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Assuming the two retailers decide whether to acquire information to segment consumers and price them differently, we in-
vestigate the problem of information acquisition and third-degree price discrimination in the supply chain composed of one
common manufacturer and duopoly retailers. We explore how the supply chain members’ pricing decisions are affected by the
fraction of high price-sensitivity consumers and the consumers’ difference in price sensitivity. Analytical results show that the
manufacturer’s wholesale price increases with the fraction of high price-sensitivity consumers and decreases with the consumers’
difference in price sensitivity. Moreover, if a retailer chooses to acquire information and price discriminate, the retail prices for
two types of consumers increase with the fraction of high price-sensitivity consumers. However, the retail price for consumers
with high (low) price sensitivity decreases (increases) with the consumers’ difference in terms of price sensitivity. By comparing
the results among different information acquisition and price discrimination decisions, we find that there exist two possible
equilibrium decisions for both retailers: both retailers acquire information and price discriminate and no retailer acquires
information and each charges a uniform price for all consumers. The strategy which dominates depends on the fraction of high
price-sensitivity consumers and the consumers’ difference in price sensitivity. However, compared with no retailer acquiring
information, the manufacturer is better off when two retailers acquire information. Consequently, the manufacturer designs a
fixed fee contract to stimulate retailers to price discriminate and to achieve a win-win situation for them finally.

1. Introduction

With the progress of information technology and data
science, retailers have more incentives to collect consumers’
purchase history data. For example, retailers can track
customers’ purchase histories by using optical scanning,
Internet cookies, loyalty cards, and other automatic data
collection devices. Coupled with the recent emergence of
cloud computing and big data technologies, retailers” ability
to price discriminate based on purchase history of con-
sumers has been enhanced greatly. By acquiring and ana-
lyzing consumers’ purchase information, retailers can
classify new and existing customers and charge them dif-
terent prices. Therefore, price discrimination has become a
prevalent business strategy. For example, the new customers

can obtain the free delivery service from the online retailer
AuchanDirect, and the existing consumers can obtain a
discount for the season ticket renewed by Parisian rugby
club Stade Francais CASG [1].

This increasing practice also has attracted a lot of at-
tention among scholars in the last few years. The scholars
referred to this phenomenon as behavior-based price dis-
crimination (BPD) in the literature and attempted to give
some useful insights about its profitability. For example,
Jeong and Maruyama [2] use a two-period model to study
whether firms need to adopt BPD in markets with switching
costs. They find that both firms selecting uniform pricing is
the dominant strategy. Choe et al. [3] study how the BPD
affects firms’ prices and profits over the two periods. They
show that, compared with the strategy that both firms adopt
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uniform pricing, BPD makes the two firms gain less profits.
Esteves and Reggiani [4] study the effect of the demand
elasticity on the BPD. They find that, compared with the
scenario where firms charge a uniform price for consumers,
the firms are worse off when they adopt BPD. Moreover,
they show that the negative impact of BPD decreases with
the increases of demand elasticity. Estevers [5] explore the
relationship between BPD and retention offers, assuming
that the firms give their customers a retention discount to
reduce switching. He finds that the BPD is also detrimental
to both firms. In general, these studies all show that adopting
BPD strategy is bad for firms. Other researchers have shown
that BPD strategy can be profitable under some conditions.
For example, Shin and Sudhir [6] find that firms can adopt
BPD when customers” demands are heterogeneous. Jing [7]
finds that BPD can be profitable when customers are un-
certain about an experience. Pazgal and Soberman [8] find
that a firm can benefit from BPD if it gives returning cus-
tomers additional benefits. Li and Jain [9] find that adopting
BPD is more profitable than setting a uniform price for all
consumers if consumers’ fairness concerns are sufficiently
strong. Following them, Jing [10], Rhee and Thomadsen [11],
Li [12], and Zhou et al. [13] also study the conditions where
BPD can be profitable.

The above literature studying BPD all assumed that the
information obtained by firms only helps firms to distin-
guish consumers between their own and rivals (called the
first piece of information) and price them differently. Very
limited studies focus on additional information about
consumers from their purchasing histories. However, in the
era of big data, with the improvement of data analysis
technologies, in addition to the first type of information, the
consumers’ characteristics information (called the second
piece of information) is also available to the firms. For
example, the firms can mine the consumers’ characteristics
(e.g., preference, sensitivity, and fairness) by using user
profile technology to analyze consumers’ information ob-
tained by firms.

The consumers’ price sensitivity is a valuable and
common second piece of information for firms [14-17].
With “price sensitivity,” we mean that extent to which a
variation of the price of the good affects the utility of a
consumer buying that good (see, for example, Erdem et al.
[18]). In this respect, a firm can learn about the consumers’
price sensitivity from their purchasing information and
properly design-targeted prices for different price-sensitivity
consumers. Therefore, in our paper, we assume that the two
retailers are able to obtain the two pieces of consumers’
information and set different prices for different-type
consumers.

The study that is the closest to ours is Colombo [19]. He
assumes that each firm is able to distinguish between the
consumers who have bought from it and those who bought
from the rival. Furthermore, each firm can learn about the
price sensitivity of their own consumers. Building a two-
period model (in the first period, firms have no information
to segment consumers. After observing consumers’ pur-
chasing behavior, firms divide consumers into new and
returning customers, as well as the high price-sensitivity and
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low price-sensitivity consumers in the second period, and
price accordingly.) of behavior-and characteristic-based
price discrimination, he studies whether firms can benefit
from price discrimination. He also discusses the implica-
tions of price discrimination on consumer surplus and
welfare.

This paper differs from Colombo [19] in two aspects. On
the one hand, Colombo [19] assumes that the price dis-
crimination is an exogenous setting. Once consumers make
their purchasing decisions in the first period, the consumers’
purchasing information is available to the firms in the
second period. Then, firms use the information to segment
consumers into different groups and price them differently.
In contrast, we endogenize retailers’ decisions to acquire
information and price discriminate and make them be the
retailers’ decision variables. Under this setting, the two
retailers can endogenously decide to acquire information
and price discriminate or not. If a retailer finds that price
discriminate between different types of customers is bad, it
can choose not to obtain the information and sets a uniform
price for all consumers. We try to explore which option of
information acquisition and price discrimination is optimal
for two retailers.

On the other hand, Colombo [19] examines price dis-
crimination in a nonchannel setting. He mainly focuses on
horizontal competition between two firms and explores how
the price discrimination affects two firms’ performance,
consumer surplus, and social welfare. On the contrary, in
our paper, we study information acquisition and price
discrimination in a channel setting in which a common
manufacturer sells to consumers through two retailers. Our
main contribution is introducing channel’s vertical com-
petition between channel members and showing how the
retailers’ different options of information acquisition and
price discrimination impact the manufacturer’s and re-
tailers’ performance, as well as the whole channel’s
performance.

Motivated by the facts discussed above, we seek to an-
swer the following questions. (i) What are the effects of the
consumers’ difference in price sensitivity and the fraction of
high price-sensitivity consumers on the manufacturer’s and
the two retailers’ pricing decisions? (ii) Should two com-
peting retailers acquire information and price discriminate
when they face competition in the supply chain? (iii) How do
the two retailers’ pricing discrimination strategies influence
the manufacturer’s and the whole supply chain’s
performance?

To answer these questions, we formulated an informa-
tion acquisition and third-degree price discrimination game
in the supply chain with one common manufacturer and two
competing retailers. We assume that the two retailers could
choose to acquire information and price discriminate or not.
We also assume that if retailers choose to acquire infor-
mation, they can distinguish not only between their own and
rival’s consumers but also the consumers’ price sensitivity
(high price sensitivity or low price sensitivity). Based on two
retailers’ choices of information acquisition and price dis-
crimination, three possible information acquisition and
price discrimination structures are built: (i) no retailer
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acquires information and each sets a uniform price; (ii) only
one retailer acquires information and price discriminates;
and (iii) both retailers acquire information and price dis-
criminate. This paper yields a number of interesting results
based on the analysis of the equilibrium solutions.

First, we show that the fraction of high price-sensi-
tivity consumers and the consumers’ difference in price
sensitivity affect the supply chain members’ pricing de-
cisions. Specifically, the manufacturer’s wholesale price
increases with the increase of fraction of high price-
sensitivity consumers while decreases with the difference
in price sensitivity. Moreover, when the retailer chooses to
acquire information and price discriminates, the selling
prices set by the retailer for consumers with different price
sensitivities increase with the fraction of high price-
sensitivity consumers. However, the retailer’s selling
prices on consumers with high (low) price sensitivity
decrease (increase) with the consumers’ difference in
terms of price sensitivity.

Second, we show whether the two retailers’ choice to
acquire information and price discriminate is affected by the
two factors: the fraction of high price-sensitivity consumers
and the consumers’ difference in price sensitivity. Specifi-
cally, the two retailers will choose to acquire information and
price discriminate only if the consumers’ difference in price
sensitivity is sufficiently large and there exist lots of con-
sumers with high price sensitivity. Otherwise, the optimal
strategy is that no retailer acquires information and each of
them sets a uniform price as an optimal strategy.

Third, we find that the retailers’ strategies of information
acquisition and price discrimination also affect the manu-
facturer’s performance, as well as the whole supply chain’s
performance. On the one hand, for the common manu-
facturer, the strategy of both retailers acquiring information
and price discriminating always makes the manufacturer get
the highest profit compared to the other two strategies. On
the other hand, the strategy of both retailers acquiring in-
formation and price discriminating also makes the whole
supply chain better off.

Finally, we find that, choosing a proper value of the fixed
fee, a fixed fee contract designed by the manufacturer can be
used to stimulate the two retailers to acquire consumer’s
information and practice price discrimination regardless of
the difference of price sensitivity and the fraction of high
price-sensitivity consumers.

The rest of this paper is organized as follows. In Section
2, we present the models, the notations, and the assumptions
of this paper. In Section 3, we formulate the equilibrium
solutions of different models at the second stage and analyze
the effects of two parameters on pricing decisions: the
fraction of high price-sensitivity consumers and the con-
sumers’ difference in price sensitivity. We also compare and
analyze the equilibrium profits among different models in
Section 3. In Section 4, we analyze and compare the two
retailers’ equilibrium information acquisition decisions at
stage 1. In Section 5, we design a fixed fee contract for the
manufacturer to motivate the two retailers to choose to

acquire information at the first stage. Finally, Section 6
concludes this paper. Appendix provides the proofs of all
propositions and corollaries.

2. The Model

Consider a standard supply chain in which a manufacturer
(it is denoted by M) sells his product through two competing
retailers (she and he are denoted by R, and R,). The two
retailers are identical except for the choice of information
acquisition and price discrimination. Moreover, both re-
tailers compete in a linear market of one unit length. R, and
R, occupy the endpoints of this linear market, namely, 0 and
1, respectively. Figure 1 shows the supply chain structure.

Consumers are uniformly distributed along the linear
market. We assume density is one, and we denote by
x € [0,1] the location of each consumer in the market.
Therefore, the x indicates the preferred variety of a given
product for a consumer located at x. The more distant the
product is from x, the less utility the consumer gets from the
product. Furthermore, we assume that, at any location x,
there are two types of consumers: consumers with a high
price sensitivity (H) and consumers with a low price sen-
sitivity (L). Specifically, at each point of the linear market,
there is a fraction A € (0,1) of H — type consumers and a
fraction 1 — A of L — type consumers. Because the elasticity of
demand to price is inversely related to income [20], L can be
interpreted as “rich” consumers, whereas H can be inter-
preted as “poor” consumers.

Suppose that both retailers have access to acquire the
information that allows the retailers to divide consumers
into two equal groups: market A with consumers located to
the left of 1/2 and market B with consumers located to the
right of the middle line (in this paper, we assume that the
consumers in the market A (B) have bought products from
R, (R,). As a result, if the retailers choose to acquire in-
formation, they can distinguish consumers between own and
rivals and price discriminate to keep own consumers and
poach rival’s consumers.). Moreover, among consumers
who belong to different markets, the retailers with infor-
mation can distinguish between L —type consumers and
H — type consumers. Note that although it is reasonable to
assume that the retailer needs to pay a fixed cost ¢ for ac-
quiring information, this ¢ is normalized to zero in our basic
model to highlight the intriguing result that the retailer may
commit to no acquiring information even though it is
costless to do so.

Based on two retailers’ choices of information acquisi-
tion and price discrimination, three possible information
acquisition and price discrimination structures are built:
Models NN (no retailer acquires information and each sets a
uniform price), NI or IN (only one retailer acquires in-
formation and price discriminates), and II (both retailers
acquire information and price discriminate). Here, the I
represents “acquire information and price discriminate” and
N represents “not acquire information and set a uniform
price.
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FIGURE 1: The supply chain structure.

We consider the following sequence of events:

(a) The manufacturer, as the supply chain’s leader, sets
the wholesale price w for two retailers firstly.

(b) Given the manufacturer’s wholesale price, the two
retailers, as followers of the supply chain, simulta-
neously and independently determine their selling
prices. Specifically, if a retailer chooses to acquire
information and price discriminate, she/he sets
different prices for different-type consumers in
markets A and B; otherwise, she/he charges a uni-
form price for different-type consumers in both
market.

Now, we will introduce the consumers’ preferences.
Denote the retail price set by retailer i = {1, 2} with p; if she
(he) does not acquire information and set a uniform price.
Furthermore, we denote by p; 4 the price set by retailer i on
the 0 — type consumers in k market, with k = {A, B} and
0 = {L, H}. Consider a 0 — type consumer located at x who
buys from retailer i = {1,2}. He sustains transportation cost

X, iti =1,

1-x, ifi=2,
the retailer chooses not to acquire information and set a
uniform price, the utility of the consumer is v — ayp; — tT".
When the retailer decides to acquire information and price
discriminate, the utility of the consumer is v — agp;. g — 17,
where v is a consumer’s utility derived from the product and
oy measures the price sensitivity of 6 — type consumers.

Specifically, following Colombo [19] study, we assume
thata; =1 -Afand ay; = 1 + (1 — 1), in which 3 measures
the consumers’ difference in terms of price sensitivity,
oy — ;. The higher g is, the lower (higher) the price sen-
sitivity of L(H) — type consumers is. Moreover, the two
types of price sensitivity are related to the distribution of
types, A. The price sensitivities of both-type consumers
increase with the decrease of the fraction of H — type
consumers, A. This can be explained by real income. Indeed,
for given nominal values of income of poor and rich con-
sumers, when the number of “rich” consumers (L — type
consumers) is greater (smaller), the real value of income of

equal to tT%, with T = and ¢ >0. When
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both poor and rich is smaller (greater), resulting in two types
of price sensitivities which are greater (smaller). We sum-
marize notations, which will be used in this paper, in Table 1.

In this paper, we only analyze the situation in which the
following conditions hold:

(i) ag(py + p,) <2v—t,, for NN model
(i) ag(pirg + P2) <2v —t,, for IN model
(111) Oy (plkﬂ + p2k,9) <2v-— L, for IT model

These conditions guarantee the market is fully covered.

3. Equilibrium Analysis among
Different Models

In this section, we derive the equilibrium solutions of three
models: (i) no retailer acquires information and each sets a
uniform price (NN); (2) only one retailer acquires infor-
mation and price discriminates (IN); and (iii) both retailers
acquire information and price discriminate (II). In addition,
we investigate the impacts of the fraction of H —type
consumers (1) and the consumers’ difference in price
sensitivity () on optimal pricing decisions in the supply
chain. Finally, we compare and explore the effects of re-
tailers’ decisions of information acquisition and price dis-
crimination on the performance of supply chain members.

3.1. NN Model. Now, consider the scenario where no re-
tailer chooses to acquire information to segment consumers
and each retailer sets a uniform price for all consumers.
Consider a generic indifferent 6 —type consumer, with
0={L,H}, which can be obtained by
agp; +txg = app, + (1 — xp). Therefore, the location of 0 —
type indifferent consumer in the market is

(Pz_Pl)“G_’_L (1)

Xp =
0 2t 2

Figure 2 illustrates the market sharing between the two
retailers. In Figure 2, above (below) the A — line, there are the
L(H) - type consumers. There exists an indifferent 0 — type
consumer Xy, and consumers on the left of x4 buy from R,
and those on the right of x, buy from R,.

Therefore, the gross demand for retailers 1 and 2 are,

respectively,
q; = Axg + (1 -N)xy, 2)
G =A1=xy)+ (1 -1 (1-x)).

The manufacturer’s and the two retailers’ profit func-
tions are as follows:

T =w(q +q2) (3)

i = (p; — w)q;. (4)

Without loss of generality, we assume that the manu-
facturer’s production cost and the two retailers” unit selling
costs are zero, which is also adopted in the literature of Li
et al. [21], Xiao et al. [22], and Kuksov and Liao [23]. The
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TaBLE 1: Notations.

Notation Description
v The utility a consumer derives from the product
o (ap) The price sensitivity of consumers with a high (low) price sensitivity
Ae (0,1) The fraction of consumers with a high price sensitivity
Be(0,1) The consumers’ difference with respect to price sensitivity
t The consumers’ unit transportation cost
x € (0,1) The location of each consumer in the linear market
X The location of the 6 — type indifferent consumer when the retailer does not acquire information
X (1) The location of the indifferent consumer with a high (low) price sensitivity in market k (k = A, B) when the retailer acquires
lH 3L information
TLyis> Ty 70 The retailer i’s profit, i = 1,2, the manufacturer’s profit and the whole supply chain’s profit
Decision variables
w The manufacturer’s wholesale price
pi The retailer i’s price when she (he) does not acquire information, i = 1,2
The retailer i’s price for consumers with a high (low) price sensitivity in market k (k = A, B) when she (he) acquires
Pict (Pikt) information
q; The retailer i’s order quantity
main managerial insights remain unchanged when this X
assumption is relaxed. 1 1
Following the standard backward induction approach,
we characterize the manufacturer’s and the two retailers’ Ry () R (p)
equilibrium price in Proposition 1. : :
Proposition 1. In the NN model, the manufacturer’ optimal
wholesale price and the two retailers’ optimal retail prices are R, (py) R, (p,)
u)NN* :2V—(3+2(1 —A)ﬂ)t’
2+2(1-M)p
0 Xy 1
(5)
NN« _ NN« _ 2y—t F1GURE 2: Consumers’ distribution and retailers’ market shares in
2 =D, =512 (1- /1)[3 the NN model.

The superscript NN* denotes the optimal solutions. In the
remainder of this paper, we use a similar marking method.

Substituting the manufacturer’s and the two retailers’
optimal prices into equations (1)-(4), we get the optimal
profits of the supply chain members:

ANE _ NN _t
rl r2 2’
(6)
e 2v—=(3+2(1-1)B)¢
T =
" 2+2(1-M1)p
The total supply chain’s profit is
" 2v—t
NN# _ )

e C2+42(1-M)F

From Proposition 1, we can see that, in the NN model,
two retailers’ selling prices are the same because of the
symmetry between them. From the Proposition 1, we can get
the following Corollary.

Corollary 1. (i) ow™*/0A>0 and 0pN*/0A>0; (ii)
ow™"N* /0B <0 and opNN* /9B <0, i = 1,2.

Corollary 1 explores, in the scenario where no retailer
acquires information and each sets a uniform price, how the

optimal wholesale price and retail prices are affected by the
fraction of H — type consumers and the difference in terms
of price sensitivity. Corollary 1(i) shows that the manu-
facturer’s optimal wholesale price and retailers’ retail prices
increase with the fraction of H — type consumers. The reason
is that the price sensitivities of both types (H —type or
L — type) decrease with the increase of A. As a result, the two
retailers can charge a higher price for all consumers and the
manufacturer can set a higher wholesale price for two re-
tailers accordingly.

Moreover, Corollary 1(ii) investigates that the wholesale
price charged by the manufacturer and the selling prices set
by two retailers decrease with the consumers’ difference in
price sensitivity. A higher S means a larger difference in price
sensitivity between two types of consumers (aff —al),
implying that, in the NN model, if the consumers’ difference
in price sensitivity is large, the two retailers should set low
retail prices for consumers and the manufacturer should set
a low wholesale price for two retailers.

3.2.IN Model. Now, consider the scenario in which only one
retailer acquires information and price discriminates. It can
be either R, acquires information and price discriminates
(IN) or R, acquires information and price discriminates



(NI). The two situations are symmetric, so we only consider
the former, IN. In the IN model, R; sets p,; o for 6 — type
consumers in market k, with 8 = {L, H} and k = {A, B}, while
R, sets a same price p, for all consumers in both markets.
Consider a generic indifferent 8 — type consumer, which can
be obtained by agp; g +txie = agp, +1(1 - x;4). There-
fore, the location of 6 — type indifferent consumer is

_ “e(Pz - Plk,e) + t' (8)

6 2t

As shown in Figure 3, there exists an indifferent 6 —
type consumer x 4 4 in market A and consumers on the left
(right) of x, g buy from R, (R,). Similarly, the indifferent
0 — type consumer Xz, in market B segments market B
into R,’s and R,’s markets (price discrimination allows R,
to charge lower prices for consumers with different price
sensitivities in market B to steal some consumers from R,
(customer poaching effect) and, in the meanwhile, re-
ceives a high profit margin in market A at the cost of losing
some consumers to R, (intensified competition effect)
[24].).

Therefore, the gross demand for retailers 1 and 2 are,
respectively,

1
Gy =M+ (1= N0y + M%)

e —A)(xB,L —%)
1 9

4= (5= %) + (1= (5= xar) + A1)
+ (1=2)(1-xp,)

The profit functions of the manufacturer and the two
retailers are

T = w(q) + ) (10)

1
T = Praphxap + Prar (1= ADxyp + plB,HA(xB,H - 5)

1
+ pipr (1 - )L)(xB,L - 5) —wq,,
(11)

7y = (P, — w)q,- (12)

The following proposition shows the manufacturer’s and
the two retailers’ equilibrium prices.
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Proposition 2. In the IN model, the manufacturer’s optimal
wholesale price and the two retailers’ optimal retail prices are

IN* _8V—9t—3(1—/\)ﬁt
o 8(1+(1-1)p)

w

IN* _SV—3t—(1—A)ﬁt
Pran = Tgara-np)

e A=t + (4t — 8V)A +3t)B +8v — 3t
1AL ™ (1-AB) (1 +(1-1)B) ’

IN* _8V—7t—(l—A)t/))
BLT 81+ (1-0)pB)

IN*
Py =P

IN*_8V—5t+(1—/1)tﬁ
P TR a -

(13)

Substituting the manufacturer’s and the two retailers’
optimal prices into equations (8)-(12), we get the supply
chain members’ optimal profits:

(BAA - 1)’ +5(1-21)B+5)t

7_[IN* _
r 16(1-AB)(1+(1-1p)
178 =% (14)

Ne  8v—9t—3(1- D)t
Tm T TR+ (1- M)

The total supply chain’s profit is

e —(L=AP + (6t — 16V)A + 3)B + 16v — 9t
. 16(1-18)(1+(1-1)p)

(15)

From Proposition 2, we can get Corollary 2.

Corollary 2. (i) pNy>pi* and piiy<pi¥*; (i)
INs o IN*
U > Ty -

Corollary 2(i) finds that, in theIN model, R;’s retail price
is higher than R,’s retail price in her strong market (market
A) and is lower than R,’s retail price in her weak market
(market B). That means, after acquiring information and
price discriminating, R, is aggressive in her weak market and
unaggressive in her strong market [25]. Because when R,



Discrete Dynamics in Nature and Society

XAL 1/2 XBL

Ry (p1ar) R, (py) Ry (p1p1) R, (py)

Ry (p1an) R, (py) Ry (p1p1) R, (py)

0 XAH 1/2 Xg 1

FiGure 3: Consumers’ distribution and retailers’ market shares in
the IN model.

acquires information and price discriminates, she can dis-
tinguish between her own strong market (market A) and
weak market (market B). In this case, R, tries to steal more
her rival’s consumers by reducing retail price in market B
without lowering price to her own loyal consumers in
market A.

Moreover, Corollary 2(ii) investigates that R, gets higher
profit than R, in the scenario, where only R, acquires in-
formation and price discriminates. In other words, the re-
tailer acquiring information and price discriminating is
more competitive than the retailer not acquiring informa-
tion and setting a uniform price, so acquiring information
and price discriminating is the preferred and beneficial
strategy for the retailer. The reason is that, in the IN model,
R, can set a low price in rival’s strong market (market B) to
steal her rival’s consumers without lowing price to her own
loyal consumers. R, responds to this aggressive pricing in his
strong market by lowering his price, leading to the reduce of
his profit.

3.3. II Model. Now, consider the scenario where both re-
tailers acquire information and set different prices for dif-
ferent-type consumers in market A and B (see Figure 4). In
this case, consider a generic indifferent 6 — type consumer,
with  0={L,H}, which can be obtained by
ApPixg + IXkg = XgPoro + £ (1 —xpg), where k ={A,B}.
Therefore, the location of 0 — type indifferent consumer is

_ “G(sz,e - Plk,@) tt (16)
2t '

Xk,0

Therefore, the gross demand for retailers 1 and 2 are,
respectively,

XAL 1/2 XBL

Ry (p1ar) Ry (paar) Ry (p1p1) R, (p2p,1)

Ry (pran) Ry (poar) | Ri(pigm) Ry (p2.1)

0 XaH 1/2 XBH 1

FIGURE 4: Consumers’ distribution and retailers’ market shares in
the IT model.

1
G =My + (1= Dxay + A(xB,H - 5)
L —)L)( —1)
XpL 2)

q, = A(%— xA)H> +(1 —)L)(%— xA’L) +)L(1 —xB,H)
+ (1=A)(1-x5,).
(17)

The profit functions of the manufacturer and the two
retailers are

T = w(q; + ), (18)
T = Praprxanm + Prar (1 - M)xap
1
+ P13,H)L<xB,H - E) (19)

1
+ pipr (1 - A)<xB,L - E) - wq,

1 1
Ty = PzA,H)L(E - xA,H) + paar(1- M(a - xA,L)
+ pap (1= Xpp ) + papy (1= M) (1 - x5, ) — we,.
(20)

The following proposition shows the manufacturer’s and
the two retailers’ equilibrium prices.

Proposition 3. In the scenario of 1I, the manufacturer’s
optimal wholesale price and the two retailers’ optimal retail
prices are
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I« _ v—t
C1+(1-0)B
e e 3v—t

Piang = Pau = m

e e 3v-2t

1 PiBH = Paan = 30+ (1-Np) (21)
I+ _ IIx _ (3V—t)(1_)tﬁ)+2/3t

Piar =P = 3081+ -V

me o _ (Bv=26)(1-A) + Bt
kplB,L_PZA,L_3(1_/\/3)(1+(1_/1)ﬁ)~

Substituting (21) into equations (17)-(20), we get the
optimal profits of the supply chain members:

5t(1+(1-21)p)

I« I

m T T AR (L + (1-VBY
(22)
n. . v-t
T =7 +(1-1)f
The total supply chain’s profit is
M+ ((—t - 9V)A + Sf)ﬁ — 4t + 9y (23)

T TR (T +(1- 0P

Proposition 3 shows that when both retailers acquire
information and price discriminate, the two retailers will
charge the same prices in their strong (weak) market. That
means when the two retailers have the same choice of in-
formation acquisition and price discrimination, their
equilibrium solutions will be identical due to our sym-
metrical assumptions about the parameters between them.
From Proposition 3, we can get Corollary 3.

Corollary 3. (i) dw™/OA>0 and 3pll'y/or>0; (i)
ow'™ /0B <0, Opjy/0f<0, and Opi;/0f>0, i=1,2
k=A,B, and 0 =L,H.

Similar to Corollary 1, Corollary 3(i) shows that the
wholesale price set by the manufacturer and the selling
prices set by the two retailers increase with the fraction of
H —type consumers, A. The reason is that the price sensi-
tivities of both types decrease when A increases. Therefore,
the two retailers can charge a higher price on both types of
consumers, and the manufacturer can charge a higher
wholesale price for both retailers accordingly.

Furthermore, Corollary 3(ii) reveals that the wholesale
price of the manufacturer decreases with the increase of the
consumers’ difference in price sensitivity, 8. Moreover, the
two retailers’ selling prices for H — type consumers decrease
with 3 while the two retailers” selling prices for L — type
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consumers always increase with . Indeed, the L — type
consumers’ price sensitivity decreases with the increase of 3,
while H — type consumers’ price sensitivity increases with
the increase of B. Therefore, the retailer can set a higher
(lower) price on L—type (H —type) consumers if f
increase.

3.4. Model Comparisons. In this section, we compare and
analyze the supply chain members’ profits among three
models: (i) no retailer acquires information and each sets a
uniform price (NN); (ii) only one retailer acquires infor-
mation and price discriminates (IN); and (iii) both retailers
acquire information and price discriminate (II). It is sup-
posed that the market is full covered under all the above
three models, that is, the condition ¢ <min (t,,¢,, ;) always
holds in the following analyses.

Firstly, comparing the two retailers’ profits among the
three models shows the following.

Corollary 4
(i) For retailer 1, we have

(a) wll* > 7aNV* > 7V if B e (B,,1) and (8/9) <A< 1

(b) AN >l > 7l if Be (B, By), (8/9)<A<],
and € (y,1), (10/27) <A< (8/9)

(c) AN* > pl= > 7ll= if B e (0,p,), (10/27)<A<1,
and 5 € (0,1), A< (10/27)

(ii) For retailer 2, we have
(a) wlly > V> > 7l if Be (By, 1), (8/9)<A<1
(b) Y > alle > ali*, if Be (0,6,), (8/9)<A<],
and $ € (0,1), 0<A<(8/9), where B, = (5(1 -
21) + V25 + 4400 — 4400%)/(54A(1 -1)) and
By= (481 +V-80A* +80A+16)/  (18)(1-

1)

Corollary 4 shows the relationships of two retailers’
optimal profits among three models. First, we can find from
Corollaries 4(i) (a) and 4(ii) (a) that when the consumers’
difference in price sensitivity is sufficiently large and there
exist lots of H —type consumers, ie., Se€ (f,1),
(8/9) <A < 1, the two retailers’ profits is the highest in the II
model compared to that in NN and IN models. This is
intuitive because the price sensitivities of two types (L — type
and H - type) of consumers decrease with the increase of A
(Oar; /0A < 0 and Oay;/0A < 0). As a result, when the fraction of
H — type is large, the two retailers can set high retail prices
for two types of consumers to gain more profits
(0piiy/01 >0). Furthermore, the market competition in-
tensity reduces if consumers’ difference in terms of price
sensitivity increases, which also allows the two retailers to set
high retail prices for consumers in the two markets.

However, as the difference in price sensitivity reduces to
a certain level and the fraction of high-price-sensitivity
consumers is in a feasible interval, i.e., B <f,, (8/9)<A<1,
or the fraction of consumers with a high price sensitivity
reduces to a certain level, ie., f € (0,1), 0<A< (8/9), the
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strategy NN allows the two retailers to gain the highest
profits compared with other two models (Corollaries 4(i) (b
and ¢) and 4(ii) (b)). The reason is in the following.

On the one hand, if the difference in price sensitivity is
small, both retailers will set high retail prices for consumers
in NN model (0pNN*/9B<0) to obtain more profits cor-
respondingly. Besides, a high fraction of H —type con-
sumers implies a low price sensitivity of type 6 (6 = L, H),
under which the selling prices are also high (3pNN* /01 > 0).
Therefore, the two retailers’ profits are the highest in the
scenario where no retailer acquires information and each
sets a uniform price due to the joint effect of the f and A. On
the other hand, if the fraction of H — type consumers is low,
no matter whether the difference is high or low, ie,
B e (0,1), 0<A<(8/9), the two retailers’ profits are the
highest in the NN model because, under this condition,
acquiring information and price discriminating will inten-
sify competition of retailers and reduce their profits.

Moreover, Corollaries 4(i and ii) also show that given R,
does not acquire information and sets a same retail price for all
consumers, and acquiring information and price discrimi-
nating of R, has a negative effect on herself and a negative spill-
over effect on the R, (n* <7NN* and #lY* < 7NN*). This is
because, if only R, acquires information and price discrimi-
nates, she will charge a low retail price in her rival’s strong
market (market B) to poach R,’s consumers without lowering
price in her strong market (market A). R, responds to this
aggressive pricing in his strong market (market B) by lowering
his price (pN* < pi™*). As a result, compared with the case
where no retailer acquires information and each sets a uniform
price, the intensified completion in both markets resulting
from R,’ information acquisition and price discrimination
leads to overall competition. The results in Corollary 4 can be
pictorially shown in Figures 5 and 6.

Next, comparing the manufacturer’s profits among three
models shows the following.

IT * IN * NN x*
Corollary 5. m,* >m ' * >m, " *.

Corollary 5 indicates the manufacturer’s optimal profits
comparison among three models. It is interesting to show that
the manufacturer gets the lowest profit in the NN model and
gets the highest profit in the II model. In other words, com-
pared to the scenario where no retailer acquires information
and each sets a uniform price, one retailer or both retailers
acquiring information and price discriminating makes the
manufacturer better off (7'1* > 7NN * or AN* > 7NN*) The
reason is that when a retailer chooses to acquire information
and price discriminate, the manufacturer charges a high
wholesale price for both retailers (w™ > w™* > w"N*), As a
result, acquiring information and price discriminating of re-
tailers always has a positive effect on the manufacturer. A
numerical example shows these results in Figure 7.

From Figure 7, we can find that the manufacturer gets
the highest profit in the IT model and gets the lowest profit in
the NN model, regardless of the changes of f and A.
Moreover, we also can find the effects of the fraction of H —
type consumers and the consumers’ difference in price
sensitivity on the manufacturer’s profits. Specifically, the

By=4- 81+ -801% + 80 + 16 -

A 181(1-1) m >/7r,1 >,

08

B 0.6

B 5 oo S
L =5 - 10] + y-440A2 + 4401 + 25 ¢

04 |
‘ 541 (1- 1)

\

0 10/27 8/9 1

F1GURE 5: Comparison of R;’s profits among three models.

" NN*_ N

A T, >T - >,
1 =
08 B =42-8)+-8002+80A+16
181 (1 -1)
0.6 |
p ”NN* S nn* N nlN*

0.4 p) 5] 5]
02 |

0 8/9 1

A

FiGUre 6: Comparison of R,’s profits among three models.

manufacturer’s profit decreases with the increase of f and
increases with the increase of A. The reason is that the
wholesale price of the manufacturer for both retailers de-
crease (increase) with the increase of B (1), ie,
(ow/od)’* >0 and (ow/0B)’* <0, j = NN, IN,II.

Finally, comparing the whole supply chain’s profits
among three models shows the following.

NN

Corollary 6. (i) nl'* >aNN* >7alN= " if Be (0,B5); (ii)
11 = IN s

Tt >, B e (B51), where

A i
By = (3-21—V8A* =161 +9)/2A(1 - A).

Corollary 6 shows the whole supply chain’s profits
comparison among three models. We can find that, in the
case where both retailers acquire information and price
discriminate, the whole supply chain can gain the highest
profit than the other two cases, regardless of the change of
the consumers’ difference in terms of price sensitivity. The
potential reason is that when both retailers acquire
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Figure 7: Comparisons on the manufacturer’s profit among three models. (a) The manufacturer’s profits with respect to f. (b) The
manufacturer’s profits with respect to A. Note: (a) v =10, t =2, and A = 0.9; (b) v =10, t =2, and = 0.5.

information and price discriminate, the manufacturer can
get the highest profit compared to NN and IN models
(L > 7> > 7NN*) "and, meanwhile, the increased profit
of the manufacturer can compensate for the decreased
profits of the two retailers. Therefore, compared to the other
two cases, the profit of the whole supply chain is the highest
in the scenario where both retailers obtain information and
set different prices for different-type consumers.

In addition, we can observe from Corollary 6(i) that
the whole supply chain may get a lower profit in the IN
model than that in the NN model if the value of con-
sumers’ difference with respect to price sensitivity is small
(nN* < 7NN*). Otherwise, the whole supply chain’s profit
in the NN model is lower than that in the IN model
(Corollary 6(ii)). This is because if the consumers’ dif-
ference in price sensitivity is less than f3;, the decrease of
both retailers’ profits is only partially compensated by the
increase of the manufacturer’s profit in the IN model
compared with the NN model. The results in Corollary 6
are pictorially shown in Figure 8.

Now, we explore the two retailers’ decisions of information
acquisition and price discrimination. Retailers 1 and 2 si-
multaneously and independently choose to acquire informa-
tion and price discrimination (denoted by I) or not (denoted by
N). Therefore, the retailer’s strategy space is given by {I, N}.
The two retailers’ profits of the four models (NN, NI, IN, and
IT) are summarized in Table 2. By comparing the two retailers’
profits among the four scenarios, we can summarize the two
retailers’ equilibrium information acquisition and price dis-
crimination decisions, as shown in Proposition 4.

A

; ,/ﬁ3—3 2A+\/m/;////

°~8’///*’ 7/ 4 /
///// /////%Z/

/ II
/ . o
04 //
""" * * *
s s N s N
>
0 1

A

FIGURE 8: The whole supply chain’s profits comparison among
three models.

Proposition 4. The two retailers’ equilibrium strategies of
information acquisition and price discrimination are as
follows:

(i) When A € [(8/9),1), the equilibrium information
acquisition and price discrimination decisions for two
retailers are given by one of two possible structures:

(a) If B> f3,, the unique equilibrium is (I,I)
(b) Otherwise, the unique equilibrium is (N, N).=

(ii) When 1 € (0, (8/9)),
(N, N).

the unique equilibrium is
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Proposition 4 characterizes the two retailers’ equilibrium
strategies of information acquisition and price discrimina-
tion depend on the fraction of H — type consumers and the
consumers’ difference in price sensitivity. Proposition 4(i)
shows that when the fraction of H — type consumers is large,
ie., A € [(8/9),1), the two retailers may have two choices of
information acquisition and price discrimination decisions
—(I,I) or (NN). Specifically, if the consumers’ difference in
price sensitivity is relatively large, i.e., f>f,, acquiring
information and price discriminating is the dominant
strategy for both retailers; otherwise, no retailer acquiring
information and each setting a uniform price is the domi-
nant strategy. This is because when f increases to a certain
level, i.e., B> 3,, the increase of the equilibrium price on L —
type consumers can compensate the decrease of the equi-
librium price on H —type consumers. Indeed, the price
sensitivity of L — type consumers decreases with the increase
of 8, implying that the two retailers can charge a higher retail
prices for L —type consumers after acquiring information
and price discriminating. This explains why higher con-
sumers’ difference in price sensitivity motivates the two
retailers to acquire information and price discriminate to
gain more profits.

Moreover, Proposition 4(ii) indicates that when the
fraction of H —type consumers is relatively small, i.e.,
A € (0, (8/9)), regardless of the change of consumers’ dif-
ference in price sensitivity, no information acquiring and
each setting a uniform price for both retailers are the
dominant strategy. This is because that the price sensitivity
of 0—type consumers increases with the decrease of A,
0 = {L, H}. As a result, after acquiring information and price
discriminating, the two retailers will set low retail prices for
both type of consumers, leading to the decrease of their
profits. The results in Proposition 4 are pictorially shown in
Figure 9.

From Proposition 4, we can find that there are two
possible equilibrium information acquisitions and price
discrimination strategies for the two retailers, i.e., both
retailers acquire information and price discrimination or
no retailer acquires information and each sets a uniform
price. However, from Corollaries 5 and 6, we can find that
when the both retailers choose to acquire information
and price discrimination, the manufacturer and the
whole supply chain can be better off compared to no
retailer acquiring information and each sets a uniform
price. Therefore, in Section 4, an incentive contract will
be proposed by the manufacturer to motive the two re-
tailers to acquire information and price discriminate and
make the manufacturers and the two retailers better than
ever.

4. The Manufacturer’s Incentive Contract: A
Fixed Fee Contract

In this section, we design a fixed fee contract [26-29] for the
manufacturer to motivate the two retailers to acquire in-
formation and price discriminate.

Note that when A € [(8/9), 1) and 3 > §3,, the two retailers
are willing to acquire information and price discriminate (as
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FIGURE 9: The two retailers’ optimal strategies about information
acquisition and price discrimination.

shown in Proposition 4), implying that, under this condi-
tion, the manufacturer does not need to provide a fixed fee
contract for two retailers. Therefore, we assume that the
conditions A € [(8/9),1), € (0,5,), and A€ (0, (8/9)),
B € (0,1), always hold under the scenario where the man-
ufacturer provides a fixed fee contract for two retailers.

We use FC to represent this special case. In the FC
model, the manufacturer will give a fixed fee F for the two
retailers, respectively, if the two retailers choose to acquire
information and price discriminate. The two retailers will
adopt the strategy II only if their profits in the II model are
higher than those in the NN model. Consequently, the fixed
fee contract cannot achieve the motivation unless the fixed
fee F is within reasonable ranges.

Proposition 5 characterizes the range of F, which ensures
that the manufacturer has motivation to provide fixed fee
contract and the two retailers are willing to accept this
contract.

Proposition 5. If and only if F < F <F, the manufacturer is
willing to provide the fixed fee contract, and, meanwhile, the
fixed fee contract can effectively motivate the two retailers to
acquire consumers’ information and price discriminate,
where E= (OAA - 1) +4(1 -21)+4)t/(18(1 - AB) (1 +
(1-X)p) and F = (1 +2(1 = V)P)t/4(1 + (1 - L)P).

Proposition 5 shows the feasible interval of F ensuring
that the two retailers are stimulated successfully to acquire
information and price discriminate. Given the range of F in
Proposition 5, the manufacturer and the two retailers can
gain higher profits in the II model than in the NN model.

According to Proposition 5, we obtain a reasonable
interval for the fixed fee F and show it in Figure 10. Here, we
assume t = 2.

We can find from Figure 10 that F > F, which ensures
the interval of F is not empty. Moreover, we observe that
when f3 and A are large, the value of F declines quickly,
implying that when the consumers’ difference in price
sensitivity is sufficiently large and there exists lots of H —
type consumers, and the manufacturer can motivate two
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F1GURE 10: The change of F by A and f. (a) A € ((8/9),1), 8 € (0,/3,); (b) A € (0, (8/9)), B € (0,1).

retailers to acquire information and price discriminate by
giving them a low fixed fee. On the contrary, the manu-
facturer needs to give a high fixed fee to motivate the two
retailers to adopt strategy II.

5. Conclusions

This paper examines the problems of two retailers’ information
acquisition and price discrimination in the supply chain con-
sisting of a manufacturer and duopoly retailers. We assume that
the consumers’ purchase history information exogenously and
the two retailers endogenously decide whether to acquire in-
formation to segment consumers and price them differently.
We try to investigate the effect of consumers’ difference in price
sensitivity on the two retailers’ and the manufacturer’s pricing
decisions. We also explore how the fraction of high price-
sensitivity consumers influences the pricing decisions of the
manufacturer and the two retailers. Moreover, we study how the
strategies of two retailers’ information acquisition and price
discrimination affect their profits, the manufacturer’s perfor-
mance, and the whole supply chain’s performance. Finally, we
design an incentive contract to explore whether a win-win
situation can be achieved for both the manufacturer and two
retailers. We summarize the main findings as follows.

Firstly, we show that the wholesale price of the manufac-
turer increases with the fraction of high price-sensitivity con-
sumers and decreases with the consumers’ difference in terms of
price sensitivity. Moreover, we find that if a retailer chooses not
to acquire consumers’ information and sets the same selling
price for all consumers, the retailer’s selling price also increases
with the fraction of high price-sensitivity consumers and de-
creases with the consumers’ difference in terms of price sen-
sitivity. If a retailer chooses to acquire information and price
discriminate for different-type consumers, the retail prices for
two types of consumers increase with the fraction of high price-
sensitivity consumers. However, the retail price for high (low)

price-sensitivity consumers decreases (increases) with the
consumers’ difference in terms of price sensitivity.

Secondly, we find that the fraction of high price-sensitivity
consumers and the consumers’ difference in price sensitivity
play significant roles in the two retailers’ choices of information
acquisition and price discrimination. Specifically, when the
consumers’ difference in price sensitivity is sufficiently large and
there exist lots of high price-sensitivity consumers, acquiring
information and price discriminating makes the two retailers
better off. Otherwise, the two retailers will choose not to acquire
information and charge a uniform price for all consumers.
Therefore, there exist two possible equilibrium information
acquisition decisions for retailers: both retailers acquire infor-
mation and price discriminate and no retailer acquires infor-
mation and each sets a uniform price for all consumers. Strategy
dominates depend on the fraction of high price-sensitivity
consumers and the consumers’ difference in price sensitivity.

Thirdly, for the manufacturer and the whole supply
chain, the strategy of two retailers acquiring information and
price discriminating dominates the strategy of no retailer
acquiring information and uniform pricing.

Finally, the common manufacturer can stimulate the two
retailers to acquire information and price discriminate by
designing a fixed fee contract. When the fixed fee in a
reasonable interval, the manufacturer and the two retailers
all can gain more profits in the scenario where two retailers
acquire information and price discriminate compared to the
scenario where no retailer acquires information and each
sets a uniform price for all consumers.

There are several directions for future work. In this
paper, we have assumed that if retailers choose to acquire
information, they can distinguish not only between new and
past consumers but also between high and low price-sen-
sitivity consumers. With the improvement of information’
quality, future research can explore more consumers’
characteristics, such as the preference of service and quality.
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Moreover, this paper assumed that the two competing re-
tailers are symmetric in the supply chain. In reality, retailers
differ in cost, information, fairness, and so on. Further work
can examine the problem of information acquisition and
price discrimination in channel setting where duopoly re-
tailers are asymmetrical.

Appendix

Proof of Proposition 1. Using backward induction proce-
dure, we first solve the retailers’ equilibrium pricing deci-
sions. From the two retailers’ profits function, we have

om, (1 =D (w=2p; + p; oy + a(w=2p; + p)L+1t

op; 2t

(A1)

It is easy to calculate that
0%m,,/0p? = (A — Doy — azA)/t < 0. Therefore, the retailer’s
profit function is concave in the retail price, p;. Then, from
om,;/0p; = 0, we havep, = p, = (t/ Aat + (1 = 1)al)) + w.

Next, we derive the manufacturer’s optimal decision.
Substituting the value of p; into the manufacturer’s profit
function, we get 0, /ow =1>0, implying the manufac-
turer’s profit increases with its wholesale price (w). From
t <t,, wheret, is given in condition ay (p; + p,) <2v — £, we
have w< 2v - (3+2(1 -1)B)t)/ (2 +2(1 — 1)B). Thus, we
have w™ = (2v - (3+2(1 - A)ﬁ)t)/(z +2(1=1)P).

Substituting the N into the
pr=p, = (t/Aa + (1 —)L)ocL)) +w, we have
PN = pIN = 2y —1)/(2+2(1 - 1)P).

Proof of Propositions 2 and 3. The proofs are omitted as they
are similar with that in Proposition 1.

Proof of Proposition 4. From Table 1, we can derive that
(A(1=1)B* +4(2h - 1)B - 4)t

U NN (A.2)
ri =i BA-PA+1-HP
Thus, we obtain that 7l < ()N if

B< (2)B, = (4—8L+V—-80A* + 801 +16)/ (181(1 — A)).

We can find that f3, is always positive, but it is lower than 1
only if A € [8/9,1).

Proof of Proposition 5. In the fixed fee contract, in order to
stimulate the two retailers to acquire information, the
manufacturer gives the two retailers a fixed fee F, respec-
tively. In this scenario, the two retailers’ profits are

7'[IC* _ St(l + (1 - Zl)ﬁ)
18(1=-AB) (1 +(1-1)P)
The manufacturer’s profit is
nif* = ((v—1)/(1+ (1 =A)B)) — 2F, where the superscript
IC denotes the scenario where the manufacturer designs an

incentive contract to stimulate the two retailers to acquire
information.

+F. (A.3)
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Thus, by ¢ > pNNY we can get
F<(1+2(1—A)ﬁ)t/4(1+(l—A)ﬁ) by ¢ > 2NN, we can
get F>(OAA - DB +4(1-20)B+4)t/( 18(1—/1/3)

1+ (1=A1)p)).

Proof of Corollary 1. From the manufacturer’s optimal
wholesale price and the two retailers’ optimal retail prices
shown in Proposition 1, we can derive that

W™ v-1p 0
oA 2+(1- 1P

o™ _ @v-n(-)

op 2(1+(1- 1B)?

(A.4)
opy™ _opyt _ 20v-1)p

Oa
oA oA (2+2(1- )P

202v—1)(1-1)
(2+2(1-M)p)°

oy _opy"
B P

Proof of Corollary 2. From the two retailers’ optimal price
shown in Proposition 2, we can derive that

ne_ (1-(1-1)P)t

Piax — P2

T 4+4(1-M1)B
' . _ (1L+Ap)
e )

(A.5)
IN*IN* [ IN® t
Py - PlB,H(PlB,L) =1 >0,

A —/\)ﬁ +(1-21)B+1
C16(1-AB)(1+(1-1)B)

IN* IN*
o

> 0.

Proof of Corollary 3. We omit the proof of Corollary 3 as it is
similar with that in Corollary 1.

Proof of Corollary 4. From the optimal profits of the two
retailers in Propositions 1-3, we can derive that

(5A(1=1)B* + (6L - 3)B - 3)t

IN NN*
r T 6B+ (1-1p
(A.6)
e oo (272 =B+ (100 - 5)B-5)t
T[rl - r =

144(1-AB)(1+(1-1)p)

i IN*
m, 2 (<)m,
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if B> (<)B, = (5(1—2A) + V25 + 4401 — 440
A%)/ (541 (1 — 1)). We can find that B, is always positive, but
it is lower than 1 only if 1 <10/27:

o IN*_9A(1—A)/32+(1—2/\)/3+1> .
C36(1-AB)(1+(1-1)p)

r r

e (A1 -1 +4(2A - 1)B-4)t
i T8 (1A (1L+(1-N))

(A.7)
s

I

T[ri

if B<(>)B,= (4—81+V-80\* + 801 +16)/181(1 - A).

We can find that f3, is always positive, but it is lower than 1
only if A < (8/9).

NN*

ri

< (=)

Proof of Corollaries 5 and 6. The proofs are similar to that of
Corollary 4, so we omit it.
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