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Abstract

We analyze the formation of R&D alliances and market sharing (MS) agree-
ments by which firms commit not to enter in each other’s territory in oligopolistic
markets. We show that R&D alliance structures are stable only in the presence
of MS agreements. Thus, long lasting R&D alliances could signal the existence of
some MS agreement in the industry. We characterize the set of stable symmetric
pairs of coalition structures with identical R&D and MS structure. In addition, we
show the stability of a class of asymmetric pairs of coalition structures where the
most efficient firms form both an R&D and a MS agreement while the other firms
do not form any MS agreement but form two smaller R&D alliances. Even though
MS agreements are detrimental for consumers, we show that stable cooperation in
terms of R&D is yet a better outcome for consumers than no cooperation at all.
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1 Introduction

R&D alliances, where members share their R&D resources to reduce the production cost of
a product and the risk of innovation,! create external effects on competitors who can reply
by searching for their own R&D alliances resulting in an R&D alliance structure (i.e., a
partition of the set of firms into disjoint R&D alliances). The formation of R&D alliances
might also facilitate the development of collusive agreements. If such a correlation between
legal and illegal collaborations exists, promoting R&D alliances might enable firms to set
higher prices than in perfect competition and finally be harmful for consumers. Among the
several types of collusion (price collusion, bid rigging. .. ), a scant attention has been given
to market sharing (MS) agreements, whereby partners refrain from entering in each other’s
territory.? A market sharing agreement might strongly bolster the competitive advantages
generated by an R&D alliance. Firms involved in an R&D alliance are more efficient than
the firms outside the alliance in terms of production cost. However, in the absence of a
market sharing agreement, the R&D partners continue competing among them in their
home markets. By forming a MS agreement, the most efficient firms will only compete with
the less efficient firms outside their R&D alliance. Therefore, the competitive advantages
generated by the formation of the R&D alliance would be amplified by the formation
of the MS agreement. Despite these observations, no work has analyzed the formation
of both R&D alliances and MS agreements in an oligopolistic environment. Our paper
aims at filling this gap by identifying the R&D alliances and MS agreements that will be
formed among oligopolistic firms competing in quantities.

Initially, public authorities were incline to foster R&D cooperation between firms with
subsidies and antitrust exemptions towards R&D partners.® However, concrete antitrust
cases raise the interrogation of the real economic benefits of R&D cooperation.? In 2009,
a market sharing cartel that took place in the industry of power transformers between
1999 and 2003 was sentenced 67.6 million euros by the European Commission.® Prior to

the formation of the MS agreements, some of the involved firms created R&D agreements

'We only consider R&D aiming at finding more efficient production process (non-drastic innovation).

We do not deal with R&D trying to develop new products (drastic innovation).
2MS agreements represent a significant part of the cases sentenced by antitrust authorities. In the USA
between 1995 and 2017, 53 over 139 antitrust cases fined 10 million USD or more (38%) concern MS agree-
ment. https://www.justice.gov/atr/sherman-act-violations-yielding-corporate-fine-10-million-or-more.
3As an example, the National Cooperative Research and Production Act (NCRPA) in the US allows
firms involved in a R&D joint venture to recover attorney fees, and to be granted milder antitrust scrutiny

(Duso, Roller and Seldeslachts, 2014).
4Many empirical evidences validate the theory claiming that R&D agreements facilitate the formation

of price collusions : From descriptive analyses (Vonortas, 2000; Snyder and Vonortas, 2005), to laboratory
experiments (Cason and Mason, 1999; Suetens, 2008) and quasi-experiments based on the revisions of the
US leniency program in 1993 and 1995 (Sovinsky and Helland, 2012). In addition, R&D agreements might
provide justifications for the illicit actions of firms involved in MS agreements (e.g. CEOs meetings). This

would make the latter agreements harder to detect when R&D cooperation exists.
Shttp://europa.eu/rapid /press-release_TP-09-1432_en.htm?locale=en.



among them: Toshiba and Hitashi, among others, developed a research cooperation on
semiconductors along the 1980’s.° In 1999, Fudji Electrics and Hitachi found Fuji Hitachi
Semiconductor Co. to assemble their research efforts on semiconductor materials.” It
must be noted that semiconductor materials have paramount importance in the efficiency
of power transformers. After the detection of the MS cartel, Fudji Electrics and Siemens
started a R&D collaboration in the industry of drive systems for metal industry devices in
2005.% Drive systems are components of power transformers. Another example concerns
the Vitamin cartel where both the US department of justice’ and the European commis-

10 sentenced several pharmaceutical companies including F. Hoffmann-La Roche and

sion
BASF AG. These two firms are part of a Chemical and Pharmaceutical research joint
venture nammed SISF, created in 2017.'' Furthermore, Duso, Roller and Seldeslachts
(2014) empirically estimate that the size of the R&D alliances as well as the nature of the
firms composing them (competitors or not) significantly affect the market share alloca-
tion, which is used as a proxy for collusion.'? In this paper, we analyze the incentives of
oligopolistic firms to form both R&D alliances and MS agreements in order to help the an-
titrust authorities to better assess the efficiency of policies promoting R&D collaborations
and policies for the detection of MS agreements.

We provide a game theoretic framework where the n firms in an oligopolistic industry
can form R&D alliances and MS agreements before individually deciding the quantities
they will sell on each market. Each firm is able to reduce its cost by forming an R&D
alliance with other competitors. The reduction of the marginal cost of production for
one firm is proportional to the number of firms in its alliance. The collection of all R&D
alliances define the R&D alliance structure which in turn determines the marginal costs
for the n oligopolists. Each firm is initially present on one market (its home market)
and can enter all foreign markets. We model MS agreements as coalitional agreements
preventing its members to compete with each other in their respective home markets.
However, the members of the MS agreement are still competing with each other on the
remaining markets. The collection of all MS agreements define the MS structure which
determines the markets in which each firm is active. Once the R&D alliance structure
and the MS agreements have been formed, firms compete in quantities in every market

where they are active.!3

SOECD Technology Outlook, 2008, p 168.

"http://www.referenceforbusiness.com /history2/79/Fuji-Electric-Co-Ltd.htm.

8https://www.fujielectric.com/company /news/2005/05022101.htm.

https://www.justice.gov/archive/atr/public/press_releases/1999/2450.htm.

Ohttp://europa.eu/rapid/press-release IP-01-1625_en.htm.

Hhttp:/ /www.sist.info/.

12Tn the literature on R&D agreements, Pogayo-Theotoky (1995) analyses the effect of R&D spillovers
on the size of R&D collaborations and shows that the impact of R&D alliances on social welfare depends
on its size. Thus, the structure of R&D alliances (and its size) is therefore essential to study the impact
of R&D collaborations on economic variables.

BFirms collaborate in R&D but do not cooperate on R&D effort choices. For a general background on
R&D cooperation in oligopoly the reader is directed to Amir (2000), d’Aspremont and Jacquemin (1988),



The formation of an R&D alliance and of a MS agreement create spillovers of opposite
signs on firms outside the alliance and outside the MS agreement.!* While the formation
of a larger competing R&D alliance decreases the profits of firms outside the alliance
(there are negative spillovers in the formation of R&D alliances), the formation of a larger
competing MS agreement increases the profits of firms outside the agreement (there are
positive spillovers in the formation of MS agreements). On the one hand, the members of
a larger R&D alliance can produce at a lower cost relative to the firms outside the alliance.
On the other hand, the reduction in the number of competitors in the home markets of
the members of a larger MS agreement benefits the firms outside the agreement. How
the competitive advantage over common competitors gained by a group of firms after
becoming R&D partners would be affected by the reduction in the number of competitors
if they also become MS partners? The answer to this question will determine the R&D
alliance structures and MS structures that will emerge in an oligopolistic industry.

The literature on cooperative R&D has usually assumed that the formation of R&D
alliances and of MS agreements takes place separately, i.e., that firms form either R&D
alliances or MS agreements but not both types of agreements at the same time. Bloch
(1995) has studied the formation of R&D alliances in the absence of MS agreements in
the industry. According to Bloch (1995), in an industry where all firms compete with
each other in all markets, alliances structures consisting of more than two R&D alliances
cannot be stable because the two smallest alliances in the industry have always incentives
to merge. However, R&D structures containing several R&D alliances are observed in
different industries.!®> We show that once firms can establish both R&D alliances and MS
agreements, alliance structures consisting of more than two alliances can be formed in
the industry. Hence, it seems that the presence of more than two R&D alliances in an
industry could signal the existence of some MS agreement in the industry.

We investigate, given an R&D alliance structure, the incentives of firms to dissolve
their MS agreement. We show that only MS agreements of large size relative to the total
number of firms in the industry and composed of homogeneous firms in terms of R&D
efficiency would not be dissolved. Therefore, MS agreements of moderate size can only
emerge on markets where there is high heterogeneity between competitors in terms of
R&D efficiency.

We analyze the R&D alliance structures and the MS agreements that one might expect
to emerge by examining the equilibrium requirement that no group of firms benefits
from altering the R&D alliance structure (given the MS agreements) or the MS structure
(given the R&D alliance structure). We follow the notion of v-stability of Hart and

Kurz (1983) according to which the non-deviating players become singletons after the

Kamien, Muller, and Zang (1992), Katz (1986) and Spence (1984), among others.
14We are dealing with a theoretical model of overlapping coalition structures where the formation of a

coalition has both negative and positive spillovers on the firms outside the coalition.
15 Among the 17 industries considered in the database of Snyder and Vonortas (2005) between 1985

and 1998, every one of them include strictly more than two R&D joint ventures.



deviation of some coalition members.'® We propose the concept of y-stable pair of coalition
structures to identify the R&D alliance structure and the MS structure that are going
to emerge in the long run.'” We find that in the absence of MS agreements there is
no ~y-stable (d-stable) R&D alliance structure in oligopolistic industries containing more
than seven firms. However, there are empirical evidences of many stable R&D alliances in
different industries. We show that R&D alliance structures might be stable in oligopolistic
industries only in the presence of some MS agreement. Therefore, the ability of firms to
form MS agreements stabilize R&D alliances in the long run. This result stems from the
fact that a lower competition among firms enable them to capture a larger part of the
surplus generated by the R&D cooperation. Thus, our results highlight that the stability
of R&D alliances in an oligopolistic industry could also signal the existence of a MS
agreement in the same industry.

Our main result establishes that the class of asymmetric pairs of coalition structures
where the most efficient firms of the industry in terms of R&D form both an R&D alliance
and a MS agreement while the rest of the firms of the industry do not form any MS
agreement but form two smaller R&D alliances is y-stable. We then characterize the set
of stable symmetric pairs of coalition structures with identical R&D and MS structure.
In these v-stable pairs of symmetric coalition structures, either the same n — 1 firms
collaborate and form an R&D alliance and a MS agreement or the n firms of the industry
form the grand R&D alliance and the global MS agreement. The same pairs of coalition
structures are also stable when we use the notion of J-stability in the formation of R&D
alliances and the notion of y-stability in the formation of MS agreements. However, when
0-stability is used in the formation of MS agreements, no pair of symmetric coalition
structures is d-stable. Regarding the consumer surplus in the stable pairs of coalition
structures, we show that larger MS agreements could be detrimental for consumers even
if they stabilize larger R&D alliances. However, we show that stable cooperation in
terms of R&D between oligopolistic firms is yet a better outcome for consumers than no
cooperation at all.

We now discuss the relationship of our article with the existing literature. Starting
with d’Aspremont and Jacquemin’s (1988) seminal contribution, the relationship between
R&D cooperation and the development of collusive agreements has been extensively stud-
ied in the literature. d’Aspremont and Jacquemin (1988) highlight that even though col-
lusion in production leads to the formation of more R&D agreements, such agreements
erode the consumers surplus by limiting the quantities produced on the market. In a
patent race type of game with drastic innovations, Martin (1995) underlines that R&D
cooperation makes collusion in quantities more likely and mitigates the social welfare.

Regarding non-drastic innovations, Miyagiwa (2009) shows that R&D collaboration elim-

16 A MS agreement would collapse once, for instance, some members use the leniency program to report

the agreement to the antitrust authorities.
17Section 6 discusses the notion of §-stability of Hart and Kurz (1983), where the non-deviating players

remain together after the deviation of some coalition members.



inates asymmetries among firms and facilitates price collusions and market allocation. No
clear predictions concerning the welfare effect of R&D cooperation are provided. Cooper
and Ross (2009) analyze a model where firms cooperate in R&D before competing and
can collude on an unrelated market. They show that cooperation in R&D on one market
sends pro-cooperation signals that can foster collusion between the two firms on the other
market. Moreover, when firms compete before cooperating in R&D, the threat of breaking
R&D agreements surges the harshness of the punishment for collusion betrayal. A similar
effect is discovered in stochastic R&D race models where firms invest some amount of
effort in the R&D cooperation (Cabral, 2000). Nevertheless, all these papers are consid-
ering duopolistic models where collusion is sustainable when both firms have no incentives
to betray and fail to capture the competitive advantages over common competitors two
firms gain by becoming R&D partners. The incentives of competing firms to form R&D
alliances and collusive agreements should be analyzed in oligopolistic industries where the
formation of alliances and collusive agreements generate spillovers on non-members.

Up to now, the formation of strategic alliances and of MS agreements has been stud-
ied using network theory (Goyal and Moraga-Gonzalez (2001), Goyal and Joshi (2003),
Belleflamme and Bloch (2004), Mauleon, Sempere-Monerris and Vannetelbosch (2008,
2014)) or coalition theory (Bloch (1995), Mauleon, Sempere-Monerris and Vannetelbosch
(2016)), under the assumption that firms are only forming R&D collaborations or MS
agreements but not both types of agreements at the same type. We are not aware of any
work analyzing the formation of both R&D alliances and MS agreements in an oligopolis-
tic environment. The network approach differs from the group formation approach by
focusing on bilateral relationships and allowing for a richer class of collaborations. It also
differs in the decision making for establishing collaborations. Mutual consent is needed
for forming a new link between two firms,'® whereas the consent of all members of the
association is required when a firm joins the association.!? The predictions obtain by both
approaches do not always coincide.?’ Both approaches lead to similar conclusions only
if firms are farsighted and anticipate the reactions of other firms to the decisions they
take.?!

18Caulier, Mauleon and Vannetelbosch (2013) and Caulier, Mauleon, Sempere-Monerris and Vannetel-
bosch (2013) propose the concept of contractual stability to predict the stable networks when the consent

of coalition partners is needed for adding or deleting links.
9In the open membership game where any firm can form an alliance with another firm simply by

announcing the same message, Yi (1997) has shown that the only Nash equilibrium is the grand R&D
alliance. However, once firms are asymmetric, the grand R&D alliance may not be a Nash equilibrium
outcome of the game. See Belleflamme (2000) and Yi and Shin (2000).

20Bloch (1995, 1996) proposes a sequential game for forming associations of firms. In equilibrium,
firms form two asymmetric associations, with the largest one comprising roughly three-quarters of in-
dustry members. The sizes of the two associations differ from those Mauleon, Sempere-Monerris and
Vannetelbosch (2014) obtain under the network approach where pairwise stable R&D networks consist

of two components of nearly equal size.
Z1Recent contributions analyze collaboration between farsighted firms: Roketsky (2018), Petrakis and

Tsakas (2018), Mauleon, Sempere-Monerris and Vannetelbosch (2014, 2018, 2022).



The paper is organized as follows. Section 2 describes the model. Section 3 analyzes
the incentives for the firms active on a market to merge their R&D alliances in an industry
containing at least three R&D alliances. Section 4 investigates the incentives of firms to
dissolve their MS agreement. Section 5 studies the R&D and MS structures that will

emerge in the long run. Section 6 discuses the robustness of the results and concludes.

2 The Model

We consider an oligopolistic setting where each firm can prevent other firms to compete
with her in its home market by signing MS agreements, and can decrease its production
cost by forming R&D alliances. Bloch (1995) proposes a simple model to analyze the
formation of R&D alliances of firms where the benefits from cooperation increase linearly
in the size of the alliance. We extend Bloch’s (1995) model to analyze the formation of
both R&D alliances and MS agreements among firms in an oligopolistic industry.

Consider an industry with n firms that can form R&D alliances and MS agreements
before deciding the quantities they will sell on each market. Let N = {1,2,...,n} be the
set of firms with n € N*. An R&D alliance structure R = { Ry, Rs, -+ , R, } is a partition
of the set of firms such that B, " R; = () for i # j and |J;_; Ri = N. Let r € N be
the cardinality of R (i.e. the number of alliances in R). Let R(i) € R be the alliance
to which firm ¢ belongs and let r; € N denote the size of alliance R(i). Let RY = {N}
and R®* = {{1},---,{n}} be the grand alliance and the singleton R&D alliance structures
respectively. We denote by R the set of all the R&D alliance structures among n firms.
In general, let L = {1,...,1} € N be a set of [ firms and let R, be the set of all R&D
alliance structures that can be formed among the [ firms.?* Let RS = {{1},...,{l}} be
the singleton R&D alliance structure among the firms in L.

Apart from cooperating on R&D, firms could establish market sharing (MS) agree-
ments, whereby firms refrain from entering each other’s territory. We suppose that each
firm is initially present on its home market and can enter all foreign markets. We model
MS agreements as coalitional agreements not to enter into the markets of the coalitional
partners.? A MS structure M = {M;, My, ..., M,,} is a partition of the set of firms such
that M; " M; = 0 for i # j and J;~, M; = N. Let m be the cardinality of M (i.e. the
number of MS agreements in M). Let M (i) € M be the MS agreement to which firm
i belongs and let m; € N denote the size of the MS agreement M (7). Let M9 = {N}
be the global MS agreement and M* = {{1},---,{n}} be the singleton MS structure
respectively. We denote by M the set of all the MS structures among n firms. In general,
let L ={1,...,1} C N be aset of [ firms and let M, be the set of all MS structures that

22Throughout the paper we use the notation C for weak inclusion and C for strict inclusion. Finally,

# will refer to the notion of cardinality.
ZBelleflamme and Bloch (2004) study the stability and welfare implications of bilateral MS agreements

that result in a collusive network among firms. Here, we allow for MS agreements involving more than
two firms.



can be formed among the [ firms. Let M; = {{1},...,{l}} be the singleton MS structure
among the firms in L.

The pair of coalition structures (R, M) represents an R&D alliance structure together
with a MS structure.?* A pair (R, M) is said to be symmetric if R = M; i.e., the R&D
alliance structure is identical to the MS structure. The interactions among firms are
modelled as a two-stage game. In stage one, R&D alliances and MS agreements are
formed. In stage two, given the pair of coalition structures (R, M), firms compete in
quantities on the different markets and maximize individual profits.

Each firm is associated to one market: its home market. Each market is endowed with
a continuum of consumers. These consumers can only purchase goods from the active
firms on the market where they are located. This assumption makes costly the decision
for firms to be inactive in a market. An inactive firm in a market cannot have access
to the demand located in this market. For any market i, we denote by n; the number
of active firms on the market; i.e., firm ¢ and the firms that do not belong to the MS
agreement M (i); n; = n — m; + 1. Demand captured by firms is linear and is given by
p=a—y . g, where o measures the absolute size of the market. Firms have a constant
marginal cost of production, which is linearly decreasing in the size of the R&D alliance
to which they belong. Formally, the cost of a firm ¢ in an alliance R(7) of size r; is given
by ¢; = A — p - r;. The parameters o, A € R and p € RY are chosen in such a way that
all firms produce positive quantities in the markets where they are active.

For any given R&D alliance structure R = {Ry, Ra,- -+ , R} and any given MS struc-
ture M = { My, My, ..., M, }, firm i’s profit is equal to the sum of the profits in any market

where she is active:

mi(R, M) = Z (qzh)Q-

he(N\M (i))u{}
Firm 7’s Cournot-Nash equilibrium output on market h € N is equal to:

a = A (g + 1) 15— 1 e v arryyoga) T
np + 1

q; =

where r; denotes the cardinality of R(i), (N'\ M(h))U{h} denotes the set of active firms
on market h, which is of cardinality n, = n —mj, + 1. We assume that, in any R&D and
MS structure (R, M), any firm obtains positive profits in any market where she is active;
ie., TR, M) = (qzh)2 > 0 for any firm i active on market h for all (R, M). Hence, we
impose (a — A) > pl(n —1)* —n].

Notice first that firm ¢’s profit decreases when firms outside its R&D alliance form
a larger competing R&D alliance (i.e., there are negative spillovers in R&D alliances).
Moreover, firm ¢’s profit increases when firms outside its MS agreement form a larger MS
agreement (i.e., there are positive spillovers in MS agreements). Let us formally establish

these two spillover effects.

24The pairs of structures are ordered pairs or 2—tuples here.
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Property 1. Negative Spillovers in RED alliances. Given any MS coalition structure
M, it holds that m;(R, M) > m(R\ {R1, Ro} U{R1 U Ry}, M) for any firm i ¢ Ry, Rs.

Proofs can be found in the Appendix. This property states that the formation of a
larger R&D alliance by some firms decreases the profit of firms outside the R&D alliance.
The profit of a firm decreases when some competitors become more efficient in terms of

marginal cost of production.

Property 2. Positive Spillovers in MS agreements. Given any R&D alliance structure
R, it holds that m;(R, M) < m;(R, M \ { My, My} U {M; U Ms}) for any firm ¢ ¢ My, M.

This property states that the formation of a larger MS agreement by other firms increases
the profits of firms outside this new MS agreement. Notice that the profits of firm ¢ are
only affected in the markets of firms belonging to M; and M. In the rest of the markets
outside M; and M, the same competitors are still present after the merger of M; and
M,. This property implies that a reduction in the number of competitors in a market
increases the profit of each firm active in that market, independently of the structure of
the R&D alliances.

The intuitions behind these two opposite spillover effects are as follows. On the one
hand, the members of a larger R&D alliance can produce at a lower cost relative to the
firms outside the alliance. On the other hand, the reduction in the number of competitors
in the home markets of the members of a larger MS agreement benefits the firms outside
the agreement. How the competitive advantage over common competitors gained by a
group of firms after becoming R&D partners would be affected by the reduction in the
number of competitors if they also become MS partners? The answer to this question
will determine the incentives of oligopolistic firms to establish R&D alliances and MS

agreements.

3 Incentives for enlarging R&D alliances

In this section, we analyze, given the MS structure, the incentives for the firms active on
a market to enlarge current R&D alliances in an industry composed of at least three R&D
alliances. Specifically, for any MS structure and any arbitrary market, we will examine
the conditions under which the active firms belonging to the two smallest R&D alliances
are willing to form a unique bigger R&D alliance.

Bloch (1995) has done a similar exercise in a model where firms could only create
R&D alliances. In the model from Bloch (1995), firms cannot establish MS agreements
and then all firms are competing in all the markets. Since all markets have a symmetric
competitive structure in Bloch (1995), the incentives of firms to form R&D alliances can
be identified through the analysis of a representative market. However, once firms can
also establish MS agreements, the number of firms competing in each market could vary

and hence the analysis cannot be limited to a representative market.



Given (R, M), the Cournot-Nash profit of firm j on market h is 7'(R, M) = (q;?)Q.
Notice that the profit of firm j on market h is a monotonically increasing function of the
following valuation U;-Z(R, M) := W;?(R, M) = q?, with

o= At (Vg1 = 10 e v yyogn
n, +1
where 7; denotes the cardinality of R(j), (N \ M(h)) U{h} denotes the set of active firms
on market h, which is of cardinality n, =n —my, + 1.
Let R(i), R(j) € R denote the two smallest R&D alliances in the industry, with R
containing more than two R&D alliances. Let ¢ € R(i) and j € R(j). A firm j belonging

v (R, M) =

to one of the two smallest R&D alliances can be active in two types of markets. In the first
type of market, the domestic firm h is part of a MS agreement that includes all the firms
from R(i) and R(j) except j. Thus, j is the only firm belonging to one of the two smallest
R&D alliances that is active in market h. In the second type of market, the domestic firm
h is part of a MS agreement including some but not all firms from the two smallest R&D
alliances. Thus, j together with other firms from the two smallest alliances are active in
market h. Formally, we will consider that n’é(i) € [0, ;] firms from the R&D alliance R(7)
are active on market h, and n’}z(j) € [0,r;] firms from the R&D alliance R(j) are active
on market h.?> The set A, C N contains the firms active in market h that do not belong
to R(i) nor R(j); i.e., Ay := [(N\ M(h)) U{R}]\ (R(:) UR(j)). Let #(A4,) :==nly eN.
The overall number of firms in market h is therefore n;, = n’}%(i) + n}lf-c(j) +nly, .

In order to examine the conditions under which the active firms belonging to the
two smallest R&D alliances are willing to merge these two alliances, we should compare
the profits they obtain in the initial pair of coalition structures (R, M) with the profits
they obtain in the pair of coalition structures (RF®VEG) M), Notice that REOVRG) —
R\A{R(),R(j)} U{R(i) U R(j)} denotes the R&D alliance structure after the merger of
alliances R(i) and R(j).

Proposition 1. Let (R, M) be given and let h € N be a given market. Let R(i), R(j) € R
be the two smallest RED alliances in R, and let i € R(i) and j € R(j) two active firms

on market h. Then, firms i € R(i) and j € R(j) will increase their profits on market h
from the merger of R(i) and R(j) if and only if:

h h h

(1)

h h ’ h
i | PR a1 k()

Condition (1) in Proposition 1 guarantees the profitability of the merger of the two
smallest alliances in R on market i whenever both nf ;) and nf, are positive.?

Z5The cases where n’]%(i) = r; and/or n}}%(j) = r; embody the situations where all the firms from R(7)
and/or from R(j) are active on market h.
%6Tn case no firm from R(i) is active on h, i.e. n’}i(i) =0, condition (1) reverts to 7= > 0. Since only

some firms from R(j) are active on the market h, we shall notice that these firms have always incentive
to merge R(i) with R(j) (%= > 0 is always verified).
J
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Bloch (1995) has studied the formation of R&D alliances in case no MS agreement
has been established; i.e., in case M* = {{1},--- ,{n}} is the MS structure. The absence
of MS agreements in the economy implies that all firms of the industry compete in each
other home market (n, = n in any home market h, ”}}z(i) = r; and n%{(j) = r;). Thus,
condition (1) above becomes:

Ti T n—i—l—nz

— € (2)

)
T n—i—l—rj r;

Bloch (1995) has shown that any two R&D alliances always have incentives to merge if
both alliances sizes are smaller than (n + 1)/2. Thus, if there are at least three R&D
alliances in the industry, condition (2) always holds. Hence, according to Bloch (1995),
alliance structures consisting of more than two R&D alliances cannot be stable. However,
R&D structures containing several R&D alliances are observed in different industries.
Here, we propose an explanation for this empirical evidence: the existence of MS agree-
ments in the industry.

Condition (1) depends on the number of firms outside R(i) and R(j) which compete
in market h: n}}‘h. When firms establish MS agreements, nf}lh can be very small relative to
an economy with no MS agreement (case of Bloch, 1995). In these markets, the merger
between the two smallest R&D alliances is not necessarily profitable. For instance, if
market A is only composed of firms belonging to R(i) and R(j) (nj, = 0), no firm from
the largest alliance, R(i) for instance (if r; > r;), has an incentive to merge these two
R&D alliances if R(i) and R(j) have different size.?” Indeed, since all active firms in h
benefit from the merger, the merger does not provide any technological advantage to the
active firms relative to their competitors in h (when n/y, = 0). Further, when the size of
the two smallest R&D alliances are different, the merger will make the members from the
smallest alliance R(j) as efficient as the members of the other R&D alliance R(:). The
firms in R(7) will consequently lose their technological advantages over the firms in R(j)
in case of merging. Hence, the firms in R(7) will block the merger. This example reveals
that once firms can establish MS agreements, alliance structures consisting of more than
two alliances can be stable.

How does the necessary and sufficient condition for the merger to take place (condition

(1)) is affected by the competitive structure of the markets? The following remark follows.

Remark 1. The larger the number of firms active in market h that do not belong to R(i)
and R(j) (the larger n; ) the higher the incentives for merging R(i) and R(j) in market
h.

"When nf}lh = 0, condition (1) becomes:

ro ] MR MRg 1

h ? h
ri InRe L nRg

which is true if and only if 7; = r; since (r;,7;) € (N*)2.
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The larger n/; , the greater the profits obtained by the firms in R(i) and R(j) active
on h from the merger of these two R&D alliances. By merging, the firms from R(i) and
R(j) become more efficient relative to a larger number of competitors in market h.

The following corollary provides a necessary condition on the minimum number of
firms outside the two smallest R&D alliances in every market h for the merger between
these two R&D alliances to take place.

Corollary 1. For any RED alliance structure with at least three RED alliances, the two

smallest RED alliances will merge if

nho (ry —r; nhe(ri —1;
nfflh>max{ R(l)(]' )—1, R(])( ])—1 Vh € N.

Note that the only situations considered are those where the merger enables the firms
from R(i) and R(j) to increase their profits on all markets where they are active. But, if
firms from R(i) (R(j)) endures losses in profits within one market because of the merger
between R(7) and R(j), these firms can still decide to merge R(i) and R(j) if these losses

are overcome by the gains made on other markets.

4 Incentives for dissolving MS agreements

In this section we analyze the incentives of firms belonging to R&D alliances of the same
size® to dissolve their MS agreement consequently becoming singletons. The dissolution
of the MS agreement has two consequences on the profits of the former MS partners. First,
these firms will have now access to the home markets of their former partners. Second,
a rise in competition will occur in the home markets of these former partners. Notice
that the dissolution of the MS agreement only affect the home markets of the initial MS
partners and that these markets have the same number and type of competitors. Further,
the firms from the initial MS agreement have identical profit functions since they belong
to R&D alliances of the same size. It follows that to investigate whether the initial MS
agreement will be dissolved, we only need to study the preferences of a representative
former partner.

Let j € N be an initial MS partner. The initial MS structure is denoted by M and
M(j) € M denotes the MS agreement to which j belongs, with #(M(j)) = m;. The
number of active firms in the home market of j is given by n; = n —m; + 1. The initial
R&D alliance structure is denoted by R. R(j) € R, of cardinality r;, represents the R&D
alliance to which j belongs. It is assumed that r, = r;, Yk € M(j) meaning that the MS
partners of j are equally efficient (in the sense that they have the same marginal cost).?

The Cournot-Nash profit function of j is:

28 A particular case is when firms are part of the same R&D alliance.
29In the particular situation where the MS partners are members of the same R&D alliance, we have

M(j) € R(j).
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(R, M) = (a “ Ay Dy — 12 eonmgnut) ”)2 o
n; +1

where m embodies the profits in all the markets that are not affected by the dissolution

of j’s MS agreement (the irrelevant markets).

Let M" = (M \ M(j))Ujem) {j} denotes the MS structure that results after the disso-

lution into singletons of the MS agreement M (j). Subsequently, the profit function of j

in M’ is:

2
a = A+ (nj +my)p - — p Zle(N\M(j))U{j} ro+ (mj —1) - 7] g
nj +m;

Wj(RvM')ij(

2
a—= A+ (n+ Dp-rj = pl 3 ienag) e+ myrgl
=m; - 1 +m,

where we use the fact that n; + m; — 1 = n. Since the profits generated in the irrelevant
markets () are not affecting the incentives for j to dissolve its MS agreement, let us consider
from now on 7;(R, M) — m and 7;(R,M’) — 7 in order to analyze the incentives for dissolving
the initial MS agreement M (j).

Proposition 2. Let (R, M) be given with r, = r; for all k € M(j) € M. Then,

(i) the firms in M(j) will have incentives to dissolve the MS agreement if 2 < m; <
noyr i+l

(i) the firms in M (j) will not have incentives to dissolve the MS agreement if n—4/n + 3+
3

5 <m; < n.

Proposition 2 studies the incentives of firms belonging to R&D alliances of the same size to
dissolve their MS agreement and becoming singletons. It shows that MS agreements of moder-
ate size and composed of homogeneous partners in terms of R&D efficiency will be dissolved.
Therefore, MS agreements of moderate size can only emerge among heterogeneous firms in terms
of R&D efficiency. On the contrary, MS agreements of large size, relative to the total number
of firms in the industry, and composed of homogeneous firms in terms of R&D efficiency would
not be dissolved.

5 Stable R&D and MS Agreements

A way to analyze the R&D and MS agreements that one might expect to emerge is to examine an
equilibrium requirement that no group of firms benefits from altering the R&D alliance structure
or the MS structure. But what is the coalition structure that results from the deviation of a
group of firms? What happens to those coalitions from which one or more firms depart? Do they
fall apart, or do they still stick together? Hart and Kurz (1983) have introduced the notions of
~-stability and §-stability to study the stable coalition structures under the assumptions that
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the non-deviating firms become singletons or remain together, respectively, after the deviation
of some coalition members.

We analyze the R&D alliances and MS agreements that will emerge in the oligopolistic
industry using the notion of ~-stability.? Since firms are able to collaborate forming both R&D
alliances and MS agreements, we have to extend the stability concept developed by Hart and
Kurz (1983). We propose the concept of y-stable pair of coalition structures in order to examine
the R&D alliance structure and the MS structure that will be formed. Before defining this
stability concept, we need to know the coalition structures toward which one firm or a set of
firms is able to deviate.

Definition 1. An R&D alliance structure R’ (a MS structure M’) is y-obtainable from the R&D
alliance structure R (from the MS structure M) via a coalition D, D C N, if (i) R/'(j) = {j} for
any j € {R:\D | R € R, R\D#0} (i) {R. € R |R, CN\D}={R €Rl RinD =0}
and (iii) D € R'.

Condition (i) means that if the firms in coalition D leave their respective alliance(s) in R
(their respective MS agreements in M), their previous coalition partners become singletons.
Condition (ii) says that R&D alliances (MS agreements) that are not affected by the deviation
of coalition D remain together. Condition (iii) imposes the deviating firms in D to form one
alliance (one MS agreement) in the new alliance structure R’ (in the new MS structure M').3!

Once all possible deviations from an existing R&D alliance structure (MS structure) are
identified, we adopt the notion of «-stable pairs of coalition structures to predict the pairs of
R&D alliance and MS structures that are going to be stable. An R&D alliance structure together
with a MS structure is a «-stable pair if any deviating firm is not better off from the deviation
to any 7 -obtainable R&D alliance structure (given the MS structure) and to any y-obtainable

MS structure (given the R&D alliance structure).3?

Definition 2. A pair of coalition structures (R, M) is y-stable if:

(i) for any D C N, for any ~v-obtainable R’ from R via D, for ¢ € D such that m;(R', M) >
mi(R, M), there exists j € D such that m;(R', M) < m;j(R, M) and

30~_stability seems more adequate to analyze the MS structures expected to emerge since MS agree-
ments collapse when some member(s) use(s) the leniency programs to report the agreement to the an-
titrust authorities. The power transformer cartel collapsed in late 2002, just after Siemens reported to the
antitrust authorities using the leniency law. The Vitamin cartel immediately disappeared after Aventis
reported it in 1999. In Section 6 we will comment the results that are still robust to the alternative
d-stability notion.

31In general, one could allow the deviating firms in D to form not one but several alliances (several MS
agreements) in the new alliance structure R’ (in the new MS structure M’). However, our main results
in this section remain valid under this alternative assumption. For the sake of presentation, we assume
that the deviating firms form only one coalition in the new coalition structure.

32Recently, Mauleon, Roehl and Vannetelbosch (2018) have developed a theoretical framework to study
the overlapping group structures that are going to emerge at equilibrium, when each group possesses a
constitution that contains the rules governing both the composition of the group and the conditions
needed to leave the group and/or to become a new member of the group. See also Diamantoudi, Macho-
Stadler, Pérez-Castrillo and Xue (2015) for an extension of the Shapley value to games with externalities
within and across issues.
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(i) for any D C N, for any y-obtainable M’ from M via D, for i € D such that m;(R, M') >
mi(R, M), there exists j € D such that m;(R,M') < m;(R, M).

Given a MS structure M, the R&D alliance structure R is said to be 7-stable if condition
() in Definition 2 is satisfied. Given an R&D alliance structure R, the MS structure M is said
to be vy-stable if condition (i7) in Definition 2 is satisfied.

Now, we first show in Section 5.1 that in the absence of MS agreements there is no vy-stable
pair of coalition structures. Second, in Section 5.2 we show that the class of asymmetric pairs
of coalition structures where the most efficient firms of the industry form both an R&D alliance
and a MS agreement while the rest of the firms do not form any MS agreement but form two
smaller R&D alliances is «-stable. This class of asymmetric coalition structures encompasses
the symmetric pairs of coalition structures that turn to be the only ~-stable symmetric pairs

(see Section 5.4). In Section 5.5 we look at policy implications and consumer surplus.

5.1 No stable structures without MS agreement

In their study of the stability of R&D alliance structures with different rules for exiting an
alliance, Mauleon, Sempere-Monerris and Vannetelbosch (2016) show that when n > 8, there is
no J-stable R&D alliance structure in the absence of MS agreements.3* The following proposition

extend this result to y-stable R&D alliance structures.
Proposition 3. The pairs of coalition structures (R, M*)rer are not y-stable for n > 8.

Proposition 3 and the result obtained by Mauleon, Sempere-Monerris and Vannetelbosch
(2016) tell us that, in the absence of MS agreements, there is neither d-stable nor v-stable
R&D alliance structure in oligopolistic industries containing more than seven firms. However,
empirical evidences suggest that many R&D alliances in industries, like the pharmaceutical and
the electrical equipments industries, are in fact stable. Here, we provide one explanation for the

existence of stable R&D alliances in the economy: the ability of firms to form MS agreements.

5.2 Main result

Notice first that the singleton MS coalition structure M* cannot be a v-stable structure because
all firms in the industry are willing to deviate toward the global MS agreement.** From Section
4, we know that MS agreements of large size relative to the total number of firms in the industry,

and composed of homogeneous firms in terms of R&D efficiency would not be dissolved. Let

f—\/n+§—
N 4

33The definition of é-stable R&D alliance structures is similar to the definition of y-stable alliance

DN Lo

structures when, instead of considering all y-obtainable R&D structures, one considers all d-obtainable
R&D structures where the non-deviating players remain together after the deviation of some coalition
members. See Hart and Kurz (1983).

Mndeed, 75 (R*, M?) — mi(R*, M) = (0= A+ p)?* [ 2 — 4] <0,
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be the upper bound on the number of firms outside the MS agreement such that the MS partners
do not have incentives to dissolve their partnership (See Proposition 2). Notice that ¢ > 1 for

n > 5. From Proposition 2 stems the following corollary:

Corollary 2. Each pair (R,{N \T,M%}) such that the firms in N \'T are equally efficient is
not y-stable when t = #(T) > .

Lemma 1 identifies, given the MS structure M = {N \ T, M7}, the possible y-stable pairs

of coalition structures.

Lemma 1. Given M = {N \ T, M?%}, the only possible vy-stable pair of coalition structures are
{N\T, X, Y} {N\T,M%}) and {N\T,XUY} {N\T,M3}}), where N\ T is the largest
R&D alliance and MS agreement of size n —t and (X,Y) are two smaller RED alliances such
that XUY =T.

Our main result asserts that the class of asymmetric pairs of coalition structures where the
most efficient firms of the industry form both an R&D alliance and a MS agreement, while the
rest of the firms of the industry are not part of any MS agreement but form two smaller R&D

alliances T% and T% of sizes L% + %J and L% + %J, respectively, are y-stable.3?

18 y-

N[ -1

Proposition 4. Each pair (R, M) = ({N\T, T%’Ti} ANNT, Méfp}) such that t <
stable.

5.3 Proof of the main result

In order to prove the stability of the pair of coalition structures (R, M), we first examine, given
the MS structure M = {N \ T, M}, whether the R&D alliance structure R = {N \T, T%, Ti}
is y-stable.

From Definition 2, the R&D alliance structure R = {N \T, T%’Ti } will be v-stable if
any 7-obtainable R&D alliance structure R is blocked by at least one of the deviating firms.
Three type of possible deviating coalitions should be considered: (i) the deviating coalition
((N\T)\ K)U S contains some firms ((N \7T)\ K) that initially were in the R&D alliance
(and in the MS agreement) N \ T' and possibly some firms S that initially were in the R&D
alliances T% and Ti ; (ii) the deviating coalition T\ S contains only some firms that initially
were in the R&D alliances T% and T% ; and (iii) the deviating coalition is the grand coalition N
containing all firms in the industry.

Next lemma shows that a deviation of the coalition (N \T)\ K)U S to any ~y-obtainable
R&D alliance structure will always be blocked.

Lemma 2. The deviation from R in (R, M) = ({N\T, T%,Ti},{N\T, M%}) to any -

obtainable RED structure R in (R, M) via coalition (N \T)\ K)U S will always be blocked by
the deviating firms that are part of the MS agreement N \T € M, for any t < t.

35| z] denotes the floor function that maps any real number z into the greatest integer less than or
equal to x.
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We prove Lemma 2 using Property 1 in order to identify the most profitable R&D alliance
structure R* = {((N \T)\K)US, RfKuT)\S} for the deviating coalition ((N\T)\ K)U S.
The presence of negative spillovers in the formation of R&D alliances by other firms, implies
that at R*, the deviating coalition is the only non-singleton R&D alliance of the industry. We
next show that the deviating firms that are part of the MS coalition N \ T in M block the
deviation from (R, M) to their most profitable R&D structure (R*,M). We then conclude
that if the deviating firms block the deviation to R*, they will also block the deviation to any
~-obtainable R&D structure less profitable for them than R*.

Next lemma shows that a deviation of a coalition 7'\ S C T% U Ti =T to any y-obtainable

R&D alliance structure will also be blocked.

Lemma 3. The deviation from R in (R,M) = ({N\T, T%,Ti},{N\T, M%}) to any ~y-
obtainable RE&D structure R in (E, M) via coalition T\ S C T% U T%, will always be blocked by
the deviating firms, for any n > 11 and t < t.

Notice that the type of deviations described by this lemma can only occur when n > 11
since t = 1 for 11 > n > 5. We then prove Lemma 3, using Property 1 to identify the most
profitable R&D alliance structure R** for the deviating coalition 7'\ S. Since the deviating firms
block the deviation from (R, M) to their most profitable R&D structure (R**, M), they will also
block the deviation to any ~-obtainable R&D structure less profitable for them than R**.

Finally, the deviation to the grand coalition RY = { N} will be blocked by the most efficient
firms N \ T in the initial R&D alliance structure R.

Lemma 4. The deviation from R in (R, M) = ({N\T, T%,Ti} AN\T, Mij’p}) to the RE&D
alliance structure RY in (R, M) will always be blocked by the deviating firms in the RED alliance
N\T, for anyt <t.

From Lemma 2, Lemma 3 and Lemma 4 it then follows:36

Proposition 5. Given the MS structure M = {N \T, M5}, the RE&D alliance structure R =
{N \T, T%,T%} is y-stable for t <t.

Next, we examine, given the R&D alliance structure R = {N \T, T% , T% }, whether the MS
structure M = {N \ T, M5} is «y-stable.

From Definition 2, the MS structure M = {N \ T, M7} will be ~-stable if any ~-obtainable
MS structure M is blocked by at least one of the deviating firms. Five type of possible deviating
coalitions should be considered: (i) the deviating coalition (N \ T') \ K contains only firms from
the R&D alliance (that were initially in the MS agreement) N \ T (ii) the deviating coalition
((N\T)\ K)US contains some firms ((N \ T) \ K) from the R&D alliance (that were initially
in the MS agreement) N \ T, some firms S from the R&D alliance Ti and possibly some firms
from the R&D alliance T%; (iii) the deviating coalition ((N \T)\ K) U S contains some firms
((N\T)\ K) from the R&D alliance (that were initially in the MS agreement) N \ T" and some

36 Among the v-obtainable R&D alliance structures studied in the proof of Lemma 2, there is also the
structure R® (case k = n —t — 1). Thus Lemma 2 shows that the deviation from (R, M) to (R*, M) is
blocked by the firms from the MS agreement N \ 7'
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firms S from the R&D alliance T% ; (iv) the deviating coalition 7'\ S contains only some firms
from the R&D alliances T3 and T1; and (v) the deviating coalition is the grand coalition N
containing all firms in the i41r1dustry.4

Next lemma shows that a deviation of the coalition (N \T) \ K to any 7y-obtainable MS
structure will always be blocked.

Lemma 5. The deviation from M in (R,M) = ({N\T, T%,Ti},{N\T, Méfp}) to any -
obtainable MS structure M in (R, M) via coalition (N \T) \ K will always be blocked by the
deviating firms, for any t < %

In order to prove Lemma 5, we first use Property 2 to identify the most profitable MS
structure M™ for the deviating coalition (N \ T') \ K. The presence of positive spillovers in the
formation of MS agreements by other firms, implies M* = {(N\T)\ K, K UT}, where the
deviating coalition faces as few competitors as possible on every market; i.e., when all firms
outside (N\T) \ K are forming a unique MS agreement. We next show that the deviating
firms block the deviation from (R, M) to their most profitable MS structure (R, M*). We then
conclude that if the deviating firms block the deviation to M*, they will also block the deviation
to any other ~-obtainable MS structure less profitable for them than M™*. Lemma 5 also shows
that the deviation to the singleton MS structure M® will be blocked by the most efficient firms
in the initial R&D alliance structure.

Next lemma shows that a deviation of the coalition ((NV\T)\ K)U S to any 7-obtainable
MS structure will always be blocked by the deviating firms j € S C T% u Ti that are members

of the R&D alliance T in R = {N \T,Ts, T }
4

Lemma 6. The deviation from M in (R,M) = <{N\T T3 T1} {N\T, MST}) to any ~y-
obtainable MS structure M in (R, M) via coalition (N \T) \ K)U S with § € T35 UT, will
always be blocked by the deviating firms in coalition (N \T)\ K)US that are part of the REJD
alliance T% € R, for anyt <t.

We prove Lemma 6, using Property 2 to identify the most profitable MS structure M** for
the deviating coalition ((N\ T)\ K) U S. Since the deviating firms that are part of the R&D
alliance Ti block the deviation from (R, M) to their most profitable MS structure (R, M**),
they will also block the deviation to any other v-obtainable MS structure less profitable for
them than M**.

Next lemma shows that a deviation of the coalition (N \T)\ K)U S to any ~-obtainable
MS structure will always be blocked by the deviating firms j € S C T% that are members of

the R&D alliance T% in R= {N \T, T%’Ti}' Notice that S C T% and then no deviating firm
belongs initially to the R&D alliance Ti .

Lemma 7. The deviation from M in (R,M) = <{N\T, T%’Ti} ANN\T, MST}) to any ~y-
obtainable MS structure M in (R, M) via coalition (N \T)\ K)U S with S C Ts will always
be blocked by the deviating firms in coalition (N \T)\ K)US that are part of the R&D alliance
T% € R, for anyt <t.
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We again use Property 2 to identify the most profitable MS structure M*** for the deviating
coalition ((N \ T) \ K)US. Since the deviating firms that are part of the R&D alliance T% block
the deviation from (R, M) to their most profitable MS structure (R, M***), they will also block
the deviation to any other y-obtainable MS structure less profitable for them than M***.

Next lemma shows that a deviation of coalition L C T3 UT:1 to any y-obtainable MS structure
will always be blocked by the deviating firms j € LN T% 4thaut4 are members of the R&D alliance

Ts in R= {N\T,T;,T;}.
4 4 4

Lemma 8. The deviation from M in (R,M) = ({N\T7 T%,Ti},{N\T, M%}) to any -
obtainable MS structure M in (R, M) via coalition L C T% U Ti will always be blocked by the
deviating firms in coalition L that are part of the RED alliance T% € R, for anyt <t.

We prove Lemma 8 by showing that the deviating firms in L that are part of the R&D
alliance T% block the deviation from (R, M) to the unique vy-obtainable MS structure via L,
Finally, the deviation to the grand coalition M9 = {N} will be blocked by the less efficient

firms in 71 in the R&D alliance structure R.
4

Lemma 9. The deviation from M in (R, M) = ({N\T, T%,Ti},{N\T, M%}) to the MS
structure M9 in (R, M9) will always be blocked by the deviating firms in the R&D alliance Ti’
for any t <t.

From Lemma 5, Lemma 6, Lemma 7, Lemma 8 and Lemma 9, it then follows:

Proposition 6. Given the RE&D alliance structure R = {N\T, T%’Ti}’ the MS structure
M ={N\T, M3} is y-stable for t < L.

The proof of our main result in Proposition 4 establishing that the each pair of asymmetric

coalition structures (R, M) = ({N\T, T%’Ti} ANNT, MST}) such that ¢ < % is vy-stable

follows then from Proposition 5 and Proposition 6.

5.4 Stable pairs of symmetric coalition structures

Notice that for ¢ = 1, the pair of coalition structures from Proposition 4, ie., (R, M) =
({N \T, T%,T% } ANNT, M ST}), reverts to the following pair of symmetric coalition struc-
tures: ({NV\ {s}, {s}},{N\ {s},{s}}), where #(N \ {s}) = n — 1. Hence, it follows from
Proposition 4 that ({N \ {s},{s}},{NV \ {s}, {s}}) is y-stable.

Corollary 3. FEach pair of coalition structures ({N \ {s},{s}},{N\ {s},{s}}) with #(N \
{s}) =n —1 is y-stable.

Next proposition shows that the pair of grand coalition structures is also ~y-stable.
Proposition 7. The pair of coalition structures ({N},{N}) is y-stable.
The proof of Proposition 7 directly follows from the following lemmas.

Lemma 10. If M = M9 = {N}, then R = R9 = {N} is the unique y-stable R&D structure.
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When the global MS agreement has been formed, each firm is a monopoly in its home market.
Therefore, the profit of every firm in the economy increases with the size of its R&D alliance
(which implies a reduction in its marginal cost of production). Thus, the grand R&D alliance

is v-stable, given the global MS agreement.
Lemma 11. If R = R = {N}, then M = M9 = {N} is ~y-stable.

Indeed, no firm is willing to leave the global MS agreement when this deviation implies the
dissolution of the MS agreement into singletons by the non-deviating firms. In that situation,
the deviating firm has access to n — 1 markets after the dissolution of the MS agreement, but all
firms in the industry have now access to these markets. Lemma 11 underlines that, when the
grand R&D alliance has been formed, the losses of the deviating firm in its home market due to
the harsher competition overcome the gains of entering the other n — 1 markets and then the
global MS agreement is v-stable.

Moreover, it holds that the symmetric pairs of coalition structures found in Corollary 3 and

Proposition 7 are the only two ~y-stable pairs of symmetric structures.

Proposition 8. ({N},{N}) and ({N \ {s},{s}} {N\ {s}, {s}}) with #(N'\{s}) =n—1, are
the only ~y-stable pairs of symmetric coalition structures.

Lemma 1 identifies only two possible v-stable R&D structures when the MS structure is
{N\ T, M3}. Proposition 2 establishes that MS agreements of large size and composed of
homogeneous firms in terms of R&D efficiency would not be dissolved. Then, using jointly

Lemma 1 and Proposition 2, we obtain Proposition 8.

5.5 Policy implications and consumer surplus

Proposition 4, Corollary 3 and Proposition 7 guarantee the existence of y-stable pairs of R&D
alliance structures and MS structures once some MS agreements are present in the industry.
However, y-stable R&D alliances do not exist in the absence of MS agreements (Proposition
3) in industries with at least eight firms. Hence, the ability of firms to form MS agreements
stabilize R&D alliances.3” This result stems from the fact that a lower competition among
equally efficient firms enable them to capture a larger part of the surplus generated by the
R&D cooperation. We can then conclude that the stability of long-run R&D alliances in an
oligopolistic industry could be a signal of the existence of a long-run MS agreement in the same
industry.

Which are the implications for the consumer surplus of the stability of R&D alliance struc-
tures together with MS agreements? Next proposition studies how the consumer surplus varies
with the size of the largest R&D alliance and MS agreement in the stable pairs of coalition

structures that have been identified.

Proposition 9. The consumer surplus of the ~y-stable pair of coalition structures (R*, M*) =
{N\T, T3, T1},{N\ T, M}}) is greater the smaller the size of the MS agreement N \ T'.
4 4

37This echoes the result of d’Aspremont and Jacquemin (1988) according to which MS agreements

bolsters the formation of R&D alliances.
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This proposition highlights that among the stable pairs of coalition structures, the consumers
are better off when the largest MS agreement and then the largest R&D alliance are as small
as possible. This result suggests that in the long run large MS agreements could be detrimental

for consumers even if they stabilize larger R&D alliances.

Proposition 10. The consumer surplus of the y-stable pair of coalition structures (R*, M*) =
({N\T, T%, Ti}’ {N\T, M:}) is strictly greater than the consumer surplus of the unstable pair
of singleton structures ({R*, M*}).

Even though larger MS agreements are detrimental for consumers in the long run as suggested
by Proposition 9, Proposition 10 emphasizes that stable cooperation in terms of R&D between

oligopolistic firms is yet a better outcome for consumers than no cooperation at all.

6 Discussion

6.1 J-stability versus v-stability

Up to now, we have shown the existence of y-stable pairs of R&D alliances and MS structures.
While the use of v-stability makes sense when studying the formation of MS agreements, nothing
precludes the use of d-stability (Hart and Kurz, 1983) to study the formation of R&D alliances.
Contrary to y-stability, é-stability assumes that the non-deviating players remain together after

the deviation of some coalition members.

Definition 3. An R&D alliance structure R’ is d-obtainable from another R&D alliance struc-
ture R via a coalition D, D C N, if (i) {R; € R' | R, C N\ D} ={R;\D | R; € R, R; \ D # 0}
and (ii) D € R'.

Condition (i) means that if the firms in D leave their respective alliance(s) in R, the non-
deviating firms do not move and remain together. Condition (ii) imposes the deviating firms in

D to form one alliance in the new alliance structure R’.38
Definition 4. A pair of coalition structures (R, M) is (4, )-stable if:

(i) for any D C N, for any d-obtainable R’ from R via D, for i € D such that m;(R', M) >
mi(R, M), there exists j € D such that m;(R', M) < m;j(R, M) and

(ii) for any D C N, for any y-obtainable M’ from M via D, for i € D such that m;(R, M') >
mi(R, M), there exists j € D such that m;(R, M') < m;j(R, M).

Mauleon, Sempere-Monerris and Vannetelbosch (2016) show that in oligopolistic industries
of at least eight firms there is no d-stable R&D alliance structure if no MS agreement has been
formed. And from Proposition 3, the same result holds when considering ~-stable R&D alliance
structures. However, several R&D alliance structures are y-stable once some MS agreement
is present in the industry. One can show that Lemma 1, Proposition 5, Proposition 7, and

Proposition 8 remain true when we consider d-stable R&D alliance structures. Therefore, the

38The results of this section remain valid when one allow the deviating firms in D to form not one but
several alliances (several MS agreements) in the new alliance structure R’ (in the new MS structure M’).
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stability results that have been exhibited in the last section are robust when we consider 6-
stability for R&D alliance structures and ~-stability regarding MS structures.

However, some results obtained before (like Lemma 11) are not robust when considering
0-stable MS structures. When the grand R&D alliance has formed and all firms are equally
efficient, one can show that the global MS agreement is not d-stable. Any firm from the global
MS agreement has incentives to unilaterally leave the grand coalition and become singleton.
Such a deviation has two opposite effects on the profit of the deviating firm. First, the deviating
firm obtains additional profit by accessing n — 1 new duopolistic markets. Second, the deviating
firm will suffer from a harsher competition on its home market as its former MS partners will
have access to this market. Let N \ {i} be the coalition of size n — 1 containing all firms of the
industry except firm i. By comparing the profit of a firm ¢ when ({N},{N}) is formed with
the profit generated in ({N},{N \ {i},{i}}), it can be shown that the first effect overcomes
the second one and, therefore, the global MS agreement is not §-stable when the grand R&D
alliance has been formed.

Finally, from Proposition 8 and using the argument above, one can show that, when consid-

ering §-stable MS structures, no pair of symmetric coalition structures can be stable.

Proposition 11. No pair of symmetric coalition structures is (8, 0)-stable.

6.2 Conclusion

The formation of R&D alliances in order to reduce production costs creates negative external
effects on competitors providing a competitive advantage to R&D partners that could be am-
plified by the formation of some collusive agreement. Up to now, no work has analyzed the
formation of both R&D alliances and MS agreements in an oligopolistic environment. In this
paper, we fill this gap by analyzing the formation of R&D alliances and MS agreements, by which
firms commit not to enter in each other’s territory, in oligopolistic markets where firms compete
in quantities. In our model, the competitive advantage over common competitors gained by a
group of firms after becoming R&D partners would be affected by the reduction in the number of
competitors if they are part of some MS agreement. The combination of these two effects would
determine the profits of coalition partners and then the R&D alliances and MS agreements that
will emerge in the industry.

Bloch (1995) has shown that in an industry where all firms compete with each other in all
markets, alliances structures consisting of more than two R&D alliances cannot be stable because
the two smallest alliances in the industry have always incentives to merge. We show that once
firms can establish both R&D alliances and MS agreements, alliance structures consisting of
more than two alliances can be formed in the industry. Hence, it seems that the presence of
more than two R&D alliances in an industry could signal the existence of some MS agreement
in the industry. We also investigate, given an R&D alliance structure, the incentives of firms
to dissolve their MS agreement. We show that MS agreements of large size relative to the total
number of firms in the industry and composed of homogeneous firms in terms of R&D efficiency
would not be dissolved. Therefore, MS agreements of moderate size can only emerge on markets
where there is high heterogeneity between competitors in terms of R&D efficiency.

We extend the ~y-stability notion developed by Hart and Kurz (1983) and we propose the
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concept of y-stable pairs of coalition structures to identify the stable R&D alliance structures and
the MS structures. We prove that R&D alliance structures are stable in oligopolistic industries
only in the presence of some MS agreement. Thus, long lasting R&D alliances could signal that
the firms involved in the R&D alliances have agreed to share the markets among them. Our
main result establishes that the class of asymmetric pairs of coalition structures where the most
efficient firms in terms of R&D form both an R&D alliance and a MS agreement while the rest
of the firms do not form any MS agreement but form two smaller R&D alliances is 7-stable.
We then characterize the set of stable symmetric pairs of coalition structures with identical
R&D and MS structure. Regarding the consumer surplus, we show that even though larger MS
agreements are detrimental for consumers in the long run, stable cooperation in terms of R&D
between oligopolistic firms is yet a better outcome for consumers than no cooperation at all.
Our results could be useful for antitrust authorities to better assess the efficiency of policies

promoting R&D collaborations and policies for the detection of MS agreements.
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Appendix

Proof of Property 1. Let consider the R&D alliances R and Ry of respective size r1 and 7s.
The profit m;(R, M) of firms i ¢ Ry, Ry is given by:

1
N = | G (RS e D
JE(N\M (3))U{i} JE(RI\M(5)I{7}
2
_ Z T — Z ’I’j)) .
JE(R2\M (j)U{s} FE(N\(R1UR2UM (5))U{j}

The profit m;(R \ {R1, R2} U{R1 U R}, M) of i ¢ Ry, Ry when the R&D alliance R; U Ry is
formed is given by:

1

n_mj+1<a—)\+u((n—mj+1)ri— Z r 47y

JE((R1UR2)\M (5))U{j}

- > )

FE(N\(R1UR2UM (5))U{j}

JEN\M ())u{i}

Since D je((mur\ U} " E T2 > Lje(rm\MEUE) T T Lje(R\MG)U(} T2 We have that
Wi(R,M)>Wi(R\{Rl,RQ}U{R1UR2},M). L]

Proof of Property 2. In order to prove that, given R, it holds that m(R, M) < m;(R, M \
{My, My} U{M; U Ms}) for any firm ¢ ¢ My, Ma, we only need to analyze the profits of firm ¢ in
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the markets of firms belonging to M; and My. Let h € M; and ¢ € M (i) # My, My. Comparing
(R, M) and (R, M \ { My, Mz} U {M; U Ms}) we have:

2
o = At (4 Dari — 13 ienamom 1\ _
ny + 1 -

2
o = At (np = ma + D)ri — 13 2 e (v (vyunz))ugh) T
np — Mg + 1

if and only if

mg(af)\)+u(nh+1)2rlfum2 Z >0
leM> le(N\M71)U{h}

Substituting (o — A) by p[(n — 1)? — n], its lower bound in order to guarantee that any firm
obtains positive profits in any market where she is active; substituting >, M, 1 Dy its lower

bound and substituting Zle(N\Ml)u{h} 7 by its upper bound we obtain:
map[(n — 1)2 —n] 4 p(ng + 1)mae — pmaengn > 0.

Replacing ny by n —mj + 1, leads to (m; — 3)(n — 1) > 0. Hence, we obtain that the property
of positive spillovers holds for m; > 3.

In order to show that the property of positive spillovers also holds in case m; = 1 and in case
my = 2, notice that 7//(R, M \ {My, M>} U {M; U Ms}) — 7l (R, M) can be written as follows:

ma(a — A) + p(np +1 —mg) Z Ty — ume Z 7 (A.0)
1€ Mo le(N\(M1UMz))U{h}

Again, substituting (o — \) by u[(n — 1)? — n], and assuming that m; = 1 and then nj, = n,
we obtain, for any hypothesis regarding the size of the R&D alliances of firms in Ms and the
R&D alliances of the rest of the firms in the industry:3?

ma(a—N) +pu(n+1—mo)(me — k) 4+ p(n+1—mo)k(n —mg+ k) — pma(n —ms)(n —mg + k).

It can be verified that the above expression is positive for all 0 < k < meo.

For the case m1 = 2, we have that n;, = n — 1 and we obtain:
ma(a — A) + p(n —mg)(mg — k) + p(n — mo)k(n —ma + k) — pma(n — mg — 1)(n — mg + k).
It can be verified that the above expression is positive for all 0 < k < meo. ]

Proof of Proposition 1. Let A, := [(N \ M(h)) U{h}]\ (R(@) U R(j)) be the set of active
firms on market h that do not belong to R(i) and R(j). Given (R, M), the value function of
firm j € R(j) € R active on market h is given by:

np+1

R M) = (04 = A+ (nn+ g1y = pl e, Ta + 1y 15+ 1y M)
J ’ )

39 Among all the R&D structures, the left hand side of (A.0) reaches its minimum value in R =
{(N\ M) UK, M5}, where #(K) =k € {0,--- ,ma}.
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The value function of j € (R(i) U R(j)) € REMVUEG) active on market h after R(i) and R(j)
have merged is given by:

(a = At (p + Dl +15) = P qen, Ta + (Whgy + 0l ) (5 + n-)]) |

U]h(RR(i)UR(j)’M) — PR
h

Then, we have:

L) — (b h 4
VA(RROURD) A1y (R, M) = 1 pulr + 1)(rj + i) = p(nlp ) + nig) ) (rj + i)
np+1 —p(np + 1)rj — p (”ill%(j) 1+ n’}%(i) T
1

T ompt1 [’u.”(nh—i_l_n}é(j))_”'rj 'n%(i)] '

Since np = n}}w) + n’}z(j) + n’j‘h, it follows that for any j € R(j):

v]}-L(RR(i)UR(j),M) - v]h(R, M)>0 <= ri(np+1— n}j{(]-)) - rj.n}é(i) >0

h
npt+1—ngg

=<y (A1)

R
T R(1)

h
i "'R(i)

— (A.2)
rj T ey ol +1

Since the merger between R(7) and R(j) will occur if and only if all firms belonging to R(¢)
and those belonging to R(j) agree to merge, let us now investigate the incentive conditions for
firm i € R(i) to merge when she is active on market h. Firm ¢ € R(7) will have incentives to
merge R(i) and R(j) if and only if:

UZh(RR(i)UR(J')’ M) — "Uzh(R’ M)>0 < rj(n,+1-— n’]?(i)) — ri.n’ﬁ(j) >0

ny+1— n}é(i)

1<y 5 (A3)
" R(j)
h h
) nho+nhy +1
" ""R()

Therefore, (A.2) and (A.4) provide a necessary and sufficient condition on the relative size of

R(i) over R(j) for the two smallest R&D alliances to merge on market h:

h h h
i " R(i) "Ry T, 1

) R R ) h
T M) +ny, + 1 g )

Proof of Proposition 2. Before proving Proposition 2, we first prove Lemma 12.

Lemma 12. Let denote x := \/mj.n; + /m; — (n+1). Then, it follows that

n+1
x>0 < n; > -1
V1
n+1
<0 <=n; < * -1
my;
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s equivalent to

/ 5 3 / 5 3
>0 < m;eq2,..,n—\/nt+t-+-—-1,Udn+/n+-+-+1,...,+0c0
4 2 4 2
<0 < m; € — 4/ +§+§ +1/ +§+§
T m; n nto tgen ntits(-

Proof of Lemma 12. Knowing that n; =n —m; + 1, we obtain
x>0 <= Pimy]:=(m;)® - (m;)*2n+4) +m;(2+n)> - (n+1)? >0 (A.5)
where m; € [0,4+00]. As 1 is an obvious root of P[m;]:

a=1
(mj—l)(a~(mj)2+5«mj+c) =Pim;] <= qc=(n+1)>?
B=—(2n+3).

It follows that:
Plmy] = (mj — 1)[(m;)* — mj(2n + 3) + (n + 1)%] := (m; — 1)Q[my].

Where Q[m;] has two positive real roots: m; =n=+/n+ 2+ 3 € R. So, P[m;] has three roots
inN*: 1Tandn+4/n+ % + % From there, one can easily verify that P[m;] is positive between
2and n—/n+ % —&—% and above n + /n + % + % Therefore, the conditions n; > ntl 1 and

Vi
n; < \’}% — 1 are equivalent to

e <2 Y LI S VR PN LI
m; N ) n+1tg n nt gLl
5 3 / 5 3
and m; € {O}U{n— n—}—z—&—?,...,n—k n+4+2}.

The initial MS coalition will be totally split if the following expression end up being positive:

O

’/i'j(R,MI) —7Tj<R,M)

—(a— ) (W(";‘ +1)—(n; +mj)> Y (W(nj +1)—(n; +mj)>

(nj +m;)(n; +1) e TIG) (nj +mj)(n; +1)

N (nj'W(nj+1)—nj'(nj+mj)> (A.6)

(nj +mj)(n; + 1)

Having in mind that n; + mj = n+1, let y := (n; + m;)(n; +1) = (n+1)(n; + 1) > 0 and
x = /mj(n; + 1) — (nj + m;) = /m; n; + /m; — (n + 1), which can be positive or negative.
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We have,

1

x>0 <’:>nj>n+ -1
m;
1

z <0 <:>nj<i—1
mj

which, from Lemma 12, is equivalent to:

5 3 5 3
>0 = m;eq2,..,n—\/n+-+-—-1,Udn+/n+-+-+1,..,+0c0
4 2 4 2
<0 <= m; € - +§+§ + n+§+§
x m; n—y/n 1T n 1/ 1o
Observing that n + /n+ 2 + 2 > n and m; € {1,n} we have:
5 3
>0 <<= mjeql, n— n+1+§+1
5 3
<0 <= m;e{n— n—i—z—i—i—l—l,n .

Then, (A.6) can be rewritten

7 (R, M') — (R, M) = (o — \) <§>+M.rj <”fy'“””)_u 3o (;) (A7)

leN\M(5)

If 2 > 0 then ¥ > 0 and only the last term of (A.7) is negative. Moreover, since nj > 1,

ooTi Mg 2> T > Z T <= Tjn; =T > Z r.
1eEN\M (5) 1eEN\M(5)
is a sufficient condition for (A.7) to be positive as long as z > 0, which is always true as
TP > D e NMG) T is also a sufficient condition for each firm to produce positive quantities on
its home market. So when z > 0, firms in M(j) have incentives to dissolve the agreement.
On the contrary, when = < 0, no firm from the MS agreement has incentives to dissolve the

agreement. O

Proof of Proposition 3. Inthe absence of MS agreements, the non existence of §-stable struc-
tures when n > 8 is due to Mauleon, Sempere-Monerris and Vannetelbosch (2016).

Let us consider an initial R&D alliance structure R and a deviating coalition D. Let R? be
the subsequent §-obtainable R&D alliance structure via coalition D. Let RY be the vy-obtainable
R&D alliance structure resulting from the deviation of the same coalition D. By definition of
~v-obtainable coalition structures, the non deviating firms left behind by some of the deviating
firms become singletons in R, but remain together in R°. Thus, the non deviating firms in R?
will be at most as efficient in terms of marginal cost of production as in R?. In other words,
the deviating firms will face more efficient competitors in R® than in R". Thus, if a deviation
toward R? is profitable for the deviating firms, so does it toward RY for the same deviating
firms. Hence, if there is no §-stable R&D alliance structure when n > 8, there is no v-stable
R&D alliance structure when n > 8. ]
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Proof of Corollary 2. All firms in N\T are equally efficient. Therefore Proposition 2 entails
that a MS coalition of size n —t < n — \/n—ﬁ—%—i-% = t> 1/n+f — 2 :=t will be split into
n — t singletons. Therefore, the MS structure {N \ T, M}} where the most efficient firms of the
industry are grouped in the coalition N \ 7' cannot be y-stable when ¢ > .4 O

Proof of Lemmma 1. The MS structure is {M \M} where M denotes the largest MS
agreement and R&D alliance. Let h be an arbitrary market of size np, = n — my + 1. Let
X >iand Y 3 j denote two R&D alliances of firms outside the largest R&D alliance M. Any
R&D alliance cannot be larger than the largest alliance M, i.e. max{#(X),#(Y)} < #(M).
Moreover, if there are two or more R&D alliances beside M in the industry, the number of firms

in X and Y is at most the number of firms outside M:
#(X)-F#(Y)S#(N\M) = ritri<n—mp=n,—1<n (A.8)

On market h all the firms from X and Y are active since they are not involved in any MS
agreement. Rewriting expression (1) of Proposition 1 using the fact that the number of active
firms in the market is np, = r; +r; + nfﬁlh, Proposition 1 tells us that the merger between X and
Y will occur if and only if:
ny + 1

2

np+1
7

r; <
(A.9)
T, <

Assume that the industry contains the R&D alliances M, X, and Y as well as at least one
other R&D alliance. To be stable, there can be at most one R&D alliance having incentives to
merge.*! In particular, there can be at most one of the R&D alliances of firms outside M willing
to merge. So at most one of the R&D alliances of firms outside M can verify (A.9). Moreover,
it is not possible that more than one alliance violates (A.9). Indeed, let assume that X and YV
violate (A.9). Then, r; +1; > nj + 1 > ny, which contradict condition (A.8). Therefore, the
R&D structures that are candidate to be 7-stable contain at most two R&D alliances outside
M : {M,X,Y}, or {M,X UY}. If we consider M = N \ T, the only possible y-stable R&D
structures are {N \ T, X,Y}, or {N\T,XUY}. O

Proof of Proposition 4. The proof of Proposition 4 results from Proposition 5 and Proposi-

tion 6 that are proved below by means of several lemmas. O

Proof of Lemma 2. This lemma considers the deviations from R = {N \T, T% , Ti} toward
any ~y-obtainable R&D structures R via coalition (N \ T) \ K)U S of cardinality n —t — k + s.
Let (n—t—k) € {1,...,n — t} be the number of firms in (N \7)\ K)US from N\ T in the
initial R&D structure R, and let s € {0,...,t} be the number of firms in (N \ 7T') \ K)US from
Ts and/or Ty in the initial R&D structure R. Let j € (N\T)\ K)U S be a deviating firm
from the MS agreement N\Tin M.

4ONotice that for ¢ to be larger than 2, we must have £ > 2; and £ > 2 «<= n > 11.
41Tf the members of an R&D alliance do not have incentives to merge with another alliance, the merger

between these two R&D alliances will not occur.
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From Property 1, the most profitable R&D alliance structure for the deviating coalition
(N\T)\K)uSis R* = {((N \T)\K)US, RfKuT)\S} where the deviating coalition is the
only non-singleton R&D alliance of the industry. Indeed, since the formation of a larger R&D
alliance by firms outside the deviating coalition decreases the profit of firms in the deviating
coalition, the profits of the deviating firms in the new R&D alliance structure will be larger the
smaller the size of the R&D alliances outside the deviating coalition; i.e., when all non-deviating
firms are singleton R&D alliances.

One can compute the profits of firm j € (N \T) \ K)US in the initial R&D alliance structure

(R, M) and the final one (R*, M):

(%, M) :(n_il)Q(a—/\+u[(t+k—s+2)(n—t—k:+s)—n])2
+(t+12)2(a)\+,u[(t+1s)(ntk+s)t+s])2
t 2 1 2
I:m(a—/\—FM'Eg) +m(a—/\+M'E3>

(1 t 13, 3, 17)\°
WJ(R’M)_((t—i—Q)Q—F(n+1)2><a )\—l—,u[n t+n 8t 2t+2}>

::<(n—i1)2 ! (t+12)2)(0‘_““'E1)2'

It follows that:

(R, M) —m;j(R,M) = 2(a — /\)M[ﬁ(ﬁh — B+ (t+12)2(E3 _ El)}
+ p? {ﬁ((@)? — (E1)?) + @JEQ)Q((Eg)? - (E1)2)]

=2 —Np-A+pu*- B.

One can show that A < 0 and B < 0 for alln > 5, ¢t € [1,¢], k € [0,n —¢t — 1], s € [0,¢].
Therefore, for any n > 5, and any (¢, k,s) € [1,t] x [0,n —¢ — 1] x [0,¢], the firm j will always
block any deviation from (R, M) toward the most profitable R&D alliance structure (R*, M)
and thus, to any other less profitable «v-obtainable R&D alliance structure. O

Proof of Lemma 3. This lemma considers the deviations from R = {N \T, T% , Ti} toward
any obtainable y-obtainable R&D structures R via coalition 7'\ S C T% U Ti = T, where no
deviating firm is member of the MS agreement N \ T € M.

First, let j be one deviating firms that is part of the R&D coalition T% € R. From
Property 1, the most profitable R&D alliance structure for the deviating coalition T \ S is
R*™* = {N\T,T\ S, R}, with #(S) = s € {0,..,t — 1}. One can compute the profits of firm
j € T\ S in the initial R&D alliance structure (R, M) and the final one (R**, M):

(R ,M):m(a—)\+u[—n2+3nt—2t2+t—s(n—2t+s+2)])
n—t 2
+(t+2)2(a—A+u[—n+3t+s(t—s—3)}>
t 2 n—t 2
= (a-rtp-B) + 2 (a-r+u-E
(n+1)2(“ ) +(t+2)2(0‘ HpEs)
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(R, M) :ﬁ(a — A+ p[-n?+ %nt + g - §t2 + %])2
n—t 2 5 152
+m<af/\+u[—n+§+§t+§])

t 2 n—t 2

::m<a—)\+u-E¢;) +m(a—/\+M~E7> .

It follows that:
(R M) = (R M) = 200 = M| oy (Ba — Eo) o+ g (s — )|
[ (B = (o)) + g (B9 = (B0

=2 —Npu-A+pu*- B.

One can show that A < 0 for all n > 5, ¢t € [1,1], s € [0,¢ — 1]. Moreover, we know that « — X >
p((n—1)2 —n) to guarantee that any firm produces positive quantities in any market where she
is active. Therefore, (o —A)A > u((n—1)2 —n)A. One can verify that 2((n—1)2—n)A+B <0
for n > 5, ¢ € [1,%], and s € [0,# — 1]. This implies that 2(a — N\ - A+ p? - B < 0 for n > 5,
t € [1,t], and s € [0,¢ — 1]. Therefore, for any n > 5, and any (¢, s) € [1,¢] x [0,¢ — 1], the firm j
will always block any deviation from (R, M) toward the most profitable R&D alliance structure
(R**, M) and thus, to any other less profitable y-obtainable R&D alliance structure.

Now, let us consider the situation when 7'\ S C Ti such that there is no deviating firms
from T3 in T\ S. Let ¢ be a deviating firm from T\ S. From Property 1, we know that
the mogt profitable R&D alliance structure for the firms in the deviating coalition T\ S is
R = {N\T,T%,Ti \S,RS}, with #(S) = s € {0,..., 52 + 1]} and ¢ > 3. The profits of
firm j € T'\ S in the initial R&D alliance structure (R, M) and the final one (R**, M) is given
by:

(R, M) :ﬁ(a — A+ p[-n®+ gnt - g - %&2 - % - 2 —s(n—2t+s+ 2)])2
+M(a—)\—l—u[—n—ith—i-it—i-s(t—s—?))])Q
o ettt Bty
+ i _:2)2 (a—A—}—u[—n— %tQ-i- % _ ;)2
:—(nthlV(a)\Jru-Eloer(thr;)Q(a>\+,u«E11>2.
It follows that:
(R, M) — (R, M) = 2(cr - A)u[ﬁwg — ) + ﬁwg ~ )]
[ (B9 = (Bo)) + g (E0)* = (Bn)?)]

2:2(04—/\)[L~A1—|—M2~Bl
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One can verify that (i) Ay < 0 for all n > 11, t € [2,%], s € [0, |52 + ] and (ii) 2((n — 1)? —
n)A; + By <0 for n > 11, ¢t € [3,1], and s € [0,¢ — 1]. Therefore with the same argument as
above, this shows that 2(a — \)p - Ay +p? - By <0 forn > 11, ¢t € [3,7], s € [0, — 1], and any

values of a — A and p. O

Proof of Lemma 4. Let j € N\ T be a deviating firm member of the MS agreement in the
initial MS structure M. Omne can compute the profits of firm j € N \ T in the initial R&D
alliance structure (R, M) and the final one (R9, M):

(£, M) :<(ni1)2 * (t+12)2)(a_)\+'u(nt+n_ %2 - %t— %))2

m;(R9, M) :<(n—i1)2 + (t+12)2)(a—)\+u.n)2.

It follows that:
Trj(Rga M) - Wj(Ra M) =

(e + g @2 uem? = (a=xeu(atn = - 5o 5))')

Notice that nt +n — %tQ — %t — % —n >0 for any n > 5 and any ¢ € [1,¢]. Thus, m;(R9, M) —
m;j(R,M) < 0 for any n > 5 and any ¢t € [1,¢], and the firms from the initial MS agreement
N\ T will always block the deviation from R to RY. 0

Proof of Proposition 5. The proof follows directly from Lemmas 2, 3 and 4. O

Proof of Lemma 5. This lemma considers the deviations from M = {N \ T, M7} toward any
y-obtainable MS structure M via coalition (N \ T) \ K. The deviating coalition is composed of
some of the most efficient firms that belong to the R&D alliance N\ T in R = {N \T, T% , Ti }
Let j € (N\T)\ K be a deviating firm from the R&D alliance N \ T in R.

From Property 2, the most profitable MS structure for the deviating coalition (N \T')\ K is
M*={(N\T)\ K, KUT} where all other firms are grouped together into one MS agreement
K UT. Indeed, since the formation of a larger MS agreement by firms outside the deviating
coalition increases the profit of firms in the deviating coalition, the profits of the deviating firms
in the new MS structure will be larger the bigger the size of the MS agreement outside the
deviating coalition; i.e., when all non-deviating firms are forming a MS agreement. One can
compute the profits of firm j € (N\ T)\ K in the initial MS structure (R, M) and the final one
(R, M*) with k = #(K):
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0 = [ + <t+12>2}(“—““(”'t+”—m2+§2t+4))2

(n_k]jt+2)2(a—)\+u(n—t))2

- _3];:ﬂ:3+2)2 (a=r+n(2n- 11t4+ 2))2

e = G C )

(R, M*) =

13t2 + 12t+4))2

1
(a—)\+u<n~t—|—n— 3

MUETET)E
One can verify that m;(R, M*) — m;(R,M) < 0 for all ¢t € [1, %], all k < n—t, and all n > 6.
Therefore, firm j will always block any deviation from (R, M) toward (R, M*) and thus, to any
other less profitable v-obtainable MS structure. O

Proof of Lemma 6. This lemma considers the deviations from M = {N\T,M%} toward
any vy-obtainable MS structure M via coalition (N \7)\ K) U S. The deviating coalition
is composed of some of the most efficient firms that belong to the R&D alliance N \ T in
R, possibly some firms in the R&D alliance T% in R, and some firms in the R&D alliance

Ty in R = {N\T,T%,T%}. Let j € (N\T)\ K)U S be a deviating firm from the R&D
alliance T1 in R. From Property 2, the most profitable MS structure for the deviating coalition
(N\T) \4K) USis M* ={(NV\T)\K)US,(KUT)\ S} where all other firms are grouped
together into one MS agreement (K UT)\ S.

Let @ = z1 + 22, where 21 € [1,|52 + 2] and 25 € [1, 252 + 1]] denotes respectively the
number of firms from T1 and from T3 in (KUT)\ S in M**. One can compute the profits of
firm j e (N\T)\ K)U U'S in the initial MS structure (R, M) and the final one (R, M**) with

k=#(K):

_ ppbom By o g\, n=t Byt 3T
(B M) =1 1)2(0‘ Mrufgt-g-g-Fr-n-1)) +(t+2)2<a Atulgt+g-n-3))
_ ook It 2p. B e, 3 k3 t 2
iR )_(n—k—x+2)2(o‘ A“‘Ll"t ghotdn k=gt =nitt-gntg 2+$2(2+1)D
m (- St Skt kB e Lo ko t ’
+(n7k7m+2)g(a /\+u[4nt bt k-t n? g s -2 2 1+x2(2+1)D
(o ot Skt B2 3, n k. t ’
+(n7k7x+2)2(a /\+u[4nt R e R 2+x2(2+1)D
1 9 kot 1 t 2
+m(“‘“”[z’“'t‘""“‘§+§‘5”2(5“)})~
One can show that m;(R, M**) — m;(R,M) < 0 for any n > 4, any t € [1,t], any x; €
(1,524 14]], any x5 € [1, 242 4+ 1]], and any k € [2, % — z]. Therefore, firm j will always
block any deviation from (R, M) toward (R, M**) and thus, to any other less profitable
~v-obtainable MS structure. Ol

Proof of Lemma 7. This lemma considers the deviations from M = {N \ T, M7} toward any
y-obtainable MS structure M via coalition ((N \T)\ K) U S. The deviating coalition is only
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composed of some of the most efficient firms that belong to the R&D alliance N\T in R and some
firms in the R&D alliance T in R = {N \T,Ts, T } Let j € (N\T)\ K)US be a deviating
firm from the R&D alliance T% in R. From Property 2, the most profitable MS structure for
the deviating coalition (N\T)\ K)U S is M** = {(N\T)\ K)U S, (KUT)\ S} where all
other firms are grouped together into one MS agreement (K UT)\ S.

Let @ = z1 + 22, where 21 € [1, |52 + 1] and 25 € [1, 252 + 1]] denotes respectively the
number of firms from T1 and from Ts in (KUT)\ S in M***. One can compute the profits of
firm j € (N\T)\ K) U5 in the initial MS structure (R, M) and the final one (R, M***) with

k= #(K):

wj(R,M):(n_il)2<a—)\+,u[1zln-t+£+g—%tQ—nQ})2+(tn+72§2(a—/\+u[%t+g—n+%
Wj(R,M***):m(a—)\—ku[%n-t—gk-t+n-k—1—81t2—n2+gt_g_§+%})2
M( /\+u[17:ﬂ tfgkw - 1—811527112+£+gf§+1})2
O aE 12 R )
One can verify that m;(R, M**) — 7;(R,M) < 0 for any n > 4, any ¢t € [1,{], any
n

zy € (1,242 4+ 1]], and any k € [2,% — z]. Therefore, firm j will always block any
deviation from (R, M) toward (R, M**) and thus, to any other less profitable y-obtainable

MS structure. O

Proof of Lemma 8. When the deviating coalition contains equally efficient firms; i.e., when
L C T3 or L C Tl, the result holds from Proposition 2 since ¢ < . When the only deviating
coahtlon is L C T3 U Tl, the only y-obtainable MS structure from M via the unique deviating

coalition L is M**** = {N\T L, T\L} Let #(L) = k = k1 + ko, where k; > 0 and k3 > 0
are the number of firms from the R&D coalition Ti and T% respectively. Let ¢ be a firm from

the R&D coalition T3 and from the deviating MS coalition L. We have that:
4

mi(R, M) — (R, M) =

1 11 s m 13, ot 2
ol - B o)
(nfk+2)2(a >\+,u{4nt n+2 8t +4 k1( +

k 11 o, om 13, t1\2
*(n+1)2(afk+”{1"t*” +§78t+4D'

One can verify that m;(R, M***) — m;(R, M) < 0 for any n > 0, any ¢ € {1,...,t}, and any
ke{l,... t}. O

Proof of Lemma 9. Let j € Th 1 be a deviating firm member of the R&D alliance T1 in the
initial R&D alliance structure R. One can compute the profits of firm j € T1 in the 1n1t1a1 MS
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structure (R, M) and in the final one (R, MY):

t 9 s m 13, t 2
- — nt—p? 22 " _
(n+1)2<a )x—l—,u[ n-t—n t ])

RISV T

Wj(R,M) =

One can show that 7;(R, M9) — m;(R, M) < 0 for any n > 6 and any ¢ € [1,], and the firms
from the initial R&D alliance Ti will always block the deviation from M to M9Y. O

Proof of Proposition 6. The proof follows directly from Lemmas 5, 6, 7, 8 and 9. O

Proof of Corollary 3. One can show that the deviations studied in Lemma 5 are always
blocked by the firms in the largest deviating MS coalition when ¢ = 1. Moreover, the deviations
studied in Lemma 3 do not exist for ¢ = 1. Therefore, this result is directly obtained from

Proposition 4 when ¢t = 1. ]
Proof of Proposition 7. The proof follows directly from Lemma 10 and Lemma 11. O

Proof of Lemma 10. When the global MS agreement MY = {N} is formed, each firm is a

monopoly in its home market and then the Cournot-Nash profit function of each firm j € N is:
1
(R, M7) = 2o = At p- )2

This profit function is strictly increasing in r;, the size of the R&D alliance of firm j. More-
over, the profit function is not affected by any change in the efficiency of the competitors; i.e.
mj(R, M9) is not affected by changes in 74, Vh € N \ {j}. Therefore, any firm j maximizes its
profit by forming the biggest possible R&D alliance RY = {N}. O

Proof of Lemma 11. Let us show that a deviation of coalition K from MY = {N} toward
some y-obtainable MS structure will always be blocked. From Property 2, the most profitable
v-obtainable MS structure for the deviating coalition K is {K, N \ K} where the deviating
coalition faces as few competitors as possible on every market; i.e., when all non-deviating firms
are forming a MS agreement N \ K. Let j € K a deviating firm. It follows that if j has
incentives to block the deviation from (RY, MY) toward (RY,{K,N \ K}), then firm j € K will
also block every deviation from (R9, M9) toward any other y-obtainable MS structure (RY, M)
via coalition K. The profits of firm j € K in the initial MS structure (R9, MY) and the final
one (RY,{K,N \ K}) are given by:

w3 (B9 MO) = 7 (o= A o)
g 1 n—=k
i (R, LK NA K = ((n—k+2)2+(k+2)2)'(0‘_“”'”)2'

Hence, we have:

< n—k 1
n—k+2 (k+2)2 4
= h(n, k)@ — A +n-p)?

(R {K, N\ K}) —m;(R?, M) = )-(af)\Jrn'u)Q
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Since K is the largest MS coalition in {K, N \ K}, we have that k > n —k <= k> 5. One
can verify that h(n,k) <0 for n > 2 and k €]5,n — 1]. O

Proof of Proposition 8. According to Lemma 1, the only possible stable pairs of structures
when the MS structure is {M, M3} are {M, X, Y} or {M,XUY}, where M denotes the largest
MS coalition. Since we consider symmetric structures, all firms in any MS agreement are equally
efficient.
If#(M) <n—y/n— %Jr %, Proposition 2 implies that firms from M that are equally efficient are
going to dissolve their MS agreement. In that case the symmetric pair of structures containing
M cannot be stable, as the MS structure is not y-stable.

If #(M)>n—/n— % + %, then it necessary holds that (#(Y), #(X)) < n—/n— % + %

because 2-n—4/n — 243 > n. Therefore, if #(Y) > 1 and/or #(X) > 1, the members of these
MS agreements are going to dissolve their respective MS agreements Y and/or X by Proposition
2.

Moreover, if (#(X),#(Y)) = (1,1), we have that 1 < "hTH for any market h of size nj, > 2.
But in the industry where the pair of structures ({M, (1), (1)},{M, (1), (1)}) is formed, all the
markets have at least 2 competitors (ny, > 2 Vh). Therefore, firms from X and Y have incentives
to merge their R&D coalitions into X UY as both of them verify condition (A.9) in any market.

Therefore, the only situations where firms do not have incentives to either dissolve their MS
agreement or to merge their R&D alliances is when (#(X),#(Y)) € {(0,0),(1,0),(0,1)}. It

follows that the only «-stable pairs of symmetric structures are:

(N} AND) and ({N\ {s}, {s}}, {V \ {s}, {s}})-
O

Proof of Proposition 9. In a Cournot setting with linear demand, the consumer surplus on
market 7 is %(Z?:l qf )2, where qg is the equilibrium quantities produce by firm ¢ on market
j. The consumer surplus associated to a pair of coalition structures (R, M) is the sum of
the consumer surpluses on all the markets, where the equilibrium quantities depend upon the
coalition structures (R, M).

First of all, let us compute the consumer surplus of the pair of coalition structures (R*, M*) =
{N\T, T%’Ti}’ {N\T,M?}), for t € {2,...,t}. The overall consumer surplus associated to

the pair of coalition structures (R*, M*) is given by:

Cﬁm,M,UZﬂﬁﬁﬁca—ma+n+u%+§#—§+ﬂ)
+2(ni1)2(n<ak)+u[n22nt+183t2+;+;])2 (A.10)

Let us now investigate whether (A.10) is increasing with respect to ¢ or not. One can compute
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that:

CS(R*,M*,t+1) — CS(R*, M*,t) =

m<(a_/\>(t+2)+ﬂ[n+2t2+it+2b2
+2(7t1++11)2(n(04—)\)+/£{n2_2nt—2n+1832524_14515_"_2;})2
M((a)\)(t+l)+ﬂ[n+zt2;+;D2
_M("@‘”)*“{“Q‘W*§t2+;+;])2

=21+ Y1 — 22 — Y.

One can verify that (i) y1 —y2 > 0 for n >4 and ¢ € {0,...,t}, and (ii) 21 — 22 > 0 forn > 5
and t € {0,...,t}. Hence, CS(R*, M*,t) is strictly increasing with ¢ for any n > 5 and any

ted{2,...,t}.
For t = 0, we compare CS({N},{N}) with CS({N \ {s},{s}},{N \ {s},{s}}). We have

CSUN}ANY) = S(a = A+ pn)?

and

n—1

OSUN\ (s, {51 AN\ {5}, (s3)) = "

_|_

(2(a = X) + p(n))®

1

m(n(a —A) + u(n? = 2n +2))2.

One can verify that for n > 4 and (o — A, ) such that positive quantities are produce in any
markets, we have CS({N \ {s},{s}},{N\ {s},{s}}) > CS({N},{N}).

For t = 1, we compare C'S({N\{s}, {s}}, {N\{s}, {s}}) with CS({N\{s1, s2}, {51, 82} }, {IV\
{51, 82}, {s1},{s2}}). We get:

n—2

CS({N\ {s1,82}, {s1, 82} }, {IV \ {s1, 82}, {81}, {s2}}) = 3_2

(3(a = A) + p(2n — 4))?

2 2 2
—_ — —4
+ 2(n+1)2(n(a A) + p(n n+6))
One can verify that CS({N\{s1, s2}, {s1, s2}}, {N\{s1, 52}, {s1}, {s2}}) > CS{N\{s}, {s}},{NV\
{s},{s}}) for all n > 8.
Thus, for any n > 8, and any ¢t € {0,...,%}, the consumer surplus CS(R*, M*) = CS({N \
T, T%,T%}, {N\ T, M}$}) is strictly increasing with ¢. O

Proof of Proposition 10. Let us compare the consumer surplus of the the pair of grand

coalitions relative to the pair of singleton structures. We have that:

n

S MS) = — o 2

CS(R' M) = gt (o= A+
which is strictly smaller than CS({N},{N}) as for any n > 0 : (i) W < g, and (ii)
a—A+pu < a—A+ p-n. From Proposition 9 we know that CS({N},{N}) < CSHN \
T,T%,Ti},{N\T,MtS}) for all n > 8, for all t € {1,...,t}. O
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Proof of Proposition 11. From the proof of Proposition 8, the only pairs of symmetric coali-
tion structures that could be stable are ({N},{N}) and ({N\ {s},{s}},{N \ {s},{s}}). But,
these pairs of symmetric coalition structures are not stable when we consider §-stable MS struc-
tures.

From the MS structure {N}, any firm j € N has a unilateral incentive to leave the global

MS agreement:

(a=A+n-p)?

n—1 1
(o — A - )2
5 + (n+1)2) ( +n-p)

mi({N},{N}) =
m({NEANA {7} G =

N

and it holds that m;({N},{N \ {j},{j}}) — mj({N},{N}) > 0 for any n > 1.

Similarly, from the MS structure {N \ {s}, {s}}, each firm j from the MS agreement N \ {s}

has a unilateral incentive to leave the MS agreement:

m((N\ {5}, {51 N\ {3, 1) = (5 + (njl)z) (a—A+n-p)?
m (N s {51 AN\ {5, £, 1)) = (o= A u(3n = 5))% + (nfl)m At ?

and since 3n —5 > n Vn > %, we have:

TN\ {sh {shh AN\ {s, 5} {5, 53} — m(INV \ {s}, {s}} AN \ {s}, {s}})

> (n_i_ll)Q(a—/\—i-nqi)Q > 0.
So, we have m;({N \ {s},{s}},{N \ {s,5}, {s,5}}) = m({N\ {s}, {s}}, {N \ {s},{s}}) > 0 for
n > 3. ]
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