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Abstract

Information goods characterized by strong positive network externalities
and e [edts are playing an increasingly prominent economic role. In this paper,
a merger simulation is performed using a logit model of oligopolistic compe-
tition incorporating network externalities and e [edts.

While the model possesses features common to models detailed in the net-
work literature, it provides a variety of new insights into producer and con-
sumer behavior in such markets. Oligopoly producers are found to respond
to higher price elasticities with lower prices and markups. Strategic behav-
iors arise that do not exist in the absence of network externalities. Network
externalities are found to dramatically impact post-merger prices and market

concentration.

JEL classification: D11; D43; L13; L40
Keywords: Discrete Choice, Network Externalities, Network E [edts, Antitrust, Merg-
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1 Introduction

Products exhibiting positive network e [edts and externalities are playing an increas-
ingly important economic role. eBay, perhaps the most successful pure play internet
business to date, benefits from strong network externalities in which the web site is
more useful as more people use it. The “applications barrier to entry,” mentioned
in the Microsoft antitrust litigation,* describes a network e [edt in which a dispro-
portionate number of applications are produced for the dominant operating system,

which in turn makes the operating system more desirable.

Although a number of stylized models have been advanced, no framework has been
established suitable for ready applied examination of information goods that exhibit
network externalities or e [edts. To that end, a discrete choice random utility model
of positive network externalities and e [edts is presented with a focus on analyzing

mergers and acquisitions in network industries.?

The model, referred to throughout as the Network MNL (multinomial logit) intro-
duces two innovations in a traditional logit setting: A utility function in which a
consumer explicitly values the consumption of a product and compatible products

by others and a production function with a compatibility decision and an associated

1, p. 28]
2Network externalities are mentioned briefly in the context of logit demand in [3]; however,
only the symmetric case is considered. Notably, they comment that in the asymmetric case, “The



cost of compatibility. Although the model is formulated in terms of network exter-
nalities, a simple reformulation of the network term will admit network e [edts and

the results are roughly equivalent in either case.

2 The Model

N consumers make a discrete choice over a set of I products in which each consumer
first chooses a single product from among the available choices, then purchases a
continuous quantity of the product. Utility is modeled by a random utility func-
tion in which a consumer derives utility from an aggregation of consumption of a
good, network externalities or e [edts associated with others’ consumption of that
good or compatible goods, and an idiosyncratic valuation that is independently and
identically distributed according to a type 1 extreme value distribution with a zero

location parameter

Uin =Y +0i —YPi +V(Zin) + 0l (1)

where i [{1,..., 1} denotes product i, n denotes consumer n where n [{1,...,N},
Ui n IS the utility of product i for consumer n, y is consumer income, g; is the perceived
quality of product i, p; is the price of good i with y its elasticity parameter, o is a
scaling parameter corresponding to the degree of heterogeneity across products, and

[} is the consumer’s idiosyncratic valuation of product i.



Consumer n’s perception of the value of the network of product i, v, is taken to be a
continuous and strictly increasing function of consumer n’s perceived network size of
product i z; ,, that is, others’ consumption of product i and compatible products. It
is also given that v(0) = 0. Compatibility between products i and j is given by p;j,

ov 9Zim — 9v 9Zim

where p;; [0, 1] and p; 32im Oxem — 3zm Fgm 118 j, m 8 n. p;j = 0 represents

complete incompatibility whereas p;; = 1 implies that products i and j are fully

compatible.

Associated with each consumer n and product i is a probability P, (i) where P,(i) =
P(Uin = maxj=1..1Ujn). A symmetry assumption, Py (i) = Pn(i) Cin,n [

{1,...,N}, isimposed on P,(i) to provide both analytic and computational tractabil-

ity and allows us to abbreviate z; , as zj and P, (i) as P (i).

Integration ([4] appendix A) will show that a closed-form solution for P (i) is given

by
edi—Ypi+v(zi)

P@)=%ilp.a.p) = I_J!;.eQJ_VPj+V(Zj) @

Production of good i involves a cost associated with the level of product quality, a
constant marginal cost, and a compatibility cost associated with making a product
compatible with other competing products. Producers are oligopolists; however,
their compatibility decisions enable them to draw on the size of the consumer base

of other producers’ products. Formally,

1
max(p; = bi)yi(p, 0) — @i(ei) = Cij®ij ®)

JjEi



where y; is the production of good i, b; is the marginal cost of producing good i, a;
is a strictly convex, increasing function representing the cost of producing quality
gi, and c;j is the cost of making product i compatible with product j, i E j, and

@i j represents the level of spending on compatibility.

The level of spending on compatibility impacts compatibility through the parame-
ter pjj, determined by the continuous function p where p;; denotes p(®ij, ®;.i)- P
is strictly increasing in @;j, nondecreasing in @;; and concave in its arguments. If
product i is compatible with product j, it does not imply that product j is equally
compatible with product i. In this sense, a compatibility decision can involve con-
struction of either a one-way or two-way adapter or something in between. With
no spending on compatibility, products are fully incompatible and producers expe-

rience diminishing marginal compatibility. That is, it is assumed that p(0,0) = 0

opi j

opij —
00i j 0

=1iMmg;; ~ o 5or =

and limg, ; _ o 305

Equilibrium results from a simultaneous move Bertrand-Nash game. Producers and
consumers form expectations regarding consumers’ choices with complete informa-
tion about the consumers’ response functions. Producers simultaneously choose
price and compatibility to maximize profit with complete information about the con-
sumers’ response functions. Consumers simultaneously maximize utility by choosing
consumption taking prices, product quality, and compatibility as given. In equilib-
rium, both producers’ and consumers’ expectations of network size are realized; that

IS, expectations are rational.



First-order conditions for profit maximization are given by

K i) SO =0 @
dx  da;

(pi—bi)d_;(i—d—:‘iso 4 =0 ()
dx;

(Pi—bi)w):j_ci,jso L 8i; =0 ©)

where, from equation 2, firms face demand derivatives of

1 L 1
dx. 1
' i R
dx. 1
' i S
dx.
d(Pi,j n=0
] | I [ R
where J = %%‘;’m% , Dp = %L“T:“ , Dg = ?JT: , and
] ]
Dy, = 0;\’/?1 a?:,in gf;': + aat? aap\::i gf;“r: . Although second-order regularity cannot be

assured, numerical techniques have been found to be generally robust to perturbation

of the calibration set.

The MNL has practical appeal as a “rough and ready” model [2] for the ease with
which existing market data can be calibrated against the demand specification and
counterfactuals introduced to analyze relevant policy decisions. The Network MNL
is no dilerknt in this regard, but involves additional steps to calibrate the scale of
the network externalities or eledts and incorporate costs of compatibility. While

preferences are estimable by well-established econometric techniques and prices and



market shares are typically readily observable, compatibility levels may not be. The
means by which compatibility levels would be determined would likely be product-
specific. It is not atypical that some products may be wholly incompatible, in which
case a cost of compatibility must be extrapolated from reasonable assumptions and

observed calibration costs with respect to similar products.

3 Application

Unlike the traditional logit demand system, due to the increasing returns inherent in
positive network externalities, multiple equilibria are quite common in the Network
MNL; indeed, they are to be expected as a fundamental characteristic of the system
when the value of network externalities is su Lciehtly large and convex in perceived
network size. However, even in the presence of convex positive network externalities,
multiple equilibria are not guaranteed. With weak network externalities and su =1
cient di Lerkntiation between products in terms of core attributes and/or pricing, a

single stable equilibria will be found.

In general, positive network externalities exacerbate consumers’ price responses,
often quite dramatically. With preferences convex in network size, producers antic-

ipate that consumers are more responsive to changing prices or product attributes



becomes large, with full compatibility, the elasticity approaches that found in a

market without network externalities. Intuitively, any loss in network size is made



strength of network externalities decrease and consumers progressively favor features

over standardization, market dominance becomes less exaggerated and the extreme

equilibria draw progressively farther away from the vertices and toward the center

of the simplex. 4 It is easy to see in the phase diagram, which describes a consumer

tatonnement process in which consumers update their choice probabilities in each

time period based on the previous choice probabilities of their peers, that both the

extreme equilibria and the equilibrium describing symmetric choice probabilities are

stable while saddle points separate the stable equilibria.

Symmetric or asymmetric, even with relatively mild network externalities, the logit

demand formulation can admit extreme equilibria with the dominant firm command-

ing a substantial portion of the market.

Ni.j i=1 i=2 j=3 Ni.j i=1 i=2 i=3
i=1 —-1.98 0.99 0.99 i=1 —-1.17 0.58 0.58
i=2 31.84 —25.99 —5.86 ||i=2 18.83 —19.42 0.58
i=3 31.84 —5.86 —25.99 ||i=3 18.83 0.58 —19.42

Table 1: Price elasticities with and without network externalities

Network externalities and e [edts can also fundamentally alter the strategic incentives




more valuable as a result. This dynamic may give rise to counterintuitive strategic
behavior. A fringe producer may actually be incented to encourage a competitor to

drop its price or subsidize the improvement of the quality of a competitor’s product.

5

Share-weighted Percentage price % A HHI
percentage price  increase by non-
increase by  merging firm
merging firms
No externalities | 3.30% 0.41% 4.69%
Externalities 2.33% -0.63% 7.38%

Table 2: Merger simulation

In table 2, results are given for a simulated merger between the dominant and a
fringe firm with all firms producing goods symmetric in product quality and the
dominant firm initially capturing 84% of the market. With or without network
externalities, the dominant firm is incented to drive the price of the fringe firm up
to e [edtively exclude it from the market. With the traditional antitrust logit model,
any merger results in prices unambiguously higher. Consistent with traditional logit
merger simulation, the newly-consolidated firm raises its share-weighted average
price; however, facing more elastic demand, it does not raise its average price as
high as it would in the absence of network externalities. On the other hand, the

fringe firm finds it optimal to drop its price as it faces a more entrenched competitor.

5The recent phenomenon of “open source” software, in which the licensing terms of the software
ensure that any improvements made by one vendor are shared with others, may in part benefit
from such complementarities. IBM was reported to have spent $1 billion in 2002 on Linux, subsi-
dizing development of the Linux operating systems and many related “open source” applications.
According to the terms of the Linux licensing arrangement, commonly known as the GPL (Gnu
Public License), any improvements to Linux or derivative works must be returned to the Linux
development team and freely licensed to any third party.



Network externalities can even fundamentally change oligopoly pricing behavior fol-
lowing from a merger. With weak network externalities, it can be shown that average
price may fall across the board following a merger. The impact of network e [edts
and externalities on a merger are a mixed blessing, however. Though price e [edts
are mitigated by the presence of network externalities, market concentration is ex-

acerbated.

The introduction of compatibility changes can dramatically alter the dynamics of a
merger. Table 3 details three merger simulations, two in the presence of relatively
mild network externalities in which at the benchmark calibration point the dominant
producer’s good is 30% compatible with each of the fringe firms, the fringe firms’
goods are 60% compatible with the dominant good, and the fringe goods are fully

incompatible with each other. Compatibility is assumed introduced via a one-way

adapter.
Share- Percentage % A
weighted price increase HHI
percentage by nonmerg-
price increase ing firm
by  merging
firms
No externalities 3.65% 0.99% 12.37%
Externalities with-
out compatibility
adjustment -1.27% -1.23% 47.40%
Externalities with
compatibility  ad-
justment 8.48% 0.64% 53.75%

Table 3: Merger simulation with compatibility changes









arise that do not exist in markets without network externalities.

The Network MNL should be of interest in many settings in which the traditional
MNL demand formulation is used, including merger and acquisition simulation anal-

ysis, theoretical analysis of competition in dilerentiated products industries, and



can be recovered from the expression (pi — bi)f‘j—’qfi‘ = ﬂ% and compatibility costs from

Cij = (pi —bi) d(fp)ffj-

The merger analysis of table 2 assumed the merger of firms 1 (the dominant firm)
and 2, resulting in the merged firm maximizing combined profits. Product quality in
the case without network externalities was calibrated to given prices, compatibilities,
and market shares. Product quality and compatibility were assumed to be exogenous
and products were taken to be fully incompatible. The merger analysis of table 3

likewise assumed the merger of firms 1 (the dominant firm) and 2.
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