5.5 Comparison with duopoly equilibrium

i From Lemma 4, we reproduce below the duopoly equilibrium for the pa-
rameter range 287 ~ 1.397 < V < 1.767. For firm z

LoV wvinr (18 4 117)?
S e e R

For firmy, y =0,

_4V4zr+ps, 67TV 4207
x 10 W

and

oo @Vt +p2)* | (6TV +297)°
A0 407 T 129807

Compare three firm oligopoly and doupoly:
For the most specilised product: p: > p, (Duopoly) if

619 S 67V + 297 7313

— et 2 L R T ) .617.
SIGT- 180 orlfV_455673161r
Pz (Three firm) > p, (Duopoly) if
35 BV +11r 443
prrony ™ e i AL sacrtn < — :
347_ 36 orlfV_zzlrs:z?r
pz (Three firm) > p, (Duopoly) if
4 > i any orif V < wrazwr.

s 180 = 1139

Therefore, for the parameter range we focus on, the prices for more
specilised products always increase when the number of firms increase from
2 to 3. The price for the most standardised produce increases if V is small
and decreases if V is large. Note that for the parameter range we focus on,
the standard product is not offered in the three firm oligopoly.

6 Welfare Analysis

With product differentiation, the welfare effect of a price incrase upon entry
is in general ambigous. Although we have demonstrated price increase with
entry, given the new product in the market and less travel cost for the
consumers, total welfare or even consumer surplus may still increase. We
explore in this section the welfare comparison between duopoly and three
firm oligopoly with the restriction on parameters, %‘r ~139r SV <
1.767.
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6.1 Duopoly

Note that for the relevant equilibrium, z > 0,y =0, V (tz) 2 0, {; = 1.
The consumer surplus for consumers who purchase from z is equal to

CS, = %{1 —z){V—p=)+%(V—pz+‘/{t=y)}(z—f=y}

» %(l —z)(V —PzJ+%[V—p=+V—‘r(z——t,-y)-pz)(zﬂt,y).

With y = 0,
; _ Pe=pytrz 297 =13V
= 2r T e
This gives
B T 1 T _ (297 —13V) _ (297 —13V)
CS; = 3 (1—z)(V p,)+§ (2V 2p, — T (:.\: --—:‘-01_—-)) (a: Sm—
M _4r-23v\(, 1V +lr
o 367 36
1 13V + 117 ATr — 23V (297 — 13V) 4Tr — 23V (297 -1
+2(2V 2( 36 ) "( 367 107 ))( 36T 407
(23V - 117)? . (191V — 1437) (2097 — 113V))
25927 864007 ;

For consumers who purchase from y, the consumer surplus is equal to

CSy =8 (V =)+ 5 (V =y + V (tay)) (ta) -

With y = 0,
2o V—-py e 113V - 297
T 1807
This gives
113V — 297 67V + 297
L T 1807 (V_ 180 )

1 67V + 297 297 — 13V 297 — 13V
- SRR (55T
(113V — 297)? . (569V —3777) (297 — 13V))

324007 288007 *
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6.2 Three firm oligopoly

For consumers purchasing from firm z

CS:

—_—

5 =2V =pa)+ 5 (V =7 (2~ tas) = pe +V = ps) (2 — t22)
(--)f-2)
Ao (82D @) (-3

(34V - 357)° 4 (2448V — 31157) (14357 — 816V)
23127 13317127

B e b2

For consumers who purchase from firm y

SU=DW =)+ 5 (V=7 =ty2) = py+V =) (v~ ty2)
1 409 V 205
5("(@‘?))("‘5&7

(zv_f(m_z_ﬂ)_z 205 \\ (409 _V _ 67
2 204! i 2T 204 204 T 2712

(204V — 2057)* . (B16V — 10257) (14357 ~ 816V)
832327 4439047

For consumers who purchase from firm z

CS;

U=V =p) 4 5 (V= etV =7 (tex + 2) = ps) (2 + tas)
45 (V=72 =P+ V = 7+ t2) = p) (i)

- )0

b oS (128 )) (521
(o2 () )
(816V - 6197)2  (1224V — 14477) (697 — 34V/)

13317127 27 T44r
67 (3264V — 43097)

443904
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The total consumer welfare is higher with three firm oligopoly if

(34V - 357)°  (2448V — 31157) (14357 — 816V)

23127 13317127
(204V - 2057)%  (816V — 10257) (14357 — 816V)
83232 T 1439047
(816V - 6197)®  (1224V — 14477) (697 — 34V)
1331 7127 27 744t
67 (3264V — 43097)
443904
o (23V= 117)%  (191V — 1437) (2097 — 113V)
£ 25027 864007
(113V — 297)*  (569V — 3777) (297 — 13V)
324007 288007 :

Or if
30877916V? — 1057822967V + 89329 4697° < 0.

This holds for

1555 622 — \/338803604251_ ~ 151 <V < 1555 622 + \)‘338803604251_
908174 : Bini s 908 174

Therefore, for our parameter range, total consumer welfare increases for
1.517 < V < 1.767.

7 Conclusion

We utilitise a new product space specification to study firms’ incentive to
customise. At first glance, the product space looks similar to Chen and
Riordan (2005). However, the interpretation is very different. In Chen and
Riordan, they do not analyse firms’ location choice. Each firm provides one
variety and is located at the end point of each spoke. In our model, the
product space gives a natural interpretation of standard versus customised
products. Our results indicate that in a sequential move game, the first
mover always offers the standard product. The follower customises. Com-
petition among firms softens as consumers’ travelling costs increase.

8 Appendix

Proof. of Lemma 3
Case (A) If p, <V —71
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Firm z solves

AT +py—pz+ 7Y _(r—-V—p,)
max (MR opet TV, UV op),,

The FOC gives

& ikl =V
Pz = T
Checking the boundary values:

Bro¥ v sty ?7%4.331&

For y > 0, we require

11r -V
2

Therefore, for V < 3r, y > 0 and the optimal p} = p;. For V > 37, the
optimal y = 0 and z = 0 is never an equilibrium. At p, =V — 7,

>3V —-5ro0rV <3r.

myly=z=0)=3(V-1).

On the other hand, if y locates at y > 0, 7, = ¥=. Firm y has the
incentive to locate at the centre if

Vﬂ
. —r).
P IV -71)
Or if
Vi-12rV +12r2 <0.
This holds for

(a—fz_-t)rcul.lrsvg (6+J§Z)rm10.9r.

Therefore, for 7 < V < (6 — 24) 7 = 1.17, firm y does not have an
incentive to locate at the centre and p; = V — 7 is a local maximum for
z =0. For (6 — v24) 7 < V < 37, firm y would have the incentive to locate
at the centre and firm z faces the price under-cutting constraint. To make
firm y indifferent between staying off the centre and locating at the centre,
firm z needs to charge a price such that

- WVr+p)
e = 16 1

This holds for

pz =237 — V + /487 (117 - V).

31

243



Note that 237 — V — /487 (117 — V) > 0.

WBr—V—-y/4a8r(ll7-V) <V -1

if V2 = 12V7 4 1272 < 0. This holds for the parameter range. Also 237 —

V+ya8r(Ilr—-V)>V —-1.
Therefore, the local equilibrium in this case is that for V < (6 — v24) 7 =
117, ps =V —7and for (6—v2d) 7= 117 <V < 3r,p, =287 -V -

VA8T (117 = V).

The constraint y > 0 requires

237 -V — /487 (117 - V) > 3V — b7.
Or
(Tr=V)2 37 (117 =V)
Tr-V20ifV<Tr.
Therefore, this does not hold for V > 7r. For V < 7r, this holds for

V< %r ~ 1.737.

At pr = 237 — V = /487 (117 = V), the resulting
Mr—V—py)  (V=-27+4/7(37 = 3V)) (37 - /7 (37 -3V) :W))
A s T '

Case (B)If V-7<p, <3V -7
Firm z solves

AV +yr —5pz+py_ TVpe +37p:. — 992

e e 27 gn 47
The FOC gives the local maximiser
o VST
s

Checking the boundary values:

TV + 37 21
— A —

T 2V-rifV< “‘rml.glr.
V+3r _b 21

=V -=-7i > — ;| %

18 Ssl" flfV_zars:-.'(JQl'r
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Therefore, for V < %T, the solution is a corner solution with the optimal
P = SV — 7. For %1’ <V< %1‘, the optimal p, = El'-s-t For H-‘r <V,
the solution occurs at pr = V — 7. The analysis is performed in Case (A).
For Br~0017 <V < 87, p, = I Jfy > 0,
poo VTR (25V +27)°
A1 167 e
(From Lemma 2, if y =z =0,

SRTVEESEN I S Vi, _(TV 437)(11V - 37)
x‘.( AR ).“3 T (py) = 1087 ¢

Firm y would choose to locate at the centre and undercut p; if

(25V + 217)? < (TV +37)(11V ~ 37)
5184r = 1087 -

This holds for
g 237 + V2737152

T 3071
Therefore, when the solution is interior, for the relevant parameter range,
firm y always has the incentive to locate at y = = = 0 and undercut p;.To
eliminate y's incentive to undercut, = needs to price such that

v T =~ 0.627.

(V +7+p2)?

V_P: =z
S 167

This gives the constrained price

23V — 1 — \/48(2V — 1) (5V + 7)
A 49 :

V=
Note that %}L': > 0 and indeed firm y would

not have the incentive to undercut p. at this range..This solution falls into
the relevant parameter range if
23V —1— 482V -1)(5V +T) _5
=2V
49 =t
This is true for the relevant parameter range.

o

28V -1~ ﬂﬂiﬁV—?)(5V+r] SV =7

247 — 13V > /12(2V — 7) (5V + 7).
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U4r-13V 20ifV < f—;rw 1.857.

Therefore, the inequality does not hold for V > %f =~ 1.857. For V <
37 ~ 1.857, the inequality holds if

vs(s—\/ﬁ)ml.lr.

Therefore, for 217 < V < (6 — y/24) 7, the local optimal price for firm z
[ ugv_ﬂtw“). The resulting profit for firm z is

=

(9\/43 2V —=7)(5V +7) + 136V + 1567) (23v BV =7 BV +7) - 'r)
ey 96047 i
Case (C) If gV—--r <py <2V =7
In this case, given pz, if y > 0, firm y chooses (y,py) such that #; =t,.
If y = 0, y chooses p, = px — £. In equilibrium & — 0.

5 Vv 6
“V=r<=ifV<= 867.
3V 1'_21fV_7rm0861'
For §7 < V < $i7: both local maximisers fall outside of the relevant
regions and the global maximum ocecurs at p} = gV — 7 with the resulting

profit

VP, (V-1 @r-2V)
T 3r :
Forp,=EV—'randy>0,

Tr

o _(T=V+p) 3V -T—ps) _ 4V
AR 27 gy
Firm y would have the incentive to locate at the centre for the relevant
parameter range. Therefore, firm x needs to price below p; = §V — 7 and
eliminate firm y's incentive to locate at the centre. For p, < g‘/ -7, py's
best response is analysed in Case (B) above.

For §'r < ?'r, %V—-T < ; < 2V — 7 and the local optimal p.
without the price undercutting constraint is p, = % Firm y's best response
when y > 0 is to price such that t, = fz. Since firm x gets effectively the
unconstrained monopoly profit, firm y would always get less profit locating
off the centre and would always has the incentive to locate at y = 0. To

eliminate firm y's incentive to undercut, firm z needs to price such that

V—p: _(T-V+P:](3V_T_P=]
LR 2r L

3

34

246



This gives the constrained p.

e V+71—+4/2(8V2-09VT + 37%)
=z = 5 .

IRV .
Note that X7 m‘; SVr+37) > 0 in the relevant parameter range.

— 2 _ 2
V47 \/2(82 Wr+377) gv_r

6 — 232»1/ > /2(8V2 - 9Vr + 372).
This does not hold if

ﬁrw%z-V <0orV > 1—91-1'20.821'.

For V < -ﬂ-'r = (.827, this holds for

V< 63 — /297

< 68 T ~ 0.6737.

V+7—/2(8V2—9V7 +379)

5 <2V -7

67 — 9V < /2(8V2 — 9Vt + 372),

This holds in the relevant parameter range.
Therefore, for 827 ~ 0.67r < V < §r, the equilibirum falls into the

first part of firm y's best response. The analysis is presented in Case (B). For

¢r<r< &@r ~ 0.677, the optimal py is ps = ~t— 2(“; IO

The resulting m, is

3(V2EVI=9Vr+3r7) +4V =) (V = 28V = 9V7+37%) +7)
My = A
257

Case (D) If 2V — 7 < p,
When p, > 2V - 7, both firms act as local monopolist. The relevant
demand is D* = 32-_1-_&. The local maximiser is interior if
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For p. > 2V — 7, to make firm y has no incentive to choose y = 0, firm
z has to choose a price such that

V—p: V2
3 = —.
r 1%y
This gives the constrained p.:
3-v3
Py = ; V.
Yors
Note that ﬂs—d,'—?'ll > 0 and firm y has no incentive to undercut
.
at this price.
= "ﬁv >V -7
6
if 6
V< ~ 0.567.
S9+va &

Therefore, for V < ﬁoﬁf =~ 0.567, the local optimal p, = 5%3&1’. For
ﬁﬁVE? = 0.56r <V < %1‘. the price necessary for firm y not to have the
incentive to locate at y = 0 is less than 2V — 7. Therefore, the equilibrium
falls into the second part of firm y's best response with t, = tz. The equi-
- . - . i -

librium price is py = L=V 2{8? SVPESY) | Note that for 5075.,» ~ 0.56T <

..\f.,—
V< g_r’ V4t 2{81: 9Vr43r?) <%W-7. =

Proof. of Lemma 4

We proceed according to y’s global best response. The analysis here
focuses on y’s best response for p, > 6V — 107 —z7. For p; < 6V — 107 — 27,
the solution is always a corner solution with p} > 6V — 107 — z7.

Case (A) Pz < IGV;]‘IM

For this case, T, > t,. This gives firm z’s profit maximisation problem

_TT+pz—py
27 )P:'

n;ax:r, =(1=ts)p:= (1

Substitute in the condition that Z, = 1 into firm y’s best response gives

_ 4V 4Tz+ps BV +7+2ps)
Py= 10 = 10

The maximisation problem is then

_ (13V + 117 — 18p,) p.
Gy 207 :
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The FOC gives

13V +1Ir 4go WT-23V
O ST
The resulting profit is
S (13V +117)?
=TT or

After substituting in the best location, £, = 1, or z = 1—YZ2¢_ the boundary

for this case is
2TV - 117
e

22
The solution is interior if

13V + 117 _ 27TV - 117 319
36 < 2 orV 2 %r ~ 0.937.

Case (B) JLn_V-"“ <p: < EV —-zT

For this case, y prices such that #,, = ¢,. The optimal (z,p:) combination
should still satisfy the condition that #; = 1. This gives the boundary of
this region

2TV — 7, e 5V—-21"
22 4
Firm z's beset pricing is to charge g if possible.

V _2TV-Ilir 11

2 e oradt b 697,

3 2 % ifV__wrnsOGQ'r

For V < 11-&1' = 0.697, firm z charges p, = 1';- with m; = g- For V > ﬁ'r.

the constrained optimisation is to charge p, = 2ZVZ1r,

eI (13V + 117 — 18p;) p= _ (27V — 117) (117 — 5V)
AT 207 =3 2427 :

In this case,
Yeu L (5V +117)

T 227

B="]

Case (C) p; > iV—rr
The optimal pricing for firm z when it is a local monopolist is % There-
fore, firm y also acts as a local monopolist if

V=3

E = EV —grorifz 2>
When there is enough space for firm z to act as a local monopolist, there
is no unique sulution for the optimal location, z*. All locations satisfying

A=
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t, > T, and I; <1 are optimal. As noted above, the first condition, t, > %,

gives z > ¥ The second condition, f; < 1, gives

+zrz<lorz<

V-p: 2r-V
o .

The two constraints can be satisfied simultaneously if

2r-V _V 2
2 - < =T,
27 "'rm.v_ii‘r

ForV < %r., both firms can act as local monopolist. For 37 < V < i7,
firm z acts effectively like a local monopolist while firm y prices such that
ilﬁ =ty

Therefore, the optimal (z,p.) is

(z € [¥: 355] . %) V<ir
ol EEEH) T frcvele
1 HE (QP;%I]T.ZTZ—]}T) -}-&-r <V < %"'
(i, Bhlin) i fr< vV < ffr
¥ V<ir
o fz?V-l‘lr!éfllr—ﬁVl '1%1'5 V< g}gr :
(13V+117)? if §i§r <v< g-r
For V > g'r, the solution would not occur at = > y > 0 and r; = r,. This
completes the analysis for thecase z >y > 0and rz =1,. W
Proof. of Proposition 2

” kéﬁv Vet
= 943
Vir- IRV V) ~ S
o= 4 5 ™~ 0567 <V < Sty :
23V =7 /4B(2V-7)(6V+7) B r ~ 06737 <V < (6-v24) 7

10
Br—V—ABr(llr-vV) (B-V2)r=11r<V <100~ 1737
f 4

";’
s(\/n(svi —oVr +ar=]+w_;2'(v-,/z(sv= -9w+3ﬂ)+f)
Te = 4 (g w(zv—r)(5v+r)+1sw+1mr) (zsw ist2V—r){5V+r)-'r)

604T
(V=237+4/7(@37-3V)) (37— /7(33r—3V))
T

© V < 7~ 0697
me={ GVURMSY) L <y < $8r w0037
(13V+117) T <V < fr=204r
38
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ForV < SrRT TREts My = IV-:- in either cases and is indifferent between
offering the standard or a customised product. Firm y however, gets higher
profit if z locates off the centre. For g—fwr <V < HT, firm x gets higher
profit locating off the centre. We discuss the remaining of the cases in turn.
Case (A) Hr <V < 38~
Firm z gets higer profit locating off the centre if
(27V — 117) (117 — 5V)
2427
(9\/48 @V —7)(5V +7) + 136V + lSﬁr) (23v - VBV -1 GV +7) - 'r)
) 96047 i
It is difficult to sign this inequality directly. However, we can utilise a p.,
nv'f_‘/w < pe < ¥, such that

V—p: V—p:
)| 28722 )

h=uv-r-w
(9V/ABEV =7)(8V +7) + 136V + 1567) (23V — \/aB(2V — 1) 5V +7) — 7)
96047

for the comparison. Consider p, = 200211 < ¥
20V - 117 > 23V — 1 — /48(2V — 1) (BV + 1)

49 T 49
if
14877 4 204V7 — 4TIV? < 0
This holds for
=51 — v20028 “20028]! A-26<T< =51+ v20028 ‘mv ~ 1.223V.
74 74

Thus 2¥lir 5 BV-r-y “gvhrmv“’ for the relevant parameter range.

g —P= (02) _ (29V +117) (20V - 117)

T pa= MYzl 24017 y
(27V = 117) (117 - 5V) % (29V +117) (20V — 117)
2427 == 24017

if

261 23972 — 869 110V 1 + 464495V2 < 0.
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This holds for

39505 — /557 800320 39505 + /557 800320
23749 ¥ mAGViS TS 23749

This holds in the relevant parameter range. Therefore

V = 2.66V

(27V = 117) (117 = 5V) Vit
> s LA
2427 2 Sl

=11r

Pa=

_ 28V v~ BV -7)(BV+r
Px= +

V=

-

> =R

and 7, (z > 0) > 7 (z = 0).
Case (B) 337 <V < (6—v24)
Firm z prefers locating off the centre if

(13V + 117)?
14407
5 (9v/A8@V —7) (5V +7) + 136V + 1561') (23'/ ~/BEV -1 BV +7) - r)
f. 96047 :

Given the complicated expression of the equilibrium price imposed by the
price undercutting constraint when z = 0, we cannot sign this inequal-
ity directly. However, given the shape of the profit function, we can sign
this inequality by working with a p, close enough to the equilibirum price,

HV—?—\/ﬂgV—r)(EV-H}
Recall that p, = SYETEy 48{{;11’-1')(5V+7) solves

gV == ) = (V+7+p:)?
T e 167 i

The profit function 3V—:& (pz) attains its maximum at p, = % There-

fore, for Beazey 4s§%v-fj{5v+r} <p: < %—, the profit level increases in p;.

Consider pl, = BY=T, Since ZV-r-vB@V-TIEVAT) Ve ¥

3V—p,( ) _ 3(26V + 1) (23V — 1)
P 24017

(13V +117)% 5, 3(26V +7) (28V ~ 7)
1440r < 24017

29484172 + 699 646V T — 2177591V > 0.
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This holds for

—349823 — /764419239360 —349823 + /764 419 230 360
294 841 LM ST 204841 Y

This haolds in this parameter range and therefore 7. (z > 0) > 7, (z = 0).
Case (C) (6 - v24) r <V < U877 ~ 1,737

Firm z prefers locating off the centre if

(18V +117)* (v ~ 237 +4/7 (337 — :W}) (31— = v’m)
= .

~ .78V

14407 -
Recall that the p; (x = 0) = 237 — V — /487 (117 — V) solves
_(V+T+p)?
= 167 i

We can pick a higher price for comparision. Let p, = 27.

21 2 231 =V — /487 (117 = V)

if
V< (—3 i \/ﬁ) 7= 6.87.
(13V + 117)?
S 2 3paly, =2, = 67
if
169V + 2867V — 851972 > 0.
This holds for
V S _ll+l—;'ﬁ40-r = 6.3r.

This holds. Therefore, z would always prefer to locate off the centre. m
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‘We thank two anonymous referees for thelr comments on the current version, and
Masayashi Omachi for helpiul discussions on some of the insitutional details and facts
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patent protection in another country in which the 18 months rule 53
applies,' M

In this paper we examine the implications of pre-grant publication 45
of patent applications in the context of a cumulative innovation 1
maodel, In this model, two firms engage in an R&D process aimed at 17
developing a new commercial technology. Our analysis begins when 1s
one of the two firms has managed to accumulate enough interim R&D a0
knowledge 1o file for a patent” We then examine what are the effects 1
of pre-grant patent publication (PP) on the incentives ol the leading 11
firm to apply for a patent on its interim R&D knowledge. and on the
RE&D investments of the two firms which determine their likelihood 1o 13
successfully develop the new commercial technology. 1"

In principle, pre-grant patent publication (PP) may have two main s
elfects: firsy, it creates a technical spillover because the lagging firm
geis access to the leading firm's interim R&D knowledge when the 17
patent application is made public even if the application is eventually 1x
rejected. Second, PP may credibly reveal to the lagging firm that the

! The Patent Keform Act of 2007 (WK 1908 and 51145 of the 110th Congress)
proposes to eliminate the exemption. Until the passage of the American Inventors
Protection Act (AIPA) in 1959, all patent applications in the LLS. were kept confidential
until 3 patent was sctually granted. Since 1994, approximately 10% of all applicants
opt-out of publication (FTC. 2005, p. 111

" For instarice, In the context of biotechnology, the interim R&D knowledge could
represent a research tool like a cell line. cherical reagent, or antibody which is used In
research but need not have an independent commercial value.
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Firm 1 decides Firms 1 and 2 Each firm either It firm 2 succeads, Firms 1 and 2
whalhir or not decide how much  sucooeds or falls lo  then firm 1 sues it compeld in the
10 apply lor a 10 invast in tha develop the new for patent product markel
patent on its rest of the R&D technology infringement

interim process provided that firm 1

knowledge was granied a patent

Fig. 1. The sequence of events

leading firm is indeed leading and may also affect its beliefs about the
extent of this lead. In this paper we focus on the first. technological
spillover, elfect of PP. This effect figures prominently in the public
debate in the LS, about PP

We show that the implications of PP depend on the strength of
patent protection, which depends in our model on two lactors: (i)
Lthe likelihood that the patent office will grant the leading firm a
patent on its interim R&D knowledge, and (ii) the likelihood that the
patent will be upheld in court. PP matters however only il patent
protection is strong or intermediate because under weak protection,
the leading firm does not file for a patent even when patent
applications are kept confidential, On the other hand, when patent
protection is sirong, the leading firm files for a patent even when a PP
Is in place, But since PP creates a technological spillover, it induces
the leading firm to cut its R&D investment while inducing the lagging
firm to invest more, When the cost of RRD is quadratic, PP raises the
overall likelihood that the new technology will reach the product
market, and hence it benefits consumers. IFin addition the marginal
cost of R&D is sufficiently large, then PI* also raises social wellare
(measured as the sum of the expected consumers' surplus and
expected profits). On the other hand, PP hurts the leading firm and
hence, weakens its incentives to accumulate interim R&D knowledge
in the first place.

Things are more subtle when patent protection is imemmdi:ta;-_*i

Now the leading firm files for a patent when patenl applications
confidential but not when they are made public. Moreover, the effis
of PP on the R&D investiments depends on Lhe likelihood lhal aents
will be upheld in court: when this likelihood is large, PPI the
leading firm to cut its R&D investment while inducing lh

to invest more, When the likelihood that patents will
court is small, PP has an ambiguous effect on the ,B&D. ents:
Nonetheless, when the cost of R&D is quadralic | benefits

consumers regardiess of the likelihood thal paten %g upheld in
court, And, when the marginal cost of R&D q ly large, PP
enhances social welfare if patents are lmelﬁo be gphei_g ‘court, but

it decreases social wellare otherwise.
The economic literature has alrrad:,@'?udlea\m:rmsaspcns ol patent

laws, including the optimal lenglhand @dlho‘ nls (e.g, Nordhaus,
1969; Gilbert and Shapiro, 1990 19904 Gallini, 1992; Chang,
1995; Green and Scotchmer, l ., 1996; O'Donoghue

"ﬁrst tm le” versus "first to invent”
{e.g.. Scotchmer and Green, 1 nd\rgl%n irements (e.g.. Scolchmer,
1996; Eswaran and rﬂllpm noghue, 1998), the optimal
renewal of patents (Coy Ilhl.nd Sdﬁ!hkerman 1999}, and the optimal
length of pml.ettg::n given to- the first firm to discover interim R&D
knowledge (Bloch and Ma wilz, 1966). However, pre-grant patent
publication has received. very little attention in the economic literature.
Given the continuing debate in the US. about the 18 months rule, it
seems that a formal economic analysis of this issue is badly needed,
We are aware ol only two papers that examine the implication of
PP, Aoki and Prusa (1996) assume that PP reveals information about
the quality choice of the first filer. They show that this information
allows firms to coordinate their R&D investments and achieve a more
collusive outcome. Linlike the current paper though, the decision to
patent is not endogenous, filing for a patent does not create a
technological spillover, and patenting does not allow the first filer to

et al, 1998), priority rules s&b
N

ld in

exclude its rival from the product market. Jobnson and Popp (2003) 106
examine citation analysis on all US. domestic patents from 1976 o 107
1996 and find thal more “significant” patents (those that are 1w
subsequently cited more often) tend (o take longer through the 1m
application process and hence are more likely to be alfected by PP. 110
Mareover, their analysis suggesis that eaﬁler qlﬂosure should lead to 111
faster diffusion of R&D knowled Wht[e faster diffusion benefits 112
luture inventors, it hurts the ﬁlm wnld‘im“nﬂm&y therefore make 111
them more reluctant to file for 15, {, 1
The rest of the paper isc\dﬁmn‘ §s fows in Section 2 we 115
describe the model and in Sections 3 and 4 we study the equilibrium 116
under the PP and CF systems: In Sectian 5 we compare the two filing 113
systems in Lerms Iiat;qillll.hn patenting and investment 11s
behavior of the lvﬁ! m aud use the resulls 1o examine the 110
implications of PP cdlﬁurners Surplus and social welfare, We then 120
consider the pﬁsibnh thaty the two firms will engage in licensing in 121
Section 6, and in 7 we examine the implications of PP for the 122
firms' incentives to mmulate interim R&D knowledge, We conclude 123
in Secuun&ﬁjl prmfs are in the Appendix A. 1

Z;Ih!htl 125
‘Qﬁ ﬁrms 3ngase in an R&D process aimed at developing a new 124
"i'echmiogy Suppose that the R&D process has reached a 127
pint where one. of the two firms, firm 1, has accumulated 125
eﬁmgh interim knowledge to apply for a patent. This knowledge 120
mpr&enu.say a research tool or some basic technology which lowers 150

I’.’ﬂ

‘the cost of R&D in the rest of the R&D process. Although the patent (if 111

. granted) covers only the interim knowledge of firm 1, it nonetheless 152

allows it to sue firm 2 for patent infringement if firm 2 eventually 113
manages to develop the new technology. In most of the paper, we shall 111
assume that when firm 1 holds a patent, it always sues Arm 2 when 15
the latter develops the new technology: this assumption can be 15
Justified on the grounds that firm 1 wishes to develop reputation for 1457
vigorously protecting its intellectual property. In Section 6 we shall 135
relax this assumption and consider ex post licensing which takes place 11
when firm 1 fails 1o develop the new technology while firm 2 1
succeeds.” The cost of applying for a patent is that some of firm 1's 111
interim knowledge is spilled over to firm 2 either through the patent 112
application (if it |s made public), or through an actual patent (if and 111
when it is granted)." 1

Given firm 1's patenting decision, but before the patent office 115
makes a decision, the two firms decide how much to invest in the rest |10
of the R&D process. The investment of each firm determines il 117
eventual probability of succeed, We assume that the outcome of the 115
R&D process is binary: each firm either succeeds to develop the new 11
technology or it fails and develops nothing. Once the R&D process 150
ends, the two firms compete in the product market. The sequence of 1151
events is summarized in Fig 1, 152

! Another possibility is that fiom 1 will Hicense its interim R&D knowledge to firm 2
ex ante, before the outcome of the RED process 15 decided. For analysis of this kind of
licensing. see Splegel (J00K),

* This tradeoff is reminiscent of the tradeoff in Horuman et al | 1985), although the
rechnological spillover in their model arises because patenting reveals to the lagging
firm how profitable it would be (o imitate the leadmg firm. For a related tradeofl, see
Erkial | 3005

Spiegel, Y, Pre-grant
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2.1. The filing system

We consider two filing systems: under a pre-grant patent
publication system (PP system), the contents of patent applications
are automatically published after a certain period of time from the
application date (typically 18 months] Under a confidential filing
system (CF system), patent applications are kept confidential until a
patent is granted; if an application is rejected, then no information is
revealed.

In practice, patent protection is imperfect both because patent
applications are someltimes rejected by the patent office if they are not
deemed sufficiently novel. useflul. or non-obvious, and because actual
patents are not always upheld in court.” We capture these imperfec-
tions by assuming that firm 1's patent application is approved with
probability 6< [0, 1], and if firm 1 sues firm 2 for patent infringement,
then it wins in court with probability v+ 0, 11* Throughout we treat
f and ¥ as exogenous parameters.’

2.2, The cost of RED

Given firm 1's filing decision, bul before the patent office decides
whether to grant firm 1 a patent, firms 1 and 2 simultaneously choose
how much to invest in the rest of the R&D process.” For analytical
convenience, we shall assume that the two firms directly choose their
probabilities of success, g' and ¢°, and these choices determine their
respective R&D cost functions, which are given by ((q') and pc(g?),
where 3> 1 because firm 2 does not have full access to firm 1's interim
knowledge. We assume that (1-) is twice continuously differentiable,
increasing, and strictly convex, with C'(0)=0.° The value of i depends
on the degree of technological spillover. which in turn depends on

whether firm 1 applies for a patent and on which filing system is in :

place. We assume that the value of 3 is lowest and equals £ if firm
applies fora patent and a PP system is in place; in that case, firm 2
access o firm 1's interim knowledge through firm 1's
application. The value of A is mmmediate and equals [y if pat

USETO (USFID, 2004, Table 4). Allisan and Lemiey (1998 e
patent validity decisions by LS. courts during the perio
(543 were held valid. In Japan, the original parent was

Meures (1989), Anton and Yoo (2003, 20041

50 )and cmnpumunmnm {2002}
y 50 patentholders do not always sue

anm Firully, Cra 981 show that under certain conditions.
finms may choose not rp.urmmnrdermmmlfnwtlrmnm

information from
! mccording to ne of patent law, “¢laims ought to be bounded
disclosure enables, over and beyond prior art

_Mhamnl!pn:u}mdelwhmﬂmlun
choose the saope of its disclosure. the likelibood that 2 court will upbold firm 1's
patent would be an endogenous variable.

* This iming reflects the fact that patent examination is typically w lengthy process:
pendency time at USFTO was 26.7 months i 2003 Pendency timet at EFO and [P0
were 377 and 311 months respectively. (See LSFTDL 2004 for details including
definirion.)

® Given that ) increasing. there 1 2 b

b the protiability of

mmwmﬂﬂmxunummm«mmnlhrm
firma choose how much tn spend on KL and thete chokies determioe their reipective
probabilities of success

patent application is rejected and a CF system is in place. In both cases, 155
there is no technological spillover." 180

We assume that the fact that firm 1's cost of R&D is lower is 10
commaon knowledge. As mentioned in the Introduction, without this 1
assumption, PP would not only create a technological spillover, but 102
would also reveal to firm 2 that firm 1's cost is C(q) and not higher. 1
This will affect firm 1's incentive 1o file for a patent under the PP 1w
system. In the current paper, however, we wish (o focus on the 11
technological spillover effect and hence eliminate the effect of PP on 19
firm 2's beliefs by adopting the common knowledge assumption.” 17

2.3. Competition in the product market 195

compete in the product 199
of product market 20
ply one firm succeeds to i
nbe either firm 1 or 2), then 202

il 'the net present value of 23
to develop the new 21
[their profits is m,, and if 205
ent Value of their profits is m,.'* =6
g assumptions: 207

Once the R&D process ends, the two fipms
market. Instead of assuming a specif
competition, we simply assume lha

lechmloxy. then the net pree

s

L holds whenever the products of firms 1 and 2 are 211

ition A2 ensures that the best-response functions 212
apd 2 are well behaved. Moreover, the first part of 211
2 ensures that it is too costly to invest up to the point 214
g the new technology becomes a sure thing, 21

L ! aTv
The pre-grant patent publication (PP) system 215
When firm 1 files for a patent under the PP system. it can prevent 210

firm 2 from bringing the new technology to the product market (if 220

firm 2 develops it) with probability ¥, which is the probability that a 221
patent is granted and is upheld in court. Hence, 19 reflects the w2
effective patent protection that firm 1 enjoys Recalling that the 223
success probabilities of firms 1 and 2 are q' and ¢°. the expected 221
payolls of the two firms are 25

' (q!.q* F) =q' [ (1 0imyy + (1= (1 =0) )y

+(1-") [g* (1=y0)muy + (1-G* (1=¥8))an ] ~C (" ).
and 226
m*(q' G IF) = ' [g* 0 1=y my, + (1-*(1=y0) )iy |

+(1-g") [0 1=y + (1=g7 (1=99) ) |- C (%)

The first bracketed term in Eq. (1) is firm 1's payoll when it 228
succeeds to develop the new technology. With probability ¢*(1-y9). 21
firm 2 also succeeds and is [ree 1o use the new technology in the 232

12)

™ The assurmphion that fiy> M- fy I8 consistent with Mansfield et al (15811 who
estimate that the avesage ratio between the cost of imitating an existing

(A Cg) or AyCla) In our model] and the coit of innevating it from scrateh (5d0q) in
our model ) it 0,65,

"' For papers that study the effect of vol Y disch of H&D knowledge on the
beliefs of rival firms. see for example Lichtman & al. 12000); Gordon (J004L Jansen
(200K |, and Gill { 20081

" 1o econaimnize on potatnn we assume that the product market profits aie
Aymmetric: B, 1, M, and m,, are the same for both firme This assumption is pot
impartant however and none of our results depends on it
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a b
q; ¥6=0 9,

0<y0 < 1-Pu/fy %

10> 1-Bu/PBy

1

Rq |F) ﬁ'(q'lﬂ

1 q, 9
d e
q: ¥9=0 q;
1 1
R(@IF)=R"(q"INF)
R*q'IF)
q, q, . q,

1

1

Fig. 2. The Nash equilibrium in the filling and the no-filling subgaities and howd it changes with increases jn 40
¢ s i

product market, so firm 1's payolTis m,,; with probability 1 =g%(1-y0),
firm 2 either fails or else it succeeds but it is prevented from using the

new technology, so firm 1's payolTis iy, The second bracketed termin
Eq: (1) represents the corresponding expressions when firm 1 fail$ to
develop the new technology. The interpretation of Eq. (2) is similar.
Firm 2's cost is f4C(q") because firm 2 gets access to firm 1's interim
knowledge through firm 1's patent application.

Absent filing, firm 1 cannot prevent firm 2 from using (he new
lechnology if firm 2 develops it. Hence, the expeciéd” p.:lybffk of the
two firms are

n' (g, g INF) =g [q'mtyy + (1-g7)myn | * (19" |17 M % 1-08)m00 | -C(0")
(3

and
(g 7 INF) =q' [Py + (1 u‘;uuﬂ'H LRI i (1- '] 1 C (a7
4)

These expressions differ frﬁm the corresponding expressions in the
filing subgame in two wayss first, the pt‘ul:uablllu,lI that firm 2 uses the
new technology in the pMduct market is now ¢ instead of ¢*(1-+9).
Second, absent filing, thete is'no technological spillover, so firm 2's
cost of R&D is 4 lq’) mstm; of [3.Clq%), where i 3.

Let R'(¢°|F) and R¥q'|F) be the best-response functions in 1he
filing s b,g?me these funictions are defined implicitly by ™ g '
and TLTE g, Slmllarly the best-response [unctions in the no-
ﬁlln’g‘subgarne R (q‘(NF} and R*(q'|NF). are defined implicitly by
—-’a“—”-' oand 2T L Assumptions Al and A2 ensure that the
best-response I'uﬂclluns in both subgames are well-defined and
single-valued. The best-response functions are downward sloping in
the (¢, ¢*) space (¢' and g¢° are strategic substitutes]) if 172, My, -
My =M =0 and are upward sloping (g' and g* are strategic comple-
ments)if [T<0. Tointerprel [, note that it can be written as (m, = My, )=

(n, -ﬁn; ), where ., =1, is the extra profits generated by the new 262

1 hnlog! ‘when the rival fails to develop it, and m, —m, is the 263
corresponding extra profit when the rival succeeds. When 11-0, 264
having the new technology is more profitable when the rival does not 265
have it and conversely when I1<0. 266
The Nash equilibrium in the filing subgame, (g}, g7 ). is determined 207
by the intersection of R'(g*|F) and R*(q'|F), while the Nash equilibrium 265
in the no-filing subgame, (¢l g ). is determined by the intersection s
nfﬁ"(ﬂm‘) and R*{(q'|NF), Assumptions A1 and A2 ensure that (gh qf} a7
and (ghy. qiy) are unique and lie inside the unit square (recall that q' 271
and ¢° are probabilities and hence must be between 0 and 1) 72
To see how the cl'l'sglnw cpalent plmecliun. Y0, affects the R&D 73
investments, note that -;;;———J =gt 11 and 22ie. "" = (4" (M =Tlug) + 274
(1-q ]{nw~nm.} Hence, whenyﬂmcneases { iF)shll'ls outward if 275
H ~0(q' and ¢ are strategic substitutes) and inwards if 11<0 (g' and 276
q° are strategic complements); by contrast, Assumption Al ensures 277
that R*(q'|F) always shifis inward. As-a result, g} increases with 0 if 278
I7>0 and decreases with 0 if 11<0, while gf always decreases with 279
¥ irrespective of [T, Intuitively, as v increases, firm 2 is less likely to 280
bring the new techinology to the product markel and hence its 281
marginal benefit from R&D falls; as a result firm 2 invests less. As for 282
firm 1. note that its marginal benefit from R&D is a weighted average of 283
Ty~ My a0l 11, = 1. When 3 increases, firm 1 is more likely to block 284
firm 2 fromusing the new technology and hence its extia profits is more 285
likely to be m1,,, - my, rather than iy, =y, This in turn boosts firm 1's 286
incentive to investifand only if 1y, = s - My, = My, L& ifand only 111 -0, 287
Fig. 2 illustrates the equilibria in the filing and the no-filing 2ss
subgames and shows how they are affected by y0.'* Panels a~¢ show zsi

" The proof appears in a technical appendix which is available at www tauacil)
spiegel

" Far simplicity, we draw the best-response functions as stralght lines even though
in general this peed not be the case. This however does oot alfect any of our
conclusions.

ation (2008), doiz10.1016/filind orz 200810002
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