Research and development (R&D)

What will a market look like in the future?
- which firms?
- which products?
- which production technology?

Depends on:

- entry deterrence, mergers, etc.
regulation
consumers’ preferences
innovation -

Two kinds of innovation

* Product innovation
* Process innovation

Product innovation a special case of process irtrmva
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Process innovation

What is the value of an innovation?

- for society
- for the innovating firm

It depends on the situation.
Patents: protecting inventions

Consider a firm making an innovation that is patent
protected forever.

Constant unit costs.
The innovation reduces costs framoc, ¢ > c.

The value to a social planner

O

c D(p)

1«
YA =", D(c)dc
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The private value

(1) monopoly
7{p, ) = (p —c)D(p)
p"(c) = argmax 7(p, c)
11(c) = "p"(c), c)

dr™(c) _omdp™  om _ ar{p™c)

= —D m
dc op dc oac oc (P7(c)

p"(c) >¢, Oc = D(p™(c)) <D(c), Oc.
VALE %j; D(pm(c))dc<vS

Private value is less than social value
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(2) competition
Suppose all firms in the market have constantaostsc.
Homogeneous products. Price competition.
p==¢c. 7=0.
One firm makes an innovation, gettiag c.
Two cases to consider:
(i) The innovation is drastig™(c) < C.
Even at the monopoly price, the innovating firmesk

the whole market.

(i) The innovation is non-drastip:(c) > C.

Also now, the innovating firm takes the whole marke
but hasto sgh=C.
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Consider a non-drastic innovation.

7t = (¢ —)D(C)

ve=2(c-o)o(c) =% [°D(c)dc

r
Oc>c, p(9>p™c)>c
= D(p"(c)) <D(c), Oc>c.
= V"<V

D(c) <D(c), Oc<c.

= V<V

= V'<V <\

Exercise 10.1: This ranking also holds for drastiovations
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Why isV" < V*?

The replacement effect of an innovation. (Arrong2p

In the competition case, the innovating firm essagpeero-
profit situation.

In the monopoly case, the innovating firm replages
monopoly situation with another one.

Because of the replacement effect, competitioragor
firms’ incentives to innovate.

Exercises 10.2, 10.3.
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(3) a monopolist threatened by entry

Suppose the entrant innovates in case the monbodoks
not. This increases the monopolist’s incentiveimhovate,
since now the alternative is worse.

7f(cy, ©,) — profit per period in a duopoly when own cost is
¢, and rival’'s cost i%,.

If the monopolist doesot innovate and the other firm
enters and does innovate, then the monopolist earns
7#(c, c) and the new firm earnd(c, c).
Assumption:7f'(c) = 7f(c, c) + 7f(c, T)

Value of the innovation for the monopolist:

V"= L7 - (e, o)

SV \P= %[ﬁ"(g) (¢, ¢) (g, ©)] 2 0

Opposite ranking, because of the efficiency effact:
monopolist earns more than two duopolists.
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The two effects:
- the replacement effect

- the efficiency effect

Patent race

Two firms, incumbent and potential entrant, fighbte first
to make an innovation with an ever-lasting patent.

The more valuable the innovation is for the incuntbthe
more resources it spends on being first, and teategr is

the probability that it will win the race and getea more

control over the market.

If the efficiency effect dominates the replacemeffdct,
thenV™ > V* and the incumbent gets even more control
over the market.

Opposite, ifV© > V™, then the entrant takes over, at least in
expectation.

Tirole, Sec. 10.2
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Strategic technoloqgy adoption

Technology without patent protection.
Technology adoption is costly.

Two firms, homogeneous products.
Constant unit costs. Zero profits.

Low-cost technology is available< €

Non-drastic innovation: If only one firm adopts thew
technology, then it earrs —c per unit per period.

AssumeD(c) = 1.

C—C
T
Value for non-innovating firm: O.

Value of innovationV =

Costs of adoptioa> A firm will not want to adopt if the
other one has already adopted.

Strategic incentives to adopt early. But what hagpghen
both know they both have such incentives?

Adoption costs are decreasing over tilgé),
C(0) very highC'(t) < 0,C"(t) > 0.
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Net present value of adopting new technology a¢ tim
given that none of the firms adopted before ttms:

L(t) = [V-C()]e"

This is the value of beingchnology leader

The follower does not adog#(t) = 0, [ t.

(1) The technology leader picked in advance —
technology adoption without strategic
considerations.

The leader maximizdg(t):

3\

L'(t)=2 -C'(t) -r[v-C(t)]le™ =0
%/_J o ~ J

marginalgain marginalcost

fromdelay fromdelay

J

C'(t*)

C(t*) = V + <V

(i) Strategic considerations

Both firms consider technology adoption
Definet® by: L(t) =0

= C(t)=V = t°<t*
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A firm never adopts beforte.

The best response to the other firm’s adoptigh=at® is to
adopt at [ (t° t).

The best response to the other firm’s adoptidhiatnot to
adopt at all.

The best response to the other firm not adopting &lopt
att* > t°,

The only possible equilibrium is one in mixed stgies.
At each point, each firm has a subjective probabiluy)
that the other firm adopts the technology, &iven that

none of the firms has adopted so far.

In equilibrium, the firms are indifferent betweesioating
and not at each> t°.

Payoff to each firm if they both adopt at tine
B(t) = —C(t)e"

Equilibrium condition:

L(O[1 —p(t)] + B(H)p(t) = F(1)
[V -C@OI[1 - p(t)] - C(H)p(t) = 0

:>p(t):1—$, t>t

« A strong strategic incentive for adoption

* But what if profits are positive with competition?
- product differentiation?
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Network externalities

Positive externalities between consumers
Example: telephone, telefax

More generally: network effects

Example: system goods, such as
- computers / software,
- DVD players / DVDs

When a new technology is available, each consunust m
decide whether to switch.

A coordination problem: the more consumers switghin
the higher is the utility for each from switching.

Excess inertia: consumers wait longer than whabsally
optimum because no-one wants to be first to swadhe
new technology.

Excess momentum: consumers switch too early because
they do not want to be left with the old technology

On the supply side:
- which technology to offer?
- standardization of new technology
- compatibility with other products

Tore Nilssen — Strategic Competition — Theme 8ideS12



A model of consumer behaviour with network exteitresd

Two consumers.
Two technologies: old and new.

q = network sizé] {1, 2}

u(q) = a consumer’s utility witlold technology
v(Q) = a consumer’s utility witlnewtechnology

Positive network externalities:
u(2) >u(l), v(2) >v(1)
Better to be together than separate:

u2) >v(1), v(2) >u(l)

Consumer 2
New Old
Consumer 1 New v(2),v(2) v(1), u(1)
Old u(1), v(1) u(2), u(2)

Two pure-strategy equilibria: {New, New} and {Ol@|d}.

Excess inertia:
If the consumers play {Old, Old} and2) > u(2).

Excess momentum:
If the consumers play {New, New} arg2) <u(2).
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A more sophisticated model

Dynamic analysis: Two periods.
Incomplete information about the other consumer’s
preferences.

A consumer of typé# has preferences
ugq) andvg(a), qU {1, 2}, &0 [0, 1].

The higher@is, the more interested the consumer is in
switching to new technology:

d[Ve (2) — Uy (1)] >0
dé

Network externalities:
ugf2) >ugl), 0 &
vd2) >v41), O 6.

The highesiétype prefers switching even if he is alone:
vi(2) > V1(1) > Uy(2) > (1)

The lowest&type is the opposite:
ue(2) > Uo(1) >Vo(2) > ve(2)

» Coordination problems only for consumer types m th
middle range.

Consumers are independently and uniformly distaduin
[0,1].
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Four possible strategies for a consumer:

(1) Never switch

(2) Do not switch in period 1; switch in period 2
regardless of what happened in period 1.

(3) Do not switch in period 1; switch in period 2 ifdan
only if the other consumer switched in period 1.

(4) Switch in period 1.

Strategy (2) is dominated by strategy (4).

« Strategy (4) never fares worse than (2), and if the
opponent plays strategy (3), then strategy (4) is
strictly better than (2).

Equilibrium play depends of

0 & e 1 o

never jump on the immediately
(1) bandwagon (4)
3)

A consumer of typé* is indifferent between the old
technology with a small network and the new tecbogyl
with a big network:

Ug(1) =Vve(2)
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A consumer of typé&** is indifferent between:

(a) switching to a big network only if the other consmim
switched in period 1, and otherwise staying inc bi
network; and

(b) switching in period 1, implying being in a small
network if the other consumer plays strategy (1) ian
a big network otherwise

Vo (2)(1 =) + U+ (2)8™ = V= (1) + Vo (2)(1 - &)
[Ve«(2) —Ug=(2)] 6 = [ Vo= (2) —Vo=(1)] &
= Vg« (2) >Ug-(2)

Excess inertia may occur: In the case where both
consumers havés just belowd*, no-one switches to the
new technology because they play the jump-on-the
bandwagon strategy, evernvi{2) >u42).

The supply side

Stage 1: Each firm decides whether its produai Iset
compatible with rival firms’ products.
Stage 2: Price or quantity competition.

Trade-off: Compatibility implies a larger markettb
tougher competition.
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