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Abstract

From the perspective of consumers, a monopolistic retailer is considered to
sell two differentiated products in different sales modes: physical channel and
online channel. In the case of separate sales, considering consumers’ channel
and product preference, the same price of the same product is set in different
channels to reduce channel conflicts caused by price differences among con-
sumers. In the case of bundling, product bundling should be considered in
network channels, and two products should be sold separately in physical
channels. The analysis shows that the bundling strategy is better than the
separate selling strategy. It can be seen from the numerical analysis that with
the increase of the substitution degree of the bundled products, the demand
and profit of the bundled sales strategy will gradually increase with the in-
crease of the substitution degree. In addition, it is also found that the margin-
al cost of sales in the channel has a great impact on the two sales modes. Since
the marginal cost of sales in the physical channel is greater than the marginal
cost of sales in the network channel, it is only in the network channel that
bundling is adopted, and the separate sales in the physical channel will enable
the retailer to obtain more profits.
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1. Introduction

The rapid development of the Internet has caused great changes in the form of
sales of enterprises. Manufacturers have opened up direct sales channels and the
emergence of online retailers, which are all products of the Internet. Due to the
change in sales form, it is a huge impact on the traditional retail industry. Man-

ufacturers open up direct sales channels and compete with traditional retailers.
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At the same time, online retailers have lower input costs for selling products in
online channels than physical channels. The form attracts customers and further
divides the market share of traditional retailers. In a situation of fierce competi-
tion, traditional retailers have to open up network channels to avoid more profit
damage. The domestic enterprises that initially opened up network channels
were Suning and Gome. After opening up the network channel, Suning lacked
the sales experience of the network channel, so it made a long and difficult ex-
ploration of the channel pricing. For the same product, the online and offline
differentiated pricing strategy was adopted at the beginning, and the same price
strategy was gradually adopted for the same product.

The first chapter is mainly the background introduction of the article, the
second chapter is the research status of the article, and the main content of the
article is drawn through the research status. The retailer adopts the bundled sales
situation through dual channels. The third chapter is the establishment of the
model, considering the consumption. Channel preferences and product prefe-
rences, based on utility maximization to establish a profit function, and then get
the best retail price; the fourth chapter mainly considers the marginal cost of
sales and the degree of substitution on demand and profit; the fifth chapter is the

summary of this article and outlook.

2. Related Literature

Guo Chunrong et al (2009) [1], Guo (2012) [2], Xu Ning (2013) [3], Zheng
Wenjun et al (2014) [4] show that when the channel adopts the same price
strategy will reduce the channel The alternative between the two, effectively
achieve coordination between the channels. And found that from the perspective
of consumers, the impact of retailers adopting the same price strategy on chan-
nel conflicts is studied. The double-line price can guide consumers from paying
attention to commodity prices to paying attention to the comprehensive value of
the entire consumption process. The experience also eases conflicts between re-
tailer channels. Although adopting the same price strategy among channels to
reduce the price comparison between channels, consumers can have more
product experience, effectively avoid channel conflicts, and achieve channel
coordination. However, after adopting the same price strategy, retailers’ profits
have not improved. Instead, it has fallen. The reason for this phenomenon is that
the sales cost of the physical channel is higher than the sales cost of the network
channel, which in turn affects the retailer’s profit. Tsay & Agrawal (2004) [5],
Yuan Chun ef al. (2014) [6], Chen Guopeng et al (2016) [7], Liu Hailong (2016)
[8] studied the conflict and coordination of channels, and found that although
the same price strategy would Let the channels coordinate effectively, but they
can’t optimize the profit of the company. It is effective to adopt the same price
strategy only when the difference between the channels is small. In real life, re-
tailers often sell not only a product but a variety of products. In this case, it is

necessary to coordinate the difference between the product and the product. For
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the sale of a variety of products, scholars study the sales strategy of bundled
products. Adams & Yellen (1976) [9] studied the case of a monopoly retailer
selling multiple products, considering three sales methods, separate sales, pure
bundle sales, and hybrid bundle sales, and found that profits would increase af-
ter the implementation of the bundled strategy. Bundling for more than two
products is a complex issue. Gaeth ef al. (1991) [10] studied the impact of bun-
dled products on consumer utility from the perspective of consumers, and the
bundled products would allow consumers to change the price of bundled prod-
ucts. It also proposes to increase the consumer’s effectiveness on the product
when the product and service are bundled. Eppen & Hanson (1991) [11] ana-
lyzed the advantages of bundled products for separate sales models and found
that bundled sales can effectively save costs. Pan Lin et al (2016) [12] studied the
pricing model of multi-products. Consider both the manufacturer and the re-
tailer. Four scenarios were discussed separately, manufacturers bundled and sold
separately, retailers bundled and sold separately. Research shows that manufac-
turers are selling separately, which is optimal for manufacturers, and the retail-
er’s sales model will be affected by the complementarity and marginal profit be-
tween the two products, the reduction of complementarity and the reduction of
marginal revenue, retail The Chamber of Commerce is gradually biased towards
bundling pricing. Yan Fanga & Lijun Sun, & Ying Gao (2017) [13] found that
consumers with low consumption levels prefer bundled products consisting of
more low-priced items, and products with higher cost levels should be bundled
in smaller bundle sizes and High price. Wang Huifang (2018) [14] studied the
situation in which a manufacturer provides a single product to a retailer in a
dual-channel environment, and the retailer sells two products, considering the
retailer’s separate sales and bundled sales. Studies have shown that when a man-
ufacturer sells a product at a higher price, the retailer’s bundling is better than a
separate sale. Although there are many researches on multi-product pricing
scholars, most product differentiation pricing is concentrated on single-channel
product sales, as well as between manufacturers and retailers. It does not take
into account the fact that multiple products are sold in retailers’ dual channels.
This article considers the situation in which retailers sell two products. From
the perspective of consumers, we discuss two situations separately. First, we sell
two independent products in physical channels and online channels. Consumers
have certain preferences for products and channels, according to consumption.
The user’s own utility chooses which product to buy in the channel; secondly,
considers the bundling of the two products in the network channel, and sepa-
rately sells the two products in the physical channel. Similarly, the consumer

maximizes the products and channels according to the utility.

3. The Model

3.1. Parameter Design and Model Assumptions

1) Parameter Design (Table 1)
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Table 1. Parameter and variable.

Parameter Meaning

P, The price of selling product 1 when selling separately

D, The price of selling product 2 when selling separately

p The price of selling product 1 when bundled sales

Ds The price of selling product 1 when bundled sales

D The price of the product bundled online

w The consumer's sensitivity to the degree of substitution of the bundled product
o A degree of substitution

e Consumers’ preference for physical channels

a Consumer’s preference for product 1 when making a purchase
v The value of product 1

av The value of product 2

c, Marginal cost of sales in physical channels

c, Marginal cost of sales in online channels

2) Model Assumptions

Suppose there is a monopoly retailer in the market, adding online channels to
sell products in the original physical channels, and selling two products, product
1 and product 2 in the network channel and retail channels. At the same time,
the value of products 1 and 2 is different. The value of product 1 is v and the
value of product 2 is « times the value of product 1, then the value of product
2 is av. v follows the uniform distribution of [0,1]. First, consider the case
where the two products are sold separately, that is, the two products are sepa-
rately sold in the physical channel and the network channel, and then the prod-
uct is bundled in the network channel, and the physical channel is separately

sold, as shown below (Figure 1 and Figure 2).

3.2. Model Establishment and Solution When Selling Separately

The retailer sells the two products through the channel and adopts the product
price strategy, that is, the price of the product 1 is the same in the physical
channel and the network channel, and the sales price of the same product 2 in
the respective channels is also the same. The price of selling product 1 and
product 2is p,, p,. Consumers’ preference for physical channels is p . Con-
sumers’ preference for network channels is 1- p . The utility of the consumer to
purchase product 1 is u;, =v—p,. The utility of the consumer to purchase
product 2 is u, =av—p,. At the same time, the consumer’s preference for
product 1 when making a purchase is a(0< a <1), The preference ratio for
product 2 is (1—a). Choose to buy when the consumer utility is greater than
zero. The specific decision process is as follows.

1) Consumers prefer product 1 and physical channels, then when v—-p, >0,
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Retailer
Physical Network
channel channel
Productl Pruduct2 Productl Pruduct2
oy oy P Ay P
Customers

Figure 1. Separate sales.

Retailer

Physical Network
channel channel
Productl Product2 Bundled products
b 13 (12)
oy v P2 v P
Customers ‘

Figure 2. Bundle sales.

purchase product 1; otherwise exit the market, because this part of the consumer

is biased towards the physical channel, the demand for product 1 is pa(l -p ) .
2) Consumers prefer product 1 and network channels, then when v—p, >0,

buy product 1; otherwise, exit the market, because this part of the consumer is

biased towards the network channel, the demand for product 1 is

(1=p)a(l-p);
3) Consumers prefer product 2 and physical channels. Then when av-p, >0,

buy product 2; otherwise exit the market. This part of the consumer is biased
towards the physical channel, so the demand for product 2is p(1- a)( —&j ;
a

4) Consumers prefer product 2 and network channels, then when av-p, >0,

buy product 2; otherwise exit the market. This part of the consumer is biased to-
wards the network channel, so the demand for product 2is (1-p)(1- a)(l —&J .
a

The demand for products 1 and 2 can be obtained from the consumer’s decision
as follows:

D, =D, +D, = pa(l1-p)+(1-p)a(l-p)=a(l1-p,) (1)

D=0, 4D, = pl1-a)1-L2 s (1= p)(1-a) 12
=(1—a)(1—%)

According to the demand function, the retailer’s profit function when selling

(2)
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separately is as follows:

1= pa(l-p)(p —¢)+(1-p)a(l-p)(p -c,)

+pl1=a)1-2 (=) + (1= p)1-a) 122 )i, -c.)

Proposition 1: There are optimal prices p, and p;, which make the retail-

(3)

er’s profit optimal. And the best price is:

. I+c, + pc, — pc,

'z 5 4)
. a+c,+pc, —pc,
p2 — p t p (5)
2
Proof 1 in Appendix 1:
According to the optimal price, the optimal profit at this time is:
2 2
1- - - + - + -1
H* :( a)(ce pce pcl) +a(ce pce pct ) (6)

4o 4

3.3. Model Establishment and Solution in Bundled Sales

When retailers are doing bundled sales, they mainly use online bundling and of-
fline sales. The price of the product bundled online is p,, . Consumers value a
bundled product as Sv, where a < f <1. The bundled product is a substitute
for Product 1 and Product 2, with a degree of substitution §(0<6 <1). The
higher the degree of substitution of the bundled product, the greater the con-
sumer’s effectiveness on the bundled product, and the consumer’s sensitivity to
the degree of substitution of the bundled product is @ . The utility of bundled
products purchased by consumers online is u#,, = fv—p,, + @0

In order to distinguish between two different situations, it is assumed that
the price of product 1 is p{ and the price of product 2 is p? under bundling,
so the utility of purchasing product 11is u’ =v— p!, and the utility of purchas-
ing product 2 is u) =av— p’. The consumer’s decision-making process is as
follows.

In the previous analysis, because the online and offline adopting the channel
price strategy, the utility of the consumers in different channels is the same. On-
ly the consumer’s channel preference and product preference should be consi-
dered, and the product with positive utility should be selected. However, in the
bundle sale, there are three products, product 1, product 2 and bundled product
(12). Consumers who prefer Product 1 have two choices in this case: first, select
product 1, and second, select bundled product (12). Similarly, consumers who
prefer product 2 also have two choices: first, select product 2; second, select
bundled product (12). Consumer choice is based on maximizing their utility.

First consider the consumer choice of preference product 1. The utility of the
consumer to purchase product 1is u =v— p!, The utility of purchasing bun-
dled products (12) is u;, = fv—p,, + @0 .

The demand function is obtained by comparison of the utility as follows:
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I_P{)_Plz"'we ,,>p12—a)6’
1- b
Dl =a- s P p (7)
P, — @
1-p plb < 12ﬂ
pf’—p12+a)0_plz—a)¢9 pb>p12_a)9
1- b
Dy, =a- d d —ﬂa)é’ (8)
0 p|b<p12
B

Next, consider the consumer choice of preference product 2, the utility of the
consumer purchase product 2 is u? = av— p?, The utility of purchasing bun-
dled products (12) is u,, = fv—p,, + 6 .

The demand function is obtained by comparison of the utility as follows:

plz—pg—a)a_p_g pbga(plz_wg)

2
D =(1-a).f F7% @ p (©)
0 pg > a(plz —a)H)
B
l_plz_pg_wa pgga(plz_a’g)
D =(1-a)i P p (10)
1-Po — w0 o> a(py, - 0)
B ’ B

In order for each product to have sales, the demand function for each product

is as follows:

b_
Df’=a{1‘—p' Ezﬂng (11)
b b
ot -(-a) Pl 2| 1
D, = D112 + D122
=a plb_ljz"_wg_plz_wg +(l_a) 1_p12_p_g_a)9 (13)
1-p s B-a

Retailer profits are as follows:

b b b
NG =a[l_pl _plz+a)0j(p1b_ct)+(l_a)[plz_p2 _we—&](p;—ct)

1-p p-«a a
(14)
Pf)_plz"'wg_plz_we _ _plz—pf—a)ﬁ _
+{a( -y 7 j+(1 a)(l —,B—a H(pl2 ce)

b P — @0

toph >

S.t p ﬂ
b S“(Plz_wg)
b I

Proposition 2: Retailer profit IT° is a joint concave function for p’,p’
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and p,,.

Proof 2 in Appendix 2:

Proposition 3: There are optimal prices a, 6 and ¢ such that the profit func-
tion has a maximum value and the optimal price is: pl,p. and p,,.

Proof 3 in Appendix 3:

At this point, the retailer’s profit is:

(1-a)(B-c. +c, —a+a)6’)+a(ﬁct —c, +00)
4(f-a) 4p(1-p)
+(1—a)(c, -a)(Be, —ac, +awb)
4a(f-a)
a(l-¢,)(B-c, +c,+w6-1)
4(1-5)

" =(B-c, +0b)

(15)

3.4. Comparative Analysis

The sales volume of product 1 obtained according to formula (4) when selling
separately is:

; l+c, + - 1 + pc, —
a(l—P1 ): a[l——ce /;C, Pee ) = G(E——ce p(; pcej (16)

Product 2 sales are:

(1—a)(1—ﬁj=(1—a)(%—w—f_mj (17)

a 2o

The total sales of Product 1 when bundled are:
D1,,+D]2:a(ﬁ—ce+a)¢9)+(l—a)(ﬁ—ce+c,—a+a)9) (13)
2p 2(B-a)

The total sales of Product 2 when bundled are:

D§+D1z :(1—a)(a—ct)+a(ﬁct—ce+w9) (19)

2a 28(1-5)
The difference in total sales between the two cases:
AD, =D} + D; +2D,, —(D, + D)
_a(f-c, +a)¢9)+(1—a)(ﬂ—ce +¢, —a+0b)

2 2(B-a)
TIEY LA NO e
2 2 2a
a(fc, —¢c, + w0) _(l_a)(l_ce +pe, —pce)
25(1- 5) 2 2a
_a(wb—c,+ fe, + Ppc, —ﬂpce)+(1—a)(,8—ce+c, —a+wb)
25 Z(ﬁ—a)
(1-a)[a(c,+pc,—pc.)-c,] a(pe,—c, +wb)
+ +
2a 26(1-p)

Proposition 4:
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[(1—a)(a2p—a—a2 —ﬂ)+aﬁ(2—2ﬂ—ﬁp)}ce
of'a-o(l-a)(f-a)

[(1—a)(2a—a2p+ﬂ)—aﬂp]ct —(a+/)’)2
of’a-o(1-a)(f-a)

At Oe (0, o ), when sold separately, the sales of the product are greater than
the sales of the product at the time of bundled sales. At 6 € (9*,1), when sold

0<

+ <1

separately, the sales of the product are less than the sales of the product at the
time of the bundle.

Proof 4 in Appendix 4:

From Proposition 4, when the degree of substitution between the bundled
product and the product 1, 2 is small, the consumer’s demand for the bundled
product is not large, and since the binding strategy is adopted on the line, the
degree of substitution is small, so the consumer purchases online. The number
of products is reduced. At this time, the adoption of the bundling strategy does
not increase the sales of the products, but also reduces the sales of the products.
On the other hand, when the degree of substitution between the two products is
higher, the utility of the consumer to purchase the bundled product increases,
and the price at which the consumer purchases the bundled product is lower
than the price at which the two products are purchased at the same time, there-
fore, the demand of the consumer Will increase. The difference in profit between

the two cases is:

AMT=T1, ~TI
A (1-—a)(f-c,+c,—a+w8) a(pfc,—c,+wb)
=(B—-c, +wb) W(p-a) + 4p(1-p)

(1-a)(c, —a)(Bc, —ac, + awb)
+

4a(f-a)
a(l-¢)(B-c, +¢,+00-1) (1-a)(c, —a-pe, +pc,)
- 4(1-p) - 4o
_ale.—pe, +pe, -1y’

4

Simplify equation to get:
l-a a 22 (l_a)(ﬁ_ce+cl_a)
All = 0
[4(ﬂ—a)+4ﬂ(l—ﬁ)}w { 2(p=a)
a(ce—ﬂct)}a)ng(l—a)(ﬂctz+0“382) ac’

- +
28(1-B) 4(p-a)a 48(1-B) (20)
a+pB(1-a) (1-a)e,(B-a+c) ac(2-c,)
n _ _
4 2(p-a) 4(1-p)
(1-a)(c, —a—pe, +pc,)  alc, - pe, + pe, ~1)
- 4a - 4

The first derivative of the Equation (21) is obtained:

DOI: 10.4236/ajibm.2019.96100

1514 American Journal of Industrial and Business Management


https://doi.org/10.4236/ajibm.2019.96100

R. Li, H. L. Chen

l1-a a

oIl
A(O) :%: a){L(ﬂ—a) + Zﬂ(l—ﬁ)}w

+{(l—a)(ﬁ—ce +e, —a)_a(ce —ﬁct)}}
2(B-a) 25(1-8)

1-a

2(p-a) 2p(1-B)

Because of 0<6<1, { }a}>0,so:

(1-a)(B-c,+c,—a) a(c,—pBc,)
A(1)>A(0)=|: 2(5-a) 0P }o
~(1=p)B(p-a)+ fe,(1- fp+a)+(F*~a)e, >0

0 €(0,1) Monotonically increasing in  AIT,

(1—a)<ﬂct2+acf)+ ac’ a+pB(1-a)

S Ty 0 PRV Ry M
_(l—a)ce(ﬂ—a+ct)_act(2—c,)
2(p-a) 4(1-5)
_(l—a)(ce—a—pce+pcl)2_a(ce—pce+pc,—l)2
4da 4
>0

Then AIl>0 is always established on & e (0,1). That is, the profit at the
time of bundled sales is greater than the profit at the time of separate sales.

4. Numerical Example

Suppose =08, a=0.6, ¢, =0025, ¢, =00125, p=06, 6=0.7,
a=0.5, w=04.

1) The impact of marginal cost of sales on profits, as shown below:

It can be seen from Figure 3 that marginal cost has a greater impact on profit,
especially when adopting a bundled sales strategy, when the marginal sales cost
of the network channel is higher than the marginal cost of sales of the physical
channel, the bundled sales cannot bring the profit to the retailer. Conversely,
profits may be damaged. In real life, retailers have more manpower and material
resources in the physical channel, and network channels do not require much
manpower and material resources. Therefore, online channels tend to be lower
than physical channels in terms of input costs, thus ¢, <c,. It can also be seen
from the figure that bundling sales at this time can bring more profits to the en-
terprise. That is to take the bundled strategy in the network channel; the way the
entity channel is sold separately can bring more benefits to the enterprise.

2) The impact of the degree of substitution on demand and profit

Through data analysis, it can be seen from Figures 4-6 that the adoption of
the bundling strategy can increase the sales volume of the product 1 with higher

value, and for the product with a slightly lower value, when the degree of
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Separate Sale:

- Bundling Saleﬂ

-0.5 W
1 1

0.5 0.5
ct 0o ce

Figure 3. The impact of marginal cost on profit.

1.2

The demand of product 1

0.4 I

—+— bundling sales
—— Separate sales

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Degree of substitution

Figure 4. The effect of degree of substitution on product 1.

0.9 T T T T T T T T T

—— bundling sales ZEF
08 ——¥— Separate sales
07 | -
06 | -
05 |

0.4

The demand of product 2

0.3

KSR SR S SR S S SR sk ok

! ! ! ! ! ! ! !

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Degree of substitution

Figure 5. The effect of degree of substitution on product 2.
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—+— bundling sales
2 L —— Separate sales L
18 | 4
16 | 4
o
c
©
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Q
©
>
<
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£ Y:09733
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08 L 4
0.6 L L L L L L I I I

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Degree of substitution

Figure 6. The effect of degree of substitution on aggregate demand.

0.6

——— bundling sales
055 L —<>— Separate sales

05 L 4

045 L 4

04 L 4

Profit

035 L 4
03 L 4
025 | 4

02

0.15 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Degree of substitution

Figure 7. The effect of degree of substitution on profit.

substitution is relatively small, the bundling strategy is adopted to reduce the
product 2 On the one hand, because the price of the bundled product will be
higher than the price of the product 2, the degree of substitution is small, and
the consumer who prefers the product 2 has little effect on the bundled product,
and therefore does not choose to purchase the bundled product. When the de-
gree of substitution is high, whether it is the consumer who prefers product 1 or
the consumer who prefers product 2, the utility of the bundled product will in-
crease, and the consumer will transfer to purchase the bundled product and in-
crease the sales of the two products. At the same time, it can be seen from Figure
4 that when AD =0, thereis 6" =0.17.

As can be seen from Figure 7, as the degree of substitution of Product 1 and

Product 2 increases, the profit of bundled sales will gradually increase, and the
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adoption of bundled sales will enable retailers to obtain more profits. Combing
with the impact of the degree of substitution on demand, the total demand for
the product increases when the degree of substitution is higher, and the price of

the bundled product increases, thus increasing the profit of the retailer.

5. Conclusions

From the perspective of consumers, this paper establishes a consumer utility
function and considers two sales models. When the products are sold separately
in the physical channel and the network channel, the consumer’s channel prefe-
rences and product preferences are considered, and the consumer utility is es-
tablished. From the consumer's point of view, the consumer utility function is
obtained, and the demand function is established according to the utility max-
imization, and then the profit function is established, and the goal is to maxim-
ize the profit of the retailer. It is the result of a game between consumers and re-
tailers. When product bundles are implemented in the network channel and the
physical channels are sold separately, the consumer’s product preferences are
considered on the one hand, and the bundled products and products 1, 2 are
further demanded by comparing the bundled products and the effects of the
products 1, 2. Functions get the optimal pricing for bundled products and prod-
ucts 1, 2. Through comparative analysis, the following conclusions are obtained:

1) The marginal cost of sales of physical channels and network channels has a
greater impact on profits. Due to the large cost of manpower and material re-
sources invested in physical channels in real life, the marginal cost of sales of
physical channels relative to network channels is higher. By adopting product
bundles of network channels, the strategy of separate sales by physical channels
can bring more profits to retailers.

2) The degree of substitution of the bundled product to the product has an
obvious influence on the demand of the product. For product 1with the higher
value, the implementation of the bundle will increase the sales of the product 1,
and as the degree of substitution increases, the sales volume of the product 1 is
gradually increasing. For the lower value product 2 and there are fewer alterna-
tives to bundled products, the consumer often does not choose to buy the bun-
dled product. On the one hand, because the consumer has a preference for the
product 2, on the other hand, the price of the bundled product is higher than the
product. The price of 2 causes the demand for product 2 to drop. However,
when the degree of substitution is high, the sales volume of product 2 is signifi-
cantly improved. In the case of separate sales and bundled sales, the total de-
mand difference is positive and negative, not only related to the degree of subs-
titution of the bundled products to products 1, 2, but also to the value of the two
products themselves. When the degree of substitution is greater than a certain
value, bundled sales will greatly increase the sales of the product.

3) The degree of substitution of the bundled product to the product has a

greater impact on the profit of the product. As the replacement process of the
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bundled product to the product 1, 2 increases, the benefit from the bundled
strategy will gradually increase, which is greater than the benefit from the sepa-
rate sale.

In short, regardless of whether the difference in value between products is ob-
vious or not, when a retailer sells two products in two channels, the greater the
degree of substitution of the bundled product is, the greater the market share
and the benefit that the bundled sales strategy brings to the retailer are. When
traditional retailers open up online channels to sell products, they can choose
bundle pricing based on the characteristics of the products, which will make re-
tailers more profitable.

However, the article only considers a retailer’s bundling situation. The real-life
situation is often more complicated such as considering the competition be-
tween multiple retailers to open up the network channel, and the supply between
the retailer and the manufacturer. The pricing of the chain, as well as the more
complex circumstances to consider whether the bundle can bring more benefits

to the enterprise, is the direction of future research.
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Appendix 1

Proof 1: For the Equation (3), the Hesse matrices for the prices p, and p,

of Product 1 and Product 2 are obtained:

o’ o 5 0

- —2a

i pop,

= 2 2 - 2 (1 _ a)
0TI oIl 0o -—-
o

p,0p, op;

First order determinant is |H1| =-2a<0. The second order determinant is

4a(l—a) i
|H2|=—, because of 0<a<l1, so |H2|>0. The Hesse-matrix is a

negative definite matrix, so pl and p2 are concave functions with respect to

price.
11 11
When at_ 0, ar_ 0, The profit function has an optimal value. Find the
py P,
first derivative of p, and p, for Equation (3). As followed:
orl
—=alc,—2p —pc, + pc, +1
” (c.=2p, = pe, +pe, +1)
oll 1-a
—=—(c,~2p,+a-pc, +pc,)
op, «
Let o _ 0, a_ 0, get the best price:
ap, p,
. l+c,+pc —pc,
P = +
. a+c,+pc, —pc,
o= PC— P
2
Appendix 2

Proof 2: Find the Hesse matrix for p,p) and p,,.
om o oMl |
op*  opdp,  dpop;,
o1l o' o1

opyop!  dpy Opadpn
0’11 0’11 o1l

_6p]26p1b 6171261727 6p122

_ 2a 0 2a
1-8 1-p
=l 0 —2(1—a)[l+ lj 2(1-a)
a -a p—«a

g e= '(zz(fl—_;)%(lzfﬁﬂ
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First order determinant is |H1| =- 12a < 0. The second order determinant is
4a (1 — a) 1 1 ) ) )
|H 2| = o=+ , The third order determinant is
1-p a pf-a
8a(l-a)

, because of 0<a<l and a<f<l. So |H2|>O

H|l=—c—"V *
e
and |H3| < 0. Therefore, the Hesse matrices is a negative fixed matrix, and the

profit function is a concave function.

Appendix 3

Proof 3: Since the profit function is established under the condition of

P, — @8 o< a(p, - w9)
B ’ B

the optimal price p/,p) and p,,.

pl > , the Kuhn-Tucker theorem is used to find

Using the Kuhn-Tucker theorem to get:

a l_plb_p12+a)9 —aplb_ct+ap12_ce+ﬂ1=0
1-p 1-5 1-p

plz_pg_a)e_p_g (1_ pg—C, _\NPn—C 4 _
(l—a)(T a] (1 a)—ﬂ_a +(1 a)—ﬂ_a 12—0

plb_cr +(1_a)P§_ct +a(plb—p12+a)9_p12—a)9J

“1Zp s 1-p B
+(1—a)[]—p12 —ﬂp_f;a’@j{aﬁ(ll_ﬂ)+(1—a)ﬂia]—%+%=o
iz[pi ——a(p“ﬂ_wg)j:o
fds >0

According to the Kuhn-Tucker condition, when 4, #0, Pl pl =0
and the consumer who prefers product 1 will not purchase the bundled product.
Similarly, when 4, #0, p} :M
product 2 will not purchase product 2, but will purchase the bundled product
(12). In order to make all three products have sales, youneed A, =4, =0. Then

and the consumer who prefers

the best price is:

. 1
plb :E(1+Ct)

L1
p; 25(0!-1-0[)
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. 1
P, = E(ﬂ"'ce + a)H)

Appendix 4

Proof 4: Find the first derivative of 6 for Equation (20):
OAD, aw (1-a)® aw
—=—+ + >0
00 2p 2(ﬁ—a) Zﬂ(l—ﬁ)

The inequality indicating the difference between the demand for the bundled

strategy and the demand for separate sales when the degree of substitution be-
tween the bundled product and the product increases will increase.
At the same time, let AD, =0, get:

[(1—a)(a2p—a—a2 —ﬁ)+aﬂ(2—2ﬂ—ﬁp)}ce
wp’a-w(l-a)(f-a)
[(1 —a)(2a —a2p+ﬁ)—a[)’p]ct —(a +,B)2
a)ﬂza—a)(l—a)(ﬂ—a)
At Oe (0, o ) , when sold separately, the sales of the product are greater than
the sales of the product at the time of bundled sales. At 8 € (6’*,1), when sold

separately, the sales of the product are less than the sales of the product at the
time of the bundle.

0 =

+
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