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1 Introduction

Platforms are often seen as two-sided or multi-sided in that they cater to two or more audiences,
whose decisions are interdependent because of cross-group network effects. For instance, using a
non-technical and broad definition, Evans and Schmalensee (2016, p. 210) define a multi-sided
platform as “a business that operates a physical or virtual place (a platform) to help two or
more different groups find each other and interact. The different groups are called “sides” of
the platform.”! A for-profit multi-sided platform uses price and non-price strategies to make
profits and, at the same time, manages network effects. A focus of the early literature is on the
characterization of pricing strategies in various market environments (mostly with a single or
two two-sided platforms); see, e.g., Rochet and Tirole (2003, 2006) and Armstrong (2006).

However, many platforms — like social networks and messaging applications — cater mostly
to a single audience.? Should these ‘one-sided platforms’ be treated separately from two- or
multi-sided platforms because they manage network effects of a different nature (within-group,
or direct, vs. cross-group)? We believe not. The first reason is that within-group network
effects are also often present on two-sided platforms; they result, for instance, of competition or
congestion on one side.? Second, and more importantly, we contend that the focus should not be
put on the presence of different audiences, but on the set of instruments that the intermediary
can use. Our first key message in this paper is indeed that the definition of multi-sided platforms
should not rest on easily distinguishable groups of users, but on the ability to target groups with
different prices; that is, to be able to employ group pricing (or, in other words, third-degree
price discrimination). To show this, we consider the market of a network good; all users care
about the overall level of participation. On first sight, this looks different from a two-sided
platform. However, as soon as we allow the platform to condition prices on user characteristics,
the setting becomes one of a multi-sided platform (very similar to Armstrong, 2006).

While our first message relies on the platform to be able to observe some user characteristics,
our second key message is that this insight generalizes when this information is not available to
the platform, but when it can offer different versions of the network good. Here, in line with the
literature on versioning (or, in other words, second-degree price discrimination), the platform
has to respect the incentive constraints of the users to ensure self-selection. In our setting, these
constraints are slack and, as a result, the outcome under versioning resembles the one under
group pricing.

We then consider special cases in which the profit-maximizing strategy features a base version

of the network good being offered at a price of zero (used by some) and a premium version being

!Other authors have provided similar definitions; see e.g. Rysman (2009) and, being a case of the pot calling

the kettle black, Belleflamme and Peitz (2010, Chapter 22).
2 As these platforms grow, advertisers are sometimes added as a second audience for monetization purposes.
3Most of the literature on two-sided platforms abstracts within-group effects away by assuming that users

on one side care about participation on the other side but not about participation on their own side. Some
notable exceptions are Nocke, Peitz, and Stahl (2007), Hagiu (2009), Belleflamme and Toulemonde (2009), and
Belleflamme and Peitz (2019).



offered at a strictly positive price (purchased by others). We interpret this as a true freemium
strategy (there are no revenues directly associated to the users of the free version). This shows
that the presence of network effects may make it optimal for the platform to offer a base version
for free.

The paper proceeds as follows. In Section 2, we place our paper in the literature. In Section
3, we present a general setting to study monopoly pricing of a network good and derive some
preliminary results. Then, in Section 4, we derive our main results in the specific case in which
users differ by the value of their outside option and the stand-alone utility, but have a common
valuation of the network benefits — we address the case with heterogeneous network benefits in
the Appendix. In Section 5, we consider group pricing assuming that different (and partially

compatible) network goods are provided to the user groups. We conclude in Section 6.

2 Literature review

This paper provides a link between the literature on price discrimination (and multi-product
pricing more generally) and the two-sided market literature. We do not claim to be the first to
recognize this.* In particular, Rochet and Tirole (2006, p. 646) point to the link of two-sided

platforms (they use the term two-sided markets) to multi-product pricing and network effects:

“Conceptually, the theory of two-sided markets is related to the theories of net-
work externalities and of (market or regulated) multi-product pricing. From the
former (...) it borrows the notion that there are noninternalized externalities among
end-users. From the latter, it borrows the focus on price structure and the idea that
price structures are less likely to be distorted by market power than price levels.
The multi-product pricing literature, however, does not allow for externalities in the
consumption of different products (...) The starting point for the theory of two-sided
markets, by contrast, is that an end-user does not internalize the welfare impact of

his use of the platform on other end-users.”

Yet, there is relatively little work on price discrimination in markets with platforms. Existing
works focus either on two-sided platforms or on network goods (that is, ‘one-sided platforms’)

and, thereby, fail to connect the two. As far as two-sided platforms are concerned, a recent

4In early work, Bruno Jullien already foresaw the link between the literature on the provision of a network

“... one feature of modern networks that has not received considerable

good to the two-sided market literature:
attention is that network effects are often not isotropic: members may join for different reasons and value both
the service and the participation of others in very different ways. In conjunction with that, and partly because
of that, most suppliers of network goods practice some form of price-discrimination.” (Jullien, 2001, p. 2) In a
subsequent paper, Jullien (2011) studies divide-and-conquer strategies in a Stackelberg duopoly. As one of his two
applications, he considers the setting with a network good being sold to different groups of users. He writes (p.
203) that “there is only one side with standard network effects but the platform can price discriminate between
several groups of users. This shows that it is not crucial to have effectively several sides to generate multi-sided

market effects. The ability to price discriminate along with the presence of network effects suffices.”



contribution is by Jeon, Kim and Menicucci (2021), who consider versioning by a monopoly
platform. In their baseline model, users on side A (which they call the ‘value creation side’) may
be of two types, while users on side B (the ‘value capture side’) are homogenous; the type of a
side-A user conditions not only their stand-alone benefit but also the cross-side network effect
that they exert on side-B users. A key feature of the model is that the dual nature of users’
types may cause a tension between the menu of versions that the platform is able to implement
(which is determined by the incentive compatibility constraints) and the menu that maximizes
its profits (through the internalization of network effects). If so, the platform may prefer not
to discriminate by offering a single ‘quality’ at a uniform price. Such issues do not arise in
our setting because we consider a single group of users (meaning that the platform creates
and captures value for and from the same users). Bohme (2016) also considers versioning by
a monopoly two-sided platform; users on each side can be of two types, which differ in their
valuation of both the stand-alone utility and the cross-group network effects. He shows that a
two-sided platform that practices versioning (incomplete information) reduces the quantity for
high-type users compared to what it would do under group pricing (complete information). It
is the presence of cross-group network effects that explains this violation of the ‘no-distortion-
at-the-top’ result, which holds in the textbook versioning problem: The platform cannot fully
extract the willingness to pay of high-type users on one side because of the network effects
that these users exert on both types of users on the other side (and, thereby, on the menu of
options that can be offered to them). Gomes and Pavan (2016) examine versioning by matching
platforms. In their model, users differ in both their interest to interact with agents from the other
side and in their attractiveness. In their setting, the platform chooses not only a menu of prices
but also a matching rule; they show how cross-group network effects entails subsidization across
sides, which shapes both the price and the matching schedules. In a recent extension (Gomes
and Pavan, 2021), the authors consider the case where users’ preferences are both vertically
and horizontally differentiated. In that setting, they study (like we do) the interaction between
versioning and group pricing, and examine the welfare effects of banning group pricing (thereby
forcing the platform to set a uniform price for users on one side).

Closer to our work are papers that examine differential pricing of goods exhibiting direct net-
work effects. Regarding versioning, Hahn (2004) and Csorba and Hahn (2006) consider a vertical
differentiation model & la Mussa and Rosen (1978) with network effects. They show that ver-
sioning by introducing a damaged good may be profitable and welfare-enhancing. Csorba (2008)
considers the monopoly provision of a network good with a finite number of vertically differen-
tiated user types. In his setting, all neighboring downward incentive compatibility constraints
are binding and the profit-maximizing menu features social underprovision. These papers do
not speak to the two key messages made in our paper. Veiga (2018) also considers the selling of
different versions of a network good; however, in his setting, the network benefit only accrues
to the users of a specific version and not the total number of users across all versions; therefore,
his finding that a monopolist never wants to use versioning stands in contrast to the finding in

our paper and, thus, there is no link between his paper and the multi-sided platform literature.



The literature on end-user piracy of content goods relates to our finding that the freemium
strategy may be profit-maximizing. In a model of vertical differentiation a la Mussa and Rosen
(1978) with network effects, Takeyama (1994) shows that a firm may be better off when a
base product is available at a price of zero (the pirated product) than when this version is not
available. King and Lampe (2003) provide a related analysis; for a survey, see Belleflamme and
Peitz (2012). These results speak to the profitability of the freemium strategy; however, in a
piracy setting, the presence of the free version is assumed rather than derived as part of the
profit-maximizing strategy.

The literature on network economics, which follows the ‘social networks approach’, also
contains works that relate to our paper but with a different angle. Fainmesser and Galeotti
(2016) study how a monopoly seller of a network good adapts its pricing strategy when more
information become available about network effects across users.® In contrast with the approach
generally taken in industrial organization (our paper being no exception), network effects are
not a simple function of the number of users making the same choice, but are modelled as a
deterministic graph (network effects can then be heterogeneous across users as they depend on
their position in the network). In this setting, the authors show that the monopoly seller price
discriminates by offering discounts to users generating stronger network effects (that is, having a
larger ‘influence’) and premia to users receiving network effects more intensively (that is, being
more ‘susceptible to influence’). Using different approaches to modelling the architecture of
network effects, Candogan, Bimpikis, and Ozdaglar (2012) and Bloch and Quérou (2013) find
similar profit-maximizing pricing structures.®

Finally, our analysis of versioning in the presence of network effects bears a connection with
the mechanism design literature that considers situations with one principal and multiple agents
exerting externalities on one another. We can indeed draw a parallel between our monopoly
platform offering different versions of a network good to its users and a principal presenting a
menu of contracts to its agents. An important contribution in this literature is Segal (2003),
who shows how the principal’s optimal strategy depends on the types of externalities among
agents, and on the principal’s ability to price discriminate and to coordinate agents on a given

outcome. In Segal’s setting, the principal is an incumbent trying to deter entry and the agents

SFainmesser and Galeotti (2020) extend the analysis to competing providers of a network good — this paper
also provides a useful entry guide to the emerging literature on profit-maximizing marketing strategies in the

presence of network effects, which spans the fields of economics, marketing, and computer science.
5Leduc, Jackson, and Johari (2017) consider a monopolist introducing a new product about which potential

consumers can learn from own experience or by learning from others. Potential consumers are connected by a
network and the monopolist can provide incentives by offering price discounts to become early adopters allowing
others to learn. Absent other incentives provided by the monopolist, it would be consumers with few friends
who tend to be early adopters. If the monpopolist rewards early adopters for purchases by friends in the second
period, the monopolist encourages consumers with many friends to adopt early. As the authors show, the profit-
maximizing strategy of the monopolist may feature such referral rewards with the result that consumers with few
and consumers with many friends adopt early while those with an intermediate number of friends adopt later.
Here, the monopolist’s pricing policy is used as a screening device on the consumer characteristics regarding their

connectedness to other consumers.



are customers; by signing an exclusionary contract with any customer, the incumbent makes
entry less profitable for the entrant; this means that by accepting to trade with the principal, an
agent exerts a negative externality on the other agents (as the market becomes less competitive).
In our setting, a user trading with the platform (that is, purchasing some version of the network
good) exerts a positive externality on the other users. Winter (2004) considers incentive schemes
in organizations. He shows that in the presence of externalities among agents, optimal incentive
mechanisms may require differential rewards even if agents are homogeneous; in particular, in
environments in which an agent’s incentive to exert effort increases with the number of other
agents who do so, agents should be provided with differential incentives. Bernstein and Winter
(2012) explore this issue further by examining the problem of a principal that tries to coordinate
the participation of agents when there exist heterogenous externalities among them; one example
related to platforms is a mall owner (the principal) whose success depends on the participation

of a group of brand stores of various sizes (the heterogenous agents).

3 The model

We consider a model in which a monopoly platform offers interaction possibilities to a set of
users. In the first stage, the monopoly platform observes part of a user’s type and, under group
pricing, sets an access price conditional on this information, or, under versioning, offers a menu
of contracts that contains price-quality pairs. In the second stage, users simultaneously make
their participation decision after observing all participation prices; a user’s valuation of the
product or service offered by the platform depends on the total number of users. We solve for
subgame perfect equilibrium.

Music streaming platforms such as Spotify or Deezer are a case in point. These platforms
give their users access to a deep library of songs. By allowing users to share playlists and by
providing them with a recommender system (whose performance increases with the number of
users), they activate and manage within-group network effects among their users. Furthermore,
as Wicklow, Belleflamme, and Peitz (2020) explain in the case of Spotify, music streaming plat-
forms practice different forms of price discrimination, including freemium strategies.” Fashion
goods are another example that fit our model: They generate direct network effects (because of
conspicuous consumption) and total network size matters; consumers are heterogenous in their
valuation of the goods themselves and, possibly, of the consumption externalities the goods gen-
erate; group pricing takes place when the goods are sold through different sales channels catering

to different audiences; and versioning is observed when the brands come in several varieties.

" As these platforms pay copyright holders for the right to reproduce sound recordings, copyright holders (who
may be individual artists) can be seen as another side of the platform. When a platform makes uniform take-it-or-
leave-it offers to all or a group of copyright holders, it can use the price structure to manage cross-group network
effects between end users and copyright holders. Platforms may add advertisers as yet another side, mostly to
monetize their free offering. In our analysis, we abstract from cross-group network effects between these different

types of users and focus on network effects among end users.



3.1 Participation decisions (Stage 2)

Each user’s valuation depends on two components, a stand-alone value and a utility that depends
positively on the total number of users. Users possibly differ by their opportunity cost of joining
the platform, the stand-alone utility, and the strength of the network effect. For simplicity, we
assume that a user of type (i, ) obtains the utility u; = r; 4+ 3; N — p;, where r; is the stand-alone
benefit, 5; the strength of the network benefit, N the total number of users, and p; the price a
user pays conditional on their realization ¢ when accepting the platform service (or a particular
version thereof). The outside option of a user of type (i,z) has value x. Thus, the user of type
(i, z) prefers a proposed service over the outside option if and only if r; + 5; N — p; > z.

In what follows, we assume for simplicity that there are I > 2 realizations of ¢, which are
present with equal shares in the population.® We also assume that a user’s opportunity costs of
joining the platform, x, is uniformly distributed on a compact and sufficiently large interval. An
increase of net utility of Au; = 1 leads to an increase in the number of users of mass 1. Assuming
that characteristics ¢ and z are independently distributed, the number of users of type i as a

function of the price p; is implicitly given by
ni =1 + BilN — pi. (1)

We can rewrite this by expressing the number of participating users in one group as a function
of the price charged to that group and the number of participating users in the other groups:
n; = (r; + BiN—; — p;) / (1 — B;) where N_; = N — n; is the total number of users in all groups
but group 7. Assuming that 8; < 1, we observe that network effects make participations in any
two groups complementary with one another.

For given prices, users play an anonymous game and we solve for the Nash equilibrium of
this game; each user makes their participation decision given the participation decision of all
other users and these decisions must be mutually consistent. At the Nash equilibrium, we obtain
user participation as a function of all prices.” Summing equation (1) over all types i = 1,..., 1

gives N = R+ BN — P, where we introduce the following notation:

I I I I
NEZHZ', REZTZ', BEZ@-, PEZpZ‘.
i=1 i=1 i=1 i=1

Solving N = R+ BN — P for N, we find N = (R — P) /(1 — B). Plugging this value into (1)
yields the demand for participation in group 7 as a function of all prices:
R-P

nizri_pi+ﬁiﬁ~ (2)

8In what follows, we refer to these realizations as ‘types’ or ‘groups’ interchangeably.

°In general, for each type with characteristic i, there is a conditional demand n;(p) that depends on the price
vector p. Suppose that ¢ is distributed according to F' over some space Z, and x according to G on the positive
reals. The demand system n;(p) is the solution to n; = G(r; + 8N — p;) and N = fnzdF(z) The monopoly
platform with constant per-user costs ¢ then solves the maximization problem maxp [[(p: — ¢)ni(p)]dF (¢). This
resembles the maximization problem of a multi-product monopolist. Because of network effects, demand for the
different offers are interdependent; monopoly price p; and/or monopoly quantity n; may depend on parameters
that determine the valuation of users of type (j, ) with j # <.



To ensure that participation is complementary across groups (that is, n; is a decreasing function
af all prices), it must be that B = Efil B; < 1. In what follows, we impose the following
sufficient condition:

(A1) gi <1/l foralli=1,...,1.

3.2 Pricing (Stage 1)

3.2.1 Uniform pricing

We first look at the benchmark case of uniform pricing. If the network good is sold at the same

price p to all users (irrespective of the group they belong to), then equation (2) becomes:

R—-1Ip

ni=ri—pt T 5

So, the platform chooses p to maximize:

I I
R—-1Ip R—1Ip R—1Ip

M=p> ni=pY (ri- - —p(R-Ip+B = .
pi:1m pi1<n p+5’1—B> p< p+ 1—B> PTT R

The profit-maximizing price is easily found as:

R 1
T
Pr=51 73"

where 7 = R/I is the mean of the r;’s. The corresponding participation levels are:

gty B B B 11=-B-16
vt 2 ' 1-B2 " 2 I(1-B)

To make sure that the monopoly platform chooses to serve all groups of users under uniform

R.

pricing, we assume that:

1-B—-1p5;

(A2) r; > 51— B) rforalli=1,...,1I.

The platform’s profit at its maximum is then computed as:

RQ

| (L —
AI(1-B)

3.2.2 Group pricing

Assume now that the platform has enough information to tell users apart according to the group
they belong to. It thus sells the network good at price p; to users of group ¢, with ¢ =1,..., 1.

That is, the platform has the following maximization program:

I I
max =" pimi = — = > el = B) (i =p) + i (R = P)].

P1,---P1 =1



The first-order condition with respect to p; yields:'°

I
(1=B)(ri—p)+B:i(R—P)—(1-B+8)pi— Y Bipr=0,
k=1 ki

or, equivalently,
I
(1—=B)ri —2(1=B)pi+ i (R—P) = > _ Bipr = 0. (3)
k=1

Computing the difference between the first-order conditions with respect to prices p; and p;
and rearranging terms, we find:
R—-P

20-B) (Bi — Br) -

1
pi_pkzi(ri_Tk)—F

Unsurprisingly, we observe that the platform chooses p; > py if either r; > r, and §; = B, or
Bi > By and r; = ri. That is, a platform that practices group pricing charges higher prices to
groups that enjoy larger stand-alone or network benefits.

In the rest of this paper, we focus on the case in which all groups have a common valuation
of the network effects: 3; = § for all 7. In general, it is indeed very cumbersome to solve the
platform’s problem with heterogenous values of §;. Neat results can only be obtained if the
population of users is split in only two groups (I = 2). We show in the Appendix that, in
this case, we obtain results that are qualitatively the same as the ones we describe in the next

section.

4 Price discrimination with homogenous network benefits

We assume from now on that groups differ only in terms of the stand-alone utility of their users:

Bi =B =pand r; #rj fori,j =1,...,1. As a result, the utility for users in group ¢ becomes:
u; =i + BN — p;. (4)

In this section, we first derive the profit maximum under group pricing and we compare it to the
profit maximum under uniform pricing, as well as to the choices that a platform would make if
it ignored the complementarity between the groups. Finally, we turn to versioning and consider

the special case of freemium.

107t can be checked that assumption (A1) guarantees that the second-order conditions are satisfied.



4.1 Group pricing
4.1.1 Profit maximum

To derive the profit-maximizing prices under group pricing, we use 8; = 3; = [ to rewrite

expression (3) as:

1
gp' = 0<:>(1—I,@)TZ—Q(I—I/B)]?I—}—B(R—P)—BPZO
o g Ti g 2P
b=y TPy 18)
Summing the latter equation over all I groups and solving for P, we find:
R R—-2P R
P = — I —_— & P - —.
> P51 >

It follows that the profit-maximizing price for group ¢ under group pricing is equal to p{ =
r;/2. As we already found out previously, groups with a larger stand-alone utility are charged
a higher price: r; > r; implies that pJ > pjg- . In this specific linear setting, while the platform
accounts for the fact that the price charged to one group affects the net utility of the good in
the other groups, the profit-maximizing prices do not respond. Yet, the participation levels do.
When we evaluate the participation levels at the profit-maximizing prices, we observe that they
increase in (:

n? — E + LE
2 1-1I82
We also observe that participation is larger in groups with a larger stand-alone utility (despite
the fact that these groups are charged more): r; > r; implies that ni > n? . Finally, we compute

total profit at its maximum as:

! ! i (T B R 1 : 2 p_R
Hg:Z(pfn?)=Z<2 <2+1_[ﬂ2)>:4;”+1—154'

i=1 =1

4.1.2 Group vs. uniform pricing

Comparing prices and participation levels with the case of uniform pricing, we can establish the

following results:

w_(ri, B RN _(  1-2I8 S\ 1.
”i_"’“_<2+1—1ﬁ2) (T’ 2](1—Iﬂ)R>_2(r ri).

In sum, a group that values the stand-alone utility above (resp. below) the average of all groups

is charged more (resp. less) and participates less (resp. more) under group pricing than under
uniform pricing. As for total participation, we find that it is exactly the same under uniform

and group pricing:
I

1
NS Nt =3 () = 5 ) =0

i=1 i=1



Comparing maximal profits, we check that group pricing allows the platfom to reach a higher

profit (as it has optimally chosen pf # p):

I I
1 B R? R? 1 R I
4;”+L454 A1 (1—15) 4;“ a7 a7 oY

where 02 = %Zi[zl (r; —7)? is the variance of the stand-alone utilities. We note that group
pricing is more profitable (compared to uniform pricing) the more the valuations of the stand-

alone utility are dispersed across groups.

4.1.3 Internalization of cross-group network effects

We want to show here that the monopoly platform internalizes cross-group network effects by
lowering prices p; relative to what would happen otherwise. To see this, suppose instead that
the platform maximizes its profit for each group with characteristic i separately, taking as given
the participation level of the other groups. That is, the platform sees participation of group i
as n; = r; + B(n; + N¢;) — p;, where N¢; = 7., n$ is the sum of the (fixed) expectations it
forms for participation in the other groups (j # ¢). Equivalently, we can think of I independent
firms, each offering a network good to the users in a given group, with all network goods being
fully compatible — this is simply an illustration of the Cournot model with complements.

The profit maximization problem for group ¢ is then max,, piﬁ (ri + BN¢, — pi). The
first-order condition yields p; = r;/2 + (5/2) N¢,. Since N¢, > 0, we must have that prices
are higher than the prices the monopolist chooses under group pricing (that is, p) = r;/2). We
also expect that profits are lower than in the monopoly problem in which all network effects are
internalized. Using the interpretation of I firms offering network goods to one user group each, a
merger between these firms is profitable and consumer-surplus increasing because a monopolist
internalizes the complementarity that arises from cross-group network effects.

To check all this, we plug the profit-maximizing price into the participation level and we
find n; = (r; + BN¢;)/(2(1 — B)). Imposing fulfilled expectations (that is, n{ = n; for all i) and

rearranging, we obtain:
_7“Z'+B(N—ni) '_Ti—l—ﬁN

n; = < n; = .
2(1-5) 2§
Summing over all i = 1,..., I and solving for N, we find N = R/ (2 — (I + 1)). It follows that

the participation level in group i is equal to (with a superscript m for ‘myopic’):

m

T BR
R A e PR IS
To find the platform’s profit-maximizing prices, we still need to substitute these values into
pi = (ri + BiN=)/2:

w1 oy _ 1B bR

10



Comparing with the case of group pricing, we check that prices are lower when network

B[ 1-p
g _m_ P (Ti_ =P g
PimPi =57 3\2 " 2—pu+n )
which is negative for all i becasue R > r;and (1 — 3) /(2 — B (I + 1)) > 1/2. As for participation

levels, they are larger under group pricing:

1 B
g _ m _ . ] =
S —n; 22_B(<I>R ri),with & =

effects are internalized:

2— 4B+ 2+ 152
(1-IB)(2-B(I+1))

Finally, we compute the profit of a ‘myopic’ platform as

> 1.

o mem . 178 G, BL-BU-BUI+2) .,
H _;pl Z_<2—ﬁ>2;’+<2—5>2<2—5<I+1>>2R'

We check that this profit is lower than the maximal profit under group pricing:!'!

2 I

g

(2 - /8)2 =

Br2+2(2-28-282+83)1—(2-B) (4—68+ 5%
2-B)2(1—18)(2-B(I+1))>

Y — ™ =

FN

1
'I”iz + 1,62®R2,
1

with © = > 0.

4.2 Versioning

In contrast with the previous case, we assume here that the platform does not observe (or is not
able to verify) the characteristic i. The platform therefore offers a menu of options with the aim
to make users self-select among the options and, thereby, reveal their characteristic i. We first
show that it is possible for the platform to design a menu that yields the same profit as under

group pricing. We then consider the special case of freemium.

4.2.1 Equivalence between versioning and group pricing

Suppose that the platform can offer I versions of the network good, with version k providing

users of group ¢ with the following stand-alone utility (i,k =1,...,1):

) r+(I—i)A if1<k<i,
T =
r+(I—-k)A ifi+1<k<I,

where 7, A > 0. Developing this specification, we see that group [ is indifferent between all
versions as it values them all (in terms of stand-alone utility) at r. Moving to group I — 1, we

see that it also values version [ at r, while it values all other versions at r + A. As for group

"To show that © > 0, note that 8 < 1/I implies that 2 — 28 — 262 + 8% > 0. It follows that the numerator is
an increasing function of I. Its lowest value is then reached for I = 2, namely (8 — 168 + 9ﬁ2), which is positive
for f < 1/1.
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I — 2, it values versions 1 to I — 2 at r 4+ 2A, version I — 1 at r + A and version I at r. Finally,
group 1 values version 1 at 7+ (I — 1) A, version 2 at r+ (I — 2) A, etc. We can thus see version
I as the basic version (as it provides all users with the lowest stand-alone utility of r), and group
I as the group with the lowest willingness to pay (as all versions provides its users with the same
stand-alone utility of 7).

If the contract menu is such that group ¢ users choose version i, we have u; = r; (i) + SN — p;
with r; (i) =r+ (I —i)A, B <1/I,and i = 1,...,I. These are the exact same utilities as in
expression (4) above, but with a different interpretation.!? Hence, if the incentive constraints of
group ¢ = 1,...,I — 1 are not binding (that is, if group ¢ users are strictly better off when they
buy version i instead of any other version), then the analysis carried out under group pricing
still holds. In particular, the profit-maximizing prices are p} =1r; (i) /2 = (r + (I — i) A) /2.

Let us then check that the incentive constraints are slack as postulated. We start with group
1. Its users prefer version 1 over any version k = 2,..., 1 if and only if

. o+ (I-1A r+(I-kA
P ) =g > () - o TR TEERE)

S k>,

which is clearly satisfied. Moving to group 2, the following conditions must be met: ry (2) —p4 >
ro (1) — pi and ro (2) — p5 > 1o (k) — py for k = 3,...,I. The first condition is equivalent to
r+(I-2)A)/2 > (r+(I—-2)A)—(r+({[I—-1)A)/2 0or (I -1)A > (I —2)A; the other
conditions are equivalent to (r+ (I —2)A)/2 > (r+ (I —k)A)/2 or (I —2)A > (I —k) A,
they are all clearly satisfied. Recursively, we check that no incentive constraint is binding for
any group.

We can thus conclude that in these particular circumstances, the platform achieves the same
profit under versioning as under group pricing — that is, it does not need to forego any profit
to induce users to reveal their private information about their willingness to pay. We have thus

proven by example:

Proposition 1 When users of a network good benefit from stand-alone utilities of different
versions of a network good to a varying degree, a monopolist can profitably introduce different
versions of the same metwork good inducing user self-selection. In some environments, the
profit-maximizing strategy replicates the same outcome as the profit-maximizing strateqy chosen
by a multi-sided platform which identifies the various groups of users and provides the respective

stand-alone utilities to the distinguishable groups.

The intuition behind this result can be explained as follows. Note first that because we
consider technologies featuring constant marginal costs, the supply side does not generate any
difference or link between the groups of users. It is thus only demand characteristics that, at
the same time, separate groups (groups value stand-alone benefits differently) and link them

(network effects make all users value total participation). We compare group pricing (when the

127f () is group i’s valuation of the stand-alone utility of a unique network good, and if the monopolist sets
a uniform price, then all groups are served provided that assumption (A2) is satisfied; under this formulation,
condition (A2) becomes r/A > (1 —2I5)(I —1)/2.
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monopolist can observe the users’ types) to versioning (when it cannot but has the option to
offer a menu of versions of the network good). In the absence of network effects, the monopoly
problem under group pricing becomes a set of independent pricing problems for each group while,
under versioning, it becomes a set of pricing problems that are independent or linked through
binding incentive-compatibility constraints. In contrast, when network effects are present, the
pricing problem under group pricing becomes akin to the pricing problem of a two-sided platform
(we make this clear in the next section).!® As for versioning, Proposition 1 tells us that the
incentive-compatibility constraint may be slack and, as a result, only participation constraints
matter. In our simple model, this is achieved by additional heterogeneity among users (which
always remains their private information): users value differently the outside option.'* Then,
with network effects, the pricing problem under versioning is also akin to the pricing problem of
a two-sided platform. This suggests that understanding pricing of two-sided platforms deserves
managerial attention outside platform contexts and applies broadly when firms formulate their

marketing strategy in the presence of network effects.

4.2.2 Freemium

Our analysis can be used to obtain the freemium strategy as the profit-maximizing strategy
in a specific environment. It consists in offering a free version with limited value, along with a
premium version that provides users with a larger value against some positive price. Limiting the
number of groups to I = 2, we extend the previous result to design a specific freemium strategy.
Setting r = 0, the basic version is sold at a price of zero and, thus, group 2 users obtain the
good for free. As for the premium version, it is sold at A/2. The equilibrium numbers of users

in the two groups are then computed as:

1-p B
1= ———Aandnj = ———-A.
T2 M T a1 2p)
As for the platform’s profit, it is equal to:
1-8 2
II* = nip* = A
NPy 1(1-29)

Even if group 2 does not generate any direct revenue, it does so indirectly by raising, through
its participation, the network benefits and, thereby, the willingness to pay of group 1 users. To
see this, we compare the results we just derived with a hypothetical situation in which group 2
users would not exist. In that case, n; = r1 + n; — p1; solving for n; and replacing 71 by A,

we have n; = (A —p1)/ (1 — ). As the platform maximizes nip;, we find the profit-maximizing

price as p; = A/2. It follows that iy = Q(%_B)A and NP1 = ﬁAQ. We check that:
o~ = 1-p 2 1 2 5 2
I —apr=— A ——— A" = A >0,
LT a0 -28)" a1-p)" T 41-28)(1-5)

13Subsequently, we use the term “two-sided” rather then “multi-sided” even though there are more than two

user groups.
14 Absent network effects, Rochet and Stole (2002) obtain a similar result in a more general setting by introducing

independent randomness into the agents’ outside options.
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meaning that the platform does indeed achieve a larger profit when offering a menu in which
users can obtain the basic version for free. The reason is that giving away the basic version for
free leads some group 2 users to join; this makes participation more attractive for group 1 users,
and leads to higher platform profits. The freemium strategy also dominates any strategy with

a uniform price that leads some group 2 users to join.!”

5 Group pricing with two network goods

If we consider only two groups, the previous model with group pricing can be seen as a special
case of pricing by a two-sided platform that features within-group and cross-group network
effects. In the linear version of that model, the utility can be written as r; + Bin; + vin; — p;
with 7,7 € {1,2},7 # 4, and where ; captures the strength of the within-group network effect.
Clearly, for 8; = 7; the model reduces to our previous specification. We now analyze the more
general case with 3; # ;.

So far we considered the monopoly market for one network good; that is, users care about
the total number of participants. We now consider two network goods, one provided to each user
group. If users care about participation levels of the other group only, we are in the standard
setting of a two-sided platform. Here, all group 1 users with an outside option of less than
w1 = 11 + Bins — p1 will pay the price if they expect a participation level of ny, and all group 2
users with an outside option of less than us = 79 + Sani — po will pay the price if they expect a
participation level of n1.16 Since users are uniformly distributed, we have n; = u; and no = us.

Hence, we solve the system of two linear equations and obtain:

= r1 —p1 + Bi(re — p2) and 1y — ro — p2 + Ba(r1 —pl). (5)

1 — B1p 1 - 1532

Here, we assume that 5152 < 1 (i.e., cross-group network effects are not too strong). Solving

the platform’s maximization problem, the first-order conditions with respect to p; and ps can

be written respectively as:
pr="5 —3(B1+B2)p2+ 3ira,
p2="2—3(B1+B2)p1+ 1fary.

Solving this system, to obtain we obtain profit-maximizing prices:'”

Pi=%+ 3y 2rt (B B2) ),

i - (6)
ps = 72+%4—?§17+651)2(27“1+<51+52)T2)'

5Tt is readily found that the profit-maximizing uniform price is equal to A/4, leading to a profit of II* =
A?/(8(1 — 28)), which is lower that IT* for any 3 < 1/2.

'SThis is the linearized version of the analysis in Armstrong (2006); it has been analyzed, e.g., in Belleflamme
and Peitz (2018).

17To satisfy the second-order conditions for profit maximization, we need to impose a more stringent condition

than 8182 < 1, namely 51 + [2 < 2.
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As with network goods, if §1 > B2, the platform chooses to have a larger margin for group 1
users. Finally, we report the profit-maximizing participation levels and the platform’s maximal

profit as:

£ 2rit (B1 + B2) T2 2ry + (B1 + B2) ™ and IT* = "L +ro+rire (1 + 52). 7

" 4— (B + B2)? 4— (B + B2)? 4 — (B1 + B2)?

How does this relate to the solution in the presence of a single network good? For this

*_
y Ng =

purpose, we now allow for within-group effects 1 < 1 and 72 < 1, which may be different
from cross-group network effects 81 and B2, respectively. Thus, uw; = r; + Bin; + vin; — pi.
Under our assumption on the outside option, we have that p; = r1 + Sing — (1 — 1) ny and
p2 = ro + Bani — (1 —y2) na. We note that 7, = £; > 0 corresponds to the situation that
we analyzed in the previous section; 5; > ; = 0 is the special case just analyzed above; and
~v; > B; > 0 amounts to a situation of partial incompatibility of separate network goods provided
to the two groups of users. Since there is a one-to-one mapping from prices to participation
levels in the users’ participation equilibrium, the maximization program of the platform can be
written as: maxy, n, Il = (11 + fing — (1 — 1) n1) n1+(rz2 + Bani — (1 — 72) n2) ne. Solving the

system of first-order conditions, we find the profit-maximizing participation levels:

s 2(L—my2)ri+ (B1+B2)r2 s 2(L=m)ra+ (B1+ B2)m1
n = 5 and ny = 5
4(1=m) 1 =72) = (B1+ f2) 4(1=m) (1 —12) = (B + B2)

The second-order conditions require 4 (1 — 1) (1 —y2) > (81 + B2)%. Under this restriction, it

can be shown that both n] and n3 increase with v; and 2. Profit maximizing prices are:

o= 2(1—7) (1 —=72) = B2 (B1+ P2)] 1+ (1 —71) (B1 — P2) 12
' 4(1—m) (1 =) — (B1+ B2)? ’
. 2(1—7a) (1 =72) = B1 (B + Bl r2 + (1 =) (B = Br) 11

4(1 =) (1 —72) — (B + B2)?

An increase in either y; or 2 leads to an increase in p] and a decrease in p3 if and only if

B1 > B2. This tells us how prices change as we move from a setting with cross-group network
effects only to the setting of the provision of a network good.

The platform’s maximal profit is

= A=)+ (A =2)r + (B + Bo) rara.
4(1 =) (1 —7) = (B + Ba)?

Differentiating with respect to 1 and 72, we check that II increases when ~y; or 79 increases.

As mentioned above, a situation with v; > B1 and 72 > f3 describes an environment of partial
incompatibility. Differentiating with respect to 81 and (2, we check that II increases when 3
or (B2 increases, which says that more compatibility between the two network goods raises the
monopoly platform’s profit. Clearly, if the two network goods are largely incompatible (that is,
B1 and [ are close to zero), the monopolist prefers to offer a single network good to all users

at the same price rather than offering two network goods, one for each user group.
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6 Conclusion

This paper establishes that price discrimination with a network good can be interpreted as pric-
ing of a two-sided (or multi-sided) platform. More specifically. we show this result in a linear
setting, which allows us to provide closed-form solutions. Due to different sources of hetero-
geneity across users, we also show that versioning may allow the monopolist to achieve the same
profit as under group pricing — when this is the case, the monopolist does not gain from observ-
ing and verifying the users’ characteristics. These insights neither rely on the linear structure
nor on the monopoly setting and, therefore, apply more generally to non-linear specifications
of utilities and to settings with competing platforms. Regarding the latter point, we submit
that specific models of price discrimination in oligopoly with network goods can be translated
into models of competing two-sided platforms. For example, such a setting could allow us to
obtain a special case of the model analyzed by Tan and Zhou (2021). The general conceptual
point we wanted to make is that the two-sided platform literature is helpful to analyze price

discrimination with network goods.

Appendix. Heterogeneous network benefits

We repeat here the analysis under the alternative assumption that users value the strength of
the network effects differently across groups.!® Given the complexity of the problem, we limit
the analysis to two groups (I = 2). In particular, group 1 and group 2 users obtain the following

net utilities on the platform:

{ uy =1+ Bi(n1 +np) —p1, (8)

ug =7+ f2(n1 +npg) — po,

with 8o < 1 < 1/2. That is, users no longer differ in terms of stand-alone benefits (they share
the same valuation r) but in terms of network benefits: for a given network size (n; +nz2), group
1 users have a larger utility than group 2 users (81 > (2). As before, users have heterogenous
outside options. As a result, participation levels as a function of prices p; and ps are implicitly
given by 7+ B1(n1 +n2) —p1 = ng and r + B2(nq1 + ne) — p2 = na. Solving this equation system,

we obtain user participation as a function of the two prices:

(1—B2) (r —p1) + B (r — p2)

n1 (p1,p2) = T —s ;
_ Ba(r—p1)+ (1= p1) (r—p2)
na (p1,p2) = T -

If the platform were constrained to set a uniform price p, it would choose this price to

maximize:
2(r—p)

pl—ﬁl—ﬂz'

18Belleflamme and Peitz (2021, Chapter 5) reproduce material from this appendix, partly verbatim.

II=pn(p,p) +n2(p,p) =
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It is clear that the profit-maximizing price is p* = r/2, with resulting participation levels and
profits:
1 - 1-— 1 2
SO S S L=htbor am—_ T
1—p1— P22 1—=p1— P22 1—51— B2 2

We note that 51 > B2 implies that nf > ni.

u __
y 10 —

Group pricing. If the platform can tell users from the two groups apart, it chooses p; and ps
to maximize IT = p1ny (p1, p2) + pane (p1,p2). Solving the system of first-order conditions yields

the following profit-maximizing prices:

g (2=P51—36) = (81 — B2)? (2-3B81—PB2) — (B — ﬂ2)2r
P41 = B — Ba) — (Br — fo)? 4(1 = B1 — B2) — (B1 — B2)?
The corresponding participation levels are computed as:

24 (81 — B2)
4(1 = p1 = B2) — (1 — B2)

As for the platform’s profit, it is equal to:

P r and pj =

2 — (81— P2) .
(1—=p51—P2) = (B1—B2)%

9 —
ny 5T anan—4

4(1—=p1—P2) — (B1 — B2)?

Comparing prices and participation levels, we find similar results as in the previous case:

119

B1 > B2 = pf > p* > pd and n{ > nf > nf > ng.

That is, the group that enjoys the largest network benefits is charged a higher price and yet,
participates more than the other group; participation levels are less different across groups under
group pricing than under uniform pricing. In contrast with the previous case, total participation

is now larger under group pricing than under uniform pricing;:

(81 — B2)?
(1—p1—B2) (4(1 = 1 — B2) — (B1 — B2)?)

We note that in this setting, the platform adjusts its prices by internalizing the strength of

(n] +nd) — (n{ +ny) = r > 0.

the network effects in the two groups.' To see how this adjustment process affects prices, we
solve for the profit-maximizing prices of a platform that would ignore that a price change for
one group affects the overall network benefit for the other group.

Suppose that the platform maximizes its profit for each group with characteristic ¢ sepa-
rately, taking as given the participation level of the other group. That is, the platform sees
participation on group 1 as n; = r + S1(n1 + n§) — p1, where n§ is the (fixed) expectation it
forms for participation in the other group. The profit maximization problem for group 1 is
then max,, plﬁ(r + B1n§ — p1). The first-order condition yields p; = (r + fin§)/2. Simi-

larly, on group 2, the platform’s maximization problem is max,, pgﬁ(?" + Ban§ — p2), yielding

19Recall that in the previous setting with different stand-alone benefits, the profit-maximizing group prices were

independent of 3.
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p2 = (r + Pan§)/2. Plugging the profit-maximizing prices into the participation levels, we find
ny = (r+6ins)/(2(1 —p1)) and ng = (r + Bang) /(2 (1 — B2)). Imposing fulfilled expectations
(i.e., n{ = mn; and n§ = ng) and solving, we compute (with the superscript m standing for
‘myopic’):
= 2+ 01— 20 2261+ B .
4(1 = B1 — B2) + 35152 (1= 51— B2) +3B152

To find the platform’s profit-maximizing prices, we still need to substitute these values into
p1 = (r+ Binz2)/2 and py = (r + B2n1)/2. Doing so, we find:

m (1= P51) 2+ p1—252) and p7 = (1 —=p2) (2 =281+ B2)

U= 0 =5 = B+ 38182 P2 T AT = B — By) + 3Bifa

To get sense of how prices and participation levels compare according to whether the platform

m __
r and ng =1

takes cross-group network effects into account or not, we focus on the two extreme cases in which
B2 = 0 and 9 = 1. First, for B2 = 0, we observe that when the platform internalizes the cross-
group network effects, it sets a larger price for group 1 and a lower price for group 2 (pj > pi*

and p3 < pb'), while raising participation in both groups (n} > n{* and n3 > nf"):

P1—Plg—0 = (ffi%fzfg[fl)?” — = 4(1(12—2?311)—%1)7" >0,
p§—p72n|52:o = %7’_%7’:_%7’<0’

n —ni'lg,—o = 47?5{%517" - 4(21+—B[311)7“ = 4(1—6(12)+(fi)4%1—51)7" >0,
ny —ny'lg,_o = 4—%15151517’ —gr= 2(5‘272%11)?[131)7" > 0.

At the other extreme, when Sy = 51, we find:

_ _1 1-B1 ,. _ B
pT _pT|52:51 - p; _p;n|ﬂ2:ﬁl =3r— 2—3611T - _2(2713,81)?0 <0,
* o * _ 1 _ B
n=n'lg,_p = Mp—nylg_p = sa=spn” — =85 — ===’ > O-

Here, the ‘internalizing’ platform sets a lower price for both groups than the ‘myopic’ platform;
as with 8o = 0, profit-maximizing participation levels are larger when cross-group network effects

are internalized.

Versioning. Like we did in the case with homogenous network benefits, we construct a version-
ing scenario that allows the platform to reach the same profit as under group pricing. Suppose
that the basic version is valued equally by users in both group with the strength of the network
effect 5. As for the premium version, it does not provide group 2 users with any stronger network
effect but provides group 1 users with a stronger network effect 5+ d. If the contract menu is
such that group 1 users choose the premium version and group 2 users the basic version, we
have u1 = r+ (84 9)(n1 + n2) — p1 and ug = r + B(ny + n1) — pa, with 8+ § < 1/2. Setting
B1 =B+ 6 and By = 8, we have the exact same formulation of utilities as in expression (8). We

can then use the results we obtained under group pricing, namely:

x _ 2—48-0—62 x _ 2—48-35—5° * 246 % _ 2—6
P = iogp—as—z’ P2 = Togg—ts—5z’ ™M = i=gp—ts—p2"» and Ny = g5
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We check that for § > 0, pj > p3 and n] > ni. Users self-select as postulated if r + (5 +
8)(nt +nd) —py > r+ B(n] +n3) — p5, which is equivalent to d(n} + n3) > pj — p5. Inserting
the equilibrium expressions for participation levels and prices, this inequality becomes 46 > 24,
which is clearly satisfied. This shows that group 1 users self-select into the premium version
sold at p] and group 2 user self-select into the basic version sold at pj. In this specific setting in
which group 2 users do not achieve any extra benefit from the premium version, the platform
does not suffer from not being able to observe the group characteristics; that is, versioning does
as well as group pricing.?"

We have thus proven by example:

Proposition 2 When users of a network good benefit from network size of different versions
of a network good to a varying degree, a monopolist can profitably introduce two versions of the
same network good inducing user self-selection. The profit-mazimizing strategy coincides with

the strategy chosen by a two-sided platform which identifies the two groups of users.

2In a slightly extended model in which also group 2 users enjoy a stronger network effect with the premium
version, 3402, the above versioning strategy remains profit-maximizing as long as J2 is sufficiently small. However,
in the extended model, versioning generates lower profits than group pricing.
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