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We show that the optimal price policy of each firm depends on the level of property
rights protection, the position of firm 7" in the network, her degree and the size of the
market. We then analyze the welfare implications of our model where the planner that
maximizes total welfare has to decide which firm to target. We show that it depends
on the level of property rights protection and on the network structure in a non-trivial
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1 Introduction

The way the diffusion of a product or an idea operates is complex and depends on the inno-
vation itself, adopters, communication channels, time, and the social system where the inno-
vation takes place. In their meta reviews, Rogers (2003) and Greenhalgh et al. (2004) have
identified several characteristics that are common among most studies. Potential adopters
evaluate an innovation on its relative advantage (the perceived efficiencies gained by the
innovation relative to current tools or procedures), its compatibility with the pre-existing
system, its complexity or difficulty to learn, its trialability or testability, its potential for
reinvention, and its observed effects. Rogers (2003) and Easley and Kleinberg (2010) high-
light the fact that the diffusion of an innovation is strongly associated with the network
where the innovation takes place since the communication channels allow the transfer of
information from one unit to the other. The aim of this paper is to investigate further this
issue by putting forward the role of the network in the diffusion of an innovation and how
pricing strategies and targeting can affect this type of diffusion.

To be more precise, we consider a network of firms where a firm 7" has a new innovation
and wants to sell it first to her direct neighbors. This new innovation is referred to as the
first-generation innovation. In fact, firm T needs to sell first the innovation to her direct
neighbors in order to have access to their market. This is because these direct neighbors
are the firms with whom firm 7" has a direct contact with (word-of-mouth communication).
These direct neighbors are the only firms in the network that can innovate on top of firm
T (i.e. second-generation innovation). These two innovations (first and second-generation
innovations) are complementary since the second-generation product requires the input of
the first-generation innovation. In this framework, we consider two different environments.

In the first one, firm T writes a binding contract (that can be verified by a court) with
each of her neighbors that gives them the right to innovate during a fixed period of time. In
exchange, each of these neighbors has to pay a price (for example, a licencing fee) stipulated
in the contract in order to be able to innovate. If we think, for example, of a software, then
firm T" will give the codes of the software to her neighbors during this period. If, at the end
of this period of time, the neighbors have innovated, then firm 7" cannot sell her product
to the firms belonging to the rest of the market (i.e. firm 7" have no rights on subsequent
innovations) and each of the direct neighbors will sell their (second-generation) innovation
to the firms belonging to their market. On the contrary, if, at the end of this period of time,
the neighbors have not been able to innovate, then firm 7" will be the only one that will sell
her product (first-generation innovation) to all the remaining firms in the market. However,
because she has signed a binding contract with her direct neighbors that stipulates the price
of the product, she will be obliged to sell her product at the same price to the remaining



firms.

In the second environment, firm 7" does not write a contract but has an informal agree-
ment with each of her neighbors that gives them the right to innovate during a fixed period
of time. As above, each of these neighbors has to pay a price in order to be able to innovate.
If, at the end of this period of time, the neighbors have innovated, then firm 7' cannot sell
her product to the remaining firms in the market. If, at the end of this period of time, the
neighbors have not innovated, then firm 7" will sell her product to the remaining firms at
a price that can be different to the one charged to the direct neighbors. This is possible
because there is no binding contract with a given price.

In this framework, it is important to understand the role of the network. Indeed, firm
T can only sold her product to her direct neighbors in the network because these are the
only firms she has directly access to and because these are the only firms that can improve
her innovation since they are sufficiently technologically close to firm 7. This means that
the network can be viewed as representing the flow of information between connected firms
but also as the technological proximity between firms. Thus, despite the threat that her
neighbors can innovate and can therefore "steal” her product, firm T is willing to sell her
innovation to her neighbors because it is the only way for her to have access to a large market.
Of course, the price she will charge to her direct firms will depend on the environment she
faces and will reflect the trade off between obtaining rents from her neighbors and inducing
the possible remaining firms to buy a product.

More generally, what we have in mind here is the idea that innovations are the result of
a cummulative process, which is typically true in complex industries such as biotechnologies,
information technologies, electronics and software. Consider, for example, the 30GB version
of Apple’s fifth-generation iPod, the Video iPod, which went on sale in October 2005. For the
30GB Video iPod, the highest-value components are the hard drive and the screen display,
which were both supplied by Japanese companies and not by Apple itself (Linden et al.,
2009). These are intermediary products, not developed by Apple, which can be improved
by innovative firms. In that case, each firm gets informed of an innovation in the process
technology through a word-of-mouth process, so that firms can communicate among them
and share information. Another example is the software industry. The software, computers,
and semiconductors industries have been the most innovative industries of the last forty
years. Even though these industries had weak patent protection, they have experienced a
rapid imitation of their products. As argued by Bessen and Maskin (2009), for industries
like software or computers, theory suggests that imitation may promote innovation and that
strong patents (long-lived patents of broad scope) might actually inhibit it. Society and
even the innovating firms themselves could well be served if intellectual property protection
were more limited in such industries. As stated above, in these industries, innovation is both



sequential and complementary (Bessen and Maskin, 2009). By sequential, we mean that each
successive invention builds on the preceding one, in the way that the Lotus 1-2-3 spreadsheet
built on VisiCalc, and Microsoft’s Excel built on Lotus. And by “complementary,” we mean
that each potential innovator takes a different research line and thereby enhances the overall
probability that a particular goal is reached within a given time. Our model fits well with
this story since we model the degree of property right protections as a cost of innovation
and the possibility that firms can imitate and innovate on top of the original innovation, i.e.
innovation is both sequential and complementary. In this interpretation, our product could
be a software that is developed by a firm 7" and sold to her “direct” neighbors, who can, in
turn, improve this software and sell it to their own neighbors. Notice that, if the neighbors
innovate, then the initial software sold by firm 7" will become “obselete” and the remaining
firms in the market will not buy it; they will only buy the new software. If, of course, the
neighboring firms did not succeed in innovating, then the remaining firms in the market will
buy the initial software from firm 7.

We first analyze the optimal price policy of firm 7" and of her neighboring firms when
firm 7" must commit to a single price (because she has signed a binding contract that is
easily verifiable) and when she does not need to commit to a single price (because she only
has an informal agreement with her direct neighbors). In the first case, we show that firm
T can only charge two prices. A high one that extracts all rents from the neighboring firms
but, for which, the remaining firms will not buy 7”’s product if her neighboring firms do not
innovate. A low price that guarantees that all firms (both her neighboring firms and the
remaining firms) will buy 7”s product. We also show under which condition firm T prefers a
high price or a low price. Indeed, it should be clear that firm T faces the following trade off.
If she charges a high price to her neighboring firms, then it is very likely that the remaining
firms will not buy her product if her neighboring firms do not innovate. If she charges a
low price, then she will not make that much profit from her neighboring firms and there is
a risk that the remaining firms will not buy her product if her neighboring firms innovate.
We show that the optimal price policy depends on the level of property rights protection,
the position of firm 7" in the network, which indicates how large is her potential market and
her degree, i.e. the number of direct neighbors/competitors of firm 7. In the second case
when firm 7T does not need to commit to a single price, we show that firm T will have a
unique two-stage price policy, where, in the first stage, the price extracts all the rents from
her neighboring firms while, in the second stage, the price extracts all the rents from the
remaining firms, i.e. the firms belonging to the potential market of the neighboring firms.

In the second part of the paper, we analyze the welfare implications of our model. Our
question is as follows: If a planner that maximizes total welfare wants to target a firm T,
which one will she choose? Here, target means that the planner chooses the firm that would



innovate first by providing, for example, some financial incentives. We show that which firm
should be targeted depends on the institutional context (what kind of price commitment
or contract prevails), the level of property rights protection, the position of firm 7" in the
network and her degree. In particular, if the level of property rights protection is low so
that it is easy to innovate and if firms must commit to a unique price, then the planner
should always target the most peripheral firms in the network. On the contrary, if the level
of property rights protection is high and if firms are obliged by contract to commit to a
unique price, then the planner should always target the firms with the highest number of
direct competitors. When firms do not need to commit to a unique price, we show that,
independently of the level of property rights protection, the planner should always target
the firm with the lowest degree. These results are due to the fact that the diffusion of the
innovation can be beneficial or not for the society at large depending on the position in the
network of the targeted firm and on the difficulty to innovate.

The rest of the paper unfolds as follows. In the next section, we relate our paper to
the literature. In Section [3, we describe how the diffusion of the innovation in the network
works. In Section 4] we consider the optimal price policy of the neighboring firms of firm
T while, in Section [5] we focus on the pricing policy of firm 7. Section [0] is devoted to the
welfare analysis of the model where the planner has to decide which firm should be targeted.
Finally, Section [7] concludes. All proofs can be found in the Appendix 1. In Appendix 2, we
extend the model where firms only know partially the network.

2 Related literature

Our paper is related to several literatures.

Innovation There is a very important literature on innovation (for an overview, see
Hall and Rosenberg, 2010). Our paper is mainly related to the literature on sequential inno-
vation, which has been studied by Scotchmer (1991, 1996), Green and Scotchmer (1996), and
Chang (1995) for the case of a single follow-on innovation and by Hunt (2004), O’'Donoghue
(1998), O’Donoghue et al. (1998), Bessen and Maskin (2009) and Cozzi and Galli (2014),
who study a single invention with an infinite sequence of quality improvements. The focus
of this literature is mainly on the trade off between innovation and patents and, in partic-
ular, how patents can enhance or reduce innovation. In particular, an important issue in
this literature is the fact that the first-generation innovator may be granted some right on
subsequent innovations and thus an holdup problem may arise. Indeed, if an early patent
holder has a claim against subsequent innovators, the latter may be reluctant to invest in



innovations (R&D) because they anticipae the expected cost of such claims (see Belleflamme
and Peitz, 2015, Chap. 19, for an overview on these issues).

Our paper proposes a different framework as we model the sequential innovation in a
network and study the effect of price policy, innovation diffusion and targeting in a network.
In particular, we do not have the holdup problem mentioned above because the property-
right protection level can vary from very low to very high and the structure of the network
indicates which firm has access to which market. As a result, the first-generation innovator
(firm T') is ready to disclose her innovation to her neighbors (technologically close firms)
because she hopes that this will give her access to the market of these firms. Firm T will be
able to sell her first-generation innovation to the whole market only if her neighbors do not
innovate. In our model, what is interesting is that, in the context of sequential innovation,
firms create their own competitors and are ready to lose some rights on their innovation if
this gives them access to a bigger market.

Pricing in networksﬂ There is an important literature on pricing in networks (for a
recent survey, see Bloch, 2016). Ballester et al. (2006) provide a tractable approach to study
network games with strategic complementarities amongst players using linear-quadratic util-
ity functions. They show that the Nash equilibrium in effort is proportional to the “Katz-
Bonacich centrality” of each player. Two recent contributions by Bloch and Quérou (2013)
and Candogan et al. (2012) incorporate the pricing decisions into the framework of Ballester
et al. (2006) where externalities come from consumption.ﬂ They independently show that if
the monopoly firm can price discriminate among players and the network effects are symmet-
ric (undirected), the resulting optimal prices do not take into account the network structure.
Fainmesser and Galeotti (2016) use a somewhat different framework and consider the possi-
bility that agents (firms and consumers) only know partially the network and have informa-
tion only about the consumers’ in-degrees or/and out-degrees (i.e., how influential they are
or how significantly they influence by their neighbors). If the level of influence and level of
susceptibility are perfectly positive correlated, Fainmesser and Galeotti (2016) show that the
optimal pricing is also independent of the network. In a complete-information setting, Chen
et al. (2015) extend this framework by considering two firms that compete with each other
and consumers that can consume different goods, which can be substitutes or complements.
They show that the structure of the network matters and that firms tend to charge lower
price to more connected consumers.

!There is a growing literature on the economics of networks. For overviews, see Jackson (2008), Easley
and Kleinberg (2010), Jackson and Yariv (2011) and Jackson et al. (2016).

2See also Shi (2003), Deroian and Gannon (2006), Banerji and Dutta (2009), Jullien (2011), Billand et
al. (2014), Carroni and Righi (2015), Currarini and Feri (2015), Ushchev and Zenou (2015), Leduc et al.
(2016).



Our model is very different from the ones developed in this literature. We have neither
a pure monopoly or a duopoly since firms have a local monopoly on their own products but
still compete indirectly with each other. In fact, we highlight a different trade off in pricing
policies. Firms can charge a high or low price depending on their position in the network
(in most of the papers above, firms are not located in the network, only consumers are) and
on the probability of innovation of their direct neighbors.

Diffusion and targeting in networks There is a growing literature on targeting in
networks, both from non-economists (Mayzlin, 2016) and economists (Bloch, 2016; Zenou,
2016). The literature has been divided in two parts: the targeting of agents to diffuse in-
formation or opinions in a social network (Bloch, 2016) and the targeting of agents where
the objective is not to seed the network to start a diffusion process but to remove a node in
order to reduce or increase activity (Zenou, 2016). Our paper is clearly related to the first
strand of this literature where firms take the network of social interactions as given and con-
sider how to optimally leverage social effects to introduce new products or maximize profits.
There are few papers with analytical results on targeting. Exceptions include Galeotti and
Goyal (2009) and Campbell (2013). To be more precise, Galeotti and Goyal (2009) assume
that the firm only knows the degree distribution of consumers in the social network, and
the degree of each consumer. Their main question is: should consumers with a low degree
(who are not influenced by many agents) receive higher advertising than consumers with a
high degree (who are influenced by many other agents)? Among other results, they show
that consumers with higher in-degree (i.e. who influence more other agents) should receive
more advertising expenditures. Campbell (2013) considers a somehow similar network to
study monopoly pricing and targeting in the presence of word of mouth communication.
A monopoly sets a price, and consumers decide whether to purchase or not, according to a
random valuation. Campbell (2013) shows that the emergence of a giant component depends
on the price charged by the monopolist, and that there exists a critical price such that a
giant component emerges when price is below the critical price. In this framework, he shows
that the firm should target the consumer with the highest degree only if her price is below
to this critical price and should instead target the consumer with the smallest number of
connections if it is above the critical pricef]

Our framework is quite different in the sense that firms are themselves located in the
network and their position in the network, captured by both their degree and their diffusion

3See also Lim et al. (2016) who examine how a profit-maximizing firm tries to diffuse a product in a
network by picking a seed and a price. They show that the structure of the network affects the optimal
policy. For example, on a line, the optimal price policy is positive while, when a complete graph becomes
large, the optimal price goes to zero. For overviews on diffusion in networks, see Jackson and Yariv (2011)
and Lamberson (2016).



centrality (a concept introduced by Banerjee et al., 2013, that we define below), are crucial
in determining the price policy of the firms. As a result, the way we define the network
is different. Each firm gets informed of an innovation in the process technology through a
word-of- mouth process, so that firms can communicate among them and share information.
More importantly, the aim of targeting a firm in our framework is to maximize total welfare
in the network and not necessary diffusion. We also obtain clear-cut analytical results on
the targeting of firms. Finally, it is important to observe that the main focus of our paper
is not on diffusion itself but rather on optimal pricing for the firms and targeting for the
planner.

3 The network of innovation diffusion

3.1 Building the network

Consider a finite set of firms N = {1,...,n}, each firm being a monopolist on her own
market. Think, for example, of firms operating in different sectors, producing different
products. Consider firms using a common technology (e.g. software, managerial technologies,
organizational structure, consumer tracking policies, etc.) that we call process technology.
We can think of firms working in health services, logistics, banking and so on, but all are
using a common software to manage their data. This software is the process technology.
In other words, the product sold by firm is an intermediary product (such as a software)
that can be used to produce a final good. In our model, these are the types of intermediary
products that we are thinking of and that can be improved and innovated upon.

Because innovation will be a profit-enhancing activity, each firm wants to innovate so
that she can improve this technology and sell it to a higher price. Because this process
technology is compatible among the different firms (e.g. software), it can be transmitted
from one firm to the other, as it is or when it is improved after an innovation. Each firm
gets informed of an innovation in the process technology through a word-of-mouth process,
so that firms can communicate among them and share information. The network thus keeps
tract of this word-of-mouth process so that information flows between linked firms. It also
keep tract of how technologically close firms are.

Network definitions The channels by which firms communicate and, potentially,
spread the process technology is modeled as a fixed undirected network g. The corresponding
adjacency matrix G = [g;;] is such that ¢;; = 1 if firms 7 and j are linked together and g;; = 0
otherwise, with the convention that g; = 0. For analytical simplicity, we assume that the



network g have no cycles and thus is a tree[l] Define the set NN; as the neighborhood of agent
i in network g, i.e. N; = {all j| g;; = 1}. The degree d; of firm i (i.e. the number of links
of i) is: d; = >_; gij. The links represent the possible channels of information flows among
firms. The outdegree of firm i, denoted by d;, is defined as d; = Zj gji- The kth power

GF = G x ktimes)G of the adjacency matrix G keeps track of indirect connections in G.
More precisely, the coefficient ggﬂ in the (4, 7) cell of G* gives the number of Walk of length
k in G between ¢ and j.

Assuming that each firm 7 is a monopolist on her own market means that the profits of all
n firms derived from the production of the good are independent of the process technology
innovation used by other firms in the network. We denote by firm T (targeted firm) the
firm that has the opportunity to develop this product first. In other words, firm T is an
innovator that creates a new product, for which there are no close substitutes, and acts as a
monopolist. If we think of the product as a software, or a hard drive or a screen display, as
for example in the case of the Video 1Pod, then firm T is the firm that has been given the
opportunity to develop this product first. Denoting this firm 7T as a targeted firm will be
useful when dealing with optimal-target policies.

The timing is as follows. At time ¢t = 0, all firms have access to the same technology
and all obtain a profit 7y, normalized to 0. At time ¢ = 1, one firm (firm 7") comes up with
an innovation about the process technology which, if successfully developed, can reduce her
production costs, thus leading to higher profits. As stated above, we refer to this firm as
firm 7T or the T-firm as if targeted by nature or by a policy maker, to potentially improve
the industry technology. As for every technological innovation process, innovation is costly,
and we model this in the next sections. At time ¢t = 2, starting from firm 7', the innovated
technology can be diffused and, potentially, further ameliorated by the direct neighbors of
firm 7', following the links of the network. The innovation can flow along the paths of the
links in the originally undirected network g. Then the innovation process stops and all firms
in the network may benefit or not of using this new product, depending on the price at which
it is sold.

To be more precise, given a T'—firm, a T-induced directed network zr is derived from the
undirected network g imposing specific directions on the links of g where we only consider
outdegrees. Denote by Np the set of neighbors of firm 7. Then, the T-induced directed
network zp, defined by the matrix Zs = [z;;], is built in the following way:

e Start with a generic firm 7" and build directed links in the direction of all its neighbors

4In fact, our model can be extended to networks with cycles. The analysis becomes much more cumber-
some but the main results and intuitions remain the same.

5A walk in a network g refers to a sequence of nodes, i1, 42,143, ...,9x_1,ix such that iyiy; € g for each
k from 1 to K — 1. The length of the walk is the number of links in it, or K — 1.



7 in g. Formally, for all © € N, set zp; = 1 and z;r = 0;

e Given any firm ¢ reached by a directed link, create directed links towards its remaining
neighbor firms in g. Formally, for all i € Ny, and for all j € N; \ T, set z;; = 1 and
Zji = 0;

e Continue this way, step by step, until all terminal nodes are reached.

One can see that, by construction, the matrix Zs is asymmetric and only captures
outdegrees. Figure[I]provides two examples of how, selecting a firm 7" in a specific undirected
network, leads to two induced directed networks.

@ ® @

Figure 1: Deriving the T'—induced directed networks

Indeed, start with the left (undirected) network described in Figure [l Its (symmetric)
adjacency matrix G is equal to (the first row corresponds to node a, the second row to b,
etc.):

)
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Let us first consider node a as firm 7. The middle network in Figure [1] displays the
a-induced directed network. For that, we build directed links starting from the node T" = a,
that is the links ab and ac (i.e. zyp = 1 and z,. = 1). Then, we create directed links from
b and ¢, which are links bd, ce and cf. Since f is the only node, which is not terminal, we
continue this process by building the link fg. We stop here because we have reached all the
peripheral nodes. In that case, z,, the a-induced directed network is: z, = {a,b,c,d,e, f,g},
i.e. it is the whole network, and the cardinality of z, is |z, =n = T.

Let us now consider node d as the firm 7" in the left (undirected) network of Figure [1]
The process is the same as before and we obtain the d-induced directed network, z,, which
is displayed in the right network in Figure[I] The adjacency matrices for the a-induced and
the d-induced networks are given by

0110000 0010000
0001000 1000000
0000110 0000110

Z,=|0000000| Zy=|{0100000
0000000 0000000
0000001 0000001
000000 O (000000 O,

3.2 Network relevant characteristics

Before presenting the details of the diffusion process, we introduce two measures summarizing
some characteristics of the topology of the network that will be useful for our analysis.
In particular, these two measures relate to centrality measures already well-known in the
existing literature on diffusion in network.

Given a firm T and the corresponding T-induced directed network zr, the number of
firms that can be reached in z7 starting from a generic firm 7 is exactly the number of nodes
in the i-induced directed subnetwork of zp minus 1 (firm ¢ itself). Consider, for example, the
middle network in Figure [[| where firm 7' = a is targeted. Then, the number of firms that can
be reached from, for example, firm c is 4 — 1 = 3, where 4 is the number of firms belonging
to the c-induced directed subnetwork of z, (namely, firms c, e, f, g). The cardinality of any
i-induced directed subnetwork can be easily derived from the notion of diffusion centrality,
introduced by Banerjee et al. (2013). Define Z¥ as the k-th power matrix of Zs and 1 as a
vector of 1.
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Definition 1 (Banerjee et al. (2013)). Given a network Zr and a scalar g € (0,1], the
diffusion centrality vector is given by:

C(ZT7Q7 K) = [Z(QZT)k] 1

k=1

Diffusion centrality captures how much a given piece of information is diffused to the
network starting from a given node . If the information is transmitted with probability gq,
then each entry ¢ in the vector of diffusion centrality counts the expected number of firms of
the network Zr a given firm ¢ can reach during a number K of iterations. In our framework
of innovation diffusion, we have a directed network without cycles, so that the number of
iterations after which diffusion stops cannot be larger than n — 1. Moreover, we consider
the case of ¢ = 1, where some piece of innovation is always transmitted among firms, when
available. Thus, in what follows, we call diffusion centrality the vector

n

c(Zp,1,n—1) = [ 3 (zT)k] 1 (1)

k=1

and we refer to cr; as the diffusion centrality of firm ¢ when firm 7" has been targeted, i.e.
the i-th entry of ¢(Zr,1,n — 1). Denote by zr;, the i—induced directed subnetwork of zr,
and |zr,| its cardinality. Namely, zr; is the part of the directed network z; that starts from
t. Then, it is easily checked that

Cri = |ZT,i| -1

Consider, for example, the middle network in Figure [1| where firm a is the T—firm. First,
the a—induced directed subnetwork of z,, denoted by z,,, is basically z, (the T'—induced
directed subnetwork of zr is zr itself), ie. 2,4 = 24 = {a,b,c,d, ¢, f, g}, with |z, = 7.
Then, coq = |Zaa| —1 = 7—1 = 6. Indeed, for any target firm 7', ¢y = n — 1 since
a target firm can reach, directly or indirectly, the whole network. Second, the b—induced
directed subnetwork of z,, denoted by z.p, is 2. = {b,d}, with |z,,] = 2. As a result,
Cap = |Zap| —1 = 1. Third, z,. = {c,e, f, g} with |z,.| = 4. Thus, coc = |24 —1 = 3.
Finally, z,4 = {d} and thus ¢, q = |244| —1 = 0. It also easily verified that ¢, = ¢,y =0
and ¢, p = 1E]

When firm d is the T—firm (see the right network in Figure [1)), it is easily verified
that cqo = 4, cap = 5, cie = 3 and cqq = 6. To summarize, to calculate the diffusion
centrality of a given node 7, one first needs to know the targeted firm 7', then derive z7, the
T—induced directed network, and, finally, calculate the diffusion centrality of node i defined

6Since n — 1 = 6, it is easily verified that (the first row of the matrix and vector corresponds to node a,
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as cr; = |zr;| — 1, where z7; is the i—induced directed subnetwork of z7.

It turns out that diffusion centrality will play a crucial role in shaping incentives to
innovate in our model. This is because cy; represents the number of firms firm ¢ can pass
on or sell (directly or indirectly) its innovation to. In other words, cr; is the size of firm ¢’s
potential market. It is now convenient to define also the Market Dispersion Index My, as a
function of the diffusion centralities of T”s neighbors. We have:

Definition 2 (Market Dispersion Index - MDI). The Market Dispersion Indez of firm T is
defined as:
My =" (crs) (2)

1€ENp

The Market Dispersion Index (MDI) measures how the diffusion centralities of T"s neigh-
bors are shaped. Indeed, given a firm T and its direct neighbors (whose size is dr), My shows
how the remaining n — 1 — dr firms are distributed in the different subgraphs originated by
each T’s neighbor. From its definition, we can see that My increases when there are few
large subgraphs and a lot of other small subgraphs while it decreases when the firms are
evenly distributed among the different subgraphs. From a graphical point of view, it gives
an idea of how much 7' is in a symmetric position in the network. To better understand how
this index relates to the network topology, Figure [2| gives the values of the MDI for each firm
of the (undirected) left network in Figure [1]

The MDI of each node is computed assuming that the firm is considered to be the T
firm, then computing the index ¢; of all her neighbors in 27 to obtain the value of M. Take,
for example, the left network of Figure [I} Let us first calculate M,. For that, we need to
assume that firm a is the targeted firm, i.e. T' = a (see the left network in Figure [1| to see
the label of each node). Then, we need to calculate the diffusion centralities of only firm
a’s neighbors, that is firms b and ¢. For that, we need to know z,, the a—induced directed
network, which is given by the graph displayed in the middle of Figure[l] Consider, first, firm
b. The b—induced directed subnetwork of z,, denoted by 2,4, is 2. = {b, d}, with |z,,| = 2.
As a result, ¢, = |245| — 1 = 1. Consider, now, node ¢. We have: z,. = {c,e, f,g} with

the second row to node b, etc.):

01 11111 1 6
0001000 1 1

6 0000T111 1 3
c(Za,l,G):[ZZ’;]l: 0000000 1 |=]0
=1 0000000 1 0
000O0O0TO01 1 1

0000000 1 0
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Figure 2: Computing the Market Dispersion Index (MDI) for the left network in Figure 1

|Zac| = 4. Thus, ¢, = 3. As a result, M, = 1? + 3% = 10, which is the number given for firm
a in Figure 2|

Let us now calculate the MDI of node c. For that, assume that c is the targeted firm, i.e.
T = c. Firm c has three direct neighbors: a, e and f. To calculate their diffusion centralities,
we need to derive the c—induced directed network and determine z.,, z.. and z.s. It is
easily verified that z., = {a,b,d}, z.. = {e} and 2.y = {f,¢9}. Asaresult, c,, =2, ¢ =0
and ¢, ; = 1. Thus, the MDI of node ¢ is given by: M, = 22+ 0%+ 1% = 5. Finally, if we want
to calculate the MDI of the peripheral firm d so that d is the T—firm, we see that d’s only
neighbor is firm b, for which cgp, = 5, so that My = 5% = 25. More generally, peripheral firms
(such as firms d, e and ¢ in the left network of Figure (1)) always have the largest MDI value.
In particular, if firm T is a peripheral node, it has only one neighbor, which can reach the
remaining n — 2 firms in the network. Then, it should be clear that (n — 2)? is the maximal
value of the MDI, i.e. maxy My = (n—2)2, Vzp. As aresult, the MDI is lower, the more even
is the distribution of nodes in the subgraphs originated from 7’s neighbors. Thus, moving to
the center of the network means having more balanced subnetworks, and, therefore, a lower
MDI. This is simply due to the fact that, what matters, is also the number of neighbors
the T—firm has, and moving towards the center does not mean having necessarily a larger
number of neighbors. Still, we have that terminal nodes always have the highest MDI given
by (n — 2)2, while the more we move to symmetric positions, the lower is the MDI.

As for the diffusion centrality, the MDI has an immediate economic meaning. The higher
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the MDI, the lower is the number of neighbors a firm has so that it has access to a large
market. This will turn out to be crucial in our analysis since, as we will see below, each
neighbor is the mean by which each T'—firm can have its technology innovation spread. The
incentives for these neighbors to innovate on top of 7"’s innovation will then crucially depend
on whether these neighbors have access to a large or to a small market. In other words, the
MDI will signal how much each neighbor is a potential valuable link to spread the initial
innovation and, at the same time, a potential competitor.

As we will see below, the position in the network of each firm, summarized by her
diffusion centrality and her MDI, determines both her incentives to innovate and her pricing
policies.

3.3 Diffusion process

We now describe the technology diffusion process in the network. To ease the exposition,
we first pretend that innovation happens at an exogenous rate and that it is sold at an
exogenous price. This exercise is useful to understand the mechanism behind the diffusion
process. Once the main mechanism is described, in the next sections, we will analyze the
general problem when firms can choose both their innovation effort and price policy. Note
that the case of exogenous efforts and prices is a useful benchmark since it relates to standard
literature of diffusion in networks (e.g. diffusion of opinions) where the diffusion process is
mainly mechanical and exogenous (Jackson and Yariv, 2011).

Consider the diffusion mechanism described in Figure |3| where the payoffs correspond
to that of the T—firm (first payoff), to any firm i € Nr (second payoff) and to any firm
J € zr, (third payoff). As it will become clear below, the payoffs given in Figure 3| are gross
payoffs, i.e. payoffs obtained from using the technology without substracting the price paid
by firms ¢ € Np and by firms j € z7; when acquiring the new technology. Let us start with
firm T, i.e. the targeted firm. With the original technology and before any innovation, the
technology is available to all firms in the network and each firm earns the same profit of
mo = 0. Then, if T"s innovation is not successful, which occurs with probability 1 — ey, then
nothing changes in the network and each firm earns a profit my = 0.

With probability er, which is equal to firm’s T innovation effort, 7" successfully provides
a technology innovation (i.e. first-generation innovation). Thanks to the improved technol-
ogy, this gives each firm in the network using this technology a profit of m; > 0. Firm T
can sell her innovation at some price pr; to her neighboring firms i € NTE] As stated above,
each of the neighboring firms that uses this new technology will earn a profit m;. Consider

If firm T can sell her innovation to all other firms, then the network g is by definition a complete network.
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Target firm T

Firm T does not innovate Firm T innovates

(0,0,0) Firm i

Firm i does not innovate Firm i innovates

(14, 701, 701) (11, 702, T3)

Figure 3: Structure of the game and payoffs

now any firm ¢ € Np that bought the innovation from firm 7. As in the previous step, firm
i can innovate further the new technology (second-generation innovation) with probability
e;, which is equal to her innovation effort. If not successful, which occurs with probability
1 — e;, then all firms in the network (i.e. both firms ¢ € Ny and firms j € z7;) will obtain a
profit of m; and buy the technology at price pr; from firm 7. This just means that, if firm
© does not innovate, then she just transmits the available technology to her neighbors. If,
on the contrary, firm i is successful in innovating so that the initial product/technology is
improved, firm ¢ will obtain a profit of mo > m; and will be able to sell her innovation at some
price to her neighbors j € z7; in the i—induced directed subnetwork. In that case, firm T
is losing the market of the i—induced directed subnetwork (i.e. all firms j € zr;) to her
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neighbors, firms i € Np, who will sell their improved technology/product to the firms from
their induced directed subnetwork. We assume that, after two steps of innovation, no further
innovation is possible. This assumption enables us to have a tractable model that analyzes
the main forces of diffusion of innovation while keeping the main mechanism at work: a tar-
geted firm 7" that innovates can sell to her neighbors her technology but runs the risk that
these neighbors innovate themselves, which can eventually have a higher profit than firm 7.
In other words, this allows us to model the trade off between innovation and competition so
that innovating firms can sell their innovation to their possible competitors. More generally,
the two-step innovation process enables us to capture the countervailing effects of neighbors
and neighbors’ neighbors’ innovation incentives, once we endogeneize prices and innovation
efforts. As we explain below, firm 7" needs neighbors to access the market since the larger
is the market, the higher are the incentives to innovate for firm 7. At the same time, 7"s
neighbors are also T’s competitors, and thus neighbors with a large market also represent
a threat to T. These two opposite incentives create interesting outcomes. As we will see
below, these two forces are exactly captured by the diffusion centrality and the MDI defined
above and will shape the incentives to innovate and the pricing policies. Having more that
two steps of innovation will not change this main intuition but will make the analysis much
more complicated.

Let us clarify the profit that each firm obtains in the different cases, as described in
Figure[3| For that, consider the 7'—firm, any firm ¢ € Ny and any firm j € zp; and consider
the profits profile (g, 7;, 7;). Assume 73 > m > 7 = 0. Then

e If firm 7" does not innovate, the profit profile is (mp = 0,79 = 0, 7 = 0);
e If firm 7 innovates and firm ¢ does not innovate, the profit profile is (my, 7w, m1);
e If firm 7" innovates and firm ¢ also innovates, then the profit profile is (7, m, m2).

Notice that, if firm T innovates and also firm ¢ € N innovates, then firm i does not sell

her own technology to firm T, but just to the remaining firms of the i-induced (directed)

subnetwork (of z7), i.e. zp;. This can be justified by the presence of some costs that make
it unprofitable to switch technology if it had just been adopted in the recent past.

4 Innovation efforts and pricing: Firm 71’s neighbors

Let us now model how firms choose innovation effort and their pricing policy by focussing
first on firms ¢ € Np, i.e. firm T’s neighbors. Indeed, consider a generic firm ¢ € Ny, where
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T is the targeted firm. We know from Figure |3 that firm ¢ € Np has the opportunity to
innovate only if the T'—firm has already innovated. In that case, we have the following result.

Lemma 1. Consider a firm ¢« € Ny, where T is the targeted firm. Then, if, first, firm T
has innovated and, then, firm i € N has innovated, firm i will sell her new technology to
all firms in the i-induced subnetwork zp; at a price p; = ms.

Indeed, if firm 7 innovates (with probability e;), then she improves the process technology
and obtains a profit of my > m; from production. Since firm i is the owner of the new
technology, she can sell it to all firms in the ¢-induced subnetwork z7;. Since these firms
cannot innovate on top of that (by assumption), the value they assign to this innovation
is exactly my. This is because they just give to this innovation the value they get from
production (a profit of my) without any possibility of improving and reselling it. Thus firm 4
sets a price equal to 7y, which is the value for which all the firms in the i-induced subnetwork
are indifferent between buying and not buying the technology.ﬂ As in a Bertrand game, firm
i extracts all the rents from this new technology so that all firm belonging to the i-induced
subnetwork have a zero utility.

Let us now determine the (expected) utility of a firm ¢ € Np, with innovation effort
e;, assuming that firm 7" has innovated and sold her technology to firm i at a price pr;
(determined below). It is given by:

Uz(ez) = 61'7'('2(1 + CZ') + (1 — 61')71'1 — ge? — pT,i (3)

where f > 0. If firm 4 innovates (with probability e;), then she improves the process
technology and obtains a profit of 75 > 7; from production. At the same time, firm 7 is the
owner of the new technology and thus can sell it to all firms in the ¢-induced subnetwork
zr;. As stated in Lemma , firm 7 sets a price equal to 7w and all the firms in the i-induced
subnetwork buy it. Observe that the number of firms in this subnetwork is exactly equal to
1’s diffusion centrality index ¢;, defined in . If firm ¢ does not succeed in innovating (with
probability 1 — e;), then she just obtains the profit m; derived from using 7’s technology.
The quadratic term ge? captures the cost of exerting innovation effort. Observe that the
parameter 3 represents how difficult for a firm ¢ it is to provide a successful innovation that
can be sold to other firms. As a result, 3 can represent (i) the technological complezity of the
industrial sector or (i7) the level of intellectual property protection. We have the following

straightforward result.

8We assume that when firms are indifferent between buying and not buying the technology, they always
buy the technology.
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Proposition 1. Take any firm i € Nr, then

Ty — M1 + TaC;
or = 2T A TG (4)
g
so that the effort e is increasing in c;, decreasing in B and increasing in the technological
profit (my — m1). Furthermore, the equilibrium (expected) utility of each firm i € Ny is equal

to:
(7T2 — M + 7TQCZ')2

26

U'=Ufe)) =m +

i — Prii (5)

Proposition [1| characterizes the equilibrium behavior of any firm that is a neighbor of
firm T and that does not need to worry about possible competitors on her own innovation.
The results of this proposition are very intuitive but interesting since they relate to the
position of firm 4 in the network (captured by ¢;) to effort and utility. Indeed, the higher is
¢;, the diffusion centrality of firm ¢, the higher is the effort ef. Since ¢; is a measure of the
market size, this results states that a firm innovates more the larger is the market for her own
innovation. Moreover, the innovation effort is decreasing in the property rights protection
(or technological complexity), which is captured by . Finally, innovation effort is increasing
in the technological progress provided by the innovation since if (w9 — 1) is higher then the
gain from production are higher.

Notice that, for firm 7, we can identify two types of incentives for a given effort: incentives
related to profit and innovation difficulties, independently of the network structure (captured
by /8 and 7y — 1), and incentives related to the possible extraction of rents from the network
(¢i), which is determined by the position of the firm in the network. As a result, firms can
decide to innovate more or less depending on which branch in the network they are located
in. Consider, for example, the middle network in Figure [1| where T" = a, and compare the
efforts of firms b and ¢, which are both neighbors of firm 7" = a. It should be clear that
ey < e; since cap = 1 < 3 = Cqp.

5 Innovation efforts and pricing: Targeted firm T

The problem faced by the T'—firm is more complex. As for each i € N7, firm T has to decide
its optimal effort er and a vector of prices to sell her innovation if successful. For the firm
T, each branch of the network generated by each neighbor firm i (each i-induced subnetwork
for each i € Nr) represents a different market )| Let us focus on each of these markets. As

9Since the network has no cycles, the different branches of the network do not communicate with each
other and, thus, the same piece of innovation can only arrive to a firm through a unique link.
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stated in the Introduction, we consider two different environments: either firm T and each
firm ¢ € Ny sign a binding verifiable contract that stipulates the price of the innovation and
thus firm 7" must commit to this price p7,; even if she eventually sell her innovation to the
remaining firms j # ¢ belonging to the ¢-induced subnetwork zp;, or firm 7" and each firm
@ € Nt have an informal agreement so that firm 7" can change her initial price p7; to attract
the firms j # ¢ € z7;. The latter means that the firm 7" can charge different prices to firms
i € Np and to firms j # i € zp,.

5.1 Committed prices (fixed prices)

Because of a binding contract, firm 7' cannot modify her price so that once she commits on
her price she cannot change it. This implies that, if firm 7" has sold her technology to firms
t € Np and the latter did not innovate, she cannot change here price in order to attract
the remaining firms in the network, i.e. all firms j # ¢ € z7,;. In that case, she will face
the following trade-off. On the one hand, she wants to charge a high price p7,; to her direct
neighbors, i.e. all firms ¢ € Ny, to maximize her utility. However, if her direct neighbors do
not innovate, there is a risk that the remaining firms (all firms j # i € zp;) will not buy
her product because it is too expensive. As a result, the price set by firm T" will depend on
the position of firm 7" and firms ¢ € N7 in the network since these positions affect market
diffusion through the Market Dispersion Index, My, for firm 7" and through ¢z ;, the diffusion
centrality of firm i. For example, if a firm ¢ € Ny has a very high (low) ¢z, then firm 7" has
a large incentive to set a low (high) price because, if firm i does not innovate, firm 7" will be
able to sell her innovation to a very (small) large market.

In this framework, two cases may arise: either firm 7" will set a low price of pr; = m
since, in that case, all firms in the network (i.e. all firms ¢ € Np and, if firms i do not
innovate, all firms j # 4 in their i-induced subnetworks) will be able to buy 7’s technology
or a high price of p?i =m + %(7@ — 1 + moc;)? > w1, which is determined such that each
firm ¢ € Np has a zero expected utility U = 0, since, in that case, only firms ¢ € Np can
buy the new technology (i.e. even if firms ¢ do not innovate, firms j # ¢ € zp,; will not be
able to buy T’s product because their utility will be negative). We have:

Lemma 2. Suppose that firm T has innovated and consider the case when firm T has to
choose a unique price pi to sell her technology to her direct neighbors i € Np and to all
members of the i-induced subnetwork zr;. Then, firm T can only set two prices:

(1) Fither

*
Pr; =T
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(ii) or
1 —
p;i:7T1+%(7T2—7T1+7T2Ci)QEUi (6)

Indeed, in case (i), firm T sets a price of pj.; = m so that all firms in the network
accept to buy her technology. Given that 7"”s technology provides a profit of m; to everyone,
firms that cannot innovate on top of that and that cannot extract further rents, are not
willing to pay more that 7. In particular, if this price is chosen and firm ¢ is not successful
in innovating, 7"s technology can still be transmitted further since all other agents of the
i-induced subnetwork would buy it.

In case (i7), firm T' sets a price of p}; = 1 + %(Wg — 71 + mac;)? = U, which is higher
than 7, and is calculated so that each firm ¢ € Ny has a zero expected utility U = 0 (see
(), and guarantees that firm 7 will always accept to buy the technology from firm 7. In
that case, firm T extracts all the expected rents from firms ¢. Observe that this implies
that firm T charge different prices to firms i € Np since they have different U; depending
on their position in the network, captured by their diffusion centrality c¢;. In fact, in that
case, the price set by firm 7T is higher, the higher is ¢;, i.e. firms with more central positions
are charged a higher price. Observe also that, if firms ¢ € Ny do not innovate, technology
diffusion stops since the price is too high for all the other firms.

Let us now determine under which condition firm 7" will set a price of p7.;, = m or a
price of pr; = U,. For that, we need to study each case separately.

5.1.1 Case (i) p;; =m

When firm T set a price of p.; = m1, her expected utility can be written as follows:

Urt = ep {m + Z lefm + (1 —e)m(1+ cz)]} — ge% (7)

1ENT

First, notice that firm T obtains something positive only if she successfully innovates since,
if innovation is not successful, she obtains a profit of mp = 0. When innovation is successful
(which occurs with probability er), she gets m; as her own profit from production. Then,
for each of her neighbors ¢ € Nr, firm T obtains pr; = m if ¢ innovates (which occurs
with probability e}), since, in that case, a new technology will be sold by i to the rest of
the i-induced subnetwork, whereas, if ¢ does not innovate, firm 7' gets m; from each firm
i € Np and 7; from each firm j # ¢ in the i-induced subnetwork, which is determined by the
diffusion centrality ¢; of firm .
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Denote by dr, the degree (i.e. number of direct links) of firm 7" and by My, the Market

Dispersion Index (defined by (2)). Using (4)), we have the following result:

Proposition 2. Assume

n >

7T2MT - (7T2 — 7'('1) (1 -+ dT)

5—(72—7T1)

(8)

If firm T sets a price py; = 1, for all i € Nr, then her optimal effort and equilibrium

expected utility are given by:

_ _1—d
er = % _n _(mezm) (Z - %MT_ (9)
d
M B[ et Y "
25| p el

which are both decreasing in the Market Dispersion Index My of firm T and increasing in
dr, the degree of firm T. Moreover, the effect of 5 on the equilibrium effort and utility is
ambiguous.

Let us focus on the equilibrium effort 7' determined in @D since the comparative statics
of the (expected) utility are the same as long as condition holds (which guarantees that
eft > 0). The term /0 represents the different incentives to innovate since m; is both the
profit and the price from the innovation while § captures, on the contrary, the difficulty
to innovate. This ratio is increasing in 7y, the gains in profit from the innovation for firm
T while it is decreasing in (3, the difficulty to innovate due to property rights or to the
technological complexity of the innovation. This is independent of the presence of other
firms and of the position of the firm in the network.

The most interesting aspect of e7! is captured by the term in parentheses, which keeps
track of all the effects derived from the network and the possible diffusion of technology.
First, n represents how large is the overall market for 7’s innovation, so that the larger is
the potential market, the higher is effort e’ because of larger potential gains. These gains
are, however, affected by the topological structure of the network. The parameter 5 enters
in the second and third term by lowering the optimal effort. This may seem counterintuitive
since we have just seen that a high [ increases own innovation costs. However, from 7’s
perspective, a high 3 also increases the innovation costs of her competitors (i.e. all i € Nr)
so that a high [ makes it easier, once T has innovated, to avoid further innovation. Overall,
B has a negative effect on effort when considering own costs to innovate, and a positive
effect when considering competitors’ costs to innovate. As a result, the effect of 5 on e}
is ambiguous. The second term — (w3 — 1) (n — 1 — dr) /3 captures the fact that a high
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(my — m1) induces a large incentive for firms i to exert effort, since they can resell their own
innovation at a higher price (my instead of 1) to the rest of the firm population (n — 1 — dr
firms) gaining higher rents, thus discouraging 7"s effort.

Finally, the effort e7' decreases with the Market Dispersion Index My of firm 7. Indeed,
if My is low, then each of T’s competitors ¢ € Nr has a small market, and thus has a low
incentive to innovate since they would not gain much from it. On the contrary, if My is
high, then there are few competitors having access to a large market (to the extreme, one
neighbor firms accessing all the remaining n — 2 firms), and this creates a great threat to
T, thus reducing her effort e7'. We can thus characterize the equilibrium effort in terms of
position of firms in the network. Even if there is no clear correlation between My and dr,
it is straightforward to notice that My is maximal when dr is minimal, that is to say at the
very periphery of the network.

Let us now go back to the role of 5, which captures property rights protection (or
industry technological complexity). Consider, first, the case when [ is very low. Then, it
is very likely that firms ¢ € Np will exert an effort e; close to 1 so that they will always
innovate. As a consequence, firm 7" will innovate much less since she would lose part of the
rents. If we consider the equilibrium effort e’ given by @D, we can see that a very low
would imply that eﬁ = 0, so that the overall process is blocked. In this respect, if firm T’
chooses p7; = 1, having low property rights protection would mean that there will be no
diffusion of the innovation. On the other side, if § is very high, it is more likely that e;, firm
i’s effort, would be close to zero, which implies that a second innovation will not take place.

5.1.2 Case (i) py,; = U,

Consider, now, the case when p7.; = Uj, so that firm 7" decides to impose a price that only
her direct neighbors can afford. Then, T’s expected utility can be written as follows:

Ul = er (m + Z UZ) — §€2T (11)
i€Np

When firm 7" innovates (probability er), she obtains m as her own profit from production.

Then, she obtains p}.; = U; from all firms i € Ny since all other firms cannot afford to buy

her technology. Indeed, in that case, firm 7" extracts the highest possible rents from each i,

but, since U; > 71, no firm outside of 4 can buy T”’s innovation if i fails to innovate. Using

@, we have:
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Proposition 3. If a firm T sets a price of pr; = U;, then her equilibrium effort and expected
utility are given by:

= _ _ 2 _ 2 2
Y A s E .
2
o L [ Ol (o), )

which are both increasing in the Market Dispersion Index My of firm T and decreasing
in the level of intellectual property protection 3. Furthermore, egi and Ug" are increasing
(resp. decreasing) in dr, the degree of firm T, if and only if 28 > (w3 —x%) /71 (resp.
28 < (73 —7?) /7).

Before discussing the optimal effort eg", it is worth noticing how incentives change in
this case. The most important change with respect to the previous case is that firm 7" makes
each firm ¢ pays for the entire expected utility she obtains. When ¢ is in a position of the
network that induces a high effort and, thus, a high expected rent, then 7' can extract all of
it. While, in the previous case, this was a threat for T, it is now an opportunity to extract
higher rents from firms ¢ € Np. In particular, if ¢ has access to a large market and thus has a
high e}, then this is good news for 7" since it can extract the entire rent. Moreover, a high e}
reduces the probability that ¢ does not innovate. In this case, given the high price U; > 7,
the innovation cannot be transmitted further. However, a high e’ reduces this possibility
since it is likely that ¢ innovates and thus transmits her own innovation at a price mo, which
is affordable to firms j € z7;. In this respect, having a high dr reduces the number of firms
that cannot buy the technology, and thus increases the incentives to innovate. At the very
same time, a firm 7" with a high M7 means that firm 7" has neighbors with a large market,
and thus with a high incentive to provide e and to innovate. As we just argued, this has
the effect to increase the rent to extract.

If we look more closely at , 1/5 captures the easiness to innovate for firm 7. The
first two terms in parentheses can be rewritten as m; + dp[m + ﬁ(m —m1)?]. The first term
captures the incentives to innovate for 7" due to the gain of m;. The second term captures the
fact that, for each neighbor ¢ € Ny, firm T' can extract some rents that depend on the gains
that ¢ can obtain from innovating on top of T'. These gains are given by m; plus a measure
of profitability to innovate given by (w3 — m1)?. Notice that now a high 3, by lowering the
chances of 7 to innovate, decreases the rents that 7" can extract. This is common also to all
the other terms of . The third term in positively depends on n — 1 — dp, which
gives the number of firms that are non 7”s neighbors and 7" itself, i.e. all firms j # ¢ € z7;.
Clearly, the higher is the number of these firms, the larger is the market for 7"’s neighbors,
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and the higher is their effort and their expected utility, and therefore, the higher is the rent
that firm T can extract from them. This leads to more incentive to exert effort for firm
T. The last term of captures the idea that these effects are magnified, and thus the
rents extracted are higher, if some neighbors have access to very large market, so that their
probability of success increases.

5.1.3 Price choice with commitment

The analysis of the two previous cases shows how the pricing policies dramatically change
the incentives for 7' to innovate. In particular, we have seen that if 7" chooses p7.; = 71, then
she faces the competition of further technological innovation by direct neighbors. Thus, the
more firms ¢ € Ny have incentives to innovate, the less 7" wants to innovate. On the contrary,
when firm 7" sets a price of p;; = U, then she extracts all rents from her neighbors and thus
the more firms ¢ € Ny have incentives to innovate, the more T" wants to innovate. In what
follows, we show how the pricing choices are affected by firms’ positions in the network and
by the parameter .

If firm T has to choose between pr;, = m or pp; = U;, what would be her choice? In
terms of innovation diffusion, the two pricing policies are very different. In fact, if p}; = 71,
then each node of the network has access to 1”s technology, if T innovates. On the contrary,
if p7.; = U, and T’s neighbor i does not innovate, then the price is too high for all the other
agents in the i-induced subnetwork, and the diffusion process is stopped, which means that
nobody benefits from the new technology. The following proposition determines under which
condition firms set py;, = m or p,; = U;.

Proposition 4. There exist a B and a My such that it is optimal for firm T to set a price
Pri = U; (resp. pr; = m) for all i € Ny if and only if B < B and/or My > My (resp.
B> 3 and/or My < Mry).

The proof of this proposition stems from the fact that the difference in utilities U}] U
decreases in 8 but increases in M. Let us first focus on the role of 3, the degree of property
right protection. The proposition states that if £ is high enough, then firm T chooses
pr; = m, otherwise it chooses pr; = U,;. Indeed, if B is high, then it is very hard to
innovate. As a result, once T innovates, her direct neighbors have a low probability of
success due to high S. This implies that competitors are not much of a threat for 7', which
can impose a low price m; and hope that neighbors do not innovate so that the rest of the
firms in the network adopt her technology by paying 7" a price of 7. On the contrary, if 3
is low, then innovating is very easy and, thus, it is very likely that 7"s neighbors innovate,
which means that firm 7" will not be able to see her technology adopted by other firms in
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the network. In that case, it is better for T to extract immediately the rents by choosing
p;,@' =U,.

In a similar way, we can analyze the effect of My (Market Dispersion Index) on pricing
policies. When My has a large value, firm T chooses a high price. Remember that My
acts as a threat in the case of p}, = m, while it increases the utility of 7" in the case of
pri = U;. Now, if My is high, meaning that there is a large market diffusion, the choice
of pr; = U; makes firm T better off since it can extract all expected rents immediately.
Moreover, since Mr is high, it is likely that there are some neighboring firms with access
to a large market that innovate, and this increases further the expected rents firm T can
get. On the other hand, if Mr is low, then each neighboring firms represents a low expected
rent to be extracted when setting p7.; = U;. Moreover, each of these neighboring firms has
a low incentive to innovate since they have access to a small market. As a consequence,
firm 7' finds it more profitable to set a low price p7.; = m1. Thus, with high probability, the
neighboring firms will not innovate and firm 7" can obtain pf; = m; from all the other firms
in the network. However, in terms of technology diffusion, the two price schemes are not
equivalent since, if p7.; = U;, and the neighboring firms do not innovate, then technology
diffusion is blocked in that specific branch of the network. The fact that pf.;, = U, is chosen
by nodes with a higher MDI, enables us to provide the following interpretation of the results
in terms of the position of the firm 7" in the network with respect to pricing choices.

Corollary 1. A peripheral firm T tends to charge high prices thus potentially blocking tech-
nology diffusion while a firm T with a more central positions in the network tends to charge
low prices thus fostering technological diffusion.

This is an interesting result that shows how firm 7”s position in the network affects her
price policy. We can now understand both the previous proposition and corollary by looking
at the role of 5. Recall the previous discussions about . In particular, in order not to
block the innovation process, it is best to have low 5 (low property rights protection ) under
pPri = U;, and middle-valued 8 under pr; = m. Then, the corollary states that peripheral
firms set p7, = U; and more central firms set pr; = m1. As a consequence, in an industry
characterized by a low § it seems better to target peripheral firms, while for higher levels
of £, it seems better to target more central firms.

Example: Network in Figure To understand these results, consider the left
network described in Figure (1| with 7 firms. Consider, first, the case when the central firm
c is targeted (which has the lowest Mr since M. = 5) and then when the peripheral firm d
is targeted (which has the highest My since My = 25). Assume that 7 = 1 and m = 2 so
that the incentives are fixed and let us focus on the role of My and .
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Observation 1. Consider the network in Figure |1l with n = 7 and assume that T = 1 and
Tg = 2.

(1) When 0 < 3 < 10.167, both targeted firms ¢ and d charge high prices equal to p; =
Pai = Ui.

(i) When 10.167 < 8 < 23.1, firm T = ¢ (central firm; low value of M) finds it optimal
to set a low price of p;; = m while firm d (peripheral firm; high value of M) sets
a high price of pj; = U,.

(49i) When B > 23.1, then both targeted firms ¢ and d charge a low price of p, = pj,; = m1.

This confirms the results above described in Proposition [2| and Corollary {1, When £ is
sufficiently small, then firms tend to set high prices because they are afraid that their direct
neighbors will innovate (low ), which means that they will lose the remaining firms in the
market while, when ( is sufficiently high, both firms tend to set low prices since there is
little chance that their direct neighbors will innovate. For intermediary values of (3, then it
is the Market Dispersion Index M7 that matters. When the Mr of the targeted firm 7' is
high so that this firm tends to be peripheral, she sets a high price because she benefits from
a very large market. On the contrary, when the targeted firm T has a low My so that she is
more central in the network, she sets a low price to attract more firms to buy her product.
Interestingly, when firm T sets the high price p7.; = U, she discriminates between different
firms ¢ € Np. Indeed, when firm T = ¢, there will be three different prices since firm ¢ has
three direct neighbors (see the left network of Figure . In fact, we have (see the proof of
Observation (1| in Appendix 1):

25 _ 1 _ 9
- - Ue :1 -, * = U :1 _
267 pc,e +2ﬁ pC,f f +26

where p;, > pi; > pr.. This just confirms what we noticed before: firm T' charges higher

pz’a:Uazl—i-

prices to more central firms, i.e. firms with higher diffusion centrality (¢, =2 > ¢y =1 >
¢e = 0). In the case when firm 7" = a, there will be only one price, which is equal to:
Pii = U, = 1+ 121/(2B8). Observe that since any price Pri = U; > 7, no firm j # 4
belonging to the i—induced network will buy 7”’s product if firms ¢ do not innovate.

5.2 Non-committed prices (flexible prices)

Assume now that there an informal agreement between firm 7' and her neighbors so that
firm T can set distinct prices to direct and indirect neighbors. The following lemma gives
the optimal price policy of firm T
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Lemma 3. Suppose that firm T has innovated and consider the case when she can charge
different prices to direct and indirect neighbors. The optimal price policy for firm T s to set
a price of
— 1
p;",i = Uz =7+ %(71’2 — T+ 7T20i)2 (14)
to all firms i € Ny and, then, if firms i do not innovate, to set a price equal to py.; = m to
all the other firms in the network, i.e. all firms j # i belonging to the i-induced subnetwork

2T

It should be clear that this is the best policy for firm 7' since she can extract all the
rents from her neighbors, firms ¢« € N, and then still sell her product to the remaining firms
at a lower price if firms ¢ do not innovate.

The (expected) utility function is now given by:

UNC = e {71’1 + Z (Ui + (1 — €})emi] } - ge% (15)
i€Nr
As above, when firm 7T innovates (probability er), she obtains m; as her own profit from
production. Then, she obtains p;, = U; from all firms i € Np. What is new is that, even
if a firm ¢ € Ny does not innovate (probability 1 — ef), firm 7" can still sell her product to
all firms j # ¢ € zp,; at a lower price ;. Indeed, if we compare the utility with the one
given in , we see that, for a given firm 7', this new utility is higher since there is now the
possibility to obtain some rents even in the case when firm ¢ does not innovate since firm T
can now lower her price from U; to 71 to be able to sell her product to the remaining firms
in the network (i.e. all firms j # i € z7;).

Proposition 5. Assume that
2n [57r1 + (my — ’/T1)2] > (g — 7r1)2 (24 dr) + (mg — 2my) Mo M7 (16)

If firm T does not need to commit to a single price, then the equilibrium effort and utility
are given by:

. 1 (7'('2 — 7T1)2 (n — 1) (71'2 — 7'('1)2 dT (7'('2 - 271'1) 7T2MT
6?0_5 nm + 3 - 23 — 283 ] (17)
and
2
C (7T2 — ’7T1) (n — 1) (7'('2 — 7T1> dT (7T2 — 27'('1) 7T2MT
S R I
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which are both decreasing in dr, the degree of firm T and increasing (resp. decreasing) in
Mr, the Market Dispersion Index of firm T, if and only if mo/m < 2 (resp. mo/m > 2). The
effect of B on the equilibrium effort and utility is ambiguous.

Consider equation ([17)), which gives the equilibrium value of el¢, and compare it with
1) which gives the optimal effort egi when the firm 7" commits to a single price. The first
two terms are unchanged since they capture the benefits for T' from selling her product to
her neighbors ¢« € Np. The third term is different because it captures the incentives obtained
from the n — 1 — dy firms that belong to the i—induced subnetworks z;;. The gains are now
higher when firm 7" does not commit because she takes into account the fact that, with some
probability, she will obtain some profit by selling her product to the firms belonging to the
i—induced subnetworks. The last term captures the effect of My, which enters negatively in
el and has an ambiguous effect on e¥¢ depending whether or not 7, /7 is greater or smaller
than 2. Namely, if mp/m < 2, then Mz has a positive impact on e¥¢ while, if 7y /7 > 2,
the effect is negative. This is due to the fact that, if 7y is high relatively to 7y, then the
incentives of firms ¢ € Np to produce effort are quite high. Then, these effects are magnified
for ’s with a large market. This, in turn, increases the rents that firm 7' can immediately
extract from firms 7, and thus increases the incentives for T to exert effort. This implies that
effort will be higher for peripheral firms 7". On the contrary, if 5 is not very large compared
to w1, firm T would have higher expected rents if firms ¢ have a low probability to innovate,
thus having a higher chance to obtain m; for the rest of firms in the network. In that case,
T’s effort is higher for firms in more symmetric positions of the network.

Let us now consider the role of 3. Consider, first, the case in which 7y /7 > 2 so that
impact of My on e¥¢ is positive. This means that the overall effect of 3 on the terms in
brackets is negative. In fact, if 8 is low, firms ¢ € Ny will be more likely to innovate but
then T" would also gain from this since she would find it easy to innovate and, additionally,
she would extract lots of rents. This would be truer for more peripheral firms because they
have a high M7 and thus the effect would be magnified. Notice that, however, this is not
always necessarily verified since peripheral firms have a low dp, and this lowers the effect
of 8 looking at the other terms. Then the overall effect strictly depends on the topology of
the network. On the contrary, if £ is very high, firms will not innovate, and both efforts
would be very low. However, it would be best to target peripheral firms since choosing the
firm with the highest Mp would minimize the negative effect on innovation. Consider, now,
the case in which my/m; > 2. Then M7y has a negative effect on e?c and, therefore, the
effect of § can be ambiguous. This can be most likely to happen for high My firms, which
are peripheral firms. Then, in order to reduce this countervailing effect, it would be best to
target more central firms.

Corollary 2. If a targeted firm T could freely choose between the three different pricing
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mechanisms, independently of her position in the network, she would always choose not to
commit and thus the prices will be determined as in Lemma[3

This result is straightforward since, by not committing to a single price, firm 7" will be
better off than committing to p7; = U, because firm T can also benefit when the neighboring
firms do not innovate or committing to p7, = m since she can charge a higher price to
neighboring firms and let 7 being the price for the remaining firms.

The three mechanisms, however, are different also in terms of distribution of rents. In
fact, in the non-committed case, and in the committed price with p7, = U;, the firm T
obtains the entire welfare. When firm 7" commits to p7.; = 7, part of the surplus goes to
T’s neighbors since, if they innovate, they sell their innovation at 7y, getting a total revenue
of myc;, while having paid only m;. This what we investigate now.

6 Targeting policies

Consider a policy maker, whose aim is to maximize total welfare in the network, and has to
decide with firm to target, i.e. which firm 7" to choose? We assume that after the planner has
chosen firm 7', then the latter decides upon her price policy. The timing is thus as follows.
In the first stage, the planner decides which firm 7" to target. Then the timing of the game
is as above. Here, targeting means that the planner gives some financial incentives to form
T so that she is the first that can innovate. As in the previous sections, we will consider two
cases: when firm 7' can commit to the same price or when she cannot.

6.1 Committed prices (fixed prices)

Assume that firm 7" must commit to a single price as in Section because of a binding
contract between firm 7" and her neighbors. This implies that firm 7 cannot change her
price once firms ¢ € Ny have not innovated. In Lemma [2| we have seen that firm 7' can only
set two prices: either p*Tvz- = T or P*T,z' =m + ﬁ(wg — T+ M) = U,. We start with the
latter since the results are easier to establish.

6.1.1 Firm 7 commits to a unique price p;; = U;

When firm 7" always set a price of p.; = U;, the expected utility of firms ¢ € Ny is equal to
zero (by definition of the pricing rule). Also, if firm ¢ innovates, she charge a price of 75 to
j—firms (which leads to a zero utility for j—firms) and if i does not innovate, p.;, = U, is too
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high and thus firms j do not buy the product. As a result, the utility of j—firms is always
equal to zero. Therefore, the total welfare WU+ is just equal to the utility of the targeted
firm, i.e.

) ) 1 7 (71 — 7 )(n—l) 2/8711+712—712 712M
U U 2 2 1 1 2 2 1
i =U;s"= — |m + + d +

W T : 1 : 9 T

We can now use the result of Proposition [3| to obtain the following result.

]2 (19

Proposition 6. Assume that firm T' commits to a unique price py; = U,; so that she charges
this price to both firms i € Ny and firms j € zp,;. Then, the planner should always target
the more peripheral firms, i.e. the firms with highest M. Furthermore, if two firms T} and
T, have the same Market Dispersion Index, i.e. My, = My,, then the planner should target
the firm with the highest degree if (72 — w3) /m1 < 28 and the one with the lowest degree if
(n3 —72) /w1 > 28.

We omit the proof of this proposition since it is a direct application of Proposition [3|
Indeed, when firm 7' sets a high price p7.; = U; to all firms, maximizing total welfare is
equivalent to maximizing UFF ‘. the utility of firm 7. In that case, the planner wants to
target the peripheral firms, which have the highest Market Dispersion Index My, because
these are the firms with exert the highest effort and have the highest utility in the network.

6.1.2 Firm 7 commits to a unique price p;; = m

When firm 7' sets a fixed price of py; = m, the expected utility of firms j € zz; is equal
to zero (by definition of the pricing rule) but the utility of firms i € Nr is strictly positive.
Therefore, the total welfare W™ is equal to the utility of the targeted firm 7" and the sum
of utilities of firms ¢ € Nr, i.e.

W =Up + > U;

i€Np
We have the following result.

Proposition 7. Assume condition (@ holds. Assume that firm T commits to a unique price
pr; = m to both firms i € Nt and firms j € zg,;. Then, the planner should always target
the firms with the highest degree dr. Moreover, if mo/m < 2, the planner should target the
most central firms, i.e. the firms with the lowest Market Dispersion Index Mr. If, on the
contrary, we/m > 2, then it is not clear which firm should be targeted.

When firm 7" commits to a low price, then both firms ¢ € Ny and firms j € zp; will buy
her product. The planner wants to choose a firm 7" that maximizes both the utility of firm

31



T and the sum of utilities of firms i € Ny. We have seen (Proposition [2)) that the utility of
firm T increases with dr, the degree of firm 7. Indeed, when dr increases, firm T is better
ieng Ui
increases mechanically with dr since the higher dr, the higher is the number of firms ¢ € Np.
As a result, the planner wants to target the firm that has the highest degree. What about

off because she can extract more rents from her direct neighbors. Furthermore, >

the Market Dispersion Index My, which measures the size and the diffusion of the market
faced by firm 77 If 72 < 2, which means that firms ¢ € Ny will not make that much profit
if they innovate, the planner wants to target a firm 7" with a low M7 because, in that case,
the competitors of firm 7" have a small market and will be less likely to innovate.

Corollary 3. Assume that firm T' commits to a unique price py,; = m to both firms i € N
and firms j € zr;. Then, if n is large enough, the planner should always target the most
central firms, i.e. the firms with the lowest Market Dispersion Index My. If two firms have
the same My, the planner should target the one that has the highest degree.

This Corollary just confirms what we just said but by looking at another exogenous
variable: n, the number of firms belonging to the network. The impact of dr on total
welfare is still positive whatever the value of n. However, the effect of My on total welfare
depends on n. If n has a high value, then the market for both firm 7" and firms i € Ny will
be large and thus the firm will want to target a central firm that has a low M.

6.2 Non-committed prices (flexible prices)

In that case, firm T" will charge different prices to firms ¢« € Ny and firms j € zp;. We have
the following result.

Proposition 8. Assume condition (@) holds and that firm T can charge different prices
to firms ¢ € Nr and firms j € zp,;. Then, if my/m < 2, the planner should target more
peripheral firms, i.e. firms with higher My. On the contrary, if mo/m > 2, the planner
should target more central firms, i.e. firms with lower My. Finally, if two firms have the
same Market Dispersion Index My, then the planner should target the firm with the lowest
degree dr.

When firm 7' can charge different prices to firms : € Ny and firms j € z7,;, we have
seen in Lemma [3| that the optimal price policy for firm 7" is to set a price of p7.; to all firms
@ € Nr and, then, if firms ¢ do not innovate, to set a price equal to p; = m to all the other
firms in the network, i.e. all firms j # ¢ belonging to the ¢-induced subnetwork zp;. This
implies that all firms but firm 7" will have an (expected) utility of zero and, as a result, the
total welfare will be reduced to the (expected) utility of firm T, i.e. W = Up(e) = 2(eX¢)2.
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Therefore, maximizing total welfare is equivalent to maximize eX, which is defined by .
In Proposition 5], we have seen that the equilibrium effort is decreasing in dy and increasing
(resp. decreasing) in My if and only if /7 < 2 (resp. ma/m < 2). Proposition [§]is a direct
consequence of this result.

6.3 Comparing policies with different price schemes

In Proposition@ (firm 7" commits to a unique price Pri = U,;), Proposition ﬁ and Corollary
(firm 7" commits to a unique price p7.; = m) and Proposition 8] (firm 7" charge distinct prices
to different firms), we have seen that the planner, which maximizes total welfare, would
target different firms. This is an interesting result since it implies that depending on the
market structure (especially ) and on the incentives of the firms (price strategies), different
firms will be targeted. Using Proposition [4] we have the following result:

Proposition 9. We have:

(1) Assume that firms must commit to one price (binding contract).

(11) If B is small enough, then the planner should always target the more peripheral
firms, i.e. the firms with highest My. However, if two firms T and Ty have the
same Market Dispersion Index, i.e. My = Mry,, then the planner should target
the firm with the highest degree if (73 — %) /m < 28 and the one with the lowest
degree if (w3 — 1) /m > 20.

(12) If B is large enough, then, the planner should always target the firms with the
highest degree dr. Moreover, if =<2, then the planner should target the most
central firms, i.e. the firms with the lowest Market Dispersion Index Mr.

(11) Assume that firms can charge distinct prices to different firms (informal agreement).
Then, the planner should target the firm with the lowest degree dr.

To illustrate this result, let us go back to the left network in Figure [T, Which firm should
the planner target? First, consider a market where firm 7" cannot charge distinct prices to
different firms because of a binding contract. If we assume that property rights protections
are very low (i.e. low (), then the planner should target the peripheral firms d, e, g since
they all have a My = 25, for T' = d, e, g (see Figure |2)), which is the highest in the network,
and all have the same degree dr = 1, for T' = d,e,g. If, on the contrary, property-right
protections are very high in this market, then the planner should target the central firm c
because she has the highest degree, d. = 3. Second, consider a market where firm 7" can
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charge different prices, then the planner should always target the peripheral firms d, e, g
since they have the lowest degree. It is interesting to see that, depending on the market
structure and the property-right protections, the targeted firms that maximize total welfare
can be very different, from very central to very peripheral.

If we now consider the specific example of Observation [I] for the left network in Figure
with n =7, m; = 1, my = 2, and where we assume that firm 7" commits to only one price,
then we have the following result:

Observation 2. Assume that firms must commit to one price. Consider the network in
Figure (1) with n = 7 and assume that m = 1 and m = 2.

(1) When 0 < 8 < 10.167, the planner should target the peripheral firm d.
(7i) When 10.167 < 8 < 23.1, the planner should target the peripheral firm d.

(13i) When 8 > 23.1, the planner should target the central firm c.

First, observe that, given our results in Proposition [9] in the left network in Figure [I]
the planner will either target the most peripheral firm (firm d)m or the most central firm
(firm @). This is why in Observation [2 we only focus on these two firms. Second, we have
seen in Observation [I] that, when 0 < 8 < 10.167, both firms a and d, if targeted, will charge
the high price. In that case, the firm with highest My, i.e. firm d, should be targeted. When
B > 23.1, we have the opposite result since both firms a and d will charge a low price and, in
that case, the firm with highest dr, i.e. firm a, should be targeted. When 10.167 < g < 23.1,
firm d sets a high price of pj; = U, while firm ¢ sets a low price of pi; = m. As a result,
it is not clear which firm should be targeted. In the proof of Observation [2| we show that
total welfare is higher when firm ¢ rather than firm d is targeted.

7 Conclusion

In this paper, we develop a model where a firm T has a new (intermediary) product in the
market and wants to sell it first to her direct neighbors. These direct neighbors could be
firms with whom she has a direct contact with (word-of-mouth communication if the network
represents the flow of information between firms) or firms that are close technologically (in
that case, the network will represent the technology space). To sell her new product to her
neighbors, firm 7" will either sign a binding observable contract (committed price) or will

Oor firm e or firm ¢ since they are identical to firm d because they all have the same dy and the same
M.
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just have an informal agreement with her direct neighbors (non-commited price). This will
depend on the institutional context firm 7' operates in. Then, the neighboring firms can
further improve the product of firm 7' (sequential innovation) and sell it to her own market,
i.e. all the firms that she can communicate with or the firms that are technologically close. If
the neighboring firms are not successful in innovating, then firm 7" can still sell her product
to the firms belonging to the market of her neighboring firms.

We first analyze the optimal price policy of firm 7" and of her neighboring firms when
firm 7" must commit to a single price and when she does not need to commit to a single price.
We show that the optimal price policy depends on the level of property rights protection,
the position of firm 7" in the network and on her degree, i.e. her number of direct neigh-
bors/competitors. We then analyze the welfare implications of our model by determining
which firm should be targeted if the planner wants to maximize total welfare. Which firm
should be targeted depends on the institutional context (the type of contract that prevails),
the level of property rights protection, the position of firm 7" in the network and on her
degree. In particular, if the level of property rights protection is low so that it is easy to
innovate and if firms must commit to a unique price, then the planner should always target
the more peripheral firms. On the contrary, if the level of property rights protection is high
and if firms must commit to a unique price, then the planner should always target the firms
with the highest number of direct competitors. When firms do not need to commit to a
unique price, we show that, independently of the level of property rights protection, the
planner should always target the firm with the lowest degree.

In Appendix 2, we extend our model by assuming that the network is only partially
known to the firms. To be more precise, firms only know their own degree (i.e. their direct
competitors) and all firms share the same common belief about the degree of the other firms
in the network. We show that most of our results prevail in this case. In particular, when the
firm commits to a fixed price, we show that she charges a high price if the level of property
rights protection is low enough and a high price if it is high enough. We also show how the
network structure affects the pricing policy.
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Appendix 1: Proofs

Proof of Lemma : It should be clear that firm 7" can only charge two prices: p.; = m
or pr; = U;. Let us show that these are the only prices that can arise. Indeed, all prices
belonging to [0, 7) U (71, U;) U (Uy, 00) can never be equilibrium prices for firm 7T'. Indeed,
any pr,; € [0,7) is dominated by 7 since firms that can afford pr; € [0,7) can also afford
m. Any pr; € (7T1,U¢) is dominated by either m; or U,, depending on which of the two
is the optimal price. Finally, any pr; € (U;,00) is dominated by U; since no firm would
accept pr; > U; and thus the firm T would not be able to sell her product to anybody in
the network.

Proof of Proposition : The maximization of leads to:ﬂ

Beft =m+ Y [efm + (1 —e))m(l + ;)]

1ENT

Consider . Then, notice that:

S feim 4+ (1 - e)m(1+ )]

1ENT
= Z [T (1 + ¢) — efmc]

1ENT
= Z |:7T1(1 + Ci) - (—WZ —n + 7r26i> 7T10i:|

iy b

1 1
= m (Z 1"— Z Ci> — E Z (71'2 —7Tl)7T10i — B Z ’7'1'271'1612
i€ENp i€ENT iENT iENT
- —1-d

_ Wl(n—l)— (7T2 7T1)7Tl(n T) _7T17T2MT

B B

By plugging this value in the first-order condition above, we obtain:

pert = m+mn—1)— (my =m)m (n—1—dy) — 71-17T2]\4T
g g
- m n_(@_ﬂl)(n—l—dT)_@MT

B B

Tt should be clear that UJ! (er) is stritcly concave in er so that there is a unique maximum.
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This leads to @ Now, we have:

™

Urpt = ef {71’1 + Z le;m + (1 _63)71(14‘0@‘)]} -

i€ENp

= ey {7?1 + Z [m1(1+¢i) — €fW10i]} - g (691)2

i€ENp

= em {m bm(n—1)— (2 —Wl)flﬁ(”— 1—dr) WlﬁszT} B 5( ™2

_ 6771;1 {’ﬂ'ln— <7T2 —7T1)7T1B(n— 1 —dT) _ 77157T2MT} _ g( 71.1)2

3 o3 .
Now using the value of e7' in @D, we have:

U;l _ 6;1 {7‘(‘171 _ (7T2 — 71'1)7'(‘16(71 —1- dT) B WTBTI‘QMT} _ g (6;1)2

Com [ (mem)n-l-dr) m r_ﬂ_f[ (m-m)(n-1-dy) m
- B [” 7 R 5 g
o (mg—m)(n—1—dr) m 2

S 1] et et 1

which is .
We need to check that e7' > 0. Using @D, this is equivalent to:
(7T2 —7Tl) (n— 1— dT)

n > —FEMT

p B

which, after rearranging some terms leads to .

When holds, apart from 3, the comparative statics of Ur' is equivalent to that of
er'. We have:

Oel! Oel!
>0 <0
odr " OMyp
which implies
oUT! oUuz!
0 0
ody " oMy
Denote g
A=n— <”2_7“><Z_ —dr) —%MT>O
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Then,

10U 1A2 lA{(m—m)(n—l—dT)Jr@MT]

= op 28 B Iz 2
Thus
U’ > 0 2(m—m)(n—1—dr)+ 2mMp = AB?
BE = g — m1) (N T) + 279 TZ
=4 2(71'2—71'1)(71—1—dT)+27TQMT§|:n_(W2_W1)(Z_1_dT)_%MT152
& (248 [(m—m) (n—1—dg) + M) Z 20
& n[(2+ﬂ)(7r2—711)_52}+(2—|—5)7r2MT§(2—1—6)(7T2—7r1)(1—1—dT)

Finally, it is easily verified that:

. OUR . OUR ,
Slgnﬁ,é’(()]\TfT = szgnaﬁagT = sign [ /552 — ZBA]
where ( ) ( L dyp)
To —T1)\n— 1L —dar o
A=n— - —=M
g g
’ (Wg—ﬂl)(n—l—dT) T
and
302 —2BA =3 (my —m) (n—1—dp) + 3mMr — 26n
As a result,

82U7r1
L 20 n[3(m—m)—26) +3mMp = 3(m — m) (1 +dr)

aQUm
L Z 0o n[3(m—m)— 28] +3mMy = 3(ry — m) (1 + dr)

Proof of Proposition : The maximization of leads toH

ﬁeg" =T + ZUI

i€ENp

121t should be clear that Ug i (er) is stritcly concave in er so that there is a unique maximum.
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Then, using (@, notice that:

i€ENT
= 771+AZ {W1+%(W2—7T1+7T2Cz)2}
1€ENp
= 7T1+Z7T1+ Zﬂ'g—ﬂ'l‘i‘ﬂ'gcz)
i€ENp ZENT
= (1+dT +_BZ 7T2—7T1> +27T2(7T2—7T1)Cz+71'§02]
i€ENp
B 2(72—71) W% 2
— (14 dp) +—Z m—m)t+ ST 52 TS
ZGNT iENT iENT

2
= (1) + 2 _27;) dr | T (m = Wl)ﬁ(n —lodn) 5 Mr

By plugging this value in the first-order condition above, we obtain:

(7T2—7T1)2dT +7T2 (7T2—7T1) (n—l—dT) W%MT

Begi:m(l—i-dT)—i- 53 3 55

This leads to ((12). Now, we have:

UTUZ' = egi <7T1 + Z U¢> — g (€¥i>2

2 —\ 2
= 8(F) -5 ()
—\ 2
- 5 ()
2
o 1 (7'('2 — 7T1)2 dT o (7'('2 — 7T1) (n —1- dT) 7T2MT
= 23 m (1 +dr) + 25 + 3 + 226 ]

which is . The effect of My, dr and 8 on egi and UTU © are straightforward to obtain.

Proof of Proposition Consider and , which we rewrite for the sake of the

exposition:

U}”:T% [ _(m—m)(n—1—dr)

2
T
ﬁ n 2A]\4T:|

3 B
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vli= L

T — 26 71-1(1‘f‘dT)‘f‘

2
(my — 7r1)2 dr  my(my—m)(n—1—dy) wMr
2w B T ]

It is immediate to see that UTU " — Ur' is increasing in My and decreasing in 3. As a result,
firm 7" will choose p}.; = U; if and only if UY? > UF* and the result follows. Similarly, firm

T will choose p; = m if and only if Ur' > UTU “ and the result follows.

Proof of Observation [l When firm c is the T—firm, we have{"|

1 13\? = 1 352
™ o _ Ui:_ -
U! —25(7 5) and U, 25(4+25>

Therefore, B
Un 2 UV & @1(8) = 13287 — 12888 — 549 = 0

It is easily verified that there is a unique positive solution to ®,(j3) given by 8 = 61/6 =
10.167. As a result, since ®1(0) < 0, for 0 < 8 < 10.167, ®1(8) < 0, i.e. U™ < UV so
that p}, = U;, for i = a,e,f whereas for 8 > 10.167, ®;(8) > 0, i.e. U™ > UYi so that
p:;,i =T = 1.

Now, when firm d is the T'—firm, we have:

1 557 o1 ( 121)2
Ut=—|7—— and U)i=— 2+ —
! 2B< ﬁ) T2 2

Therefore, B
ug' § UYt = @,(8) = 1803% — 40483 — 2541 § 0

It is easily verified that there is a unique positive solution to ®5(3) given by 8 = 23.1.
As a result, since ®5(0) < 0, for 0 < < 23.1, 5(8) < 0, i.e. U' < Ugi so that
P = U, = 1+ 121/(28), whereas for 3 > 23.1, ®y(3) > 0, i.e. U;* > U so that

13Indeed, for any T—firm, we have:

" 1 dr  2(6—d 2Mp?
UTUi:%)[1+dT+2;+ ( - 7). BT:|
14We have: B _— X B .
Us=1+355 Ue=ltgz Usr=1l+g3
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py; = m = 1. The results follow directly.

Proof of Proposition [5} From the proof of Proposition [3| we have:

2
> Ui=mdr+ (2 _27;1) dr | m2(m2 - 7”)5(" —1odn) ﬁMT (20)

i€ENp

Then, using , and , the maximization of with respect to er leads to:

BeNC = m + Z [Ui +(1— ef)cim}

iENp
= 7T1+ ZUi+7T1 Z (1—6:()61
€N 1ENT
T S AT [1_ W‘”l)”ﬂ
i€Np i€Nr B
SR IED ST SRR o
1ENT iENT /8 1ENT iENT
(my —m)°dp o (me—m) (n—1—dp) 7r2
pu— M
T + mdr + 25 + 3 25 T
— —1—d
+7T1 (’I’L — 1 — dT> — m <7T2 ﬂ-l) (n T) — URNE MT
8 g
(my — 7T1)2 dr [(W2 - 7T1)2 + 57T1} (n—1—dr) (my — 2my) Mo My
— 1+d _
m (14 dr) + 25 + 5 25
which leads to . The utility is given by:
UNC = £NC {7?1 + Z U+ (1- ef)cl-m]} — g (e¥0)2
i€ENT

We have seen above that:

ﬁ€¥c =T + Z [Uz —|— (1 — 6:)01‘71'1}

1ENT
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As a result,

NC 1 77 * 2 1 17 * 2
Up® = 3 (m—i— Z [Ui+(1—ei)ci7rl]> ~ 33 (m—i— Z [UH—(l—ei)cml])

i€Np i€ENT

— % <7T1+ Z Wi—l— (1 —ef)cmd)

1ENT

2 ey

We now need to verify that e¥¢ > 0. Denote

B (g — 7T1)2 (n—1) (m— 7r1)2 dr  (my —2my) mo My
A=nmt 3 I Y

We need to show that A > 0, which is equivalent to:

2n [57?1 + (’/TQ - 7T1)2} > (71'2 — 7T1)2 (2 + dT) + (71'2 — 27’(1) 7T2MT

which is condition (|16]).

Apart from g, if holds, the comparative statics of UN® are the same as the ones of
e, We have:

OUr® = o ™ <
BMT < 1 >
aUNC’
<0
odr
Furthermore, it is easily verified that:
. OUNC , 1 1,
sign R = sign EAA/B_ Q_BQA

= sign (A/B - %A)

e (m-m)f=1)  (m-m)dr _(m—2m)
. T — T n—1 o — T dT 7T2—27T1 7T2MT
A=nm + 5 — % — 2
A — (2 — 771)2 (n—1)  (m— 7T1)2 dp  (my —2m) moMrp
B 52 232 232
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Thus
1
Ay — —A
B 20
_ _3 (7'('2 — ’/Tl>2 (n — 1) _ inﬂ'l i 3 (7T2 — 7T1)2 dT i 3 (7'('2 — 27T1) 7T2MT

B2 26 2/ 2/

which is clearly ambiguous.

Proof of Proposition |Z| and Corollary : The total welfare W™ when p7.;, = m is
given by:

W =Up+ > Ude)+ Y. U

i€ENT JE€zT 4,74
Let us start with firm 7. Her expected utility (see ) is given by:
T ﬁ T\2
ur' = b (e7)
- fi - o loa) mMr
= s |n— — M
20 g G

The expected utility of a firm ¢ € Ny is:

« ™ (7T2 — T + 7T20i)2
Uf =er { %

where (see (9))

To calculate U}, we have used where we have set p3, = m and multiplied the utility
by e7' since this utility is obtained conditional on the fact that firm 7" has innovated. As a
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result,

ZUl(e;k) = Z %(Wz-ﬁ1+ﬂgci)2

i€NT iENT
1

= YL [ e 20— e
1€ENT
er o mheq o, (M2 —m) mer

= —Z(Wg—ﬂ'l)—i- ZQ’"’ Zci
Qﬂ iGNT 2/8 iENT /8 iGNT
e;l (7T2 _ ﬂ—l) 77% 7,}1 (7'('2 — 7T1) 77263;1

205 T g M 5
ept (mg—m)m(n—1) ef' (7§ —nt)dr 6;17T§M
- T

p 23 23
= 62% [2 (mg —m) Mo (n—1) — (7?% — Wf) dr + W%MT]

Since ;e Ui > 0, it has to be that

2(my —m)ma (n— 1) — (75 — 1) dr + T3 Mp > 0 (21)
Finally, the expected utility of each firm j belonging to the i—induced subnetwork is given
by:

Ujear,, = e7' [65 (m2 —m2) + (1 —€7) (m —m)] =0
Indeed, after firm 7" has innovated (probability e7'), either firm ¢ has innovated with prob-
ability ef and firm j gets my — mo (profit from using the new technology minus its price) or
firm 4 has not innovated (probability 1 — e;) and firm j obtains a profit of m — m; (profit

from using the old technology minus its price). As a result, the expected utility of any firm
j belonging to the :—induced subnetwork is equal to zero.

We can now write the total welfare W™, It is given by:

Wr =Up + > U;

iENp
Using the expressions above, we obtain:
oo Boome er 2 2 2
W —E(eT) +%[2(7T2—7Tl)71'2 (Tl-l)- (7T2—7T1) dT+7T2MT] (22)

From @, we have:
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e = n— 5 ~ 3 Mr
with -
Oef! _ ™ (my — 1) 50
ddr 32
a@;l 179
= — <0
OMr 32

Assume condition , ie.

7T2MT — (7T2 — 7T1) (]_ + dT)

B — (my —m)
so that e7! > 0. Then,
owm -~ oer 86}1i 1) (22 2 B N
odr = T 9a; T aaggp BT mIm =D = (m = m) dr 4w = 55 (m - m)
o | L0er  (mi—m Oder! 1
= {ﬂadi _ (73 223 1)] + 8d§ 2 2 (79 —m1) w2 (n— 1) — (75 — m}) dr + 75 M|
I (7T2 — 7T1)2 86}1 1 [2( 7T1)7T2 (n . 1) . (7r2 . 7r2) dp + WZMT]
T 25 adT Qﬁ 2 1 2
B _771(7r2—7r1)2 C(m-m)(n—1-dr) m
- Rl g g
% [2(m9 — m1) M2 (n— 1) — (73 — 7)) dp + 73 M|
Thus
owm -0
odr
— —1—-d
& 2(my —m)m (n—1)— (15 — a1) dp+msMr > B (m2 — m1) |n — (> =) <Z r) _ %MT
& 2(mg — ) Mo (n — 1)+maMyp (29 — m1)+2m (Mg — m1) dp > (w9 — ™) [0 — (Mg — m1) (n — 1)]

)
& 2(mg —m)ma (n—1)—(m — m) [nB — (mg — m1) (n — 1)|+ma My (279 — 71 )42 (72 — m1) dp > 0
& 2(mg — )y (n— 1)—(my — m1) nB+(my — 71)2 (n—1)4+mo My (279 — m1)+2m1 (79 — 1) dp > 0

) 37T2 — T — ,6)+<7T2 — 7T1> T (2dT + 1)+7T2MT (71'2 - 7T1>—|—27T17T2—|—7T§ (QMT - 3) >0

It should be clear that the left-hand side of this inequality is positive as long as 3 is not too
large and thus increasing dr increases total welfare.
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Let us determine the impact of M7 on total welfare W™ . We have:

oWwm - Helt Oe™ 1 o

aMT - 66'1“1 a]\;‘T -+ 8]\2;% [2 (7T2 - 7Tl)7T2 (n — 1) — (7'(3 — 7-(-%) dT +7T§MTj| + %ﬂ_g
moelt (79 — 2 de™ 1

QBT ( 2 9 1> GA;T% [2 (7 —mi) ™ (n— 1) — (75 — 7}) dp + 75 My ]

m oW1
If 2 < 2, then oy < 0.

If 2 > 2, then

oW™ mert (o — 27 dey 1
267 ( 2 1) i [2(my = m) o (n — 1) = (w3 — 7)) dp + w5 Mr]

a-Z\4T ﬁ 2 8MT%
moert [y — 21 T
= QBT ( 2 9 1) — 21532 [2 (71'2—7'('1)71'2 (n— 1) — (7'('3—7T3> dT—f—ﬂ';MT}
owm™ > 0
OMyp <

= ﬂZG? (g — 2my)

AV

m [2(m — ) ma (n— 1) — (75 — @7 dy + 5 Mr]

& BQG;I (9 — 2m)

AV

2(my —m)mme(n—1) —m (7r§ — Wf) dp + myms My

ﬁz (7T2 — 271'1) 1 [nﬁ — <7TQ — 7T1) (TL - 1)] + ﬁ2 (7'('2 — 271'1) 1 (7'('2 — 7T1> dT — ﬁ2 (7'('2 — 271'1) 7T17T2MT
2 (my —m) mmeBE(n —1) —m (7‘(’% — 71'%) B2dr + myma B2 My

AV

= nﬁ (’/TQ — 27T1)7T1 -+ <7TQ —’/Tl)dT (2’/T17T2 —W%)
=

= (g — ) (n— 1) my (3my — 2my) + 2mymo My (9 — 1)

Thus, when 72 > 2, then the higher (lower) is dr and the lower (higher) is My, the more

likely that My has a positive (negative) impact on total welfare. If n is large enough, then
T

Proof of Proposition [8 When firm 7" will charge different prices to firms i € Ny and
firms j € zp;, we have seen in Lemma [3| that the optimal price policy for firm 7" is to set a
price of pr; to all firms ¢ € N7 and, then, if firms ¢ do not innovate, to set a price equal to
pr; = m to all the other firms in the network, i.e. all firms j # ¢ belonging to the i-induced
subnetwork zr;. This implies that all firms but firm 7" will have an (expected) utility of
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zero and, as a result, the total welfare will be reduced to the (expected) utility of firm 7'
Using Proposition [5, we thus have:

W =Ur(e) = §(€¥0)2

where eN© is defined by . As a result, we can use the comparative statics results of

Proposition [5| which shows that

aUNC
L Zpe 259
3MT < et >

and

which implies that

RIvA = 0 77_1 = 2
and
w
odr
As a result,

(1) If Z—f < 2, then a%/\; > 0 and thus the planner should target firms with the highest
Mr, i.e. peripheral firms. On the contrary, if 72 > 2, then 887‘/‘; < 0 and thus the planner
should target firms with the lowest My, i.e. central firms.

(77) The effect of dr on welfare is always negative, i.e. gd—yx < 0, and thus the planner
should target the firm with the lowest degree dr.

Proof of Observation [2} The cases of 0 < # < 10.167 and > 23.1 are obvious since
they are just an application of Proposition [0 and Observation [I}

Let us thus focus on case (i7) when 10.167 < 8 < 23.1. We have seen in Observation
that, in that case, if the target firm is d, i.e., " = d, then she sets a high price of pj; = U,.
On the contrary, if the target firm is ¢, i.e., T' = ¢, then she sets a low price of p; = ;.

If the target firm is d (T = d), using (19), the total welfare can be written as:

WO _ g Ly 121)7 _ (48+121)° _ 165° + 9686 + 14641
d 20 432 432

20



If the target firm is ¢ (T" = ¢), then using , the total welfare can be written as:
wr = U+ Z Ui(e;)
i€ENT
e
(em)? + ﬁ [2(m —mi) Mo (n— 1) — (75 — 77) de + w5 M,
35ert
26

where €' is defined by (9)), that is:

1

()" +

N N

62_1 _ E _(WQ—Wl)(n—l—dc)_EMc
B B B
(78 — 13)
= T
Thus,
35e™ 78 —13)* +35(78 — 13 495% + 635 — 286
Wﬂ1:§(€7crl)2+ ec:(/B >+ (B >: 6+ 6
2 20 233 233
We now need to check that
wli wmn
166% 4 9680 + 14641 > 495% + 633 — 286
1 =T 2

166° + 96837 + 1464153 = 983 + 1263 — 572

>
=
=
Ad
& 168° +8703% + 145153 + 572 2 0

Since the expression on the left-hand side of the inequality is always positive, WUi > wr,
and thus the planner targets firm d.
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Appendix 2: Unknown network

We now consider the case where the network is not observed by the firms. This is
relevant, for example, in the case in which each firm’s contact are considered just as private
informationﬁ or when the network is very big. To be more precise, we assume that firms
know the number of firms n in the network, that each firm i observes her own degree d; (i.e.
number of links) in the directed network, and all firms share a common belief about others’
degree, which is given by dem For our analysis, what is relevant is F;[c;], the expected value
of the diffusion centrality of firm 7 for firm ¢ and Er[c;], the expected value of the diffusion
centrality of firm ¢ for firm 7T, since these two terms determine the incentives faced by firms

17 and T'. We have:
(n—1-—d°)

de
Indeed, each firm ¢ thinks that she has a market (diffusion centrality), which is composed of
all the firms that do not belong to the (expected) neighborhood of 7' (i.e. n — 1 — d° firms),
divided by the number of (expected) branches departing from 7" (i.e. d). We assume n to
be large enough so that E;[c;] > d;, for all i. Moreover,

Erlci] = (H+T_dT) (24)

Erlc;] has a similar interpretation as E;[c;]. Observe, however, that Ep|[c;| differs from E;[¢;]
since firm 7" knows her exact number of neighbors dr while firm ¢ does not and can therefore
compute the exact number of expected firms composing each neighbor’s market. If we first
consider first i’s choices, we have

Ez[Uz] = €;T9 (1 + Ez[cz]) —+ (1 — 61‘)7T1 — gef — Py (25)
= €& [%1 + (1 —e)m — gef — Prii

Each firm ¢ chooses e; that maximizes FE;[U;]. We obtain:

€ = % [w — m} (26)

15We keep assuming, however, that the network is cycle-free.
6Galeotti and Goyal (2009), Galeotti et al. (2010), Fainmesser and Galeotti (2016) and Belhaj and
Derioan (2016) make a similar assumption.
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Notice that Erle;] = ef, since firm T', knowing d° = dr, perfectly predicts i’s optimal effort.
It is then straightforward to notice that e} is decreasing in d°. This is because a higher d°
induce lower FE;[¢;] and thus reduces its incentives to produce effort. The equilibrium utility

is equal to:
1

2
Up) (n — 1)
EUfl=m+ oz | = —m| —pr 27
)=+ o5 [0 - m] < (27)

Consider now the choice of the target firm 7. As in the previous section, consider first
committed prices (fixed prices). In that case, firm T can choose either a low price equal to

py; = ™1 or a high price equal to E;[U/], i.e.

— 1 [ma(n—1) 2
pT,i:Ui:7Tl+%|:—2 7 —Wl} (28)

We have the following two cases. If p.; = m1, using , and , we have:

Er[Ur] = er {m + ) e+ (1—e)m (1+ ET[ci])]} - §e%
i€ENT
n—l—dT N ﬁ 9
GT{M 7T1< e )ig\;Tevam(n )} 5 CT
mn—1—d mo(n—1
B eT{“”_ s E T)[2(de )‘“H_ge%
If py; = U;, using and 1) we have:
ﬁi _ * ﬁ 2
ET UT = er|m+ ZEl[UZ] —EQT
iENT
dr {ma(n—1 2
= €T<7T1+7TldT+£[%—ﬂ'1:| >—§(32T

We have the following result.

Proposition 10. If firms do not know the network but share a common belief about other

o T {n_ (n— 15_ dr) {7@ (7;6— 1) _WIH

firms’ degree, then
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v, _ 1 {71'1(1+dT)+d_T [%_1) _mr}

T8 20
Furthermore, 7 7
Oel! del! deli deli
0 0 0 0
adr ~ 0 ade ~ " ddp O dde

Consider first the case in which firm 7" chooses p7; = 1. The optimal effort is increasing
both in dr and d°. In particular, the higher dr, the higher is the number of direct neighbors
that pay the price m. Then, the higher d°, the lower is E;[¢;]. This means that each firm
i decreases her own effort inducing firm 7' to increase her own effort since the probability
of having her own innovation spread increases. Consider now the case in which p7,; = U;.
If dr increases, firm T"s effort increases since T' has a higher number of neighbors thinking
they have a higher level of rents than they will actually experience, and then T can extract
this higher expected rent level. On the other side if d° increases, E;[¢;| decreases and effort
is reduced. Then firms with a larger degree dp will always exert a higher level of innovation
effort, while the effect of the expected degree of others changes with the pricing policy.

We now focus on the choice of the pricing policy by the 7" firm.

Proposition 11. Assume that firm T' can charge a price of either py, = m for all i € Nt
or pr; = U, for all i € Np. Then, there exist a (3, a d" and a dr such that Pri = U, (resp.
pr; = ™) for all i € Ny if and only if B < B, d¢ > d°, and/or dp > dr (resp. B > B,
de < d’, and/or dy < dr).

Indeed, if the expected degree is very high, then firm 7" chooses to implement a high price
policy pr; = U,;. This is because high d® would increase e}, thus increasing the probability
of innovation for ¢, which would also increase E;[¢;], thus increasing the expected rents of 4
and the price 7 is willing to pay to 7. Similarly, firms 7" with a high number of neighbors
also charge a high price. In this case, the expected utility for both pricing policies increase,
but it increase more by imposing pi; = U;. As noticed earlier, this kind of policy may harm
the diffusion process since, if any ¢ does not innovate, then the innovation cannot flow to the
rest of the network given the high price set by firm 7.

Consider now the effect of property rights protection 5. As for the case of known
network, the incentives are such that property rights protection has almost opposite effects
in the two cases. If p3, = U;, then firm T can extract all the expected rents form i, so
that a high £ lowers these rents and decreases firm 7"s effort. Noticing that a high § harms
also second step innovation, if firms use this high pricing mechanism, then a very low level
of property rights protection may seem appropriate. If p;; = m; then the incentives are

o4



different and the optimal effort is concave and non monotone in £ so that there exists a level

- 1 mo(n —1
f= 52(”—1—%) {%—m}
such that T7s effort is increasing in 3 if and only if # < 5. In this way, innovation is maximal
for middle level property rights protection.

Proposition 12. Any targeted firm would choose full price discrimination (flexible prices).
In that case, the planner, whose aim is to mazimize total welfare, will target the firm with
the highest degree dr.

This last result states two important results. First, as in the perfect information case,
the targeted firm with always choose not to commit to a single price. Second, and more
importantly, when firms do not know the network, a policy maker, who does not know the
network either, will always target the firm with the highest degree. This is a similar result
to the one obtain in the perfect information case.
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