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Abstract: This paper studies whether the manufacturer with dual channels should carry out channel
integration: BOPS (Buy-online-and-pick-up-in-store). Theoretical model is established to find out
the optimal pricing and service strategies of the manufacturer before and after the implementation
of BOPS. The influences of consumer’s online shopping acceptance on pricing, service level are
analyzed, and the comparison of manufacturer’s price, online and offline service level, profits
before and after the implementation of BOPS, and applicable conditions for the implementation of
BOPS are given by numerical simulation.

1. Introduction

Increasingly, manufacturers are selling through their direct online channels, in addition to
traditional (bricks-and-mortar) retail channels. It has been a global phenomenon that many customers
choose to purchase products through online channel because of its great conveni-ence, large product
variety, low price and search cost, etc [1, 2]. The Internet opens a new possibility for firms to
increase their market coverage and profits by using their own direct online channel. Recently,
various retail channels such as offline stores, Internet websites, and other various mobile devices are
integrating into a single channel called an “omni-channel” and the borders between each of the
channels are blurring [3]. Customers move freely between the offline and online store——PC or
mobile, all within a single transaction process in the omni channel [4]. So, customers are able to
access services such as “click and collect (BOPS, buy online and pick up in offline store)”, “order
in-store, deliver home”, “order online, return to store”, “showroom” and other combinations of
online and traditional retail activities via the omni channel [5].

As an important mode of omni-channel, BOPS model not only provides consumers with faster
service and better consumption experience, but also can bring additional consumption by draining
consumers to offline stores [6]. Tmall and Uniglo have empolyed omni-channel. During the double
11 period in the year 2016, Uniglo launched a "new retail experience economy”, the use of online
and offline synchronization promotion, buy-online-and-pick-up-in-store policy [7]. However, the
implementation of BOPS has also increased the cost of services for offline stores, where offline
stores may not have the incentive to offer BOPS pick-up services when the extra consumption is
small [8-10]. At the same time, before the implementation of BOPS, manufacturer and retailer
respectively control online and offline channels, the competition between them forms a price
difference [11], the implementation of BOPS after the pricing strategy may reduce the fierce
competition brought about by the ultra-low price, zero profit and other phenomena, but may also
eliminate the benefits of appropriate competition. In addition, for different types of products,
consumer channel preferences and channel transfer behavior will greatly affect pricing and service
decisions, which challenges the implementation of BOPS and the design of profit distribution
contracts between manufacturers and retailers [12, 13].

In the aspect of modeling research, Gao et al. have obtained the applicable conditions of BOPS
from the point of view of inventory management, and think that BOPS has a positive effect on the
expansion of consumer groups [14]. Chen et al. study the service competition and decision-making
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problem under the channel integration, takes the delivery time as the online channel service level, the
product availability as the traditional retail channel service level, and tests the model through the
experiment [15]. Chen et al. study the pricing and inventory decision of BOPS consignment model
considering additional consumption under stochastic demand [16]. The above researches study the
inventory problem, service decision or the joint decision of price and inventory in the case of BOPS.
Our paper develops a tractable theoretical framework to study the problem of pricing and service
joint decision-making before and after the implementation of BOPS.

The problem of pricing decision is widely studied in the research of dual channels [17], in which
the joint decision of price and service has lots of research results [18]. Most of the research uses the
method of manufacturer Stackelberg game and Bertrand game to depict the influence of price
competition on dual-channel operation and management, and adopt pure price contract [19], income
sharing contract, one-time transfer payment contract [20] and compensation contract and other
contractual modalities for coordination. In addition, product type, shopping motivation and
demographic factors all affect the cross-channel consumer group division, Bernstein et al. [21], Ding
et al. [22] and others consider the channel selection and coordination strategy when consumer has the
free-riding behavior. They found that the consumer’s channel transferring behavior greatly affects
channel selection, pricing and service decisions. All the above researches are about traditional dual
channels, while this study introduces the BOPS one price system, compares the optimal decisions
and profits before and after the implementation of BOPS.

The remainder of this paper is organized as follows: Section 2 specifies the model setup and its
equilibrium analysis. Section 3 gives the numerical examples to analyze the effect of service
allocation and consumer perception on the optimal solutions. We finally offer our conclusions and
possibilities for future research in Section 4.

2. Basic Model

Firstly, we establish the model of BOPS mode. The manufacturer integrates its direct online
channel and the retail channel, allowing consumers to order online and pick up the products in the
retail stores. The manufacturer sets the online service level s, the unit BOPS retail price p, and
offline service level s,,. For buying one unit of product, the utility consumer gets from the direct
online channel is ug, = 6v —pp + PAsy, + (1 — B)s,,, Where v~U [0,1] denotes consumer’s
valuation of the product, 6 represents customer’s acceptance of online shopping, and A is
customer’s perception of online service. With BOPS, the effect of service on the online customers
stems from both the online and offline, where the ratios of the two channels are B, and 1 — p,

respectively. Similarly, the utility consumer gets from the retailing channel is u., = v —pp + ;.
With u,, = 0, we have v = v}, = pb_ms"b;(l_ﬁ)sm, indicating that the consumers with valuation

vp get zero utility from the direct channel. With u., = 0, we have v = v, = p, — S, indicating

the consumers with valuation v, get zero utility from the retailing channel. With u,, = u,,, we
have v =v,, = W indicating the consumers with valuation v,, get the same utility from
the two channels. Furthermore, when v, > v,,, We have vg, > v > Vep; Otherwise, v, <
Vip < Vop. Thus, when v, > v, > vy, CcOnsumers with valuation v € [v,,, v, | buy from the
direct channel, and consumers with valuation v € [ v,,, 1] buy from the retailing channel (see

Figure.1). We assume that the potential market scale is 1.

Dob Dr’b

buy from the online channel buy from the store channel

0 Vob Vypp Vep 1

Figure 1. Demand when v, > v,
When v, < v, < Vop, the demand of direct channel is 0, consumers with valuation v €
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[ Vi, 1] buy from the retailing channel, the demand is shown in the following Figure.2.

Drb

buy from the store channel

)
Ver Vrp Vop 1

Figure 2. Demand when v, < vy,
Thus, the demand of the direct channel and retailing channel is respectively:

1— BAsop—Bsrb (1-0-B)srp+BAsop

Drp = e i (1—9—3;s_e+ ’
1—pp + Srp, pp > 1_rg FAsop
(1-B=0)srp+BAsop—(1-6)pp py < (1-6-B)srp+BAsop

Dop = o (1—e—B§;ri+Bxsob

0, Py >

1-6
According to the above assumptions, the problem of the manufacturer is:

no*;obz _ T]r*;rbz (1)

maxTmy, = Ppp* (Dob + Drb) -
{Pp.Sob,Srb}

(1—9—[515_7«g+ﬁ7»50b —p, > 0.

The first and second term of (1) denote the manufacturer’s profit from the direct channel and the
retailing channel, and the last two terms of (1) denotes the manufacturer’s online and offline service
costs. We use subscript ‘b’ to represent the BOPS selling mode.

Assume that the manufacturer is risk-neutral, and we derive the following proposition from (1).
ﬂo(l—ﬁ)z Bzkz

S.t.

Proposition 1. If n_> 252 o > = the optimal retailing price, the online and offline
service level of the manufacturer are as follows:
P 0°nony
Po = = g (G-p)2—20m,)
G o r— BoAN,
b T PR (-2 -20m,)’
Gt = (1-B)on,
b e, ((1-p)2-20m,)’
_2 B 1B
Proof. The Hessian matrix of (1) is: H; = % -n, 0 [, Hy is negatively definite if
1-p
o 0
N, (1-B)? 22 o .. . ]
> — Therefore, it is a joint concave function of py, s,p, Sy, and there is a

r 7 20m,—-p*A’ Mo 20
unique optimal solution. The Lagrangian function of problem (1) is:

L1 =
(1-B=0)syp+PAsor—(1-0)pp _ BAsob=Bsrb) _ Mo*Sob®  my*srp”
by * 0(1-0) TP * (1 1-0 ) 2 2 Ty
(1-6—B)syp+PAsop—(1-0)pp
1-90 '
KKT conditions:
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( 0Ly _ 0-2pp+PAsop+srb—Psrb—0y,

dpp - 0 =0
oLy _ Brpp By _
dsop O +725 ~SobM, =0
{ 0L; _ (—1+B+0—BO)pp+0(—1+p+0)y, —(—1+0)0srpn,. 0 '
dspp (-1+6)0 o
« (1-0-B)srp+BAsop—(1-0)pp -0
1 1-0
\y; =0
1) v, =0,
2
Pp = — AUk
B*A*n. +n,((1 —B)2 — 200, )
o BOM,
T B2, +1,((1 - B)* — 20m,)
(1 - ,8)9770

T T R, 4, (1 - B)? — 26m,)
Db, Sob, Srp are all positive under the hessian matrix conditions, and there should be:
(1=0-B)srp+BAsob—(1-0)pp _ 0(B*A*nr470((B-1)(B+6-1)+(6-1)671)) >0
1-6 (O-1)(B2A2nr+10((1-B)*-267y)) '
B*2* no(1-B)(B+6-1)

p2a? M=) (f+6-1) A
Then, we have 7, < s "> om0 and n, > 0-6) " < p2az—6n,(1-0)"
2 v,>0,

_ (,8 +6 — 1)2770 + ,82/127]7*
TRy, — 1) +1,2BB 6 —1) + (1-6)2,)

- BAB+6 -1+ (1—6)n,)

Sob = B222(2n, — 1) + 1, BB + 6 — 1) + (1 — 0)%n,)

B B*A2+ (6 —-1)(B+6-1Dn,
Srb "~ B2A2(2n, — 1) +n,(2B(B + 6 — 1) + (1 — 6)2n,)
O -D (B0, +1,(B - DB +0 -1+ (0 - 1on,))

" T2, — D+ 1,2BB 06— 1) + (1 - 6)2n,))

In this case, there is no demand in the online channel, so there is no need to carry out BOPS. We
don’t consider this case.

From proposition 1, we can get the following corollaries.
Corollary 1. s,,* and s,,* decrease with 6.

Py

dsop” _ (—1+B)1,((~1+B)%n, +p27n,)

Proof. Differentiating s,,* with respect to 6, we have:

90 ("M n A, ((-14B)2-26m,))%
Absolutely, it is negative. Similarly, differentiating s,;,* with respect to 8, we have: af?;e”=

B ((=14B) g +B7An,)
(BN 414 ((—1+B)2~20n,))?’
This corollary shows that if consumers like shopping online (larger 0), the manufacturer would

lower its online and offline service level. The manufacturer can lower its online service level because

consumers like online shopping, the manufacturer don’t need to offer very high level of online
service to attract consumers. The manufacturer can lower its offline service level because consumers
like online shopping. For example, the manufacture can employ fewer people in the store.

Corollary 2. When 6 is not too large, p,* decrease with 6; when 6 increases to a certain

number, p;,*reaches the minimal value, and then p,* increases with 6.

which is also negative.

. o * app* _ 2000 (B*A* N 410 ((=1+B)*=611))
Proof. Differentiating p," with respect to 6, we have ——>- = Bt f 26T
292 _ 2
Make B2A%1, +1,((~1+B)?—61,) =0, we can see that =22 "T;";’]( "B 50, 0 <
o'lr
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2220,410(—14B)? . 220,410 (14 B)? ..
B ”rn";( B p,* decrease with 0; 6 =2 ”rnng( B p,* reaches the minimal value;
o'lr o'lr

2220410 (—1+B)? . .
2 "Tn";( B " increases with 6.
o'iIr

This corollary indicates that when 6 is not too large, the retailer would set a low price to attract
consumers. When 0 is large enough, the manufacturer would increase its price to make more profits.

Then, we form the model of traditional dual channel retailing. The manufacturer sells products
both through its direct online channel and retail channel respectively. The manufacturer
simultaneously sets the unit direct price p, and online service level s,, and the retailer sets the unit
retail price p,. and store service level s,. For buying one unit of product, the utility consumer gets
from the direct online channel is u, = v — p, + As,. Similarly, the utility consumer gets from the
retailing channel is u. = v —p, + s,.

With u, = 0, we have v =v, = ”"_TXS", the consumers with valuation v, get zero utility from

the direct channel; With u, = 0, we have v = v, = p,. — s,,, the consumers with valuation v, get
zero utility from the retailing channel. With u, =u,, we have v=v, = %f;"_sﬂ the
consumers with valuation v, get same utility from the two channels. Furthermore, when v, > v,
we have v, > v, >v,, or else, v, < v, <V, S0, when v, > v, > v,, consumers with valuation
V € [Vy, Ve | buy from the direct channel, consumers with valuation v € [v,,1] buy from the
retailing channel. When v, < v, <v,, the demand of direct is 0, consumers with valuation
v € [v,, 1] buy from the retailing channel. Thus, the demand of the direct channel and retailing

channel is respectively:

0 >

Pr —Po + ASy — Sy Po — AS, + 0Os,
1= P2
D. = 1-0 0
' — As, +0s
1-pr+sp, Pr<p0 60 T
O(Pr - Sr) — Do +AS, - Do — AS, + 0s,.
D, = 6(1-6) Pr= 0
0 =
Do — AS, + Os,
0, pr <
0
According to the above assumptions, the problem of the manufacturer is:
xS, 2 5.2
max mm =p0*Do_*'pr*Dr_n0 o Ietr (2)
{DosDrSo,Sr} 2 2

—As,+0
st p.— W > 0.

The first and second term of (2) denote the manufacturer’s profit from the direct channel, the
retailing channel, and the last two terms of (2) denote manufacturer’s online and offline service
costs.

Assume that the manufacturer is risk-neutral, and we derive the following proposition from (2).

A 20m, -2
20(1-6) 40, (1-0)—-2)>"
level, and the optimal retailing price and store service level of the manufacturer are as follows:

Proposition 2. If n_ > , My > max{ 1}, the optimal online price and service

S =0,
1
S = :
2ny—1
* (777‘_1)6
0 2ny—1"
* _ Nr
pr = o1
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Proof. The Hessian matrix of (2) is: H, = k , H, is negatively

D
~
ol
||H|‘
= D
N
-
|
[==]
|
o =
9
|
=
K

A2 20m,-A? o .. .
2000 "> tomee) 22 Therefore, it is a joint concave function of

Po,» Pr»So, Sy, and there is a unique optimal solution. The Lagrangian function of problem (2) is:

0(Pr—Sr)—Do+1rSo Pr—Pothso—sr _ Mg*So”  My*sr’ 0pr—po+rso—0sy
L, = *—_— - * — 0 — I % —L "0 "m0 T

KKT conditions:
( 0Ly kso—Zpo—O(—Zpr‘FSr—“{z)—Yz

definite if n, >

dpo = (1-0)0 =0
0L, _ 1-0+42po—2pr—Asy+Sy _
6_pr = 1-6 + ’Y2 =0
Ly _ MPo+1,—0(pr+y,) _
{ 0sq (1-0)0 Som, =0 ,
aﬁ _ Pr=Po—(1-0)(y,+sm,) 0
Osr - 1-0 -
Opr—po+tAso—0sy
2* = 5 =0
\v, =0
1) v,=0,
) ~0(Wn +om,(1+2(-1+0m,))
07 a2
A (22r—-1)4—29n0(1-2(1-—e)nr)
b = A nr+6n0(6+2(—1+9)nr)
T T N2
A*(2n,—1) +26n (1 —-2(1—6)n,)
Y
So =3
A*(2n,—1) + 26n (1 -2(1—-6)n,)
A%+ 2(—1+6)6n,
sr

Bl /12(2777‘ - 1) + 29770(1 - 2(1 - 9)777‘)
This solution should be given up, because s, is always negative under the condition that

A2 201,—A2
Mo > 20(1-6)’ N 46m,(1-0)—222"
2 v,>0,
7]
‘y =
2T @2n, -1 -0)
_ (nr - 1)9
pO an _ 1
S, =0
_ Nr
pT Zrlr _ 1
_ 1
T o —1

To make sure that p,, py, s, >0, we have n_> 1.

3. Numerical Study

We compare the manufacturer’s price, online and offline service level, profits before and after the
implementation of BOPS as shown in Figure. (3), (4), (5). The superscript B stands for the
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manufacturer’s decisions before BOPS, and superscript A stands for the manufacturer’s decisions
after BOPS. The default parameterissetas § = 0.8; A=0.6; n, = 1; n,. = 11.

__________________

1 1 1 1 g
0.4 06 08 1.0

Figure 5. Comparison of profit

From Figure. (3), we can see that after the implementation of BOPS, the manufacturer’s BOPS
selling price is lower than its offline store selling price when 6 is not too large; when 6 is large
enough, the manufacturer’s BOPS selling price is bigger than its offline store selling price. The
manufacturer’s BOPS selling price is always bigger than its online store selling price.

From Figure. (4), we can see that the manufacturer’s online service level rises from 0 to a rather
high level. While, manufacturer’s offline service level decreases a little bit.

From Figure. (5), we can see that after the implementation of BOPS, the manufacturer’s profit is
bigger than the traditional case. The manufacturer sells products with a lower price and provides
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higher service level after the implementation of BOPS. This is beneficial to the consumers, and
therefore this strategy helps the manufacturer build a good reputation among the consumers which is
very helpful for the manufacturer to expand its market.

4. Conclusion

Based on the consumer utility model and optimization theory method, this paper studies the
optimal pricing and service decisions of the manufacturer before and after the implementation of
BOPS, analyzes the correlation between consumer’s online shopping acceptance and the optimal
decisions, and probes into the influence of offline service cost factor on the optimal decisions and
profits of the manufacturer. The numerical simulation shows that in the existence of BOPS, under
certain conditions, the manufacturer will improve the online service level and lower the price even
though the profits will go down. If a company seeks to expand its market and build a good reputation
among the consumers, it can take the BOPS strategy.

BOPS has achieved the integration of online and offline channels, so that consumers can enjoy a
seamless shopping experience. Whether or not to carry out BOPS practice depends on the original
competitive conditions, consumer group division and product attributes and other factors. This article
provides reference for the company’ decision to carry on the BOPS practices, and gives the
management enlightenment to the omni-channel mode implementation. However, this paper still has
limitations in research method and category. Firstly, the analytic solution of the optimal strategy is
complicated, the method of numerical analysis is emphatically used in the comparison of optimal
decisions and profits, and the conclusion obtained has certain parameter dependence. Secondly, the
comparison before and after the implementation of BOPS was investigated only in terms of price and
service, but not by other related factors such as inventory. Based on this, the next step will be to add
other relevant factors in BOPS operations to the study, to obtain more scientific and instructive
conclusions.
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