Desirability of Compatibility in the Absence
of Network Externalities

By NicHOLAS ECONOMIDES*

I compare the incentives firms have to produce individual components compatible
with components of other manufacturers instead of “systems” composed of
components that are incompatible with components of competing manufacturers. 1
show that, even in the absence of positive consumption externalities (“network”
externalities), prices and profits will be higher in the regime of compatibility.
Equilibrium total surplus could be higher in either regime. Both regimes overpro-
vide variety compared to the surplus-maximizing solution.

In today’s environment, many products
are complex, specified by a long array of
characteristics. Part of the decision of the
firm is to choose if it should break this long
array of features into two or more smaller
parts, and produce the products correspond-
ing to the smaller arrays, instead of the
product that embodies the full array. We will
call the products that correspond to these
smaller arrays components, and the product
that corresponds to the full array a system.
Note that components are by their definition
complements.!
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'It should be clear that a system cannot be broken
into arbitrary components, and it may be impossible to
break some systems into components. However, there
are many examples of products that can be broken into
components. Stereo systems can be broken into three
components: receiver, amplifier, and speakers, or alter-
natively into two components: receiver-amplifier and
speakers. A personal computer can be broken into two
components, monitor and central unit, and this is in
fact the way most non-portable MS-DOS systems are
sold. Alternatively, personal computers can be sold as
systems, as was the original Macintosh by Apple. In-
deed, personal computers are typically made of a num-
ber of compatible components, including the “mother-
board,” disk drives, disk-drive controllers, video output
card, input/output card, etc. It is an interesting fact
that in the first PC line, IBM had itself manufactured
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Components produced by different manu-
facturers are compatible if it is feasible for
the consumers to combine them costlessly
into a working system. In this paper we will
assume that there are two components which
make up a system. We will discuss competi-
tion under full compatibility (when compo-
nents produced by all firms are compatible
with each other) and under incompatibility
(when no components produced by different
firms are compatible and no hybrid systems
can exist).? Assuming availability of the same

only the “mother-board,” and limited itself to the as-
sembly of the other components.

2Carmen Matutes and Pierre Regibeau (1988) dis-
cuss a similar duopoly model. In their model, con-
sumers are located on a square according to the peaks
of their utility functions. Consumers at every position
have a 0—1 demand function of the delivered price.
Transportation costs are proportional to the sum of the
coordinate differences (block metric). In the regime of
incompatibility, the two systems are located at the op-
posite corners on the diagonal of the square, while,
under compatibility, systems at all four corners are
available. Using direct computation, they show that
prices and profits are higher in the regime of compati-
bility. Our paper shows that prices and profits are
higher under compatibility for general consumers’ de-
mand and transportation cost (disutility of distance)
functions. Our method of proof is different. We express
the demand a firm faces in each regime in terms of a
“standard demand in a market of width A" (see Section
II) and thereby we are able to compare prices and
profits across regimes without using a specific functional
form for consumers’ demand at each location or for
their disutility of distance. We describe competition
among n firms, and in Section VII we show that higher
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technology to all firms, we show two very
strong results. First, that, for any given num-
ber of firms n, equilibrium prices are higher
under compatibility. Second, that, for given
n, equilibrium profits are higher under com-
patibility. These results are established al-
though we explicitly rule out positive
consumption externalities (network external-
ities) that would naturally lead to similar
conclusions.?

The intuition behind the pricing result is
quite simple. Suppose that a firm faces the
same demand function in both environ-
ments. Suppose that a firm cuts the price of
its component No. 1 under compatibility by
Ap and similarly shaves the price of its
system by Ap under incompatibility. In the
regime of compatibility the demand response
is in units of component No. 1, while in the
regime of incompatibility the demand re-
sponse is in units of a system composed of
component No. 1 and component No. 2. Thus,
an equal price cut will lead to a higher value
response under incompatibility. This signi-
fies that the residual demand under incom-
patibility is more elastic. Therefore competi-
tion is more intense under incompatibility,
and lower prices will prevail in that regime.
This argument is refined in Section IV to
take into account natural differences in the
residual demand faced by a firm in the two
regimes. Since the number of available sys-
tems (component combinations) is much

prices and profits in the compatibility regime are main-
tained under free-entry conditions.

Consumption can create a positive externality when
it enhances the value of a complementary good that has
some public good features. For example, the purchase
of a VHS video tape player increases the value of the
library of VHS films, which in turn increases the value
of another VHS player unit. In that context, producing
a product that is compatible with large groups of other
products is desirable because of the direct enhancement
to its value afforded by the network externality. In this
paper we abstract away from any such positive con-
sumption externalities. See Katz and Carl Shapiro (1985)
for an extensive discussion of network externalities.
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larger under compatibility, the “market area”
of any system is significantly lower in this
regime. We show that this leads to even
lower prices under incompatibility.

Higher profits under incompatibility for
any given number of firms n implies that the
free-entry equilibrium number of firms will
be higher in that regime. A larger number of
competitors intensifies competition, and in
general may reverse the comparison of prices
across the two regimes. However, we show in
Section VII that for a well-established class
of demand and transportation cost functions
the price comparison is preserved under free
entry.

The organization of the paper is as fol-
lows. Section I presents the basic model of
differentiated products in two dimensions of
variety. Section II establishes the equilib-
rium in the regime of compatibility. Section
IIT describes the equilibrium under incom-
patibility. In Section IV I compare the equi-
librium prices of the two regimes. In Section
V the equilibrium profits of the two regimes
are compared. Section VI discussed free en-
try. Section VII analyzes an important spe-
cial case where demand is inelastic and
transportation cost functions are quadratic.
In this section I also characterize optimal
diversity and compare it with the free-entry
equilibria of the two regimes. In Section VIII
I conclude.

I. The Setup

Suppose that a system is composed of two
components, No. 1 and No. 2. I assume that
each component is of no value to a con-
sumer unless he also possesses a complemen-
tary component. Consumers have differen-
tiated preferences over the features of each
component, and therefore over the features
of a system. Two situations are envisioned.
In the first, there is full compatibility. Any
component of type 1 is compatible with any
component of type 2, and together they make
a feasible system. This can be achieved when
there are known and accepted standard spec-
ifications to which all firms adhere. In an
alternative environment there is complete in-
compatibility. No component of type 1 can
be combined with a component of type 2
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unless they are manufactured by the same
firm.*

A differentiated good is a two-dimensional
object (xy, x,), where x, is its specification
in the dimension of component No. 1, and
x, is its specification in the dimension of
component No. 2. Specifications of goods lie
in a two-dimensional space of character-
istics. Consumers have single-peaked and di-
verse preferences in the space of characteris-
tics.> Thus, consumers can be grouped
according to the specification they like most,
and can be thought of as residing at their
most preferred point. Products at distance
“d” from the most preferred position of a
consumer are valued at f(d) less than the
most preferred good, where f(d) is an in-
creasing and convex function passing
through the origin.

Except for the differentiated products,
there exists only one other “outside” good
that represents all other goods (Hicksian
composite good). Formally, the total utility
of consumers whose most preferred bundle
is z=(z,, z,), endowed with m units of the
outside good, when they buy ¢ units of
product “x,” is

U(q,x,p,m)=m+V,((q,p),

where

V.(q,p)=k(q)—qp

is net the utility from the consumption of the
differentiated product.

p(p.x,z) = p+f(lx—z|)

is the utility cost of a unit of x to a con-

“An intermediate situation could result if compo-
nents of type 1 made by different firms do not necessar-
ily follow the same specifications, but the manufacturer
of one of the components provides free of charge an
adapter or interface which allows compatibility. This
case opens the possibility for firms to compete in the
pricing of the interface and to attempt to discriminate.
We leave this case open for further research.

Product variation in two characteristics has been
discussed by B. Curtis Eaton and Richard Lipsey (1980),
Economides (1986), and Frank Fetter (1924) among
others.
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sumer of type z. In the locational interpreta-
tion, p is the “delivered price” to a con-
sumer “residing” at z. k(q) measures the
total willingness to pay for ¢ units by con-
sumers residing at z.5 For expositional pur-
poses we define the composition of the trans-
portation cost function f(-) and the distance

function ||-|| as g(-):

= f(llal)).”

Consumers decide which product to buy,
and how many units of it. All consumers
located at z buy the same product, the one
that minimizes p. Maximizing the utility
function U, with respect to quantity, ¢, im-
plies

g(a)

p=Kk(q),

and therefore the demand of consumers lo-
cated at z is g =k’ "} p) = X(p).
Consumers are distributed uniformly ac-
cordingly to their most preferred variety on
a surface of a sphere that has a great circle
of length 1. Consumers receive utility from
the consumption of a “system,” that is, from
a pair of components of types No. 1 and No.

‘A distance function Il from R? to R, maps the
vector of differences in coordinates to nonnegative real
numbers. It fulfills ||0||=0, |ja||=|—al|, |la]|>0 for
a# 0, and |ja||+ |b]| = |la+ b“ The disutility of distance
(transportation cost function) is an increasing and
(weakly) convex function of distance, that is, f'(d) >0,
f"(d)>0, and f(0) =

7g(a) is not necessarily a distance function, in the
sense that it may not follow the triangle inequality.
Some commonly used disutility of distance functions,
such as f(d)=kd and f(d)=d/(1+d), result (in
composition with a distance function d(a)) in trans-
portation cost functions g(a) that fulfill the triangle
inequality. However, others, including the commonly
used quadratic transportation cost function f(d)=d?2,
can result in functions g(a) that may not fulfill the
triangle inequality. For example, f(d)=d? applied to
the Euclidean distance function results in g(a) = a? +
a2, which fails the triangle inequality for any three
pomts that do not form a right-angled triangle.

®In the special case of inelastic demand where every
consumer buys one unit (a la Harold Hotelling, 1929)
the utility function is

U(x,p,m)=k+m—p—f(llx—2z|).
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2. We assume that the technology of produc-
tion is the same for all firms, and consists of
constant marginal costs for each component
and setup costs F; and F, for components
No. 1 and No. 2, respectively. We assume no
economies of scope so that the setup cost for
the production of systems is F= F,+ F,.
Below we use the symbol p to denote the
differential of price over and above constant
marginal cost. We will call them prices, as if
marginal costs were zero, but the equiva-
lence with the case of positive constant
marginal cost is obvious.

II. Equilibrium Under Compatibility

Consider first full compatibility. Let n
firms produce each component. Let compo-
nent No. 1 be located on the vertical axis,
while component No. 2 is located on the
horizontal axis. See Figure 1. We assume
that single-maker systems (each composed of
components made by the same firm) are
located symmetrically on the diagonal at
positions ...(—d, —d),(0,0),(d, d),.... Hy-
brid systems are composed of components
made by different firms. They lie on the
nodes of a grid of width and length 4. A
firm derives profits from sales of component
1 (horizontal demand, HD) and from sales
of component 2 (vertical demand, VD).

Next we discuss a symmetric equilibrium.
Let all other firms, except firm 1, offer com-
ponents No. 1 and No. 2 at prices p, and
D,, Firm 1 quotes prices p, and p,, respec-
tively, for components No. 1 and No. 2. The
demand for its component No. 1, HD, comes
from consumers who buy the other compo-
nent from any of n —1 other firms as a part
of a hybrid system, and from consumers who
buy it as a part of the single-maker system
sold by firm 1. Consumers in the first cate-
gory are located in n —1 areas like the shaded
box in Figure 1. The demand for component
No. 1 in each box can be written as
D(p,+ p,, py+ py;d), where p, + p, is the
total price consumers pay for the hybrid
system they buy, and p,+ p, is the total
price of a competing neighboring hybrid sys-
tem. The parameter d denotes the extent of
the market, that is, the horizontal width of
the shaded box.
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In general, D(p;, p; A) denotes the de-
mand of firm j quoting price p, while all
other firms quote p, when all firms are equi-
spaced at distances d on a straight line,
and consumers are uniformly distributed ac-
cording to their most preferred products
on a strip of width 4 across the line of
location of firms. See Figure 2. We call
D( p;, p; A) the “standard demand in a mar-
ket of width A4.”

The demand for component No. 1 from
consumers that buy both components from
firm 1, located in Figure 1 in the square
of the dotted lines around (0,0), is
D(p,+ p,, p,+ py; d). Therefore total de-
mand for component No. 1 is

HD(ph P> ﬁl’ ﬁz)
=(”_1)D(P1+I_72’1_71+1_72;d)
+D(P1+P2’I_71+P2§d)-

Similarly, the demand for component No. 2
is

VD(PI’ P, P1> Pa)
= (” _1)D(51+P2a1_71+ﬁz;d)
+ D(P1+P2aP1+ﬁz;d)-

Therefore, the profit function of firm 1, in
the regime of compatibility is

HC( P1> P2 P1s 1_72)
= p,HD+ p,VD— F,— F,.

Maximization with respect to p, implies
0=T1I{( py, Py, P1s P2)
=HD+ p,(n=1)Dy(p,+ Py, pr + P23 d)
+pDi(pi+ P2, Pt s d)
+pa[Di(py+ Py P+ Py d)
+D,(p+ py, pr+ P2 d)],

where subscripts of D and II¢ denote par-
tial derivatives. At a symmetric equilibrium
P1=P,=P1=Pp,=p(d), where p is ex-
pressed as a function of the width of the
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FIGURE 2. “STANDARD’ DEMAND IN A STRIP OF WIDTH 4. LOCATION OF

SYSTEMS COMPOSED OF INCOMPATIBLE COMPONENTS FOR 4 =1

market. Substituting in the first-order condi-
tion and dividing by n we deduce that p(d)

solves,

+p[Dy(2p,2p;d)

+D,(2p,2p;d)]/n=0.
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Equilibrium price for a system under com-

patibility is®

p=2p(d).

®Maximizing with respect to p, under symmetry
results in the same condition (1).









































