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Firm-Specific Information, Product Differentiation,

and Industry Equilibrium

Jeffrey M. Perloff and Steven Salop

Research over the last three decades has shown that imperfect consumer
information may enable even small firms to set their prices above marginal
cost.1 Much of the recent literature has assumed that consumers possess
information about the general market, but lack information about specific
firms. This paper presents a new model in which consumers have imperfect
information about specific firms and lack information about the market.
The resulting equilibrium has very different properties than in previous
models.2

Consumers gather information in a number of diverse ways. One method is
a personal inspection or search before purchase. This prepurchase inspec-
tion may be aided by the use of screening devices and signals. Prepdrchase
information may also be purchased from diagnostic and testing agencies,
certifiers, newspapers, and brokers. Recommendations from friends may also
be used. Finally, advertising by sellers and personal experience yield
information that is more or less reliable.

Most attention has been paid to the information gathering role of search
or inspection, perhaps because it contains both the result of tnformatitonal
market power and the possibility of nonexistence of equilibrium, as empha-
sized by Stiglitz (1979). Search or inspection has been studied by Wilde
and Schwartz (1979) and a number of others since Dizmond (1971).

At the same time, however, the other information gathering institutions
have been analyzed in detail. For example, Phelps (1972) analyzes screening

devices. Nelson (1974) examines the role of product market signals, particu-



-2-

larly advertising and marketshare. The educational signalling literature
of Spence (1973, 1975), Stiglitz (1975), Guasch and Weiss (1980) and others
may be reinterpreted as product testing and certification. Leland (1979)
analyzes the effect of licensing to ensure minimum quality standards. Plott
and Wilde (1979) have studied diagnosticians both theoretically and experi-
mentally., Newspaper information has been analyzed by Salop and Stiglitz
(1977) and varian (1980).

Recommendations from friends have been paid less attention, except to
the extent that such information may be similar to that gained from using
marketshare as a positive signal, The role of advertising in directly
providing firm=specific information has been analyzed by Butters (1977).
The behavior of brokers has been implicitly modeled in ;he agency literature,
Moreover, the direct mailing advertising in Butters (1977) may be reinter-
preted as an independent broker or salesman. The matchmaking role of brokers
has been examined by Salop (1980). Personal experience has been
analyzed by Phelps and Winter (1970); Grossman, Kihlstrom, and Mirman (1977);
Smallwood and Conlisk (1979); and Shapiro (1980).

The model presented here might best be descrited as a newspaper model! in
that consumers are endowed with scme imperfect information about each firm
in the market, though the equilibrium in the market for information is not
explicitly analyzed. Alternatively, it might be better described as an
amalgam of all infcrmation gathering, past and present, about specific firms
and brands, where the number of consumers perfectly informed about every
firm is initially taken to be insignificant. .

On the other hand, unlike the other search, newspaper, and signalling
models, the consumers here are restricted te fime-specific information.

Additional general market informaticn, such as the range or density of
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actual prices in the market, is not known to the consumer. His general
market information is limited to only that which may be inferred from
firm-specific data, and is therefore redundant. This model has strikingly
different properties from those of earlier models which were driven by their
assumptions of perfect general market information. |Indeed, in many ways,
this firm=-specific information model represents a retrenchment, for it has
none of the strange and wondrous properties of search and other models.

Iin a market restricted to firm-specific information gathering, if only an
insignificant proportion of consumers are perfectly informed about all firms,
market breakdown is far less likely; instead, equilibrium generally exists
for the model presented here.3

Given firms' profit maximizing conditions hold, a unique single-price
equilibrium does obtain; however, we have not ruled out the existence of
additional multiple-price equilibria from pure or mixed strategies. Moreover,
we show that price dispersion may occur if a significant number of consumers
are perfectly informed. As the degree of information about all firms improves
from perfect ignorance to perfect information, the equilibrium price falls
continuously to the competitive price. In contrast, as Stiglitz (1979)
discusses, most models have a discontinuity in that any imperfection of
information causes price to be above marginal cost.

Finally, perhaps the most striking contrast with previous models occurs
with respect tc entry competition. In the search models, entry does not
reduce price; if anything, it increases the equilibrium price by making
discovery of the lowest price firm more costly on average. On the other
hand, the firm-specific information model has the proerty that as the number

of firms becomes sufficiently large, the equilibrium price falls to the

perfectly competitive price.



These results are discyssed below. Section |l sets out the basic }
specific=-firm information framwork, derives the equilibrium, and analyzes
improvements in consumer information. Entry competition is examined in
Section |11, and multiple=price equilibria in Section I[V.

In Section V, we show how the basic model may be reinterpreted and
applied to industry equilibrium when products are differentiated. This
product different?ation may be spurious, arising out of consumers' mis~
perceptions, or it may be due to actual differences in product formulations '
and consumer preferences. As a model of product differentiation, the
formal structure is a synthesis of the spatial approach of Hotelling (13929),
Lancaster (1979), and others with the representative consumer approach of
Spence (1976}, Dixit and Stiglitz (1977), and Hart (1379). This model of
product differentiation is analyzed in detail in the Addendum. Possible

improvements and extensions are discussed in the conclusions.



Il, Equilibrium with Imperfect Information

In this section, we analyze a model of industry equilibrium when con-
sumers are imperfectly informed. As discussed in the Introduction, this
model differs somewhat from other work in its conceptualization of infor-
mation iﬁperfections and consumer decisionmaking.

Two classes of price and quality data may be distinguished, firm-specific
and general market information. By firm-specific information, we mean con-
sumers' direct estimates of the prices and qualities of various commodities
available from different firms. By general market information, we mean
consumers' estimates of these parameters for the market generally. For
example, in the case of price uncertainty, a consumer's firm=-specific infor=-
mation may be a prior probability distribution Fi(pi) over the possible
prices, Pis of each firm, i = 1,2,...,n; or it may simply be a point
estimate e of each price. With respect to the market in general, the
consumer may have a probability distribution G(E) of the set of all prices
charged for the commodity in question, or simply the range of prices charged.

These two classes of information are related, of course. The general
market distribution G(g) may be derived from the appropriate aggregation
of the firm-specific distributions, Fi(pi)' Similarly, in the absence of
any additional firm-specific infromation, a consumer treats G(p) as the
firm-specific distribution as well.

Models of search equilibrium such as Diamond (1371) generally assume
that consumers' general méfket information is rational; that is, the prior
price distribution G(p) is self-fulfilled by the actual equilibrium
distribution of prices in the market. Additional firm-specific information

is gathered from search; in particular, a consumer obtains perfect firm-
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specific information by sampling a store or product. For example, Butters's
(1977) advertising model has a diffuse prior G (p) ?nd perfect firm-specific
information if an advertisement is received. The newspaper model of Salop
and Stiglitz (1977) has a rational G(p) énd, additionally, perfect firm=
specific information for all firms, if the newspaper is purchased.

We take a different appfoach here. Ve assume that consumers have only
imperfect firm-specific information and no additional general market infor-
mation about prices, beyond that implied by the firm-specific distributions.
This formalization is more in the spirit of estimation models, rather than
the search literature,

Specifically, we assume'each consumer j (j = 1,2,...,L) enters the market
armed with a point estimate sg for each of the i = 1,2,...,n firms in the

market and purchasaes from the firm estimated to have the lowest price, or

min s{. For now we focus on the case in which products in the industry
i

are homogeneous and known to be homogeneous (i.e., this general market

. . . 4
information does exist).

Consumers may form their estimates s? by gathering information in a variety
of ways, according to the costs and benefits of each. As discussed previously,
inspection, reliable and unreliable experience, truthful and deceptive adver-
tising, friends and neutral third parties are among the information gathering

5

methods analyzed in the literature. According to the exact structure of

information gathering assumed, particular restrictions on the estimates are

implied. For example, if a price is sampled, it will yield a perfect price

estimate. For other information gathering metheds, it is a difficult question

exactly what sort of ratiomality rastrictions to place on consumers' estimates.
In this model, we do nrot derive the struciure of the estimates from an

i

explicit information gatherin§ technology. Instead, we begin with an exogen-

S LTt ST
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ously generated set of estimates, satisfying certain plausible conditions.
In particular, we assume that consumer j's estimates, (s{, s%,..., sg),
are generated as follows:

s = p; + 8] (M
where,

‘ B% - Fé(e), 8 € [a,b],

E(e%) =0, Var (e{) >0,

and where F{(e) is a continuous]y differentiable distribution function
with density ff(a).6

Thus, estimates are taken to be unbiased and, if 8 > 0, as imperfect.7
The scale parameter 8 permits a range of information states from perfect
information (38 = 0) to perfect ignorance (3 + =). Those consumers who draw
8 = 0 have truthful estimates, while those who draw 8 < O have an under-
estimates, and those with 8 > 0 have an overestimate of price. Estimates
are related to the actual price P charged by the firm.8 Finally, the
support of 8, 8 ¢ [a,b] may be finite or infinite. One natural restriction
would te to assume price estimates must be non-negative; although, as will
be demonstrated below, weaker restrictions will suffice,

Given his estimates, (s{, sg,..., si), each consumer j selects the

firm with the lowest estimated price, min s%, and shops there. Further com-
i

parison shopping is not permitted, although the model could accommodate it;
thus, we implicitly assume the cost of further search is prohibitive.9
instead, once at the selected store, the consumer observes ‘the actual price,
Pis and purchases d(pi) units.

As a results of this formulation, a disproportionate share of each firm's

sales are made to customers who underestimated its price. Comparison shopping
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would affect this proportion. Finally, in the static model analyzed here,

no additional learning is permitted; every period is independent of the past.
In contrast, a richer intertemporal model would include an analysis of the
evolution of estimates over time as experienced consumers learn and eventually
die, and new ignorant buyers enter the market.1

Given this formal structure, we may derive the form of the demand curves
facing each firm in the market. It is apparent that for 8 > O, these demand
curves are downward-sloping, even though all products are homogeneous. Since
consumers are not perféctly informed of the lowest price store, higher priced
stores do obtain some unlucky customers.11 Under these circumstances, demand
is elastic for two reasons: a price reduction brings forth additional custamers
and each customer purchases additional units.

In the case of perfect information (3 = 0), however, the lowest price staore
does obtain all the customers, and, thus, shading one's price below a common
level 5 does yield a discontinuous demand increase (i.e., demand is perfectly
elastic). In contrast, in the perfect ignorance case (8 + =), the flow of
customers is unrelated to actual price; demand elasticity comes only from
additional purchases from each custome} ootained.

We now derive the exact form of firms' demand curves from the theory of
order statistics. For a representative firm i, the probability that it is
selected by consumer j is the probability that s{ is the lowest estimate.
Orcpping the superscript j for convenience and substituting from equation (1),

we have‘ )

. {pi.pk £ (8)d (
Pr; z Pr(slifl'sii§2"“'sii§n) = Ikgi {1 - r$\ z + 08|} i A)ds. 2)

After selecting a firm, each consumer observes the actual price P and
purchases d(p;) units there., |f there are L consumers, with identical

demand curves, then the éxpected demand of firm i is given by
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Qi(pl 992,..-,Pn) = Ld(pi)Pri' (3)

Given these demand curves for each firm, the industry equilibrium for
an exogenous number of firms n may be derived using conventional methods.
If firm i has a constant marginal cost co then its expected operating profits

are given by

*(pysPgseenup) = (p, = c)Q(pyapyseeeapy)- (4)

Each firm maximizes expected operating profits, taking the prices at other
firms as given; that is, we derive a Nash-in-price equilibrium. Note that
this approach assumes firms have perfect information regarding their com-

13

petitors' prices, in contrast to consumers. Differentiating equation (L)

with respect to P; under the Nash conjectural variation and rewriting, we

have]h
Q.
l

We now derive a summetric, single price, Nash equilibriwm, given the
structure of demand given by equation (3). By symmetry, we mean that the
degree of imperfect information for all consumers and costs are identical
for all firms, or

Fle) = Flo),
(€)

c. =¢C.

Moreover, we asswie that equilibrium entails identical prices for all
15

firms,

P; = P 7

We derive the equilibrium as follows: Assuming that all firms except

firm i charge an identical price p, then after substituting into equation

(3), we have
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(p.-p .
Q(pyenipyyeeep) = Ldlp)fOT - F[ '3 + e]}" Ve (e)de. '§ (8)

Differentiating (8) with respect to P; under the Nash conjecture, the

demand slope is given by
3q; d'(p;) P, =P ] p.=p ]
L ' . |a=t - i n=2 i
%, a6 [T ’ Ld(p) f01 ‘[—r + 8|} | g—+ 8| f(a)ae. (3]

Substituting the equilibrium value P; =P into (8) and (9), we have

Q, = L) f{1 - F(8))" "¢ ()ae = L a(p),"® (10)
Batag - {Ell} Ld(p) f(1 - F(8)}""2(f(0) 1 de an
39, n 8 )
The individual consumer's demand elasticity is
. ey p,d'(p,) (12)
" T EICRE

4 1
Substituting equations (10) - (12) into (5), the symmetric, ;ingle-price
equilibrium price p(n) is characterized as follows, when there are n firms
in the market:
pln) = ¢ + 1/M(n), (13)

where

M{n) = p’gﬂ + "(g‘” f{r - F(e) 1" 20 (e) 3248, (14}

Equations (13) and (14) define a single-price equilibrium between the

competitive and monopoly prices. For example, If 8 = 0 (perfect information),

. . 1 .
then M(n) + @ and p = ¢, that is, perfect comgetition obtains. 7 This

result is analogous to the usual '"'Bertrand'' equilibrium, of course. At the
other extreme, if 8 = » (perfect ignorance), then M(n) = n/p and the monopaly
price pm obtains, where pm satisfies the usual Lerner markup condition
g-c .1
.

m
P
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Improved information is catured by decreases in the scale parameter §.
If the elasticity n is non-decreasing in price, then it is easily shown
that a firm's aggregate demand becomes more elastic; thus, the equilibrium
price falls. Differentiating equations (13) and (14) with respect to 8,

we have 3p/38 > 0. That is,

Theorem 1: A reduction in consumer information (in the sense

of an increase in B8) raises the equilibrium price.

Moreover, as information becomes perfact, the equilibrium price approaches
the perfectly competitive price continuously. This result is in contrast
to Diamond's that small but strictly positive search costs yield an equilibriuar
at the monopoly price. That is, in this model, a small degree of imperfect
information gives only a small degree of informational market power. ‘

This difference from Diamond's result is not difficult to exblain. A
small search cost does not, in fact, impiy a low cost to becoming perfectly
informed. In fact, Diamond's result obtains because at his monopoly nrice
equilibrium, becoming perfectly informed entails sampling an infinite number
of stores, and thus an infinite cost, if search costs are strictly positive.

It should be added that if decreased information is formalized as a
general mean-preserving-spread of the density f(3), the effect on the equili=
brium price is indeterminate. This ambiguity arises because the firm's
demand elasticity depends on the entire noise distribution, as discussed
in Appendix !. This result takes on greater importance in the analysis of

product differentiation in Section V.



111, Entry Competition

In this section, we examine the effect of entry competition (increases
in the exogenous number of firms n)} on the single price equilibrium. It
Is a property of even tradtional Cournot models of imperfect competition
that entry may not lower the equilibrium price (Seade (1980)). We have not
yet obtained a general entry result for small changes in the number of firms,
but we have derived some asymptotic properties.

Although entry shifts each firm's demand curve inward, the elasticity
of demand may not rise and, thus, equilibrium price may not fall. This
ambiguity may be confirmed by differentiating the expression for M{(n) in
equation (14) with respect to n.

On the other hand, for the limiting case of n + w, a complete character=-
ization does obtain. Of course, if each firm has strictly positive fixed
costs, the market is unable to support an infinite number of firms. In=-
stead, ignoring the integer problem, a zero profit equilibrium is charac-
terized by the usual tangency of demand wfth average cost. Only if the
level of fixed costs approaches zero (perfectly free entry) may the
number of competitors become infinite. The following two theorems
present conditions under which the perfectly free entry price equals
the perfectly competitive price under full information. The proofs

18

are contained in Appendix [1}.

Theorem 2: |f the support Ja,b] of the noise density f(s) 1s bounded
from below (i.e., 1f a is finite), then

lim p(n) = c.
-

Theorem 3: |f the demain (a,b) is unbounded from below (i.e., if



a + -=), and if

lim "FT‘TF'(G) .
oot ¢
then,

lim p(n) = c.
 mand

Intuitively, the Nash equilibrium price approaches the competitive price
if firms' Nash demand curves become perfectly elastic. |If so, then even
the smallest price increase causes the loss of all customers. Recall
that a reprecentative {irm obtains only those customers who most under-
estimate its price. Indeed for n + =» and finite lower bound a, a firm
obtains only those customers who draw the maximum underestimate & = -a,
since each customer chooses a firm from an infinite sized sample from
f(8): That is, the first (lowest) order statistic equals the lower bound
a. Similarly, since the sample is infinitely large, the second order
statistic also approach the lower bound a. |In other words, all of the
firm's customers represent close wins, and each of these close wins is
converted into a close loss if the firm raises its price even slightly.
Thus, its demand is perfectly elastic and Theorem 2 holds.

On the other hand, if a - -=, then the first two order statistics need
not cluster together, and thus, demand may not be perfectly elastic. The
elasticity depends on the speed with which the density converges to zero,

xe, 8 < 0, is cne density

19

as stated in Theorem 3. The exponential f(8) = Je
for which the equilibrium price does not converge to perfcct competition.

Of course, if price estimates are restricted to be non-negative, then
the condition of Theorem 2 is satisfied, and perfectly free entry implies

... 20
perfect competition. Although biased estimates have not been formally
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analyzed here, the reader may confirm that the theorems generalize to
the case of a common biased distribution F(8). in this sense, deceptive
(biased) advertising does not destroy perfect competition in the perfectly

free entry case, so long as the degree of bias is identical for all firms.z1
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IV. Uniqueness, Mass Points, and Multi-Price Equilibria

Thus far, we have restricted our attention to single price equilibria.
In this section, we discuss the possible existence of multi-prize equilibria,
as well as the uniqueness of the single price equilibrium derived above. We
turn first to the uniqueness issue.

In principle, there could be multiple single price equilibria; however,
for the conventional case where the individual consumer's demand elasticity,
n(p), is nondecreasing in price, multiple single price equilibria cannot

occur:
Theorem 4: If n(p) is nondecreasing in price, and if a single
price equilibrium exists, then it is unique.

This result may be shown by rewriting (13) as follcws:

p-c . 1 .
) pH(n)

The left-hand side is monotonically increasing in p, while the right-hand
side is monotonically decreasing. Since the left-hand side equals zero
when p = ¢ and the right-hand side approaches zero as p becomes infinitely

large, the two sides must intersect exactly once at a positive price markup

(E%E > 0).

This result does not rule out the additional possibility of multiple
price equilibria, even under the symmetric information and cost conditions
set out in Section Il. We do not have a general theorem on the nonexistence
of multi-price equilibria; however, such equilibria can be rejected in a
duopoly (n = 2) model, to which we ncw turn.

For simplicity, suppose that consumers have perfectly inelastic demands
(n=0). Normalizing 8 = 1, the probability that firm ! obtains a repre-

sentative customer is



-16-

Pr(s1 :-52) = Pr(el -8, 5P, " pl). (15%!

The distribution of u 2 8 = 82, H(u) is symmetric with mean equal to

zero, so that H(0) = §.22 Substituting the definition of u into equation

(15) and normalizing L = 1 so that expected sales equal the representative
probability, we have
Q1(P1»Pz) = H(pz'p])v (16.)
Qz(pI’pZ) = | "H(pz-pl)' (‘65)

Calculating expected profits and substituting into the profit-maximizing

condition, analogous to equation (5), we obtain

e H{p,-p,) , (178)
SERRIC N ?

. s 1 - H(PZ'P1) , (]7b)
p2 h(Pz'plj

where h(y) is the density of H(u). Subtracting (17a) frem (17b), we have
1
Py =P, * — {1 = 2H(p,-p,)}. (18)
2 1 thz pli 2 1

Since H(0) = &, equation (18) is only satisfied for p = Py = Py and the

unique single-price equilibrium is given by

p=c+ E{%}- .23 (19)
Two price equilibria may be ruled out by examining (18). 1If Py - Py >.0,

then H(pz-p]) > ¥ and, since h(p2°p1) > 0, the right-hand side of (18) is

negative while the left-hand side is positive. A similar contradiction

obtains for Py = Py < 0.2“

Thus, if n = 2 and n = 0, only a single price equilibrium obtains. Fer
n > 0, the result obtains if n is nondecreasing in price. This method of

proof cannot be easily extended to the case of more than two firms, however.
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Beginning from a single price satisfying the equilibrium conditions,
suppose a deviant firm, say firm 1, sets its price at a level other than
the common price p. In this case, letting u, = e] - ei, i =2,...,n, the
n-firm equation analogous to (18) might be derived. . Unfortunately, the .
marginal distributions of the ui's are not independent, complicating the
calculations.

Until now, we have ruled out mass points. Mass points are important
because they lead to the possibility of ties between the lowest estimates.
These ties in turn lead to discontinuities in demand. Mass points may
occur at 8 = 0 if some consumers are perfectly informed,25 or they may
occur elsewhere. The introduction of mass points greatly changes the

analysis. In particular, we may prove the following theorems.

Theorem 5: |If the distribution function F(8) has a mass point,

no single price equilibrium exists.

The proof is straight-forward and proceeds by first ruling out a single
price equilibrium at p > ¢ aﬁd then by ruling out a single price equilibrium
at p=c. For any p > c, one deviant firm could break all ties by shading
its price slightly. Sales would jump discontinuously, if there were a

strict proportion of ties, raising its profits.

For p = ¢, unless absolutely all consumers wera perfectly informed
about all firms, a deviant could earn positive profits by charging P; > ¢,
and relying on the occasional unlucky buyer. In contrast, nondeviants

set p = ¢ and earn zero profits.

The presence of mass points also has implications for the rature of
multi-price equilibria:

Theorem 6: |f the distributicn function F(8) has a mass point,

an equilibrium price vector cannot contain two or more prices



which are equal.

If so, the previsou argument would apply. One of the firms could increase
its sales and profits discontinuously be shading its price slightly.

As yet, we have not been able to take the analysis much further. It
appears possible for a multi-price equilibrium to exist with (given appro=-
priate reorderjng of firms) Py € Py €t P It is clear that Pp>¢ and

P :_pm, the monbpoly price. We have obtained no further restrictions

n
beyond equal profitability.

Given masspoints, if average costs are U-shaped, however, either single
price or two or more price equilibria may obtain. Figure 1 illustrates
possible single price and two price equilibria for ghis structure. This
result is similar to Salop and Stiglitz's (1977) newspaper model. The
difference is that the uninformed consumers here purchase according to
their different estimates, while in the newspaper model, they purchase
randomly.

These results are possible because the demand discontinuities. Thus,
common prices may only occur at the competitive price. There may still
be a two-price equilibrium if there is only one high price (say at ph in
Figure 1} deviant. Three price equilibria require only two deviants, and
so forth.

Although the existence of multi-price equilibria might cause an embarrassing
non-unlqueness, they would enrich the model considerably. In particular,
they would permit general market infarmation to be more easily incorporated
into the formal model, allowing the conventional search model to be more
easily compared to this one. The existance of multi-price equilibria
would remove the necessity of the restriction of only flrm-specific infor-

mation as follows: |In the currert model, where equilibrium entails only a
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a single price, a consumer with that general market information would
purchase randomly, regardless of the actual estimates drawn. Further

analysis along these lines must await a sequel.



Figure 1

AC

Single-Price Equilibrium Two=-Price Equilibrium
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V. Spurious and Actual Product Differentiation

As discussed earlier, the model may be reinterpreted to include both
spurious and actual product differentiation. By spurious product differ-
entiation, we mean that consumers mistakenly perceive brands to differ by
more than they do actually, including the purely spurious differentiation
case in which brands are actually homogeneous, but are perceived to diff"er.z6
By actual product differentiation, we mean the case in which consumers
differ in their actual valuation of different brands.

The model may easily handle spurious product differentiation by inter-
preting e{ as quality misperceptions rather than price misperceptions.
Similarly actual product differentiation may be treated by reinterpreting
eg as an actual (cardinal) brand preferences. In both cases, s% is redefined
as the negative of consumer surplus.

All of the previous theorems hold for these variants of the basic
model. Interestingly, the addition of quality misperceptions to price
misperceptions may not raise the equilibrium price. As is shown in Appen-
dix 1, a mean-preserving spread in the noise density may raise or lower
the equilibrium price. The actual product differentiation model is examined
in more detail in the acompanying note, ''‘Equilibrium with Product Differ-

entiation: An Addendum.'!



Vi. Extensions and Conclusions

To recapitulate the main results of the firm=-specific information model,
if second-order conditions are satisfied, then at least one single price
equilibrium obtains. There is a unique single price equilibrium if indi-
vidual demand elasticities are nondecreasing in price. Multi-price equilibria
appear to be possible as well, although more work needs to be done to
rigorously establish existence and additional properties of such equilibria.

If a mass of consumers are well-informed, a single price equilibrium
cannot exist if marginal costs are constant. |If average costs are U-shaped,
however, then single-price equilibria at the competitive price or multi-
price equilibria may obtain.

If there are an insignificant number of well-informed consumers, then
the single-price equilibrium has the folloﬁing properties. lmprbved infor-
mation, in the sense of the scaling parameter defined above, lowers the
equilibrium price. Entry competition lowers price for sufficiently vigorous
entry, and in the case of perfestly free entry, equilibrium price falls to
the competitive price under certain fairly weak conditions.

Beyond these results, few other properties have been established. More
work needs to be done here with respect to both symmetric multi-price
equilibria and multi-price equilibria arising from differential costs and
information endowments. The degree of information must be made endogenous.
Particular distributions should be examined. The dynamics of the model
must be analyzed.

Finally, and probably most important, search must be exblicitly into-
duced into the model. This modification may be done in either of two ways.
First, having arrived at a store, a consumer will often find he has under-

estimated the price charged, so he may have a sufficient incentive to



sample the firm with second lowest estimate. Such search will probably
have littlé or no effect on the general qualitative properties of the
model .
Of course, a more sophisticated 3r experienced consumer may infer-that—
his lowest estimate tends to be an underestimate. This information will
not alter his behavior significantly unless he also infers that all prices

27

are identical, if in fact they are. In that case, if consumers ignore
their firm-specific estimates and choose firms randomly, price rises to
the monopoly level. Of course, in this case, if a deviant lowers his
price, and henc; the firm-specific estimates of his price, will consumers
rely on the information? This is the usual logical difficulty arising in
search and newspaper models.28 The problem can be avoided in the case

of multi-price eqqii#@ria. At such an equilibrium, general market infor-

mation correspondin§ to the full rational expectations hypothesis of the

search and newspaper models can be well accomodated.
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Aggendix |

We rewrite the density as f(6;a) where a is a parameter representing
the level of uncertainty: as o increases, uncertainty increases due to a
mean preserving spread. Differentiating (13}, it may be shown that the

sign of 3p/3a is the same as the sign of
3 b 2
3;'Ia {f(8;a3)}4%ds.

Figure 2 showé a symmetric density to which a mean preserving spread has
been applied. Various size regions are shown and identified by capital
letters: all regions with the same letter are of the same size.

If f(8) is the original density and h(8) is the density after two sections
(1abeled "A'", which are e by x as shown in Figure 2) are removed from the
center and added to the tails, then the change in the integral of the
squared density is given as follows:

b x - x
[ {n%(8) - f2(8)}de = z(jo{f(e)-e}zda - [ £2(8)de
3 0

y+X y+x
+ [ (f(8)+e}2de - [ f2(s)ds)
Y Y

= he(ex + {(F(y+x) = F(y)) = (F(x) - F(0))}]

This value may be either positive or negative. Graphically, it is posi-
tive if the areas A and B are greater than C; and negative if A plus 8 is
less than C. |

Heuristically, if the density is nearly uniform, this value is positive,
SO price rises as uncertainty increases. |f the density is single peaked
with a jarge mode, then the price will fall as uncertainty increases. Thus,
the price effect depends on the density and the type of mean preserving

spread used.
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Aggendix i

The proofs of Theorems 2 and 3 are given here. These proofs assume
that the density function f(8) has the following properties (which could
be relaxed at the cost of greater complexity in the proofs):
1. f(8) >0, 8 ¢ (a,b).
2. f(8) is as many times differentiable as needed.
We wish to prove that under the conditions given in Theorems 2 ard 3,
entry will drive the equilibrium price to marginal cost (even given limited
consumer information). Since p = ¢ + 1/M(n), showing that

lim M(n) .
e

is sufficient to show that

limp = c.
n”

e -

The following lemmas establish that if a is finite or

lim ;%é?l-- ™,

8-+a
then

lim M(n) = =,
e

1

Lemma 1: If f(a) > 0, then nL: M{n) = =,

Proof of Lemma 1: By the continuity of f(g), if f(a) > 0, then there

exists an interval [a,a+§) s.z. for 8 ¢ [a,a+d), f(8) > ¢ > 0. As a

result, :
+§ -2
M(n) = [a n(n-3){1-F(e)}n-2{F(6)}2d9 + [ aln=1){1-F(2)} "% £(9) 2
a a+é

>gf  nla-1)(1-F(9) 172 (2)ds + K,

- - - e——



where

K=  n(n-1){1-F(8)}""2{f(e)}2ds.
a+é

Therefore,

lim M(n) > 1im ng = Tim ng{1-F(a+&)}"" " + 1im K = =
> N-—>a M~ e

We know, however, that

1. lim nf = =
noo

2. lim ns{l-F(a-mS)]'n.1 = 0, since 1 > {1-F(a+§)} > 0

nre
3. limK > 0 since n(n-l){l-F(e)}n.z{f(e)}2 >0 for all § ¢ [a+8,b].
no o
Iindeed, it can be shown that lim K= 0,
Thus, '™ M(n) = =
no o
. . lim £'(8) lim
Lemma 2: |f f(a) 0, and gva FET- = ™ then - M(n) = =,

Proof of Lemma 2: Since f(a) = 0, then by integrating by parts,

0o = § acroren™ eto) (2 s,

a

since f(8) > 0, 8 ¢ (a,b). Further, since f'(8) is continuous near a,
fr(e) lim £'(8)

fr(8) > 0 near a, so that HOME > 0 near a. |If a+a ?TET_ =  then for
' (8)
£ > 0, there exists a & such that if & ¢ [a,a+d), -T"T—-Z_E- Then,
a+$ F( n= lf f? (6) d6 K f
“(n) = Ia n{T G)} (e) T(—T— + K,
where,
b !
- n-1 f‘\a)
K=[ n{1-F(8)} f(e){f—(e-r-}de
a+s
Therefore, :
a+s 1 -

M(n) > £f  n(1-F(6)1" 'f(a)de + K = £(1-(1-F(av6)}") + K.

a

Then



-28-

lim M{n) > 1im (£ - E{1-F(a+6)}" + K} = €,
e e

since
3. 1 > {1-F(a+8)} > O, 'Im {1-F(a+5)}"

2. |t can be shown that ;i: K=0.

Since § is arbitrary, we can make it arbitrarilly large. Therefore
lim u(n) = =
. - lim £1(9)
Lemma 3: |(f a is finite and f{a) = 0, then fvg et =
: f(8

Proof of Lemma 3: Since f(3a) = 0, ;l: ?T-T_ is of the form of A/0Q

(A is a positive constant), +=/0, or 0/0. The first two forms are infinite.

A necessary condition for the third form to be finite, by L'Hospital's rule,

is that ;lm f( )(6) = 0, where f( ) is the i th derivative of f(8). Since a

is finite, f(9) may be written as a Taylor's expansion around a:

£(g) = f.(..:_)_i.a_l. (3-a)'.

But if f(i)(a) = 0 for all i, then f(8) = 0 for all 8--a contradiction.

lim £'(8)
g=a T(8)

= ®

Thus,

Combined with our earlier discussion, Lemmas 1 through 3 establish
Theorem 1. Lemma 1 shows the theorem is true if f(a) > 0, and Lemmas

2 and 3 show it is true if f(a) = 0. Theorem 2 follows from our eariier

discussion and Lemms 2.
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Footnotes

* The opinions expressed here are those of the authors and may not reflect
the views of the Federal Trade Commission or any individual commissioners
or other staff members. The authors wish to thank 8. Allen, H. Beales,

D. Cass, D. Crawford, J. Galambos, S. Grossman, M. Katz, T. Romer, M.
Rothschitd, D. “Samt, 2. -Scheffman;-and -especially R: Willig for useful.
discussions and advice, «

1. The concept that imperfect consumer information endows even small

firms with informational market power was developed by Scitovsky (1950),

Arrow (1958), and Stigler (1961) among others. The elegant modeling of
this phenomenon by Diamond (1371) and the discovery of the lemons principle
by Akerlof (1970) has stimulated research by economists and policy analysts
on both the scope of and potential remedies for imperfect information. The
policy implications are emphasized by Pitofsky (1972), Schwartz and Wilde
(1979), and the Federal Trade Commission (1978, 1979).

2. Stiglitz (1979) surveys most of the major models and discusses their

properties.

3. This assertion is true for those cases in which the usual second-order

conditions for profit maximization hold for each firm, See Section ||,

J
i
as estimates of expected consumer surplus, so that real or spurious product

4, We might note here that the estimates s could easily be reinterpreted

differentiation may be incorporated into this model. This extension is

made below in Section V.

§. See Federal Trade Zommission (1979) for a non-technical discussion of

these different methods.

6. Mass points to Fé(e) ara discussed in Section |V, The other assumed

properties of these functions are presented in Appendix II.

7. In fact, this restriction of unbiased estimates is not necessary for
many of the results derived below. A weaker restriction of identical bias

for all estimates would suffice.

8. There exists some evioence on the nature of FJ(8). For example, the
Progressive Grocer (Novemper, 1974, p. 39) conducted a survey of 560 shoppers
in four Providence and Bocston area supermarkets in July, 1975, The consumers
were asked to cite the selling price of 44 popular brand name and nationally
advertised items. Only 24% of the shoppers tested knew the ''correct'' price
(within five percent) for a specific product compared to 32% in a similar
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~

study in 1963. Other evidence is provided by Gabor and Granger (1961)
and Uhl and Brown (13972).

9, Ffurther search would be induced if the actual price P; exceeded the
min SJ

k "k’
This topic is discussed in more detail below.

10. Cf., Phelps and Winter (1970) and Smallwood and Conlisk (1979).

11. For example, if store 1 charges $10 and estimates are (8, 10, 12)
and if store 2 charges $11 with estimates (9, 11, 13), then store 2 will
obtain customers who draw the estimate pairs {(10, 9), (12, ¢), (12, 11)}.

second lowest estimate, in excess of the consumer's search cost.

P:~p
12, |If S; £ 5 then ek > ‘8 LI ei. Thus, given 8., the probability
that s, <s, is
i ="k
¢ PPy ]
- + .
! [ 8 ei

Since the ei are drawn independently, equation (2) follows.

13. This assumption may be justified on the grounds that the gains to
gathering this information are higher for firms then for individual consumers.

14, We assume that the second-order conditions are fulfilled, an assumption
that is not true in general for all F(8) and d(p). See also footnote 23.

15. It should be empnasized that we assume a single price equilibrium.
Although this assumption may be easily proved for the case of n = 2, we
have not ruled out multi-price equilibria for larger n. This issue is
discussed in more detail in Section V.

16. Since,
[ {1 -F@))™" Tee)de = 1/n.
17. Of course, if n = o, then p(n) = ¢ as well.

18. These proofs are due to Robert Willig and Jancs Galambos. Any remaining
errors are our own.

19, Cf. Wilson (1977) for a similar result in his competitive bidding model.

20. In Hart (1979), the ratio of customers to firms is the crucial issue.
Here, an increase in this ratio would leave price unaffected.

21. Of course, if advertising is treated as a fixed cost, the perfectly
free entry condition is not satisfied by a zero zero profit equilibrium.

22. Symmetry may be shown by deriving h(z), the density of H(u), using a

convolution with substitutions u = 81 - ez and ¢ = e‘ + 62. With a little

manipulation, it can be shown that h(n) = h(-u).
23. For the second-order condition for profit-maximization to hold, we neec

2
321' - BQ. - (p - 3 i <0
3p;“ 89 p;z
The first term on the right-hand side must be negative. Therefore, a sufficient
condition for the second-order condition to hold at the single price equilibrium
is that the second term is also negative. Expressing the second term in terms
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of the usual f(8) density, a fairly weak sufficient condition for the
second term to be nonpositive is that {f(b)}2 - {f(a)}? > 0.

2k. A similar analysis can e used to analyze the case of differential
costs. |If < < s then it can be shown that Py < Py that Py = ¢ 2

Py = o and that the low cost firm.has a higher:.gross_,margin.(p1 - c‘)/p}.
25. By perfect information we mean tihat the vectors 3} = Ef (e.g., g} =0
or 8 = Q).

26. The classic story of spurious product differentiation concerns the con-
sumer who forms a false belief that one aspirin brand is superior to another
after it relieves a mild headache and the "'inferior' brand does not relieve
a more serious one. This story may not be too far fetched: Even a placeko
achieves a relief rate of around 45% compared to a relief rate of around

80% for actual aspirin (Food and Drug Administration (1977)). Such spurious
product differentiation has been suggested by a number of writers including
Chamberlin and Galbraith with respect to a wide variety of consumer products
such as beer, detergents, lemon juice, and even soft drinks. The experi-
mental evidence is interesting on this point. Blind tests of consumers'
preferences after use do not replicate market shares. 1In addition, they
vary according to whether products are labelled with brand names. See
Tucker (1964), McConnell (1968), Morris and Bronson {1969), and Monroe
(1976) for evidence; Schmalensee (1979) for a related model; and Craswell
(1979) for a good discussion of some of the policy implications of this
phenomenon.

27. The level of the expected beneifts of search will be altered, of course.

28. Cf. the solutions of Salop and Stiglitz (1977) and Diamond and
Rothschild (1979).
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EQUILIBRIUM WITH PRODUCT DIFFERENTIATION: AN ADDENDIM

*

Jeffrey M. Perloff

Steven C. Salop *

In the accomanying gaper, '«e analyzed a medel of informational market
cower for a awogeneocus camedity. In this note, the formal structure of that
mdel is reinterpreted and applied to market power arising fram product differ-
entiation. In particular, we show the formmal equivalence of these two sources
of market oower.

Consicder the followirg model of consumer preferences for differentiated
trards in a oroduct class. Suppose there are an unlimited number of distinct
cossible frards indexed Ty 1 = 1,2,.... Each consumer attaches relative

values o these trards according to his preference vector 2 = (9:

Susrose the market ccnsists to a large mamber of (small) consumers and suppose
that n brards (1 =1,2,...,n) are available. Deroting the joint density of brard
rreferences v .g(; ) where an elament of 5@ ) 1s an individual preference vector

2, then the provortion of consumers who (weakly) most prefer same brand i is given

by the order statistic,

where G(3) is the cumilative distribution function o the density g(%).

*/ University of Pennsylvania and Federal Tracde Camission respectively, Perloff's
Wwork was partially supported by the FTC. The opinions expressed here are the views
of the authors and do not necessarily reflect the views of The Camission, individual
Ca:{n:'.ssioners of other staff members.
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™e joint Jdensity of frefersnces may De intagrated to obtain the (margiral)

densicy of valuacicns Ior svery =i sting and ooctential brand derctad by g, (2.).

171
Integratity, for brand L, we have

- ’

3
«)
-
M

) = e g(':‘) d52d53...i6n

3y speciiving zarcicsular stouctures for the Scint praference ZensiTy $(3),

zarvicular derard specificaticns ard interrslationships ameng brard prafarences

may ze capmured. Tor sxancle, i consumers who Rdghly value trard one highly also

devalie mrard =0 and vice versa, then this deperdence can e fuilt explicitly
ints the ‘oint trefarence densicy. I two rands, say L1 and X, are ldentical,

<men whe crefarance density would have 3. 23, */

-
-~

“
I

In =nis note, we analyze a zar=icularly simple simmetzic zrefersnce density.

3v sywmmersic, wWe mean zhat crefsrences for each zarticular trard ars indepencent

and idensizally distrimusad, or

v >} -~ =) 1 ]
A > - -
(3 g.(-‘) 3z (3) 1 = ;e e e
1 b
¥/ Puzmars (1378) stdias a similar model whers SVEIY STOUD of consmimerse las a

different ordinal rarnking of anmy a1 available brands, ard every brand's ranking
acress oorsumers 13 identical,  Correspending cardinag! valuaticns might range fromg

Zor whe most creferTed frand T ;.= 1 Ior whe lsast greferrad:

Uy

3) would then
-fave =he Iroperty that every 3 Vector is integer valued only, no> 3. # 35 > 0

Zor L,Jad I3 =n(n +l)/2.



Ttus, the joint density g(8) for available bramds i =1,2,...,n is
given by

-

(4) g(@) =g) g(5,)...g0)

——

Under this specification, each brand is rost preferred by an equal (/)
share of consumers in the market. As will be shown below, it alsc entails an
identical damand Zunction for each brand offered in the market.

We capture consumer demand as follows: Each oonsumer chooses the brard

that maximizes his net surplus s, amng all brards offered, where

w
—

S. =8, - pD. i=1,2,...,n

arc %i is an elgnent of 3 = (3,,...,8,) fram E(i). We call this brand the best~buy;

its surplus is given by

Of course, given prices (o, D

. greeer B ), even the best buy may give negative
n

surplus (s < 0), or surplus less than sane opportunity value v, if "outside goods”

are included in the analysis. Because outside goods camplicate the analysis
considerably, we take the more restricted approach nere that exactly one unit is surely
~urchased. Of course, even if cutside goods were included, this cne unit parchase

. P *
would occur if 3 were sufficiently large. Y

*/ See Salop (1979) for an analysis of equilibrium with outside goods. Formally,

-

*min  Prax
Pmax exceaeds the highest price charged, then 3 is "sufficiently large" to allcw us

if +

vV, where 3min is the lowest possible value for each €i{ in g(2) ard

0 ignore outside goads.
-3 =


http:oc::'.lr

Thus, given ctrices (pl, pz,...,pﬁ) for %he n availacle brards, the protortion

cf consumers WX Durchase trard-cne 1s given oy

wners G(3.) is The distwinution g(-‘:j) . We sxamine cnly the special case In
L. . . . . *
wnich each consumer purchases 2xactly cne uanit of his kest-zuy. X/ In =Ris
case, the =pectad tarket share for xard i, which e derct2 v Q. (g, D
i

aguals the sroporticn given Ty equatien (7)), cr

.3) Q. (BPr P re.esr ) =27 (5

The syrmetric industzy ecwilibrium Ior shis strucTure is sasy o characterize.

“here ar2 L = 1,2,...,n rands available, and sach has constant marginal oosts

fa

¢

then <he sxpected crofits of Trard 1 are srocorticral <o

(9) (B, =) Q. (@s Byreees B)

*/ Zlastic demard cculd Te permistiad oy having 3 oonsumer's damard for each

e be jiven oy 4. (s.). This aporoech would allicow the comstouc=ion of a

"represantative nsarer’ mocel, Iollowing Spence (1576) ard Dixds-Stiglitz (1377).

T=i3 is discossed inomore detail in the corxlusicns.

- 4 -
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If the equilibrium concept is ™ -in-prices," that is, if each firm
maximizes expected profits given a conjecture of fixed prices for all other
firms, then by differentiating equation (7) and rewriting, we have the MR = MC

cordition,

o
(@)

Qi(p1 r Dyreenn ,pn)

Following Perloff ard Salop (198Q), the following proposition is immediate.

Promosition I: If g(3) is contirmuaous (no mass points) on a finite support,

and if che secord-order corditicn is satisfied, then a unigue single price ecuilib-
ciua P; = 2(n) obtains for an n-firm industiry, where
(1) o(n) = c+ L
M (n)
r ~ \n-fz [a) V2 <
{12) M(n) = n(n-1) G(B):r 1g(8); a9

*/ To make (12) comparable to the notation in Perloff amd Salop, let



Proference intensity can e farmalized as follows. lenotirg the Sypical

-}

creference sector 2 as 2 scalad up Iomm of a stardard intansity vector 3°,
(13) 3= 38’

E]

3 = - .3 . -
5 & standard vectsr Zrawn Irom g(37). Then, a larser 3 racresents tore
intense prefarences. PerZect substitutes are capmurad Dy 3 = 3, 4
Substituting squaticn (13) into (3), it may be shown =hat under =his fmrmalizati-n,

craased srefarsnce intensisy riises the scuilikriim crice. In sarsicular,

(14) 3(n) T Qi

M)

Inwy oy addicioral distinct rrards crowds the implicis sroduch scace urder
“=e specification given Ty ecuanicn (3). Sowever, as n increases, Nash demand
cuxrres may Decame Tore or lass elastic so fhat the aquilinrium price o(n) may
fall ¢r rise. In =he Limit, Scwever, if %he maximum valuaticn of sach brard

remains finite, Perloff ard Salop (Theorems 2 arnd 3) have shown the Zollowing:

(13) limi+ 2(n) = ¢
1 - D
*/ 1Z£ cutside yoods wers explicitly reckoned ints the analysis, then the
1 ; & ey 2 = 22%. ° : . . . L .
altearnative DL S F T4V (whers v, >0) would Taintain a tositive cardinmal

a

valuaticn level aven as 2 - G,
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That is, as the level of fixed costs approaches zero, pemmitting an infinite
mumber of brands each earning mon-negative profits (perfectly free entry), the
equilibrium price approaches the rerfectly cmpetitive price, even though consumers
have distinct brand preferences. This corresponds to the results reported by
Hart (1979).

It should be roted, however, that if the maximum valuation (the upper limit

§ 71 18]

on the darain cof g(3)) is unbounded and if lim —g—g—-))— is finite, then this
8 - ®
result does ot obtain, as stated by Theorem 3 in Perloff and Salop. This

C

corresponds &0 a situation in which the valuation of the most-preferred brand surely

becares untounded (1im (max 91)"“).

n -+«

QCNCLUSIONS:

By reinterpreting the varianles used in Perloff and Salop, we have shcwn
the formal equivalerce of market mower arising £ram product differentiation ard
market power arising from fimme-specific imperfect information. Althcugh the model has
a number of significant limitations, particularly inelastic individual demands
and the absence of outside goods, it is suggestive of the type of results that
could be obtained in a more general framework.

A secord apreal of this anmalysis is that it suggests a fairly general frame—
work that misht permit the synthesis of a number of cameting models of monopolistic
crpetition. In this context, the model here is Chamberlinian in nature; every
nrand caompetes with every other available brand. Although the model explicitly

1t

considers differences in the preferences of individual consumers, a "representative

consurer” model of the sort analyzed by Spence (1976) and Dixit and Stiglitz (13877)
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may be obtained by treating the joint preference demsity 3(3) as the "aggTegate”
greferences of a representative ConsSuter.

The underlying product space of brand attributes is igrored in this analysis.
In additien, the tareicular form of rreferences nera ard the manrer in which
antzy affects damand suggests a set of special assurptions on hrand formulaticons
ané competiticn in sroduct space.  In sarticular, additvional brands "ermed”
roduct sgaces, so <hat on an average consgners set additional utility '~hen Tcre
hrards are availapla. That the density of hrand preferences 34 (&) is ot altered
JPOn entTy reuresents an assuretion “hat Mrards are not reformulated or do mot
relocate afier sntsvy.

Although every consuner nas sae mest SreferTraed oSrard in this arproach, the

concert of "localized" aommeriticn (or, "linked olicowmoly”") in sgatial cxoetition
is ot cartur=d Ty the ‘Teatment here. Tor that, a samewhat diffsrent structure
mst be slaced on the creference density. In zarticular, in Shrse Tcdels, svary
consumer has axactly ore frand valuaticn equal <o same 2_,, and all cther zrands ars
less valued acoording © same cIpensation (transtert cost) Sancticn. In

acddizion, such models also make particular assarrsoions about formilation symmetsy

and reformulaticn after entxy.
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