&D spending, x*, and patent

breadth, b, can be determined. This is so because the term hb depends on the term Axb '

the sign of which depends on whether the instantaneous probability of success, 'A,, is

additively or multiplicatively separable in the flow of R&D spending, x, and in patent

breadth, b.

Proposition 5.1 When the instantaneous probability of success, A, is additively

separable in patent breadth, b, and in the flow of R&D spending, x, (i. e.,

A = <p (x) + 1/1 (b)), the effect ofa change in patent breadth on the optimal flow ofR&D

dx*
spending is positive, i. e., - > 0 .

db

Proof:
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When Ii =q;>(x) + If! (b) , then ~; = lixb =o. Given that lib < 0 and lix > 0,

h
AbAx -Axb(r+A) h . . b .

b = 2 <0. T e slope of the best response functIon, gIven y equatIon
(Ax)

(5.9), is thus positive, i.e., dx * > o. 0
db

The above result suggests that as patent breadth increases so does the flow of

R&D spending. The intuition behind this result is as follows. The entrant responds to an

increase in patent breadth with an increase in her flow of R&D spending trying to

counterbalance the negative effect that the increase in patent breadth has on the

probability of success.

Proposition 5.2 When the instantaneous probability of success, A, is multiplicatively

separable in the patent breadth, b, and in the flow of R&D spending, x, (i. e.,

A = <p(x)·1f! (b)) the effect of a change in patent breadth on the optimal flow of R&D

d·· .. dx* 0spen zng zs negatzve, z.e., - < .
db

Proof:

When A = <p(x) . If! (b), then AXb < 0 , SInce and

a:; = aZ = lixb =q;>x'"b < o. Thus, patent breadth affects the probability of success

both directly (Ab < 0) and indirectly (Axb < 0). The sign of the term hb is positive,
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and g x - hx < 0 , the slope of the best response function is negative, i.e., dx * < O. 0
db

The intuition behind the result presented in Proposition 5.2 is as follows. An

increase in patent breadth has two effects on the entrant. First, she knows that a change

in b means she will have to spend more to be able to succeed (to counterbalance the

negative effect that an increase in the patent breadth has on the probability of success).

Second, she also knows that the effect of the additional R&D spending on the

probability of success will now be smaller (due to AXb < 0). Since an increase in patent

breadth makes investment less efficient and more costly for the entrant, the entrant

responds with a reduction in the optimal flow of R&D spending.

Having determined how patent breadth affects the flow of R&D spending under

different assumptions about the relationship between the flow' of R&D spending and

patent breadth (i.e., AXb =0 and AXb < 0), the effect of a change in patent breadth on the

total expected R&D costs that the entrant must incur before a success is realized can be

determined. The total expected R&D costs to be incurred by the entrant are given by:

1
TECE =, X= x

e A(x,b)
(5.10)

In equation (5.10), 'e = 1 denotes the average elapsed time before success
A(x,b)

is realized; this is the mean of the exponential distribution f (,) = Ae -A.T • The average

elapsed time before success occurs is decreasing in the flow of the R&D spending,
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are = are a2 =__1 2 < 0 and' . In the breadth of patent protection,ax a2 ax 22 x IncreasIng

ar ar a2 1 .
_e =_e _ =--22b > o. Thus, on the one hand, the greater IS the flow of R&D
ab a2 ab 2

spending, the greater is the probability that success will be realized the next instant, and

the shorter is the time that elapses before success occurs. On the other hand, the greater

is patent breadth, the smaller is the probability that success will occur the next instant

and thus the longer is the period that elapses before success occurs. The propositions that

follow describe the relationship between patent breadth and the total expected R&D

costs when the instantaneous probability of success is additively and multiplicatively

separable in the flow of R&D spending and in patent breadth.

Proposition 5.3 The total expected R&D costs are increasing in patent breadth,

dTEC
__=-E > 0 , when the instantaneous probability ofsuccess, 2, is additively separable in

db

patent breadth, b, and in thejlow ofR&D spending, x.

Proof:

aTEC ar x 2-2 x .
When 2 = rn(x) + lIJ(b) , E = _e X +r x = b b > 0 SInce x > 0 as shown

"t' "t' 8b 8b e b 22 b

in Proposition 5.1 and2b < 0.0

The intuition behind the result presented in Proposition 5.3 is as follows. When

the instantaneous probability of success is additively separable in the flow of R&D

spending and in patent breadth, patent breadth affects the expected total R&D costs in

two ways. First, a higher patent breadth increases the elapsed time before success is
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realized (a r e > 0), and second, greater patent breadth increases the flow of R&D
ab

spending (xb > 0). Both outcomes imply that the expected total R&D costs to be

incurred by the entrant are rising in b.

Proposition 5.4 The effect ofan increase in patent breadth on the total expected R&D

costs when the instantaneous probability ofsuccess, A, is multiplicatively separable in

patent breadth, b, and in the flow ofR&D spending, x, depends on whether an increase

in patent breadth increqses the elapsed time before success is realized more than it

decreases the flow ofR&D spending.

Proof:

The effect of a change in patent breadth on the total expected R&D costs is given by

dTECEProposition 5.2 and Ab < o. Given the above, the sign of depends on the
db

relative magnitudes of the terms are x and 'exb' which are positive and negative
ab

respectively (or equivalently the terms XbA and AbX, which are both negative). When

ar dTEC. ar dTEC
'exb>_e X then E < 0 whtle when, Xb<_eX then E > 0.0

ab db e ab db

When the instantaneous probability of success is multiplicatively separable in the

flow of R&D spending and in patent breadth, patent breadth affects the expected total

R&D costs in two countervailing ways. On the one hand, an increase in patent breadth
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increases the elapsed time before success is realized; on the other hand, an increase in

. dTEC
patent breadth decreases the flow of R&D spendIng. When E > 0 then even

db

though the amount spend on R&D per unit of time decreases as patent breadth increases

this amount is now spread over a longer period making the total effect of the increase in

patent breadth positive. When dTECE < 0 then even though the period over which the
db

flow R&D costs are incurred increases as patent breadth increases, the decrease in the

flow of R&D spending (caused by the patent breadth increase) is greater in absolute

terms making the total effect of an increase in patent breadth on the total expected R&D

costs negative.

The effect of a change in the anticipated level of duopoly profits on the flow of

the R&D spending is determined by totally differentiating the optimality condition,

g(x) =h(x) ~ x = r + A - rTId, with respect to the optimal flow of R&D spending, x*
Ax .

and the anticipated duopoly profits, TId. The expression for dx* is given by:
dIT d

ag(x*) dx* ag(x*) dIl __ ah(x*) dx ah(x*) dl1
---:::......;-*...;.., + d * + d ~

ax and ax and

* h
( h )dx* -(h )dIl dx _ nd -gnd
gx - x - nd - gnd d~ dIl - ( _ h )

d gx x

(5.11)

Proposition 5.5 The optimal level of the flow of R&D spending is increasing in the

duopoly profits that the entrant anticipates to make ifshe succeeds in generating a non-
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dx*
infringing process, -- > 0 , for both the additive and the multiplicative formulations

dIT d

ofthe instantaneous probability ofsuccess, A.

Proof:

From the S.Q.C., gx - hx < O. Also, g nd =0 and hnd =-r < 0, which implies that

dx*
-- > O. Thus, as it would be expected, the entrant reacts to an increase in the
dIT d

anticipated duopoly profits by increasing the optimal flow of R&D spending. D

Proposition 5.6 The total expected R&D costs that are incurred by the entrant before a

success occurs are increasing in the duopoly profits that the entrant anticipates to make

ifshe succeeds in generating a non-infringing process, dTECE > 0 .
dIT d

Proof:

The change in the total expected R&D costs that follows a change in the anticipated

aE(TC) a1 aA ax ax - r A - A x
duopoly profits is given by E =(_e---)X+--Te =( )( 2 x ).

and aA ax and and g x - hx A

In this expression the tenn ( - r ) = dx* is positive as shown in Proposition 5.5.
gx -hx dIT d

A-AX A
The tenn x is also positive since - > Ax' To prove the last inequality the

A2 x

1 x(}
additively and multiplicatively separable functions It: A =x(} +- and f2: A =- ,

b b

respectively, are used. When
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All
->A =>X

O
-

1 +_>Ox°-1 =>l+->B which holds VbE(O,I], x~O since 8E(O,I).
x x bx bx

A X O- 1 Ox°-1

When A is described by '2 then - > A => -- >-- => 1> () which holds true
j.. x x b b

VbE(O,l], x~o since 8e(O,1). 0

The intuition behind the result presented in Proposition 5.6 is as follows. The

increase in the anticipated duopoly profits causes the entrant to increase her flow of

spending in R&D (see Proposition 5.5). The increase in the flow of R&D spending

affects the expected total R&D costs in two countervailing ways. A greater flow of R&D

spending directly obviously increases the expected total costs. It also indirectly

decreases the expected total R&D costs by decreasing the average elapsed time before

success is realized (a7: e < 0). However, the positive direct effect is stronger than theax

negative indirect effect. The result is that an increase in the anticipated duopoly profits

on the expected total R&D costs is positive.

The effect of a change in the discount rate on the optimal level of R&D spending

IS derived by totally differentiating the optimality condition

g(x) =hex) => x = r + A - rIT d , with respect to the optimal flow of R&D spending, x*,
Ax

and the discount rate, r. The expression for dx * is given in equation (5.12).
dr

(5.12)
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From the S.O.C. it is known that g x - hx < O. Also, g r = O. The sign of the tenn

1
hr =T - IT d cannot be detennined, however, without knowledge of the magnitude of

x

the parameters in the expression. For instance, note that the impact of the discount rate

on the optimal level of R&D spending depends on the magnitude of the anticipated

duopoly profits, Il d • When _1_ > ITd then an increase in the discount rate decreases the
Ax

optimal level of the flow of R&D spending dx < 0 while when _1_ < IT d an increase in
dr Ax

the discount rate results in an increase in the optimal level of the flow of R&D spending

dx > O. Finally, when _1_ =IT d a change in the discount rate causes no change in the
dr Ax

optimal level of R&D spending. Given that the effect of a change in the discount rate on

the optimal level of the flow of R&D spending is inconclusive, the effect of a change in

the discount rate on the expected total R&D costs is also inconclusive.

5.3.3 The Incumbent's Optimal Patent Breadth Decision

Given the assumption of complete infonnation, the incumbent knows how patent

breadth affects the entrant's optimal R&D spending decision. The incumbent can then

choose the breadth of patent protection that induces the desired behavior from the

entrant. This is the breadth of patent protection that maximizes the incumbent's

discounted expected returns.

The incumbent's expected returns are a function ofhis expected returns when the

patent is not challenged, E(IT I )NC, and the expected returns when the patent is

153



challenged, E(Il I)C . Since the incumbent's patent is challenged with probability 8 and

it is not challenged with probability 1-8, the incumbent's discounted expected profits are

given by equation (5.13).

(5.13)

The incumbent's expected returns when the patent is challenged are a function of

the incumbent's expected returns when the patent is challenged and upheld, E(IlI)~'

and the expected returns when the patent is challenged and revoked, E(Il I)~. Given that

the patent is challenged and upheld with probability fl and it is challenged and revoked

with probability 1-fl, the incumbent's expected returns when the patent is challenged are

given by equation (5.14). In equation (5.14) CT denotes the legal costs incurred by the

incumbent during the patent challenge process.

(5.14)

The incumbent's expected returns when his patent is not challenged or when it is

challenged and upheld are the same (E(Il I )NC =E(Il/)~) because in both cases the

incumbent operates as a monopolist until the entrant succeeds in generating a non

infringing process. Once the entrant succeeds, the incumbent shares the market with the

entrant, each making duopoly profits. The incumbent's discounted expected profits

when his patent is not challenged or when it is challenged and upheld are given by

equation (5.15).

(5.15)
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Equation (5.15) shows that the incumbent receives monopoly profits IT m at t if

by time t the entrant has not yet succeeded in generating a non-infringing process. This

event has probability e-A(x·,b)t. The incumbent receives duopoly profits IT d at time t if,

at t, the entrant succeeds in generating a non-infringing process. This event has a

probability density function A(X· ,b)e-A(x·,b)t •

When the patent is challenged and revoked, the entrant enters uSIng the

incumbent's process and the incumbent shares the market with the entrant making

duopoly profits. The incumbent's discounted profits when his patent is challenged and

revoked are given by equation (5.16).

(IT )c JCXl -rtIT d IT d IT R
IR=e d f =-=

o r
(5.16)

It is assumed that the profits that the incumbent makes when his patent is not

challenged or is challenged and upheld (IT It
) are greater than the profits that he makes

when his patent is challenged and revoked (IT R), that is, IT It > I1 R. This assumption

guarantees that the incumbent is not indifferent between receiving and not receiving

patent protection for his process; the incumbent is better off when he receives patent

protection.

Substitution of equations (5.15) and (5.16) into equation (5.14) yields the

expression for the incumbent's discounted expected profits when the patent is

challenged:

(5.17)

Substitution of equations (5.15) and (5.17) into equation (5.13) yields the expression for

the incumbent's discounted profits when entry is not deterred. Recall that the probability
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of the patent being challenged is l5 =b and the probability of the patent being found

valid is J.i = 1- b .

E(II I )ND =8 {J.iIIIl + (1- J.i)II R
- Cr } + (1- 8)II U = (8J.i + 1-8)IIIl +

(8 -8J.i)II R -8Cr = (l-b 2 )II" +b2II R -bCr
(5.18)

The analysis so far has proceeded assuming that the entrant will always find it

optimal to enter the market. It has been shown that the incumbent cannot deter entry

when the patent is challenged and revoked since in this case the entrant's profits upon

entry do not depend on the incumbent's patent breadth (see equation 5.1). Recall that the

exogenous sunk costs (F) were assumed to be such as to allow a duopolistic market

structure. It has also been shown that when the patent is not challenged, or is challenged

and upheld, there may exist a patent breadth value bE (0,1] such that the entry condition

* " * I'\. A.

is not satisfied, that is, II d S; x (b,r,II d) + ~r ~ A(X (b,~,I1d ),b))F . If b exists and it is
A(X (b,r,I1 d),b)

chosen by the incumbent, the entrant will not enter when the patent is not challenged or ,

is challenged and upheld and the incumbent will make monopoly profits. The

incumbent's profits when the patent is not challenged or is challenged and upheld and

the incumbent chooses patent breadth b are given by equation (5.19).

(5.19)

The incumbent's discounted expected profits when patent breadth b that deters entry is

chosen are given by substituting equations (5.14), (5.19) and (5.16) into equation (5.13).

The incumbent's discounted expected profits when entry is deterred are given by

equation (5.20).
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E(I1 / )D = 8{Jl 11 m + (1- Jl)I1 R
- CT}+ (1- 8) 11 m =

r r

(1- b2
) I1 m +b211 R

- bCT
r

(5.20)

It should be noted that if a b that deters entry exists it will be chosen by the

incumbent ifand only if the incumbent's expected discounted profits when b is chosen

are greater than or equal to his profits when entry is not deterred, E(I1 / )D ~ E(11 1)ND.

Thus, it may not always be optimal for the incumbent to deter entry in this model. To

keep the model simple, the analysis proceeds assuming that either there is no patent

breadth b that can deter entry or that if a patent breadth b exists, it is not optimal for

the incumbent to deter entry because b does not satisfy the condition

E(I1 I)D ~ E(11 1 )ND .

Given the assumption that entry will not be deterred the incumbent chooses the

patent breadth that maximizes the expected discounted profits given by equation (5.18).

His objective function is given by:

(5.21)

Optimization ofequation (5.21) yields the F.O.C. for a maximum. The F.O.C. are given

by equation (5.22).

BE(11 1 )ND = 0:::::> (-2b)I1" + (1-b 2) BI1" + 2bI1R _ C =0:::::>
Bb Bb T

b* =b(I1 m , IId , CT , r)

(5.22)

The F.O.C. for the incumbent's optimization problem yield the optimal choice of patent

breadth as a function of known parameters; the monopoly profits, the duopoly profits,

the legal costs of the challenge process and the discount rate.
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The interpretation of the E.a.C. gIven in equation (5.22) requIres the

determination of the sign of the term 8I1
u

• The term 8I1
u

shows how the expected
8b 8b

profits made by the incumbent when his patent is not challenged or when it is challenged

and upheld are affected by the breadth of patent protection. The affect of patent breadth

on I1 11 does not depend on the nature of the instantaneous probability of success, as

shown in the next proposition.

Proposition 5. 7 The expected profits made by the incumbent when his patent is not

challenged or when it is challenged and upheld are increasing in patent breadth

8I1 u

(-- > 0 ) for both the additive and the multiplicative formulations ofthe instantaneous
8b

probability ofsuccess, A.

Proof:

It is straight forward to prove that 8I1
U

> 0 when the instantaneous probability of
8b

success is multiplicatively separable in the flow of R&D spending and in the patent

breadth. In this case, an increase in patent breadth leads to a decrease in the flow of

R&D spending, xb < 0 (see Proposition 5.2). The term
8I1 u

8b
is equal to

8I1 u (A + A x )(rI1 - I1 ) . .
-- = b x b / m, where the term (rI1 d - I1m ) IS negatIve as duopoly

8b (r+A)

profits are always smaller than monopoly profits and where Ab < 0 and Ax > 0 from the

theoretical assumptions made about the instantaneous probability of success. The above
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8Il/l
conditions imply that -- > o. When the instantaneous probability of success is

8b

additively separable in the flow of R&D spending and in the patent breadth, an increase

in patent breadth leads to an increase in the flow of R&D spending, X b > 0 (see

Proposition 5.1). In this case, given that rIl d -Ilm < 0, Ab < 0 and Ax > 0, the sign of

the tenn a~U depends on the sign of the expression (Ab + AxXb ). To detennine the sign

of the tenn 8Il
ll

, the additively separable function It :A =x() +.!. is used. Using It the
~ b

8Il ll 8Illl Il Il..(:". •• m -r d h hexpreSSIon lor IS gIven by = whic is greater t an zero
8b 8b (1+b(r+x())2

VOe(O,l), be(O,l], x~O and re[O,l]. 0

The intuition behind the result presented in Proposition 5.7 is as follows. When

the instantaneous probability of success is multiplicatively separable in the flow of R&D

splending and in the patent breadth, an increase in patent breadth affects the

instantaneous probability of success both directly (Ab < 0) and indirectly (Axb < 0).

Since the entrant responds to an increase in patent breadth with a decrease in the flow of

R~~D spending (xb < 0), it becomes more difficult for the entrant to succeed in

generating the non-infringing process. The more difficult it is for the entrant to succeed, .

th(~ longer the incumbent can operate as a monopolist and the greater are his expected

profits (Il ll ). When the instantaneous probability of success is additively separable in

th(~ flow of R&D spending and in the patent breadth, an increase in patent breadth

affects the instantaneous probability of success only directly (Ab < 0 and AXb =0). In
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addition, the entrant responds to an increase in patent breadth with an increase in the

flow of R&D spending (Xb > 0). The increase in the flow of the R&D spending, in tum,

has a positive affect on the instantaneous probability of success (Ax > 0). The total

effect of an increase in patent breadth on the incumbent's expected profits (Il II
) is

positive because the decrease in the probability of success caused by an increase in

patent breadth is greater than the increase in the probability of success caused by the

increase in the flow of R&D spending (i.e., Ab > Ax)'

Having determined how patent breadth affects the incumbent's expected profits

when his patent is not challenged or when it is challenged and upheld (aIl
II

), the F.G.C.
ab

can be interpreted. The F.G.C. demonstrate the trade off that the incumbent faces when

h(;: determines the optimal breadth of patent protection. An increase in patent breadth

leads to an increase in the incumbent's expected returns by (l-b 2
) an

u

+2bn R
; this

ab

increase represents the marginal benefit to the incumbent from an increase in patent

breadth. At the same time, an increase in patent breadth leads to a decrease in the

incumbent's expected returns by 2bIl u +Cr ; this decrease represents the marginal cost

to the incumbent from an increase in patent breadth. Given that as patent breadth

increases so does the probability that the patent will be challenged and revoked, by

increasing patent breadth the incumbent increases the likelihood that he will realize

profits II R (i.e., profits earned when the patent is revoked) rather than II" (i.e., profits

earned when the patent is not challenged or is challenged and upheld). In addition, by

increasing patent breadth the incumbent increases the profits made when the patent is
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not challenged or is challenged and upheld (since aIT II > 0) but, at the same time, he
ab

increases the probability that the patent will be challenged and that he will have to incur

the legal costs CT. At the optimal patent breadth the marginal benefits will be equal to

the marginal costs.

To graphically characterize the determination of the optimal patent breadth let

aIT"
k(b) =Cr and feb) =(-2b)IT II +(l-b 2

)-+ 2bIT R
•
9 The F.Q.C. for a maximum can

ab

then be written as follows:

(5.23)

The S.Q.C. for a maximum imply that the following inequality must be satisfied

(5.24)

Given that the kb =0, the S.Q.C. imply that fb < 0 which means that fb must cut kb

from above at the optimum. It is easily verified that fb IS decreasing in b as

f(b ~ 0) '" a~' > 0 while f(b = I) = -2IT" + 2IT R < o. To guarantee the existence of

an optimum the increase in the incumbent's expected profits when the patent is not

aIT II

challenged or challenged and upheld, --, should be greater than the legal costs
Bb

9 Note that the functions k(b) and f(b) are not defined in terms of marginal benefits and marginal costs

because the slope and the curvature of the marginal benefit curve cannot be determined without
knowledge of the values of the parameters that affect it. The chosen formulation simplifies the analysis.
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incurred by the incumbent when the patent is challenged, CT' The requirement that

all"
~3b>CT guarantees that fb cuts kb from above.

Proposition 5.8 Claiming the maximum breadth ofpatent protection (i. e., b *=1) is never

an optimal strategyfor the incumbent in this model.

Proof:

At b=1 k(b =1) =CT ~ 0 and feb =1) =2(-II U +II R
) < O. The above imply that the

curves k(b) and feb) will never cross at b=l. The same result is of course derived

when the marginal benefits and the marginal costs are compared for b=1. When b=1 the

marginal costs are always greater than the marginal benefits, i.e., 2IIu +CT > 2II R
• Thus,

b==1 is not a profit maximizing patent breadth choice for the incumbent in this model. 0

The graphical representation of the determination of the optimal patent breadth is

depicted in Figure 5.4. In Figure 5.4 the slope of the curve feb) has been assumed to be

decreasing in patent breadth, hb < 0 .1
0

10 The curvature ofj{b) cannot be detennined without knowledge of the magnitude of the parameters that
affect it. Note that the detennination of the curvature ofj{b) in not important for the results, it is necessary
only for the graphical representation of the optimum.
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Figure 5.4 Graphical Representation of the Determination of the Optimal
Patent Breadth

As shown in equation (5.22) the optimal patent breadth is a function of the

following parameters, b* = (II m ,II d , Cr , r) . The effect of a change in the parameters

of interest on the optimal patent breadth choice is determined by the signs of the

. db * db * db * db *
followIng terms,--,-- -- and -.

dIT m dIT d dCr dr

The effect of a change in the monopoly profits on the optimal breadth is

db*
determined first. The expression for is derived by totally differentiating the

dIl m

optimality condition f(b)-k(b)=O=> (-2b)II U +(I_b2 )8rr
u

+2bIIR -Cr =0 with
8b .

respect to the optimal patent breadth, b*, and the monopoly profits, IIm :
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2b
From the S.O.C., f b - kb < 0. Since kn =°and fn =

m m (r+A)

the sign of the tenn db * depends on the sign of the tenn fn .
dIT m

m

(5.25)

(l-b 2 )(Ab + AxXb )

(r + A)2

Proposition 5.9 An increase in the monopoly profits leads to an increase in the optimal

db*
patent breadth (-- > 0), when b* e (0, b) and to a decrease in the optimal patent

dIT m

db*
breadth (-- < 0), when b* e (b,l]. The patent breadth b e (0,1] is the breadth of

dIl m

patent protection that makes the effect ofa change in monopoly profits on the optimal

d(b* =b) . -
patent breadth equal to zero, = 0. The patent breadth b exists for both the

dIT m

additive and multiplicativeformulations ofthe instantaneous probability ofsuccess.

Proof:

The additively and multiplicatively separable functions It :A =x() +.!. and f2 : A =~
b b

are used, respectively, to prove Proposition 5.9. The detailed proof is presented in the

Appendix. It is found that there exists a patent breadth b e (0,1] such that fn
m
(b) =°

for both It and f2. It is also found that fn is decreasing in patent breadth V'8e(0,1),
m

x~o and re[O,l]. The above imply that if patent breadth b* is such that b* e (O,b) then
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fIT. > 0 which implies that ::r' > 0 while if patent breadth b' is such that b' E (b.l]
m

then fIT < 0 which implies that db· < 0 (see equation (5.25)). 0
m df1

m

The intuition behind the results of Proposition 5.9 is as follows. There are two

countervailing effects that take place as patent breadth increases. On the one hand, a

larger patent breadth makes it harder for the entrant to succeed in generating a non-

infringing process, thus allowing the incumb~nt to make monopoly profits for a longer

period. On the other hand, the probability that the patent will be challenged and the

probability that it will be revoked increase, making it less likely for the incumbent to

realize monopoly profits. There is a critical patent breadth value b which makes the two

effects equal. When the breadth of patent protection is smaller than b, the danger of

having the patent challenged and revoked is relatively small and the incumbent tries to

capture the (increased) monopoly profits by making it harder for the entrant to succeed.

Thus, when b*< b , an increase in the anticipated monopoly profits results in an increase

in the optimal breadth of patent protection. However, when initially the patent breadth is

greater than b, the risk of having the patent revoked (due to the large patent breadth) is

now relatively large and the incumbent reduces the breadth of protection in order to

reduce the probability that the patent will be revoked and that he will not have a chance

to operate as a monopolist. Thus, when initially patent breadth is greater than b, the

incumbent responds to an increase in the anticipated monopoly profits with a decrease in

the optimal patent breadth level.
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The effect of a change in the duopoly profits on the optimal breadth of patent

db*
protection claimed, dIl ' is determined by totally differentiating the optimality

d

condition feb) - k(b) =0::::> (-2b)Il" +(l-b 2) aIl" +2bIl R
- cT =0 with respect to

ab

the optimal patent breadth, b*, and the duopoly profits, Il d • The expression for db * is
dIl d

given by equation (5.26).

(5.26)

From the S.D.C. the term h - kb < O. In addition, krrd = 0 and

2bA r(l-b2)(Ab + AxXb ) 2b
frrd = + +- which implies that the sign of the term

(r+A) (r+A)2 r

db * depends on the sign of the term J;rr . Given the above, if J;rr > 0 then db * > 0
dII d d dIl

d d

while if fn $; 0 then db* < O.
d dII

d

Proposition 5.10 An increase in the duopoly profits leads to a decrease in the optimal

db* * =
patent breadth (-- < 0), when b E (0, b) and to an increase in the optimal patent

dIl d

db* '" =
breadth (-- > 0), when b E (b ,1]. The patent breadth b E (0,1] is the breadth of

dIl d

patent protection that makes the effect of a change in duopoly profits on the optimal
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d0*=~) =
patent breadth equal to zero, = O. The patent breadth b exists for both the

dIl d

additive and multiplicativeformulations ofthe instantaneous probability ofsuccess.

Proof:

The additively and multiplicatively separable functions h :A = x(J +~ and f2 : A =~
b b

are used, respectively, to prove the above proposition. The detailed proof is presented in

the Appendix. It is found that there exists a patent breadth ~ e (0,1] such that

fnd (b * =~) = 0 for both h and f2' It is also found that the term fnd is increasing in

patent breadth, afnd > 0, 'V8e(0,1), x~O and re[O,I]. The above imply that if patent
Bb

breadth b' is such that b' E (0,b) then Ind < 0 which implies that db' < 0 and if
dIl d

patent breadth b* is such that b* e (~ ,I] then J;n > 0 which implies that db * > 0 (see
d dIl

d

equation (5.26». 0

The intuition behind the results of Proposition 5.10 is as follows. As discussed

above two countervailing effects take place as patent breadth increases. On the one hand,

it becomes harder for the entrant to succeed and on the other hand the probability that

the patent will be challenged and the probability that it will be revoked increase. If the

patent breadth is such that b e (0, ~), then the incumbent responds to an increase in

duopoly profits by decreasing patent breadth to make it easier for the entrant to succeed

and so that he can realize the duopoly profits. If the patent breadth is such that b e (b ,1] ,
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then the incumbent increases patent breadth to make it easier for his patent to be

challenged and revoked, thus again increasing the probability of realizing the increased

duopoly profits.

The effect of a change in the legal costs incurred by the incumbent on the

optimal level of patent breadth is determined by totally differentiating the optimality

condition f(b) - k(b) =0~ (-2b)Il" +(l-b2
) all

u

+ 2bIl R
- CT =0 with re~pect to

ab

the optimal patent breadth, b*, and the legal costs CT' The expression for db· is given
deT

by:

(5.27)

Proposition 5.11 The effect ofa change in the legal costs incurred by the incumbent on

db·
the optimal patent breadth is negative, -- < 0, for both the additive and the

dCT

multiplicative formulations ofthe instantaneous probability ofsuccess, A.

Proof:

From the S.O.C. the term f b - kb < O. In addition, k Cr =1 while fCr =0 which imply

db·
that --<0. 0

dCT

The results of Proposition 5.11 are as expected. The more expensive it becomes

for the incumbent to defend the patent during a patent validity challenge, the less willing
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is the incumbent to risk having the patent challenged. The incumbent decreases the

probability of having the patent challenged by decreasing the breadth of patent

protection.

Finally, the effect of a change in the discount rate on the optimal patent breadth

IS detennined by totally differentiating the optimality condition

f(b) - k(b) =0~ (-2b )11" +(1- b2) an" + 2bII R
- Cr =0 with respect to the optimal

ab

patent breadth, b*, and the discount rate, r. The expression for db * is given by:
dr

8!(b*)db* 8!(b*)d 8k(b*)db* 8k(b*)d+ r= + r~
8b* 8r 8b* 8r

(J; - k )db * =(k - I" )dr~ db * = kr - !r
b b r J r dr (!b - kb)

From the S.O.C. the tenn fb - kb < O. In addition, kr =0 while

1: = 2(-I+b
2

)(Ab+ Axxb)(rIId -fIm ) _ 2bfI d + 2b(AfI d +fIm ) +
r (r+A)3 r 2 (r+A)2

(l-b2)(Ab+ Axxb)fI d

(r + A)2

(5.28)

The sign of the tenn fr cannot be detennined without knowledge of the magnitude of

the parameters that affect it and thus the sign of the tenn db * is inconclusive.
dr

To summarize the main findings of sub-section 5.3.3, the incumbent's optimal

patent breadth choice depends on the level of monopoly profits that the incumbent

realizes for as long as the entrant does not succeed in generating a non-infringing

process, the level of duopoly profits realized by the incumbent once the entrant

succeeds, the legal costs incurred during the patent challenge process and the discount
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rate. Claiming the maximum breadth of patent protection (bmax= I) is not a profit

maximizing strategy for the entrant in this model. The effect of a change in the level of

monopoly and duopoly profits on the optimal patent breadth depends on the initial

optimal patent breadth value. The effect of a change in the legal costs incurred by the

incumbent during the patent challenge process on the optimal patent breadth choice is

always negative while the effect of a change in the discount rate on the optimal patent

breadth choice is inconclusive.

5.4 Concluding Remarks

The chapter uses a simple game theoretic model to model and to examine the

determination of. the optimal patent breadth for the innovator of a drastic process

innovation. The optimal patent breadth for the innovator is the breadth of patent

protection that maximizes the innovator's ability to appropriate innovation rents. The

game consists of two players, an incumbent innovator who having generated a drastic

process innovation and having decided to patent it determines the breadth of patent

protection and an entrant who decides how much to spend on R&D to generate her own

process.

The innovator in this model acts strategically and with foresight. That is, the

innovator takes into consideration the entrant's response to his choice of patent breadth

and the possibility that he may have to defend the validity of his patent when he

determines the optimal breadth of patent protection claimed. The model allows for the

probability that the patent will be challenged by a third party as soon as the patent is

granted. The probability that the patent will be challenged and the probability that the
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validity of the patent will be upheld depend on the breadth of patent protection. The

possibility of patent infringement is not considered in this model. It is thus assumed that

if the entrant enters, she will do so without infringing the patent.

In this model, the R&D process is stochastic and the instantaneous probability of

success is either additively or multiplicatively separable in the entrant's flow of R&D

spending and in the incumbent's patent breadth choice. It is assumed that when success

is realized by the entrant, her process is as efficient as the incumbent's process in

producing the non-patentable product. Both players use their processes for the

production of a new non-patentable product which is viewed as a homogenous product

by consumers.

The results show that when the patent is revoked the entrant enters the market

using the incumbent's process. When the patent is not challenged or is challenged and

upheld, the entrant's optimal flow of R&D spending depends on the breadth of patent

protection, the duopoly profits that the entrant will realize upon success and the discount

rate. The effect of patent breadth on the entrant's optimal flow of R&D spending is

positive or negative depending on whether the instantaneous probability of success is

additively or multiplicatively separable, respectively, on the flow of R&D spending and

on patent breadth. The duopoly profits have a positive effect on the optimal flow of

R&D spending while the effect of the discount rate on the optimal flow of R&D

spending is inconclusive.

The optimal breadth of patent protection depends on the level of monopoly

profits realized by the incumbent during the period that the entrant undertakes R&D, the

level of duopoly profits realized once the entrant succeeds, the legal costs incurred by

the incumbent during the patent challenge process and the discount rate. The effect of
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the monopoly and the duopoly profits on the optimal patent breadth choice depends on

the initial patent breadth value. The incumbent's legal costs have a negative effect on the

optimal patent breadth while the effect of the discount rate on the optimal patent breadth

is inconclusive.

The results show that there may exist a patent breadth that deters entry, but it

may not be optimal for the incumbent to choose this patent breadth and deter entry. The

results also show that claiming the maximum breadth of patent protection (bmax= 1) is

never an optimal strategy for the incumbent in this model. This result is not surprising,

however, since the model assumes that when the maximum patent breadth is claimed the

patent is always challenged and is revoked. Thus, since when the patent is revoked the

entrant always enters using the incumbent's process, the incumbent never finds it

optimal to claim the maximum patent breadth.

The results hold under the assumption of no patent infringement which implies

that patent breadth affects the entrant's probability of success. If infringement was an

option for the entrant then if the entrant found it optimal to infringe the patent, patent

breadth would not have a binding effect on the entrant's probability of generating an

infringing process. The results also depend on the assumption that the patent validity is

challenged only by a third party. If the model allowed for a validity challenge by the

entrant, as well as by a third party, then the optimal patent breadth might have been

narrower. In addition, it has been assumed that there is only one entrant, that the patent

life is infinite and that entry deterrence is either not possible or is not an optimal choice

for the incumbent. Relaxing the above assumptions is the focus of future research.
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CHAPTER VI

TOWARDS AN EMPIRICAL MODEL OF OPTIMAL PATENT

BREADTH

6.1 Introduction

The theoretical models developed in chapters IV and V examined the detennination of

the optimal patent breadth for drastic product and process innovations, respectively. The

theoretical models detennined the variables that influence the innovator's patent breadth

decision and described the effect of these variables on the optimal patent breadth.

The purpose of this chapter is to use the theoretical findings of chapters IV and V

to develop an econometric model that could be used to empirically test the validity of the

theoretical results/propositions. The theoretical findings of the two strategic patent

breadth models are combined in this chapter to derive a single empirical model.

The rest of the chapter is organized as follows. Section 6.2 explains how the

results of the theoretical models are used to derive the empirical model and an

estimation process for the econometric model developed is proposed. In section 6.3 the

selection of the patent sample that satisfies the theoretical assumptions and should thus

be used in the empirical analysis is explored. Possible ways for empirically

approximating the variables of interest are examined in section 6.3; this section also
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looks at possible data sources that could be used to obtain data for the variables of the

model. Section 6.4 concludes the chapter.

6.2 Empirical Model Development

The theoretical models developed in chapters IV and V assumed that the patent breadth

decision is made under complete and perfect information. This assumption implies that

when the patentee decides on the breadth of patent protection claimed he can foresee

who will be the potential competitors, the potential competitors' R&D effectiveness and

trial costs, the level of anticipated monopoly and/or duopoly profits, as well as his own

trial costs that will be incurred if the patent is infringed or challenged. The assumption

of perfect and complete information is satisfied by assuming perfect foresight in the

development of the empirical model.

The theoretical models suggest that, in determining patent breadth, the patentee

takes into consideration a number of variables. These variables are the potential

competitors' R&D effectiveness (~) and legal costs incurred during an infringement trial

(CE), the patentee's legal costs incurred during an infringement trial (Cp) and during a

direct validity challenge (CT), the level of monopoly profits (IIm) realized by the

patentee for as long as entry does not occur, the level of duopoly profits (fLI) realized by

the patentee and the entrant when entry occurs, and the discount rate (r).

174



As described in Proposition 4.10, the individual effect of the entrant's R&D

effectiveness (~) on patent breadth is positive. I The individual effect of the entrant's trial

costs (CE) on patent breadth could not be detennined in the theoretical models without

additional knowledge about the values of certain parameters. The infringement trial (Cp)

and validity challenge (CT) legal costs incurred by the patentee have an expected

negative effect on patent breadth as described in Propositions 4.10 and 5.11.2 The

expected effect of the monopoly (ITm) and duopoly (U!) profits on patent breadth could

be negative or positive depending on the patent breadth value as described in

Propositions 5.5 and 5.9. Finally, the effect that the discount rate (r) has on patent

breadth could not be detennined in the theoretical models without additional knowledge

of the values of certain parameters.

The above variables are all exogenous; their values do not depend on the choice

of patent breadth. In addition to the exogenous variables, the detennination of patent

breadth depends on a number of endogenous variables. These endogenous variables are

the competitors' R&D spending (x = f(b,ITd,r», the probability that the patent will be

challenged (8=b) and/or infringed (see Proposition 4.2 below), as well as the probability

that the patent will be upheld (/l=I-b) and the probability (A. = f(x, b) ) that the entrant

will succeed in generating a competing innovation.

IThe greater are the entrant's R&D costs, the greater is the patentee's incentive to induce infringement,
which implies that the greater is the chosen patent breadth. This is so because according to Proposition
4.2, the greater is patent breadth, the greater is the entrant's incentive to infringe the patent.
2 According to Proposition 4.10, the greater are the patentee's trial costs, the smaller is the patentee's
incentive to induce infringement and thus, the smaller must be the chosen patent breadth. This last result
occurs because, as shown in Proposition 4.2, patent breadth is positively related to the entrant's incentive
to infringe the patent.
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These endogenous variables affect the detennination of optimal patent breadth

because, along with the exogenous variables pand CE, they detennine whether the legal

costs (Cp and CT) will be incurred by the patentee and whether the patentee will realize

monopoly (IIrn) or duopoly profits (IId). Recall that the infringement trial (Cp) and

validity challenge (CT) legal costs are incurred only when the patent is infringed and the

patentee files an infringement suit and/or when the validity of the patent is directly

challenged. In addition, the monopoly profits are realized by the patentee only when

entry in the market can be blocked and/or when infringement is found during trial and

the infringer is not allowed in the market and/or until the entrant succeeds in generating

a competing innovation. The duopoly profits are realized by the patentee when the

patentee cannot deter entry and the competitor succeeds in generating a competing

process and/or when the patent is invalidated or infringement is not found.

In addition, according to the theoretical models, an important detenninant of the

optimal patent breadth choice is the combination of the entrant's R&D effectiveness (P)

and trial cost (CE) values. The combination of the p and CE values detennines whether

• 8 • lIe f3there is a patent breadth, b, that can deter entry (i.e., - '5:. b '5:. E) and/or
9P 8

whether there is a patent breadth, b, that can make the entrant indifferent between

infringing and not infringing the patent

__ 9(4p+.fi..fii~16C +8P+81C p2) . . .
b = E 2 E). These combinations are depicted In Figure

16+81P

4.8 in chapter IV. The following propositions summarize the main results of the two

theoretical models that will be used in the development of the empirical model.

176



Proposition 4.2 When the entrant finds it optimal to enter the market (i.e., when entry
cannot be deterred) then:

(a) The greater is the breadth of patent protection the greater is the entrant's
incentive to infringe the patent.

(b) The more costly it is to produce the better quality product the greater is the
entrant's incentive to infringe the patent.

(c) The greater are the entrant's trial costs the smaller is the entrant's incentive to
infringe the patent.

Proposition 4.10 When the patentee cannot deter entry (a b does not exist) and there

exists a patent breadth b that makes the entrant indifferent between infringing and not
infringing the patent then:

(a) The greater are the patentee's monopoly profits (IIm) the greater is the

patentee's incentive to induce infringement.
(b) The greater are the patentee's trial costs (ep) the smaller is the patentee's

incentive to induce infringement.
(c) The greater are the entrant's costs ofproducing the better quality product the

greater is the patentee's incentive to induce infringement given that the
patentee's monopoly profits are different than zero.

Proposition 5.1 When the instantaneous probability of success, A, is additively
separable in patent breadth, b, and in the flow of R&D spending, x, (i. e.,
A = q; (x) + IfJ (b») the effect ofa change in patent breadth on the optimal flow ofR&D

d·· .. . dx* 0spen Lng lS posltlve, l.e., - > .
db

Proposition 5.2 When the instantaneous probability of success, A, is multiplicatively
separable in the patent breadth, b, and in the flow of R&D spending, x, (i.e.,
A = q;(x) 'lfJ(b») the effect of a change in patent breadth on the optimal flow ofR&D

d·· " dx* 0spen Lng lS negatlve, l. e., - < .
db

Proposition 5.5 The optimal level of the flow of R&D spending is increasing in the
duopoly profits that the entrant anticipates to make ifshe succeeds in generating a non-

infringing process, dx* > 0, for both the additive and multiplicative formulations of
dII d

the instantaneous probability ofsuccess, A.

Proposition 5.9 An increase in the monopoly profits leads to an increase in the optimal
db*

patent breadth (-- > 0), when b * E (O,b) and to a decrease in the optimal patent
dII m
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~* * - -
breadth (-- < 0), when b E (b ,1]. The patent breadth b E (0,1] is the breadth of

dIl m

patent protection that makes the effect ofa change in monopoly profits on the optimal

d(b*=b) -
patent breadth equal to zero, =0. The patent breadth b exists for both the

dIl m

additive and multiplicative formulations ofthe instantaneous probability ofsuccess.

Proposition 5.10 An increase in the duopoly profits leads to a decrease in the optimal

patent breadth ( db * < 0), when b* E (0, b) and to an increase in the optimal patent
dII d

db* * = =
breadth (-- > 0), when b E (b ,1]. The patent breadth b E (0,1] is the breadth of

dII d

patent protection that makes the effect of a change in duopoly profits on the optimal

d0*=b) =
patent breadth equal to zero, = 0. The patent breadth b exists for both the

dII d

additive and multiplicativeformulations ofthe instantaneous probability ofsuccess.

Proposition 5.11 The effect ofa change in the legal costs incurred by the incumbent on

the optimal patent breadth is negative, db * < 0, for both the additive and multiplicative
dCr

formulations ofthe instantaneous probability ofsuccess, A..

The above results will be used for the development of the empirical model. The

econometric model should account for the endogeneity that is present in the theoretical

models. The following three binary (0/1) variables are defined for this purpose.
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{

1, if the patent is infringed

Yl=

0, otherwise

{

1, if entry occurs

Y3=

0, otherwise

{

1, if the patent is challenged

Y2=

0, otherwise

Given Propositions 4.2 and 4.10 the variable Yl (patent infringement), is a function of

the variables ~, CE, b, ITm and Cpo Specifically, Yl = f(f!; ~E' ~, l}.m' ~p). The

signs beneath the variables indicate the direction of the effect that these variables have

on variable Yl as described in Propositions 4.2 and 4.10. Thus, the more effective is the

R&D process (the smaller is ~), the smaller is the incentive to infringe the patent. The

greater are the entrant's (CE) and the patentee's (Cp) trial costs, the smaller is the

incentive to infringe the patent and induce infringement, respectively. The greater is the

breadth of the patent (b), the greater is the entrant's incentive to infringe it while the

greater are the anticipated monopoly profits (ITm), the greater is the patentee's incentive

to induce infringement when entry cannot be deterred.

The variable Y2 (patent challenge) is a function of the variables ~, CE and b.

Specifically, Y2 = f(~, ~E' !). This specification reflects the different processes at

work in the determination of optimal patent breadth in the product innovation and

process innovation cases. Chapter V (which looks at process innovations) explicitly

models the decision to challenge the validity of the patent. In the model of chapter V it is
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assumed that the probability that the patent will be challenged depends only on patent

breadth because of the assumption that a third party and not the potential competitor

challenges the validity of the patent. Chapter IV (which looks at product innovations)

implicitly models the decision to challenge the validity of the patent. The model of

chapter IV assumes that once the entrant locates within the patentee's Claims a trial takes

place either because the incumbent files an infringement lawsuit or because the validity

of the patent is directly challenged. Thus, in the model of chapter IV the probability that

the patent will be challenged (which is equivalent to whether the entrant will locate

within the patentee's claims) depends on the breadth of the patent but also on the

entrant's R&D effectiveness (~) and trial costs (CE). The greater are the entrant's R&D

costs (the greater is ~) and the greater is patent breadth, the greater is the incentive to

challenge the patent. The greater are the entrant's trial costs, the smaller is the incentive

to challenge the patent.

The variable Y3 (entry occurrence) depends on the variables ~CE, b and x.

Specifically, Y3 = f(fJfE' ~, :). Entry occurs when the entrant's R&D effectiveness

and trial costs (i.e., the combination of ~ and CE values) are such that entry cannot be

deterred by the patentee, when the patent is revoked and/or when the entrant succeeds in

generating a competing innovation. When the combination of ~ and CE values is such

that entry can be deterred (i.e., /3 ~ ~ and CE ~ 512 3 ), the effect of CE~ on Y3 is
9 6561/3

negative. When the combination of ~ and CEvalues is such that entry cannot be deterred

(i.e.,
4 8
-5:/3<
9 9

and C > 16-72/3+81/32
E 162/3
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CE < 512 3 ), the effect of CE~ on Y3 is positive. Patent breadth (b) affects Y3 in two
6561{3

different ways. On the one hand, the greater is patent breadth, the greater is the

probability (l-J.l=b) that the patent will be revoked and thus, the greater is the likelihood

that the entrant will enter. On the other hand, the greater is patent breadth the harder it is

for the entrant to succeed in developing a competing innovation and thus, the smaller is

the likelihood that the entrant will enter. The total effect of patent breadth on Y3 depends

on the relative magnitude of the above two effects. The effect of the flow of R&D

spending (x) on Y3 is positive because the greater is x, the greater is the probability (A)

that success will be realized and thus, the greater is the probability that the entrant will

enter.

The following structural form of the model captures the simultaneous

relationships outlined above:

b = ao +a\y\ +a2Y2 +a3Y3 +a4 /3 +aSCE +a6 (/3CE ) +a7 Cp +
agCr +a9I1 m + a lO I1 d +allr +u\

(6.1)

(6.2)

(6.3)

(6.4)

(6.5)

Equations (6.1) shows that when the patentee determines the optimal breadth of patent

protection he takes into account the exogenous variables ~ (the entrant's R&D

effectiveness), CE (the entrant's trial costs), r (the discount rate), I1rn (the monopoly

profits), Ui (the duopoly profits) and CT (his own trial costs). He also takes in to account
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the endogenous variables that determine the probability of occurrence of some of the

exogenous variables (i.e., Yl and Y2 determine whether CT and Cp will be incurred, while

Y3 determines whether rIm or rId will be realized). The term ~CE gives the joint effect of

the entrant's R&D effectiveness and trial costs on the patent breadth choice; note that it

is the combination of the ~ and CE values that determines whether there is a patent

breadth that deters entry and/or a patent breadth that can make the entrant indifferent

between infringing and not infringing the patent.

Equations (6.2), (6.3) and (6.4) are probit equations where the function cI>(.)

denotes the cumulative distribution function of the standard normal distribution and the

Ui'S are Ui -- iid N (0, cr2
), i=2,3,4. The relationship between the discrete choice

dependent variables Yl, Y2 and Y3 and the variables that influence them was described

earlier.

Finally, equation (6.5) shows how the entrant determines her optimal R&D

spending. Given Propositions 5.1 and 5.2, the effect that patent breadth has on R&D

spending is positive or negative depending on whether the instantaneous probability of

success is additively or multiplicatively separable in x and b, respectively (i.e., whether

patent breadth affects the marginal product of R&D spending or not). Proposition 5.5

shows that the effect of the duopoly profits on the R&D spending is positive. The effect

that the discount rate has on the R&D spending could not be determined in the

theoretical models without knowledge of the value of certain parameters.

The above econometric model is not a conventional simultaneous equations

model as some of the structural equations are non-linear probability equations. Given the

non-linearity of equations (6.2), (6.3) and (6.4), it is extremely difficult to solve the
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structural equations for the endogenous variables to derive the reduced fonn of the

model which is traditionally used to retrieve the structural parameters. In fact, there is no

assurance that the reduced fonn of the model exists in this case (Greene 1997). In

addition, even if the reduced fonn parameters were detenninable (i.e., equations (6.2),

(6.3) and (6.4) were not highly non-linear), the structural parameters of equation (6.1)

could not be retrieved since this equation is underidentified.

A different estimation strategy is required to circumvent the estimation problems

of the structural model. The estimation process that is developed involves two stages. In

the first stage, the endogenous variables Yl, Y2, Y3 and x are regressed on all the

exogenous variables of the system, i.e., 13, CE, pCE, CT, Cp, TIm, Ut and r. In the second

stage, the fitted values of the endogenous variables are substituted into equation (6.1)

and patent breadth is estimated.

More specifically, the estimation process takes place as follows. In the first stage,

equation (6.6) is estimated first and the fitted value of x, x, is obtained.

(6.6)

The fitted value of x, X, is substituted into equation (6.9) - see below. Then, the probit

equations (6.7), (6.8) and (6.9) are separately estimated and the fitted probability values

of the variables Yl, Y2, and Y3, are obtained, Yl' Y2 and Y3·
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The last stage in the estimation process involves substitution of the fitted values

YI 'Y2 and Y3 into equation (6.1). The substitution yields equation (6.10), which can

then be used to empirically estimate the determinants of the breadth ofpatent protection.

(6.1 0)

The estimation of equation (6.10) will allows a determination of the effect that the right

hand side variables have on observed patent breadth for the patent sample chosen and

for the period of study. The above estimation process is an application of the Two-Stage

Least Squares estimation process which is known to yield consistent estimates (Greene

1997). Thus, the estimation process described above leads to consistent estimates of the

parameters of the variables in equation (6.10).

This section described the development of an empirical model that could be used

to empirically estimate how certain variables affect the determination of the breadth of

patent protection. The empirical model was developed using the theoretical results of the

models developed in chapters IV and V. The estimation process that should be followed

to estimate the empirical model was also described in this section.

The next section describes the process that should be followed to select the

patent sample of interest (i.e., patents that satisfy the assumption of the theoretical

models) from the entire patent population. Section 6.3 also describes how the variables

of the empirical model given by equations (6.6) - (6.10) could be empirically measured

and identifies possible data sources for the variables of interest.
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6.3 Patent Sample Selection, Variable Approximation and Data Sources

The biotechnology and the phannaceutical industries will be considered for the selection

of the patent sample that will be used in the empirical analysis. As will become evident

below, patents in these two industries are more likely to satisfy the assumptions made in

the theoretical models. The patent sample could include patents issued by the USPTO

and the EPO whose owners are North-American finns. This selection is made because of

the availability of various data sources that document the financial and operating

perfonnance ofNorth-American finns.

The time period considered for the empirical study could cover the period

starting at the early 1970s (when the biotechnology industry was born) through to the

late 1990s. The selection of the patents in the empirical analysis should stop at the late

1990s to allow for the possibility of a direct validity challenge and/or infringement of

the patents in the sample. Note that direct validity challenges usually occur within a year

from patent grant (Harhoff and Reitzig 2000), while the majority of patents are imitated

within the first four years after grant (Mansfield et aI. 1981).

As mentioned above, the patents that should be examined in the empirical

analysis have to satisfy certain conditions/assumptions that are present in the theoretical

models. The main assumptions of the theoretical models are that the innovator has no

help from the Patent Office in detennining the optimal patent breadth, that the patent

protects a drastic innovation (product or process) and that the market in which the

patentee operates is concentrated. Thus, to empirically examine the patenting behavior

of innovators and to compare the observed behavior to that predicted by the theory, only

patents that satisfy the above conditions should be considered.
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The assumption that the patentee has no help from the Patent Office in

structuring his claims implies that only innovations that were granted as filed by the

Patent Office should be considered for the empirical analysis. The selection of patents

that were granted as filed by the Patent Office could also enable the identification of

patents that protect drastic innovations. This is so because when drastic innovations are

concerned the patent examiner cannot find support from prior art (since there is no

relevant prior art) to object to the claims (see discussion in chapter II).

The backward citations made in the patent and the forward citations that the

patent receives can also be used as indicators of whether the innovation protected by the

patent is drastic. Both the above measures have been used in empirical studies to

approximate the value of the patent (Trajenberg 1990, Harhoff and Reitzig 2000,

Lanjouw and Schankerman 2001). The justification for using the backward and forward

citations as indicators of whether the innovation protected by the patent is drastic is as

follows. A patentee must cite all relevant prior art in the patent specification, since

failure to cite relevant prior art is sufficient grounds for invalidating the patent (Merges

1997). Thus, the number of backward citations in a patent is an indicator of whether the

patented innovation breaks new ground (small number of citations due to limited or non

existent prior art) or whether it builds on previous innovations (large number of

citations). The number of forward citations reflects the innovation's contribution to the

development of subsequent innovations; the greater the number of forward citations a

patent receives the more path-breaking or drastic the innovation is considered to be

(Lanjouw and Schankerman 2001).

To determine the number of forward and backward citations that would be used

to separate drastic from non-drastic innovations, the range and the average number of
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forward and backward citations for all biotechnology and phannaceutical patents

granted during the period of study should be detennined.3 The above statistics could be

used to detennine which number of forward citations is considered to be large and which

number of backward citations is considered to be small for patents in the industries

under study.

Another important assumption of the theoretical models is that the markets

considered are concentrated and can support only a small number of products/processes.

Given the above assumptions, patents protecting innovations in industries that are

concentrated should be selected. Good candidates for the empirical analysis are patents

protecting innovations in the pharmaceutical industry and in the biotechnology industry.

Biotechnology and phannaceutical patents can be identified on the basis of the

International Patent Classification (IPC) assignments (Harhoff and Reitzig 2000).

The empirical model developed in section 6.2 assumed explicitly that the market

structure will be either a monopoly or a duopoly. This is a very restrictive assumption

and it is likely to be difficult to obtain a sufficient sample of patents that were granted as

filed, that protect drastic innovations and that possess this degree of concentration. The

above problem can be circumvented by allowing the patentee to face more than one

competitor. In this case, in the empirical model, the duopoly profits (TId) should be

approximated by the oligopoly profits made by the patentee when/if more than one

competitor enter his market during the period of study.

3 Harhoff and Reitzig (2000), in a study that examined what exposes patents to the risk of a direct validity
challenge using a sample of 13,389 European biotechnology and phannaceutical patents, found that the
number of forward citations received by a patent ranged from 0 to 36 with an average of 1 citation per
patent and the number of backward citations made by a patent ranged from 0 to 29 with an average of 2
citations per patent.
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Given the above, the patents used in the empirical analysis should have the

following characteristics: they should protect biotechnology and pharmaceutical

innovations, they should have been granted as filed by the Patent Office, and they should

have a 'large' number of forward citations and a 'small' number of backwards citations.

Data on the above mentioned patent characteristics can be obtained from the following

sources. Patent data on patents granted by the USPTO can be obtained from the

USPTO's two CD-ROM databases (these databases are marketed as the BIB and

ASSIST files of the CASSIS database) and by the BRS Information Technologies'

PATDATA database (Lerner 1995). Patent data on patents granted by the EPO can be

obtained by the ELPAC and the ESPACE databanks (Harhoff and Reitzig 2000). The

above databases provide information on the inventor and the patent owner (if different),

the designated states, IPC assignments, all information concerning the filing and

granting procedures (i.e., number of claims, forward and backward citations for every

patent, whether the patent was granted as filed) as well as information on oppositions

decisions (direct validity challenges to the Patent Office).

Having selected the patent sample that should be considered in the empirical

analysis, the next step in the estimation of the empirical model is the determination of

the empirical measurement of the variables in the model. Patent breadth has been

measured in empirical studies either by the number of claims in a patent application or

by the number of classes and subclasses in the IPC system assigned to the patent by the

patent examiner (Lanjouw and Schankerman 2001, Harhoff and Reitzig 2000, Lerner

1994). The number of classes and subclasses in the IPC system reflect the different

technological areas to which the innovation is relevant. In general, the greater is the

number of independent patent claims, the greater is the breadth of the patent. Likewise,
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the greater is the number of classes and subclasses assigned to the patent, the greater is

the breadth of the patent.

The appropriate measure of patent breadth, b, to be used in the empirical model

is the number of claims in the patent application. This is so because the theoretical

models examine the detennination of the patent breadth claimed by the patent applicant.

The number of classes and subclasses in the IPC system, however, reflects the breadth of

protection assigned to the patent by the patent examiner and not the breadth of

protection claimed by the innovator.

The variables YI (patent infringement), Y2 (patent challenge), Y3 (entry

occurrence), x (R&D spending), and r (discount rate) are all observable. Data on

litigated/infringed patents can be obtained by the Patent History CD-ROM produced by

Derwent (Lanjouw and Schankennan 2001). Lerner (1995) sites seven different data

sources for obtaining data on litigated patents. Among these sources are the LIT-REEX

data in LEXIS's PATENT/ALL database, the LIT-ALERT data provided by Research

Publications Inc., and the LEXIS's PATENT/FEDCTS database which contains

infonnation on all previous litigation involving any given finn. Data on direct validity

challenges can be obtained by the USPTO's and the EPO's patent databases and from

the ELPAC, ESPACE and REFI databanks (Harhoff and Reitzig 2000). The above

databases should be searched using the patent number and the name of the finn.

Data on the finns that are active in any given industry can be obtained by the

Venture Economics' Venture Intelligence Database which assigns a four-digit industry

classification number to each finn (e.g., 4000 class for biotechnology) and prepares a

profile of the company's activities (Lerner 1995). The Recombinant Capital Database

that specializes in collecting infonnation about biotechnology finns could also be used
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to identify operating firms when the biotechnology industry is examined (Lerner 1995).

Entry in any given market, as well as the number of firms/competitors, can be identified

using the above databases.

Data on R&D expenditure for US firms can be obtained from the Industry

Research and Development Information System (IRIS) database. This database provides

R&D expenditure data on all published industry R&D data since 1953. The data on

industry R&D expenditures is broken down by industry, size of company, size of R&D

program, type of cost (e.g., wages or materials), source of funds, and as percent of

company sales. Data on R&D expenditure for Canadian firms can be obtained from the

Canadian Corporate R&D database. This database contains information on the research

activities of 330 Canadian companies.

The reported discount rate, r, usually refers to the rates charged by Reserve

Banks when they extend credit to depository institutions. The real discount rate at the

time the patent application was filed should be used in the empirical analysis because

this discount rate would reflect the innovator's evaluation of anticipated returns and

costs at the time the patent breadth decision was made. Data on the market discount rates

at different time periods can be obtained from any Federal Reserve Bank and these rates

can be adjusted for inflation to obtain the real discount rates.

The variable ~ that refers to the rival firms' R&D effectiveness is not directly

observable. The Research on Research (ROR) Committee initiated an industrial R&D

database project with the Center for Innovation Management Studies (CIMS) where a

Technology Value Program (TVP) was developed to measure the effectiveness of the

R&D process. Some of the metrics used by the TVP to assess R&D effectiveness

included new product sales, cost savings, patents at the firm and business-segment level
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and the projected values of the R&D pipeline (Larson 1999, Bean et al. 2000). Given the

above, the variable ~ could be empirically measured by the ratio of the output of the

R&D process over R&D expenditures. The output of the R&D process could be

approximated by the number of patents granted to the company. This is an adequate

proxy when industries that rely heavily on patent protection as a means of appropriating

innovation rents are examined, like the biotechnology and the pharmaceutical industry.4

The variables Ilm (monopoly profits) and Ut (duopoly/oligopoly profits) could

be empirically measured as follows. The earnings of the given product line made by the

firm for as long as it was alone in the market could be used to approximate monopoly

profits while the earnings of the given product line made by the firm after entry (if entry

occurred) would account for oligopoly profits.s Various data sources can be combined to

get data on firms' earnings. When biotechnology patents are considered, data on

earnings can be obtained by the Recombinant Capital·Database.·Earnings data on public

firms can be received from the U.S. Securities and Exchange Co~ission (SEC)

Database. State records,6 the Venture Economics database, the COMPUSTAT database

and the Global Vantage database can be used to obtain earnings data on private firms.

The variables CE and Cp that denote litigation costs for the entrant and the

incumbent, respectively, and the variable CT, that denotes legal costs incurred by the

patentee during a direct validity challenge in the Patent Office, are not directly observed.

4 Trade secrecy is not a good alternative to patent protection for the biotechnology industry. As Lerner
(1995) points out, the lack of reliance on trade secrecy is due to the strong academic roots of the industry
and to the high mobility of its human capital. If industries where only a fraction of the innovations are
patented were considered, the output of the R&D process could be approximated by the number of new
products introduced by the company.
5 Earnings equal revenues minus costs of sales, operating expenses, and taxes.
6 As Lerner (1995) points out, private fIrms in many states have to make detailed fIlings reporting their
fInancial and operating performance. These fIlings are publicly available.
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Lerner (1995) used two proxies to empirically measure litigation costs; the number of

previous patent suits in which the finn has been involved and the firm's financial

resources measured by the paid-in capital (i.e., capital received from investors for

stocks). The greater the number of lawsuits in which the finn was previously involved,

the smaller are its litigation costs. According to Lerner (1995) this is so because 'there is

a substantial "learning curve" in patent litigation, as firms become more efficient in

managing internal and external counsel' (Lerner 1995, p. 475). Lerner (1995) uses the

finn's paid-in capital as a measure of the size of new biotechnology firms. The

justification for using the size of the firm as a proxy for litigation costs is that the larger

is the finn, the more able it is to employ internal corporate patent counsel and thus the

less costly is litigation for the finn. 7

The number of previous patent lawsuits in which the firm has been involved can

be used as a proxy for litigation costs in this model. Following Lerner (1995), firms can

be divided into different categories based on the number of previous lawsuits; zero

previous lawsuits, one to five previous lawsuits, six to ten previous lawsuits and so on.

As mentioned above, the LEXIS's PATENT/FEDCTS database can be used to obtain

information on all previous litigation involving any given firm.

Paid-in capital is not an adequate proxy for litigation costs in this model as the

present study does not distinguish between new and established firms. As Lerner (1995)

points out, paid-in capital is a less meaningful measure of the size of the firm when

7 Lerner (1995) cites previous studies that indicate that smaller fmns have higher litigation costs (i.e.,
Pashigian 1982).
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established finns are concerned.8 Instead, the market valuation of the finn could be used

as a proxy of the size of the finn and of the finn's litigation costs. Firms can be divided

into different categories based on their market valuation; low, medium and high, where

the medium may refer to the average of the sample under consideration. Data on the

finns' market valuation could be obtained from the SEC filings, the Venture Economics,

the Recombinant Capital and the Global Vantage databases (Lerner 1995).

A similar method could be used to approximate the legal costs incurred by the

patentee during an opposition process (direct validity attacks at the Patent Office). These

costs are denoted by the variable CT. Thus, the number of previous validity challenges in

which the finn has been involved and its market valuation could be used to empirically

approximate the legal costs incurred by the patentee during the direct patent validity

challenge. Data on the number of previous validity challenges in which the finn has

been involved, both as a challenger and as a challenged party, could be obtained from

the Patent Offices' databases mentioned earlier.

Having described the measures that could be used to empirically approximate the

variables in the model and having identified possible data sources for the variables of

interest, the econometric model given by equations (6.6) - (6.10) could be empirically

estimated. The resulting empirical estimates will depict the effect that the variables of

interest have on the patentee's patent breadth decision for patents protecting drastic

pharmaceutical and biotechnology innovations over the period of study. The empirical

results could then be compared to the predictions made by the theoretical models to

8 Established fmns are more likely to have raised external equity in their earlier stages of their
development and they may appear to have modest paid-in capital even though they may have substantial
financial resources (Lerner 1995).
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examine whether the observed!estimated patenting behavior of patentees in the

biotechnology and pharmaceutical industry resembles the strategic patenting behavior

described by the theoretical models.

6.4 Concluding Remarks

The results of the theoretical models developed in chapters IV and V were combined in

this chapter to enable the development of an empirical model. The empirical model

developed can be used to analyze the observed patenting behavior of innovators in

specific industries during a given period of study. The estimated patenting behavior can

then be compared to the strategic patenting behavior that is proposed by the theoretical

models as an optimal way to appropriate innovation rents.

The main findings of the theoretical models presented in the form of propositions

and the construction of three binary variables enabled the development of the empirical

model. The variables YI (patent infringement), Y2 (patent challenge), and Y3 (entry

occurrence) were introduced to capture the endogeneity that is present in the

determination of the optimal patent breadth decision.

The empirical model developed is a simultaneous equations model in which

some of the equations are non-linear probability equations. The non-linearity of some of

the equations in the model is unlikely to allow the derivation of the reduced form of the

model, the technique that is traditionally used to derive the structural parameters. A two

step process is developed instead to enable the estimation of the simult~eous equations

model. The estimation process is an application of the Two-Stage Least Squares

estimation process which is known to yield consistent estimates.
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The patent sample selected for the empirical estimation should satisfy the main

assumption of the theoretical models; the patent should protect a drastic innovation, the

patentee cannot rely on the Patent Office for help in structuring his claims and the

patentee operates in a concentrated market. Biotechnology and pharmaceutical patents

with a relatively large number of forward and a small number ofbackward citations, that

were granted as filed by the Patent Office, could be selected for the empirical analysis.

The different data sources that could be used to select data on the variables of the model

are described in this chapter.

The development of the theoretical models of chapters IV and V should be seen

as a first step towards the study of the determination of the patent breadth that would

maximize the innovator's ability to appropriate innovation rents. Although some of the

assumptions present in the theoretical model are restrictive, their purpose is to simplify

the theoretical analysis. Relaxing some of these restrictive assumptions will enable the

development of a more realistic empirical model.
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CHAPTER VII

SUMMARY AND CONCLUSIONS

7.1 Summary

Patent protection has been used as a mechanism for the generation and dissemination of

technological knowledge. The provision of patent protection has contributed to the

development and growth of research intensive and innovative industries, like the

biotechnology industry, by enabling innovators to better capture the returns from their

innovations. The degree of appropriability of innovation rents enabled by a patent is

mainly determined by patent length and patent breadth. Patent length, the time period

during which exclusive rights on the innovation are granted by the patent is

predetermined by law and cannot be influenced by the innovator's decisions. Patent

breadth defines the technological territory claimed and protected by the patent and is

explicitly chosen by the innovator, determined by the Patent Office and refined by the

Patent Office and/or the courts.

The innovator determines the breadth of patent protection sought through the

claims made in the patent application. In general, the greater the number of claims made

and the more general they are, the broader is the patent protection claimed. The

innovator's patent breadth decision is of great importance since claims determine both

the patentability of his/her innovation (claims must satisfy the patentability requirements
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of novelty, utility, nonobviousness an.d enablement) and the viability of his/her patent

after the grant (claims are routinely challenged in the Patent Office and/or the courts).

Existing studies of the innovator's patenting behavior have focused on the

analysis of the innovator's decision to either patent the innovation or to keep it a secret.

The innovator's patenting behavior once the decision to patent has been made - his/her

decision on the breadth of patent protection claimed - has not been explicitly modeled in

the literature. Instead, various studies have implicitly or explicitly assumed that the

innovator will attempt to maximize the appropriability of his/her innovation by claiming

the broadest patent protection possible.

The choice of maximum patent breadth may appear - on the surface - to be a

profit-maximizing strategy for the incumbent since, the greater is patent breadth, the

harder it is for competitors to enter the incumbent's market and thus the longer the

incumbent can enjoy the limited monopoly position. However, the broader is the patent

protection claimed, the harder it is to secure a patent grant. This occurs because the

greater is patent breadth, the harder it is to differentiate the innovation from prior art

(i.e., to show novelty), to demonstrate that the innovation is not obvious and to provide

an enabling disclosure. In addition, even if the Patent Office grants the broad claims, the

broader is the patent protection, the greater is the probability that the patent will be

infringed, that it will overlap another patent and that the Patent Office and/or the courts

will invalidate itor narrow its scope.

Given the above, a profit-maximizing innovator needs to take into consideration

both the marginal benefits and the marginal costs of an increase in patent breadth to

detennine the optimal breadth of patent protection claimed. The innovator needs to be

particularly concerned about patent breadth when (s)he seeks patent protection for a
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drastic innovation. When drastic innovations are concerned, the innovator cannot depend

as much on the Patent Office for help in structuring his/her claims. This occurs because

the more drastic is the innovation, the harder it is for the patent examiner to find support

in the relevant prior art (since there is no relevant prior art) to object to broad or

erroneous claims. Drastic innovations are thus usually granted broader protection by the

Patent Office. Broad patent protection, combined with the large innovation rents that are

. often associated with drastic innovations, result in patents that are more vulnerable to

validity attacks.

The main objective of this study is to examine the optimal patent breadth strategy

that an innovator should employ when faced with the possibility that the patent breadth

claimed will be challenged. In achieving this objective, the study first examines the

patent granting and the patent challenge processes, as well as the economic literature on

patent breadth, to provide evidence of the economic importance of the patent breadth

decision for the innovator's ability to capture innovation rents. Having demonstrated that

patent breadth is a strategic variable for the innovator, the study then models the

innovator's strategic patent breadth decision.

In specific, the study explicitly models the patenting behavior of an innovator

who determines the optimal breadth of patent protection claimed for a drastic product

and a drastic process innovation. Two different models are developed to study the

innovator's patent breadth decision. The first model, developed in chapter IV, examines

the patent breadth decision for a drastic product innovation, while the second model,

developed in chapter V, examines the patent breadth decision for a drastic process

innovation. The results of the above models are used to develop an empirical model that

could be used to study the patenting behavior of innovators in various industries.
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The study explores the innovator's patenting behavior under different

assumptions with respect to the environment in which the innovator operates. Thus, the

patent breadth model for drastic product innovations assumes that the products produced

by the incumbent and the entrant are vertically differentiated, while the patent breadth

model for drastic process innovations assumes that the processes developed by the

incumbent and by the entrant are equally efficient in producing a given product, which is

viewed as a homogeneous product by consumers. In addition, the former model assumes

that the R&D process is deterministic and that patent infringement is a threat to the

incumbent while the latter model allows for a stochastic R&D process and assumes that

patent infringement is never a threat to the incumbent.

Both models assume that the innovator has no help from the Patent Office in

structuring his claims. In both models the patent breadth decision is modeled as a

sequential game of complete and perfect information between an incumbent/patentee

and a potential entrant. The incumbent behaves strategically and with foresight, taking

into consideration the effect that his claims have on his potential competitor and the

possibility that he may have to defend or enforce his patent rights after the patent grant.

The model developed to study the innovator's strategic patent breadth decision

for drastic product innovations determines the optimal patent breadth for an innovator

who faces a positive probability of infringement and/or a validity challenge. The

incumbent anticipates entry of only one entrant who produces a better quality product.

The innovator moves first, deciding on the breadth of patent protection claimed, while

the entrant moves next deciding whether to enter the market and, if entry occurs, where

to locate in the quality product space (i.e., t6 infringe the patent or not). In the last stage

of the game the players choose their respective prices and compete in the market.
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In the drastic product innovation model, the entrant has an incentive to locate as

far as possible from the incumbent (i.e., to maximize the degree of differentiation

between her product and the incumbent's product), since this relaxes price competition

in the last stage of the game. Generating a better quality product is increasingly costly

for the entrant, however. The model predicts that for certain values of the entrant's trial

costs and R&D effectiveness there exists a patent breadth that can deter entry. If such a

patent breadth exists, then it is always optimal for the incumbent to choose this patent

breadth and deter entry. The results also suggest that claiming the maximum patent

breadth is not always a profit-maximizing strategy for the incumbent. Instead, only when

it is never optimal for the entrant to infringe the patent given her trial costs and R&D

effectiveness it is optimal for the incumbent to claim the maximum patent breadth.

The model developed to examine the innovator's patent breadth decision for

drastic process innovations determines the optimal patent breadth for the innovator when

he faces a positive probability of a direct validity challenge by a third party. The model

assumes that there is only one entrant who threatens the incumbent's monopoly position.

The incumbent moves first, determining the breadth of patent protection. The entrant

moves next deciding how much to spend on R&D to develop her own non-infringing

process. The entrant moves after observing whether the patent has been challenged and

the outcome of the challenge. In this model, the entrant has an incentive to locate as

close as possible to the patentee in the process space since the incumbent's process is the

most efficient way of generating the product and the products produced by the

incumbent's and the entrant's processes are viewed as homogenous by consumers. Thus,

when the patent is revoked the entrant enters the market using the incumbent's process.
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The model assumes that if the patent is not challenged, or is challenged and upheld, the

entrant enters the market only if she succeeds in developing a non-infringing process.

The drastic process innovation model predicts that the optimal patent breadth is a

function of the monopoly profits that the incumbent makes for as long as the entrant is

not successful in generating her own non-infringing process, the duopoly profits realized

once the entrant succeeds, the incumbent's trial costs and the discount rate. The results

also show that there may exist a patent breadth that deters entry, but it may not be

optimal for the incumbent to choose this patent breadth and deter entry. In addition, the

model predicts that the incumbent will never find it optimal to claim the maximum

breadth of patent protection. This result is not surprising, however, since the model is

built on the assumption that when the maximum breadth of protection is claimed the

patent is always challenged and revoked.

The results of the game theoretic models are also used to develop the framework

for an empirical model that could be used, in a future study, to examine the patenting

behavior of innovators in different industries. The present study describes the selection

of the patent sample that satisfies the theoretical assumption and could thus be used in

the empirical analysis, explores possible ways of approximating the variables of interest

and identifies various data sources for the variables of the empirical model.

The analysis conducted in this dissertation sheds some important light on the

innovator's patent breadth decision. Despite the stylized nature of the theoretical models,

some useful insights were provided. The innovator's profit-maximizing patent breadth

decision involves a trade off. On the one hand, a broad patent protection increases the

innovator's expected short-run returns by making it harder for competitors to enter

his/her market without infringing the patent. On the other hand, a broad patent protection
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puts the viability of the patent at risk by increasing the probability that the patent will be

infringed, that its validity will be challenged and that the courts will invalidate the patent

or narrows its scope. Generally this trade off implies that the innovator will choose a

patent breadth that is less than the maximum possible. In addition, under certain

circumstances, this less than maximum patent breadth will deter entry; however,

deterring entry might not always be a profit-maximizing strategy for the innovator.

7.2 Relaxing the Assumptions

The analysis conducted in this study considers a particular institutional setting. The

institutional setting is such that the innovator cannot look to the Patent Office for help in

structuring his claims, a fencepost patent system is in place and onIy one entrant can

potentially enter. Modifying the institutional setting is likely to change the results. The

remainder of this section examines the likely impact of relaxing some of the assumptions

that were made in the models developed in chapters IV and V. A more complete

analytical examination of the issues discussed below is the focus of future study.

In the development of both theoretical models it was assumed that there is only

one Patent Office where the incumbent could apply for a patent, or equivalently that all

Patent Offices are the same in terms of the protection that they grant. Patent Offices

differ with respect to the protection that they grant, however. For instance, the USPTO is

believed to grant broader patents than the EPO (Merges and Nelson 1990). In addition,

some patent systems favor the fencepost and others the signpost approach to claims

interpretation.
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When the assumption of a single Patent Office is relaxed, the innovator's

decision in which Patent Office to seek patent protection might affect his/her decision on

the patent breadth claimed. For instance, if patent protection is sought in a Patent Office

that is known to usually grant broad patent protection, the innovator might be better off

claiming a narrower patent breadth than if protection was sought in a Patent Office that

does not usually grant broad patents. This might occur because, in the former case, the

innovator (as was assumed in this study) cannot depend on the Patent Office for help in

narrowing broad claims that might not survive a validity challenge. The magnitude of

the effect of the innovator's decision in which Patent Office to apply for patent

protection on his/her decision regarding the patent breadth claimed depends on how

concerned the innovator is about having to defend and/or enforce his/her patent rights

after the grant.

The assumption of a fencepost patent system made in both theoretical models is a

valid assumption when patent protection is sought in the EP,O, since, according to

Cornish (1989), the fencepost approach has been preferred by the European patent

system. When patent systems that favor the signpost approach are considered, however,

a different model may be required to examine the innovator's patent breadth decision.

The assumption of a fencepost patent system implies that patent claims define an

exact border of protection. The implications of the assumption of a fencepost system for

the drastic product innovation model is that when the entrant locates within the

incumbent's claims, infringement will always be found unless the patent is found to be

invalid. The implication is that, under a fencepost system, the probability that the patent

is found to be infringed (once the entrant locates within the incumbent's patent claims)

and the probability that the patent is found to be invalid are mutually exclusive and
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exhaustive. In addition, the fencepost assumption implies that it is not important how

close to the patentee the entrant locates for infringement to be found.

The implications of the assumption of a fencepost patent system for the drastic

process innovation model is that since patent claims define an exact border ofprotection,

the entrant can determine whether her process infringes the patent or not. That is, as long

as the entrant locates outside of the incumbent's claims in the process space her process

will not infringe the patent. Patent breadth under a fencepost patent system is thus an

important determinant of, and has a binding effect on, the· entrant's probability of

generating a non-infringing process.

Relaxing the assumption of a fencepost patent system (i.e., assuming a signpost

patent system instead) has a number of implications for each model. First, assuming a

signpost system implies that patent infringement is not directly linked to patent validity.

That is, there could be a case where, even though the entrant locates within the

patentee's claims, infringement is not found and the validity of the patent is upheld at

the same time. This occurs because, in such a case, infringement is not found not

because the entrant proved that the patent is invalid but because, using the doctrine of

reverse equivalents, the entrant's product/process was found to be substantially different

from the incumbent's. In such a case, it is important how close to the patentee the

entrant locates because, the closer the entrant locates to the patentee, the greater is the

probability that infringement will be found (i.e., the harder it is to show non

infringement using the doctrine of reverse equivalents). Second, when the assumption of

a fencepost system is relaxed, infringement may be found even when the entrant locates

outside the patentee's claims (using the doctrine of equivalents). Thus, the entrant
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cannot detennine based on her location choice whether her product and/or her process

will infringe the patent or not.

Relaxing the assumption of a fencepost patent system may change the behavior

of both the incumbent and the entrant. Under a signpost system the probability that

infringement will be found depends on both the breadth of patent 'protection (which

affects the probability that the validity of the patent will be upheld) and on the distance

away from the incumbent that the entrant locates (which affects the doctrines used to

detennine infringement). In addition, patent breadth does not have the same binding

effect as under a fencepost system on the probability of success, in the sense that now

the entrant is not constrained to locate outside the incumbent's claims to not infringe the

patent and, at the same time, even if she locates outside the patentee's claims,

infringement may be found. In other words, there is uncertainty for both the incumbent

and the entrant with respect to what constitutes infringement. This uncertainty is likely

to change the way both the incumbent and the entrant behave. Thus, the incumbent

might claim a narrower patent protection under a signpost than under a fencepost system

in order to increase the probability that infringement will be found when the entrant

locates within his/her claims. This narrowing might occur because, the smaller is the

patent breadth claimed, the closer the entrant must locate to the incumbent to locate

within the incumbent's claims. However, the closer the entrant locates to the incumbent,

the harder it becomes to prove non infringement using the doctrine of reverse

equivalents. For the same reason, the entrant is more likely to infringe a broad rather

than a narrow patent under a signpost system.

Another assumption that is important for the results of the two models is the

assumption of a single entrant. Relaxing this assumption is expected to change the
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incumbent's optimal patent breadth choice. When more than one potential entrant is

anticipated by the incumbent, the probability that (s)he will have to defend his/her patent

or enforce his/her patent rights increases. In addition, the incumbent should be prepared

to incur greater legal costs since (s)he may have to defend his/her patent against

infringement more than once. The above may lead to a narrower patent protection

claimed by the incumbent. The same effect on the incumbent's patent breadth choice

could occur by relaxing the assumption that the patent is only challenged by a third

party.

The optimal patent breadth decision under multiple entries will be influenced by

the number of the potential competitors, their R&D costs, their legal costs and their

strategies with respect to the incumbent and with respect to each other. Thus, when there

is more than one potential competitor, the incumbent's patenting decision is more

complex since (s)he needs to take into consideration issues like the outcome of a patent

race between the potential entrants, whether the entrant who suc<;;eeds first will also seek

patent protection and how the entrants that have not succeeded will react to the new

patent and to the incumbent's patent (e.g., entrants that have not succeeded may decide

to challenge the incumbent's patent when an entrant succeeds and receives patent

protections, since there is less 'room' for them to enter the market).

As mentioned above, a narrower patent breadth claimed is more likely under

multiple entries than under a single entry. The incumbent might still find it optimal to

claim a broad patent protection under multiple entries, however. This might occur when

the potential entrants' legal costs are high, in which case infringement and/or validity

challenges by competitors are less probable. In addition, the incumbent may claim broad
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patent protection when his/her own legal costs are low and when the potential entrants'

R&D costs are low (i.e., to make it harder for the entrants to succeed).

Finally, it would be interesting to examine how the results of the theoretical

models developed in this study are affected by the assumptions made with respect to the

nature of the probabilities of infringement, direct validity challenge and patent

revocation. This study assumed that an infringement trial always takes place when the

entrant locates within the incumbent's claims. Relaxing this assumption implies that the

incumbent's decision whether to take the alleged infringer to court affects, and is

affected by, the incumbent's optimal patent breadth decision. Besides patent breadth, the

incumbent's decision to sue for infringement also depends on the incumbent's and the

infringer's legal costs. In this case, the incumbent has to consider that claiming a broad

patent protection might impede his/her ability to enforce his/her patent rights by taking

the alleged infringer to court. This occurs because, the greater is patent breadth, the less

likely it becomes that the patent will survive an indirect validity attack during the

infringement trial. Thus, it is more likely that the incumbent will claim a narrow patent

protection when (s)he is concerned about his/her patent being infringed.

In addition, it has been assumed that the probability that the patent will be

challenged and that it will be revoked are only a function of patent breadth and that their

relationship to patent breadth is linear. One would expect, however, that both the

entrant's and the incumbent's legal costs may play an important role in determining the

magnitude of these probabilities. 1 That is, the more the players spend on legal

representation, the greater are their chances of winning at trial given that the more

1 Note that in the model developed in chapter V the probability that the validity of the patent will be
challenged is not affected by the entrant's trial costs because it is assumed that a third party and not the
potential entrant challenges the validity of the patent.
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'capable' attorneys charge higher fees. In addition, as Lerner (1995) points out, litigation

can be less costly for large firms that can afford to employ internal corporate patent

counsel which gives them an advantage over smaller firms.

Relaxing the assumption that the probabilities of a validity attack and patent

invalidation depend only on patent breadth may result in broader patent protection

claimed by incumbents who can afford legal representation of a higher quality and/or by

incumbents with internal patent counsel. Relaxing the assumption that when the

maximum breadth of patent protection is claimed the patent is always challenged and

revoked may also result -in broader patent protection claimed. In general, the smaller the

effect of patent breadth on the above probabilities, the broader is expected to be the

patent breadth claimed.

The framework of analysis developed in this dissertation is of particular

importance for the agribusiness sector. Changing consumer preferences and the

emerging industrialization of agriculture have made product differentiation and the

development of cost reducing and quality enhancing processes important strategies for

agribusiness firms. Agribusiness firms need to invest in R&D to be able to develop new

products (create new markets), develop different versions of existing products (i.e.,

horizontally differentiated products), and/or develop processes that will reduce

production costs (i.e., process innovations) and/or allow them to generate improved

versions of existing products (i.e., vertically differentiated products). As agribusiness

firms undertake R&D they have to consider whether to patent the outcome of their

research. Firms will patent their innovations if patenting enables the firms to better

capture the rents from their innovations and cover their research costs. Since it is the

breadth of the patent protection that determines, to a large extent, the degree of
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appropriability of innovation rents enabled by the patent, the ability of innovating finns

to detennine the optimal scope of patent protection claimed is critical both for their

economic perfonnance and the development and growth of the agribusiness sector.
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APPENDIX

• The curvature of the function h(x) = r+A(x,b) -rIl
d

Ax
is negative,

multiplicative formulations ofthe instantaneous probability ofsuccess, A.

Proof:

To prove the above statement the additively separable function It :A = x() +..!.. and the
. b

()

multiplicatively separable function f2 : A =~ are used. Both functions satisfy all the
b

theoretical assumptions concerning the instantaneous probability of success A.

• Ais additively separable in x and b, It :A = x() +..!...
b

In this case,

Ll 1 -(l+() 1 () 1 1 r 1
hxx =(1-u){--x (-+r+x )}=(1-0){--( +--+-)}=

x b X bX(l+() x(l+() x

l+rb
(1- 0)( bx(l+())::; °

The above inequality holds '\j 8E(O,1), bE(O,l] and rE[O,l].

()

• Ais multiplicatively separable in x and b, f2 : A =~ .
b

In this case,

1 -(l+() x() 1 rb 1 Ll)( . rb ) 0
h.tx = (1-0){- -x b(r +-b)} = (l-O){-- «(i+8) +-)} = (l-u -(i+8) ::;

x x x x x

The above inequality holds '\j 8E(O,1), bE(O,l] and rE[O,l]. 0
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Proposition 5.9 An increase in the monopoly profits leads to an increase in the optimal

patent breadth (:::r' > 0). when b' E ( 0,b) and a decrease in the optimal patent
m

db* * -
breadth (-- < 0), when b e (b ,1]. The patent breadth b e (0,1] is the breadth of

dII m

patent protection that makes the effect of a change in monopoly profits on the optimal

d(b*=b) -
patent breadth equal to zero, = o. The patent breadth b exists for both the

dII m

additive and multiplicative formulations ofthe instantaneous probability ofsuccess.

Proof:

To prove the above proposition the additively and multiplicatively separable

functions h :A =x(J +.!-, f2 : A =~ are used, respectively. When the function h IS
b b

2b 2
-

----(J-. The patent breadth b that makes fIT = 0
1+b(r + x ) m

IS gIven by where,

A =(-54+108(r+x(J)2 +~-2916+(-54+108(r+x(J)2)2JI3. Performing simulations

it is found that there are combinations ofre[O,I], x~O and 8e(O,I) values such that there

exists a patent breadth b e (0,1]. The term fIT is decreasing in patent breadth,
m

re[O,I]. The above imply that if patent breadth b* is such that b* e (0, b) then fIT
m

> 0
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db·
which implies that -- > 0 while if patent breadth b* is such that b· E (b,l] then

dIT m

fn < 0 which implies that db· < 0 . When the multiplicatively separable function f2
m dIT

m

is used, f n =
m

(b 2 -I)xo 2b 2

----- ° . The patent breadth b that makes fn =0 is
(br + XO )

2 br + x m

gIven by
- XO x 20 B
b=--+-+

2r 2rB 2r
where

Performing simulations it is found that for certain rE[O,l], x~o and 8E(0,1) values

b E (0,1] . The term IS decreasing in patent breadth,

above imply that if patent breadth b* is such that b· E (O,b) then fn >°which implies
m

db·
that -- >° and if patent breadth b* is such that b· E (b,l] then fn <°whichdIT

m
m

. I· h db·Imp Ies t at -- < 0 . 0
dIl m

Proposition 5.10 An increase in the duopoly profits leads to a decrease in the optimal

db· • =
patent breadth (-- < 0), when b E (0, b) and to an increase in the optimal patent

dIl d

db· • =
breadth (-- > 0), when b E (b ,I]. The patent breadth b E (0,1] is the breadth of

dIl d

patent protection that makes the effect of a change in duopoly profits on the optimal
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d0*=~) =
patent breadth equal to zero, = 0. The patent breadth b exists for both the

dII d

additive and multiplicative formulations ofthe instantaneous probability ofsuccess.

Proof:

1 {'rr = 2b + r(-l +b2) _ 2b(1 +bxo)
When J;: A = XO +- is used Jl ° . The patent

b d r (1+b(r+xO»2 l+b(r+x)

~ = C (_(C2+12(-1+r)D) E l
/
3

breadth b that makes frr =°is given by b =--- 113+ 1/3
d 6D E 62 D

E =322/3D(-2C3) + 36(-1 + r)CD -1 08r2D 2+ F ) and

Performing

simulations it is found that for certain 8E(0,1), x~O and rE[0,1] values b E (0,1]. The

term frrd is increasing in patent breadth V bE(0,1], 8E(0,1), x~o and rE[0,1],

2((1 + bXO)3 - r(1 + bXO)2 (1 + b(-3 + xo» + r3(1- b3(-1 + xo» +) .

Bfrr
d

= r 2(xO -3b2(-1+xo)-b3x8(-3+2xo» > 0.

Bb r(l+b(r+xO»)
The

above imply that ifpatent breadth b* is such that b· E (0, ~) then frrd <°which implies

db· *. =
that -- < ° and for if patent breadth b such that b E (b ,1] then frrd >°which

dII d

implies that
db·
-- > 0 . When the function
dII d

IS used,

{'rr _- 2b + (-1 + b2 )rxo 2bxo -
J 1 ~--- - ° .The patent breadth b that makes frrd =0 is given

d r (br+xo)2 br+x
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by = (-4+r)x B

b =---~-
6r

where

is found that for certain SE(O,I), x~o and rE[O,I] values b E(0,1]. The tenn fnd IS

\f bE(O,I], SE(O,I), x~o and rE[O~I]. The above imply that if patent breadth b* is such

that b' E (0, b) then In
d

< 0 which implies that ::r' < 0 and for if patent breadth b'
d

such that b' E (b,I] then Ind > 0 which implies that ::r' > 0 . 0
d
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