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the emergence of many new selling channels, among which group buying has managed to
attract numerous new customers rapidly because of such features as good discounts and
great convenience. Although a good discount scheme creates sales growth for sellers, it also
causes loss in their profit margins. Meanwhile, the business model of group-buying websites
is not thoroughly explored in literature. Based on a Stackelberg game framework, this paper
studies the equilibrium between a group-buying website and a seller. The optimal pricing
and channel decisions of the seller and the optimal group-buying pricing and promotion
effort decisions for the website were investigated to offer guidance for their businesses. It
was found that the total profit of the whole system could be hurt when the agreement price
or revenue-sharing contracts were adopted by the firms. A revenue-cost sharing contract
was proposed that could coordinate the total profit. Finally, this study shows how the scale
of the seller and the website and the unit cost can affect optimal decisions in equilibrium.

(© 2020 Sharif University of Technology. All rights reserved.

1. Introduction

Many companies have been selling their products or
services to their consumers through Group-Buying
Websites (GBWs) since the early 21st century. On
the GBWs, consumers are encouraged to buy together
whereby products or services are offered with price dis-
counts. This practice has become popular in a variety
of businesses, ranging from catering to entertainment
services. With price discounts, GBWs can attract a
large number of consumers in a relatively short period
of time. According to the research report by Dholakia
(2012) [1], GBWs can help the seller attract new
consumers (close to 80%) even after running group-
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buying activities several times. Thus, for a seller, a
GBW may help boost its brand awareness, increase its
sales, and expand its markets.

A GBW serves as an additional sales channel for
sellers, with promising potential benefits; however, in
practice, not all sellers benefit from the GBW channel.
Dholakia (2011a) [2] conducted a survey of 324 sellers
who use GBWs (e.g., Groupon, LivingSocial, Open
Table, Travelzoo, and Buywithme). It was shown
that only 55.5% of the sellers made profits, 26.6%
suffered losses, and 17.9% broke even. Interestingly, in
spite of the popularity of group-buying activities and
behaviors, GBWs are not always making money, either.
A survey released in China showed that the number of
GBWs reached almost 6000 in 2011. However, this
number reduced to 123 by the middle of the year 2014,
with an average reduction rate of 5.9 websites per day.
The international giant GBWs are also experiencing a
tough time. In December 2015, Groupon, the world’s
largest GBW, announced its exit from the Nordic
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market after months of business falling. It was reported
that its market value shrunk by 86% untill 2015.

In view of the potential benefits brought about
by the GBWs, why do the sellers suffer losses? Given
the popularity of group-buying behaviors in consumer
markets, why the GBWs fail to make money? Under
what conditions should a seller add the GBW channel,
and if yes, by what contracts?

These research questions are investigated based
on the game theoretic approach. A seller provides
products or services. It has a traditional offline chan-
nel, say retail stores, selling directly to end consumers.
It can choose to add a GBW channel. Through the
GBW channel, the seller offers its products or services
to GBW according to a certain contract, and GBW
further sells them to end consumers at a discounted
price (a price lower than the traditional channel). The
GBW channel has two effects on the seller’s market
demand. On the one hand, the GBW can bring
new consumers to the seller, possibly through sales
efforts. On the other hand, because of the discounted
price, the GBW cannibalizes the traditional channel
by attracting consumers in the traditional channel
to the GBW channel. Four types of contracts are
considered here: an agreement price contract, a two-
part tariff contract, a revenue-sharing contract, and
a revenue-cost sharing contract. For each type of
contract, we fully characterize the firms’ pricing and
sales efforts decisions and analyze the seller’s decision
on the employment of the GBW channel.

The purpose of the study is two-fold. First, we
try to generate insights into a seller’s strategic decision
on whether or not to run the group-buying promotion
(with costly eflorts). Second, we propose a contracting
mechanism between the seller and the GBW website
firm so that the traditional channel and the group-
buying channel can be coordinated with the total profit
reaching its maximum.

The remainder of the paper is organized as fol-
lows. Section 2 reviews the literature. Section 3
introduces the model in the centralized scenario. Sec-
tion 4 describes the model setting under agreement
price contract. Section 5 studies the conditions under
which the seller and the website can be coordinated
with two-part tariff contract, revenue-sharing contract,
or a revenue-cost sharing contract. Section 6 extends
our model to investigate the impact of product unit cost
and seller’s offline consumer size. Concluding remarks
are provided in Section 7. All the proofs appear in the
appendix.

2. Literature review

Information technology has shown important and
growing positive impact on business performance [3].
Emerging technologies have spawn myriad applications

that have the potential to impact experienced market
dramatically [4], and group-buying, a dynamic con-
sumer collective activity [5], is one of such technologies.
A large volume of literature has been given to the study
of the group-buying mechanism; herein, the literature
has been categorized into three dimensions: the profit
mechanism of the sellers in group buying, the profit
model of the GBWs, and the interplay between the
websites and the sellers.

Group buying takes advantage of group cohesion
to bemnefit both consumers and participating sellers,
as it can significantly increase sales volumes. Early
research on group buying deems it as an online auction
activity and focuses on the dynamic pricing mecha-
nisms regarding the quantity and timing of it (e.g., [6—
9]). Such a business model has been replaced by the
fixed-price group-buying business model nowadays.

Through a two-year data collection from 2007
to 2009 in the context of urban China, Wang et
al. (2013) [5] explored the value that group buying
creates for sellers including the cost reduction and
brand awareness building, especially for middle-sized
and lesser known sellers. Dholakia (2011a) [2], and
Dholakia and Tsabar (2011b) [10] held the same opin-
ion that GBWSs like Groupon could be an effective
marketing tool for startup businesses by studying
150 small businesses that completed promotions on
Groupon between June 2009 and August 2010. Heo
(2016) [11] discussed how restaurants could utilize
group buying as a tool for revenue management. Wu
and Zhu (2017) [12] investigated the quality decision
for the seller to align with its group-buying strategy
when consumers’ substitution effect was taken into
consideration.

Group buying is also known as voucher discount-
ing in which the sellers sell vouchers through the
GBWs and consumers will buy these vouchers and
redeem them offline. Edelman et al. (2016) [13]
investigated the profitability, pricing discrimination,
and advertising effect of discount vouchers. Gao and
Chen (2015) [14] found that no show of voucher buyers
could be good for (large or start-up) sellers. Ni et
al. (2015) [15] studied the optimal pricing strategy
of sellers by classifying customers into collectivist and
individualistic customers according to actual market
information. Taleizadeh et al. (2015) [16] investigated
the joint multi discount pricing and ordering problem
when demand for deteriorating product changed with
time.

Though the group-buying business model pro-
vides sellers with a new channel to sell their products,
it is doubtful whether it will be profitable for the sellers
in the long term due to the extremely deep discounts.
With the deep discounts offered to consumers and
payouts transferred to the websites (which can range
from 20 to 50% of the revenue), the seller running
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the group-buying promotion can often be left with
insufficient revenues to cover its costs [10]. Hence, it
is critical for us to explore the benefit when sellers
adopt the group-buying channel and to find out how
to guarantee the sellers’ profits.

For the extant research, the focus is primarily on
the sellers’ strategies during the group-buying trans-
action, rather than the websites’ strategies. However,
as a platform for implementing group-buying, the cor-
responding websites should receive greater attention.
The mechanism of GBW experienced the evolution
from dynamic pricing model (e.g., [6-8]) to fixed-
pricing model (e.g., [14,15,17]). The dynamic model
focuses on the quantity and pricing scheme, that is,
the greater the quantity, the lower the price. However,
the business model is too complex for the websites to
operate, leading gradually to the cessation of its op-
eration [18]. In 2008, Groupon, originated in Chicago,
introduced deal-of-the-day business model, which is the
original form of fixed-pricing model [15]. Groupon
achieved great success from the second quarter of
2009 to the first quarter of 2011 and has a revenue
growth from $3.3 million to $644 million. The market
expanded from 5 North American markets to 175
markets in 43 countries. The number of registered
users increased from 152 thousand to 83 million and the
number of sellers operating on its platform increased
from 212 to 56781. In a short time, many websites
began to clone Groupon’s business model. By the
end of June 2011, China became one of the most
competitive group-buying markets in the world [19].

The worldwide rapid expansion of GBWs has
prompted much research on the profit mechanism of
GBWs. Commission, sometimes called royalty fee that
the sellers pay to the websites, is a major revenue
source for the website [13,14,17]. Zhao et al. (2016) [17]
found that the commission charged by the website had
a deep influence on sellers’ pricing strategies. When
the commission is endogenous, one can observe the
promotional effect on advertising sellers’ service qual-
ity. Edelman et al. (2016) [13] promoted a theoretical
decision framework for sellers with dual channels, i.e.,
online and offline channels, that involves how to make
a group-buying decision and set an optimal group-
buying price when the deal quantity increases. Unlike
other literature focusing on the cost of operating a
GBW [15], this study ignores the cost of running group-
buying business in our basic model. Otherwise, we take
the effort cost of running group-buying business into
consideration and assume that the website’s promotion
effort level has a linear positive effect on the online
demand. This kind of effort cost is quite common in
dual-channel supply chains [20].

After several years of rapid development, GBWs
face a not so promising future. Take the development
of GBWs in China for example; the number of the

websites dropped from nearly 6000 in 2011 to 123 in
June 2014. Therefore, we should also attach great
importance to the survival of GBWs.

Beyond the work on the separate strategies of the
sellers and websites, a branch of research has explored
the interplay between the seller and the website, among
which the cooperation between sellers and the websites
is most extensively studied. As mentioned above,
commission is a traditional way in which the sellers
and the websites use to share total revenue.

Zhao et al. (2016) [17] considered a combination
of the transaction-based commission and a fixed pay-
ment (a two-part tariff). They provided an effective
way to balance the revenue between the seller and the
website when there is a deep discount. Similarly, Tran
and Desiraju (2017) [21] explored the channel coordi-
nation under asymmetric information of manufacturers
and the retailers that can provide group buying. They
assumed that besides the wholesale price, the retailer
would charge a fixed fee for all the products. They
found that when the retailer is more informed about
the market size than about the level of consumer price
sensitivity, the manufacturer will benefit more from
group buying. This study also supposes an agreement
price combined with a fixed fee when exploring the
coordination between the seller and the website in
different market scenarios.

Besides the transaction-based commission, more
economic methodologies are used to research the inter-
play between the sellers and the websites. Based on the
framework of Stackelberg game, Ni et al. (2015) [22]
explored the optimal strategies of the seller and the
website when leading the market, respectively. Similar
to this, the current study also utilizes the Stackelberg
game model to simulate different marketing situations.
The difference is that we focus on the market structure
including the offline and online consumer size and prod-
uct cost, while they emphasize consumers’ behavior in
group buying, that is, the sensibility for the cost to look
for people to join group buying together. Bhardwaj and
Sajeesh (2017) [23] considered the bargaining power
of sellers and the website, and found that when the
two retailers compete with each other, the website
prefers cooperating with one of them rather than both.
Subramanian and Rao (2016) [24] used a traditional
revenue sharing model to distribute the total group-
buying revenue. They showed that the cannibalization
could be transformed into an advantage by displaying
deal sales.

When sellers decide to sell products or services
through the group-buying channel, they will not aban-
don their offline channel, which means they will sell
their products/services through the dual channel. Cao
et al. (2016) [25] focused on a retailer that sells
through multiple distribution channels and studied how
an “online-to-store” channel impacted the retailer’s
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demand allocations and profitability. Chen et al.
(2016) [26] investigated price and quality decisions in
dual-channel supply chains, and found that the supply
chain performance could be improved due to a new
channel augmented. Zhang et al. (2017) [27] inves-
tigated the retailer’s decisions on channel structure,
and concluded that the optimal decision depends on
customer acceptance rate of the online channel.

This paper indicates that when deciding to sell
through GBW, the seller will make its decision accord-
ing to the website’s platform consumer size. This is
indeed the same for the websites, that is to say, they
will decide whether to cooperate with each other based
on the size of the opposite side. Our work importantly
differs from its antecedents in that the prior literature,
including the articles discussed above, has considered
primarily the website’s and the seller’s respective opti-
mal decision. In particular, the previous work on group
buying does not consider what influences the website’s
size for seller’s optimal marketing decision, which is a
primary factor considered in our paper.

3. Model setting

3.1. The seller, the GBW, and the market

A seller provides its product or service to consumers
at a constant unit production cost ¢ (¢ > 0). Two
selling channels are available for the seller. Through
the traditional offline channel, the seller directly sells
to end consumers, say through its retail stores, at a
regular price p,. Through the online group-buying
channel, the seller promotes the product or service
through an online Group-Buying Website firm (i.e.,
a GBW) according to a certain contract; the GBW
further sells the product or service to end consumers
at a group-buying price py. The seller makes decisions
on whether or not to sell through the GBW.

If the seller sells through the single traditional
offline channel, we say it runs O model. If the seller
chooses to also sell through the GBW, we consider four
types of contracts between the seller and the GBW:
agreement price, two-part tariff, revenue sharing, and
revenue-cost sharing. With respect to the four types
of contracts, it can be mentioned that the seller runs
O+ GBW model, O+ GBW+ T model, O+ GBW+ R
model, and O+ GBW + RC model, respectively.

3.1.1. O model

Under the O model, the seller faces consumers in the
spot market, with a potential size of a. The demand
function is given by g, = a—p,. If the seller implements
the O model, its profit is given by:

I, = (po — ¢)(a - po),

leading to its optimal regular price p} = “Tz"c.

3.1.2. O+GBW model
Under the O+GBW model, the GBW will bring new
consumers for the product or service, with a potential

size (b + ), at a cost of ”2—2 Herein, b represents the
number of the group-buying product hunters who can
actively notice the product once it is advertised by, and
available on, the GBW. In adqditiom the GBW firm can
make sales efforts at cost % to attract v more new
GBW buyers. For example, the GBW can analyze the
purchasing histories and preferences of the consumers
in its consumer base to identify the targeted potential
consumers for the product.

To eliminate the uninteresting cases, we assume,
throughout the paper, that the parameter b is not too
large. Mathematically, it is assumed that b < (a+c¢)/2.
In fact, b can be interpreted as the size of consumer base
for the product in the GBW channel. The parameter b
is usually related to the attractiveness of a GBW. If b
is too large, the GBW is too attractive and the demand
from the traditional offline channel is negligible.

Assume that the seller’s regular price p} is un-
changed when adding the GBW channel. This agsump-
tion is consistent with practices. For example, Groupon
states that the group-buying sellers’ advertised prices
must be consistent with the price list of the local busi-
ness who may be asked to show a written proof of the
prices [2]. Subramanian and Rao [24] made a similar
assumption by arguing that the seller’s regular price
would not be affected by a daily deal promotion that
is of relatively short duration and offered infrequently.

Under the O+GBW model, the GBW cannibal-
izes the seller’s regular sales by transferring a fraction
of spot-market consumers from the offline channel to
the GBW online channel. The transfer rate is assumed

to be (1 — %), which relates to the ratio between the

group—buyiné‘ price and the regular price. Clearly, the
lower the group-buying price py, the more the spot-
market consumers transfer from the traditional offline
channel to the GBW online channel. The market

potential in the traditional offline channel becomes i—ga
and that in the GBW channel is (1 — >*)a + b+ 1.

Under the O4+GBW model, the “seller and the
GBW firm adopt an agreement price contract. It
is the seller who sets the agreement price. With
such a contract, the GBW pays an agreement price,
ps (¢ < ps < py < Do), to the seller for each
deal sold online. The agreement price contract is
similar to the wholesale price contract in the supply
chain management literature. The O+GBW model is
displayed in Figure 1.

If the seller implements the O+GBW model, its
profit is given by:

Iy = (ps — ©) K —pg>a+b+7—pg],

(]
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N
P > - —~a Stay offline
P,
a: spot-market
consumers 7
wn L Py
& ] ——= |g Transfer to group-
= p
o 3 L _J 7]
= N
b: new consumers brought
p GBW by the GBW
—> P — >V
l——=|a+b+y N\
P, Y: new consumers attracted by
the GBW with sales efforts

Figure 1. O4+GBW model for the seller.

+(po - C) (pga - po) >
Po
where the first term is the profit obtained from selling
to GBW, and the second term is the profit gained from
selling to consumers through the traditional offline
channel. The GBW’s profit is then given by:

2
Hg = (pg _ps) |:( - pg) a+b+’y_pg:| - ’YE
From now on, a special case of @ = 1 and ¢ = 0 will be
discussed to simplify the analysis and obtain the key
insights. Section 6 extends the current investigation
to the impact of spot-market consumer size a and
product (service) cost ¢ on the equilibrium and optimal
decisions for the seller and the GBW.

3.2. Benchmark: the centralized setting
Suppose that the seller and the GBW firm are operated
by a central planner. This centralized firm chooses
which model to run: the O model or the O+GBW
model. In this setting, the seller and the GBW do not
need to sign any contract, because the two firms are
viewed as a single firm to maximize the overall profits
from both the offline and GBW channels.

Under the O model, the centralized firm sells only
through its traditional offline channel. Thus, the case
is the same as that described in Subsection 3.1.1. The
profit of the centralized firm (or the seller) can be
written as IT, = p,(1 — p,) (Recall that we now focus
on the case with @ = 1 and ¢ = 0). The optimal regular
price is p} = %7 and the optimal profit is I} = i.

Under the O+GBW model, the sales quantities in
the GBW channel and in the traditional offline channel
are respectively as follows:

C
D Rl P A RN A
! 0, PS>

and:
C
P, . , .
N o TN VIR
S 0 C’> *
9 pg —pO

where the superscript ¢ denotes the centralized setting
and p} = % is the fixed offline regular price. Then, the
maximization problem in the centralized firm can be
described as follows:

2

max 17C c C x C v
pycwH =Pg-dg T Pols — 90 (1)
s.t.: qg >0, (2)
¢ > 0. (3)

Solving the maximization problem, we obtain the
following lemma:

Lemma 1: In the centralized setting, under the

O+GBW model:

1. The optimal group-buying price and sales effort are
pg’w = ZTH’ and 4¢" = 2?’, respectively;

2. The optimal profit of the centralized firm is IC" =
3+8b412b%

20

The consequent sales quantities through the of-

fline and GBW channels are ¢¢° = 340 and ¢ =

1+T3b, respectively. The discount of GBW, defined as
the ratio of the group-buying price to the regular price,
C o 2(24b)

pS”
is 60* = ;T = -5 -
When having a greater GBW consumer base
(larger b), the centralized firm adjusts its two instru-
ments. First, when b increases, the centralized firm
increases its group-buying price pg* to raise its unit

margin. However, this hurts its sales in the GBW
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channel (note that qg decreases in pg). Second, the
centralized firm must make more efforts to attract more
new consumers to compensate for the shrinkage of sales
caused by a higher pg’*. This explains that both p¢ and

~v¢" increase in b.

Proposition 1:  Suppose that the seller and the
GBW are centralized to a single firm. The centralized
firm adopts the O+GBW model if b > @ and
adopts the O model otherwise.

If the seller and the GBW are owned by a single
firm, there is no double marginalization problem. The
upside of the GBW channel for the centralized firm is
that it brings new potential consumers. The downside
is that it shifts the spot-market consumers from the
offline channel to the GBW channel, which sacrifices
the unit profit margin. When the GBW channel is
attractive (indicated by large b), the centralized firm
chooses the O+GBW model; otherwise, it simply runs
the O model to sell solely on the spot market with a
high margin.

4. Agreement price contract

In this section, the seller’s and the GBW’s optimal
prices under the agreement price contract are derived,
based on which the system performances will be dis-
cussed.

The sequence of events is as follows (depicted in
Figure 2):

(a) The seller decides whether to add the GBW
channel or not;

(b) If the GBW channel is added, then the seller
announces its agreement price p? to the GBW and
the GBW decides whether to accept it or not;

(c) If the agreement price contract is agreed, the GBW
decides the group-buying price pgl and the sales
effort v4; the demands and the profits are then
realized.

In the seller-leader case, the GBW’s decisions depend
on the seller’s.

4.1. Optimal decisions under the O model
Under the O model, the seller’s optimal regular price
and profit are the same as those in Subsection 3.2. That
is,pﬁ:%andﬂj:f

The seller decides
whether to add the
GBW channel or not

| I

The seller decides
its agreement
price p‘f

4.2. Optimal decisions under the O+GBW
model

Under the O+GBW model, the sales quantities

through the online GBW channel and the traditional

offline channel are respectively as follows:

A
P A A A *
A {1—1,73—pg+b+77 Py <P,

0, Py > D
and:
o= {p" - p;‘ <p;
0, Py >}
where the superscript A denotes the agreement price
contract scenario, and p; = 3 is the fixed offline

regular price. The firms’ maximization problems in the
agreement price contract scenario can be formulated
under O+GBW as follows:

P = pllgg + pia @

e a0 = (pg) = p)egyt — 3
s.t.: q;q >0, (5)
¢ >0. (6)

This is a dynamic game. A backward induction is used
to obtain firms’ optimal decisions on prices and sales
efforts, as summarized in the following lemma.
Lemma 2:  Suppose the seller and the GBW imple-
menting the O+GBW model under the agreement price
contract.

1. The optimal agreement price for the seller is p2* =

3117;;5; the optimal group-buying price and effort for

the GBW are p?* = 12H4 g AT = 3641
respectively;

! ; o TTA® _ 9b2+66b+16 .

2. The seller’s optimal profit is HS. = g

the GBW'’s optimal profit is H;“ = (3223) : the

total profit of two firms is A" = Hf* " H;‘* _
3341386427
360 :

The seller’s sales quantity through the GBW
channel and the traditional offline channel are ¢;' =

3L and ¢t = 8% respectively. The discount on
the GBW is
gar _ Py _ 2(12b+ 14)
P} 45
The GBW sets the group-

buying price p; and the

sales effort 7"
|

v

Figure 2. The sequence of events under the Agreement Price Contract.
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4.3. Whether or not to add the GBW channel
By comparing the seller’s profits under the O model
and the O+GBW model, the following proposition is
obtained on the seller’s channel model choice.

Proposition 2: Under the agreement price contract
scenario, the seller adopts the O+GBW model if b >
5‘/6%11 and adopts the O model otherwise.

The seller adds the GBW channel if and only if the
GBW firm can attract sufficiently more new consumers
(i.e., large b). This is the same as the centralized firm,
as shown in Proposition 1.

5. The pricing coordination of the seller and
the GBW

5.1. The pricing coordination under the
O+GBW+T model

In this part, the relationship between the seller and
the GBW is governed by a two-part tariff (denoted by
T) contract, denoted (p!, F), whose terms include an
agreement price p! and a fixed fee F'. Suppose that
the website pays the seller a fixed payment and an
agreement price for each transaction sold on the website
if the seller decides to sell through the online channel.

5.1.1. Optimal decisions under the O+GBW+T model
The sequence of events is displayed in Figure 3:

(a) The seller decides whether to add the GBW
channel or not;

(b) If yes, the seller announces its agreement price p.
and fixed payment F;

(¢) The GBW decides whether to accept the contract
or not and, if yes, decides its group-buying price
p; and the effort v7'. The demands and the profits
are then realized.

The group buying and offline channel demands
are:

T
o = 1= 204 b+~" —pl, pl <po
g
0, P > po

and:
T
= {f;a—po, Pl < po
0, P> po

The optimization problem is formulated as follows:

The seller decides
whether to add the

GBW channel or not
| |

The seller sets p.

and F

=plaql +pogl +F

max HT
pT ,FT
{ ah? (7)

max T _
pr AT H (pg —ps> qg 2 - F
s.t.: qu >0, (8)
ql >0. (9)

Solving the optimal group-buying price and the group-

1+b+2pT
5

buying effort, we get p;~ = and 77" =

Then, we can get the offline and online

1+b=3pT
5 ’ T T
T _  343b—9p, T _  4b—2+4p,
demand as ¢, = —%—= and ¢ = — =,
respectively. The profit of the seller can be expressed

as:

. b+3bpT —9(pT)? 1
I = P 5 (r,) -+

Solving optimal agreement price and fixed payment
regarding seller’s profit, we get p! = ?’Ii—‘g‘r’. All the
results are summarized below in Lemma 3.

Lemma 3: When implementing O+GBW+T model:

1. The optimal agreement price and fivzed payment for

* 2
the seller are pI" = 32 and F* = %,

respectively. The optzmal group- buying pmce and
effort for the GBW are pg = 14"'71% and vT =
1J3“03b, respectively;

, : TTTF . 11446b49b°
2. The seller’s optimal profit zs*Hs = =, the
GBW'’s optimal profit is Hg =0, and the optimal

coTTT* 1144664902
total profit of the two firms is 1"~ = =202

The seller’s sales quantity through the GBW
channel and the traditional offline channel are qu* =

1J{—O3b and ¢ f = 11376181’, respectively. The discount on
GBW is 7" = 4TH6),

5.1.2. Whether or not to add the GBW channel

By comparing the seller’s profits under the O model
and the O+GBW+T model, the following proposition
on the seller’s channel model choice can be obtained.

Proposition 3: The seller adopts the O+GBW+T

model if b > W% and adopts the O model other-
wise.

Proposition 4:  Under O+GBW+T model, the
fized payment is increasing with the website’s scale, b.

The GBW sets

pi and }/T
|

v

Figure 3. The sequence of events under the O+GBW+T model.
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If 50, seller decides p*
and the revenue sharing
proportion /
|

Seller decides if
cooperate with GBW

I

GBW sets pf and

}/R respectively

| >

»

Figure 4. The decision sequence of the seller and Group-Buying Website (GBW) under the O+GBW+R model.

5.2. The pricing coordination under the
O+GBW+R model
5.2.1. Optimal decisions under the O+GBW+R
model
In this part, the seller and the GBW use the revenue-
sharing contract (denoted by R), that is, (p%, I). The
decision sequence is shown in Figure 4.
Under the revenue-sharing contract, the sales
quantities in the GBW channel and in the traditional
offline channel are respectively as follows:

R
R_{l—’;+b+7R—p§, Py < Po
0, PE > po

pk R
R_ ) =Py Py <Do
qS - < R

0, Py = Do
Firms’ maximization problems in the seller-leader case

under the revenue-sharing contract can be formulated
as follows:

g = plad + poaff 10)
N Ry2
me Il = (pff = ) qff = 5
s gt >0, (11)
g > 0. (12)

All results are summarized in the following lemma.

Under the O+GBW+R model:

Lemma 4:

1. The optimal agreement price and revenue-sharing
proportion for the seller are p® = 0 and I =
1, respectively; the optimal group-buying price and

R* _ 2+b R* _

effort for the GBW are p = == and v =0,
respectively;

g : TTR* _— b2 44b+1

2. The optimal profit for the seller is Il =
and the optimal profit for GBW is Hf" = 0. The

o TTR™ _ b244bt1
total profit of two firms is 11" = =07,

The seller’s sales quantity through the GBW

channel and the traditional offline channel are qf* =1

2
201 respectively. The discount on the

R*
GBW is gR" = Lo — 240

f 3

and ¢f" =

5.2.2. Whether or not to add the GBW channel

By comparing the seller’s profits under the O model
and the O+GBW+R model, the following proposition
on the seller’s channel model choice can be obtained.

Proposition 5:  The seller adopts the O+GBW+R
model if b > V6—2 and adopts the O model otherwise.

The seller adds the GBW channel if and only if the
GBW firm can attract sufficiently more new consumers
(i.e., large b). This is the same as the centralized firm,
the O+GBW+T model, and the O+GBW+R model,
shown in Propositions 1, 2, and 5. However, a further
comparison of the two thresholds of b in Propositions 1
and 3 reveals the following Corollary:

Corollary 1: Compared to the centralized setting, the
seller is less likely to add the GBW channel under
the Agreement Price Contract, the Two-part Tariff
Contract, and the Revenue-Sharing Contract.

When the seller and the GBW are decentralized
firms, the GBW sets a group-buying price lower than
the centralized setting (i.e., p;]“* < pgc*7 pgT* < pg*7
pfx < pgy) The GBW firm, in essence, competes
with the seller by attracting the spot-market consumers
to the GBW online channel. In addition, the GBW
firm makes less sales effort than the centralized firm
(Le., ¥47 < 97 AT" < 407 4 BY < A7), Therefore,
unless the GBW can bring enough new potential buyers
and boost the seller’s total sales, the seller runs the O
model.

Proposition 6: Both the two-part tariff and the
revenue-sharing contract cannot coordinate the profit
of the seller and GBW.

When the whole profit of the seller and the
GBW under two-part tariff contract or revenue-sharing
contract is less than that under the centralized setting,
both contracts cannot coordinate the profit of the seller
and GBW.

5.3. The pricing coordination under
O+GBW-+RC

In this part, an attempt is made to coordinate the
whole profit with the revenue-cost sharing contract
(denoted by RC). The decision sequence is shown in
Figure 5. With the RC contract, the seller and the
GBW share their revenue with the proportion of [ and
(1—1), respectively; besides, the seller compensates the
GBW ¢€'(72/2) for the sales effort cost incurred at effort



Y. Wu et al./Scientia Iranica, Transactions E: Industrial Engineering 27 (2020) 2069-2092 2077

Seller decides if
cooperate with

revenue sharing proportion

If so, seller sets p*“ and

The GBW sets pf(' and

R

GBW ! and sales effort e "¢, simultaneously

\ >

>

Figure 5. The sequence of events of the seller and Group-Buying Website (GBW) under the O+GBW+RC model.

level v. Without loss of generality, let e = ¢’/2. Thus,
the seller chooses parameter pair (I,e). The sequence
of events is as follows.

Under the revenue-cost sharing contract, the sales
quantities through the online GBW channel and the
traditional offline channel are respectively as follows:

RC
RO _ {1— B b4+ Ol plC < p,
g

0, pEe > p,

and:

L RC
RC __ Po Do pg < Do
ds ? RC
0, Py~ 2 Po
The firms’ maximization problems in the seller-leader

case under the revenue-cost sharing contract can be
formulated as follows:

( max RC __ RC RC RC RC
pf’c,l,eHs - (lpg + Ps ) qg + Po-q

—e. ()
pie ore 17 = [(1=1py@ = piT ¢ )
_6M L, CLE
2
st qf¢ >0, (14)
g’ > 0. (15)

All the results are summarized in Lemma 5.
Lemma 5: When taking the revenue-cost sharing
contract:

1. The seller’s optimal agreement price, sales compen-
sation, and revenue-sharing proportion are pfo* =
0, ef = %, and I* = 1, respectively. The GBW's
optimal group-buying price and effort are pf’c* =

2+b RC* _ 24b.
= and Y™ =T

2. The seller’s optimal profit is ch$ = %; the
GBW'’s optimal profit is H?C* = 0; the whole profit

TRC™ = 3485426° ¢ 4o seller and GBW is.

The seller’s sales quantity through the GBW
channel and the traditional offline channel are ¢f“" =

1£3b and ¢fi€" = 3H4b | respectively. The discount on
GBW is gRC* = Lo’ — 2240

f 5

Note that the profit of the seller and GBW can be
coordinated under the revenue-cost sharing contract.
Thus, the condition for the seller to sell through group-
buying channel under the revenue-cost sharing contract
is the same as that in benchmark setting.

Proposition 7: The seller adopts the O+GBW+RC
model if b > @ and adopts the O model otherwise.

Thus, the profit of the seller and GBW can be
coordinated under the revenue-cost sharing contract.
Then, comparing optimal results of the seller and
GBW under these three coordination contracts, we get
Proposition 8.

Proposition 8:  Under the O+GBW+R model, the
seller obtains the least profit and the whole profit is
also the least. Under the O+GBW+A model, the GBW
obtains higher profit than under other contracts. Under
the O+GBW+RC model, the seller and the GBW
obtain the largest total profit.

All the results are shown in Table 1. By analyzing
the results under different scenarios, the following
corollaries are obtained.

Corollary 2: As the website scale b increases, the
GBW will make more efforts to attract new consumers.

Corollary 3: The seller will choose the group-buying
strategy when the website scale b is sufficiently large.
As b increases, both the seller and the GBW will obtain
more profits.

When the seller uses group buying, the profits of
the seller and the GBW under all settings increase with
the scale of the website, b. This explains the reality
that the sellers prefer to cooperate with larger GBWs.

6. Model extensions

This section investigates how the size of experienced
consumers (@) and the unit cost (¢) influence the seller
and website’s decisions.

In the centralized setting, the group buying and
offline demands are:

A c_.,c ,C
o = (—pi a+b+7" —pg, Py <po
0, PS> o
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Table 1. The seller and GBW’s optimal decisions under different scenarios.

. Agreement Two-part .
Centralized . . Revenue-sharing Revenue-cost
. price tariff .
setting contract sharing contract
contract contract
Condition b > 16_2 b > _11_;5\/6 b> 10\/2_ 23 b> 6 -2
. 24+0b 126+ 14 126 + 14 2+0b
P 5 15 45 6
\ 3b+5 3b+5
s — —_ —_ 0 0
P 18 18
. 2+0b 3b+1 3b+1 0 2+b
7 5 30 30 5
s 2(240) 28 + 24b 28 + 24b 2+0b 2(2+0)
5 45 45 3 5
y 1+ 3b 3b+1 3b+1 1 14 3b
19 5 10 10 2 5
. 34 4b 48b + 11 48b + 11 1+2b 3+ 4b
1 10 90 90 6 10
T B 962 +66b+16 11 + 46b + 9b° b2 +4b+1 3+ 8b 4 2b2
° 180 120 12 20
. 2
I1; — Bb+ 1) 0 0 0
360
. 34+8b+2b  11446b+ 96> 11+ 46b + 9b> b2 4+4b+1 3+ 8b + 2b°
20 120 120 12 20
and: and:
Py A
O =L pa=pe Py <P A= —Por Dy < Do
= o &=
2 P > po Py 2 Po

respectively. Then, the problem can be reformulated
as follows:

c C c c 7O
anjfycﬂs = (pg - C)~qg + (po - C)'Qs Ty (16)
s.t. qf >0, (17)

q¢ >o. (18)

Under the Agreement Price Contract, the group-buying
and offline demands are:

A
<1—Z‘i)a+b+’y’4—pf,

0, P> po

A
Pl <p
q) = 9

respectively. The profit of the seller and GBW can be
reformulated as follows:

T = (02 = o)t + (po — ©).qd (19)
: A2
Z?j;AH;‘ = (p —p)qy — 25
s.t.: q;‘ >0, (20)
¢l > 0. 2

Under the O+GBW+RC model, the group buying and
offline demands are:

RC
4 — (1 -5 ) a+b+~y7 = pic, pi <p
g

0, pERC > p,
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Table 2. The optimal results of the seller and Group-Buying Website (GBW) under different scenarios.

Centralized setting

Agreement price contract

Revenue-cost sharing contract

3ac — 2a® + &2

Tac® + 11a%c — 11a® + 2

3ac — 2a® 4+ ¢ + (ba?

=2 2 a ;
. +(5a% — ¢* — dac) 5a + ¢ +(a —¢)(5a + ¢)\/2a(3a + ¢) —c* — dac)J/a/(5a + c)
Conditions b > b >
- a+c - (Ba+c)(a+c) - a+c
(a + ¢)(12ab + 2ac® + 12a°¢
. (a + ¢)(2a + b) +12ac® + be® + 14a® + Tabe) (a + c)(2a + b)
Py 5a+ ¢ (B3a +¢)?(ba + ¢) 5a + ¢
N (a + ¢)(3ab + 6ac + be + 5a° + ¢?) 0
Ps 2(3a + ¢)?
. 2a* — 3ac + ab — ¢® + be (a + ¢)(3ab — 4ac + be + a® — ¢?) 2a? — 3ac + ab — ¢* + be
7 S5a +c 2(3a +¢)(5a +¢) 5a + ¢
28a” + 24a’c + 24a’b
5 2(2a + b) +4ac? + 1dabe + 2bc? 2(2a +b)
5a + ¢ (3a + ¢)?(5a + ¢) 5a + ¢
. a® — 4ac+ 3ab — c* + be b(3a + ¢) — dac + a® — a® — 4ac + 3ab — ¢* + be
19 5a + ¢ 2(ba + ¢) S5a +c
4ab(4a + ¢)(3a + ¢) + (a® — dac
. 3a% — 6ac + 4ab — ¢? —c%)(8ac + 11a® + ¢?) 3a? — 6ac + 4ab — ¢*
75 2(5a + ¢) 2(5a + ¢)(3a + ¢)? 2(ba + ¢)
(a + ¢)(3a + ¢)?b® + 2b(3a + ¢)(—Tac? 3a® + 8a®b — 13a’c
—1la’c + 11a® — ¢*) + 2(a® — 4ac +2ab? — 12abc + 1lac?
- —c?)(—6ac® —5a’c + 8a® — c?) +2b%c — 4bc® + 3¢°
° 4(5a + ¢)(3a + ¢)? 4(5a + ¢)
. (a + ¢)(3ab + be — dac + a® — c*)?
1Ty : 0
8(5a + ¢)(3a + ¢)?
and: S.t.: qfc >0, (23)
g RC
¢re :{ =0 — Doy Py < Do ¢ >o0. (24)

0, pHe > p,

respectively. The profit of the seller and GBW can be
reformulated as follows:

P8 1 T = (g 407 — ) 4©
) 2
+ (o — )07 —e. (47)

(22)
o qneTIgC = [(1=Dpg = pi] ¢
' RC\2
2
\ S0l e R

Solving the profit maximization problems of the GBW
and the seller under different scenarios, we can get all
the optimal decisions on group-buying prices, agree-
ment prices, promotion effort, etc. All the optimal
results are listed in Table 2 and more details are
presented in Appendix B.

6.1. The impact of the service/product cost for
the seller and the GBW

Former studies have shown that product or service

unit cost plays a key role in the group-buying strategy.
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Edelman et al. (2016) [13] pointed out that when pro-
viding a service or product with lower marginal costs,
the GBW will benefit more. The statistics of Tuan800
(one of the largest GBWs in China) in June 2015
show that catering and entertainment (such as cinema
tickets and amusement) are the top two group-buying
categories, which account for 61.89% and 16.78% of
the total sales, respectively. However, their average
deal prices are less than 80 and 50 RMB, respectively.
When talking about their development orientation,
Wang Xing, the CEO of the largest GBW, emphasizes
that “Meituan will insist on providing service group
buying rather than product group buying, because the
low marginal cost of service group buying will be the
most attractive in price and quality” [28]. Therefore,
this section further investigates the impact of unit cost
on the optimal decisions and profits for the seller and
the website.

Besides, for all the results shown in Table 2, the
unit cost satisfies the condition that 0 < ¢ < a. Table 2
lists the optimal results of the seller and the website
under different marketing scenarios. Based on these
results, we will analyze the impact of product cost and
experienced offline consumers for the optimal strategies
of the seller and the website.

Proposition 9:  As the unit cost ¢ increases, the

following will hold:

1. The GBW will set a higher group-buying price and
the seller will set a higher agreement price;

2. [3 decreases, which means the group-buying discount
18 larger;
3. Group-buying and offline demands both decrease;

4. The website’s and the seller’s profits decrease.

As the unit cost increases, the seller will set a

higher offline regular price (00% > 0) and charge the

website a higher agreement price (aap“ > 0). The web-

c

site will choose a higher group-buying price (%ch > 0)
accordingly; however, its increase rate is much smaller
than the offline regular price (aa% > %") Therefore, 3
decreases, which means that the group-buying discount
is larger. Although increased offline regular prices will
transfer more experienced consumers to the GBW, the
size of new consumers that the website attracts with
the group-buying price decreases. Overall, the group-

C A

buying demand decreases (agé‘ < 0, aaqcy < 0). The
offline demand will apparently decrease due to a higher
transfer rate from the offline channel to the group-
buying channel (Og: < 0, aaij < 0). The seller’s and
the website’s profits suffer from the higher unit cost
and the corresponding shrunken demands from both

channels.

As the seller and the website both tend to offer
products or services with lower marginal costs, it is
more likely for a seller with a relatively low unit cost
to choose the group-buying strategy. This explains the
phenomenon that catering and entertainment group-
buying products account for an overwhelming majority
of the group-buying market. In 2010, Tuan 800 investi-
gated the average price per group-buying transaction of
the top 10 Chinese GBW. The results show that group-
buying products with a price lower than 50 RMB are
more attractive.

6.2. The impact of the experienced consumer
size for the seller and the GBW

The GBW prefers to consociate with sellers with a
larger number of experienced consumers, better con-
sumer evaluation, and longer operating history in the
local area since these sellers generally invest more
in their brand maintenance and product or service
promotion. They will not damage their brand for petty
profits [29]. This section investigates how the size of
experienced consumers affects the group-buying market
and the decisions of both sellers and websites. Based
on the optimal results shown in Table 2, the following
results can be obtained.

Proposition 10: As the size of experienced con-

SUMEers a increases:

1. The seller will set a higher agreement price and the
GBW will set a higher group-buying price;

2. B decreases, which means the group-buying discount
s deeper;

3. The GBW will enhance the promotion effort ~v;

The group-buying demand and the offline demand
mncrease;

5. Both the seller and the website will obtain higher
profit.

With the larger number of experienced con-
sumers, the seller will set a higher offline regular price
(% > 0). Other than that, the seller will charge

C
the website a higher agreement price (aa% > 0),

which induces the website to enhance group-buying

. op? ap§ ap? .
price (OpaJ > 0, ;J; > 0, gag > 0). The increase

rate of offline regular price is higher than that of

ap:}é,B,C
c A B a

(‘93% < 0, aéaa < 0, 85@ < 0), which means that

the group-buying discount is deeper. When taking

O+GBW model, more experienced consumers move on

to the GBW channel and the website will attract more

new consumers; thus, group-buying demand increases

A
(aaqj > 0). Since both the seller and the website’s prof-

its increase with increasing the number of experienced

group-buying price (% > ); thus, 3 decreases
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consumers, the website will tend to work with a seller
with a larger number of experienced consumers.

7. Numerical study

The primary objectives of this numerical study are
three-fold. First, we would like to verify the results
that have been proven in the previous section. It was
found that the seller would choose the group-buying
strategy when the website scale b was sufficiently
large. Moreover, as b increases, both the seller and
the GBW will obtain more profits, thus verifying and
complementing Propositions 1, 2, 3, 5, and 7. Second,
the advantage and profitability of different contracts,
the O+GBW model, O+GBW+T model, O+GBW+R
model, and O+GBW+RC model, should be compared
with the centralized setting. Third, it is desired
to verify the impact of group-buying service/product
cost and experienced consumer number from different
perspectives such as the agreement price, group-buying
price, group-buying discount /3, group-buying effort -,
and the profit of seller and GBW.

7.1. The impact of GBW scale b

Let’s first start by presenting the results of the profit of
the seller and website with b changing under different
contracts. As shown in Figure 6, when b is larger
than a threshold value, the seller will obtain higher
profit than operating only offline channel. This further
verifies Propositions 1, 2, 3, 5, and 7. Moreover, it was
found that both the seller and the website would obtain

1.4

higher profit with increasing b. Thus, we also further
verify Corollary 3.

7.2. The profitability comparison between
contracts

In this subsection, to further understand the profitabil-
ity of different contracts for both the seller and the
website, we desire to present the seller and the website’s
profits with different website scales b.

As shown in Figure 7(a), the seller can always
get higher profit under the centralized setting than
that under agreement price contract, two-part tariff
contract, and revenue-sharing contract, no matter how
much b changes. This further verifies Corollary 1.
In addition, comparing seller’s profit under agreement
price contract, two-part tariff contract, revenue-sharing
contract, and revenue-cost sharing contract, we can
find that the seller obtains the least profit under the
0O+GBW+R model.

Figure 7(b) obviously shows that, under the
O0+GBW+A model, the GBW obtains higher profit
than that under other contracts. In Figure 7(c),
comparing the total profit of the seller and website
under O+GBW+T and O+GBW+R, we prove that
both the two-part tariff and the revenue-sharing
contract cannot coordinate the profit of the seller
and GBW, further verifying Proposition 6. Besides,
under the O+GBW+A model, the GBW obtains
higher profit than that under other contracts; in
addition, under the O+GBW+RC model, the seller

1.2 L.

1.0

0.8
0.6
0.4
[V

T
T,

n?,

0.0 0.0

0.50
0.45
0.40
0.35
0.30
025k oo
0.20
0.15
0.10

0.05

0.00
0.0 0.2 0.4 0.6 0.8 1.0
b

(d)

nr ok o,

0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

(b) ()

RC RC
nee, mhe o,

0.0
0.0 0.2 0.4 0.6 0.8 1.0

Figure 6. The impact of b on the seller and website’s profit.
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Figure 7. The profitability comparison under different contracts.
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and the GBW obtain the largest total profit. Thus,
Proposition 8 is also verified.

7.3. The impact of GB service/product cost
and experienced consumer size

In this part, more numerical studies are conducted

to further reveal how the major parameters affect

the performance of seller and website under different

contracts.

In Figure 8, with b increasing, the seller will
set higher fixed payment, which is exactly shown in
Proposition 4. Figure 9 shows clearly that the GBW
will offer more effort with its scale increasing. Thus,
this exactly explains Corollary 2.

To analyze the impact of GB service/product cost
¢ and experienced consumer size @, we assume that
a =1 and b = 1 when focusing on the impact of ¢ and,
also, assume that ¢ = 0 and b = 1 when investigating
the impact of a.

In Figure 10(a), the GB price and agreement price
are always increasing with ¢. In Figure 10(b), 8 is
decreasing with ¢, which means that the GB discount
is getting larger. Figure 10(c), (d), and (e) obviously
show that the GB demand, offline demand, and the
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<" 0.3} 4
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< 0.2} i
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0.0 0.2 0.4 0.6 0.8 1.0

Figure 9. The impact on  with b increasing.

profit of the seller and GBW are always decreasing.
Thus, Proposition 9 was verified in Section 6.

8. Conclusion

This paper considered a seller who can choose to
sell through a GBW, in addition to its traditional
offline channel. GBW can make costly efforts to run
group buying, which will increase the number of new
consumers. The seller’s decision on whether or not to
implement group buying and how the contract between
the seller and GBW impacts the seller’s profitability
was studied.

It was found that when the GBW had an attrac-
tive consumer base size, the seller would choose to use
group buying. When the seller and the GBW took two-
part tariff or revenue-sharing contracts, the total profit
of the two channels was less than that of a centralized
firm, that is, the two contracts could not coordinate the
system. Based on this finding, a revenue-cost sharing
contract that can coordinate the two channels was also
proposed.

This study adopted the analytical modeling and



Y. Wu et al./Scientia Iranica, Transactions E: Industrial Engineering 27 (2020) 2069-2092

1.3 1.20
1.9 Py —ph —pEC—pt
SRS 1.16
o 10 2
£= 0.9 @ 112
& N
<= 0.8 Q" 1.08
O&; 0.7 oy
0.6 1.04
0.5
0.4 . . . . 1.00
0.0 02 04 \ 0.6 0.8 1.0 0.0 0.2
(a)
0.7
0.6 qf q tch‘
o 05
=
T 04
o
7 0.3
O
o
0.2
0.1
0.0 .
00 02 04 , 0.6 0.8 1.0

(d)

2083
0.4
8¢ —pt —p"°| [—af —ap —aF°
0.3
§)
S
=
<= 0.2
o
0=
Sl
0.1
0.0
0.4 b 0.6 0.8 1.0 0.0 0.2 0.4 b 0.6 0.8 1.0
(b) ()
0.7
A __ [{RC A
0.6 o I Hg‘
<o
= 0.5
Q
= 0.4
=
~ 0.3
<
= 0.2
0.1
0.0 . :
0.0 0.2 0.4 b 0.6 0.8 1.0

Figure 10. The impact of Group-Buying (GB) service/product cost ¢ (a =1 and b = 1).

the game theoretic approach. Although such an analy-
sis enables us to generate managerial insights, it usually
lacks data corroboration. In the future research, one
can collect corresponding data to examine the exact
relation between the group-buying promotions and a
seller’s profitability. Besides, in the future, it is worth
exploring some other easily implementable contracts
that may better coordinate the revenue of the seller
and the website.
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Appendix A

Centralized setting

Proof of Lemma 1: Taking the first-order and second
derivative of IIY with respect to p§’ and v respectively,
we can get:

MC 2+ b+7)po — 2(1 + po)py
op§ Po ’
o11¢ o*11¢ 1
50 =P =% 502:—2(“)7
’y pg pO
621—[0 821-[(7
—_— = — = = 1
9y Toopfon
9211¢
I
ayoapg

Then, we can get the Hesse Matrix of 11 about p$ and
a

7C, H(I) = [_2(pi - 4
is a negative definite matrix, which means II¢ has a
maximum value about pg and 7©.

When the seller and website corporate to provide
group-buying products, the online and offline demand,
respectively, are:

]‘ This Hesse Matrix

C
© = {1—’;,i+b+vc—pf, vy < po
g )
0, PS5 > po

C
Py
c {pj, — Doy Dy < Do
0, PS5 > po
Po(b+1)

Setting ¢§ > 0 and ¢§ > 0 yields p2 < p§ < vt

and § < p¢ < L. Maximizing Eq. (1) with respect to

pg and 7¢ yields pg* = 2%’ and 49" = QT‘H’ Then, the
. c
optimal group-buying discount should be 3¢ = I;i =

22+ and the online and offline demand, respectively,

5
are qgc* = 1+T3b 3‘;—6“’ The optimal profit
under centralized setting should be II¢" = W.
For all the results, they all satisfy the condition b >
V10—2

-
Proof of Proposition 1: Only when the seller
obtains higher profit under the O+GBW model than

and ¢¢" =
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under the offline channel, he chooses O+GBW which
means TTC° = 348041267 o rv — 1 then p > Y10-2 jg
obtained.

Decentralized setting-agreement price contract

Proof of Lemma 2: When operating group-buying,
the online and offline demand are given by:

AA
A= L bt =l g <o
I 0, Pi > po

and:

A
A_ )3 —Do Py <D
= o A>p,
? pg_po

Setting qu > 0 and ¢ > 0, we get p? < p;‘ <

(I4b+9)po o (14b)po
1+po — 1+p

we get + < pt < Y. Under this condition, the profit
of the seller and website are given by:

. Substituting p, into the results,

A A A p? A A ()2
Hg:(pg_ps)(l_p7+b+7 _pg)_ 9
and:
A A
P P
o o

Using the backward induction technique, we
firstly solve maximization problem of H;‘ with respect
to p;t and v, Then substituting the optimal results of
p; and y* into I1Z, we can solve the optimal result of
agreement price p2, and then the optimal profit of the
seller.

Taking the first-order and second derivative of Hg‘
with respect to pg‘ and v, we can get:

ol

1 1
L =14+b+y"+(— +pf —2(— + 1)p,
o A+ (. +p,

oI
ov*

27TA
0TI/

A A A 1
IpoyA ’

:pg _ps _q/ 9

e
oytopy T op po

21TA
9211

g =L

The Hesse matrix of H? about p;‘ and 4 is:

—2(L+1) 1

Ay — Po

gy = | e

which is a negative definite matrix and means that

there is a maximum value with respect to H?. Max-

A
imizing Eq. (4) yields pg*(p;“) — 4Dpetry o4

247,
A
A (phy = —(1+b)p‘;’zjr$+p”)p* . Substituting the above

results into 112 yields:

114 = pa, (LFPo) (o + b — pi = pop?')
’ (24 po)po

S

(1+ b)p, + p2

+Po-
Po( (24 po)po

- po)~
Then, maximizing the profit of the seller, we can get
the optimal agreement price between the seller and the
website.

Setting g2 > 0 yields p2 > (24 po)p2 — (1+b)p, =
1_T4b. Solving the first-order and second derivative of
14" with respect to p2 yields:

O (1+b—2ph)p2 + (24 b —4p)p, — 2p2

opd (2 + po)po ’
I 2Aatp)’ _
op (20 + po)po ~

which means that there is a maximum value of II#4 with
A
respect to p2. Solving % = 0, we get the optimal

. * b+2)po+(1+b)p?
agreement price pA” = (HDpotUdblp, 3645 Then,

_ 2(14pa)?
substituting p;' into pg" (ps) and 4 (pf'), we get the
optimal group-buying price and effort, p?* = 1217"5'14

and 44" = Then, the optimal group-buying
discount and online and offline demands follow:

3b+1
30

5A*_pi‘*_28+24b A 3b+1
T N R

4 48D+ 11

qS - 90 .

Substituting the above results into the profit of the

seller and the website, we get the optimal profits

[[A° = 924666416 ,pq A" — BOD® L ooitivel
s = 180 g — 360 > P Y-

The total profit of the seller and the website is 14" =

334+138b+27b>
360 :

Proof of Proposition 2: The seller can obtain higher
profit only under the O+GBW channel, with regard
to Agreement Price Contract, than under the offline
channel. Thus, we get IT4" = b7 466b+16 I =1

180 - 1
and then b > 5‘/6%11

Pricing coordination of the seller and the GBW
proof of Lemma 3: Solving the optimal group-
buying price and effort regarding GBW'’s effort, we get

. 5, TS . 5, TS
Py = % and pl” = 145420, 7 Then the group-
buying channel and offline channel demands should be
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343b—9pTS ab—2+4pT

gy = 50— and ¢ = ==
T o T2

should be II7" = X202 90" | )75 14 b Solving

the first order derivative of seller’s profit with regard

to the agreement price and ﬁxed payment, we obtain
au” 36— 18p
apT -

. The seller’s profit

= 1. Thus, we can get:

« 3b+5 « 14+ 125 « 143D
T _ T _ T _
ps - ].8 9 pg 45 ) ’Y 30 9
= 13 o _ 11+48D
g 10 s 90

The seller’s profit is I = % + Hb + ;= + F and the

* 2 TA
GBW's profit is ITT" = 165490 —F. agT —1>0, s0,
. . ;
when IIT" = 0, F has the maximum F7~ = 180490

360
T* _ 11446b49b°
Then, II; = 150

Proof of Proposition 3: Ouly if the seller obtains
more profit under the O+GBW+T model than under
O model, will it adopt the group-buying channel. Thus,

* 2 . .
we get [17° = LH6b496- » v — 1 that is b >
10723

T

ith . pT* _  146b40b%

Proof of Proposition 4: F = T and

T* .
oL = 3l 5 0, so when b, increases the seller

9 . 60
obtains higher fixed payment.

Proof of Lemma 4: Solving the optimal group-
buying price and group-buying effort with regard to
GBW’s profit, we get:

g (1=Db+1)+2-pk
Py = (1—0)(l+5) :
and:

re (1=D(b+1)—3pF
Tz 14+5 ’

Then, the profit of the seller is obtained by the equation
shown in Box I.

Solving the first order derivative of I with
respect to p?, we get:

omnk
oplt

25 + 15b6(1 — 1)% 4+ 912 — I3 — 90p~ + 1(—33 + 36p~)

(=5 + 4l + 12)2 ’

and solving the second derivative of pf with respect to
2 we get:
o211k =90+ 36/ <
8p3 (=544l +12)2

So, 0 g decreases Wlth pf. For pf, one meets the

condition 0 < pR . When pft =
oIf  15b(1 — l)2 +912 — 12— 20— 151 <0
aplR (=5 + 41 + 12)2 ’
and when pf = %:
O 15b(1 —1)% + 912 — 13 — 20 — 15] <0
opF (=5 + 41 + 12)2 '

So, there exists a ps*7 0 < pf'* < L. that makes

aur .
ol = 0. Then, setting 3 it = 0, we get pf¥" =

25+15b(1—1)%+912—13— 331
+156(1 1"+ into II%,

substltutmg P

90—361
2
we get IIE = 007 +b(63%(753_0f2)l;r(471) . Solving the first
R
derivative of TI® with respect to I, we get agf =
ar2 5 921IF _9p)2
4+911’8(§l:21)5§+l R 2((157221))3 > 0 always stands

R

up. So, % increases with [. For [, it is satisfying to
R

have 0 < [ < 1. Whenl:l,%z%>0amd

, Ihe = 49" 5 () So, when 0 <1< 1,

18425
8H“ >0 always stands up. Thus, {* = 1. Then, with
respect to pft" = 0, we will have:

. 1
M = pg (1= 3pg +b+9%) +p5.(205 = 3)

1 1
+ 5(2135 -3)

:pf.(l—?)pf—l—b) 5

ne =

S

120%(1 = 1)%1 = I* + 412 — pf) — 181%(1

—2pB) + 4b(1 — 1)2(5 + 71 + 15p%) + 41(4 — 33pF + 18pF")

— 5(1 — 20p2 + 36p™)

41 —12(5 + 1)

Box I
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R
Setting 20 = 2+b—6pF = 0 £ pR° = 240 T}
etting it + Dy , we get p G en,

a5 = 5 qif = 2, Hf* =0and I = gL
Proof of Proposition 5: Ouly if the seller obtains
more profit under the O+GBW+T model than under
O model, will it adopt the group-buying channel. Thus,
we get TR = bA4btl 5 1 = 1 that is b > V6 — 2.

Proof of Corollary 1: Comparing the profit that
the seller obtains under the centralized setting and
Agreement Price Contract scenario, we get Hf* =
% < MO = 248b8120° Tt jg the same for
the two-part Tariff Contract and the Revenue Sharing
Contract, that we can get nr = w <II¢" =
3+81)24612b and TR = b” +14b+1 HC* — 3+8b+12b2

Thus, the seller is less likely to add the GBW channel
under the Agreement Price Contract scenario, the Two-
part Tariff Contract scenario and the Revenue Sharing
Contract scenario.

Proof of Proposition 6: The total profit of the
seller and GBW under the two-part tariff contract is
less than that under the centralized setting. Besides,
the total profit of the seller and GBW under the
revenue sharing contract is also less than that under
the centralized setting. Thus, both the two-part tariff
contract (O+GBW+T) and revenue sharing contract
(O+GBW+R) cannot coordinate the total profit.

Proof of Lemma 5: Solving the optimal group-

buying price and group-buying effort with regard to
GBW’s profit, we get:

pY =

[—14b(1—1—2e(I—1))—2pB" —1pB" 4e(2 — 20+6pB")
(1-1)(5—12e+1)

and:

re_ 1+b—1-bl—3pf
5—12e+1

2+b

th e get e* = LiSbLLD

6(b+2)

17_1. Then, the group-buying channel and offline

3b+1
5

Setting p?” = 4P = and
PP = ‘
channel quantities should be ¢?" =

443 respectively The seller’s profit is ITP" = 3 +

by oy bl Solv1ng the first order derivative of 115"

and ¢F" =

B*
dl = %—l—ﬁ > 0, s0,{* = 1. Then,
we can get all results in Lemma 5.

Proof of Proposition 7: Only if the seller obtains
more profit under the O+GBW+RC model than under
O model, will it adopt the group-buying channel. Thus,

we get TTHC" = W >1IIF = %, that is b > @_2.

Proof of Proposition 8: Comparing the profit of the
seller and GBW, with the total profit of the seller and
GBW, we can get:

. DPH4b+1 o 114460+ 9b? .
it = 2L e LA HI s
12 120

9% + 66b + 16 gRe”
B 180 ¢
_ 3+8b+ 207
B 20 '
A _ (3b+1)? RC* _ R* _ 1T* _
g =g — >0 =1 =1, =0,

. DPH4b+1 o 114 46D+ 9v? .
mF = 20T e AT ppa
12 120
:33+1§i+2%2<rﬁw*

_ 3+8b+ 207
B 20 '

Proof of Corollary 2: Solving the first derivative
order of the group-buying eﬁort regarding the website
o ) o)
scale we get - > 0, gb > 0, gb > 0, and
87 > 0, which means the GBW will make more effort

to attract new consumers.

Proof of Corollary 3: Solving the first derivative
order of the group buying effort regarding the Website

T
sé)clixie we g)ertT ab‘ > 0, ab‘ > 0, ab‘RC> 0, —=— >0,
>0, 5 >0, J>0,and >O.

Appendix B
Proof of Table 2

Only Offtine Channel: When operating only offline
channel, the experienced consumers size is a, and the
retail price is p,. So, the demand should be ¢, = a—p,.
Product or service cost is ¢, then, the profit of the seller
should be II, = (p, — ¢)(a — p,). Solving the first-order
derivative yields agn = a — 2p, + ¢. Maximizing II,

with respect to p, yields the equilibrium retail price
ph = ‘”‘C Then, the optimal profit of the seller should

be H» (a c)

Operating group-buying

Proof of centralized setting: When operating
group-buying, the group-buying and the offline de-
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mand, respectively, are:

Po

C
c_{(l—p” Ja+b+v9—pS, ¥ <po
0, PS> o

Py c
C_ ) pr@=DPo, Py <Po
qs = o o .

0, Py > Do

Setting ng > 0, we get pg
(a+b)(atc).

3a+c I
which also satisfies the condition for ¢ < pg < po, that

is, ¢ < pf < ade

— a+po a+po

2 2
setting qg’ > 0, we get ;05 > P — (ato)?

a 4a

< (a+b+7%)po < (a+b)po __

, under group-buying.

Case 1: In this case, 4ac + c? — a? > 0 with respect
2
tocgpgc Spoand% < “T"'C(cgaalways

stands up). Here, we can discuss in four kinds of
circumstances:
1. ¢< (“LC)Q < (a+3b(3:_ac+c) < ere that is:
2 _ 2
dac+ ¢ a §b§a+c,
4q 2
116 = ( C 1 ZLgC b C C
=y —o) |(1-"F)a+tb+7" —p,
Po
c 2
Yo ol
+(Po — )(=-a —po) — 5
(o =)o —p) —
’ — ate b :
2. cg%g ;r S%,thatls:
a+c
b< ,
- 2
C
IS = (p§ —¢) (l—pfg)a+b+v(’—p§
C c?
Dy 7.
oo =)0 —po) = T
(atb)(ate) o (ate)® + -
3. e g < < 43¢, that is:
4ac + * — a? c p§
b ——(— I Z(po—C)(ga—po);
(atb)(atc) (ate)? + -
4. ‘LT_:LCCSCS - < 2F< that is:
bgmin{4 ct+c®—a® (3at+c)e }
4a a+c

In conclusion, when 4ac + ¢ — a® > 0, the profit
of the seller should be formulated as follows:

¢ =

S

C
(P =) |(L=F5)a+ b+~ —pf

c c? 2 2
Hoo—AGra—p) =T b2 it
(Po — ) (=a = po), b < decte=es

Sub-case 1: In this sub-case we have: b > %.
Total profit in centralized setting is:

C
¢ = (p§ —c) [(1—%)a+b+vc—p§]

o

C
9

+(po — C)(p a—po) —

i

7"
2

o

oM (2a+b+c+7%)p, — 2(a+ po)p§
s Do

3’}/02 - 5

Then the Hesse Matrix of II, with respect to p¢ and

7 is:

) = |

So, IIY has a maximum value about p{ and ~7©.
Setting:

ong  (2a+b+c+r%)p, — 2(a + po)p¢

= = 0
oy Do ’
and:
oTIC
8’}/0 :pg_c_’yc :07
yields:

(a+c)(2a +b)
5a + ¢

o 2apo +bp,

g 2a + p,

)
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and:

o _ (2a + b — ¢)p, — 2ac
~

2a + p,

202 — 3ac+ ab — ¢ + be

5a + ¢
According to 7¢" > 0, we get b > %
Thus, the optimal discount should be ¢ = Qfa“::).

According to ¢ <1, we get b < “TJFC Then, we get:

o+ (a+b—c)p, +a(b—2c)
4 2a + p,

a? — 4ac + 3ab — 2 + be
S5a+ ¢

b

and:

3a? — 6ac + 4ab — 2

o+ a(2ap, +bp,) B
2(5a + ¢)

QS -
Po(2a + p,)

o —

As it satisfies qg* >0, we can get b > %. Then,

according to ¢¢7 > 0, we get b > W
we have the relations shown in Box II.
Besides, only when MY > II%, will the seller

Hence,

cooperate with the website. Thus, when b >
Bac—2a% 4 +(3a7 afc —4ac)y/a/(Sate) , the seller chooses to

provide group-buying.

Sub-case 2: When b < m

4a

, TI¢ increases with
respective toﬁ pg . Besides, pg < po, SO pg’w = po. Thus
HSC* = @, which means seller does not run group-
buying.

Case 2: When 4ac + ¢® — a? < 0, there is only one
scenario, that is:

c
g)a+b+’y C

(e} ok
P
+(po_c) (ga_po> _,777 b>0.

So, we can get the same optimal result as in Sub-case
1 as shown in Box III.

Proof of O+GBW+A model (agreement price
contract)

The group-buying and offline demand, respectively,
are:

A
—2)a+b+9" —py, Py <po
Py > o

A:{l;,g -@ = Do, pg‘<po‘
0, Py > po

According to ¢ > 0, we can get pt < pj' < % <
atbh o (a+b)p, __ (a+b)(atc)
1+ = atp, 3a+c

A a+b)(a+tc .
Thus, when only pZ < %, will seller

cooperate with the website.  Then, according to

+b)po+ap?
) = %i po > 0, we get pit >
s (2a+pn) _ (a-l—b)p — (a+c)(u. -I—c +6ac 4ab)

We ﬁrstly maximize 112 w1th respect to ¢ and
4. When qg >0:

(v*)”
g = (pg —pi)qy — =5~
o114
L =a+b+yt+(—+1) 2(— +1)
Ip; 0 0

«  3a®+8a%b—13a2c+12ab* —12abc+ 11ac? +2b%c—4bc® + 33

dac + * — a?

¢ = ,
¢ 4(5a+c) - 4a
Box II
e’ — 3a3 4 8a?b — 13a*c + 12ab® — 12abc + 11ac® + 2ab*c — 4bc* + 3¢3
s 4(5a + ¢) ’
3ac — 2a% + ¢ + (5a® — 2 — 4dac)\/a/(5a + ¢)

b>

a—+c

Box 111
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oA o114
aj_p?_p?_7A7 aAagA:17
Y Py O
o1 ) o1 0O

dyAopr ~ oA T
27178

o*m _

oyA? '

Thus, the Hesse Matrix of H;‘ with respect to ps/," and
—-2(&+1 1

s gty =[2G T
1 -1
a maximum value about pg and 4

}. Therefore, 11" has

Setting 2 a 4 + =0, we get p; (pi) =
(a+b)po+aps and ’Y ( A) — (a+b)pnf(a+po)p§ Thus
2a+po 2a+p, ’
A, A (atpo) (apotbpo—apt—pops) (atb)potap
dq (ps) = (2atpo)pa » s (Ps )= W
a a+po)(apotbp.—ap? —p,
£ —p,, and HA (ps o). (a+po)( p(zaerp))pp Dol )
a+b)p.+aps
(po — ) [ CHPtrs & g )
Case 1: When —a? + ¢ + 4ac > 0:
I =
A (a+po)(apo+bpo—apl —popl)
(ps - ) b()za+p0)po
at+ ota a act+c”—a
+(po — ¢). {#-7 —Pa] , b dactc=d
A 2
(po—f—c)(l;ia—po), b<4ac+4#
Sub-case 1: When b > w:
(a+ c)(a® + ¢ + 6ac — 4ab) < (a+b)(a+c) ol
8a? = 3a+c  Opd

_ (a+b+c—2p)p2+(2a* +ab+2ac—4ap? )p, — 2a*p2
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Thus IT4 has a maximum value with respect to p2.
A
Setting % =0, we get:
a+ (ab+2ac+2a)p, +

S

(a+b+c)p?
2(a + po)?

(a + ¢)(3ab + 6ac + be + 5a? + ¢?)
2(3a + ¢)? '

Substituting p?~ and p, into pg “(p2) and 44
get:

“(pd), w

P, =

(a+c)(12a2b+2ac? +12a?c+12ac? +bc? +14a +Tabe)
(3a+c)?(5a+c)

and:

a4+ (a+¢)(3ab — 4ac + be + a® — ¢?)
2(3a+ ¢)(5a +¢)

Then, the optimal group-buying discount should be:

54" = 28a® + 24a’c + 24a®b + 4ac® + 14abe + 2bc?
B (3a + ¢)2(5a + ¢) '

The group-buying and the offline demand, respectively,
are:

4+ b(3a+c) —dac+a® —
9 = 2(5a + c) ’
and:
¢ =

dab(4a+c)(3a + ¢)+(—dac+a® —c?)(8ac+11a% +¢?)
2(5a+c)(3a+c)? ’

(2a+po)po 7 When running group-buying, it should satisfy
and: g;” > 0and ¢/ > 0. Thus, we get b > —e-Hlecte
) N ) The optimal profit of the seller and the website,
o7l _05 — 2(a + po) <0. respectively, are obtained by the equations shown in
Ip (2a 4 po)po ~ Box IV.
16a° + 66a*b — Tda*c + 9a3b? — 44a3be + 126 * + 15a*b*c — 64a’bc* + 564 + Tab*c? — 20abc®
A" — +20act +b?c® — 2bct + 2¢°
s 4(3a + ¢)?(5a + ¢) '
and:
A° — (a+ ¢)(3ab + be — dac + a% — ¢2)?
&=

8(5a + ¢)(3a + ¢)?

Box IV
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For the seller, when only Hf* > IIF, will
it cooperate with the website. Thus, when b >

2 2e—11a®4c34(a—c a+c)y/2a(3a+c
Tt (-Ii;a+t)((a+3)(5 o)y 2elBet ), the seller and

the website will cooperate to provide group-buying.

. —a*tc® 4 i (ate)(a™+c™t6ac4ab)
Sub-case 2: b< —*=%¢ that is 82
> (ath)(ate)
3a+c
In this scenario, the seller only runs the offline
retail. Thus, the optimal profit of the seller should be

A* _ (a=¢)?
j i

In conclusion, only when:

b>

7ac’+1la’c—11a®+ A+ (a—c)(5a+c)/2a(3a + ¢)
(3a+c)(a+c)

)

the seller and the website cooperate with each other.

Case 2: —a® + ¢® + 4ac < 0. In this case, there is just
one scenario that is:

Thus, we get the same optimal results as in Case 1.
Only when:

b>

Tac® +11a*c—11a° + ¢+ (a—c)(5a+c)y/2a(3a + c)
Ba+c)(a+c¢) 7

the seller and the website cooperate with each other.
Form Case 1 and Case 2, it is concluded that

2 2 —_ (l3 L‘3 a—c a—rt+c)y/ za a-+c
when b > T (-I:;a+t§(a+c))(5 o)y 2aldet ), the
seller and the website cooperate with each other to

provide group-buying; otherwise, the seller only run
the offline retail.

Proof of O+GBW+RC model (revenue-cost
sharing contract)

Solving the optimal group-buying price and group-
buying effort with regard to GBW’s profit, we get
the equations shown in Box V. Setting pf* =

(2a+b)(a+c) B* _ 2ad’+ab—3actbe—c>
5a+c and v - 2(2a+b) , we get
6* _ a3l7a02+4a27c3l+5a3+3a2bl75ac2173a2cl+bczl+4abcl
- 2(3a+c)(2a%2—3act+ab—c?+bc)
* 2 — -
and pP" = (ate) U=D  Thys, the group-buying

(3a+c)
channel and offline channel quantities should be

B* __ 6a3+a2(11b717c)+(bfc)c2+4a(b2+bc72cz) B* __
49 = 2(2a+b)(5atc) and ¢ =
3a’+4ab—6ac—c

3(5atc) 2, respectively. Seller’s profit is obtained
by the equation shown in Box VI.
Solving TTZ™’s first order derivative with respect
— (b—c)(a+c)(92+3ab—flaf+bc—cz) > 0.
30a2+16ac+2c?
Thus, we get " =1, pf* =0, and e* = %
The seller and GBW’s profit are, respectively,
obtained by the equations shown in Box VII, and
the total profit is obtained by the equation shown in

Box VIII. Only if:
> 3ac — 2a% + ¢® + (5a® — ¢® — 4ac)\/a/(5a + ¢)

a—+c

the seller will choose the group-buying channel.

Only under this scenario, will the seller and the
website cooperate with each other. Otherwise, they
will not cooperate.

dn’®
to I, we get — =

)

and:

g (a?(1-1-2e(1-1))—a(b(2e—1)(I-1)+c(2e—1)(I—1)+(2—6e+1)pZ) —c(b(2e —1)(I— 1)+ (I—2¢)p?))
Py (I—1)(a(5—12e+1)+c(1—de+1)) ’

B (1= +cb(1=1)—pP)Y+abl-1)+c1l-1)— 3p§)’

e(l—4de+1)+a(5—12¢+1)

Box V

9a* +2a®(b(11 + 1) — c(17 + 1)) + (261 — 4bel + (1 + 20)) + 2a* (361 — 2be(4 + 31) + (7 + 31))

+ 2ac(4b*1 + 5¢*(1 + 1) — 3b(c + 3¢l))

s 4(15a2 + 8ac + ¢?)

Box VI
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5 — 3a® + 8a%b + 2ab® — 13a’c — 12abc + 2b%c + 11lac? — 4bc® + 3¢3

s 4(5a + ¢) ’
B
n; =0
Box VII
5 — 3a® +8a?b+2ab* —13a%c—12abc+2b%c+11ac? — 4bc? +-3¢3

4(5a+-c)

Box VIII

Proof of Proposition 9:

1.

Solving the first order derivative of group-buying
"

price with respect to the cost, we get Oggc > 0,

RC*

ap(/ p(/

> 0, > 0, and 2 > 0, and solving
the first order derlvatlve of the agreement price with

A* T
respect to the cost we get a;(;z > 0, ag‘c
ap

E‘)ﬁ 27" apR" apRe”
Oc > 0, Oc > 0, dc > 0, > 0,

thus, when « increases, the group-buying discount
is smaller.

For the group- buylng and ofﬂlne demand, when the

z':)q(/ 8(1(/ é)qq
cost increases: —i— < 0, 5 < 0, 5 < O,

0q2°” a¢” 9¢%" 0q%"
— <0, 5~ <0, 5~ <0, 75— <0, and
8qfc

< 0.
a4*
For the profit of the seller and the GBW: ag; <
T* RC™ QHA*
0, % < 0 e <0, anac <0, 5 <0,
aHT* R"’ RC*
<0, <0 and 2 < 0.

Proof of Proposztzon 10:

1.

Solving the first order derivative of group-buying
price with respect to the size of experlenced con-

0 A T
sumers, we get —5%— > O7
) RC* .
péT > 0, and solving the ﬁrst order derivative

of the agreement price with respect to the 51ze of
R}

i
ap“ >0 and p >0.

RC*
Fa a.- > 0, and E)Baa > 0,
thus, when a increases, the group-buying discount
is smaller.

R*
aﬂ > O7 aa > 07 aﬂ

3. For the group-buying and ofﬂlne demands when
qu

g dg
the cpst increases, -4 < 0, 57— <0, 52 <0,
aq”C aqé* aqT* 8q§

i— <0, 5 <0, 55 <0, 55— <0, and
aqHC*
—5— <0.

4. For the profit of the seller and the GBW: anf‘ <

o™ o’’’ omre” OHA
0, %5am < 0, T <0, Ty <0, <0,
0 T R* RC*

<0, B <0, and 2 <0.
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