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Abstract

In this paper, we discuss the issue of pricing and advertising strategy of a monopolist who
provide an experience good with unknown quality to the consumers. We find that when a
minimum consumption is required, the firm’s ability of signaling his quality with an upwardly
distorted price is limited. We find that the price-quality and advertising-quality relations
found in the existing literature does not hold any more.
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1 Introduction

In a context where consumers may repeatedly purchase an experience good! but don’t know
exactly its true quality, the firm supplying the high-quality product needs to signal that

2 Examples of such signals

information to potential consumers in the introductory phase.
are advertising (Nelson 1974; Schmalensee 1978; Wiggins and Lane 1983), and price (Farrell

1980; Gabor and Granger 1966; Leavitt 1954; Scitovsky 1944; Spence 1974 Bagwell and
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!Nelson (1970) differentiated between products on a “search good” versus “experience good” basis. With the

former, the relevant characteristics of the product are evident on inspection. With the latter, crucial aspects of

the product’s quality are impossible to verify except through use of the product.
2The product’s life cycle is decomposed into two phases: the introductory phase and the mature phase.

Signaling occurs during the introductory phase. All consumers know the product quality in the mature phase,
say, through word-of-mouth learning or through reading consumer reports. Under these conditions, the firm need

not to send a signal in the mature phase.



Riordan (1991)). Three important issues concerning the relationships between quality, price

and advertising may therefore arise.

e Do higher prices signal higher quality?( the relationship between product quality and

price);

e Are heavily advertised products more likely to be of higher quality than less-advertised

products? (the relationship between product quality and advertising);

e Are heavily advertised products more expensive than less-advertised goods? (the rela-

tionship between advertising expenditures and price charged).

We focus on the price-quality relationship in this paper. The existing economic and
marketing literature has produced various theoretical and empirical explanations on this
relationship. For models in which a monopolist signals its quality using only price, Bagwell
and Riordan (1991) show that in the introductory phase the high-quality firm will distort
its price above the complete-information profit maximizing price, so high price may act as
a signal of high quality. Their main argument is that the low quality seller has a lower
marginal cost of production (relative to a high quality seller) and therefore finds it more
profitable to sell higher quantity at a sufficiently lower price rather than imitate the lower
quantityChigher price combination preferred by the high quality seller. But as information
about the product diffuses over time, this price distortion lessens or vanishes entirely.

Bagwell (1991) finds that,with a downward sloping demand, the only equilibrium satis-
fying the Intuitive Criterion (Cho and Kreps 1987) is a separating equilibrium in which the
high quality is traded at a higher price but sells less than the low quality. In a model with
one seller and one buyer with inelastic demand, Ellingsen (1997) finds that there is a unique
equilibrium surviving D1 (Cho and Kreps 1987). The equilibrium is separating: the seller
sells with probability one at the low price and with probability less than one (but positive)
at the high price. Hence, the general consensus is that, a high quality seller is able to signal
quality by distorting his price upwards and reducing the volume of trade relative to the first
best.

When price and advertising could be used as joint signals of product quality, the price-
quality relationship become more complex. In a multidimensional signalling model, Milgrom
and Roberts (1986) identify various conditions under which high quality may be signalled
with a high price alone, a low price alone, or a combination of price and advertising expen-
diture. Their article provides a formal proof of Nelson’s “advertising as information” theory
that dissipative advertising functions as a signal of quality when the consumers may pur-

chase an experience good repeatedly. 3In their paper, Milgrom and Roberts also show how to

3 Adverting which inform potential customers about the existence, characteristics, and prices of the commodities
is called informative advertising, most newspaper advertisements (including especially want ads) would seem to

be of this sort. advertising conveys no direct information about product is refereed as dissipative advertising.



select (quite generally) an unique separating equilibrium from many through the elimination
of dominated strategies. It also introduces the use of the Cho and Kreps (1987) criterion
to eliminate pooling equilibria. In their model, with the aid of advertising, a high-quality
firm may set an introductory price higher or lower than its perfect information price, and
higher or lower than the price charged by the low-quality firm. The distorted prices would
reduce current profit, but the present lose will be compensated by the future profit (repeat
purchases). So a clever combination of price and advertising enables the monopoly to signal
its quality as well as to enlarge its future demand. Milgrom and Roberts’ theory appears to
be consistent with the stylized facts provided in many empirical studies that price-quality
relations are product-specific and weak or even negative in sign [See Oxenfeldt (1950), Morris
and Bronson (1969), Sproles (1977), Riesz (1978, 1979), and Geistfeld (1982),etc.]

In this paper, we discuss the pricing behaviors of a monopolist in the context of repeat
sales and both price and advertising may be used as signals of quality of an experience good.
Our model is distinct to the existing literature in the sense that a minimum level of con-
sumption is considered. An experience good is traditionally defined as good that consumers
cannot directly assess its quality before consumption (the only proof of the pudding is in the
eating). But in reality, many goods exhibit properties that its quality can only be known
after being consumed with an amount no less than certain minimum level (you could not
know its proof once take a bite.) We will show in this paper that the introductory pricing
strategies of a firm with and without minimum level of consumption are quite different. We
also identify the advertising price and minimum consumption as two factors affect the firm’s
pricing strategy.

The rest of this paper is organized as follows. We describe the benchmark model without
minimum consumption in Section 2. In Section 3 the model with minimum consumption is

described in detail. Conclusions are presented in Section 4.

2 The Model

A firm provides a new experience good with uncertain quality to the consumers. For sim-
plicity, we assume that quality is either high or low: 6 € {6,,6,}. It is of high quality 6
with probability A and low quality 8; with complementary probability 1 — A. A high-quality
product is more costly to produce than a low-quality one: ¢, > ¢;. The firm may use both
price p and dissipative advertising a as signals for the initially unobservable quality. The
binary variable a € {0,1} denotes whether or not the good was advertised. k € (0,00) is the

exogenously determined and publicly observable price of adverting. Let p = p(p,a) be the

The dissipative advertising has two main characteristics: First it does not directly affect demand (not persuasive
nor informative content), and second it is easy to observe that a substantial amount of money has been spent (a

celebrity endorsing a coffee brand rather than an anonymous actress/actor).



uninformed consumers’ posterior belief that quality is high upon observing p and a. D(p, p)
denotes the demand function when the firm charge a price p and consumer’s posterior belief
is p. At the beginning of the game, there is a continuum of consumers of unitary mass
who are heterogeneous in their willingness to pay for quality. Their preference for quality is
described by an index x, which is assumed to be distributed according to cumulative distri-
bution function G(-) over [0,1]. For a product perceived to be of quality 8}, with probability

p, sold at price p, the consumer with an index = will derive net utility

u(z,p, p) = z[pbh + (1 — p)0i] — p (1)

if she purchase it. Each consumer purchases one unit provided she can derive positive utility.
Otherwise the consumer does not buy. Given the consumers’ utilities shown in (1), the firm’s
total demand is

D(}%P):Pf{x[p9h+(1—/))9l}—]9>0}:1—G<M>~ (2)
Let p(p) = pbn+(1—p)0; be the choke price defined by the equation D(p, p) = 0. It represent
the highest possible price a firm may charge when its product is believed to be of high quality
with probability p.

We need an assumption regarding the cost and quality of firms.
Assumption 1 6, > ¢, > 0, > ¢.

Denote by 7 (p, 0;, p) = D(p, p)[p — ci],i € {l, h} the one-shot profit of the firm producing
quality 6;, charging a price p and enjoying consumer belief p. Let 7*(0) = maxn(p, p,1)
and 7*(0;) = mazxn(p,0;,0) be, respectively, the optimal profits gained by the phigh—quality
and low-quality %rms when the consumers know their types; the corresponding optimal prices
are respectively p*(6) and p*(6;). If a high quality firm is perceived as a low quality one,

the maximal profit he could gain is
7 (0;|0r) = max(p — cn)D(p,0), s.t. : D(p,0) =0
2

Under the above assumption, consumers will pay at most 6; for a product believed to be
of low quality, which is strictly lower than its production cost c¢j, consequently, the firm
will suffer a loss when the market demand is positive, therefore, 7*(6;/05) = 0. The profit
and optimal price of a low-quality firm being perceived as a high-quality one are denoted
respectively by 7*(6,,10;) and p*(65|6;).

The game proceeds as follows:

e At the beginning of the first (or introductory) phase, nature draws the quality of
product according to Pr(f = 0;) = \;

e The firm sends a binary signal m = (p,a) € [0, 4+00] x {0, 1} to the potential consumers;



e The consumers update their prior belief pg = A and form a posterior belief p = Pr(0 =

Or|m) and demand D(p, p) upon observing the firm’s price and advertising decisions;

e The game then enters the second (or mature) phase. The product attracts repeat
purchases if and only if it is of high quality and the sales volume in the introductory
phase exceeds certain minimum level D,,;,, in that case, customers buy a product
repeatedly in every period afterwards knowing its true quality.; the game terminates

otherwise.

In economic literature, an experience good, as opposed to search good, is defined as
a product or service whose characteristics are difficult to observe in advance, but these
characteristics can be ascertained immediately after it is consumed. In this paper, however,
we assume that the product’s quality could not be fully revealed to the consumers until they
consume certain amount of it. (One can not know the proof of pudding once take a bite.)
Examples are medicines, whose curative effects could not be observed until a lowest possible
dose and length of treatment are reached. Another class of examples are durable goods,
whose performance levels and failure rates may be revealed only after prolonged use. In our
model, each consumer has a potential demand for one unit of product. There exist consumers
of unitary mass in the market at the beginning of the first period, everyone of them either
makes a purchase or does not, and then leaves the market at the end of the first period.
The users the product may share their experiences with the potential consumers outside
the market and persuade them to enter or stay out of the market, but they themselves will
not enter again. A continuum of new consumers of equal mass will enter the market at the
beginning of the second period only if they fully know that the product is of high quality. It
is assumed that there exists a critical value of initial purchase of high-quality product (it is
also the number of users since each one purchases one unit.) beyond which everyone outside
the market may get informed. However, if the number of users is smaller than this critical
value, the quality of product is known to only a small coterie of people with negligible small
size and almost no one will be persuaded to enter the market. Here we implicitly assume
that the information diffuses in the way of word-of-mouth communication rather than via
mass media.

Let § € [0,1) be the firm’s discount factor. II(6, p, p, a) is the expected net profit gained

by a 8—type firm enjoying consumer belief p and sending an introductory signals (p, a).

H(ahvpvpv a) = D(p» p)[p - Ch} + 1 idﬂ—*(eh)]l[D(pa P) > szn} —ak (3)

H(glapapaa) - D(p,p)Lpfcl] —ak (4)

1[-] is an indicator function.
We now consider the separating perfect Bayesian-Nash equilibrium in which high-quality
and low-quality firms choose different signals. Then observing price and advertising allows

the consumers to be fully informed of the firm’s type. Whatever choice (p(6;), a(6;)) is made



in the separating PBE this choice must yield p(p(6;),a(6;)) = 0, therefore, the best choice
of 6;—type firm in the introductory phase is p(6;) = p*(6;),a(8;) = 0. That is to say, the
low-quality firm has no incentive to signal his quality via distorted introductory price or
dissipative advertising. In any separating equilibrium, the high-quality firm’s choice (p,a)
must satisfies the following two conditions:

D, )lp — ex] + 11D(p,1) > Dynin] 22" (02) — ak

(5)
>mas {D(p, 0)[p — cn] + 1[D(p, 0) > Dmm}lféw*(eh)}

7 (01) = D(p*(61),0)[p*(01) — c1] = D(p,V)[p — 1] — ak (6)

The inequality (5) asserts that a high-quality firm would rather choose (p,a) and be
perceived as high-quality than be perceived as low-quality and optimize accordingly, while
(6) assert that the low-quality firm has the reverse preference. Their choices are all sup-
ported by the belief p(p,a) = 1, p(p*(6;),0) = 0 and for all other choice (p’,d’), p(p',a’)
is sufficiently small (e.g., zero) that neither player wishes to deviate to (p/,a’). Given
this belief, the high-quality firm will not advertise if he deviate from equilibrium. His
deviating profit 11 = max {D(p, 0)[p — cn] + 1[D(p,0) > Dmm]l—f(sw*(eh)} and price p?
are determined by his diZcount factor 6. If %W*(Gh) > Doin [ch -G (1 - Dmm)ﬁl},
p? = G7H1 = Dipin)0y, I = 257 (01) — Dinin [ch — G711 — Dy )01]; if 1257(05) <
Din [ch -G - Dmm)Gl], p? = 6, TI* = 0. That is to say, when being perceived as
low-quality a farsighted high-quality firm will endures the temporary misunderstanding of
consumers and charges a low price to attract repeat purchases, because his mature-phase
profit is more than enough to cover the loss suffered during the introductory-phase; while a
myopic high-quality firm will exit the market when being perceived to be low-quality.

It immediately follows from (5) and (6) that if a(6y) = 1, then p(y) € S(k); if a(6r) = 0,
then p(6p) € S(0), where

4]
1-946
S = {7 € Ry [mgz { D0 = ] + 11D(0.0) > Dyl gm0} 1 (D)

D(p, 1)(p - Ch) + ]]_[D(p, 1) 2 DnLin]

7 (On)—

x> D(p,1)(p—a)—m"(0)

The following lemma states the existence of the separating PBE.

Theorem 2.1 There exists a separating PBE if and only if for some (p,a) € Ry x {0,1},
p € S(ak); at any separating equilibrium, the high-quality firm chooses (p,a) that satisfies
p € S(ak), the low-quality firm chooses (p*(0;),0). Customers’ belief are given by p(p,a) =1
for point chosen by the high-quality firm, p(p*(6;),0) = 0, and, for all other out-of-equilibrium
points (p',a’), p(p',a’) is sufficiently small (e.g.,zero) that neither player wishes to deviate
to 1t.



The situation in which D,,;, = 0 and a separating equilibrium exists is depicted in figure
1. From this we find that there are typically many separating equilibria, the Cho-Kreps
intuitive criterion can be usefully employed in this environment to select among equilibria.
It says that if there exists an out-of-equilibrium pair of price and advertising (p’,a’) that
may be profitable for a high-type (low-quality) firm but which is never profitable for a low-
quality (hight-quality) firm no matter what uninformed consumers believe, then uninformed
consumers must believe that the deviator is of high-quality (low-quality). In effect, the
firm makes an implicit speech as to quality with the selection of the signal (p’,a’), and the

equilibrium where 6}, chooses (p, a) is overturned..
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Figure 1: Separating equilibrium without demand constraint.

Theorem 2.2 Among all separating equilibria, (p(0y),a(0r)) = (p*,a*), (p(6;),a(6;)) =
(p*(6;),0) are the only pairs of price and advertising surviving a refinement based on the

intuitive criterion, where

0
(p*,a*) =  argmax {D(p, Dp—cn] +1[D(p,1) = Din) ——=7"(01) — ak} .

peS(ak),ac{0,1} 1-6
Proof. Suppose that (p(6)),a(0r)) # (p*,a*), then (p*,a*) is an off-equilibrium pair of
signals. The equilibrium payoff of high-quality firm is

I1*(6n) = D(p(6n), 1)(p(0n) — cn) + L[D(p(6n), 1) > Dmm]%w*(ﬁh) — a(bh)k.

His highest possible profit when deviating to (p*, a*) is II(p*, a*,0) = m[%zaf]l'[(p*, a*, p,0p).
pelo,

It is obvious II(p*, a*,0;) = D(p*,1)[p* —cp]+1[D(p*, 1) = Dypin] 1257 (04) —a*k > 11*(6),).

The equilibrium payoff of low-quality firm is IT*(6;) = 7*(6;), while his highest possible payoff

when deviating to (p*,a*) is

(p*,a*,0;) = maz. {D(p*, p)(p" — ) —a"k} = D(p*,1)[p* —a] —a*k < 7*(6)).
p€lo,

7



Then there exists a pair (p/, a*) # (p(0n,a(fy,))) which satisfies p’ € S(a*k) and is sufficiently
close to (p*,a*) such that the highest possible payoff of the high-quality firm when deviating
to (p, a*) is strictly larger than his equilibrium payoff, the opposite is true for the low-quality
firm: TI(p',a*,0y) > II*(04),11(p', a*, 0;) < II*(6;). Therefore, beliefs following observation
of (p/,a*) must ascribe probability one to the high-quality firm. This elicits the high-quality
firm to deviate to (p’,a*) and thus overturned the equilibrium where (p(6y,), a(6y)) is chosen.
]

Consider again Figure 1. We express the upper and lower roots of D(p, 1)(p—c¢;)—n*(6;) =
k as p(k) and p(k). p(04) satisfying (5) and (6) is not in general unique, there is a continuum
of separating equilibria. However, an appeal to the intuitive criterion prunes all candidate
signals with the exception of (p(6r),a(6)) = (p(0),0). This outcome is usually referred
to as the efficient equilibrium outcome (or Riley outcome, after Riley,1979), since it is the
equilibrium in which high-quality firm spends the least amount of resource in signaling to
the consumers their type. We can find that the increasing of advertising price has two
opposite effects. On the one hand, advertising can be viewed as a wasteful expenditure.
In that case, the equilibrium associated with the lower advertising level is better than that
with higher advertising level. On the other hand, advertising allows the high-quality firm
to charge a less distorted price and thus increase his profit. With the aid of an expensive
advertising, the high-quality firm could distinguish himself with a not-too-high price. Under
this interpretation, the equilibrium associated with the higher advertising level is Pareto
dominant. The decision to advertise, or not to, depends on the trade-off between these
two opposite effects. Since ¢ > ¢, the high-quality firm prefers to choose a higher price
and zero advertising to signal his quality and compensate his production cost as well. If
0 < Dpmin < D(p(0),1), the highest possible introductory price a high-quality firm might
charge without losing the future profits is higher than p(0). That is to say, the minimum
demand does not impose any restriction on the high-quality firm’s decision, and his optimal

choice of price and advertising is unaffected.

Theorem 2.3 If D, € [0, D(D(0),1)], then in the intuitive equilibrium p(0y) = p(0), a(0r) =
0.

3 myopic case

We first discuss the myopic case with %W*(&h) < Duin [ch -G - Dmm)ﬁl]. In this

case,

o .
S(JE) =<(peRy . (8)
z a2 D(p,1)(p—a)—7"(6h)
The following theorems 3.1 to 3.6 summarizes with the full characterization of the equilibrium

advertising and pricing strategies.



Theorem 3.1 If (8, Dpin) € m1,

[Dimin — D(p(0), 1)]Ac <
< max{ [D (B (Dmin [G_l(l - Dmm)eh - Cl] - W*(al)) ) 1)
— D(H(0),1)] Ac, Dyin [en — G (1 = Dypin)1] }

D(p*(04161),1) = Dinin = D(P(0),1)

my = ((57 Dmin) S [O, 1]2

then in any intuitive separating equilibrium the high-quality firm’s strategies are given as

follows:

7*

1. when k* <k <

)

mam{p p*(0n)} if G711 = Dinin)0n > p*(01)
mm)oh Zf Gil(l - szn)eh < p*(eh)
1

0,) =
2. when k < k*, ork >k, p(0y) = p(0),a(6) =0
where

k*

Y[G (1 = Dinin)0n] = Dimin [G™H(1 = Dynin)bn — 1] — 7*(61) (9)

= 1 i 577*(9’1) + D(p(6r), 1)[p(h) — cn] — D(p(0),1)[p(0) — cp] (10)

Figure 1 depicts the results of theorem 3.1. If advertising price were low (k < k*), the
information content contained in advertising is limited, therefore the high-quality firm has
to distinguish himself from his low-quality counterpart using largely distorted price (relative
to the complete-information price p*(6p,)). Following the same logic as for the case without
minimum demand, the pair (p(k),1) is obvious dominated by (p(0),0). Using a downward
distorted price and advertising pair (p(k), 1), the firm might get extra revenue %ﬂ* (0r) from
future sales. An myopic firm, however, does not pay much attention to it. So it is optimal
for a high-quality firm to signal with (7(0),0). If advertising price were extremely high, i.e.,
k> E*, the firm might also choose not to advertise. After all, advertising is a dissipative

expenditure. The firm will only advertise for some intermediate k, i.e., k* < k < k.
Theorem 3.2 If (6, Dpin) € ma,

max { [D (}3 (Dmm [G_l(l — Dypin)0n — Cl] - W*(al)) ) 1) -

mo = ((5; szn) S [07 1]2 D(T)(O)v 1)] AC, [Dmin - D(ﬁ(O), 1)] AC} < ﬂ-*(eh) §
min {Dmm [Ch - G71(1 - Dmin)el] ) [D(E(O)v 1) - D(ﬁ(O% 1)} AC}

then there exist critical values k*,k*, k" such that

1. when k € (0,k™], p(6n) = p(0),a(br) = 0;



Ap)=Dp.V)p -] + 5 a T (8))

- ;1
A%W*(ﬁh] 4 4D(p. 1) [p — ]

"{;(p) =D(p, 1) [p—c] —7*(8)
. 4:_7)(1). 1)[p — cn)

c p(0) cn P*(0n0r) p*(On)

G (1 - Drmu)eh

Dmin [Ch - Gi](l - Dmin)af] =

. §
[Tnl] * 1 l‘_ OJT* (6) [D (L (Dmrn [G_](]' - D?”j“)ai' - ('."]
D(p™(0n]61). 1

1 0 ()_Ws((?]];) = [Dm.l'n - D [) [) ]A{

—7*(6)).1) — D(B(0).1)] Ac
2 -Dmru = D(f_(o) )

Figure 2: myopic case 1

2. when k € (K™, k*], p(0r) = p(k),a(bn) = 1;
3. when k € (k*, k],

- {max{p(k‘),p*(@h)} if P (0n) < GY(1 = Dyin)On
p(0n) =

<p(0)
Gil(l - Dmin)eh Zf B(O) < Gil(l - szn)ah X ( )
a(eh) = 1.
4. when k € (k' ,+00), p(8y) = p(0), a(d),) = 0.
where k* is given by
-+ [D(p(k), 1) — DF0), )] e = > (0h), (1)

k* and &~ are given by (9) and (10).

Theorem 3.3 If (0, Dpin) € ms,

[D(p(0),1) ~ D(F(0),1)] Ac < —2—x*(01)
msz = { (6, Dynin) € [0, 1)? < Doin [ch -G71 - Dmm)el]

D(ﬁ(O), 1) 2 Dpin, 2 D(E(O)v 1)

10



Alp) = D(p, 1)[p = cn] + 7557 (0n)

Aoz 6n) D

N
G_l (1 - Dmm )9,!,

max { [D (£ (D,,,,—n [G_l(l — Dyin )0 — c.’;] - ?\‘*(9}')) , 1) -

_ _ 5,
my — 1] - 4 D@O). D] Ac. [Drnisy = D@(0). 1) Af.} < 757 (0) <
min {Dmin [(-‘h -G Y1 - D,,,;,?)r‘);] . [D(B(O). 1) — D(p(0), 1)] Ac
p*(gh‘g!} g Gil(l - '{)mhr)gh g ﬁ{”)
Figure 3: myopic firm: case 2-1
then

1. when k € (0,k*), p(0r) = p(k),a(0n) = 1;
2. when k € (k*,k ],

p(0n) =

maz{p(k),p*(0n)} if p*(0n) < G (1 — Dypin)0n < 5(0)

a(0h) = 1.

3. when k€ (k" ,+o00), p(6y) = p(0),a(0) = 0.
k* is given by (9),

k' = D(p(0r), 1)[p(6n) — cn] — D(p(0),1)[p(0) — cnl. (12)

Theorem 3.4 If (8, Dpin) € muy,

= (6, Din) € 0,1 257 (60) < AclDysy — D(p(0).1)

D(P(0),1) < Dpin < D(p(0),1)

11



A\[p) = D(p 1)[1'; - r'h] + ]ia 7'—’(6?1)

G_l (1 - Drm'n )Bh

max { [‘U (2 (I)min [("_1(] - ])min)gh - C’]_] - Tr*(gf)) ) l) -

D((0), 1)) A, [Dnin = D((0), )] Ac} < 27" (64) <

me — 2] 1—4
min { Dy [er = G7H1 = Dy )0] . [D(p(0), 1) — D(p(0),1)] Ac

2(0) < G_l(]- - Dmin)ah < T)*(ﬁhleﬂ')

Figure 4: myopic firm: case 2-2

Alp)=D(p,1)[p—cn] + %7."(9;,)

F Y(p) = Do) o~ ()

D(p,1)[p— en]

‘ .
Io* MO SO N [ N
7

\;.
G_l (1 - Dmiri)gh

d

_— { [D(p(0).1) = D(E(0). D] Ae € =" (03) < Do e — G (1 - D,,,,-n)ea]}
D(T)*(Gh‘gir)' 1) 2 Dmiu 2 D(]_)(U) 1)

Figure 5: myopic firm: case 3-1
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k*t-----f---

{ [D(P(U) ]-) - D(p(o) 1)1 Ac g - -W*(eh) g Dm.-'.n [Ch - Gi] (1 - Dmm)ef] }
[rms —2]: - 1-9
D('})* (6;, |6f) 1) "'-<\ Dmin é D(E(O) 1)

Figure 6: myopic firm: case 3-2
then p(6n) = D(0),a(6p) =0 for all k € (0, +00).

1%",5 T (gh)A

‘\(p) = DU; 1)[1) - ('h] + L:‘T’(Hh)

1—4

______________________

———————

a pO) cn T pr(6nle) B(0) B P

G_l (1 - Dmm )gh

J ,W*(eh] < A(J[Dmm - D(TJ(U) 1)]}
[my]: g 1—0

Figure 7: myopic firm: case 4
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Theorem 3.5 If (3, Dpin) € ms,

77T*(0h) < szn [Ch - G_l(l - szn)el]
ms = (67 szn) € [07 1]2 %7‘('*(9}1) > Doin [Ch — G71(1 — szn)eh] )
+ D(f?(O), 1)[?(0) - Ch]1§ Z Dinin 2 D(Q(O)a 1)

then p(0r) = G=1 (1 = Dunin) On,a(0r) = 0, for all k € (0, +00).

Alp) = D(p,1)(p— cn) + 257 (0n)
A

b ) D(p,1) (p— )

ST () = Dip, 1) (p— ) — 7 (8)

D(p.1)(p — en)

G_l( - Drm'n)lgh.

]
1 —
[?“5] : 1 i 67T*(Qh) 2 Dmm [C.ﬁ - G_l(.l - Dmin)")h] + D(ﬁ(()) l)[f_)(()) - (-'h]
1 ; -Dmr'n ; D(B(D) 1)

57T* (8.’4) g Dnn’n [C."z - G_l[]- - Dmin]el’]

Figure 8: myopic firm: case 5

Theorem 3.6 If (0, Dyin) € mg,

d

71-*(eh) < szn [Ch - G_l(l - Dmln)al]

1-9§
)

mo = 4 (8 Dmin) € 0.1 | ———*(6),) < [D(p(0),1) ~ D(p(0),1)]

then p(0r) = p(0),a(0,) = 0, for all k € (0, +00).

14



Alp) = D(p.V)p—e] + 257 (01)

N .ﬂ
AlaT(j“T*(gh) .",
D(p. 1) [p - el
‘,'/ S X(p)=D(p, 1) [p—cal -7 (6)
4' /,’ ;7
/’i——_l—::l\\ /'/. /.,'
A E SIS D(p,1)[p— cu]
NUREN

0

1— dﬂ'*(gh] g Dmiﬂ [(-‘h - G_l(]- - Dmin)ef]

[meg] :

—n*(01) < [D(p(0). 1) ~ D(F(0). 1)]
1 Z Dmin = D(B(O) ]-)

Figure 9: myopic firm: case 6

4 intermediate case
In this section we discuss the intermediate case with D,,in, [ch -G - Dmm)el] < %ﬂ* (0r) <
Diin [Ch - G_l(l - szn)el] + 71'*(9[).

Theorem 4.1 If (8, Dpin) € I,

1)
Dmin [Ch - Gil(]- - Dmln)al] < 17_67(*(0}7,)

< max {szn [Ch - G_l(]- - szn)el] + W*(el)7
[D (]2 (szn [G_l(l — Dmm)eh — Cl] — 77*(9[)) 5 1)
~ D(p(0),1)] Ac}

I

(5, Dmin) S [0, 1]2

then

1. when k € [0,k*), p(6n) = p(0),a(br) = 0;

15



2. when k € [k*, k),

p(Or) = maz{p(k),p*(0n)} if GH(L = Dimin)0n > p*(0n)
Gil(l B Dmm’)gh Zf Gil(l - Dmin)eh < P*(Qh)
a(fn) = 1

3. when k € [k ,+00), p(0r) = p(0), a(6;) = 0.

Alp) = D(p, Dp = cn] + Doinlen = G711 = Dpyin )01

A
D)=l
L e Y(p)=D(p,1)[p—c]—7(6)
- ’ 7
B Bty -
, = D(p.1)[p — ]
E* """"""" el ot [ ~ ;:.""""“'.;1- """
joh pmmm——m————— SR JF R S Y [ S e _.
,l\» | ) -~ N N —~
: \\ \ ,.l
/ | ! NN
/ ' ' RN
/ i ! N
L - —L S >
cr 'p(0) Ch P (0nl60) p* (8" 1 P(0) On
Pl v
G_l (1 - DHH‘H)HFL D“} 1)[1') - '”fr] + Dmin[(’h - G_l (1 - Dmiu)gﬁ'] - %W* (H.i;)

Drrrir: [(-‘h - 071(1 - -Dmin)gl'] \<\
. 1 -
7‘-*(9}:) < [‘D (E (IJMJN [G_IU - I)min)gh - (:;] - 71'*(9;)) » 1) - f)(ﬁ(()) l)] Ac

dﬂ*(gh) % Dmm [(:h - 6'71(1 - Dmm)ef] +7r*(9!)

1-9

Figure 10: intermediate firm: case 1

Theorem 4.2 If (0, Dpnin) € I2,

Dmin [Ch - G_l(l - szn)el] < mﬂ-*(eh)
1)
(6, Dynin) € [0, 1)% < Dinin [en = G711 = Diin)00] + 7 (60); 7—57"(600) >
y Pmin) € (U,

[D (B (szn [G_l(l - Dmm)Hh - Cl} - W*(el)) ,1)

2 (0) < [D(p(0),1) ~ D(F(0), )] Ac

I

— D(p(0),1)] Ac

then there exist critical values k*, & and k* defined in (9),(10), (11) such that
1. when k € (0,k7), p(6n) = P(0),a(fs) = 0;

2. when k € [k°, k"), p(6n) = p(k),a(0n) = 1;

16



3. when k € [k*, k)

p(0n)

max{p(k),p*(0r)} if G711 — Dpmin)0n > p*(61)
G_l(l - szn)ah Zf G_l(l - Dmin)ah < p*(oh)
a(@h) 1;

)

4. when k € [k, +00), p(6s) = p(0), a(d)) = 0.

Alp) = D(p, V)[p=en] + Doinlen = G7H1 = D004
gl

.
A 4
.
s

qu(p. 1) [p—

G—l (1 - Dmm)eh D(ﬂ 1)[}’ - f'h} + Dmin [(‘h - G71 (1 - Dnu‘n)Hf] - LT"* (914)

1—a

0
Dmin [(-Jh - G_l(l - Dmi:))f?!} \<\ mﬂ'*(ah) \<\ Dmm [C,"a - G'_l(]- - Dmm)ed +7['*(6])
o
[Iz] : m?’f*(ﬂh) z [D (2 (Dmur [G_l(l - Dlrun)ﬁh - (-'.’] - ?T*(HI]) 1) - D(ﬁ([)) 1]] Ac

r () < [D(p(0),1) — DF0). 1)] Ac

Figure 11: intermediate case 2

Theorem 4.3 If (0, Dynin) € I3,

Dmin [Ch - G_l(l - szn)el] < 1_ 67‘-*(6h)
< Dmin [Ch - G_l(l - szn)el} + 7T*(el);

2 (0) > [D(p(0),1) ~ D(R(0), 1)] Ac

I3

(6, Dmin) S [0, 1]2

then

1. when k € (0,k*), p(0r) = p(k),a(0x) = 1;

17



2. when k € [k*, k)

p(0n)

{ maz{p(k), p*(0)}  if G~1(1 = Duin)0n > p*(6n)

G_l(l - szn)ah Zf G_l(l - Dmin)ah < p*(oh)

1;

a(fn)

3. when k € [k, +00), p(dr) = p(0), a(by) = 0.

k* and E** are given by (9) and (12).

‘\(p) = D(‘U. 1)[1” - (‘f!} + Dmiu [(‘h -

el D(p
N A
IS M -
- RSN ”

G_l(l - D!HEHJHJ}

/,/'/ qu(p. 1) [p— e

-
-
-

\
<_-----.-..--_-

L

[
Dmin [(.Th - G_l(]- - Dr]:i::)gl] '-<\ 1— O—

ﬂ'*(eh) \<-\ Dmm [(:h - G_l(l
[13] :

ot (61) > [D(p(0). 1) — D((0), )] Ac

Figure 12: intermediate case 3

Theorem 4.4 If (8, Dpin) € 14,

Dmin [ch - G_l(l - szn)gl] <

n ((5, Dmm) S [0, 1]2

)
1-6

7T*(9h) > Doin [Ch — G_l(l

G_] (1 - Dmm)gh DU]- 1)[1'3 - f'!r] + Dnn’n[(’h -G~

-0
< Dmin [Ch - G_l(l - szn)el] + 7'('*(9[)§

- szn)eh]

+ D(P(0),1)[p(0) — cn); D(p(0),1) < Dpin

1(1 - DJNJH)GJ’] -

- Dmm)ef] + T (6[)

7 (0n)

then p(0) = G=Y(1 — Dpin)0n, a(0) = 0 for all advertising price k € [0, 4+00).

18
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-\(})J = D(}). 1)[10 - (‘h] + Dmiu [(‘h - 671(1 - Dminjaf]

& * IS
2 ﬁ; .
1—3"' ( ) \.\ 11)(1)_ 1) [p—eal
- —‘.\_ ==~ ,
.7 - o ~
7 SN Y@ =D ) p—al =7 (0)
7/ R N7
/ i i SN
/7 -~ | < K N
/ R | S N Dip,1)[p—en]

/ . ! N N 4

4 v . N

' ~ ;N\

4 ' ,
’ \ ' ' 7 \
/ ' i ! \,\\/ \‘
. ' | \
,IV ' : : KY \ -
(’gl_’ 1”(0) Ch P*(Hh‘gf) P* (Gh) E ‘T)(O) gh p
/'Iv :
/ v
v -
D(J’-’- 1)[‘-’ - f‘h} + Dmin[f‘h - G_] (]- - Dmiu)gf] - ﬁ‘"‘“ (9;,)

G71 (1 - Dmm)eh

§
Dmin I:{f.’r - G_l(l - Dm."n)ef] g m"’r*(gh) é. Dmin [(".h - G_l(l - Dmin)gf] + W*(Hf)

&
1— d—‘-‘-*('qh) 2 Dmm [(-'h - Gil(.] - Dmin'i‘}h)] + D(ﬁ(“) l)[ﬁ([]) - (?1,]

D(E([)) 1] é“ Dmin

Figure 13: intermediate case 5

Theorem 4.5 If

0
1-6
< Dmln [Ch - Gil(]- - szn)ol] + 7T*(el);

6
1f{;’n—*(eh) < Dmln [Ch - Gil(l - szneh)]

+ D(p(0), DP(0) — en); D(p(0), 1) < Drnin

Din, [Ch - G71(1 - Dmin)al] <

7 (0n)

I5 = (63 Dmin) S [0, 1]2

then p(0r) = p(0),a(br) = 0 for all advertising price k € [0, +00).

5 farsighted case

We now discuss the case with 1%571'* (0r) = Dpin [ch -G (1 - Dmm)ﬁl] + 7*(0;). In this

case,

0
1-0o

W*(ah) + Din [Ch — G_l(l — Dmm)gh] . (13)

D(p,1)(p — cn) + 1[D(p, 1) = Dpin] 7 (0n)

S(l‘): pEIR.:,_ _1

)
zx = D(p,1)(p—a)—m"(0)
It is obvious that S(z) N [G71(1 — Dypin)0n, +00) = 0 for every z € Ry. So the high-quality

firm will by no means charge an introductory price higher than G=(1 — D3, )05.
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qD(p. 1[p—el
Ap) = D(p, Dlp — en] + Dovinlen — G7H1 = Dipyin )01 .

_lﬂT(P) =D(p.1)[p—c] —=*(0)

D(p, D[p — en]
[ \ A
. N
. N
| SN
' N
reod YT
! L LY 1
e p(0) e P*(04100) p*(0n) ! p(0) On
: ’
v -
i Dip D)[p—en] + Dinlen = G7HL = D)0 = 1557 (01)
T 1(1 - Dmin)gh =e

-Dm.l'n [(-‘.Tr - G71(1 - Dmin)ﬁﬂ g_ 1 idﬁ'*(eh) g_ Dmin [(:fu - 671(1 - Dmin)e.’] + W*(Gf)l

1 =4
D )(D) 1) S Dmm

[IS] : ) ~ﬁ*(9h) \<__ Dmm [(:h - G_l(] - Dmingh)] + D(f’(“) l)[ﬁ(“) - (‘.IJ J

Figure 14: intermediate case 5

Notice that the curve I'(p) = D(p,1)[p — cn] + Dmin [ch — G711 — Dinin)0;] will be
shifted upwards as the minimum demand D,,;, increases, and thus the high-quality firm’s
“no-defect” condition (5) are easier to be satisfied. That is because when a high-quality
firm deviates from the equilibrium and thus be perceived as his low-quality counterpart, he
needs to reduce the price charged and thus suffers a loss at the first period to attract repeat
purchases. The higher the minimum demand, the greater will be his price reduction, and
thus the greater profit loss he will suffer. In order to guarantee the existence of separating
PBE for all advertising price, we assume that when the minimum demand D,,;, are such
that the highest possible price he could charge is at most p(0), I'(p) = D(p,1)[p — cn] +
Diin [cn — GTH(1 = Dinin)0;] is above Y(p) = D(p,1)[p — ¢;] — 7*(6;) in the first quadrant.
When D(p(0),1) = Dyin, T(p) = Y(p) = D(#(0),1) e —B0) g | + 7°(81) — D(p. )Ac,
Because I'(p) — Y(p) is increasing in p, I'(p) = Y(p) for all p > p(0) if T'(p(0)) = Y(p(0)).

We thus requires the following condition, which we maintain in this section.
Assumption 2
DEO).1) [en = PO} | > D) e~ (0] (14)

Figure (5) illustrates the pricing and advertising decisions in a separating equilibrium
satisfying the intuitive criterion in the case with 0 < Dy < D(P(0),1). For a given k,
the segments of horizonal axis and line k lying between I'(p) and Y(p) represent the set

of prices the firm may charge in separating equilibrium, while the price with highest T'(p)
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r(ll)) = D(‘U l)[P - (.(Hh)] + Dm.fra [('h - C;i] (l - D'raa'r!)ﬁf]

,

%—"T*(ﬁh )A .
e " LD (- )

~

! Y(p) = D(p.1) (p — c1) — 7*(8)
' ' N
HaE e A D(p.1)(p - cn)
RN .
Y (p*(Op))|--------frmmgtm =TT oo ¥ ""\'377'"
T T L ey
O R Rk seeEE RETuE R et

L o AN S

'V/ : : : (Ir\\ \

, ' i ' X \

e p(0) enp(k)  p*(04100)p*(0n)  P(K) B(0)0n p

N
(;_1 (I - Dmin) 9.‘:

Figure 15: The case with farsighted firm and 0 < D.,;, < D(p(0),1)

may be the price surviving the elimination of intuitive criterion. Advertising functions as
a complementary signal of price, higher advertising price enables the high-quality firm to
charge a less distorted price. If a high-quality firm choose to advertise, he must separate
with p(k) instead of a lower price p(k) when k is small, i.e., k < Y(p*(0},)), since the former
is closer to the full-information price p*()) than the latter one; while for sufficiently high
advertising price, i.e., k > T(p*(0r)), he may charge his full-information price p*(6,). If
he choose not to advertise, however, he may charge a higher price p(0). A high-quality
firm both gains and loses when he advertises. He gains by charging a less distorted price
and thus increasing profit; meanwhile he loses because a dissipative expenditure k£ has to
be paid. Because high-quality production is costly ¢, > ¢, the high price is the efficient
means of separation because the forgone profit is less than the advertising price. Thus, the
high-quality firm prefers to separate with the high price and zero advertising choice (p(0), 0).
If, however, the minimum demand D,,;, > D(p(0),1), high prices may restrict sales and
thereby deprive the high-quality firm of the future profits, then the high-quality product is

introduced at a low price and rise to a higher price in the mature phase.

Theorem 5.1 Suppose that (6, Diin) € Fi,
1)
7577*(%) > Dyin [en — G7(1 = Dinin)0i] + 7°(61),
Fl = (57 Dmin) S [0, 1]2 1=
D(p(0),1) < Drmin < D(p*(61),1)

then the optimal strategies and payoffs of a high-quality firm in an intuitive separating equi-

librium dependent on the advertising price k:

1. if0 <k <Y (G'(1 = Dpmin)0h), then p(6n) = p(k), a(0n) = 1, 11(6) = D(

s}
=
=
:_/
—
=
=)
=
=
S~—"

|
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en] + 2557 (0n) — ks

2. if T (G7YH1 = Dyin)0n) < k < Y(p*(0n)). then p(0y) = B(k),a(0) = 1, 1I(6y) =
D(p(k), V[p(k) — e + 1257 (0n) — k;

3. if Y(p*(On)) <k <k =7%(0p) — D(p(0),1) [p(0) — cn], then p(61) = p*(6n), a(6h) = 1,
T(0h) = %) — k;

4 if k >k, then p(6) = p(0),a(6x) = 0, TI(6,) = D(p(0), 1)[p(0) — ca] + $257* (61)-

Proof. When D,,;, € [D(p(0),1), D(p*(6p),1)),

max {D(p,1)[p — cn] — k}

pES(k)
D(p(k),)[p(k) —cn] =k if 0<k <Y (G (1= Dpin)bh)
=9 D@k), DB(k) —cp] =k if T(GT' 1= Dpin)0p) <k <T(p*(0r)) (15)
™ (0n) — k if k=7 (p*(0n))
Jmaz, {D(p, D[p — cnl} = D(p(0),1)[p(0) — cnl. (16)

We get immediately the optimal choices and corresponding profits of high-quality firm. m
When the advertising price is low, its signaling function might be weak, the high-quality
firm has to distinguish himself with an extremely high or low price which are never profitable
for the low-quality firm. In the case without minimum demand, and thus the sales during
mature phase is independent of sales during introductory phase, the high-quality firm might
prefer to choose a high price since it signals its quality and compensates its higher production
cost as well. In the present paper, the high-quality product attracts repeated purchases if and
only if the volume of introductory sales exceeds certain threshold value. In this case, high
prices which discourage sales become a less attractive method of signaling high quality. A
farsighted high-quality firm might instead prefer to signal with a low price if the advertising
price is low (i.e., k € (0, (G~*(1 = Dyyin)01)), in which case price would tend to rise over
time; he may still signal with a high and declining price for an intermediate advertising price
(i.e., k € [Y (G7H(1 = Dinin)bn) , Y(p*(6))); when the advertising price exceeds Y (p*(6})),
advertising itself may convey enough information about product quality, the firm thus needs
not to signal its quality with a distorted price; when its price goes beyond a critical value l%,

advertising may become too expensive to be adopted by the high-quality firm.

Theorem 5.2 Suppose that (8, Dyin) € Fo,

1)
Fy = (6, Dyin) € 0,121 90
D(p*(01),1) < Dynin < D(p(0),1)

71-’k(eh) 2 Dmin [ch - G_l(l - szn)el] + 7T*(el)a

then the optimal strategies and payoffs are given as follows:

1. ifk € (0, (G7H(1 = Dynin)0r)), then p(0n) = p(k),a(0r) = 1, 11(6) = D(p(k), 1)[p(k)—
en) + 557 (0n) — ks
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F(P) = D(P- 1)[]’)_ (‘h] + Dmr‘u [(-ﬁ - G_l(l - Druin)ﬁf]
K

4 D)l el

-
T (p*(01))
T [G_l(l - Dmin)gh]

ke

G_l (1 7 Dmin)eh

J * — *
F[ . mﬂ— (933) ; -Dmin [(-Jh -G 1(1 - -Dmin)ﬁ!] + T (61)
})*(9}',) g G_](l - Dmin)eh ‘g !_)(0)

Figure 16: The farsighted case with D(p(0),1) < Dyin < D(p*(01),1).

2. ifke [T (G (1 = Dypin)0h) k) then p(01) = G (1 — Duin)0n, a(0p) = 1, TI(0;) =
szn[G_l(l - Dmin)eh - Ch} + %ﬂ-*(eh) - k;

3. if k € [k, 00), then p(fr) = p(0), a(6r) = 0, T1(61,) = D(p(0), )[p(0) — cu] + 7257 (6n).

where
k = Diin [GT(1 = Dyin)0n — ] — D(p(0),1)[p(0) — cx). (17)

Theorem 5.3 Suppose that (6, Dpnin) € F3,
0

Fy = (6, Dyin) € [0, 12|10
+7(6,); D(p(0),1) < Dypi < 1

7T-*(eh) 2 Dmln [Ch - Gil(l - szn)el]

thenp(eh) = G—l(l—Dmm)Hh,a(Gh) =0, H(@h) = Dnin [G_l(l — Dmin)eh — Ch]—l-%ﬂ'*(eh).

Theorem 5.4 The price-quality relationships in the introductory phase are:
1. if Dyin € [0, D(D(0),1)], then p(0r) > p(6;);
2. if Dyin € (D(P(0),1), D(p*(6;),1)), then there exist critical values k and k, such that
the high quality firm will charge a price higher than its lower counterpart, e.g., p(6y) >
p(6)) if and only if k € (12;, k, );

3. if Dmin = D(p*(6)),1), then p(6y) < p(6)).
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G_l (1 - Dmin)g?

1]*(911) '
E : P*(61)
r(0) gemmmnnn- ———  p(0h)
i Je
™ (gh) E i
a i i )
| 7 (6) — DR(). DAc + 257 (6))
1 i
7 (6) — D(p(k), 1)Ac+ 1%-6??*(5}.J<~~ . E E
' E T (On .
b \ 7 1(_;') —k
i

TG0 Dndbi] X (5" (0n) & §

a = Dluiu [G_l(l - Dnr;n)eh - ('_J,] + 1 i(’-ﬂ-* (efi) - (G_l(l - Drnin)gh)
b = % + 7 (8)) — D (p* (6y) 1) Ac
e = D@EO).D[p(O) - c(6,)] + ——7" ()

Figure 17: Price and payoff in the case F}.

6 Conclusion

We analysis the pricing strategy of an experience good with minimum demand for a monop-

olist firm in the setting of repeated sales. we find that

1. If there is no minimum demand and the advertising is not free, the high-quality firm
will distort upward his introductory price; while if there is no minimum demand and

advertising is free, the high-quality firm will distort his introductory price downward.

2. If the minimum demand is not to high, the high-quality firm’s introductory price is not
a monotonic function of the advertising price k. It increases when k is relative small,

then decreases when k is larger than some critical value.

3. If the minimum demand is high enough, the high-quality firm’s introductory price is

24



I'(p) = D(p. 1)[p — ca] + Dinin [en — G7HL — Dy )64
) * /7,
17.51T (9}1)/ .

. ﬂD(j).].)DJ*!';]

rd

IS

T (G71(1 - Dmin))

A

p(0) p(k) POlO) D 0 B(R) BO) B

’

=V

’
5

G! (1 — Dinin) O

Pa— *91 >Dmin -'e_G_l ]-_Dmr'na (o
B 1 1_O7T(f)/ [ ( )6 + 7*(6))

p*(ehleﬂ) g G_](]- - Dmir:)ah ‘-":./‘: ])*(Hh)
Figure 18: The farsighted case with D(p*(0p),1) < Dpin < D(p*(01)6;),1)

not affected by the advertising price.

4. There exist no strong and positive price-quality correlations and advertising-quality

correlations, these relations both depend on the advertising price and minimum de-

mand.
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I?A

G_](l - Drnin)Hh _______________ *—

; i i p*(h)
0 /480 S — S

k ! k

~(0h) ; ;

A ! !
—— . |

. Y A § \ ! .lx.'
i SR :
1 : >
I

T [GH(1 ~ Duin)4]

a = Dmin [ ?71(1 - Dmin)‘gh - (:h] + 1 j ()AT* (91’1] - T [ ?71[1 - Dmin)ﬁh]

"'T*(eh)

c = D(p(0),1)[p(0) — c(8;)] + T

Figure 19: Price and profit of high-quality firm in the case F, — 1: %W*(Qh) >
Diin [Ch - G_l(l - Dmin)al] +7(6); D(p*(0r),1) < Dimin < D(p*(0101),1).
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