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Abstract:

In the omni-channel retail environment, online and offline channels are highly integrated, which provides
great convenience for consumers to buy products or return products that do not meet their needs anytime
and anywhere. In order to further quantify the omni-channel retailer order cancellation strategy based on
consumer disappointment and aversion behavior, based on the disappointment theory, this paper
establishes an optimization model of omni-channel BOPS operation considering consumer
disappointment and disgust behavior, and uses the Kmurt condition to obtain the optimal pricing and
service radius of omni-channel retailer operation. The research shows that, first, the consumer loss
aversion coefficient has a significant impact on retailers' order cancellation policies. Second, for
long-distance consumers, omni-channel retailers should formulate appropriate cancellation policies; for
nearby consumers, omni-channel retailers should formulate strict or loose cancellation policies. The
formulation of omni-channel cancellation policy can help retailers gain more market share and improve
their management and operation level.

Keywords: Omni-channel, Disappointment and aversion behavior, Order cancellation, Service area

I. INTRODUCTION

With the rapid development of the network platform, many online shoppers enjoy the convenience of
buying goods or services online. The online shopping regulations of "seven days without reason to return
goods" and “travel order cancellation insurance™ and other products let netizens temporarily change their
mind and cancel their "wayward behavior" at any time [1]. However, for omni-channel retailers,
consumers' random return or cancellation of orders at any time not only makes omni-channel retailers lose
a certain cost of time and energy, but also produces a certain sense of disappointment and disgust after this
shopping experience, so that they will no longer make secondary consumption to this online store in the
future. This is undoubtedly a great loss for omni-channel retailers. Therefore, it is necessary to formulate a
set of order cancellation strategy for omni-channel retailers in view of consumers' disappointment and
aversion.
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The traditional research on omni-channel retailer order cancellation strategy mostly focuses on three
aspects: the first is the omni-channel return path problem. For example, when Gao and Su considered that
only consumers who bought through online channels could return goods, they analyzed the influence of
omni-channel return (BOPS) mode on physical store inventory decision in the case of the same price [2].
Jin Ming et al analyzed the problem of setting the service area of BOPS returns, and compared the
respective return paths of BOPS mode and ROPS mode under omni-channel [3]. The second is the
operating cost of omni-channel retailers. Gao F believed that in the reality of information asymmetry, the
soft power of operating costs of enterprises that achieve the BOPS (buy-on-line-and-pick-up-instore)
model has a profound impact on their own interests and the overall interests of the supply chain [2]. Wang
et al studied the joint inventory and pricing model when omni-channel retailers order the minimum
quantity of goods from conventional and fast suppliers or the minimum quantity of goods from each
supplier respectively during the limited planning period [4]. The third is the pricing strategy of
omni-channel retailers. Forghani and others considered the inventory problem with price adjustment in the
omni-channel order cycle [5]. Kim et al analyzed the best channel and pricing strategy, Kim attributed the
channel service design to two aspects: one is the "internal digestion effect”, and the other is the
"competition effect"”, that is, the competition effect between the manufacturer and the retailers belonging to
the same supply chain [6].

However, in the research of omni-channel retailer order cancellation strategy, there are still problems in
the exploration of these aspects. First of all, a unified quantitative standard strategy has not been formed to
measure the formulation process of omni-channel retailer order cancellation strategy. Secondly, it is not
combined with the specific omni-channel operation model (such as consumer shopping experience) to
consider the formulation of omni-channel retailer order cancellation strategy. Finally, the related research
on these three aspects can not form a complete system to better guide omni-channel retailers to formulate
omni-channel operation order cancellation strategy.

In view of the shortcomings of previous studies, this study will use the optimization theory to build an
optimization model to study the omni-channel retailer order cancellation strategy considering consumer
disappointment and aversion behavior. In order to try to answer the following three questions: first, how to
construct the omni-channel retailer order cancellation strategy model considering consumers'
disappointment and aversion behavior? What is the economic significance of the model? Second, what is
the impact of consumers' disappointment and aversion behavior on omni-channel retailer order
cancellation strategy? Third, what is the impact of the distance between consumers and physical stores on
omni-channel retailers’ order cancellation strategy?

Il. MODEL CONSTRUCTION

2.1 Problem Description and Symbol Description

Considering that omni-channel retailers sell goods through BOPS mode and offline mode, consumers

Vv

have uncertain perceived value "?, and the demand is random. According to the actual situation,
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consumers who choose the BOPS mode cannot directly touch or touch the physical object and may find
that the product is not suitable and return the product by post for a refund, resulting in low value or
disappointment.

In addition, based on the research and formulation of retailer order cancellation policy by Ming Jin and
Gang Li [3], this paper considers customers' disappointment avoidance and pleasure-seeking behavior, that
IS, customers' happiness-seeking behavior when the perceived value is higher than the actual cost and
disappointment avoidance behavior in unexpected situations.

The problem to be solved in this paper is how to introduce customer disappointment avoidance and
pleasure-seeking behavior into retailers' joint decision-making of optimal order cancellation policy and
pricing, construct a joint decision-making model of omni-channel retailer order cancellation policy and
pricing based on disappointment theory, and then determine the optimal order cancellation policy of
retailers in different service regions with the goal of maximizing retailer profits. And further analyze how
the customer disappointment avoidance and pleasure-seeking behavior affect retailers to formulate the
optimal order cancellation policy.

Then we will introduce the disappointment theory, introduce low-value (online) and out-of-stock
(offline) disappointment aversion behavior into the consumer utility model, and test consumers' purchase
decisions. In order to clearly describe the joint decision-making problem of omni-channel retailers making
optimal order cancellation policy and pricing based on disappointment theory, Table 1 gives the definition
and explanation of mathematical symbols involved in the above problems:

TABLE 1. Symbolic variables and their meanings

SYMBOL MEANING
When consumers buy goods, they get a good return
y When consumers buy goods, they get a terrible return
Px The probability that happens when consumers get a good return
u Consumers expect economic returns
e The influence coefficient of consumers' happiness degree of economic utility
d The influence coefficient of the disappointment degree of consumers' economic utility
U The overall expected utility of consumers
k The disappointment and aversion of consumers
£ The amount of goods that the customer has outside the store time of the retailer.
v, Customer perceived value
VL/H Very low / high perceived value of consumers
Py/krs The price of goods under the strict / loose / moderate order cancellation policy
0 A refund of the returned product
The troublesome cost of strict / loose / moderate order cancellation policy
hy/kss
hy =1 hse(0))
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a The probability when the expected net utility of a random customer is positive
Vp Consumers' perceived value

t The cost of travel per unit distance for consumers

v Average customer arrival rate

Under the loose / moderate order cancellation policy, the probability of consumers
choosing to buy after experiencing the product

Consumers' expected demand at T moment under the strict / loose / moderate order

dy/k/s i .
cancellation policy

p Potential customer distribution density

The total demand of consumers within [0,T] under the strict / loose / moderate order

Dy k1 . .
e cancellation policy
The quantity of orders for goods under the strict / loose / moderate order cancellation
Qy /s policy
oo (T) The inventory cost of retailers at T moment under the strict / loose / moderate order
ylkls

cancellation policy

c Inventory cost per unit time per product

The total inventory cost of a retailer in a sales cycle under a strict / loose / moderate order

C
yide cancellation policy

fy/kis Service radius of BOPS region under strict / loose / moderate order cancellation policy

My /krs The profit of retailers under the strict / loose / moderate order cancellation policy

2.2 Disappointment-Pleasure Utility Function

According to the theory of psychological disappointment proposed by Bell et al [7]. Disappointment
(or happiness) is a psychological reaction, which is caused by comparing the actual results with individual
expectations when making decisions under uncertain conditions. Bell's research is the first prescriptive
model to integrate the concept of disappointment into utility theory. The model assumes that the total
utility perceived by consumers facing uncertainty is a combination of economic surplus and psychological
satisfaction.

Total utility = economic return + psychological perceived utility

Among them, "economic return™ refers to the economy that consumers think they have saved, while
"psychological perceived utility” refers to consumers' disappointment to avoid and happy to seek utility,
that is, disappointment-happy utility.

Suppose that when a consumer buys a product, he will get a good return * and a bad return

Y(¥>Y),The corresponding probabilities of x and Y are Px and 1~ Px, respectively. When a good
return is made, consumers will be happy to seek behavior. On the contrary, when bad returns are made,

consumers will be disappointed and evasive. Then consumers expect a financial return of #=PX+@=pPJy,
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Psychological perceived utility is composed of consumers' happy utility and disappointing utility.
Psychological perceived utility = Px* happy utility + (*~ Px) * disappointment utility

If the results get better (or worse), disappointment and happiness are proportional to different expected
results and expected economic returns. When the actual results are preferred by consumers, they will be

happy.
Happy utility =e(x— ) =e(l-p)(x-y)

On the contrary, when the actual results are not preferred by consumers, they will be disappointed from
the bad results.

Disappointment utility = d(«—y) =dpx(x-y)

Among them, >0 and d>0 are the degrees of happiness and disappointment that affect the
economic utility of consumers. Therefore, the total expected utility of consumers is:

U = o+ (L= )Y - Px(L— P)(d —€)(x~ Y) 1)

Another k=d-e then k represents the difference in the influence of happiness or disappointment.
Suppose that in the same amount of economic returns, negative disappointment always dominates physical
happiness. That is, k is always positive. According to the research of the following literature [8-10], Then
we define k as the degree of disappointment and disgust.

2.3 Customer Utility Function Considering Disappointment Theory

When consumers shop online, they do not know the actual value of the goods in advance. At this time,
consumers' happiness or disappointment depends on the price of the goods. When L <P<VH if the
consumer likes an item and buys it online. They will have a high perceived value Y+, and some expected

returns VH ~ P Otherwise, they will have a low perceived value Yt and a returned product © for a refund.
Some omni-channel retailers have adopted a full refund order cancellation policy. However, some retailers
have adopted a partial refund order cancellation policy. For example, Zappos.com and Shoebacca.com
have adopted a full refund order cancellation policy within one year. However, BestBuy, Amazon and eBay
have adopted a partial refund order cancellation policy.

Different order fulfillment modes mean that consumers face different levels of difficulties and
troublesome costs for canceling orders. According to Jin M and Li G's research [3], The order cancellation
policy is divided into three categories: the first is the strict order cancellation policy, the second is the
moderate order cancellation policy, and the third is the loose order cancellation policy. The strict order

1883



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

July-August 2022 Page No. 1879-1895

Article History: Received: 02 April 2022, Revised: 15 April 2022, Accepted: 24 April 2022, Publication: 04 May 2022

cancellation policy is that once an order is confirmed, it is not allowed to be cancelled. The moderate order
cancellation policy is that when the order is cancelled, the consumer can get a partial refund. The loose
order cancellation policy is that once the order is cancelled, the consumer will get a full refund. But it takes
time and cost to wait for a refund. These three kinds of order cancellation policies are common in practice.
The troublesome cost h is introduced here, which represents the non-refundable proportion or time cost.

For strict order cancellation policy, h=1, while for moderate and loose order cancellation policy n<©1)

Under the BOPS operation mode, customers need to pay in time. If you come to a physical store to
pick up the product and find that the product is not suitable for you, the customer can apply for a refund

based on the retailer's order cancellation policy. The expected net utility Y& of a random customer is the 2

of Vo~ VT-P probability or the 1-a of ~T—P probability. Therefore, the average utility functions of a

random BOPS customer under different order cancellation policies are:

E(Uy)=a(vp—tvTFpy)+(1-a)-tvTFpy)+al-a)d-eyv, (2)
E(Us) =a(vy -t v Fhsps) +(1—a)(-t v Fhyps) +ald—a)(d —e)v, (3)
EU) =a(vp—tv Fhp)+1-a)-tv Fhp)+ald-a)d-e)v, (4)

When the expected net utility of BOPS customers is positive, they will decide to buy this product.
Under the moderate and loose order cancellation policy, a proportion of P customers will choose to buy
goods rather than return them after experiencing goods in brick-and-mortar stores. Therefore, the expected
requirements of BOPS customers at the moment T are as follows:

1 atvT +apy + (1—a)(tvT + py)
dy(T) = '.ath+apy+(1—a)(th+ py) 2T pdvy, = 29T p[l— atal_a)d—e) (5)
a+a(l-a)(d—e)

atvT +ahg pg ++(1—a)(tvT + hg ps)]

1
ds(T)=b |.ath+ahS ps+(1-a)(tvT+hg ps) 27NTpde =2bavTp[l - a+a(l—a)d—e) (6)

a+a(l-a)(d—e)

atvT +ahy p, + (L—a)(tvT + hy py)
a+a(l—a)d—e) ] (7

1
d(T)=b |.fa\th+ahk P +(@-a) v T+hy pe) Z”VTpde =2bmvTpll-
a+a(l-a)(d—e)

The total demand in the [0.T] of BOPS customers can be obtained from formulas (1), (2) and (3)
respectively:

( B 2 2amv’pt 3 20- a)v? pt 3
by(M = Ldy(l’)dT s 3a+3a(l-a)(d —e)T 3a+3a(l-a)(d —e)T (8)
~ amvppy T2_ (-a)mpopy T2
a+a(l-a)(d—-e) a+a(l-a)(d-e)
Ny ) 2abav? T3 2(1-a)bav’ptT?
D) = J‘Ods(T) a7 =bapT* - 3a+3a(l-a)d—e) 3a+3a(l—a)d—e) )

abavphsp T2 (L-a)bavphs poT?
a+a(l-a)(d-e) a+a@@—a)(d-e)
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Ny ~ 2 2abav’toT®  20-apaiput?
D (T) = .[odkde =T e al_a)d ) 3a+3al_a)d_e)
abavph pT? (- a)bavphy pT?
a+a(l-a)d-e) a+a(l-a)d-e)

(10)

According to the economic theory, T can get the inventory of physical stores at the moment as
follows:

28.72V2pt = 2(1—8.)7N2pt T3
3a+3a(l-a)(d—e) 3a+3a(l-a)(d—e)

|y(T):Qy_Dy :Qy—ﬂVpT2+

: 1)
L amppy 12, (1-a)mwppy T2
a+a(l—a)(d-e) a+a(l-a)(d—e)
B ~ ) 2abav? pT 3 abzvphg psT 2
1s(T) = Qs = Ds = Qs b T o  a)d—8)  arad_a)d_e)
Y ; (12)
2(L-a)bm ptT* | (1-a)bavphs psT
3a+3a(l-a)(d-e) a+a(l—a)(d-e)
PO 2 2abav2tpT? abzvphy piT?
he(T) = Q= Di = Qb T - a)d —e) | a+a(_a)d_e) 13)

2-a)bav?ptT®  (1-a)bavphy py T2
3a+3a(l-a)(d-e) a+a(l-a)d-e)

When a sales cycle ends, the inventory is 0. So if you bring " =", T=Ts T=Tk into (11), (12), (13)
respectively, you can get v =0 15()=0 (M) =0 Therefore, the expression of the order quantity is:

_ 2am’pt T3_ 2(1-a)mv’pt T3_ amvppy T2
3a+3a(l-a)d-e) ¥ 3a+3all-a)d-e) ¥ a+all-a)d-¢e) ¥
G-y
a+a(l-a)d—e) Y
Q. = bapT% - 2ab7zV2pT53 __abavph, psTS2 21— a)bzzvzptTS3
s ® 3a+3al-a)d-e) a+a(l-a)d-e) 3a+3a(l-a)(d—e)
_ (1-a)bavphypeT?
a+a(l-a)(d—e)

2
Qy = avply

2 2ab7zv2tka3 abavphy kak2 2(1- a)b;zv2 ,otTk3
Qc =bavpT % - - -
3a+3a(l-a)(d-e) a+a(l-a){d-e) 3a+3a(l-a)(d-e)
_ (1-a)bmph p T,
a+a(l-a)(d-e)

Under different cancellation policies available from (4), (5) and (6), the inventory costs in a sales cycle
are:

(8a—3)mv’ ot ra,  (2-4mpn,

3
6ar6al_a)d o) ¥ 3arsad_a)d_ e

Ty 2 3
Cy= cL 1,dT = c[gszpTy +
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2
bav’pt T.4 2b v phs ps -I-SS]

Ts
C, = cj 1T =[2baT,3 — g
0 3 2a+2a(l-a)(d —e) 3a+3a(l-a)(d—e)

bav? pt 1.4 2bwphpe 3
2a+2al-a)d—e) ¢ 3a+3al-a)(d—e)

Ty 2 3
Ck = CI |de = C[gbﬂVka -
0

The objective functions are established with Py/k/s and "v/k/s as decision variables. Under the strict
and loose order cancellation policy, the retailer's profit is the retailer's annual income minus the inventory
cost. Under the moderate order cancellation policy, retailers' profits can be divided into three parts: annual
income and non-refundable income minus inventory costs. That is:

maxIly = p,Q, -Cy maxITg = psQs + hs ps — Cq maxIT, = pQg —Cy
Py.ry Ps:Ts Pk » Tk
B athy +apy + (l—a)(thy + py) 20 stl- atvTg + ahgps + (L—a)(tvTs + hg pg) S0 stl— atvT, +ah, py + (L—a)(tvTy + hepy) 20
a+al-a)d—e) a+a(l-a)(d-e) a+a(l-a)(d-e)

I11. MODEL SOLVING AND CONCLUSION ANALYSIS

From the K—T condition, the retailer's optimal pricing and service radius and other optimal results
under three different order cancellation policies can be obtained in Table 2.

From the above solution results, the following conclusions can be determined. Proposition 1: when
strategic consumers have disappointment and aversion, retailers formulate strict order cancellation policies,
respectively, the optimal pricing, the optimal service and profit of BOPS operation are:

270+ 24|72 p% —v?
TP+ 27 p 162 ot

ry* _ 45V
* * 2
_|av+ av(l—i)(d —e) , (Fa—ntry,;  A-2a)ry, c oty V2 —23V1V2 v LV C <ty
py = 2vr, 3 3v 9v;“vg 3v
a+all—a){d —e)—tryz* c<tv
* * *3 * +3 %2 %2 i * 3
Hy* _ 3movp 1y ;Zﬁﬂ’y . (8a—4)zptvpy 1y —Gzrpvpzy ry 2— (8a—3)mptry, —(4-8a)mpepy 1y
3v 6av” +6av-(l—a)(d —e)

Proof: Constructing Lagrangian functions for » and 'v:

atr +apy + (L—a)(try + py)
a+a@l—a)d-e)

g(py,ry) =IT-pu(l- )

It can be obtained from the K-T condition:
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atry +apy +(L-aj(try + py)

o(l-
W(py 1y _ A(pyQy —Cy) i ( a+a(l—a)d—e) o
apy apy 6py
o aty, +apy +(1—-a)(try + py)
%(py 1y _ O(PyQy —Cy) u a+a(l—a)d—e) o
ary ary ary
> 01— atry +apy +(L—a)(try + py) >0l atry, +apy + (1 -a)(try + py)) -0
H=5 a+a(l-a)(d—e) =nH a+a(l-a)(d—e)

By solving the above equations, we can get two optimal strategies for retailers to make strict order
cancellation policies when strategic consumers are disappointed and disgusted.

avtav(l—a)d —e) (Ra-Dtr,, @A—2a)ry 22 2
when c>tv Py =t v —a)( ) vl %! ] *:27rp+2,/;r pE Vs,
' 2vry, 3 3v yl ey

* * *3 * *3 *2 *2 *4 * *3
«  3mpvpyy Ny — 27pryy . (8a—4);rptvpyl fy1 —67zpvpyl ra —(8a-3)mpry, —(4-8a)mepy; 1y

I
A 3v2 6av’ + 6av’(L—a)(d —e)

* _ V22 - 3V1V2 Iy V2

whenc<tv p, =a+al-a)d-e)—tr,, T
Py2 ( )( ) y2 y2 9V12V5 3y,

*  x *3 *  *3 *2 %2 «4 *  *3
*_ 3mipyp Tyo —27pry, + (8a—4)mAvpyy fyy, —6pVpyy Typ  —(8a-3)mary,  —(4-8a)zmpy; ryo
3v? av’ +6av’(L—a)(d —e)

I,

Because the expression of the calculated service radius is too tedious, for the sake of conciseness,
make:

_ mk(2a-1)[(4a-2vt—2+4a] mp(l-2a)[(4a-2)vt-2+4a] 2(8a—3)zpt
3av? +3av?(1-a)(d —e) 3avd+3av’d-a)d-e)  3av?+3av’l-a)(d —e)
2742 (2a—1)2 . 27p(1-2a)? L 4mpt(2a-1)(L-2a)

- 9lav +av(l—a)(d —e)] gvz[av +av(l-a)(d —e)] 9v[av+av(l-a)(d -e)]
_ 27p(l-2a) 2zpt(2a-1) . 3rp[(da—2)vt—2 +4a] . mt(2a-1) 7p(l-2a)

-2 v? 3v 6v? 3v 3v2
2 2 3 3 2 1 L
v = 147pt — 20ampt —16azot v — 4zt v —12amp VB[ Vo L Na_ Vo v2v3)2 ~( vy _v_3)3)§ Vg Vo3 ]g
3av+3av(l-a)(d —e) v 2u 27y ey? 92 3 v 6v?

_ 4a7rptv2 +4anon — 2zpN — 27p — kv
%

Vo

The certificate is completed.

Proposition 2: when strategic consumers have disappointment and aversion, the optimal pricing
corresponding to loose order cancellation policy, the optimal service radius and profit of BOPS operation

are:
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p* =

atv —av —tv +achy av+av(l-a)(d —e) tv

3vhy 2vhy a
a+a(l-a)(d—e)—tn, CSt_v
hk a

N (AT

*

203

Iy =
~ &7+ - 48els

285

tv
> —
a

c<

* * * #3 %2 %2 i
o (Bpx —2cr)bzpn N (atv—av—tv+ach )dbzop, ., —3bzphpe e +18cmpr
K =

3v?

6av’ + 6av’ (1-a)(d—e)

Table 2. Retailer's optimal pricing, service radius and optimal order quantity

UNDER THE
UNDER THE STRICT UNDER THE LOOSE
MODERATE
ORDER ORDER ORDER
CANCELLATION CANCELLATION
POLICY POLICY CANCELLATION
POLICY
av+av(l—a)(d—e) (2aDtry,” av+av(l—a)(d —e) Lat-a-t -«
* 3 sl
2vry1* c>tv| atv-av-tvtach =« av+av(l- a)t(d>—t\</a 2vhs 3n, ;v n
. (1-2a) ry1 3vh k1 2vh i + ac rsl* + hg a+h-g
p DV k . 3av
* tv * tv
a+a(1—a)(d—e)—try2* c= a+a(1—a)t(1d—e)—trk2 CSE a+a(1—a):]d—e)—tr52 °= a+h—ah
k S
tv tv
2ap+27°p? V21l c>t ~La VS - 44 c>— — G0+’ -4l C>
4V 2¢3 29
r
tv tv
V22—3V1V2+V5+V_2 cstv —$7 Vg7 —4¢6ds c=7 ~ 13+ V415" — 4181 ¢ Th_ah
9V12V5 3Vl 2§ 6 Zé/ 12
. 3 . R R R . .
3TpVpy Ty1 — 270y BP1 —2ch )orpriy (Bpsy —2cr5) Ybrprg
2 3v2 3v?
- (8a-— 4)7rptvpy1 - Gﬁp/pyl 'a ol + (atv— av2—w + E;Chk)4b7rppk1 fia s v N (atv— avz— tv+ ezlchs)4b7zpp51 1% o> tv
6av’ + 6av’(1—a)(d —e) 6av® +6av-(1-a)(d —e) a 6av® +6av-(1—a)(d —e) a+h—ah
2 2 4 W2 %2 4
(8a —3)7rptry1*4 + (4—8a)7rppyf ryl*3 30y ey Mg —18cmptig _3bmphspy Ty —18cmptry | b
- 6av2 + 6av2(L_a)(d —¢) 6av? + 6av>(1—a)(d —e) 6av’ + 6av’(1—a)(d —e) S

Proof: the Lagrangian functions with respectto P and r are constructed.

atr, +ahy py + @ —a)(tr +hy pk))

9(py.r) = M= pell=

It can be obtained from the K-T conditions:

a+a(l-a)(d-e)
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o(1- atn, +ahy py + (1—a)(tr + hy pk))
Dot _ APX=C , a+a(l-a)(d-e) 0
Opk Opk Opk
o1- atr +ahy py + (1—a)(tr + hy pk))
(oo _ O(PQ—Ci) o a+a(l-a)(d—e) -0
ark ark 6rk
4>01- atr, +ahy py + (1—a)(tr + he py) >0, (1 atr, + ahy py + (1—a)(tr + hy pk)) —0
a+a(l-a)(d—-e) a+a(l-a)(d-e)

By solving the above equations, we can get two optimal strategies for retailers to make strict order
cancellation policies when strategic consumers are disappointed and disgusted.

tv o = atv—av—tv+ach . *+av+av(1—a)(d—e)
when c>= , kL 3vh, kL 2vh,
x * . w43 2 %2 Wi
P "Saty ¢4t~ 483G " = (BPia —2¢hiq )bzt (atv—av—tv +ach)4bzopi fiq  —307o Py fia  +18C7Ang
kL 205 ’ 3v2 6av? +6av2(1—a)(d —e)
" Y +_a+al-a)d-e)-tig T R (S O
when c_a , P2 = h ' ke = %
k 6

* * * * %3 *2 %2 «4
*_ (3pk2 —2ka2 )bﬂﬁkz 4 (atV—aV—tV+aChk)4b7[mk2 ko —3b7[,d'ls Pk2 Tk2 +18C7[pt|'k2

I1
k2 32 6av? + 6av2(1—a)(d —e)

Because the expression of the calculated service radius is too tedious, for the sake of conciseness,
make:

_ Abmphy (atv—av—tv + achk]2 N 2bcpt
"~ ov’hlav+avl-a)(d—e)] av?+avi(l-a)(d —e)
_ 4bzp(atv —av -tv +ach,) —bzpv(atv—av-tv+ach) 2bczp
S 3v2h, v
brp[av+av(l-a)(d —e)] brp[av+av(l-a)(d —e)]
) v2hy - 2vhy

g3

s

2abzot — Zabﬂ'pt;2 2

= f
= [av+av((l—a)d —e)] ¥
o= 2abrpt —2abmo —2bzpt  2bzat N bzt 2ab7rpt2 —2abzot — 2b7rpt2
! vh 2 Wh he[3av+3avil-a)d —e)]
_ bzpt
¢g = vh

The certificate is completed.
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Proposition 3: when strategic consumers are disappointed and disgusted, the retailer formulates a
moderate order cancellation policy corresponding to the optimal pricing, the optimal service radius and the

optimal profit of BOPS operation:

av+av(l—a)(d—e) N at—a-t .
2vh 3hg
a+a(l-a)d —e)—trsz*
hs

~ 10 +y¢10° — 4o

ps* =

s1 +_3av s +hg

28y

*
rS

—C13+y G18° — 41961

ac =

v
a+hg —ahg

< tv

2817

~a+hg—ahg

* * * * %3 w2 %2 <4
« _ (3ps —2crs )bpr +(atv—av—tv+achs)4b7rpps ry —3baohsps 1y +18cmptrg _hsps*

I1
* 3v2

av? + 6av’(1—a)(d —e)

Proof: the Lagrangian functions with respectto P and r are constructed.

atr + ahg ps + (1—a)(tr + hg ps))

g(psrrs) = H_ﬂ(l_

It can be obtained from the K-T conditions:

a+a(l—-a)(d—e)

_atrg + ahg ps + (L—a)(trs + hg ps))

_atrg +ahsps + (1—a)(trs +hsps)
a+a(l-a)(d-e)

#=>01

>0,ul-

o
99(p,.r 1) _ o(psQs +hs ps —Cs) +u a+a(l-a)(d-e) -0
ops oPs oPs
o(1- atrg +ahg ps + (1—a)(trg + hg ps))
99(py 1.0 _ o(psQs +hsps — Cs) +u a+a(l-a)(d—e) -0
org org org

atrg + ahg ps + (1—a)(trs + hg ps)) ~0
a+a(l-a)(d-e)

By solving the above equations, we can get two optimal strategies for retailers to make strict order
cancellation policies when strategic consumers are disappointed and disgusted.

* av+av(1—a)(d—e)+at—a—tr *

whenc>t—v
a+h-ah’

Ps1 2vh,

* * * * *3 *2 *2 *4
*_ (3psy —2cry bmorg N (atv—av —tv+achy)dbzmpg g —3bmohspg fg  +18cmptrg

+ ac Iy +h
sl sl S
3hg 3av !

- hs psl*

*_ 610 +410° — 4o I

fs1 2 é,
9

sl
3v?

~ a+a(l-a)d —e)—trsz*

6av? +6av(L—a)(d —e)

v
cL—mMm—
when a+h—ah’ "2

hg

Lt —C13 +yC1a” — 4415604 ’

1 Is2
* 241,
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* * * * 3 %2 %2 i
*_ (3psp —2crs, Yomprs, N (atv—av—tv+achg)dbzopg, 15, —3bzohgpsy s  +18cmpirg,
3v2 av’ + 6av2(1— a)(d —e)

Ig —hsps2

Because the expression of the calculated service radius is too tedious, for the sake of conciseness,
make:

‘o= 4b7r,o(atv—av—tv+chs)2 N 2bczpt
® ov?hjav+av(l-a)(d —e)] av2+av2(l-a)(d —e)
Cro== bzo(at—a-t) bczp N ¢ bemp N 4bzp(atv —av —tv +chg)[a+a(l—a)(d —e) + 2hg]
10 3vh, N2 vhy v 3vhg[av + av(l-a)(d —e)]
Ciy=- brola+al-a)(d—e)] bmohs . bzplav+av(l-a)(d —e) + 2vhs]2 N 3a+3a(l-a)(d—e)
" 2vh v v2hy[av + av(L—a)(d — )] 2
+at—a-t
Gy = 2abzot — 2&1b7rp’[2 [2
127 hJav+av(l-a)(d —e)] °
= 2abzpt —2abmp —2bzpt  2bzpt N dbzpt 2ab7zpt2 —2abzpt — 2b7rpt2
13 vh V2 vh,  hy[3av+3av(l—a)(d —e)]
bzt
=t
14 vhe

The certificate is completed.

Corollary 1: when strategic consumers have disappointment aversion, the optimal profit of retailers
with strict order cancellation policy and loose order cancellation policy decreases with the expansion of the
optimal service radius, and the change of optimal profit with the optimal pricing is not obvious.

Corollary 1 shows that retailers make strict order cancellation policies and loose order cancellation
policies should be implemented in appropriate service areas. Combining proposition 1 and proposition 2,
We can know that the optimal service radius that can be achieved through strict and loose order
cancellation strategies are:

27p + 272 p? —VP Gl — VS A8 .

c>1tv
- 4w e 2, a
2 [ 2
w+v5+v_2 c<tv _§7+ §7 _44'64/8 C_t_V
9vi Vs 3 25 a

Corollary 2: when strategic consumers have disappointment aversion, the optimal profit of retailers
making moderate order cancellation policy increases with the expansion of the optimal service radius, and
the change of the optimal profit with the optimal pricing is not obvious.

Corollary 2 shows that the retailer's moderate order cancellation policy is suitable to be implemented in
areas with a large service radius. Combined with proposition 1 and proposition 2, the optimal service
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radius that a moderate order cancellation policy can implement is:

—&10 +yS10° —4¢elnn s tv

rs* _ 28, a+hg —ahg
— 13+ ¢1s” — 441261 < tv
281 " a+hg—ah

IV. NUMERICAL ANALYSIS

4.1 The Influence of Optimal Service Radius and Optimal Pricing on Optimal Profit under Different
Order Cancellation Policies

Because the analytical expressions of the optimal decision and profit function of retailers under
different order cancellation policies are more complex, it is difficult to analyze and quantitatively study the
relationship between the optimal service radius and the optimal profit of omni-channel retailers under
different order cancellation policies. therefore, we carry out numerical simulation analysis and use
MATLAB?7.5 to calculate. Study on the value of environmental parameters of the model according to
MingJin et al [3]. And make reasonable improvement on the basis of its research. The values of the main
parameters are shown in TABLE 3.

TABLE 3. Values of environmental parameters of the model

PARAMETERS | a C t v P K b
VALUE 0.5 1 0.5 1 0.8 0.5 0.5

Fig 1: the optimal result under strictorder cancellation policy

Fig 2: the optimal result under loose order cancellation policy

Figures 1 and 2 describe the changing trend of optimal profit with optimal service radius and optimal
pricing under strict order cancellation policy and loose order cancellation policy, respectively. It can be
seen that when retailers make strict order cancellation policy and loose order cancellation policy, the
change trend of optimal profit is roughly the same. with the increase of optimal service radius, the optimal
profit of retailer shows a decreasing trend, but with the increase of optimal pricing, the change of retailer's
optimal profit is not particularly obvious. Thus it can be seen that retailers making strict order cancellation
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policy and loose order cancellation policy are not suitable for areas far away from physical stores.

Figure 3: under the moderate order cancellation policy, the retailer's optimal profit changes with the optimal
service radius and optimal pricing (Left)

Figure 4: the impact of k on retailer's optimal pricing and optimal service radius under strict order
cancellation policy (Right)

Figure 3 depicts the trend of optimal profit with the optimal service radius and optimal pricing when
retailers make a moderate order cancellation policy. It can be seen that with the increase of the optimal
service radius, the optimal profit of retailers also shows a gradual increasing trend. Consistent with Figures
1 and 2, the change in the retailer's optimal profit is also not particularly obvious with the increase of
optimal pricing. Thus it can be seen that it is appropriate for retailers to formulate moderate order
cancellation policies in service areas far away from physical stores.

4.2 The Influence of k Degree of Consumers' Disappointment and Aversion on Retailer's Optimal
Decision

Under three different order cancellation policies, the impact of consumer disappointment and aversion
on retailer optimal pricing and optimal service radius is shown in Figures 4, 5 and 6. Among them, the
environmental parameters of the model refer to the study of Ming Jin et al [3]. Because their research does
not consider the factors of consumer behavior, but this study takes into account the factors of consumer
behavior. Therefore, the value of environmental parameters is added to the value of consumers'
disappointment and disgust, and the values of other environmental parameters are based on their study. The

values of the main parameters are shown in TABLE 4:

TABLE 4. Values of environmental parameters of the model

PARAMETERS | k, a c t v P K b

EXAMPLE 1 0 0.5 1 0.5 1 0.8 0.5 0.5
EXAMPLE 2 0.2 0.5 1 0.5 1 0.8 0.5 0.5
EXAMPLE 3 0.5 0.5 1 0.5 1 0.8 0.5 0.5
EXAMPLE 4 0.8 0.5 1 0.5 1 0.8 0.5 0.5
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Figure 4, Figure 5 and Figure 6 describe the influence of * on the optimal pricing and service radius
of retailers under three different order cancellation policies, respectively. With the increase of consumers'
aversion loss coefficient k, the optimal profit of retailers shows a decreasing trend. This conclusion is
obviously consistent with the actual situation, so the consideration of consumers' aversion loss enriches the
research conclusion of this model.

Figure 5: the impact of % on retailer's optimal pricing and optimal service radius under loose order
cancellation policy (Left)

Figure 6: the impact of k on retailer's optimal pricing and optimal service radius under moderate order
cancellation policy (Right)

V. CONCLUSION

Under the omni-channel background, based on the disappointment theory, this paper studies the impact
of customer disappointment aversion behavior on the formulation of optimal order cancellation policy by
omni-channel retailers. Under the consideration of customer disappointment and aversion behavior,
omni-channel retailers formulate the optimal pricing, optimal service radius and other corresponding
optimal results of strict order cancellation policy, loose order cancellation policy and moderate order
cancellation policy respectively. Theoretical analysis shows that for consumers who are far away,
omni-channel retailers can make moderate order cancellation policies, while for nearby consumers,
omni-channel retailers should formulate strict order cancellation policies or loose order cancellation
policies. The research results provide a theoretical basis for retail stores to strive for more market share and
improve their management and operation level.

This study only considers the disappointment and aversion behavior of customers when formulating
order cancellation policies for omni-channel retailers, but in practice, there are many factors to be
considered when formulating order cancellation policies for omni-channel retailers. For example, the
inventory cost of a retailer, Some relevant policies of the country, etc. In view of the omni-channel
retailer's order cancellation policy studied in this paper, it can be further discussed in the future: in addition
to consumer behavior factors, what other important factors should be considered when omni-channel
retailers formulate order cancellation policies.
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