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ABSTRACT

MULTI-CHANNEL RETAILING WITH PRODUCT DIFFERENTIATION

Uj uHavva G¢gl -in
M.S., Department oindustrialEngineering

SupervisorAssist.Prof. Dr¥ zgen Kar aer

February2015, 121 pages

I n this study, we analyze a monopolist r
multi-channel environment. We investigate the type of conditions that would
motivate retailer to open an outlet branch, to open an online channel, and to even
potentialy open an online channel for the outlet branch, and how these decisions
interact with each other. We use quality and price as the primary drivers in the outlet
business decision in a vertical differentiation model. In the outlet business decision,
specifically, we investigate the quality and price decision of the retailer for his outlet
branch and whether he will be better off in terms of total préfit. the online

channel, we detarine the online service qualignd other factors that affect thad
consumer 0s uti i ty. Onl ine service qgual
provided by the online store, the convenience of return process, and promised

delivery time windows as well as shipping charges.

We find thatt h e retail er 6s theé enarkes expansiorh versgse s o]
market/margin cannibalization. We show that even a direct channel for the outlet

store may be preferable for the retailer, depending on the market characteristics.



Keywords: (vertical) product differentiation, mutthannel retiling, outlet business,

online channel, joint online channel and outlet business
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CHAPTER 1

INTRODUCTION

Berman and Evans (2006) define a factory outlet store as a manufaotmed and
operated store selling closeouts, excess inventory, cancelled orders. Lately, they have
started to offer irseason products as well. The factory outlet as a concept has
evolved over time and has become a business opportunity not for manufacturers but

alsospecialty retailers and some thjpdrty retailers alike.

Recently, factory outlets started to draw out attention due to different reasons. The
main role of the outlet store has been to liquidate excess inventory. Although prices

are below regular retailriges, outlet stores can generate handsome profits thanks to

low operating cost; i.e., low rent, service standards, and plain store layout. However,
nowadays, outlet stores, parallel to traditional stores, turn into alternative sales
channels that offer bower quality option of the origal collection. For example,

North Face manages the outlet store to liquidate inventory whereas Coach, Ann
Taylor, Guess and J.Crew design itsnoline for the outlet busineddevy and

Weitz, 2012) In J.Crew for exampl e, nal | J. Crew Fe¢
designs and based on past J. Crew
www.jcrew.com/help/about jcrew.skp. Brooks Brothers (appar
Liz Claiborne (apparel), Samsonite (luggage) also manage their own specialty store
chain alongside their outlet stores. In this respect, outlet business branch represents

an opportunity to expand the market of a retailer brand through vertical

differentiaion.

Outlet stores are generally located far from cigptersi.e., mainly in areas of low

real estate market and also in touristic regids of 2006 in the U.S., there were


http://www.jcrew.com/help/about%20jcrew.scp

16,000 outlet stores clustered in 225 outlet malls, with total annual rewdnue
$16,000. (Berman and Evans, 2006)

Direct selling channels, as an alternative to the bmim#kmortar stores, include

catalog business, online stores and mobile stores. As the use of Internet and smart

phones increases every day, multichannel retaibspecially the online channel, is
starting to represent a significant portion of sales. From the viewpoint of the retailer,
online retailing has many advantages. Online channel facilitates easy expansion of a
chain, overcoming the limitations of its briegkdmortar networki if there are any.
Essentially, online channel provides a retailer means for reaching more customers,
and potentially serving them through a wider assortment. The customer, in the

meantime, is free of the physical inconvenience ofvisg and the risk of oubf-

stock that he may face at the store. However, with online purchases, the customer has

to endure the risks such as those associated with theofiit, and fabric of the
product. Most important, immediate gratification is naisgble anymore; the
customer has to patiently wait for his product in addition to other risks associated
with buying online (credit card use and risk, wrong shipments, and etc.). Thus,
online channel, compared to the physical channel that is availatde¢hea customer

of the physical inconvenience of visiting the store and hence (potentially) expands
retailerod6s total market. Especially in
branches and online stores are active revgamerators for a retar.

Gap Inc. is one of the mulirand and mulichannel retailers in the apparel industry.

The company conducts retail activities through its online channel in addition to the
physical stores under the Gap, Old Navy, Banana Republic, Piperlime andaAthlet
brands. Additionally, Gap and Banana Republic serve their consumers not only

through the physical and online store

appar

but

a l

and fABanana Republic Factory Storeo, respec

multi-chamel specialty retailer. Now, the firm is reaching more than 100 countries

through the online channel and overseas braigmortar stores. In addition to

these channels, J.Crew has been serving his consumers with outlet stores named

nJ. Crew Faclgg88.r he otheri emarnple in the apparel industry is
Nordstrom. It serves its customers with flitle stores, outlet stores as Nordstrom

Rack and online channel via shop.nordstrom.com.
2



Recently, we observe retailers with outlet branches and online stai@sgntheir

outlet stores available online as wilbasically opening a second channel for their

Aval ueo (I ow guality, | ow -commerce esjte b usi
Nordstromrack.conprovides its consumetse off-price fashion products online. REI

is a category specialist that sells outdoor gears, outdoor goods and accessories
through 131 stores. Al so, REI of fers its
AShop REI QOeomrheece site wwiv.rei.cons e

In this thesis, we study the outlet braraoid online channel decisions of a retailer,
and their interrelations. We also evaluate the profit implications of an online channel

for the outlet branch. We build our study sequentially by analyzing the cases below.
a. outlet branch decision of a retailer

In Chapter 3we address the outlet branch decisions of a retailer that currently has a
bricksandmortar chain. Note that here the outlet brand represents an inferior

product compared to the original brand both in terms of quality and price.
b. online ©iannel decision of a retailer

In Chapter 4we address the online channel decision of a retailer with a ks
mortar chain devoted to his primary brand. Particularly, we investigate the online
services that he provides, and whether he will be befttén terms of total profit and
market expansion. Here, online services include but are not limited to the promised

delivery time (and shipping services) offered by the online store.

c. online channel decision for the primary brand of a retailer thaptiasry and

outlet branches

In Chapter Swe areinterested in the online store decision of the retailer when the
retailer has already a physical chain of primary brand stores and another that belongs

to the outlet branch.

d. online channel decision fahe outlet branch of a retailer that has already a
primary brand with the physical and online channel and an outlet physical channel

In Chapter 6 we address the outlet online channel decision of the -chdinel

retailer.



In each chaptefexcept the last one), we analyze the optimal decisions of the retailer
and the changaihis total profit. In Chapter, Gve again evaluate the profit impact of

opening the online outlet store.

Before we present our analysis for each case, we discussld¢vant literature in
Chapter 2. mally, we conclude in Chapter Summarizing our major findings and

offering further research directions.



CHAPTER 2

LITERATURE SURVEY

A

In this work, ww st udy a mo nagnoel deasions fjomtty avithlhesr 6 s
vertical product differentiation strategy. In this respect, our work is closely related
with two streams of research: (vertical) product differentiation and retailer channel

management.

Product differentiation enablesfam to identify and focus on a target consumer
segment. Later, the firm distinguishes its product or service from similar goods and
services which are already offered by competitors to the defined consumer segment.
Therefore, by launching a distinguishgdod and service the firm may not only
generate more profit but also expand market share. In some cases, product

differentiation may be a strategic necessity for firms.

Shy (1997) categorizes product differentiation models in three main groups which

ar eooddogh ar act er i st i-addreds appropch,caadcabidress r{lacation)
approach.:hlar afcgoeadssti cs0 approaalym each
of attributes i.e.; colg size etc. and while purchasing, the consumer prefers the

product thaconsists of the most suitable characteristics for him.

In nonaddress approach, a higher level in a preferred attribute generates more
demand for the provider firm. The under|
gain utility from consuming a varietyf groducts and therefore buy a variety of
products. 0 (Shy, 1997) However, i n | oc a
maximum of one product and consumers are heterogeneous in their preferences. In

this approach, location as a concept has two different ingsarOne of them is the

physical distance between the consumer and the firm. In this case, the consumer

evaluates the prices of product in all stores and decides where to purchase, taking
5



distance into account as well. The other meaning is that the achstagtween
consumer 6s 1 deal preference (taste) for the
consumer 6s di sut i |-tharigeal fonarml nwhich is yquinagent tohe | es s

the transportation cost in the previous case can be interpreted as dist&nce h

I n horizont al product di fferentiation as a
market do not have the same order preferences for products. The choice of the
consumer depends on the preference of the particular consumer as well s price

The typical example is colp the preference of product colovaries in the

population. Location is another example; when the firms are located in the same

street, each consumer that lives on the street will rank the firms differfiently

depending on where thdiye. In the horizontal product differentiation, the consumer

prefers the product closest to him (or his taste) to gain higher utility given the same

prices.

In contrast to horizontal differentiation model, all consumers have the same order
preferences foproducts in the vertical product differentiation model. For a given
(equal) price, all consumers prefer the same product in vertical differentiation. Put it
differently, when the firms are assumed to locate on a linear street with length of 1,
ideal bram of all consumers are located at point 1. For example, holding all else
constant, all consumers prefer a feéficient Hybrid car to a regular car that runs on
gas. Quality is a typical dimension that firms utilize to vertically differentiate. Here,
qualty represents any characteristic of product (or brand) which all consumers prefer
more to less, ceteris paribus, such as quality of material used in the product, its
reliability, durability and performance.

In our study, we use vertical differentiation t@odel the interaction between the
primary brand and its outlet branch. Consumers in the market are assumed to be
heterogeneous in their willingness to pay for quality. It is common that the outlet
branch offers the product with the lower quality, prosittever services, but charges

a lower price compared to the primary brand stores. The quality we use here may
represent the extent the retailer invests in the material, design and originality of the
product sold at the outlet store as well as the seranatable at its stores.



Retailing is the set of business activities that adds value to the product and services
sold toconsumers. (Levy and Weitz, 201By means of a channel of distribution,

the retailer, as a final business, facilitates the coordindietween manufacturers,
wholesalers and engsers. Retailing is an intensely competitive industry since a
retailer is easily substitutable with another one. Changing custbateviorand
evolving technology, assortment planning, and demand and invantmggement

are a few of the major challenges that retailers face today. In this environment, a
retailer can adopt a multhannel strategy to expand his business on a national and
global scale. In this strategy, a retailer utilizes multiple channelsatth rithe end
consumer; i.e., store and netore retailing. The three types of natailing are

direct selling, vending machine retailing antbding. A fourth one that is recently
emerging is smart phone outlets; i.e., mobile stores. Nowadays, astaheetns

i mmer sed more and mdailimy isibacoming ;e @iiical. | i v e
Recently, many large retailers that operate physical stores have also opened online
channels to make shopping more convenient, expand their customer base, and

survivethe competition.
Literature on product differentiation:

Hotelling (1929) considers a simple model of horizontal differentiation. In this
model , consumers are distributed uniform
firms compete on store location (igudévalent to product) and price. In a setting of

two competing sellers he finds that locating at the centre of the market is the
equilibrium strategy of the firms. Thi
Di fferentiationo.

doAspremont , Gab g(zZlOwWi9c)z adnder THossd | i ngo
product equilibrium to exist at all product positions. They find that the equilibrium
product strategy is locating at either end of the market. In other words, equilibrium

occurs when the firm is maximally differéaied from its competitor.

Our model di ffers from Hotelling (1929)
aspects. First, we model the market dynamics by the vertically differentiated
Hotelling model as opposed to horizontal differentiation that they Tise retailer

differentiates himself on quality; holding all else constant, all consumers prefer a
7



higher quality to a lower quality. We study vertical differentiation on a line niodel

in a similar manner to the Alinear cityo tha

Moorthy (1989 studies vertical differentiation a la Hotelling to investigate the

competitive product strategy of firms and the impact of consumer preferences, costs

and price competition on these strategies. He also analyzes the impact of sequential

vs. simultaneousrgry on the product positions in a duopoly environment. He finds

t hat each firmdés equilibrium strategy 1 s toc
studies a monopolistbds product l i ne decisio
duopoly case as a benchikaln this sense, he points out that cannibalization has a

di fferent i nfluence on a monopolistds produ

competitors.

Moorthy (1988) is the closest paper to our work. There are similarities between his

model and our modekFirstly, we both use a vertically differentiated Hotelling model

to study the fqualityo decisions of compani
assumptions regarding the quality investment costs, we also differ in our general

approach and research quass. Moorthy (1988) focuses on the product decisions in

a competitive environment whereas we focus on a-dweensional product

differentiation decision for a monopolist firm.

Moorthy (1984) works on product line design problem of a monopolist. In higlinod

market segmentation is implemented through consumesalei€tion different from

the traditional approach of market segmentation as in this thesis based on the third

degree price discrimination (or product differentiation). In traditional approach the

firm canaddressesegments and isolate them individually whereas the firm knowing

each consumer6s preferences can isolate one
model. Moorthy (1984) point outs that a monopolist has to determine the optimal

product ad price for the whole product line simultaneously rather than for each

segment separately due to cannibalization.

Moorthy (1987) studies product line competition in a duopoly. As in this thesis,
market is modelled by a vertically differentiated Hotellingdal. The main research
guestion is how firms will segment the market. In other words, he investigates

whether firms will prefer full differentiation or position themselves to generate
8



overlapping markets. He finds that both strict segmentation and emvstrategies

can have strengths and weaknesses.

Moorthy and Png (1992) focus on the timing of the product introduction strategies.
While in the sequential strategy firm introduces the two differentiated products one
at a time, in the simultaneous stratelgy two differentiated products are launched at
the same time. As in our model, consumers differ in their willingness to pay for
quality. Authors mention that sequential introduction is preferable to simultaneous
introduction in terms of profit when catailization shows up as a problem.

Purohit (1994) studies a firm planning the introduction of a new version of its
currently available product. While introducing the new generation product, the firm
has to mitigate the obsolescence of the old product atick &tame time generate a
market for the new product. With these constraints he analyzes the new product
introduction strategies such as product replacement, line extension and upgrading in
monopoly and duopoly settings. He finds that a line extensiotegyrgrovides
higher market share whereas a product replacement strategy generates more profit.
Under duopoly, the incumbent firm has to choose the higher levels of product
innovation due to the threat of a competitive clone. As in our model, consumers
differ in their willingness to pay for quality; however, their willingness to pay for
quality involves both their current valuation of the product and expectation of future

price.

Vadenbosch and Weinberg (1995) study price and product competition in a duopoly
setting using a twaimensional vertical differentiation model. They study a
sequential twestage game in which firms define their product attributes and prices in
the first and second stage, respectively. Products consist of two attributes that can
takenonnegative values. One attribute may be more important than the other. They
find that differently from the ondimensional vertical differentiation model, firms
may not prefer maximum differentiation although this solution is possible under
certain condibns. When the range of positioning options on each of the dimensions
is equal, firms position the product as maximum differentiation on one dimension
and minimum differentiation on the other dimension in equilibrium. The authors

here, as in this thesistusly a twedimensional vertical differentiation model. This

9



work is focused on competition between two firms where attributes and prices are set
sequentially whereas we assume quality and price are set together, study a
monopolistic environment, and studytimeline of decisions which is consistent with

practice.

Lauga and Ofek (2011) similarly study a ndinensional vertical differentiation

model. Consumers are heterogeneous with respect to their willingness to pay for two

product attributes in a duopdis market. In the twestage game, the firms define

any combination of product attributes in the first stage, and after observing each

ot herdés attribute selections, firms set pric
find that when cost of quality isot too high, firms always choose to maximally

differentiate on one dimension and minimally differentiate on the other dimension.

In these equilibria, firms are maximally differentiated on the greatest attribute span

of the product characteristics. In cagehigher cost of quality, firms differentiate on

both dimensions.

Lauga and Ofek (2011) and Vadenbosh and Weinberg (1995) study -a two

dimensional vertical differentiation model as in our models in Chapter 5 and 6.

However, Vadenbosh and Weinberg (1998guame that all products have a constant

marginal cost whereas Lauga and Ofek (2011) assume that marginal cost increases

with quality level chosen on each attribute. Additionally, they are focused on the

competitive strategies of the firms whereas we ateer e st ed i n a monopo
market expansion vs. cannibalization tradie as differentiation opportunities

emerge over time.

Desai (2001) studies whether cannibalizatio
decisions when consumers are heterogeneous inviiiggness to pay for quality

and taste preferences. He finds that when the market is coveredjuaigly valued

segment obtains its preferred quality whereas-desdity valued segment gets less

than its preferred quality in monopoly settings. Whesthbsegments are not

completely covered, the optimal strategy for the monopolist is to provide each

segment its preferred quality. In a duopolistic market, both types of results can occur

depending on consumer and firms attribu@snsumers differ in thewillingness to

pay for quality as in our model and taste preferences (transportation cost) differently

10



from our model. Quality and taste preferences are the dimensions of vertical and
horizontal differentiation, respectively. While we model the markeadyics by the
vertically differentiated Hotelling model, here, Desai (2001) studies a market that is

both vertically and horizontally differentiated.

Kim, Dilip and Liu (2013) investigate whether commonality can alleviate
cannibalization in product line dgn. They assume within an attribute vertical
differentiation dynamics work whereas attributes are utilized for horizontal
differentiation.They find thatcommonality can actually diminish cannibalization in

the product line design.

Ferguson and Koenigstge (2007) work the pricing and quantity decision of a
monopoly firm offering a perishable product that deteriorates over time but does not
reach a value of zero. Since leftover items are considered as lower quality product
than the new product, a secondlisg opportunity, a product line extension to new
become possible alternatives for a firm by holding it over time. The firm faces
cannibalization of demand for the new products by the leftover goods. The authors
find that the advantage of a second sellopgportunity overcomes the loss due to
cannibalization. In this work, consumers differ in their valuation of the product as in
this thesis. In this thesis, product quality is also a decision variable and we further
extend to twedimensional product differgiation models. However, the authors
concentrate on pricing and quantity decision of a single product and further, the

stocking policy of a monopoly firm.
Literature on retail channel management:

Chen, Kay@a2@608) ¥werk on manufactureros
an independently owned bri@dnadmortar retailer channel when channels compete
on service. The delivery lead time for the product is service measure in the direct
channel whereas product availay is the service standard in the traditional retail
channel. The consumers differ in their willingness to wait to receive their products.
They find that timesensitive consumers prefer the braokdmortar channel while
others shop online. Chen et @008) determine optimal dual channel strategies that
depend on the channel environment affected by the cost of managing the direct

channel, retailer inconvenience, and some product attributes. They identify optimal
11



strategies (i.e., online channel ordyial channel, and etc.) where online channel cost

and retailer inconvenience cost parameters determine the thresholds.

In modelingthe online channel decision, we adopt the model used by Chen et al
(2008); a customer base heterogeneous in willingnessaitoand a cost structure
with diminishing returns in setting the online service quality (delivery time).
However, we do not limit this study to the online channel decision. We further
integrate the online channel decision with the outlet branch decision.

Many companies consider engaging in direct sales due to different reasons. This puts
such companies in competition with their existing retail partners. Tsay and Agrawal
(2004) model a supply chain that consists of a manufacturer and a reseller acting
independently to investigate channel conflict and coordination under the three types
of distribution scenarios; in the first only reseller sells, in the second only direct sales
occur, and in the third both channels generate sales together. They find that the
addition of the direct channel to the reseller channel is not necessarily adverse.
Unlike this paper, there is one decision maker which is the monopolist retailer in our
work. For that reason, channel conflict and coordination are out of scope whereas

cannikalization remains as the focus in this study.

Zhang (2009) studies the adoption of a multichannel strategy in connection with
price advertising for a retailer. More explicitly, he characterizes the conditions under
which a conventional brickandmortar reailer would prefer to evolve to
multichannel retailer and when he would advertise his offline prices at the online
store. He finds that multichannel retailing in not necessarily a profitable strategy for
all retailers and the offline price information cissure should not be used by every
retailer. This paper, like in our work, characterizes when a retailer would be
profitable to have the online channel available. However, Zhang (2009) focuses on
the interrelation of this decision with the price adventisstrategy whereas we study

the connection of online channel deci sion wi

The Internet enables the traditional retailer to acquire a new sales channel to serve its
consumers. More recently, many traditional retailersehtawned into clickand
mortar retailers to streamline their online and offline services. Céokignortar

retailer can be defined as a new form of retailer type emerging with the combination
12



of online (Internet) channel and brickadmortar retailersBernstein, Song and

Zheng (2008) model a supply chain channel structure in a competitive oligopoly
setting t o investigate wh et h-amdmocrotnapraon i e
business model. As a major insight, they point out that chcicekmortar appear as

the equilibrium channel structure. They also find that this equilibrium does not

necessarily generate more profit, in some cases, it is a strategic necessity.

Coughlan and Soberman (2005) develop a model in a duopoly in which the two
manufacturers see their consumers through the primary retailers or with dual
distribution (primary retailers and outlet stores). They assume that consumers are
heterogeneous with respect to price and service sensitivity and service is main
difference between the primargtailer and the outlet mall. Coughlan and Soberman
(2005) point out that if service sensitivity is the main source of consumer
heterogeneity in the market, single channel distribution through the primary retailer
is superior. Otherwise, the manufacturengrates more profit with dual distribution.

As in this thesis, market isodeledby a vertically differentiated Hotelling model

and consumers differ in the two different dimensions. This work is focused on
competition between two manufacturers on distidn types in terms of profit and
market expansion. However, in this thesis, from the retailer point of view,
distribution types are compared in terms of profit, market expansion and also

consumer surplus in a monopolistic environment.

Liu, Gupta and Zhan (2006) study entrgdeterrence decision in the context ef e

tailer. Significantly, this work is focused on opportunities farai | er 6 s mar k e
when the incumbent brieandmortar retailer (with or without its the online store) is

active at presenfhey find that the incumbent is ready to cannibalize its own brick
andmortar business by setting lower online price. Consumers differ in taste
preferences (transportation cost) differently from our model. While we model the
market dynamics by the vertibadifferentiated Hotelling model, here, authors study

a market that is horizontally differentiated.

Subramanian (1998) studies competition between direct marketers and conventional
retailers. The major research fields (points) are that conceptualiphttmmpetition

and new variables on operational difference between direct marketers and

13



conventional retailers. Major insights can be categorized in the three groups: changes
on the mature of competition, entry the market and market structure and l&stly ro
on information in the mukchannel market. Subramanian (1998) points out that in
market with the full information about sellers, every consumer is offered many
options to shop by the direct channel. The main difference between our and his

modelisthah ut hor model the mar ket with Salopods

All papers above study potential issues and business opportunities with the
emergence of the online store as a secondary channel for retailers, and a direct
opportunity for manufacturers. We complement this literature by studying a recent
practice observeth the retail industry. We investigate how product differentiation
decisions are interrelated with the online channel decisions and study what kind of

market conditions would render an outlet online channel decision profitable.

14



CHAPTER 3

THE PHYSICAL OUT LET DECISION OF THE BRICK -AND-MORTAR
RETAILER

3.1 The Physical Outlet Decision of the Brick-and-Mortar Retailer without
Inconvenience Cost

In this part of Chapter,3 we are interested in a monop
decision given its original brand position to maximize its total profit. The retailer is
already sellingts original brandthrough its primary physical channeicawants to

open a second bramci.e., the outle chain We characterize how the retailer

positions its outlet branch in terms of quality level and price point.

A consumer 6s t mggmal wikingmess soepaytfas inchements of an
attribute.A higher type of consumer (i,avith a higher taste parameter) is willing to
pay more for a given quality level than a lower type. Here, quality represents any
attribute of the retailer which all consumers prefer more to less, ceteris paribus, such

as quality of material used in theopluct, store service standards and/or store design.

In this model,we assumeonsumers differ in their willingness to pay for quality.
Thus, a consumer of typehas the following utility function:
d© Ph EEDAOOAEAXABAOE I BABOWOEGIAD A
'y dO bPh E&ZRD O A E AEOQROTEIAC OO @00 A
OAOAOOAEEIRIO U I OEAOxEOA
wherei refers to the qualitgndr) is the price of the retail brancl) phc. Here
(i M refer to the already set primabyandquality and price pointsi (1} are the
quality and price point of the outlet branch and are the main decision variables in this
section.We assme that the outlet product is inferior to the primary brand in terms of

quality and price. Thatis, { andf 1.
15



Consumers can observe the product qualities and prices available before they decide
to buy. They buy a maximum of one product. Theychase only when their net

utility is greater than or equal to their reservation utility, assumed as 0 in our study.

We assume that consumers are heterogeneous in their willingness to pay for quality;
i . e. consumers are distributed uniformly or

@ TBWe assume that b is high enoughgtmarantee a high enough profit for the

current brick-andmortar chain. Thusfor integrity of Section A, we assume that

o — — T(A3])

The retailerds unit cost increases with its
function to represent diminishing returns on quality, thus unit gross margin of the

retaileris ;@ . We assume that the unit profit margin of the primary brand is

nonnegative since the retailer is profitable. That f§, b m (A.3.2). We

assume that there are no fixed costs.

The parameters, decision variables aathtions used in this chaptare presented in

Table 31.

Table 31: Notation

Decision Variablés)

i Quality level of the outlet branch, 1

n Price of the outlet branch, 1

i Quiality level of the original brand, i ,i T, (given)

n Price of the original brandy, 1, T (given)
Parameters

o Unit cost coefficient for a given quality Ievéb, 1

— Quality taste parameter of consumers, Y T

o

Demand of the original bran@ 1t
0O Demand of the outlet brangi® Tt

Before opening the outlet channel, the retailer servem#rket through the physical

channel of its original brand\ consumer will want to purchase from thamary

16



physicalstore if+ 1} T — denote the taste parameter of the last consumer

who purchases the product from tpemary physicalstore when there is only

primary physicalstore in the markefThus, he demand of the primary business is

given by €0 —) and the monopolist retailer cannot cover the whole market by

itself.

Lemma 3.1: Outlet branch may have on impactontheratades busi ness i f
if— —ie,Aiqguality per dollaro for the out]l ¢
original product.The total market of the retailer expands by — , consumers

with —in —h—— switch from the primary brand to the outlet branch.

Proof: Suppose now— —.

A consumer of type—prefers the primary brand to the outlet brand if and only if

—+ N —+ 0 Tt
—+ N -+ 0 n—p n — p
n n — p since— —.
mif — n and byassumption n T

Thus, whenever a consumer is willing to buy frdm butlet branch, he prefers the

primary brand to the outlet brand and thus never purchases from the outlet.

Therefore, if— —, then the outlet branch has zero demarfd (1 and the

primary branch demand® @& —.

When we have— —, we then have— —. When— — —, the consumer will

have a positive utility only if he purchases from the outlet, fnegative utility from

the primary brand).

When— —the consumer will have positive utility from bothabches and prefer

the outlet if and only if + 1) —+ n

17



Note that— —— s also guaranteed by the relationship — and the details are

left to the readerTo avoid trivial cases whef®@ 1, wea s s u mequdlith et A
dol |l aro for the outl et productfroms¢hishi gher th

point on in our studyiNote that whenever opening an outlet branch is not profitable,

the decision variabtei andr) will be set equal t6 andn . Thus, we have-

Figure 31 shows the total market e retailer after opening the outlet store. The
demand of the retailer before (a) and after (b) the introduction of the outlet channel

(and its split across channels) is shown.

(a) (b)
Primary store Outlet store Primary
store
5] 5]
- 1 -
o > o { >
0 & & | | b S B & b
—| = \
o |wv - =
S| W
n "
o) 2D

Figure 31: The demand of the retailer before gd after (b) the introduction of the
outlet branch (and its split between channels)

Proposition 3.1: After opening the outlet channel, the demaofithe channels aye

O @ —— forthe primary business
O —— —forthe outlet business
Proof: The demand of the channétdlows from Lemma 3.1 and its proof. 4

The unit profit margins of products ar§ @& and | G for the original

brand and the outlet product, respectively.

If we take into account the costs as well, the total profit of a retailer with a

functioning outlet business is

18



I O — 1 @ — —n @

After al | probleimean beanodeledas, r 0 s

AWK & — N G — — 3 G (Eq.31)
O — T (Eq.32)
— - T (Eq.33)
i (Eq.34)
n n (Eq.35)
i 11 (Eq.36)
n m (Eq.37)

Constraint () and (33) ensures thathe retailer has the nonnegativentand for
respective te primary and outlet brarafter opening the outlet busined$ote that
either can be zerdhe obgctive function of the model, (B), maximizes the total
profit gi ven t trand positioa iCbnstraidts (3.4 andg3are a |
upper limits br decision variables that identify with thatket business. Constraints

(3.6) and (37) are nonAnegativity conditions for decision variables.

The retaileros problem is a nonlinear
variables.
Lemma 32: The profit function O — | @ — — N

@ is jointly concave im} andi in the feasible region ¢f andi 8
Proof: The matrix L, Hessian matrix of profit function, is written below:
N Gi ¢n n QN g

U A B i P

6N N ¢ o¢n N cn o,

ui i i i Y

The leading principal minors are;
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(of order one)

3 ——  (of order two)

L is negative definite if p & 1 where k={1,2} for all leading principal
minors. T i i implies that condition for the leading principal minors is
satisfied.It is concluded that matrix L is negative definite, hence the profit function

of the firm is jointly concave i andi . 4
The optimal solution of the maximization prebi is given in Proposition 3
Propositon322The maxi mi zer s ofin(Eq3eL3.T@deBai—+ er 6s prob

andp

Proof: The first order partial derivativesf the objective functionvith respect td

andr) are given below,

’Q \ Flr ~ Ny ’ \
S dj c ,r] I, l, r]
(0.9] L1 [
Q nh L n
o DT
Solving h T and L Tt simultaneously yieldd® — and B

, Which is the optimal solution of the unconstrained optimization problem.

The quality level of the new product is equal to one half of quality level of the
original brand and always nonnegative. Thussatisfiesconstraints (3.4) and .
The optimal price of new product is less than one half of price of thaakirand

thus satisfies (8). Constraint 8.7) is satisfied since 1] @ is always

nonnegative with (A.2). After pluggingi * andn” into constraint (), it becomes

w — — 1 With (A.3.1) constraint(3.2) is satisfied.Constraint (3) is

satisfied by the optimal outlet brand positiod$wus i and p” above are also

feasible (and optimal) for the problem in (Eq.3(EY.3.7) t
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The optimal outlet price turns out to be less than one half girtheary brand price
though the optimal outlet quality level is exactly equal to one half of primary product
quality. Quality per dollar for the outlet is higher than quality per dollar for the
primary brand. The gap between quality per dollar for theebatid primary brand
widens as unit cost (c) or the primary brand quality level incre@kesoutlet quality
increases and the outlet price decreases with the primary brand quality level. Thus,
the retailer elevates its outlet qualityiasncreases, ahshifts itto focus towards the
higher consumer segmeniss the primary product price increases the optimal outlet
price increases. While quality level of the original brand affect the price and quality
level of the outlet product, price of the origitmbnd only affects the outlet product

price.

Proposition 3.3: Opening the outlet business is preferable for both the retailer and

the consumer . By opening an out+8&8t br ancl
Proof: Without outlet, demand and gitoof the primary business are given by,

o o — (Eq.38)

L O — N o (Eq.39)

After rearranging (3), it becomes,

L (Eq.310

When we plugin i© andn® values into tha e t a profiefunétisn in (Eq.3l),

L becomes,

L (Eq.311))

Then,l L —  msince® mandi U

Before starting an outlétusness, consumer surplus is given by,

Y . . O PA — AD — (Eq.312)
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When the outlet channel is open, the formulatibthe consumer surplus is given
by,

oY JO P A —+ nQ

With i © andr)” , it becomes ;

~

Y — AD ———— (Eq.313)

Thend"Y 6Y — Tsince® mandi TU u

The consumer surplund the profit of the retailer before and after the outlet branch

are summarized in TableZ3

Table32:Comparing Aonly primar ybrbairsd e sdiaaand

profit and consumer surplus

Only primary business With an outlet branch
Total profit -
Consumer Surplus — AP — — AD
Total demand of the retailer increasessywhi | e t he demand of t

primary business decreases by after opening the outlet business. Although the

outlet business cannibalizes some of primary business demand; the retailer manages

to increase its overall demand with the addition of the outlet branch.

The market expansion is- and its margin is)° «° or equivalently

The cannibalized demand from the primary brandHsndchange in thenargin is

n i n o  or equivalently

. The profit margins of products

are equal whemy ——. If ] ——, then the profit margin of the primary

business is always greater than that of the outlet product.

22
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As the primary product qu#ilevel increased ( , outlet quality leveli(" increases

and outlet pricer{" decreases. As a resulemand of the outlet product increases.

As the unit cost coefficienc) increases, the profit gain increas@s the unit cost
coefficient increases, the optimal outlet pri¢¢ (decreases but the optimal outlet
quality level {(* remains the same. Consequently, the outlet demand increases with
the unit cost coefficient. The retailer achieves market expangith increase in the

outlet demand. Hence, as unit cost coeffitiecreases, the extra marketreases.

The retailerbés main tradeoff iIs between
primary store and its profit margin

When we plugn n* andi® into — it becomes— —. If af] andi remain the

same, as c increases;goes up. In short, the the primary brand demand shrinks

whereas the outlet brand demand becomes larger with the increaséhi rice,

qguality I evel, demand of products in the

outlet braachi ¢ aase summarized imable 33.
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Table33:Comparing

fonl

y

pri mary

profit, demand, price and quality level of the products

buBcaess oomnd

Only primary business | With an outlet branch
Profit of the outlet NA
product
Profit of the primary A — b 6 AA— b KN —b
product e
Total profit -
Demand of the primary A — A —
product
Demand of the outlet | NA .
product
Profit margin of s s
primary product b0 B O
Profit margin of outlet NA
product
Total covered market | A — A — =
The primary price b b
The outlet price NA _
The primary quality . .
level O o
The outlet quality level| NA —
We al® i nvestigat e fprimary bramd positiore strategieSheni t i al

retailer can positio the primary brand withouany consideration of the outlet

business opportunity in the future. In this strategy, the retailer acts myopic. The

myopic retailer positions the primary product and then the outlet product. In long

term planning, the retailer also considers the future outlet product position while

positioning the primary product. For that reason, we refer totypa of retailer as

A n enyopicr et ai | er .

position and profit levels under two strategies.

0 The
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3.1.1Myopic Retailer
In this part, we investigate the scenario where the retailer positions its primary brand

(i.e., setd andn ) only to maximize its primary business profit.
The demand and profit of thetailer are given by (3.8) and.@;

o o — (Eq.28)

L ® — N o (Eq.39)

Lemma 3.3: Theprofit function of retailer, £q.3.9), is jointly concave im andi .

Proof: The matrix H, Hessian matrix of profit function, is written below:

~ _C ® ﬂ 1’1
L i
° qy o
'H — O —"
u [ I U

The leading principal minors are;

3 — (of order one)

3 (of order two)

H is negative definite if p & 1 where k={1,2} for all leading principal
minors. Thecondition for the second leading prpal minor is satisfied with
(A.3.1). Theprofit function of the retailer is jointly concave in andi since the

matrix H is negative definite. o

The total profit of the retailer can be modeled as follows;

GO W — N (Eq.39)
i (Eq.314)
n m (Eq.315)
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The objetive function of the model, (9), maximizes the profit of primanyusiness.
The constraints (3.)4and (315 are nonnegativity conditions for decision

variables.

The retailisa®dalingar noakirhizton problem with two decision
variables. The optimal solution of the unconstrained maximizatidolgois given

in Proposition 3.

Proposition 34: The maximizers of h e r etoldemlindEq3.9, 3.14, 3.18)e
 —andB —.

Proof: Thefirst order partial derivatives of the objective functiweith respect ta

andr] are given below,

~,
4

Qnfi o aoch o
o] i
Q nh N - "
a o “n o
Solving m and Tt simultaneously yields twoi ) ) pairwise
roots.We find thatG —andEf — with objective function value of—. Since

(Eq.3.14) and (Eq.3.15) are also satisfied, the solution above is feasible (and optimal)

for the problem stated. o

When3 —andBf —, the retailer generates profit ef— — . If the retailer

started to serve the customer with the outlet store as an additional channel, total

profit would be —.

3.1.2 Non-Myopic Retailer

In this part, we consider the scenario where the retailer takes into account a future
outlet branch opportunity while positioning its primary brand. In other words, we
want to find the primary brand positions that maximize the total profit that includes

the outlet branch that will follow as well. Here, the retailer does not act myopic,
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makes sequential brand position decisions in case of opening outlet branch is

possible in the future. We refer thige of retailer as a nemyopicretailer.

When we plugin i “ andn® into (3.1), the profit function of the retailer is;
L O —— | @ _ (Eq.316)

Lemma 3.4: The pofit function of retailer, (3L6), is jointly concave im} andi
Proof: The matrix M, Hessian matrix of profit function, is written below:

~ S
W i i
) 1 Ch |

u l l

The leading principal minors are;

g — (of order one)

Q (of order two)

M is negative definite if p 8p 1 where k={1,2} for all leading principal
minors. The condition for the second leading ppatiminor is satisfied with
(A.3.1). It is concluded that matrix M is negative definite, hence profit function of

the firm is jointly concave im andi . o

The retailsehends probl em

GO © —— 0 _ (Eq.316)
i 11 (Eq.314)
n (Eq.315

Proposition 35: The maximizers of the e t a problemid (&qg.3.14, 3.15, 3.16)
are§ —andd —.

Proof: The first order partial derivativesf the objective functionvith respect ta

andr) are given below,
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¥ h T 5

— — wn cu
Solving o T and— Tt simultaneously yields twoi fy pairwise
roots.We find thatd —andEf — with objective function value of—. Since

(Eq.3.14) and (Eq.3.15) are also satisfied, the solution above is feasible (and optimal)

for the problem stated. 4

WhenG — and® —, the reailer generates profit of — . If the retailer
started to serve the customer with the outlet channel as additional channel, the total

profit would be —.

The findngs are summarized in Table43As a result, primary brand positioning
based on long term plannirfgorrmyopic approachis preferable for the retailer. If

the retailer acts as opening outlet branch will be possible in the future, then the firm
sets a higher price and a quality level for the primary brand. The profit difeeren

between two cases exponentially increases with b and decreases with c.
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Table 34: The primary brand position and the total profii n t he fAmyopi co
myopi@®@ r et asil er case
Myopic Non-myopic y
Retailer Retailer
Price of the I8 X6 p o
primary brand o ) CCh n
Quality level of & < @
—= —= —= Tl
primary brand ow LW p W
Total profit of the B B B
retailer (without mﬂ & X® I
T 0 ¢ uam @ X WTt
outlet)
Total profit of the B B B
retailer (with p_n)N l X® -
T 0w ¢ @ pMYa m
outlet)
3.2 The physical outlet decisions of a brickand-mortar retailer with
inconvenience cost
In Section3. 1, we studied a monopol i st firmods

business without any consideration of an inconveniermst cegarding either

channel. However, that was an idealized case. In real life there exist inconvenience

costs associated with visiting a briakdmortar retailer. This may include the actual

activity of visiting the store, time spent on the activitywasdl as the unavailability

r

sk of

t he

product. A

consumer 6s

outlet malls tend to be located far away from city centers, which translates into a

higher inconvenience cost associated with visiting thieostiore.

Her e

we i

nvest.

gat e t he

ret ai

er 6s

inconvenience costs for both the primary chain and the outlet stores. We change

utility functions by adding new terms; specifically k>0 for the inconvenience of

visiting the primary brand chain, and m>0 for visiting the outlet ch&i®m.assume

that inconvenience cost of visitingné purchasing from theutlet storeis greater
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than inconvenience cost of visiting and purchasing fronptheary store. In short,
G QO mgA.3.3)

A consumer 6s t mggmal wikingmess soepaytfa inchements of an
attribute. A higher type of consumer (i.e.; with a higher taste parameter) is willing to
pay more for a given quality level than a lower type. Here, quality represents any
attribute of the retailer whichlatonsumers prefer more to less, ceteris paribus, such

as quality of material used in the product, store service standards and/or store design.

Consumer of type-has the following utility function;

dO b Ehn EADOOAEATABRAOE | ABWOEAIAD A
Y dO B ih EE/AD OAE AEOAEIAOOA RO T Al
OAOAOOAGETRIO U I OEAOXxEOA

We assume that consumers are heterogeneous in their willirtgressg for quality;

. e., consumers are distributed uniformly or
@ TB8We assume that b is high enough to enable a profitable business for the

retailer (i.e.; for nonnegative market share and margigain, we assume that the

outlet product is inferior to the primary brand in terms of quality and price. That is,

i i andfp 1.

Consumers can observe the product qualities and prices available before they decide

to buy. They buy a maximum of one produchey purchase only when their net

utility is greater than or equal to their reservation utility, assumed as 0 in our study.

The retailerds wunit cost increases with 1its
function to represent diminishing returns on lgyathus unit gross margin of the

retaileris | @ . We assume that the unit profit margin of the primary brand is

nonnegative since the retailer is profigblThat is, | @ m (A.3.2). We

assume that there are no fixed costs.

Theparameters, decision variables and notations used in this chepf@esented in
Table3.5.
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Table 35: Notation

Decision Variablés)
i Quality level of the outlet branch,
n Price of the outlet branch, Tt
i Quiality level of the original brand, i ,i T, (given)

N Price of the original brandy, 1, T (given)

Parameters

@ Unit cost coefficient for a given quality leveb, Tt
a Inconvenience cost of visiting and purchasing from the physical aditlet,Q
o)

Inconvenience cost of visiting and purchasing from the physical &brer

— Quiality taste parameter of consumers, Y 1o

(o] Demand of the original bran@ 1t

(@) Demand of the outlet brangi® 1T

Before opening the outlet channel, the retailer serves the market through the physical

channel of its original brandA consumer will want to purchase from tpamary

physical store if = 1 Q 1 —— denots the taste parameter of the last

consumer who purchases the product frompiti@ary physicalkstore when there is
only primary physicaktore in the markefrhus, he demand of the primary business

is given by @ —— ) and the monopolisetailer cannot cover the whole market by

itself.

Lemma35:0Outl et branch may have on i mpact on
if —— — i . e., Aquality per doll aro for t

the original productThe total market of the retailer expands by—— ——,

consumers within —H E th————  switch from the primary brand to the

outlet branch.

Proof: Suppose now— ——. (In this case- — directly holds.)
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A consumer of type—prefers the primary brand to the outlet brand if and only if

—+ 7 Q 4+ n a mw

T ’ iy

—+ n Q —+ n & n — p N — p a Q
n n — p G Qsince— —.
mif —  n and byassumption n T
andd B

Thus, whenever a consumer is willing to buy from the outlet branch, he prefers the

primary brand to the outlet brand and thus never purchases from the outlet.

Therefore, i—— ——, then the outlet branch has zero dema@ ( 1t and the

primary branch demand® @& —.

When we have—— —— we then have— —— When—— — ——,

the consumer will have a positive utility only if he puashs from the outlet (i,e.

negative utility from the primary brand).

When — — the consumer will have positive utility from both branches and

prefer the outletifand only it+ 1 & —+ n Q.

~
g

4+ B &4 =+ f§ Q- —

Note that— ——— is also guaranteed by the relationship- —— and

the details are left to the read&n avoid trivial cases whei® 1T, weassume that

iqual ity per dol | arhigheftban that of¢he ariginall peoductpr odu ct

from thispoint on in our study. Thus, we have— ——. o

Figure 32 shows the total markshare of the retailer after opening the outlet store.
The demand of the retailer before (a) and after (b) the introduction of the outlet

channel (and its split across channels) is shown.
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(a)

Primary store

(b)

Outlet store

Primary
store

p,+m
5
Ptk
1
pp-pytk-m
$1-5

Figure 32: The demand of the retailbefore (a) and after (b) the introduction of the

outlet branch (and its split between chann@|s)p,+k-m)/(s-s;) b)

Proposition 3.6: After openingthe outlet channel, the demand for each channel is;

0O W for the primary business

o | Eth for the outlet business

Proof: The demand of the channétdlows from Lemma 3.5 and its proof. o

The retailerds problem can be written

I AD ; &) n oG

(Eq.317)

s.to @ T (Eq.3.18)
_ — (Eq.3.19)
i (Eq.34)
oo (Eq.35)
n m (Eq.3.6)
i i (Eq.3.7)

Constraint (3.18and (3.19)ensures thaheretailer has the nonnegative demand for

respective the primary and outlet brand after opening the outlet business. Note that

33
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either can be zerdhe obgctive function of the model, (), maximizes the total
profit gi ven t trand paatibna Canstrainiss(3.4pand (@.re a |
upper limits for decision variables that identify with thélet business. Constraints

(3.6) and (3.Yare nonnegativity conditions for decision variables.

Proposition 3.7: The profit function of the retailer, (E§.17), is not jointly concave

inf andi . Nor is it convex.

Proof: The matrix S, Hessian matrix of profit function, is written below:

The leading principal minors are;

3 (of order one)

3 ( of
order two)

Before evaluation, we want to summarize positarel negative definiteness of

matrix S.

1 S is negative definite if p 3 1 where k= {1, 2} for all leading
principal minors. Therefore, the profit function is jointly concave)inand
i .

1 S is positive definite if> 1 where k= {1, 2} for all leading pncipal

minors. Therefore, the profit function is jointly convexjinandi .

The principal minors depend on the decision variahlesufdry and changsigns
in the feasible region. We show that the concavity or convexity conditions are not

satisfed by a counter exampl€he paameters are listed in Tablet3
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Table 36: The parameters of the example

Parameter Value
i 6
N 6
o 0.9
Q 0.1

The leading principal minors are calculated with these parameter for plt foft f

and R plgfoftiv . Table 37 shows leading principal minors for somie ff
values thasatisfyboth (A.3.3) and—— —.

Table 37: The leading principal minors for some,(g;) values

i n 3 3

5 1 -2.4 14.085
5 2 -2.4 6.961
5 3 -2.4 2.142
5 4 -2.4 -0.372
4 1 -1.5 1.807
4 2 -1.5 0.635
4 3 -1.5 0.026
3 1 -1.333 0.454
3 2 -1.333 0.029
2 1 -1.5 0.006

Here, the first leading principal minor is always negative. However, the second
leading principal minor is sometimes negative and sometimes positive. The joint
concavity requiresy mandyY 1 However, there is case where the second
leading principal minor is negative. Thus, in our feasible range, the profit function
may not be jointly concave i andi . The joint convexity require¥  TtThus,

we conclude that the profit function is notrjly convex inf) andi . o
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Since the profit function is not jointly concave or convek imndr) , we analyze its

behavior with respect td andr) individually next.

When the quality kel of the outlet brand is giverthe total profit becomes a
function of ) . The profit function of the retailer with respect to nwygative

demand of outlet channel is written below,

I O — G n @

Ve— — G ——

If the profit function is rearranged basedrpn it becomes ;

Ty Ty

L O —— | G n o
QAo Q a4 i i n ——— (Eq.320
Proposition 38: For a giveri ,thereai | er 6 s pr o f20 tscohcavemt i on ( Eq.

n in the feasible region af 8

Proof: The second order derivative with respectiois given below,

Q1 ci
Qn [
The i i implies that the SOC of the profit function is negative. 4

We can find the maximizay (for a giveni using the FOC of the profit function

as follows;

Step OFindr} which satisfies— 1L

Note that— and n

~ 5 ~

Step 1. Ifn v | A@im Q & &I i h——, theniy  §

andt © U 1
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Step 2: Iff) —— then setf” —— Whenry" ——,
the demand of outlet equals to zero and the profit function equalsoto
— 80 @

Whenr) is given the total profit becomes a function of as a decision variable as
follows:

The profit function of the retailer based ionis written below,

~ ~
g g

L O —— N n o
nMe—— i [ ENA —m— (Eq.3.21)
Proposition 39: For a givem) ,thereai | er 6 s pr o f2l)iscohcavemt i on

i in the feasible region df 8

Proof: The second order derivative with respect tas given below,

Qu ¢ A A A Qa qa q
Qi i i

It is known that— T i andn 1 . Hence, the first term of the SOC of the
profit function with respect td0 is negative. As a result, the SOC of the profit

function is negative. o

We can find the maximizdr (for a givenny using the FOC of the profit function

as follows;

Step 0 There are four roots(i  to satisfy— Tt

Note that— @Q 1

=L
m
i
=2«

Step 1: If i N , theni® i andti”

L
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Step 2: If there is n6 which is in that interva) put differently,i , then

seti®* ———8Wheni* , the demand of outlet channel equals to zero

~
Tr

and the profit function equalst®da — 1 @

3.3 Numerical analysis o the outlet decisions with inconvenience costs

We studied the outlet business decisions in the presence of inconvenience costs.
However, the total profit of thretailer, (Eq.3L7) is neither jointly concave nor
jointly convex inr} andi . For that reson, in this section, we aim to analyze the
effect of inconvenience cost on the optimal quality level and price of the new
product, demands of the primary store and outlet channel, market size and profit of

the retailer.

In our numerical experiments, weeak40 for b, 0.1 for c, tested for k in [0, \8ith
the amount of increment by 0.@hd m in [k, 3Jwith the amount of increment by
0.01 We set 0.01 as the lower bound of bothandr) andlimited our experiments

to the cases whete i andp n.

We create two groups of trials each of which contains four combinatioinsawfd

r| 8All trials are presented in Table33

Table 38: The firstand secondroup of trials

The first group of trials The second group of &is

Triall | Trial2 | Trial 3 | Trial4 | Trial5 | Trial 6 | Trial 7 | Trial 8
i 8 8 8 8 8 6 4 2
N 8 10 12 14 8 8 8 8

We use 0.01 as the amount of increment for féesible interval ofi . In this
respect, different increment is used/calculated forthi® equalize the number of
andrn values;i.e.,0.0064 for trial 1, 0.009 for trial 2, 0.0117 for trial 3, 0.0144 for
trial 4, 0.0086 for trial 6, 0.0132 for trial 7, 0.0279 for trialfBus, n each trial, we

form the ( ) ) matrix for the feasile interval ofi andr) . In each trial,the
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optimal outlet quality level and prigse chosen from this matrix order to maximize
the retailferaéesofh, o mandk.pr of i t

We find that for a given k, as m increasesit)’iO° and profit of the retailer
decreases bu® increases. Thus, demand and profit margin of the outlet decrease.
Here, n° decreases because the retailer compensates for the high outlet
inconvenience. In this environmerit, will be low because the @ter cannot afford

a high product cost any more. When m is high, the retailer has to position the outlet
business as a lower quality, lower price alternative. As a result, the total outlet
demand decreases whereas the primary brand demand increasdistriats, dor a

given k, as m increaseprofit margin of the outlet decreasdsgure 3.3 and .3
showi® versus m and)” versus m plots for trial 2 when k=0.5, respectively. See

Appendix Afor'O" versus mO'ver sus m, ret ai,totalmarket pr of i

versus mand® @~ versus m plots for trial 2 when k=0.5 and related data.

5,
24 -
2
i
>
o2
5
51
o
0 T T T T T T T T T T T T T T o P ey
05 07 09 11 13 15 17 19 21 23 25 27 29
m

Figure 33: s, versus m plot for trial 2 when k=0.5

outlet price (p2)
N
ocurtINIwuIhuiol

05 07 09 11 13 15 1.7 19 21 23 25 27 29
m

Figure 34: p, versus m plot for trial 2 when k=0.5
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When m and k are equal, as k (and m) incredsés; increase,0'HO° and total
profit of the retailer decrease. Heri€, and )" increase and the outlet position

approaches that of the primary brand. Tle¢aiter starts to address the higher

segnent to expand its total markdtiote that— — (the taste preference of the

last consumewho prefers to outlet store) ardgo up. Thus, he total market of the

retaile diminishes since the elevatedtet position is not sufficient to compensate

for the inconvenience for both brands. Although the profit margin of the outlet

i ncreases, the retaiFlgge®85 6tbbwbk peohitend@&srt
versus m plot for trial 1 when m=k. Sé@pendix Bfor i * versus m))* versus m,

'O versus mO versus nplots for trial 1 when m=k and related data.

62.8
62.6
62.4
62.2

62
61.8
61.6
61.4
61.2

Retailer's profit

0 02040608 1 12141618 2 22242628 3
m

Figure 35: Retailerds profit versus m plot for

In Section 31, we find the optimaloutlet brand positions when there are no

inconvenience cost$’ )’ AO°AO" and the profiimpact of opening the outlet store

on the r etYaiatesgedidablp 830l ourtnumerical experimentsve

observed that when m=k, as c increasg&) decreases bu® andYi increases.
Thus,moreconsumes prefer theoutletstore tothe primary store. The profit impact

of opening the outlet store onfittmargnr et ail er 6
of the outlet decreases. These findings corresporttiettheoretical inferences in

Section 31.

Before evaluation the each set of trials deeply, we finddbatn increases, outlet

price and quality decreases. Even if the outlet quality ance piecreases with
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increase with m, thdecrease in the deman€ithe outlet cannot be prevented. Thus,

the outlet 1 mpact on the market and retai

After inferences with initial observations for all trials, we want to evaluatedbh
setof trials deeplyFirstly, we focus on the first group of trial. To make inferences,

we ploti “ versus my)* versus m'O" versus mO’ versus m,1° @ ° versus m

tot al mar ket ver svwesusmgraphsforagvereki | er 0's

In the first group of trials, trial 1 has the lowept value when all trials have the
samei value. Thus, when there is only primary brand in the market,ltfiwas the
largest market potential. It can be athat trial 1 is the most competitive oimethe

first setof trials.

We observe that trial 1 produces the lowgstalue. As the primary brand gets more
competitive in terms of price, the outlet price level tends to be lawevell Figure
3.6 shown’ for the first group of trials when K=3.

7

6 —e— Optimal p2 for trial 1

. —*— Optimal p2 for trial 2
—a— Optimal p2 for trial 3

4 —— Optimal p2 for trial 4

3

2

1

0

030507091.113151.7192123252.729

m
Figure 36: p, for the first group of trials when k=0.3

We see that trial 1 has the high&t value after opening the outlet store. Trla
sustainghe largest market potentialith the outlet store as wel”After openingthe
outlet store the rank of O° will not be changed, but of cours®;, values will be
decreasedSee Figure C.1 fo® of the frst group of trials when k=0.3 in Appendix
C.
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We see that® value for the first group of trials idraost identical to each other.

Figure 37 showsd * for the first group of trials when k=0.3.

S Optimal s2 for trial 1
45 1 ,‘ Optimal s2 for trial 2
4 4
— Optimal s2 for trial 3
@/ 3.5 - _ _
> 3. —— Optimal s2 for trial 4
S 25 -
O
° 2
315 -
1 4
0.5 -
0 T T T T T T T T T T T T T T T 1 1 1 1 1 1 1 1 1 1 1 1 1
0.30507091113151.7192123252729
m

Figure 37: s, for the first group of trials when k=0.3

We see tha®’ value for the first group of trials is close to each other. It is the most
interesting observation. Trial 1 is expected to have the hifbiegalue since it has
the lowest)” value with abouthe same * values across the first seft trials. Thus,

the resulting ¥ and * values are rarely impacted by the price competitiveness

of the primary brand. Figure 38 showsO’ for the first group of trials when k=0.3.

0.4 Optimal D2 for trial
T 0.35 - Optimal D2 for trial 2
@
S 03 Optimal D2 for trial 3
% 0.25 - ——Optimal D2 for trial 4
£ 02-
©
< 0.15 -
g
c 0.1
QO
2 0.05 -

O T T T T T T T T T T T T T T T 1 1 1 1 1 1 1 1 1 1 1 1 1
03050.7091113151.7192123252729
m

Figure 38: D, for the first group of trials when k=0.3
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We see that triad produces the highest proft valuesare close across the first set
of trials whereagrial 1 has the highedd’ value and trial 4 has the largest profit
margin of productsThus, profit margins of the primary and outlet businesare

moresignificant than market share in determinthg profit of the retailer.

Later, we evaluate the second group of trials. Again, wei pleersus my)° versus

~

m, 'O° versus m,0" versus m, ° &~ versus m, total market versus m and

ret ai | eversiissm goaphs for atgiven k.

In the second group of tr&ltrial 5 has the highest value when all trials have the
samer) value.When there is onlyhe primary brand in the market, &ti 5 has the
largest markepotential. It can also be thatal 5 is the most competitive ore the

second group of trial

We observe that trial 5 producte highest© and lowest)” . As the primary brand
gets more competitive in terms of qunalithe outlet qualityncreasesnd the outlet
price leveldecreasesThus, trial 5 has the lowest profit margin of the outlet business
Trial 5 sustains a viable outlet business in high inconvenience costs abiguaié
3.9and 310 showi “ versus m and,” versus m plot for the second group of trials
when k=0.3.

4.5 — Optimal s2 for trial 5
4 —e—Optimal s2 for trial 6
< 3.5 N““W’ == Optimal s2 for trial 7
L 3 . .
> —— Optimal s2 for trial 8
= 25 &1
>
g 2
o
515
@]
1
0.5

o

0.30.50.70.91.11.31.51.71.92.12.32.52.72.9
m

Figure 39: s, for the second group of trials when k=0.3
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—— Optimal p2 for trial 5
—e— Optimal p2 for trial €
== Optimal p2 for trial 7

= QOptimal p2 for trial &

Outlet price (p2)

0.30.50.70.91.11.3151.71.92.12.3252.72.9

m

Figure 310: p, for the second group of triaighen k=0.3

We see that trial 5 producése highesiO’ valueafter opening the outlet storé/e
observe that trial 5 producéise largesiO’ naturally since it produces the highest
and the lowesh” value.Thus, trial 5 has the largest total markégure 311 shows

'O versus m plot for the second group of trials when k=0.3. See Figure D.1, D.2 for

the second group of trials when k=0tBterms ofOCand r et ai |l eind s
Appendix D.
0.4 -
N
2035
I
g 03 -
o]
@ 0.25 -
5 — Optimal D2 for trial 5
© 0.2 -
2 —— Optimal D2 for trial 6
« 0.15 -
_g == Optimal D2 for trial 7
§ 0.1 1 —— Optimal D2 for trial 8
8 0.05 -
0 i
0.30.50.70.91.11.31.51.71.92.12.32.52.72.9
m

Figure 311: D, for the second group of trials when k=0.3
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We see that trial 8 producti®e highest profitTrial 5 has the large& and 'O° and
trial 8 has the highest profit margin of produate find that the profit margins of the
primary and outlet business are more significant than market share to determine the

profit of the retailelas observed in the first set of trials

It is observed different from the first group of the trials that as thegpyifrand gets
more competitiven terms of quality levelit gets easier to position and justify an
outlet brand. Outlet becomes more competitive both in price and quality; as opposed

to just price that we observed in the first group of trials.

In this dhapter,we characterizeéhe outlet brand positions and evaluate the profit
impact of the outlet store. The analysis is conducted in two different settings. In the
first setting, inconvenience costs are neglected. In Sectionv8.iind that opening

the odlet business is preferable both the retailer and the consumer. The retailer
manages to expand its total market although the outlet business cannibalizes the
demand of the primary branQuality per dollar for the outlet is higher than quality

per dollar br the primary brand. The gap between quality per dollar for the outlet
and primary brand widens as unit cost (c) or the primary brand quality level
increasesThe outlet quality increases and the outlet price decreases with the primary
brand quality level Thus, the retailer elevates its outlet qualitypaisnary brand
quality levelincreases, anghifts itto focus towards the higher consumer segments.
Outlet quality increases with the primary brand quality and does not depend on cost
and prices at allAs the unit cos{c) increases, the profit gaiand the generated
market with the outlet increasdh e r et ai l erd6s main tradeo

expansion and cannibalization of gmary store and its profit margin.

According to primary brand strategieretailers are classified in two groups: myopic
and noAmyopic retailer. We find that nemyopic approach is preferable for the
retailer in terms of profit since it enables firm to set higher price. Also, the consumer
is offered a higher quality level dhe primary brand when the retailer is non
myopic.
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In the second part othe chapter, we takeanto account inconvenience costs
associated with visiting a briekndmortar retailer An extensive numerical study is
conductedo evaluate the changesthe autlet product position, demand of primary
and outlet business and total profit of the retailer inpiesence of inconvenience
cost sincehe analytical approach to find the optimal outlet product position is not

suitable

In Section 3.3, w create two gups of trials eaclnd parameters set for numerical
study. The two groups are different from each other in terms of competitiveness in
price and quality levelAs the primary brand gets more competitive in terms of
quality and price, the outlet price léwends to be lowerThe price competitiveness

of the primary brand does not impact the quality level and demand of the outlet
brand. However, as the primary brand gets nommpetitivein terms of quality, it
produces the larger market size for the oditeind and the outlet glity level tends

to be higherlndependent of competitiveness in price and quality Jevelfind that

the profit margins of the primary and outlet business are ragmficant than
market share inleterminng the profit of the r&iler. In the second set of trials, trial

5 sustains a viable outlet business longest. We find that as the primary brand gets
more competitive in terms of quality level, its outlet business becomes more robust

(viable) than others.
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CHAPTER 4

ONLINE CHANNEL DECISION FOR A BRICK -AND-MORTAR
RETAILER

I n this chapter, we are interested in a

when the original brand is already available in the physical.store

In real life visiting the physical stores assciated with some inconveniencé&he
inconvenience cost may comprise physically going to the store; time spent on the
activity as well as the stoebut risk that may send the comser home empty
handed. ©nsumers are freed from the physical inconveniencd wden they
purchase online. However, buying from the online channel does not offer immediate
gratification; the customer now needs to wait for agpecified time to receive his
product and now faces new risks associated with product properties stinehfis

color, and size. Hereby, an additional dimension on which consumers differ emerges;

sensitivity to online services and promised delivery time.

Online service quality may involve all customer services provided by the online
store, the convenienaaf return process, angromised delivery time windowas

well as shipping charges. In the rest of this thesis, we interchangeably refer to this
dimension as promised delivery time. Here, we use t to refer to this dimension in a
reverse way; that is, thever t is, the higher the online service qualitote that t

here represents all the online services offered to the customer including but not

limited to the promised delivery time.

In this chapter t h e magot deedisioreis td determine the onlservice quality
(the promised delivery ti me, t) to maxim

of original brand positionsf) i andinconvenience cost of going to stokg.
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We assume that the promised delivery time can be set in a feasidliaterval 0o
whered 1 and all practical feasible delivery times are in this interval. In practice,
online service and delivery options are limited by external factors. For example

overnight delivery is the faster option available to most retailer
In this chapter, aonsumemants to maximize the followingtility function:
d© b B EEEPOPVOAOIGAD OE | BROGERGI OA
'Y dO P AR EEDPCFAOAOIGAPOEI ADUBGDOROA
OAOAOOAEEIRIO U I OEAOxEOA
Consumers can observe the product qualities and prices available before they decide

to buy. They buy a maximum of one product. They purchase only when their net

utility is greater lhan or equal to their reservation utility, assumed as 0 in our study.

The utility of the consumer who uses the online channel decreases as s/he waits, the
utility of the consumer who purchases from the offline store decreases due to the

inconvenience regding the physical channel.

We assume thatonsumerdgliffer in willingness to pay for quality and isensitivity

to online services and promised delivery time while purchasing at the online channel;
i.e,, consumer types are distributed uniformly onijpaccording to their types d and

— where b>0We assumeéhat b is high enough to enable a profitable business for

the retailer(i.e.; for nonnegative market share and margin)this chapter, we

assume thatd —— T(A4.1)and ® - T1(A.4.2) to ensure nonnegative

market share.

A consumer 6s t mggnal wikingmess soepaytfas inchements of an
attribute. A higher type of consumer (i.e.; with a higher taste parameter) is willing to
pay more for a given quality level than a lower type. Here, quality represents any
attribute of the retailer whichladonsumers prefer more to less, ceteris paribus, such

as quality of material used in the product, store service standards and/or store design

A consumer of type d hasdaminished utility by dt wheie has to wait for a period t

before receiving the prodt. As d increases, the consumer becomes more time
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sensitive(i.e., impatient), and thuse startspreferringthe physical store to the online

store since the physical store offers instant gratification.

The retailerds unit qualgytlevel. We use a guadsaticwi t h
function to represent diminishing returns on quality, thus unit gross margin of the
retaileris | @ . We assume that the unit profit margin of the primary brand is
nonnegative since the retailer is profitabléhatis, 1 @ m (A.3.2). We

assume that there are no fixed costs.

The parameters, decision variables and notations used in this cor@ppeesented in
Table 4.1.

Table 41: Notation

Decision Variablés)

i Quiality level of the original brand,  Tt(given)

n Price of the original brand), 1 (given)
0 The online service quality set for the online chanbel, o]
Parameters
© Unit cost coefficient for a given quality leved, Tt
Ko) Inconvenience cost of visiting and purchasing from the physical &brag
—  Quality taste parameter of consumerss Y Tifo
Q Sensitivity index to online services and promised delivery time of const
QYo
a Online channel cost coefficiert, 1
(@) Demand of the original bran@ 1t

(0] Demand of the outlet branc® Tt

Proposition 4.1: For a given positive promised delivery time at the online channel
(t>0),

i. Consumers who purchase from the physical store decrease frem altd and

all’QN 1o to all— —hp andQN Ohty where— ——
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i. Consumers withy —o and’QN  THQ switch from the physical channel to the
online channel. The retar also expands its market by—through the online

channel.

iii . The demand characterization of the channels is

$ A - A —
$ — W — —

Proof: A consumer will want to purchase from the online storg-if Q0 ™

and from the physical store4¢ 1, Q 8He will choose the dime store if

—+ 1 Q0o+ n O

So for anyconsumer type with—so that—+ 1 Q m if Q Q -, then the
consumer will prefer the online to offline store.

If = 1N Qbut—+ 1N 1 then consumer will purchase from the online

staeif+ n Qo mM(Q ——.

Then,$ will consist of consumers thaty —Rb and’QN Q. Thus,

$ A - A — |

$ L — —. “

Figure 41 shows overall demand of the retailer after opening the online channel. The
triangular area is the extra demand that the retailer generates through the online

channel.
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(a) (0)
b4- b4
Physical store
k] k ’
t Physical store
i P ~  pi+k
ox="Ll o=t b

S1 S1

Figure 41: Total demand after the introduction of the online channel (and its split

among channels)

Corollary4.1:The retailerdés total market increa

Proof: According to Propositiod.1, the total market of retailer expands-by. As t

decreases, market expansion increases. o

Based on Corollary .4, if the retailer did not have any cost for online services, he
would want to set t as low as possible. However, this is not a realistic case.
Generally, serving through the online channel creates additional costs for the retail
including call centre management, courier services, returns management dine etc.
retailer has to incur a certain cost to make the delivery of the product in the promised
time window t and provide online services. For that reason, there arises the cos

versus the market expansion tradeoff associated with setting the deliveryMame.

assume that the firm incurs online channel ecesas the unit cost of serving an

online customer where z is the online channel cost coefficient. As online service
improve i.e.,as t decreases, the cost incurred to deliver it increases exponentially.
We assume that z (online channel cost coefficient) is high enough to discourage the

firm to set t=0. (or serve the market perfectly.) In this chapter, we assume that

O ——(A43).

The unit profit margins of the primary and online channel @re (@ and

n o — ,respectively.
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If we take into account the costs as well, the total profit of the retailer can be

summarized aflows:

L A - A —n a = w — — /5 @& -
After all, the retailero6s problem can be mod
GO A - A — 3 @
88— — G - (Eq.41)
s.tooN O (Eq.42)

The obgctive function of the model, (8, maximizesthe total profit when the

retailer serves the customers through both channels with its original brand.

The retailerds problem is a nonlinear maxi mi
Lemma 41 The profit function, ¢ A - A — | G

-— 3 G —) is concave in the promised delivery time t when

ON oD .

Proof: The second order derivative the objective functiorwith respect to t is

given below,

It is clearthat— is always positive sincé Tt Hence, ifod Q ¢n  ca

D@ 1, then T. This expression is a seccddgree polynomial

in t. Thediscriminant of this expression is given below,

Y ¢ ® d chi ¢y 0

(A.4.1) and (A.3.2 ensure that the discriminant is always positiMeen the SOC of

the profit function becomes negative whigh h

Thus, theSOC is always negative in feasible regiom . 4
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The optimal solution of the maximizatiomgblem is given in Proposition2
Proposition 4.2: While opening an online channel, the retailer s&ts min

i A @ hof whered

ilf & «a -, thend” o
7T fa « , then the retailer finds it profitable to open the online
channel.
1 Other wi s e, the profit I mpact of the

profit Y. is always negative.

iff & a -, 0 [ A@Io and profit impact of the online channel on the
ret ai | e¥ 6 alwagsrnonhegative.(
whered - ————————anda

Proof: The first order derivative with respect to t is given below,

Solving — m yields ¥ ——— . If &y OO, then ¢ is the
maximizer of the total profit function.

The change (i.e., decrease) in the profit of the retailer with respect to drop in the

profit of primary store is

v

N -0 — 1N o (Eq.43)
The increase in the profit of the retailer with respect to gain in the profit of the online

channel is;

S A S S S— (Eq.44)

After combining (4.3, (4.4), the change in total profit is;

W m-= 1 & — o — — (Eq.45)
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The retailer will find it profitable to open then online channel if and or¥fy if U

When & 0 then the net change in the total profit of the retailer is;

i &8 0 m=-n @ — O — — (Eq.46)
YW & o mifandonlyifa &

When &  aJ, after pluggingdinto (4.5, the net change in the total profit is;

“w o a _— (Eq.4.7)

Whend 0, the net change in the total profit is ;

w ~

Wo o0 m-n & — O — — (Eq.4.8)
Notethatt & O mifandonlyifn @& — O — — T

Since we know tha¥t & &) andd &), we must have¥t & o Tas

well. G

Whenever the optimal promisettlivery time iso or ¢, since they are constant, the
relationships below weakly hold. Here, we analyze chang@ iwith respect to the

parameters in our model.
Corollary 4.2: Asdfi € iwincreasesdlincreases. If k of} increasesal decreases.

Proof: The first order derivative with respectd@®udr) & £ Q are given below,

odchi ¢y 0

o) n ol
Qa ca "
o o
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(00 Moa Q ca  qo
N ¢n & «a@ & < ¢y Q

Tt

~

cd ¢ Q mimpliesthacdd ¢ Q mThen,Q cai G

cn cad mtwhich makes the whole expression negative.

Tt

Y Moad & cn Q i &
9 n d @ 4 G o @
cad ¢ Q mimpliesthatcdd ¢n QT The FOC ofwith respect

toi becomes positive if the highest value offj "Q which iscdi is plugged

J
into denominator of —. 4

Intuitively, as k increases, utility derived from physical channel decreases. Thus,
consumers who suffer from low utilityalue derived in physical store can begin to
use the online channel. The retailer wants to capture these consumers by shortening

the delivery time.

The retailerdés main tradeoff is between
physical channel demanand online margin loss. As k ay increases, market
expansion starts to dominate, hereedecreases. As z or ¢ increases, loss in the

profit margin dominates, henc@increases

Corollary 4.3 If & - o a _, thend” &l The net change in the
retai | e¥o sis inreasifgiirt k agd , and decreasing in ¢,, z and b
whered —=138

Proof: The first order derivative with respect’r hdhi Ficd ¢ @Qare gven below,

()

(04 aquad  unl  cQ -
00 5 G @0
Qn o
(04 Qoapad 0Q ™ W i
N s n G SSd e 0y

an @
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cd c¢n  Q r1canbewritercad  ¢n Q If the lowest value otdd

which is ¢y  "Q is plugged intathe denominator ofi, then the FOC of profit

with respect tg) becomes positive.

(ol Qi
rp— Tt
Qw odcai ¢y Q
N W
Wi Vel ¢ Q i
Q& = Qcu ¢ Q 4
Aot N G
Vi Qa
Q0 —aca ¢y Q n
oVlo “—5— - s
Qn w

M QaQ ¢ f ca od | o®w
GCfd N Q4
an  w

oMot @

cd ¢ Q mimpliesthatcad ¢ Q T If the highest value of
¢l Qwhichis cai is plugged intcthe denominator ofi, then the FOC of

profit with respect t6 becomes negative. 4

Intuitively, the better online service quality is costly. The common parameters
influence Y1 and &J in opposite way. That is,sak or 1] increases, the onkn
channel becomes more aggressive Yt increasesAs 0i ¢ i®increasesthe
online channel gets less effective Blut decreases. In the high online service cost
environment, the retailer may lead to lengthen the optimal promised delivery time.
Thus,Yt decreases. As the price of the primary brand increases and quality level of

the primary brand decreas®s, increases.

Table422s ummari zes the demand and profit measur.

scenario with the ftds®@t h online and physical
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Table 42: The compariso s

physicalchairo

bet ween

A o n lay dathionl;e a@nd |

only physical chain

both online and physicahain

Demand of physical

© —)b O — p
store
Demand of online store NA
Profit margin of . .
. n n o
physical store
Profit margin of online -
NA n w
store
® — p
Profit of physical store | @ @ —— 1 G ) .
n o )
n
Profit of online store NA
(’;:i
OO — G
Total profit OO — N @)
Total covered market | @ — @ ®
The optimal online service quality’(,Y1 (i.e;t he r et ai | e mwihs

opening the online channatan be investigated together with respecth® online

cost parameter of the market environment, z.

Figure 4.2 and 8 summarize the evolution of the profit impact of the online channel
and the optimal promised delivery time with respect to z for Order 1 and 2,
respectively.Depending on the problem parameters, both orders are fedSdge.

AppendixE for Lemma 4.2 and its proof.
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Z critic 4 t Z concavity 4 Z critic 4t Z limit 4 z
tr=t° t*=t tr=t
Al'14*>0 A[14*>0 A[4*<0

Figure 42: Profit change and opbal online service with respect to online service
cost (Order 1)

Z concavity 4 Z critic 41 Z critic 4? Z limit 4 )Z
=t =" tr=t *=t
A[4*>0 Al'14*>0 AlT4*>0  |A[4*<0

Figure 43: Profit change and optimal online service with respect to online service
cost (Order 2)

In this chapter, we find thapening the online channelp@a nds t he retail er ds
although it cannibalizes the other chanthen physically inconvenience cost of

going to store is high enough, utility derived from physical channel decreases and
consequently consumers who suffer from low utility value ddrimephysical store

can begin to use the online channel. Thus, market expansion occurs through the

online channelln fact, market expansion increases as the physical channel quality

decreases.

When online service cost is low enougthe online channel repsents big
opporturity for the retailerAs the price of the primary brand increases and quality
level of the primary brand decreases, the profit impact of the online channel
increases. Otherwise, generated market is samallthe profit impact of the ank
channel can be positive or negative. When providing online services is costly, the

retailerwill keep the online service level as low as possible¥t#iddecreases.
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CHAPTER 5

ONLINE CHANNEL DECISION FOR A BRICK -AND-MORTAR
RETAILER WITH AN OUTLET BRANCH

In this chapter, we are interestedan monopol i st retailerds o
for the primary brandvhile the retaileris alrealy managingts original and outlet
brand throughthe respective physical channeM/e assume that bothusiness
brancles are viablethat is, they have positive demaadd profit margin That is,

N m(A.3.2), n (A51) and 1 &
m(A5.2), @ —— T (A5.3).
The retailerds mai n sgreieiqelitywm heoffered dtthe det er

online channebf the original brand N or der t o maxi mi ze t he
given set of original and outlet product position§ A ) ®& Q and
inconvenience cost of going to the stores (m andTke parameters, decision

variables and notations used in this chapterpresented inable 5.1

We assume that inconvenience cost of visiting andhasing from theutlet stores
is greater than inconvenience costassociated witlthe physicabrandchainsince

outlet malls are located far away from city centtrshort,d Q 1 (A.3.3).

Similar to the previous chapter, theffectiveness of theonline channel asna
additional sales channel depends e committed online service level.de
promised delivery time, t\lWe assume that consumers differ in sensitivity to the
online service and promised delivery time whiprchasing online and in
willingnessto-pay for quality;i.e., consumer types are distributed uniformly on [0
b] according ¢ their types d and+-where b>0We assumehat b is high enough to
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enable a profitable business for the retafles., for nonnegative market share and

margin).

When the promised delivery time is taken into consideration, we assume that t can be
set i a feasible time intervabid , whered mtand all practical delivery times are
in this interval since online service and delivery options are limited by external

factors.

We assume that the firm incurs online channel eoas the unit cost of serving an
online customer where z is the online channel cost coeffidretitis chapter, again,

we assumethat @ - Tt (A.4.2) to ensure nonnegative market share for a

potential online channel.

In ourmodel| aconsumer has thelfowing utility function,

JO P B EZEDOOAEAWABRAOE | ABWOEAIAD A

y JO B ih EZED O O A EAWAIBIAO OO @I00 A
JO D ABD EHDOOAE AOMEHROE I TAIOILEDROA
OAOAOOAGETRIOU I OEAOXxEOA

Consumers can observe the product qualities and prices available before they decide
to buy. They buy a maximum of one product. They purchase only whemtieir

utility is greater than or equal to their reservation utility, assumed as 0 in our study.

The utility of the consumer who usestbnline channel decreasesheswaits, the
utility of the consumer who purchases from the offline store decreases the to

inconvenience regarding the physical channel.
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Table 51: Notation

Decision Variablds)

i Quality level of the original brand, i (given)
n Price of the original brandy, 1 (given)
i Quiality level ofthe outlet branch,  Tt(given)

n Price of the outlet branch, 1 (given)
o The online service quality set for the online chaniel, oM
Parameters
© Unit cost coefficient for a given quality leveb, Tt
a Inconvenience cost of visiting and purchasing from the physical oitlet,Q
Ko) Inconvenience cost of visiting and purchasing from the physical &bragx
— Quality taste parameter of consumerss Y Tito
Q Sensitivity index to online services and promised delivery time of const
Q Y rio
a Online channel cost coefficient, T
0 Demand of the original bran@ 1t
O Demand of the outlet branc® 1t
O Demand of th@rimaryonline channglO 1t

Lemma 5.1: Let —denote thequality taste parameter of the last consumer who
purchases the product from the outlet store when there is only outlet store in the
market,— denote thejuality taste parameter of the last consumer who purchases the
product from the online store when there is only online store in the matkadd¢note

thequality taste parameter of consumer that would be indifferent between purchasing

the product from the onlinehannel and the outlet stoe— ——, — — and
S
The orders of—= — —and— — = are theonly feasible ones among all

possible rankings of—h— and—.

z z

Proof: The number of all possible ordgs six. These are- — — — —

_ — _z —_, — _ _Z’_Z —_ —_ and_z —_ —
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i. If evaluating— — =%, — = simplifies into —— —. This

expression is consistent with  — in the first rank.
i. If evaluating— —< —, —= — simplifies into —— — . This
expression is igontradiction with— — except for the case- — —.
ii. If evaluating — — —, — = simplifies into —— —. This
expression is icontradiction with— — exceptfor the case— — —.
iv. If evaluating — — —=, — —= simplifies into —— —8 This
expression is icontradiction with— — except for the case- — —.
v. If evaluatng— — —, —= —simplifies into —— —. This
expression is icontradiction with— — except for the case- — —.
vi. If evaluatng—~ — — -~ —simplifies into—— —. This
expression is consistent with — in the sixth rank. o
Note that— ——— is always greater than-since always
holdsby (A.5.1).Finally, = ——— —always holds.

Proposition 51: For a given positive promised delivery tin@® at the online

channel, the demand of primary store, outlet store and online channel are given by;

i. For Case lie.,whenf], — [ — [ ——

0O © ——— @ - forthe prinary physical store (Eq.5.1)

0O M - — ® for the outlet store (Eq.5.2)

O ¢w ——— - 1@ for the orine store of the primary brand (Eq.5.3)
ii.For Case 2.e.,when] —— [ e L ——

0O @ ——— & - forthe primary physical store (Eq.5.4)

0 ™ ¢w - ——— forthe outlet storgEq.5.5)
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o m™ - ™ — -

w ————— —for the online store of the primary brand

(Eq.5.6)

Proof: A consumemvill want to purchase from the online storedf n Qo0 T
and from the physical store for the primary brand#f 1 Q m8He will

choose theonlinestoredi&i n Qo0 4 n Q

So for any consumer type withso that—+ 15 Q 1 ifQ Q -, then the

consumer will prefer the online channel to the physical store for the primary brand.

Thus, onsumers with— —F and'QN  THQ switch from the physical channel to

the online channellhen,O O — O -.

A consumer will want to purchase from the online storetif 1 Qo6 mand
from the outlet store i+ 1 & T He will choose the online store if

— Qo+ n a.

So for any consumer type withso that+ 1 & T, if Q

then the consumer will prefer the online channel to the outlet store.

Thus, consumer witl® switch from the outlet store to the online

channelThen 0 ™ c® - — ®

The online channel will consist consumer with" —RH and’QN 1HQ, capture

consumer witfQQ from the outlet store. Then,
0 CH —— - .
We leave the demand derivation for Case 2 to the reader. G

63



Corollary 5.1:

I. Under Case 1 of Propositionl5opening the online channel does not change the
total market of the retailer.

ii. Under Case 2 of Proposition15 opening the online channel expands the total
market of the retailer.

Proof: Left tothereader

Under Case 1 of Proposition15 the online cannel only cannibalizes the primary
and outlet store and cannoeate additional demand. Figurd Shows the change in

the retailerbés demand with the online
da (@) da ()
b4~ b4
Primary store
Ly X k1 Outlet store
t Outlet store Primary store t

P1
S1
m

P1-P;-
51°5;
P1-p; +k-m
515

* " D l
@ o) :D

Figure 51: The demand of the retailer bedofa) and after (b) the introduction of the
online channel {&d its split among channels) undesse 1

Under Case 2 of Proposition15 although the online channel cannibalizes the
primary and outlet store, it ates additional demand. Figur& Showsthe change

in the retailerods demand with the onl
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(@) d A (b)

outlet Primary store
store

/ Onlinglchannel
9 L L

:-rllr T
1

Primary store

outlet store

p,tm
S

p2+m
$

51-%;
p1-p-m

p1-p; tk-m
py-pp+k-m
5175

6,=

n

e*

*
(o>} "

Figure 52: The demand of the retailer before (a) and after (b) the introduction of the

online channel (ad its split among channels) undease 2

z

5.1 The optimal online service underCase 1

The unit profit margins of the primary and outlet store and online channel are
M @& ,n @ andnf & — ,respectively.
We assume that z (online channel cost coefficient)gh enough to discourage the

retailer to target the lowest t possibl@r serve the market perfectthrough the

online channgl In this part of chapter we assume that

a (A.5.4).

If we take into account the costs as well, the total profit of the retailer can be

summarized as follows:

After all, the retailerb6s problem can be
a On @& On & ©Onf & -— (Eq.57)
S.toON oD

The obgctive function of the model, (B, maximizes the total profit of the retailér
the retailer serves the online consumers with its original brand when the primary and
outlet physical channels are available; ihenn § i) i hx andQare given.

The retailerds problem is a nonlinear ma:
65



~

Lemma 52 The pofit functon « O f « O 1

Sa

~

O n @ — isconcave in delivery time t when' oo .

Proof: The SOC of the total profit function is given below.

It is clearthat

is always positive since delivery time is always positive. The

remaining expression is

~

Q0 n n @& @
apd pq pa pg pd @0 (Eq5.8)
Lfn @ n @ T, the total profit éinction is concave in t since.8

and also the SOC of the profit function is always negative.

iff @ n @ m, then the SOC of the profit function becomes
negative wheN h
The SOC is always negativefieasible regiondhd with (A.5.4). o

The optimal solution ofhie maximization pblem is given in PropositionA

Proposition 52; Let Y1 g denotethe profit impact of the onlinehannel on the

retailerds profit under Case 1.

i. When 1} G n oG T, the retailer will set the optimal delivery time

ashigh as possible (i.ed) and never find it profitable to open the online channel.

i. Whenl @ n m, the retailer set®y min | A @’ hol
whered’
T Ifa a . ,thend o
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ua Ifa a 8 , thenthe retailer

finds it profitable to open the online channel
i OtherwiseYt g Tt

T Ifa g thend | A @ andt g malways holds.

Proof: The first order derivativef the objective functionvith respect to t is given

below,

(Eq.5.9)

Solving —— Tt yields &’ CIf &N oD, thend’ is

the maximizer of the total profit function.
The change (i.e., decrease) in the profit of the retimileach respective channel are;

M -0 —— | @ (Eq.510)

o ~

M1 T — n o (Eq.511)

The increase in the profit of the retailer with respect to gain in the profit of the online

channel is;

M1 A R P — (Eq.512

After combining (5.10), (5.1 (5.12), the change in total profit is;

Y 38 3 ¥ \
Nog = n n

2

2 —  (Eq513

The retailer will find it profitable to open theonline channel if and only ¥
U

~ ~

i. If (5.9) is evaluated, it is positive for al mif n n o .To
generate maximum profit, the retailer sets the optimal delivery time to the maximum

feasible level: i.e.0.

67



(5.13) becomed)

WWwgh O - b O b

8 ~

— cA —4M8M8— (Eq.5149)
(5.14) is always negative whem G n @ e

ii. When& 0 then the net change in the total prafitthe retailer ishe sameas

G1HM ¢ & O mifandonlyifa & 4.

When ¢  @J, after plugging &Jinto (5.13), the net change in the total profit is

Wegtd & (Eq.515)

YU g & & isalways positive wher) G n o ™
Whend 0, the net change in the total profit is ;

~
Ty

Vi g8 o - n G no G
8 ~
8 A — (Eq.5.18
Note thath ¢ & © mifandonlyif ——— / G n
2L A —— 1

Since we know tha¥t g ¢ &) andd oJ, we musthaveyt ¢ & O Tas

well. 4

YU g & @& is increasing with margin differencq (G n & andk
As quality level differencei( i , z, m or bincreases, the net gain in the profit
decreases.
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Whenever the optimgiromiseddelivery time iso or ¢, since they are constant, the
relationships below weakly hold. Here, we analyze changé’inander Case 1with

respect to the parameters in our model

Corollary 5.2: If & g- O « 8 = , then

\Z

O ol Asz b, mn,cor i increasesy’ increases. Ik, n ori increases,

O’decreases.
Proof: The first order derivative with respect to z, k, bym,} ,c,i ,i are given
below,
J
— - T
J o
— T
J o
— T
J w
— T
J n
— T

~ ~ ~

cd cad ¢ ¢ ca Q 1 implies that Q@ c& cd A

J
¢ ¢n . Hence, the numerator ef is negative.

~ ~ ~ ~

cad ¢l ¢ ¢ ¢d Q m implies that Q@ ca& ca  ca

¢n  ¢n .Hence, the numerator efi is negative anel—J IS positive.
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B
AN

cd cad cn ¢ ca Q mimpliesthatcad cad ¢ <N

¢d  OHence, the numerator of is positive.

B
X

T8

~ ~

cad cad ¢ ¢ ¢&d Q m implies that the maximum value of

(€ ¢y c& Qis ¢di ¢ 8With thisthe numerator o is negative.

We investigate increase (or decrease) in thand aJ with respect to common
parameters which amg ) i H & and™Q As 1) ACE ii increasesp) decreases
and —increases. Also, aj hx £ ii increases@l increases and—decreases. In
short, whiledl increases (decreases)decreases (increases) with the increase in the

common parameters.

The magnitude of— can be interpreted as theutlet market effectiveness
(competitiveness). While the outlet market effectiveness (competitiveness) increases,
aJ decreases. Case 1 may only help the retailer if the online channel attracts more
outlet customers than it cannibalizes from the priméwyes Thus, as—increases, it

can be more competitive in the online service as well.

5.2 The optimal online service underCase2 P P P
Here, we assume that z (online channel cost coefficient)gls Bhough to discourage
the retailerto target the lowest t possib(er serve the market perfectligrough the

online channgl In this part of chapter we assume that

a wherew i1 (&

ni (A5.5).

Note that— —— — —impliesthaty T

Ther et ai |l er 6s problem can be model ed as,
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oo On o 0O 1

S

O

-

€2
I

(Eq.517)
s.tooN oD

The obgctive function of the model, (b7), maximizes the total profit of the retailer
if the retailer serves the online consumerthvitis original brand when the primary

and outlet physical channels are available;\whenr § iy i K andQare given.

The retailer maximizes its total profit. The nonlinear maximization problem that it

has can be characterized as below.

Lemma 5.3: The profit functon t O R G on G

O i & — isconcave in delivery time t when' oo .

Proof: The SOC of the total profit function is given below.

—— —80

- ¢ — — w— — wherew if {a fi

In order to understand the total profit function is concave, the conditions are listed

below.

Lt @ O — — o— — n & — — o @ Tt (
the condition of i} G n o nalways holds.)thenthe SOC of the
profit function becomes negative when
on h

. Thus, he SOC is always

negative irfeasible regiondhd with (A.5.5).

~ ~

if R & 0 — — o— — A

— — 0w @ TT,

%]

the total profit éinction is concave in t 4
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The optimal solution of the maximizationgblem is given in Proposition®

Proposition 5.3: Definew in {a ni.

LetYi ydenote the profit i mpact of the
Case 2.
Lfn & @ —— o— — n & — — o Q@ T,

then the retailer will set the optimal delivery time as high as possibledi.and

never find it profitable to open the online channel.

ifF R &6 0 — — d—— 6 ——
rtholds (which is directly guaranteed wheip G n 1), then the

retailersetsd’  min(max@Id ho

whered’ 8

T Ifa a g thend o
u |fd d 8,yl 8 Tt

U OtherwiseYt g T

T Ifa & g thend” [ A@Id andY ¢ malways holds
whereq 8~ and
aO g

Proof: The first order derivativef the objective functionvith respect to t is given

below,

20 — — o— — (Eq.5.18)
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o . is obtained by solving

——  1@8f QN a0, thend is the maximizer of the total profit function.
The change (i.e., decrease) in the profit of the retaleachrespective channel are;
N -0 —n o (Eq.519

w ~

Yi ™ — — — N o (Eq.520)

The increase in the profit of the retailer with respect to gain in the profit of the online

channel is;

v

N n . . . (Eq.521)

~

R G — — o Z Z — (Eq.522)

The retailer will find it profible to open then online channel if and onlyiif g

TL

i. If (5.18) is evaluated, it is positive for al Tt

L7 ¥

ity G 0 — — e— — B — — e

To generate maximum profit, the retailer sets the optimal delivery time to the

maximum feasible level: i.eG

(5.22) becomes;

Wegd © 20 G 0@ — — o— —

n & — — o @ - = — (Eq.523

(5.23) is always negative when
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~
¥

0 —— o—— 0 G ——6 @

ii. Whend  ohthen the net change in the total prafitthe retailer ighe sameas

(523.1 ¢ & O mifandonlyifa & 4.

When & @], after pluggedJin to (5.22, the net change in the total profit is

WWegd & (Eq.5.29

(5.29) is always positive when
" - — w— — n & — — o @ L

Whend 0, the net change in the total profit is ;

yl 8(‘)2 9 -

8 0O W— — — (EQ.5.25

Note thatt g & O  mifand only if

QO T—

™wW— — TI.

Since we know tha¥l g & &) andd &), we musthavet ¢ & © Tas

well. 4

See Appendix EProposition 5.4 and its proof) a(Proposition 5.5 and its proof)
for profit impact of online channel onthetr@a i | er 6 s pr of it under Cas

respect to online service cpstspectively.

As detailed above, two cases may arise depending on the problem parameters in this
setting: Case 1 and Case 2. The retailer manages to expand its market under Case 2

but not under Case 1. The online channel cannibalizes the physical primary and
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outlet store in both cases. We find that markets that correspond to Case 2 are more
likely to produce a profit increase for the retailer through the online channel. In fact,
the prdit margin threshold for positive profit impact under Case 2 is less strict than

that under Case 1.

The online channelrpfitability is determined bywo factors: the difference of profit
margin between the original and outlet produat the online serwte cost. If the

profit margin of the primary brand is lower than that of the outlet brand, opening the
online channel under two cases is not profitable for the retailer &balletailer sets

the optimal promised delivery time as high as possible todaany profit loss.
Otherwise, when the online service cost (z) is low enough, the profit impact of the
online channel for all cases are always nonnegative. If the online service cost is high,

profit impact of the online channel can be positive or negativ

Table 52 shows the summary afhe r et ai l er 6s tot al prof it
optimal delivery time under Case 1 and 2.

(whered’y and

0y )
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CHAPTER 6

JOINT ONLINE CHANNEL AND OUTLET BUSINESS

In this chapter, we want to investigate the consequences of opening an online
channel for the outlet business of the retaildere we assume thdhe retailer
already has the primary business with the physical and online channel and an outlet

physical clannel. We assume that both branches are viable, that is, they have

positive demanand profit marginThatis, G T(A.3.2),

—— m(A51)andn @& m(AS52)and @ —— T (A5.3).

When opemg the outlet online channel, we assume that the retailer has to sustain
the same standards as it sets for the primary online channel (due to reasons such as
sharing the same website and etc.). Thus, the retailer will use the service quality (t)
already deermined when opening the primary online channel. In terms of product,
the retailer will stay consistent with the quality level and price available at the outlet
physical channel. Therefore, the retailer does not have any decision variables to set
here; itonly needs to evaluate whether it is profitable or not to open the online outlet

channel.

In this model the consumer has four options to make a purchase;

JO b B EZED O OA EAWAIEAOE | AOBDOEATAD A
O D Ih EZED O OA EAWABACOD AWOBAADA
Y O P AR EZEAD OA E AEOACEIAT | BEOR T Q@IUO A
O B AR EZERD O A E AEOROTETAT 1 E O AD @100 A
*OAOAOOAEHETIRIO U I OEAOXxEOA

If the consumer generates a positive utility from more than one option, he will pick
the channel (business) that offers the highest utility to him.
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We assume that consumers differsnsitivity to the online service and promised
delivery time(d) while purchasing at the online channel as well as willingness
pay for quality(—. Consumer types are distributed uniformly on D according to
their types d ands where b>0 We asumethat b is high enough to enable a

profitable business for the retailgse.; for nonnegative market share and margm).

this chapter, we assunteat @ — T (A6.1)and @ —— T (A6.2)t0

ensure nonnegative market share.

We assume that inconvenience castociated with thphysical outlet is greater than
theinconvenience costssociated witlthe physicalprimary chainsince outlet malls
are located far away from city centehs.short,& "Q 11 (A.3.3). Notations used

in this chapteare presented inable 61.

Consumers can observe the product qualities and prices available before they decide
to buy. They buy a maximum of one product. They purchase only when their net

utility is greater than or equal to their reservatidility, assumed as 0 in our study.

The utility of the consumer who uses the online channel decrbasasise of the
delivery time and the risk associated with fit, color, and @tee utility of the
consumer who purchases from the offline store decreases due to the inconvenience

of physically visiting the store and risk of leaving empanded.
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Table 61: Notation

Decision variablés)

i Quiality level of the original brand, i (given)

n Price of the original brand, 1} (given)

i Quiality level of the outlet branch,  1t(given)

n Price of the outlet branch, 1t(given)

0 The online service quality set for the online chanael, oo (given for £

analysisdecision variablefor 2" analysis)

Parameters

Unit cost coefficient for a given quality leved, Tt

Inconvenience cost of visiting and purchasing from the physical aiitlet,Q

o T e

Inconvenience cost of visiting and purchasing from the physical &brag

Quality @aste parameter of consumerss "Y 1o

Q Sensitivity index to online services and promised delivery time of const
Q"Y1
Online channel cost coefficient,

Demand of the original bran@ 1t
Demand of the outlet branc®, Tt

Demand of the primary online chanfi® 1

O O O Of «o

Demand of the outlet online channi@l 1t

In this chapter, analysis is conducted under two different framdke first frame,

we do the analysis for a given (arbitrary) setfpfi i I and t.We structure

demand for all channels tie retailer, and further investigate changi n t he r et a
profit. In the second framave buld on our analysis in Chapteraid evaluate what

happens when t is septimally (i.e., from Chapter)Jor a given set off i 1} and

i .Inthis partof analysis we evaluate the change in re€

outlet online channel with the peet levels) i M i andd'.

Here, we start our analysis by character
among channels if he ope the online outlet store for a given (arbitrary) sej of

and t.
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Lemma 6.1: Let — denote thequality taste parameter of the last consumer who
purchases the product from the online outlet store when there is only online outlet
store in the market—, — and— areasdefined inLemma5.1. Then, we may have

only the following ordering$easible

i.— — — — isanewform of Case 1 in Proposition’

z

i, — —=- — — and = — — —are newforms of Case 2 in

Proposition 5L.

Proof: I n d x dfOs pa Ad,mn theh consumer may purchase the

product from the online outlet. Ifi ., and t are fixed, [0 B AO mis

considered as a |line in daxixat—d s plencee. The |

— — emergs as another important threshold to determine the demand of the

retailer here.

i. Under Case 1 d?roposition 51,— — —Zis known. Itis clear that- —.

ii. Under Case 2 of Propositionl5— — —is known. Between-and—, the
orders of = — and— — are both feasible. Hence, the feasible orders are
— <X — —and= — — — o

Proposition 6.1: The total demand of the retailer and its split actbeschannelsor

both Case 1 and Casaf as below:

0O W ——— ® - ——— forthe primary physical store

0O @ — forthe outlet physical store

0O @ —— -for the onlhe store of the primary brand

O — B 8 for the online store of the

outlet branch

Proof: | n d x thé onding autlet captures some consumers from the outlet

store when:
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a
—i—f]d—i—h’Q(‘)*;’Q’QE

I n d x the onBnp autet captures some consumers fronptimeary online

store when:

+ 0 Qo+ A Qe — ——

The online outlet captures some consumers from the primary store when:

—+ n Q —+ 1 Qo

—i i n N Q Qom (Eg.61)
Any consumers pla in the region defined with (B prefer the online outlet to the

primary physical store Thus, the online outlet capes some consumers from the
primary store.

A consumer will be willingo purchasérom the online outlet when:
O B AOm (Eq6.2)

Any consumers placed in the regidafined with 6.2) prefer the onlin@utlet. The

rest of the proof is left to the reader. o

Corollary 6.1: Under all cases, opening the online outlet channel expands the

r et atothl mark@tadespite the cannibalization of other channels.

Proof: Before the online outlethé retailer serves the consumers with typste
parameter greater thar— and— under Case 1 and Bespectively.ln both — is
lower than thesehreshold. Thus, the retailer achieves to expand its market by
serving the c—abumed-sN6—hwiforhCase land 2,

respectively u

Figure 61 shows the overall demand of the retailer after opening the online outlet

channel under Case ile., when— — — = The exta demand generated is
2 The total demand of the online outlet is indicated with the dashed line. The

amount of market expansion increases exponentially with m whereas it decreases
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with the promised delivery time (increases with the onlingiserquality) and the

quality of the outlet product

d N
b ——
grot:_zt Primary
m store
t /] S
~
k II A
- 4 ’
t ’ .
l, ' E
’ re =
I'= ©
:l 10 S
1
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Figure 61: Ret ai | er 6s demand after t Imkitsspitt roducti o
among channels)und€ra s e 1 ( wob)/ésiks) d=( p

Figure 62 (a) and (b) show the demand of the retailer after opening the online outlet
under Case 2 for orderss — — —and—< — — —, respectively.
Again, online outlet cannibalizes thather three channel§he total online outlet
demand; i.e.cannbalized andgeneratedlemand are indicated with the dashed line.

Overall the retailer manages to expand its total deimtdmough online outlet
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among channels) und@ase 2wh e g ¢bde> d( a) .2 gbd> gib) (where

d = {-pp)/(s1-2))
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Corollary 6.2: Let & g andd g denote the threshold value for the online

service cost for Casel and Case 2, wkere g and

Let Yt g andYt g denote the profit impact of the online outlet channel on the

retailerds profit under Case 1 and 2,

I.If the online service cost parameter of the market environment is smaller than
o} g, then opening the online outlet channel is profitable for the retailer under

Case 1.

ii. If the online service cost parameter of the market environment is smaller than
o} g, then opening the online outlet channel is profitable forréhailer under
Case2.

Proof:

I. Under Case 1, the change (i.e.; decrease) in the profit of the retailer because of

cannibalization of the current channels are;

v ~

Y on (Eq.63)
N 61 G (Eq.64)
N 6n @ o — (Eq.65)

The profit the retailer generates from the online outlet is:

v ~

%t 5 8 6 O & — (Eq.66)

=%

« 8 i
where 0 ——ID -

8

After combining (6.3), (6.4), (6.5) and.@, the net change in thetal profit of the

retailer is;
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— (Eq.6.7)

The threshold z value that determines the sigiEQqf6.7)is defined as

fd& g a,thenYt g Tt

ii. Under Case 2, the change (i.e.; decrease) in the profit of the retailer due to

cannibalization of the current channels are:

M on @ (Eq.68)
M 61n G (Eq.69)
M 6n @ - (Eq.610)

N 6 6 6 0n w — (Eq.612)

WEQ in

After combining (6.8), (6.9), (6.3Gand (611), the net change in the total profit of
the retailer is

N 8 8 8 p Ao 2
6 8 p AO mcd E | 8 +
38 38

— (Eq.6.12)
The threshold z value that determines the sigiEqf6.12)is definedas
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fd g a,thenYt g Tt b

So far, all analysis is structured on for a given (arbitrary) seét lof ) i and t.
However, hereafter we intend to build ourabssis for the rest of Chapter 6 on
Chapter 5 When the retailer sets the online service quality (t) optimally (rem f
Chagper 5, the total demand of the retailer and its split across thenehs areas
given in Proposition 8, as well. Also,the optimal service quality (optimal
promised delivery time) and its conditions under Casanili 2 are given in
Proposition5.2 and 3.

In this thesis we assume, to remain consistent with the practice, opening the primary
online store and online outlet are sequential evefte optimal online service
quality @ Mt gandt g(i . e., the retailerds profit
channels) can beintly investigatedwith respect to z under CaseWe assume that

0 is too small to enforce a real constraint on the optimal delivery time (an easy

assumption that will guaréee this is to assuntgs close enough to zérorhus, the

~

optimal delivery time will bed] or 0. The order of a g g it 8

andd g is significant to determingh¥t 4 andY1 g.

Propostion 6.2: Let Y1 4 denote the profit impact of the online primary business
on the retail ernds g penad thetprofit impgaetrof the ardire

outl et channel on the retailero6s profit

Wehave the following c¢hangeectitonthetolime r et a

z

service cost under Cas¢ le.;— — — —.

Lfn @ n o m then Yt ¢ T for all & 1 and he sign of

YU g depends on 8.
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idf @ n o n,U U 4 and

— thent g Ttfor

all & mandthe sign ofY1 4 depends omx 8-

~ ~
¥ g

i. If 1 @ ) n,U U s and

—, then we may

have
a M g mandt g T
b) Yt § mandYt g T
c) . g mandYt g T
d YW g mandY g T depending on the online service cost and
other parameters.
iv.f @ n o nU g a U s, thenYt 4 Tmfor

alld mandYt g

Vi s ThO'ME Y

8 8 8
where'Y 5 5 5
Proof:
i. Here, we will have ¢ g T Q g @ g Q g- For all
a mo oandYt g T However, the sign obt g depends o s. See
Figure H1in Appendix H
ii.Here, we will haveis & g Q g O g T Q g since
a g TBForalld mYL g T The sign ofYt g depends ond s. See

Figure H.2 in Appendix H

i . The threshold z values lower than g are not taken into cordgration for
evaluation of orders. Also Order (3) and Order (4) become a single order (which is
a g O g after rearrangemenEor Order (1), Yt g becomesnegative
with lower z values in comparison % g. Similarly, for Order (2)%t g becomes

negative with dwer z values in comparison ¥o 5. For Order (3) and (4), opening
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the online outlet business is not profitable at all for all z values. Howeeesign of

YU g depends o 3.

Order (1)

Here, we will havex g Q g Q g Q g 8The total profit
impact of the online channels is always positive wfien & s Mt g -
However,we will have YI g TbutYt g mwhend™ & o M1 g]. For

alla « g,both¥ 3 mandYt g 1 See Figure H.3 in Appendix.H

Order (2)

Here, we will haveU g U s U g U 4. The total profit
impact of the online channels is always positive when & o 8 -
However,we willhave Yt g mbutYt g Tt whena™ &  ghx ). For
all & o s, we will havebothYt g mandYt g T8See Fgure H.4 in
Appendix H

Order (3) and Order (4)

Here, we will haveU s U 5 U s U gandU 4
U g U s U 4 for Order (3) and (4), respectivelfere, we
always havé/t g 1 Whenav & o M s , we will havet g mand

total profit impact of opening the online charswlay be positive or negativEor all

a a g, openingthe online sales channels are not profitable for the retailer at

all. See Figure b in Appendix H

iv. If &Jis plugged into (&) in place of optimal promised delivery time,

(Eq.613)

(6.13) does not consist of zlated term thus, the ratid profit margirs determines

the net change in the profit.
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Let Y denotethe ratio of coefficient of profit margins. Note that is
greater than 1.

8 8 8

Y (Eq.614

8 8 8

The optimal online service quality’(,Yt g andYt g (i . e . , the retail er
change with opening the online channels) cajolyely investigatedwvith respect to

z under Case.Here, we agaiassume thabis too small to enforce a real constraint

on the optimal delivery timeThus, the optimal delery time will bedl or 6. The

order of a g i s M g and a g is significant to determine

O g and%t 5.

Proposition 6.3: Let Yt g denote the profit impact of the online primary business
on the retail er & g plenad thetprofit impaetrof tHe @dire 2 ;

outl et channel on the retailero6s profit unde

Definef

We have the foll owing c¢hanpgeettoithe onlinee r et ai |

service cost under Case 2.

ifon G 0 — — o— — f G ——o e o
and_ —— ,then¥t g mand%t g Tmforalla TU

ifn & 00— — 6—— § & —— &
mand_ ——, then®t g mforall@ mand he sign of Yi g depends on
a g

ilf o @ 0 — — o— — R & — — o @ m,
U U gand_ —— thent 3 Tmiforalla mand he sign of YU
depends o 8-
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iv.fn @ @ — — w— — n & — — o @ m,

u u g and_ —— thenwe may have

a Y g mandt g T
b) Yt § mandYt g T
c) . g mandYt g T
d YW g mandY g T depending on the online service cost and

other parameters.

~ ~

v.If R o Q- — o— — R & — — o @ T,
U 5 a U g, then¥t ¢ mforalla mand
3 Mg T 0 Y
Y 8 .

Yi g T 0Me Y

8 8 8
where'Y
8 8 8 8

where) 8 8

wc EJ 8 & 0
Proof:

i. We have four feasible orders of the threshold z values. Howevependent of

these orders/t ¢ mandYt g Tmforalld TU

ii. Here, we will havea g T Q g O g Q g. For all
a mo oand Yt g T Whenan i s , we will have¥t g T8See

Figure 1.1 in Appendix.l

il .Here, we will haved g a g @ g T Q g. For all

a T g T Whenan & g M g , total profit impact of the
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online channels may or may not be positiver allad & g, we will haveboth

Y@ g mandt g T See Figure 1.2 in Appendix |
iv. Follows similarly to proof of Proposition 6.2(iii).

v. If AJis plugged into (A2) in place of optimal promised delivery time,

Nog p AoO-2 8 8
™ ci E o 8 8 8
7, 8 8 8
n w
8 8 8

™mc E [ | (Eq.615

(6.15) does not consist of z related term, thus the ratio profit madgitermines the

net change in profit

LetY denote the ratio of coeffient of profit margins.

8 8 8

(Eq.616)

where)

mc EJ | "

The outlet online channgirdfitability is determined bytwo factors: margin ratio

between the primary and the outlet businesstia@dnline service cost. When online

service cost is low enough, it ceases tatmelimiting factor andthe margin ratio

determine profitability. When providing the online service is costly, opening online

channels are not profitable for the retailer atimlboth Case 1 and 2. When the

online service cost is moderate (medium level) and the profit margin of the original
90



brand is greater than that of the outlet brand, the profit impact of the primary online
store is always positive, but that of outlet onlstere can be positive or negative.
When the online service cost is low and the primary brand margin is lower, the profit
impact of the primary online store is positive whereas that of the outlet online store is
negative. This condition may arise when timdiree service cost is moderate and the

primary brand margin is higher.

Under all cases, generally is larger thana . It translates into that the
profit impact of opening online primary storepsofitable for markets compared to

that of the online outlet store.

Table 62 and 63 show summary of Propogih 6.2 and 6, respectively.
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CHAPTER 7

CONCLUSION

This thesis focuses on a monopol i st ret

multi-channel environment. We investigate which conditions would motivate retailer
to open an outlet branch, to open an online channel, and tgetemtially open an
online channel for the outlet branch, and how these decisions interact with each

other.

In Chapter 3we characterize how the retailer positions its outlet branch in terms of
quality level and price point and whether he will be bettematerms of total profit.

First, we neglect any inconvenience cosgarding either channel. Wkemonstrate

that opening the outlet business is preferable for both the retailer and the consumer.
Although the outlet store cannibalizes some of the prirsone demand, the retailer
manages to expand its market share and generate more profit through the outlet
business. Also, consumer welfare increases in terms of consumer surplus.
Furthermore, we analyze the type of retailer in termthefprimary brand gsition
strategies: myopic retailernd nonmyopic retailer. In the former strategy, the
retailer can position the primary brand without the any consideration of the outlet
business opportunity in the future. That is, the myopic retailer positions tharprim
product and then the outlet product. In the latter one, the retailer also considers the
future outlet product position while positioning the primary product. We show that
nonmyopic approaclhs preferable for the retailer aide nommyopicretailer sés a

higher price and a quality level for the primary brazmmpared to its myopic
counterpart In the second part of chapter, we take account inconvenience costs
associated with visiting a briekndmortar retailer. This is closer to what happens in

pracice. An extensive numerical study is conducted to evaluate the changes (trend)
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in the outlet product position, demand of primary and outlet business and total profit
of the monopolist briclandmortar retailer in the presence of inconvenience cost.
We alsofind that @& the primary brand gets more competitive in terms of quality and
price, the outlet price level tends to be low€&he price competitiveness of the
primary brand does not impact thetletquality. However, as the primary brand gets
morecompeittive in terms of quality, it produces the larger market size for the outlet
brand and the outlet glity level tends to be higher. We find thhe profit margins

of the primary and outlet business are maignificant than market share in
determiningthe profit of the retailerWe find that as the primary brand gets more
competitive in terms of quality level, its outlet business becomes more robust

(viable) than others.

In Chapter4 we are interested in a monopol i st r e
Through the online channel, consumeae freed from the inconvenience of

physically going to the store and need to wait for agpecified time to receive his

product. With the online channel, willingness to wait for products is considered as a

second dirension in addition to their differences in willingness to pay for the

product quality. Under such a setting, we investigate the service quality offered at the

online channel which is the retailerds mair
involve all cusbmer services provided by the online store, promised delivery time

windows as well as shipping charges. We assume that the promised delivery time

can be set in a feasible interval and lower bound is positive since all practically

feasible delivery/servicemes are in this interval. We find that the retailer achieves

market expansion. However, we find that the profit impact of the online channel on

the retailerds tot al profit changes with th
providing online service is not costly opening an online channel is always

preferable for the retailer. Otherwise, the extra market does not justify theo€osts

providingonline services.

In Chapter Swe focus on the service quality offered at the ontin@nnel while the

retailer is dready selling its original and outlet brand by the respective physical
channels. We determine the three threshold taste parameter valwewl (that the

two feasible orders (Case 1 and Case 2) among all possible rankings of these taste

paraméers. We demonstrate that opening the online channel does not change the
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total market of the retailer under Case 1 whereas it expands the total market of the
retailer under Case 2. Furthermore, we show that the optimal promised delivery time

and its condibns are different for Case 1 and 2. We find that the profit impact of the
online channel on the retailerdos total p

services, and the online cost parameter in the market.

In Chapter 6 we focus on the profitmpact of the online outlet store on the
monopol i st retailero6s profit when the re
the physical and online channel and an outlet physical channel. The analysis on
retailerds profit i mpiffecent settirgs.  dhe doomert e d u
setting, the outlet product position and the promised delivery time are taken as
arbitrary;in the latter the optimal promised delivery time found in Chaptsrused.

We find that under all cases, opening the online butlec h a n n e | expands t
total market despite the cannibalization of other channels. When the optimal
promiseddelivery time found in Chapter bs set , we investigat
change with opening the online channels together with respeitietonline cost
parameter. We find that the profitability is determined by the two factors: margin

ratio between the primary and the outlet business and online service cost. When
online service cost is low enough, it ceases to be the limiting factanargin ratio

determines everything. Explicitly, for each case, when the feasible range of delivery

time is not limiting for the retailer while opening the primary online channel, margin

ratio becomes the critical factor to characterize the total profiadtngf the online

outlet channel. Otherwise, threshold value for online service cost determines the

profitability of primary online, outlet online and both.

We limit our work to use the same unit cost coefficient for a given quality
independent of brands. In real life, unit cost of product depends on many factors; i.e.,
material used in the prodyatye type, etc. Thuslifferent unit cost coefficiestmay

be defined for the primary and outlet branle alsoassume that thereeano fixed

costs. Howeverdifferent fixed cost may beassociated thehysical and online

channel.

In Chapter 6, wassume, to remain consistent with the practice, opening the primary

online store and online outlet are sequential evétdsvever, the profit impact of the
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online channels on the retailerdés total pr o
cost environment. This part of work can be extended to do the same anétlysas

changing the online service cost parameter over time.
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APPENDIX A

NUMERICAL ANALYSIS FOR TRIAL 2

Table A.l:s,,p,,D.,,D, retail erds profit and
outlet for trial 2 when k=6.
Total N

Kk m i© (0] (0] Profit Market W’
0.5 0.5 456 | 4.81 38.491 | 0.343 139.508 | 38.835 2.730
0.5 0.6 451 | 4.69 38.506 | 0.321 139.475 | 38.827 2.655
0.5 0.7 449 | 461 38.5217 | 0.295 139.444 | 38.817 2.593
0.5 0.8 4.47 | 4.54 38.537 | 0.269 139.416 | 38.806 2.541
0.5 0.9 4.45 | 4.46 38.552 | 0.242 139.391 | 38.795 2.479
0.5 1 4.43 | 4.39 38.567 | 0.216 139.368 | 38.784 2.427
0.5 1.1 4,42 | 4.32 38.582 | 0.190 139.347 | 38.772 2.366
0.5 1.2 4.4 4.25 38.596 | 0.164 139.329 | 38.761 2.314
0.5 1.3 4.39 | 4.19 38.611 | 0.139 139.314 | 38.750 2.262
0.5 14 4.38 | 4.12 38.625 | 0.113 139.301 | 38.738 2.201
0.5 1.5 433 | 4 38.637 | 0.092 139.291 | 38.730 2.125
0.5 1.6 4.32 | 3.94 38.651 | 0.067 139.283 | 38.718 2.073
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Table At (conmk,d)D,setail erds profi-t
margin of the outlet for trial 2 when k=0.5
Total N
k |m i n’ o O | Profit Market W’
05|17 |43 3.86 | 38.665| 0.041 | 139.278 | 38.706 | 2.011
05|18 |4.28 3.79 | 38.679| 0.015 | 139.275 | 38.694 | 1.958
05|19 |0 0 38.687| 0 139.275 | 38.687 | 0
05| 2 0 0 38.687| 0 139.275 | 38.687 | 0
05|21 |0 0 38.687| 0 139.275 | 38.687 | 0
05122 |0 0 38.687| 0 139.275 |38.687 | 0
05(23 |0 0 38.687| 0 139.275 | 38.687 | O
05(24 |0 0 38.687| 0 139.275 | 38.687 | O
05(25 |0 0 38.687| 0 139.275 | 38.687 | O
05|26 |0 0 38.687| 0 139.275 | 38.687 | O
05127 |0 0 38.687| 0 139.275 | 38.687 | 0
05128 |0 0 38.687| 0 139.275 | 38.687 | 0
05129 |0 0 38.687| 0 139.275 | 38.687 | 0
053 0 0 38.687| 0 139.275 | 38.687 | O
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Figure Al: D, versus m plot for trial 2 when k=0.5
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Figure A2: D, versus m plot for trial 2 when k=0.5
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Figure A3: Ret ai Iessusarsplotfar taal 4 wthen k=0.5
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Figure A4 R e t tatal rhaeketshareversus m plot for trial 2 when k=0.5

2.5 -

15 -

P.margin of outlet

0.5 -

O T T T T T T T T T T T T T T T T T T T T T T T T T
05 07 09 11 13 15 17 19 21 23 25 27 29

m

Figure A5: (p-c(s,)?) versus m plot for trial 2 when k=0.5
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APPENDIX B

NUMERICAL ANALYSIS FOR TRIAL 1

TableBl:s,,p,,D;,D,; r et ail erés profi
k m iy o o Profit
0 0 4 3.2 38.800 | 0.400 62.720
0.1 0.1 4,12 | 3.3 38.788 | 0.386 62.680
0.2 0.2 4,24 | 3.4 38.776 | 0.374 62.642
0.3 0.3 4.35 | 3.49 38.764 | 0.364 62.605
0.4 0.4 4.45 | 3.57 38.752 | 0.355 62.568
0.5 0.5 4,55 | 3.66 38.742 | 0.343 62.533
0.6 0.6 466 | 3.76 38.730 | 0.333 62.499
0.7 0.7 473 | 3.81 38.718 | 0.327 62.465
0.8 0.8 4.84 | 3.92 38.708 | 0.315 62.432
0.9 0.9 492 | 3.99 38.698 | 0.308 62.400
1 1 499 | 4.05 38.687 | 0.300 62.368
1 1 4,99 |4.05 38.687 | 0.300 62.368
1.1 1.1 5.09 | 4.15 38.676 | 0.291 62.337
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Table B.1: (conpdD)D,s etail erods
when m=k

Kk m i©n O (o} Profit
1.2 1.2 515 [ 4.2 38.666 | 0.284 62.307
1.3 1.3 5.23 | 4.28 38.657 | 0.276 62.277
1.4 1.4 5.31 | 4.36 38.646 | 0.268 62.248
1.5 1.5 5.39 | 4.44 38.636 | 0.261 62.219
1.6 1.6 5.45 | 4.50 38.627 | 0.253 62.191
1.7 1.7 555 | 4.61 38.616 | 0.246 62.163
1.8 1.8 5.61 | 4.67 38.606 | 0.240 62.136
1.9 1.9 5.66 | 4.72 38.598 | 0.232 62.109
2 2 574 | 4.81 38.588 | 0.225 62.082
2.1 2.1 582 |49 38.577 | 0.219 62.056
2.2 2.2 5.87 | 4.95 38.568 | 0.213 62.030
2.3 2.3 5.93 | 5.02 38.560 | 0.205 62.005
2.4 2.4 6.00 | 5.10 38.550 | 0.200 61.980
2.5 2.5 6.06 | 5.17 38.541 | 0.193 61.955
2.6 2.6 6.12 | 5.24 38.531 | 0.187 61.930
2.7 2.7 6.18 | 5.31 38.521 | 0.181 61.906
2.8 2.8 6.23 | 5.37 38.514 | 0.174 61.882
2.9 2.9 6.31 | 5.47 38.502 | 0.170 61.858
3 3 6.36 | 5.53 38.493 | 0.164 61.835
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Figure B1: Sz* versus m plot for trial 1 when m=k
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Figure B2: p; versus m plot for trial 1 when m=k
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APPENDIX C

NUMERICAL ANALYSIS FOR THE FIRST GROUP TRIALS
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Figure CL: D, for the first group of trials when k=0.3
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APPENDIX D

NUMERICAL ANALYSIS FOR THE SECOND GROUP TRIALS
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Figure D1: D" for the second group of trials when k=0.3
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APPENDIX E

LEMMA 4.2

Lemma 4.2 There are two feasible orders for tHeeshold z valuesOrder 1;

ie.; a a - a a _and Order 2; ieq

Q - a _a

Proof: It is clear thatd o - q is satisfied.If —

0 holds, thend Q is satisfied and consequently Order 1

occurs. Otherwise, Order 2 occurdlote thato is used for choosing the optimal

promised delivery time with min A @’ hol and calculatingy . o
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APPENDIX F

PROPOSITION 5.4

Proposition 54: We have the following conditions
promised delivery time with reect to the online service cost under Case 1

e.— — — —
iifn @ n @ m thent 3 mandd Oforalla T
idf 7 @ n @ n, then there are two feasible orders for the

thresholdz values (i.e., Order 1 and 2). For all order, the profit impact of the online
channel on the retdéi |lgeThdaptimplproniised deliwenya n g e

time will bedor tfor Order 1, however it will bé hoor tJfor Order 2.
Proof:
I.See proof of Proposition 5.2(i).

i. When & n @ T, then thereare two feasible orders for the

threshold z values Order 1; ie., a g Q g- Q 8

o} g _and Order 2; i.e q g Q g- Q g « g .t

is clear thatd g Q g- Q g is satisfied If — 0 holds,
thend g Q g holdsand consequently Order 1 occu@therwise,

Order 2 occurs.
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Z critic5.1t Z concavity 5.1 Z critic 5.1¢

Z limit 5.1 R
te=t° *=t t*=t
Al5.1*>0 Al5.1*>0 Al5.1*<0
Figure F1: t, g ®@r Order 1 under Case 1
Z concavity 5.1 Z critic 5.1t Z critic 5.1t Z limit 5.1 z
t*=t =t te=t tr=t
AM5.1*>0 Al5.1*>0 Al5.1*>0 Al5.1*<0

Figure F2: t,  eefdr Order 2 under Case 1
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APPENDIX G

PROPQOSITION 5.5

Proposition 55: We have the following conditions

promised delivery time with reect to the online service cost under Case 2

(e [ 9

ifn & @ —-—— o——= f a6 — — o @ mh
YW g mandd Ooforalld Tt
if R 6 90— — o—— 0§ 6 ——& %

then there are two feasible orders for the threshold z values (i.e., Order 1 and 2). For

all order, the profit impact of the online channelot he r et ai l erds prc
a . The optimal promised delivery time will lieor t for Order 1, however it
will be OO or tIfor Order 2.

Proof:

I.See proof of Proposition FiB

~

ii. When G " — — - — n o — — o @

1T, then thereare two feasible orders for thireshold z valuesOrder 1; i.e.,
a g O g- Q g O g _and Order 2; i.e. 8

a g- @ g @ g Where

a 8 —
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It is clear thatx g Q g- Q g is satisfiedIf — 0 holds,
thenda g Q g holdsand consequently Order 1 occu@therwise,

Order 2 occurs.

Z critic 5.2 t Z concavity 5.2 Z critic 5.2T Z limit 5.2 Z
t=t° t=t te=t
Al5.2*>0 A[15.2*>0 Al5.2*<0

Figure G3:t, g ®r Order 1 under Case 2

Z concavity 5.2 Z critic 5.2t Z critic 5.2t Z limit 5.2 z
=t tr=te t=t t*=t
Al5.2>0 Al'15.2>0 Al5.2*>0 A[15.2*<0

Figure G4: t, & @, for Order 2 under Case 2
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APPENDIX H

PROOF OF PROPOSITION 6.2

Z limit 5.1 Z critic 5.1 Z concavity 5.1 0 Z limit 6.1 z
| ~ >
t*=t t =t
A[5*<0 A[5*<0
A[6*>0 Al6*<0
Figure HL t, &3 e ®hen (p-¢°)-(prs9)<0
i.
Z limit 6.1 0 Z concavity 5.1 Z critic 5.1 Z limit 5.1 ;
I _ _
t*=t t*=t
Al5*>0 Al'15*<0
Al6*<0 Al'l6*<0

Figure H2 t, &3 e ®hen (p-¢19)-(p2-5°)>0 and Fmit6.1<0

iii. Order (1)
Z concavity 5.1 Z critic 5.1 Z limit 5.1 Z limit 6.1 Z
’[*=T t*=¥ t*=T
A5*>0 Al5*<0 Al']5*<0
Al6*>0 A6*>0 Al'le*<0

Figure H3:t, &3 er Order (1)
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Order (2)

Z concavity 5.1 Z critic 5.1 Z limit 6.1 Z limit 5.1 Z
t*=t t*=1 t*=t
Al5*>0 Al'5*>0 Al')5*<0
A[6*>0 All6*<0 Al'l6*<0
Figure H& t, &@ er Order (2)
Order (3) and (4)
Z critic 5.1 Z limit 5.1 E
t*=t tr=t
Al15*>0 A[5"<0
A[6*<0 Al'l6*<0

Figure H5:t',  ge@e @ for Order (3) and Order (4)
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APPENDIX |

PROOF OF PROPOSITION 6.3

Z limit 5.2 Z critic 5.2 Z concavity52 0 Z limit 6.2

W

| _
- =t
AMs*<0  [Al15°<0
A6*>0 Al'l6"<0
Figure I11:t, @ gfBr Proposition 63}ii)

zlimite.2 0 Z concavity 5.2 Z critic 5.2 Z limit 5.2
I e —
t*=t t*=
Al5*>0 A[5*<0
A[6*<0 Al'l6*<0

Figure 12: t, g @@ for Proposition 63(iii)
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