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the case where [1-0 (¢' and g° are strategic substitutes) and Panels
d-f show the case where I1<0(q' and ¢* are strategic complements).
Panels a and d show that in the exireme case where y0=0(firm 1 gets
no patent protection), R'(¢°|F)=R'(g*INF). On the other hand, given
that & > . the marginal cost of ¢° is lower in the filing subgame, so
R{(q'IF)> R (q'INF). Hence, the equilibrium point in the Aling
subgame, Fo, lies northwest of the equilibrium point in the no-filing
subgame, NF. if 11>0 and northeast of NF il IT<0. As 0 increases, R'
(q*]F) shifis to the right when I1>0 and to the lelt when [1<0. By
contrast, B(q'|F) shifts down irrespective of I7. Panels b and e show
that as a result, the equilibrium point in the filing subgame shifts
southeast (southwest) from Fo Lo Fif 110 (11<0). Panels ¢ and [ show
that when Ytz 1= /i, R*(q'IF) drops below R*(g'INF). so F is
attained southeast (southwest) of NF if 11>0 (I1<0). Notice that an
increase in 0 always leads to decrease in gf, but leads to an increase
in g} if 11=0 and a decrease in g} if 11<0,

Next let mi=n'(qh ¢ilF) and mly=n'(ghs gfINF) be the Nash
equilibrium payolls of firm 1 in the filing and in the no-filing
subgames, and define m and i, similarly, Then, we can prove the
following result (the proof. along with all other proofs, is in the
Appendix A):

Proposition 1. (Firm 1s filing decision under the PP system ) There
exists a unique critical value of ¥0, denoted i, where yie

(0, (1= /Py ), stich that m} &l as YIS yo.

Proposition 1 implies that firm 1 files for a patent under the PP
system if and only if the effective patent protection, ¥, exceeds a
threshold level, y#. Intitively, firm 1 does not file for a patent when
¥ is small because then it loses some of its technological advantage,
withoul enjoying much protection against imitation. As ¥ increases,
palents receive stronger protection so filing becomes more attractive
to firm 1. When y0 - y#, firm 1's benefit from raising its chance 1o
block firm 2 from using the new technology exceeds the associat
loss of technological advantage and hence firm 1 files for a pate

Propasition 1 also shows that the threshold yo is bounded [rom
above by 1-f}/f: This implies that we should expect more patent

applications when (i) /4 is high (PP creates a rel.mv%small
filing for a

technological spillover so firm 1 does not lose much
patent), and (i) f is low (firm 1's interim knowled ives it

small advantage over firm 2 and hence firm 1 hn tle ;l: Iosc by
filing ).
4. Confidential filing

Absent filing, the expected payolTs ul'fb,%* ?re still given
by Eqs. (3) and (4) and hence the Nash ¢ riu the no-filing
subgame continues (o be (gl g ). A M Iy | 's expected payoll
when it files for a patent conunues 0 b mwn by Eq. (1) because it can
still prevent firm 2 from bri echnology Lo the product

“of whether its patent
€ best-response function of
ins RYq"|F), exactly as in PP system.
nithat PP and the CF systems is that

e filing subgame is no longer given

market with probability
application is made publi
firm I in the ﬁling subg

byEq [2).]!15[!{5! )
7(q" q71F) =g Vol * (11301
*(1-g" |qu“ Y0ty + (1-¢*( I'Wi_}h‘ml'f*«flf}

(1]

where 3203+ (1 -0)F5. This expression differs from Eq. (2] only in
firm 2's cost of R&D. which is now higher and given by jLC(g" ) instead
of f4C(g?). The reason for this is that under the CF system, there is a
lechnological spillover only when a patent is actually granted. This
event occurs with probability 6; with probability 1-6, firm 1's patent
application is rejected and there is no spillover.

P qIF)

of Il. Using a}=n'(gl af|F) and
equilibrium payoffs in the filing subgame, and recalling that as in 2s1
Section 3. the equilibrium payoffs in the no-filing subgame are nl; and 152
e, We can prove the following result; 383

The best-respanse function of firm 2 in the filing subgame, F(q'IF. 310

is defined implicitly by‘" Wt g Assumptions Al and A2 ensure 150
that it is well defined and single valued. Moreover, it is downward 351
sloping in the (g", ¢°) space (¢" and ¢° are strategic substitutes) il I7>0 352
and upward sloping (¢' and ¢ are strategic complements) if [T<0, A 353
Nash equilibrium in the fling subgame, (2. 47), is determined by the 354
intersection of R'(g*|F) and R*(q'|F). Assumptions Al and A2 ensure 355
that (gL lr;’] is unique and lies inside the unit square. 356

To examine the elfect of patent protection on the R&D investments, 157

note from Egp. (5) that the likelihood that firm 1 gets a patent, #, alfects 355
the filing subgame not only through the effective patent protection, am
0, but also through firm 2's cost of R&D, Hence, unlike the PP system, sun
now y and & do not have the exact same effect on the equilibrium. We 361
begin by noting that as @ increases, firm 2.is less likely to use the new 152
technology in the product market, so
falls. But since firm 2 is also more likel

knowledge, its marginal cost of m . well. To examine the net 303
effect, note thal Ny

rnarxinal benefit from R&D 363
fccess to firm 1's interim 361

M

|
J

B! (W{-ﬂml' {H"fﬁ*w-nmu u!wﬂmr (@)
%WW “qm; kfw unw-rr..,ul }

nwgqlf'r -MB..andoutward if 370
=¥q°I1, 50 an increase 371

I ﬂ‘gn 1, note that
s R!(g”|F) outward if 17> 0 and inward if [7<0, Hence, when 372
situation is similar to the PP case: 7} increases with # 373

3 amblguous effect on the R&RD irweslmcnls 376
.. % its effect on the R&D investments is similar to the effect of 477
"»-\

under the PP system, That is, 4} increases with y il [1-0 and 375
ases with v If 1T<0, while 37 always decreases with y irrespective 170

=m?(g) 1P to denote the 350

Proposition 2. (Firm 1's filing decision under the CF system.) For each 351
020, there exists a unique critical value of y, denoted ¥, where $< (0,1 - a5
Pulf)f0, such that i 2

nl asy3 9. 80

Proposition 2 implies that given the likelihood of getting a patent, 257

0. firm 1 files for a patent under the CF system il and only if the 355
likelihood that the patent will be upheld in court exceeds a threshold 3s
level, ¥ which is bounded from above by ( 1~/ A

5. The implications of PP for R&D, patenting, and welfare 201

Having examined the two filing systems in Isolation, we now 2

compare them in order to determine the impact of PP on firm 1's 31
propensity to file for a patent on its interim knowledge, on the R&D w1
investments of the two firms, and on consumer surplus and social 35
welfare, 206

5.1, The effect of PP on patenting behavior and on the RED investments a7

As a preliminary step, we begin by comparing the equilibrium R&D 3us

investments and expected payoffs under the 1wa filing systems, um
assuming that firm 1 files for a patent (note however that firm 1 need 1o
not have the same propensity to file for a patent under the twa 1
systems), We do not need to make a similar comparison when firm | w2
does not file for a patent since then PP is irrelevant, W03
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Fig. 3. Comparing the equilibrium in the filling subgame under the PP and the CF systems.

Lemma 1. (Comparing the equilibrium investment levels and expected
payofJs in the filing subgame under the two filing systems.,) Suppose that
firm 1 files for a patent under both systems. Then,

(i) qi=aF. qi <qi [F11-0, and qf = 4} if 11<0,
(ii) nf <. and mf =nf if 110,

The intuition behind Lemma 1 is (llustrated in Fig. 3. The expected
marginal cost of firm 2 is higher under the CF system since then there
is a technological spillover only if and when firm 1 gets a patent.
Consequently, R*(g'|F) lies below R*(g'|F). Since the best-response
function of firm 1, R'(g%|F). is the same under the two systems, the
equilibrium point under P F. is attained northwest of the equilibrium
point under CF, F, if 1> 0 and northeast of F if [1<0. Part (ii) of Lemma
1 shows that firm 1 is worse-ofT filing for a patent under PP; intuitively
this is because PP creates a larger technological spillover than CF. Part.

(ii) of the lemma also shows that whenever 110, firm 2 is belter-gf .

under PP. This is due not only to the larger technological spilluver}hal
firm 2 enjoys under PP, but also due to the fact that whenever IT-0,
firm 1 invests less in R&D and is therefore less likely to bring the new
technology to the product markel. When 11<0, firm 1 invests more
under PP so the overall effect of PP on firm 2 is ambiguols. y :

We are now ready to compare firm 1's propensity to file for a
patent under the two systems. .

Proposition 3. (Firm 1's filing decision under the.PP-and Gk filing
systems.) Firm 1 does not file for a patent ul}ﬁé!’"bolh ﬁfmg systems if
y<7, files for a patent under both systems if y- iﬁfﬂ.._gﬁﬂ‘ﬂles for a
patent only under the CF system il ¥ « y<yd/8,

Y o

v
1

no filling (textile, food processing)

Fig. 4. Firm 1's filling decislon under the PP and CF filling systems

sales o

Proposition 3 is illustrated in Fige4 in the (B, y) space. When y<9,
patents receive weak protect on'sinte, they are relatively hard (o 131
deflend in court. Cunsequenﬁy. firm I"'l';jpes nol file for a patent under (12
neither filing system, Examples for industries with weak patent 131
protection include soime maluréindusiries like textile, food proces- 131
sing. and fabricated metal produgts (Arundel and Kabla, 1998: Levin 135
et al, 1987). When o> Y0 patents receive strong protection since 136
they are likely'to be gpheld'in court; hence, firm 1 files for a patent 437
under both filing i;ems, Examples for industries where patents are 438
regarded as providing strong protection include pharmaceuticals, 439
organic ?ﬁe‘micaas. and pesticides (Arundel and Kabla, 1998; Levin 440
et al.1987; hﬁnsﬁeld. 1986). Finally, when =y=vy0/f. patent pro- 441

ion iSintermediate and firm 1 files for a patent only under the CF 442
‘syste "'-lnlgﬁg s where patents provide an intermediate protection 443
elative to alternatives such as, secrecy, securing a lead time 444
‘over rivals, learning curve advantages, and investment in 445
service efforts), include chemical products, relatively 446
uﬁquplll:aled mechanical equipment, elecirical equipment, and 447
pcln:ﬁeum (Levin et al., 1987; Mansfield, 1986), 448
* Proposition 3 has at least three important implications for PP (10
“which are now stated in the following corollaries, First, Proposition 3 150
implies that there are parameter values for which firm 1 files for a 151
patent under the CF system but not under the PP system. Hence, \52

advan

Corollary 1. PP has an adverse effect on the propensily (o file Jor patents. 153

Corollary 1 suggests that PP may discourage the dissemination of 151
R&D knowledge, contrary to what many proponents of this system 1sa
argue.” The reason of course is thal proponents of PP overiook the fact 150
that PP has an adverse effect on the propensity Lo file for patents. This 157
adverse effect of PP confirms Gilbert's ( 1994) intuition that “Thereis at 144
least a theoretical potential for the publication of applications prior to 150
the patent grants to have adverse incentive effects because of the 160
potential for appropriation of the intellectual property when no 161
patents are ever issued. To avold appropriation ol intellectual 12
property, some investors who otherwise would apply for patents 163
might rely instead on trade secrets protection,” Proposition 3 qualifies 11

'* For example, in a Congress heanng in February 1987, Rep. Howard Cobie (then the
chairman of the subcommittee on Courts and Intellectual Property ) stated that PP ...
will benefit Ametican inventors, innovators, and soclety at large . by futhering the
constitutional incentive to disseminate mformation regarding new technologies maore
rapidly ..." Similarly, Rep, Sue W. Kelly, argued that “It's also an imperative that we
have an 18-month publication of patent applications for all inventors .. How can we
«ay thal our businesses do not need to know about techoology until actually a patent
Issues? We cannot in good conscious make such judgments because we neither know
wihich rechnological inventions may be industry-critical. nor from whom or fram what
source such jnventions will arse. Both statements appear in hirp//commaocs
howse gov forrmrmittees jedicary o405 3000 Tdud0523 Of hitm.

Organization (2008), doiz 10/1016/j 1 intorg 200810.002

Please cite this article as: Aoki, R, Spiegel, ¥ Pre-grant patent pubby

T

s and cumulative innovation, International Journal of Industrial
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this argument by suggesting that this adverse effect of PP pertains
only to industries in which patent protection is intermediate.

Corollary 2. When patent pmtmbn is strong, PP leads to an increase in
" and a decrease (increase) in q" if 11> 0 (11<0), When patent protection
is intermediate and w‘ 1-£2. PP leads to a decrease in @' and an
increase (decrease) in q ] i1-0 (IT<0). If y8 < 1~ E then PP has an
ambiguous effect on q' and g°,

Tepperman (2002) studies the eflect of Canada’s 1989 Palent Act
reform that led to a switch from a confidential filing system with a
first-to-invent priority rule to a PP system with a first-to-file priority
rule on the behavior of 84 Canadian firms from various industries. He
finds that on average, firms have increased their R&D spending
following the reform. Corollary 2 shows that on a theoretical ground,
PP has an ambiguous effect on investments in R&D. Tepperman also
finds that following the reform, firms have increased their paténting
intensity. Although this finding is incansistent with Corollary 1, one
should bear in mind that Tepperman examines the combined effect of
a switch from CF to PP and from first-to-invent to first-to-file, whereas
we only examine the effect of a switch from CF to PP®

Corollary 3. PP hurts firm 1 when patent protection s strong or
intermediate but it may benefit firm 2.

When patent protection is weak, firm 1 does not file [or a patent so
PP Is irrelevant. When patent protection is strong, firm 1 files for a
patent under both systems, but PP hurts it because it leads to a larger
technological spillover. I'P also hurts firm 1 when patent protection is
intermediate, because then firm 1 chooses to file for a patent only
under the CF system. Since nly is the same under the PP and CF
systems, il follows from revealed preferences that firm 1's choice to
file under the CF system means that it must be better-off than under
the PP system. Putnam (1997) estimates that PP is associated with a
$479 decrease in the mean value of patents. In our model, firm 1's |
Is even larger since Putnam's estimate is conditional on a patent
granted, while we examine the impact of PP on the unco
expected profit of firm 1.

In the context of our model, it is natural to assume

the capacity and resources needed lo absarb the [
spillovers generated by other firms. Corollary 3

from small and inde pendent inventors, while 1 he.
came from large corporations. 5

5.2. The implications of PP for consumer s

the technological
social wellare. Our

spillover effect of PP on consu ;
since at this point we

analysis is done from an ex po

still have not examined the im of PP for the incentive of the
twa firms to accumulate fnteri 3 ;

Let s, be the ne ‘of consumer surplus when both
firms develop the r-d define <, and ., similarly for
the cases where onl o when neither firm develop it. The
mrrespondin wen by the sum of consumer surplus

and firms' pruﬁls. W,., 20, Wyn=3ya+ ya ¥ Ty, and Wyp=5n,*
2Mpne Since the co between consumer surplus and social
welfare under the two filing systems is in genieral very complex, we
shall impose the following assumption:

A3. C(q)=rq’[2; where r= 11,

™ Geoen-and Sentchmes (1990) show that firms have stronger incentives to fnvest in
RE&D and to file for patents under the first-to-file rule than under the first o patent
rule. This result can explain Tepperman's findings

technology al an increasing rate. It also implies that the welfare gain to 417

Given Assumption A3, it is straightforward to show thal the 521
equilibrium levels of investment in the filing subgame under Lthe PP 522
system are 523

£ (Myn=fa ) (1=yE)(r-11)
T BRI

q‘ L (nyn”ntu)(_rﬁl '”'«,f}ﬂ)

]
! PRIy 1T >

The corresponding levels of investment under the CF system, g4} 524
and 7, are similar except that A replaces f&. In the no-fling subgame, 527
the equilibrium levels of investment. gl and géy, are given also given 523
by Eq. (6), with 0=0 and with acing (4. By Assumption A3, aun
r=IT; together with the assumption thatf&z 4 > 12 1 =0, this ensures 0
that the equilibrium investments leve ‘all strictly between 0 s
and 1. 532

Substituting the equilibriu unent into Eqgs. (1) 533

and (5) and recalling from r) is implicitly 631
defined by mi=nk; and yis fif=mly. we can 535
establish the following resi 536

sumers when only one firm uses the new technology outweighs 515

- the associated loss to the firm that does not use the new technology, 510
~ Assumption A5 implies that social welfare is increasing with the smo

number of firms that use the new technology. Both assumptions hold 551
in a broad class of oligopoly models; for instance, when the new saz
technology is cost reducing, Assumptions A4 and A5 hold in the 553
Cournot model with homogeneous products and a linear demand and 551
in the Bertrand model with linear cost functions, 55

5.2.1, Expected consumers’ surplus 556

Holding firm 1's interim R&D knowledge constant across the two 557
filing systems, the ex-post expecied consumer surplus under both sss
systems when firm 1 files [or a patent is, A7)

S(q". ¢*IF) = q'q* (1-ylisyy + (1= ) (1-g7 (1=y80)) Su

(7
+[g' (1=g*(1=y) + (19" )g* (1=90) ] 8y
Likewise, the ex-post expected consumer surplus under both 560
systems absent filing is given by, 563

S(q" 4 INF) =q' 5,5+ (1-") (147550 * [0 (1-07) + (14" )¢ |5y (8)

Let S;=5(ql, g |F) be the equilibrium expected value of consumer 564
surplus under the PP system when there [s filing, and define S,=5(4), 57
471F} similarly for the CF system, When firm 1 does not file fora patent, 56
PP plays no role and the equilibrium expected value of consumer 56
surplus under both filing systems is given by Sy =5(qks. g INF). 1]
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When patent protection is strong, firm 1 files for a patent under
both systems. Hence, we need to compare Sp and S Substituting for
q} and gj from Eqs. (6) into (7) yields

(yn =) (1=¥0)% (r=11) (rf ~(1=y0)* 115
-3
B af Y anind
(Pm-(=y0P 1) ©

L“yn'"nn '(rﬁ'l +(1=yp le r-ZIh) [sw-s,m}
+
P -0 e

SJ =Cm*

where §25,, % 5.~ 25,,,> 0 by Assumption Ad. The expression for 5 is
identical, except that fi; replaces f3,

In the intermediate protection case, firm 1 files [or a patent under
the CF system but not under the PP system. Therefore, we need to
compare 5, and Sy, where S, is also given by Eq. (9) when it
£valuated at y0=0 and with /3 replacing .

Proposition 4. (The effect of PP on consumers.) Suppose that Assump-
tions A3 and A4 hold and patent protection is intermediate or strong, i.e.,
y2 ¥ (otherwise PP is irrelevant). Then PP enhances consumer surplus.
Moreover, when patent protection is intermediate, the increase in
consumer surplus due to PP is larger when vy is larger.

Intuitively. in the strong protection case (y= '—55;5-&1) firm 1 files
for a patent under both filing systems. As Lemima | shows, PP induces
both firms Lo invest more il IT<0, so consumers are better-off as the
new technology is more likely to reach the product market. When
I7-0, PP induces firm 2 to invest more and induces firm 1 to invest
less. Given Assumption A3, the former ellect dominates, so once again
consumers are better-ofl under PP. ‘I‘h s are more subtle when
patent protection is intermediate (- u.,a,. ek fi i .ffs.] because
then firm 1 files for a patent only under t

block firm 2 from using the new technology in the product market;
hence, consumer surplus under the CF system, S, decreases vgm ¥
Under the PP system, firm 1 does not file for a patent, so the resulting
consumer surplus, Sy, is independent of y, Noting that S, -Smhhen
v= (1-‘,;1,3{1,.),20 it follows that §y;~8, and moreov \ iy =SS
increasing with'y. 7

5.2.2, Expected social welfare

Holding firm 1's interim R&D knowledge cnnsl‘lﬁnl. ﬁ’ossth! lwo
filing systems, Lhe (ex post) expected social I'litl Wi ﬁrm 1 files
for a patent is We=5;+n} +n5 under Lhe I"Ps{;:t::m AR RN Y
under the CF system, When frim 1 dog,s ot filefor a palenl the (ex-
post) expected social welfare is Wp=Sy ik, 1 When patent
protection s strong, firm 1 files for a nt undet both systems, so the
equilibrium expected social we Wr under PP and W, under CF.
Given Assumption A3 and usm! Eqs (I],_[i']* (6? and (9),

=T ) (0 fr“H = (1=40)2 11
RN il L . (-0
(a0

" ‘"j’ll M ) (‘H&_’ \ 1"}’5.! {r'?-”}){syn-sﬂn ;| "ru"nnn}
TR ==y T

(=nan P (rPr=(1=30)'11) "+ (130001177
—_—
2(’:2;1.,-r1vym’u?)’

(10)

The expression for W, is identical except that [y replaces 4.
In the intermediate protection case, firm 1 files for a patent only
under the CF system, so the equilibrium expected social wellare is W,

CF syslem ﬁs ¥ increases, .

patents are more likely to be upheld in court, so firm 1 is more likely o= 19‘92

"Eﬁsl welfare. To this end, we shall assume that an earlier PP leadstoa o1

under CF and Wy under PP, where Wy, is identical to W excepl that 616

y9=0 and 5y replaces B, 617
Proposition 5. (The welfare implications of PP.) Suppose that Assump- 614
tions A3-AS hold and let 619

(w + JBY 4 p=(1-y0)* )

Hp)= Y= (-1 -w;)‘ ( VB+(1 -ym)*

vBY
Then, 620
(i) a sufficient condition for PP to enhance ex-posi expected welfare 623
when palent protection is strong is r> iU\;] 621

(i) a sufficient condition for PP to enharice (lower) ex-post expected o5
welfare when patent protection iSiintermiediate is r=F{f%) and 620
Yy lﬁ‘-ﬂ]f moreover, wheql.\‘ggse mﬂdmuns hold, the welfare 627
gain (loss) from to PP is fmxer{maﬂtr)”ﬂu larger is . 628

Proposition 5 reveals that the ﬁelfare el‘lia of PP depends on r, 620
which measures the slope uffffa’b h:r R&D, Intuitively, the w0
R&D cost functions are colivex; he ail else equal, a more even 631
allocation of invesiments between the two firms generates an 612
elficiency gain whsgﬁ"incrﬁast? with'r. When patent protection is 13
Intermediate, things n%o d on v, which is the likelihood that u31
firm 1's patent igipheld'in court. As y increases, firm 2 becomes less 635
lilkely to use the new technology and this lowers expected social 6
wellare under !he‘cﬁiyslem. where firm 1 files for a patent, Under PP, g7
A daes not ﬁiz for a pat;m so there is no similar negative effect. 0138

5. 3,_ m»;lmirzg d,['\PP (5

". lq«,‘t‘ﬁunlﬁé mal have already adopted the PP system, patent g0

ali re published at 18 months from the filing date (Ragusa, 611
ow examine the impact of the timing of publication on 612

in 4 by generating a larger technological spillover when firm 1 614

;-{jles for a patent. 64h
. 'Ei’mposﬂion 6. (The effect of cutting the time between the filing date and 16

the publication date.) Suppose that Assumptions A3-A5 hold, Then, as 617
4 falls (publication is made earlier), there are fewer patent applications 613
under the PP system, but so long as r=i(fy), the welfore gain from PB 61y
conditional on filing for a patent, grows larger. o0

Proposition 6 shows that earlier publication of patent applications n41
has mixed welfare effects: on the one hand, it increases the cost of us2
patenting, so less R&D knowledge is disseminated. On the other hand, 653
conditional on patents being filed, the welfare gain from PP increases 654
at least when the cost of R&D is sufficiently convex (note that this is 055
also the condition lor PP to be socially desirable). These resulls are in 650
line with Bloch and Markowitz (1996) who study the effects of delays o7
in the mandatory disclosure of interim R&D knowledge on the nos
incentives to invest in a multi-stage R&D race. They find that shorter oo
disclosure delays weaken the incentives to accumulate interim R&D soo
knowledge, but conditional on an initial discovery being made, shorter 661
disclosure delays enhance welfare by decreasing the expected Lime of no2
discovering the final commercial product. [T

6. Ex post licensing [

So [ar we have assumed that when firm | holds a patent, it always a5
sues firm 2 for patent infringement when firm 2 develops the oo
new technology. In this section we relax this assumption. Assuming o7
that my, +m, = 2m,,. firm 1 will continue to sue firm 2 for patent sos
infringement when both firms manage to develop the new technology 69

I-patent pubbggon and cumulative fnnovation; International Journal of Indstrial
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because the joint payoll when firm 1 wins in court, m,+ 1, exceeds
the joint payolf when firm 1 does not sue, 2m,,."”

Things are dilferent however when firm 1 fails 10 develop the new
lechnology, while firm 2 succeeds. In that case firm 1 can issue firm 2
an (ex post) license, which ensures that it will not to sue firm 2; in
return, firm 2 pays firm 1 a license fee. The resulting joint payolf of the
two firms is then m,, + i, Without ex post licensing, firm | sues firm 2
and with probability y it wins in court and prevents firm 2 from using
the new technology. The resulting joint payofl of the two firms is then
2., With probability 1 -, firm 2 wins in court and is then free to use
Lthe new lechnology, so the joint payoll of the two firms is my, + M,
exactly as in the case of ex post licensing. Comparing the joint payoll
of the two firms under ex post licensing: my, + My, with their joint
payoll absent ex post licensing. 2y, + (1 =¥)ny,+ ). reveals that
ex post licensing is efficient and generates an expected surplus of
T’(nrn Mgy~ Z“nnl

To examine the implications of ex post licensing, suppose that
firms 1 and 2, divide the expected surplus from ex post licensing,
Yy + My, = 2055 ), between them in proportions ceand [ - . Moreover.
note that ex post licensing matters only when firm 1 files for a patent,
a patent is granted, firm 1 fails to develop the new technology. and
firm 2 succeeds. The probability of this event is (1-¢')g*. Hence, ex
post licensing increases the expected payolls of firms | and 2 in the
filing subgame by

an' (g, q*iF) = 001-q" ) g oy (ityn + May=211)
and

AT (g, 7 IF) = 001" ) (1=0t)y (Mg + Moy =2
Two observations are now immediate, First, An'(q", ¢|F)> 0, so ex

post licensing has a direct positive effect on firm 1's payolf when it
files for a patent. Second, An'(q’, ¢*|F) falls with q', while Ar(q", i@: @
= 2

increases with g%, so the best-response function of firm 1 in the fi
subgame (under both PP and CF) shifts inward, while the
response function of firm 2 shifts outward. Since m,,, + 1y, > 2m; +

My, Lhe best-response functions of the two firms are [strategic .

substitutes (110}, Consequently, ex post licensing ind m ! o
invest less in R&D in the filing subgame, and it induces i
more, Since this indirect effect lowers the equilibrium

in the filing subgame, the overall effect of ex pos rﬂwnk
incentive 1o file for a patent is in general aml guouﬁ
given that the direct and indirect effects of e stl
payoll are the same under the PP and C
does not alfect the main qualitative col

l'ﬁrml

ol

[ngauﬁrm 1's
%, post licensing
gﬂqurughn:nlms

1 lmnwledgeluﬁlr[ora
F ects the firms’ incentives to
g inthe first place. To thisend. let B
een Lhe expected profits of firm 1 (the

agging firm). We argue that the filing
% B, provides a stronger incentive Lo

edge. As before, we only need to study
iale protection cases because PP is irrelevant
when patent protection 15 weak.

" The assumption (hat 1, + My, - 21, holds trivially when firms | and 2 are Bertrand
competitors with lnear cost functions and the new rechnology is cost-reducing
because then my, = 0wy, #my=ma, Lkewise. this assumption holds when firms | and
2 are Courpot competitors with hnear demand and ost functions and the new
rechnology IS suMiciently cost 0 that the (verse demand

function is I'=A-x,~x, where ¥, |s the output of firm =1, 2, and let firm /s marginal
cost be 0 if it develops the new technology and k<A/2 otherwise. Then, m,, =(A+ k¥'/0,
Ay =AY, M= (A=KY'/8, and my = (A= 26119, 20 Myw* My 20, provided that k- 2A4/5

patenl, 50 B= By =k~ my. Under CF, fi
50 as before, B=By The effect of PP, L
where By is given by Eq.(11)w e

Proposition 7. (The effect of PP
RED knowledge.) Given Assu
accumuilate RE1) knowled,
when it Is intermediare.
accumulate interim
protection is mmeg‘ ut |
intermediate, N 741

investments
adverse effect of PRshould be given a serious consideration. In addition. 716

fvest.

In the strong protev:tlon case, firm 1 files for a patent under both 721

filing systems, so B=B,=n}-nj under the PP system, and B=B,=n}- 725
17 under the CF system. Hence, the effect of PP depends on the sign of 720
By~ By, By Lemma 1, when I'>0, then m} <A} and nij > 7, so it is clear 727
that B;<Bx When [1<0, the relationship between nf and 17 is in 725
general ambiguous. To examine the sign of B,-B,. we therefore 729

impose Assumption A3. Using Eqs. (1), (2). and (6], 0
(Myn=TTnn ) (Mym ‘"m'zﬂny_]r(ﬁ'“"\‘ﬂlaj "
= [| |
! 2(rp (107 1)
By is given by the same expression except that fi, replaces i, 731

uces firm 1 to stop filing fora 7
continues to file for apatent, 731
on the Sisﬂ Dfsnp‘bg T3

i and with #=0. %

the i ives. (o accumulate interim a7
A3, PP weakens the incentive to i1
t protection is strong and 70
of PP on the incentive to 74
decreases with & when patent 741
th y when patent protection is 712

When protection is intermediate, PP

Pfoposlllﬁ 7 sf.lppoﬂs the concem that PP might discourage 714
. Given the importance of R&D knowledge, this 715
sition s ithat as patents become more likely o be upheld 717
‘drawback of P becomes less significant if patent protection 7is

nore significant if patent protection is intermediate. The 7
onthigdifTerence is that when protection is strong, firm 1 files for 72
er both filing systems. As patents become more likely to be 71

urt, PPis less detrimental to firm 1 and less beneficial to firm 752
negative effect on the incentive to accumulate interim 753
ge diminishes. When patent protection is intermediate, firm 1 754
naot file for a patent under the PP system, so vy does not alfect the 755

" incentive to invest. Bul, since an increase in y boosts the incentive to 7o
~ invest under the CF system, the detrimental effect of PP on the incentive 757
to invest (i.e., the difference between By, and By) increases, ™

8. Conclusion 0

We have studied a cumulative innovation model in which one firm 760

has accumulated interim R&D knowledge and needs 1o decide 7o
whether or not to apply for a patent. The benefil from applying is 7o2
that if a patent is granted, the firm can sue its rival for patent o3
infringement in case the rival successfully develops a new commercial 701
technology. Applying for a patent is costly however because it creates s
a technological spillover which diminishes the technological advan- 76
tage of the applicant. This spillover is larger under a PP system because 77
then the rival gets access to the applicant's knowledge through the 7os
patent application (even if eventually the application is turned down) 7o
rather than through the actual patent (ifand when it is granted). Our 77
analysis focuses on the implications of this spillover effect. ™

Our results suggest that PP discourage, patent applications in 72

industries in which patent protection is intermediate and may weaken 771
the incentives to invent, At the same time, holding the number of 774
inventions fixed, PP may raise the likelihood that new technologies 77
will reach the product market and may thereflore benefit consumers 7o
and may also enhance social welfare, T

Although our model is quite general (we do not assume a particular 77

type of competition in the product market, we do not need to distinguish 770
between pioduct and process inventions, and we derive many of the 7w
results without assuming a particular functional form for the R&D cost 751
functions), it i& clear that further analysis is needed before we have a 152
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good understanding of the implications of P, In what follows we briefly
mention three possible extensions. First, in a dynamic model of R&D in
which firms continuously accumulate interim R&D knowledge, firms
need to decide pot only whether to apply lor a patent but also when to
do ir Filing early is risky because the application is less likely 1o be
accepted; on the other hand, an early filing contains less knowledge and
hence leads to a smaller technological spillover. Applying early can also
play a defensive role because the firm is not only able to sue rivals earlier,
but can also preempt rivals lrom getting their own patent. This ensures
that the firm will not be sued for patent infringement by rivals.

Second, it Is possible 1o extend our analysis by allowing firm 1 to
strategically decide how much interim knowledge to include in its
patent application: including more knowledge increases the prob-
ability that a patent will be granted but also increases the degree of
technological spillover.

Third, when firms have private information regarding the extent of
their interim R&D knowledge (or even the fact that they are trying to
develop the new technology), PP reveals this information to rivals earlier
and for sure. This will obviously affect the incentives to file. Mareover,
firms may be tempted to abuse the PP system and file for a patent in
order to fool their rivals into believing that they are ahead in the race. At
the same time, PP may eliminate “submarine” patenis, by giving firms a
due waming about patent applications which are in the pipeline."®

Appendix A

Following are Lemma Al, and the proofs of Lemmas 1-2,
Propositions 1-7, and Corollaries 2-3.

Lemma Al The effect of patent protection on the equilibrium R&D
investments under the two filing systems:

(1) ﬁi < 0 while the sign of ;ﬁ-# is equal to the sign of I. Moreover,
g when y0=0 and conversely when yi=1-(3 /f4.

(ii) 5
7

Proof of Lemma Al

0 while the sign of S is equal to the sign of 11, Moreaver;
“qRe when y=0 and conversely when y=(1- /4 )/0. K

(1) The Nash equilibrium in the filing subgame is tmpudﬁ ly dg_ﬁﬂeo 4

by the equations {g; T _gand ']"’“‘ ) ., Dlﬂ'mmlating
this system with respect to y ylelds

Bay _ T1{(1=99) (a5} (Myy=ay ) 4 (1=} ) (Mynilin) "'M?C'wi'l
31_-;53 AC O (== N

0 - 'Ifl
and

where [12 o+ ey =l By a%umptlon A2, C(ghC(gh)>
[T%; together with |I1e_”§& 1, it follows that (he
denomlnawr in Bﬁll‘lﬁeagp?essiuns is strictly positive, Hence,
-rir < 0 while the 's‘fgn M%Ts equal to the sign of [1.

To compare q; and %*p. suppose first that ¥ =0, Then, Eqs.
(1) and (3) coincide, sﬁk’{q’lﬂ-ﬁ"(q INF). On the other hand,
since P <P, it ollawé that R2(q'IF)> R%(q'INF) for all ", Hence,

" Submarine parents refer to patent applications which are intentionally delayed by
the applicants until a similar idea is commercialized by someane else. at which point
the application is completed and entitles the parentholder to collect royaities, A case in
point are the patents that were issued (n the 19805 and the 1990s to jerome Lemelson
for bar code-scanning and “machine vision™ technologies which he first filed for in
1954 and 1956 According to a story published in the American Lowyer in May 1993,
Lemelson collected S500 million in royalties from manufacturers who Inadvertently
infringed on his patents.

Consequently,

gF > (this is true irrespective or whether I7>0 or I1<0). 829
Neutl. su?pme that yi=1- ﬂ] /Py, Then, it is easy to verify that 830
ZLLT) . g implies "G - 0, s0 R(q'|F)=R(q'|NF). By 831
contrast, ST ) 2 1o RYGIF)> RY(GINF)If IT>0 and R' 832
(q|F)<R'( INF) it 11<0. Recalling that the best-response 833
functions are downward sloping when I7-0 and upward 834
sloping when [7<0, it follows that gf <qir. 835
(ii) The proof is similar to the proof of part (i), except that fiy 53
replaces % and y replaces dy. [ LH

Proof of Proposition 1. By Eq. (3), m}y is independent of y and 0, sis
Using the envelope theorem, : a1

dn) ; s
B[:m G {9 () * {|~q}}fnnv."“ﬁ* ﬁarrm (12)

Assumption Al ensures that thé brackéte ’gbggmssmn and dnf/dq? 841
are negative. Since dq7[d(y0) <0, it follows that @m} (3(fry)-0. :

To prove the existence ofiyfis % /B, such that m}gnl, as s
i & {;g note that yi is deﬂ%{ed m%! !Tﬂ vfﬁm\., Since n} increases 845
wuh w whereas mh is independent | r ¥, it suffices to show that 846
mif <mijy il ¥0=0 and 1L =1~/ 1T 49=0, Eqs. (1) and 847
(3) imply that (g |F]-§\[q, NF). Consequently, 848

ml < n'(gl, qgefﬂ Iﬂ(q,- q,ﬁ NF)=ny.

whete the strict suality rollows because dn'(q", ¢°|F)/dq* <0 and 850
since Lemma Al lhg:s that qf>qfs when =0, and the weak 851
meqUijﬂy isiimplied by revealed preferences (i.e., the definition of 852

1, suppose that yo=1- 3 /f4. Then by Lemma Al, gf < q,'., 853

qhe).
Eﬁi;#l ) and (3) and Assumption A1, it is easy to show that n'(q', 854
‘ |F1 ,UJ{Q‘ ‘q’ for all y0-0. Hence, 855

"rdrﬂwfﬁr > (- qF INFy=my

\ﬁh{; the weak inequality is implied by revealed preferences and the 857

) second stm:l inequality [ollows because d'(q', ¢°IF)/dq” <0 and since 858

'rg,

859

Proofof Proposition 2. To prove the existence of & (0. 1~ i/, ). 560
note that ¥ is defined implicitly i} =n). The proofs that i} increases o1
with y and that fif <nrly is similar to the proof of Proposition 1. Since 562
ke is independent of vy, it suffices to show that fif=mhe if y=(1 -4/ s
)/, To this end, recall from Lemma Al that qitqm and recall from s
the proof of Proposition | that n'(q", ¢*JF)=n'(g", ¢*|NF) for all ¥0-0, ses

S

= (_q;d a :F:]'-r:‘ (f.],‘,,Jl A !N'F:]m,',,

where the weak inequality is implied by revealed preferences and the 868
stcund strict. inequality follows because 9n'(q". q*IF)/dq* <0 and s

Q‘f <q L]
Proof of Lemma 1. 571
(1) Follows immediately from Fig. 3. T2
(i) Since g7 = 4F and noting that an'(q". ¢*|F)/d¢* <0, &1
my < ' (q}. g7 F)=ii}
where the weak inequality follows by revealed preferences, 874

As for firm 2, note that il 11> 0, then qf <@ Together with the fact 76
that dr'(q', ¢°|F)fdg" <0, it follows that (gl |F) > (gl IF). Hence, s77

mien (g} G IF)=n? (af G2 IF )= i
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where the weak inequality follows from revealed preferences and
the second strict inequality follows from Eqs. (2] and (4) by noting
that f>p. O

Proof of Proposition 3. By Propositions | and 2, firm 1 files for a
patent under the PP systemifl y= ya/t and under the CF system if y~ .
where ya/0 is defined implicitly by i} =i and 7 is defined implicitly
by A} =k Since Propositions 1 and 2 showthal h '-!!’l < 0 and since
n} <fi} by Lemma 1, it follows that ¥ < ysv8/0.

Proof of Corollary 2. When patent protection is strong. firm 1 files
for a patent under both systems. The effect of PP on the R&D
investments follows in Lhis case from part (i) of Lemma 1. When patent
protection is intermediate, firm 1 files for a patent only under the CF
system. The R&D investment levels are then gl and iy under PP and
gt and 47 under CF. To compare these levels of investment, note that
from Eqs. (4) and (5) that Rg'INF) and R(q'|F). respectively are
implicitly defined by

| }
wﬁ"—m- = (9" (Myy =y ) + (120" ) (Tyn =T ) | =13, C (%) = 0.

and

LAt o
o’ (q", ' |F) = (1=y0)[g" (Mg =TTy} + (1" ) (Myn =TT )| " (g7 = 0.

Substituting from the Et-%-',"ﬂ-' =0 inmﬁ{?ﬂ and rearranging

an’(g' @'iF) l 1_& m]{s,.f'{q%

I then, evaluated at ¢*=R(q'|NF), 2EW.2H) ¢ lmp[
that {q m R(qINF).ITIT>0, then R'(¢°|F)= R'(¢" [NF) and su
best-response functions are downward sloping, q} Gy and
I1<0, then R'(q”1F)<R'(¢°INF) and since the lmt-response
are upward sloping. 4/ <qiy and gf <qhe. I 0 < 1-£5. 1
R¥(q'[NF) and hence the relationship between g, and g7,
i is ambiguous. [

the text following the proposition. To see that PP
suppose firsi that patent protection is strongT
patent under both systems. Since 4> |

(4) that m(q'q*IF)- (g, ¢
I1>0, g <q;. Given that
u’(ﬂl\ |F)= (@A F). chce.

mton? (g} q} (F)-n? (4; at |

n revealed preferences.

: iate, then firm 1 files for a patent

onlyunderlhecr% ywe need to show that cases exist in
0

which fif <rif . Usi

ﬂ'{d( q; }

(1) (M=t ) | -8By~ C (4 )

Snbsuwuné for the square bracketed term [rom the first order
condition, m,;_"! = 0'and recalling that C(q) is strictly convex,

M—o@“ m.c(q‘)

_ﬂl*uf('fr)l " jIMIJ

n*(q}. qf INF) =i}

h - [ 1-90Y 20,50 the first line of Eq. (13) is
ions g""‘

Hence, n’{@L?FlNﬂ)ﬂi for all y>1-Fay/f - Il ghe<q). then since o2s
ar(q", ¢'INF)jdg' <0, it follows that w29

e (gly ,q}jnr)mz(q;,q} NF)> i}

where the weak inequality follows by revealed pr'el'mnces, o 931

Proof of Proposition 4. In the strong protection case, we need to 052
compare S; (consumers’ surplus under the CF system) and S; oaa

(consumers' surplus under the PP system), Now, on

S,~S,-L“L".-_J =05 =11 (AP By .p! )
(rite+ 1130 10 ) (P, = 1—i

=(1=y0 11

.:n.--w..:‘:r-nm-w.’l —(r‘ﬂ" =
(18

surplus under ( X sy \ 011

wen (R (00 n)
EeT e e
(13)

VBB ) /0. 943
. The square 945
ed expression in the second line is increasing with y and it 946

vanishes at y = l-v'ﬁ,,'ﬁ,]) /@; hence the second line is positive as well, 947
0 S~ 5y for all parameter values in the intermediate protection case. 948
Finally, it is straightforward to establish that the first line of Eq. (13) is 949
increasing with y. Since the second line s also increasing with v, it follows 950
that the gain of consumers from PP is larger the largerisy. [ 951

Proof of Proposition 5. w2
(i) In the strong protection case we need to compare W and W 953
Noting that W is identical to Wy, expect that f replaces (4, we 151

can show that W, > Wi by establishing a sufficient condition for 55
AW{D1<0 for all B [y, o). From Eq. (10), 056

ng that in the intermediate protection case, y= (1=

P L )r(l-m’;r-m
(ﬂﬂ-u-w:’n’]

[Ty 201 )4 2 =T ) M(B)S 9
+2[r—”I(r"]‘%—(l‘rﬁ]zﬂl)[s,,.-sm+rr..,—ﬂ.u.]].
where 957
Mipi=(r-(1=y0 ) + (A1) + 2000 1-y6)11=0,
and a54
Zir. =P Br=310 + (1=y0) TP 3r-1T)
961

The expression outside the square brackets in Eq. (14) is 963
negative, while the last 1wo expressions Inside the square 564
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brackets are positive (the last term is positive by Assumption
A4). Hence Z(r. £)20 is sufficient for dW,Jd<0 for all p& [,
). which in tirn ensures that Wy > Wi Now, surely, Z[r, 3) =0l
r=31120, Otherwise, Zr, 3)20 is sufficient for Z{r, 3)=~0 for all
A= A fu) Recalling from Assumption A3 that r= ITand noting
that Z(r, (&) is a convex function of r and that 2/ (11, &) <0 and Z
(11, [%)<0, it follows that Zr. )~ 0. provided that r2f{f4&).
where 7(/) is defined in the proposition.

When protection is intermediate, we need Lo compare We; and
W, Noting that W,=W, when @=0 (in that case j3,=f3), a
sufficient condition for PP to enhance (lower) welfare is that
IW,/0<0 (3W,J06-0) for all e [o ¥0/y). Using Eg. (10},

(i)

Wi _ (W=t (1 =y0) (=TT By~ =y (B * o))
2(r2p, + (1-011)
"'("w"’rnn}zfr-ﬂpl " zfﬂw:'ﬂm]M‘.ﬁl]S
2011 (P Ay (1=Y0 T ) (syn=Som Ty Ton) |

The expression inside the square brackets is similar to the
expression inside the square brackets in Eq. (14) and |s
therefore positive when r2 f(f%). In that case, the sign ol’-gl-
depends on the sign of (4= )= ¥ - ) which is negative
(positive) il y=(< ‘)k‘?

Finally, note that i.f; independent of y, while using Eq. (10},

_ My = TP (1 =¥0) (11 1)
(rp-(1=y01?)’
4 2( Ty =1Tan M348 4 207=1T) (PR~ =) 11%)

| {syn =Sy ¥ Mry ~Mian H

Xy =M JZ(r. 3)

Proof of Proposition 6. Under PP, firm 1 o
o (1= /Py /fy ) /0 As [y Talls, the right side o
creases, so firm 1 files for a smaller set of par, ers, 10
still holds, firm 1 files for a patent under
welfare effect of PP is given by W, - W, where
while dW,[dfs <0 il r27(f4 ) (see Eq. (10)).
lowering /4 boosts the wellare gain [t

Proof of Proposition 7. In the sirong protec
on the incentive 1o accumulate interim R&!

the sign of the following exng 3
LY -“.-‘

B8, (=) Wﬂ-ﬂ’)(l-wf{ﬂ,-ﬂ}r i
’ 2P -1l 1) (rpe-(1 011" :

s, the elfect of PP
wiledge depends on

ay,
-,
Straightforward calculs reveals that this expression increases with
y: hence PP weakens the incentive Lo invent. bul less so as y increases.
In the intermediate protection case, the effect of PP depends on the
sign of:

. (T =Tan) 1y ¢ =210y F (P17 (Bi(1 0 )

2(rii=1) (PR-(1-y0r 1)

S Ecanomics 21,106-113,

j,r.mn 2008, Strategic disclosure of

where the inequality follows because in the intermediate protection 1005
case, Y2 ( 1=/, ) /0 (see Lemma 2), which ensures that f,{1-90) 1006
-f4=0. Hence, once again, PP weakens the incentives to accumulate 1007
interim R&D knowledge. However now, straightforward calculation 1008
reveals that By, - B decreases with v, so the negative impact of PP 1009
increases when vy increases.  ( 1010
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