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for their valuable comments and suggestions as members of my thesis committee.

I would like to state my special thanks to Prof. Dr. Yaman BARLAS for his

valuable support, encouragement and precious instructions. I also wish to thank to my
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ABSTRACT

ASSORTMENT GAMES WITH EFFORT IN ONLINE

MARKETPLACES

This thesis studies an assortment game of duopolistic retailers competing in as-

sortment and advertising effort decisions in an online marketplace. We suggest ways to

maximize players’ payoffs and search for an answer to the question if the marketplace

can provide a value-added assortment and advertising service to its sellers. In this re-

gard, we consider two different systems a) when retailers have overlapping assortments

b) when retailers have access to an exclusive product. We experiment each case under a

centralized regime, in which retailers are centrally managed by the marketplace, and a

decentralized regime, in which retailers compete in assortment and ad effort decisions.

We assume that prices are determined by the marketplace, ad opportunity is given only

to one retailer and applies to all products in the retailer’s offered assortment, customers

are rational utility maximizers and their choice process is governed by the multinomial

Logit framework. We augment the utility function of customers by an advertising

effort mechanism. In our case, products’ displayed positions at the marketplace are

linked to retailers’ advertising effort. We first characterize this problem as a non-linear

mathematical optimization problem for a single retailer. Then using a computational

framework, we show that the advertising offering causes marketplace to increase profits

in both decentralized and centralized settings. A retailer has a substantial advantage

if he wins the advertising opportunity. Although ad effort makes the other retailer

out of the game, our results show that centralized system always protects the retailer,

who otherwise loses much more in the decentralized system. In addition, offering an

attractive exclusive product gives a competitive power to the retailer, who lost the ad

effort game. We also observe that in all cases, competition causes system to use more

ad effort. We observe that competition always causes system to use more ad effort.
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ÖZET

ÇEVRİMİÇİ PAZARLARDA REKLAM ÇABASI İLE

ÜRÜN ÇEŞİTLİLİĞİ OYUNLARI

Bu tezde duopolist satıcıların çevrimiçi pazar yerindeki ürün çeşitliliği ve reklam

çabası oyunları ele alınmıştır. Oyuncuların kârlılıklarını eniyileme önerileri üzerine

çalışılmış, online pazar yerinin satıcılarına katma değer katacak bir ürün çeşitliliği veya

reklam hizmetinde bulunup bulunamayacağı sorusuna cevap aranmıştır. Bu kapsamda

a) oyuncuların aynı ürün çeşitliliğine sahip oldukları b) oyuncuların ortak ürünlere ek

olarak kendilerine münhasır ürün çeşitlerine sahip oldukları durumlar gözlemlenmiştir.

Çalışılan iki durum için de hem pazar yerinin satıcıları tek merkezden yöneterek karar

mekanizması olduğu merkezileştirilmiş, hem de satıcıların kendi ürün çeşitliliği ve

reklam çabası kararlarını vererek bir rekabet oyunu yarattıkları merkezi olmayan iki

yönetim biçimi altında uygulamalar yapılmıştır. Bu çalışmada, fiyatların pazar yeri

tarafından belirlendiği, reklam fırsatının yalnızca bir oyuncuya verildiği ve oyuncunun

ürün yelpazesindeki tüm ürünleri için geçerli olduğu, müşterilerin rasyonel ve menfaat-

lerini eniyilemek amaçlı alışveriş aktivitelerinde bulunduğu varsayılmıştır. Müşterilerin

tercih süreçleri MNL çerçevesinde modellenmiş ve müşteri fayda fonksiyonuna satıcıların

reklam çabası mekanizması eklenmiştir. Oyuncuların reklam aktivitelerinin, ürünlerinin

çevrimiçi pazar yerinde gösterilme pozisyonları ile bağlantılı olduğu düşünülmüştür.

Böylelikle ilk aşamada tek satıcı için doğrusal olmayan bir matematiksel eniyileme

problemi modellenmiş, sonrasında sayısal çalışma yapılmıştır. Bulgularımız pazar

yerinin reklam teklifi fırsatıyla karlılığını iki yönetim biçiminde de arttırdığını gösteriyor.

Satıcılar için reklam önemli ölçüde karlılık avantajı sağlamaktadır. Merkezi sistem reka-

bet durumunda kaybeden oyuncuyu daimi olarak korurken, ek olarak kendine münhasır

bir ürün fırsatı da bu oyuncuya bir rekabet gücü kazandırmaktadır. Rekabet her du-

rumda sistemin daha fazla reklam çabası kullanmasına neden olmuştur.
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1. INTRODUCTION

Online marketplaces are two-sided platforms that integrate shoppers on one side,

and third party sellers on the other side [1, 2]. They enable shopping from different

merchants acting as intermediaries [3]. A pure online marketplace enables suppliers

to sell directly to customers via an online platform [4]. If a marketplace also takes

ownership over products from suppliers and resells them to buyers, it is defined as a

reseller/hybrid marketplace. Some examples of pure online marketplaces are n11.com,

eBay, Airbnb, and Craigslist. Some reseller marketplaces can be listed as Hepsibu-

rada.com, Amazon, and Alibaba. In 2015, more than two billion items worldwide are

sold by the Amazon Marketplace and around 50% of the them were realized by two

million third-party sellers [5]. It shows that an important part of Amazon’s business

acts as an online platform for goods. With growing mobile website browsing, it is

expected that online marketplaces maintain the rapid growth in the following years [6].

In this thesis, we consider a two-sided online platform that acts as a pure marketplace.

Online marketplaces can provide value-added services to its sellers. Almost all of

them provide mechanisms of e-store campaigns such as display allocation, listing rank

offerings, search advertisements, category advertisements etc., for their sellers. For ex-

ample, Amazon Marketplace recently made a discount provided by Amazon campaign

to subsidize its merchants’ sales by making prices more attractive to customers. The

Wall Street Journal [7] stated that the discount was around 9%. In this thesis, we

investigate if an online marketplace can provide a value-added assortment and adver-

tising service to its competing sellers. We search for suggesting ways to optimize their

assortment plannings and maximize their payoffs. The set of products offered by a

retailer at each point in time is defined as an assortment [8]. Sellers need to revise

their assortments periodically, so they engage in assortment planning activities. From

an operations point of view, a retailer may not be able to simultaneously display all

products to its customers due to capacity related considerations. Thus, assortment

planning aims to find the optimal variety of products and maximize the total profit of

a retailer from sales with respect to given costs and constraints; see [8] for an overview.
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Both online and offline assortment optimization problems have applications in

many industries mainly in retail, airline, hotel and transportation. Traditional bricks-

and-mortar stores’ main objective is to decide which products to carry in the store.

By this way, they have an advantage to create a touch and feel among the customers.

Nowadays a growing number of firms sell to their customers also through online chan-

nels. This has introduced new levels of operational flexibility. Through an online

platform, a seller can offer a broader set of products with lower inventory costs by

limiting shelf space to the consumer’s own interest. However, it is still important for

online retailers to decide how to allocate the screen space on their websites among its

products. Display constraint is theoretically does not exist in an online marketplace but

there are some practical considerations such as consumer perceptions of product attrac-

tiveness due to product’s ranking position on the site. In this thesis, it is assumed that

the marketplace offers advertisement opportunity to its sellers. By this opportunity, a

retailer’s products are screened at a higher position than the competitor’s.

Understanding customer preferences and responding accordingly with updated

assortment offerings is an important aspect in assortment planning process. Multino-

mial Logit model (MNL), pioneered by Luce [9], is commonly used to address customer

choice behavior in the economics, operations and marketing literature [10]. MNL is a

utility-based model assuming that customers are utility maximizers and choose among

finite number of choices based on their utility and a random component. Firm level

demand is the aggregation of individual demands. In this thesis, we assume that cus-

tomers’ demand follows MNL model.

Assortment planning problem has been discussed by literature and industry to

a great extend across different retailers and product categories [11]. In revenue man-

agement problems, airlines and hotels update their product offerings considering the

remaining time in the selling period and the remaining capacity. Thus assortment

problems have more of an operational nature. The present thesis studies assortment

planning problem of duopolistic retailers competing in assortment and effort decisions

in an online marketplace.
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On the customers’ side, we presume that customers choose from the assortment sets

offered by retailers according to an MNL framework to maximize their utility. On the

retailers’ side, they select a set of products to offer in an assortment in the existence

of advertising opportunity with the aim to maximize their payoffs. We assume that

prices are determined by the marketplace, and advertising opportunity is given only to

one retailer and applies to all products in the retailer’s offered assortment. In our case,

products’ displayed positions at the site are linked to retailers’ advertising effort. The

assortment of a retailer who has the ad opportunity has higher display position than

the competitor’s. By this way, advertising opportunity causes the retailer r to gain an

inorganic mean utility. Thus, we call this inorganic ranking utility as ”ad effort factor”

throughout the thesis.

The main aim of this thesis is to find an answer to the question if the marketplace

can provide a value-added service to its sellers in terms of assortment and advertising

opportunity. Also, we aim to show how players can benefit from this kind of service

by suggesting ways to maximize/optimize their payoffs. We observe that advertising

offering causes marketplace to increase profits in both decentralized and centralized

settings. A retailer also has a substantial advantage if he wins the advertising oppor-

tunity. Although ad effort makes the other retailer out of the game, our results show

that centralized system always protects the retailer who otherwise loses much more in

the decentralized system. Centralized marketplace profit is always found to be higher

than the decentralized marketplace profit. In addition, in all cases, competition causes

system to use more ad effort. Our findings show that price sensitivity is found to

be negatively correlated with players’ equilibrium profits, since high price sensitivity

means that customers are highly sensitive to price changes.

On the other hand, we reveal that at higher levels of price sensitivity the retailer

who uses the ad effort increases his market share by allocating more advertising spend-

ing. This would mean that price sensitive customers are more likely to be affected

by the advertisement activities and more likely to purchase attractive products. In

cases when price sensitivity is at lower levels, we indicate that centralized system cuts

advertising spending considerably compared to the decentralized system.
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Our results show that when effort cost is high, retailer cuts advertising spending, and

increase his assortment variety instead. Also we find that if the assortment set has

already high attractiveness, the system does not prefer spending more on advertising

and keeping various products in the assortment. Exclusive product is found to be an

important aspect for the game in this thesis. When we experiment with retailers having

access to exclusive products we observe that an attractive exclusive product gives a

competitive power to the retailer who lost the ad effort game. To our knowledge,

this study contributes to the assortment planning literature by augmenting the utility

function of customers by an advertising effort mechanism. We claim that marketplace

can provide a value-added assortment and advertising service to its sellers.

The remainder of this thesis is organized as follows: Chapter 2 provides the

literature review necessary for this thesis. Chapter 3 formulates and explains the model

development. Chapter 4 presents the results of a computational study for the proposed

settings and scenarios. Related tables are relegated to Appendix A, Appendix B and

Appendix C.
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2. LITERATURE SURVEY

The history of assortment planning goes long way back to 1950’s when Sadowski

[12] – as far as is known – is the first to mention about assortment problem [13].

Increasing number of works focus on assortment optimization problems, since these

problems has many strategic and tactical applications in retail and revenue manage-

ment settings [14]. In the academic literature, authors mainly focus on assortment

planning problem in terms of the consumer demand and choice model, substitution

behavior, inventory level decisions, and capacity problem. Increasing number of works

focus on assortment optimization problems nowadays, since these problems have many

strategic and tactical applications in retail and revenue management settings [14]. Kök

and Fisher [15] clearly illustrate the value of assortment planning by developing an

optimization based methodology and report that their recommendations for a grocery

store chain result in profit increases of more than 50% when compared with the exist-

ing approach. Similarly, Rajaram [16] models assortment planning problem by using

a non-linear integer programming approach for a large catalog retailer specializing in

women’s apparel, and reports a profit increase of 40%.

In this thesis, we consider a case where duopolistic retailers make assortment de-

cisions in a competitive environment. In this regard, we first review the monopolistic

assortment optimization literature, then we will focus on the literature that studies

competitive models. Assortment optimization is a complex problem because of its

combinatorial nature since it computes the optimal strategies in a given setting [17].

The main challenges arise from substitution effects, and from the existence of opera-

tional limitations such as display constaint [18]. For retailers, one of the main ways

to increase customer satisfaction is to increase variety of the products. However, this

brings relevant costs and complexities as well. On one hand, a rich assortment with

high variety increases the customer traffic. On the other hand, a narrow assortment

with a lower depth can help customers to decide easily, so that that probability of

purchase increases [19].
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The literature on assortment planning problem that considers inventory decisions

starts with the work of van Ryzin and Mahajan [20], who study the logit demand and

assume customers do not substitute when their choice is stocked out. They conclude

that the assortment planning problem can be simplified significantly since only a lim-

ited number of candidates are considered for the optimal assortment. Maddah and

Bish [21] extend this study by also considering price selection of retailers. Aydın and

Ryan [22] consider a problem in the absence of inventory decisions. Stock-out based

substitution is defined as the case of customers searching for substitutes if their choice

is stock-out [18]. Stock-out based substitution is studied together with inventory deci-

sions by Smith and Agrawal [23] and Mahajan and van Ryzin [24]. Chen and Hausman

[25] study the mathematical properties of a monopolistic setting with logit demand and

fixed prices where retailers have display constraints. Similar setting is studied by Rus-

mevichientong et al. [26]. They develop an algorithm to find an optimal assortment.

Fisher and Vaidyanathan [27] emphasize display constraints exist in real world prac-

tice. In the present thesis, we do not consider inventory limitations and assume that

product offerings in a retailer’s assortment are always available when requested. Thus,

there is no stock-out based substitution. Also, it is assumed that there are no display

constraints.

When there is no display constraint, the assortment planning problem can be

classified the under revenue management literature [18]. Gallego et al. [28] study airline

networks and model a linear program to approximate the expected revenue. Talluri

and van Ryzin [29] study a single leg airline seat allocation problem and find that

offering only revenue ordered assortments is optimal. They assume customers’ choice

process is governed by multinomial Logit model (MNL) by implying that incorporating

customer choice behavior is important when demand is modeled. They assert that

customers compare the products in terms of price, quality and probably other features

before making a choice among the available products. This choice process leads to

interactions among the demand for different products, and it is critical not to miss

including these interactions. Gallego et al. [28] and Liu and van Ryzin [30] also used

multinomial Logit (MNL) model to study monopolistic optimization problem.
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Understanding customer preferences and responding accordingly with updated assort-

ment offerings has always been an important aspect in assortment planning process.

Briesch, Chintagunta, and Fox [31] claim that customers’ can be more sensitive to

assortments than to prices while making store choice decisions. Saure and Zeevi [32]

claim that assortment decision affects demand for individual product or ad. Firms need

to consider changes in the customer preferences over time and accordingly make as-

sortment planning [8]. Cachon et al. [33] consider the assortment planning problem by

claiming that customer expectations may cause lost sales for the retailer. MNL model

is widely used in the economics, operations and marketing literatures (see Ben-Akiva

and Lerman [34]) since it allows easy incorporation of other decisions such as pricing

into the customer choice model. Gallego et al. [35] investigate generalizations of the

multinomial logit model when more restricted assortments are offered to customers.

They draw attention to that the attractiveness of the no purchase option increases

due to restricted assortment offering. The main criticism about the MNL model is the

Independence from Irrelevant Alternatives (IIA). This property does not hold when

products within subgroups are more similar than across subgroups in the choice set [8].

MNL-based models cannot address the interactions in a category with heterogeneous

products since MNL models assume a homogenous group of products in a category.

For categories that have heterogeneous product groups, a nested multinomial Logit

(NMNL) model can be a better alternative [36]. NMNL model assumes that con-

sumers make purchasing decisions after a hierarchical choice process. Bernstein et al.

[37] categorize the earlier research mainly according to demand models: the multino-

mial logit, exogenous demand, and locational choice models. Exogenous demand model

is the most commonly used demand model in the inventory management literature for

substitutable products. In locational choice model, which is pioneered by Lancaster

[38], product location is considered as the main attribute that affects consumer choice.

Consumers are assumed to opt for the locationally nearest products and substitute with

the locationally uttermost products. When assortment planning is conducted together

with demand learning, it is defined as dynamic assortment planning [32]. In dynamic

assortment planning problems, the offered assortment is adjusted over time to better

understand customer choice processes or changes in customer tastes.
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Rusmevichientong et al. [26] consider the problem of a retailer who is subject to

capacity constraint when choosing an offered assortment set in order to maximize

his profit. They model the demand under substitution and study both a static and

dynamic case by developing a policy that learns the unknown parameters from past

data and optimizes the profit. Caro and Gallien [39] and Ulu et al. [40] study the

assortment planning problem when the offered assortment needs to be adjusted over

time in response to a better understanding of the customer choice process. Golrezaei et

al. [41] develop a model to dynamically customize the assortment offerings based on the

each customer preference and remaining product inventories. Caro et al. [42] and Çınar

and Martinez-de-Albeniz [43] study the assortment planning problem by searching for

optimal policies to replace the products that lose attractiveness over time. In this study,

we do not consider demand learning process, customers demand is assumed to be a

known function of assortments and advertisement activities. Monopolistic assortment

optimization literature and industry practice is reviewed by Kök et al. [8] in detail.

Assortment planning problem in a competitive setting is relatively unexplored

compared to the monopolistic setting [17]. In this thesis, assortment decisions of re-

tailers are considered in a competitive environment. In competitive settings, most of

the literature consider Logit model and its extensions and price competition is widely

studied under choice models [18]. Anderson et al. [44] consider single-product firms

having Logit demand and analyze the oligopoly pricing. They also consider duopolistic

multi-product firms under nested Logit demand and focus on the symmetric equilibria.

Bernstein and Federgruen [45] determine that if firms have a single product in their

assortment offering, and consumer choice is defined with an attractiveness model, then

an equilibrium always exist and that is unique for profit maximizing firms. Gallego

and Wang [46] analyze the price competition of firms under the nested Logit model.

Misra [47] studies the problem of retailers who compete jointly on assortment and

price assuming the retailers offer exclusive products with MNL demand and face display

constraints. He analyzes the effect of competition on assortment size and prices by

conducting an empirical analysis. He implies that competition between retailers leads

to an increase in the total number of products offered and reduction in the prices.
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He finds that when assortment size is reduced, total profit decreases consequently.

His analytical results do not provide equilibrium existence and uniqueness results. In

this work, we also assume that customers make purchasing decisions according to

MNL framework. We compute the probability of a customer choosing an alternative

as a function of the attributes of all the alternatives available. Hopp and Xu [48]

add additional dimensions to competition by analyzing the joint pricing, service rate,

and assortment competition under MNL demand with random market size. Their

results indicate the existence of an equilibrium and they provide sufficient conditions

for equilibrium uniqueness. Cachon et al. [49] show that equilibrium assortments and

prices are affected by consumer search process. Cachon and Kök [50] consider retailers

competing on price and assortment decisions under NMNL framework in such a case

that retailers offer two categories and basket shopping consumers are present with

a focus on the impact of centralized category management. Assortment competition

under a hierarchical customer choice model has also been studied by Kök and Xu [36].

They study joint assortment optimization and pricing problem under the two-stage

nested logit model focusing on the differences in the properties of best responses. In

the brand primary nest structure, customers first choose a brand, and then, choose a

product type within the selected brand. In the type-primary nest structure, customers

first choose a product type, and then, choose a brand for the selected product type.

Their results show that centralized and decentralized assortments and prices have quite

different properties. They demonstrate that for the brand-primary model, both the

centralized and decentralized assortments for each brand include the most popular

product types within each brand. With the type-primary choice model, the assortment

offered by both retailers covers the set of most popular products. Similarly, in our

thesis, we claim that retailers’ equilibrium assortments cover the most popular products

in both centrally and decentrally managed systems. They underline the importance

of the alignment between an assortment planning process and the hierarchical choice

process of customers. They also claim that decentralized setting has lower profits and

higher assortment variety levels as compared to centralized setting. In this thesis, we

also state that competition causes a profit loss, however we have the opposite result in

assortment variety.
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We observe competition causes retailers to have more product variety compared to

the centrally managed system. Unlike Besbes and Saure’s work [17], they do not provide

an equilibrium existence and uniqueness result. Instead, they provide a numerical

study to point out the cases with equilibrium. Saure [18] show that the existence of

common products can cause different properties for the assortment equilibrium. Allon

et al. [51] determine conditions for equilibrium existence and uniqueness under MNL

demand with latent classes.

Besbes and Saure [17] study a model of assortment and price competition of

duopolistic retailers under display constraint. They analyze the equilibrium behav-

ior for two different settings: assortment only competition where prices are predeter-

mined, and joint assortment with price competition. They use MNL framework for

consumer choice, retailers are assumed to have access to predefined assortment sets.

They consider the case when retailers have exclusive products and when retailers have

overlapping assortments. Their results show that when retailers have non-overlapping

assortment sets, an equilibrium always exist that Pareto-dominates others. If retail-

ers have common products, an equilibrium exist when retailers do not have display

constraints. They also claim that competition causes a firm to offer a broader set of

products in the market compared to a centralized setting. This result is in parallel of

that we claim in this thesis. In our model, competition causes retailers to have broader

assortment set except for the case when the price sensitivity is high.

Our thesis can be positioned similar to Kök and Xu’s [36] and Besbes and Saure’s

[17] works, however we do not consider pricing decisions of retailers. We also add a

new mechanism to customers’ mean utility, which we call the advertising effort. The

order of products displayed to consumers is decided by the marketplace according to

the advertising spending of the retailers. Choi and Mela [52] state that sellers who do

advertise are moved to an upper position in the product feed. They claim that the

products’ positions can improve substantially with advertising. However, the customers

cannot distinguish between advertised and non-advertised items. They first observe the

consideration sequence of customers and conclude that that 83% search occur from top

to bottom.
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They claim that actual utility of an item is not fully revealed until the customer

considers the products’ positions on the feed therefore top-rank products will indirectly

yield higher perceived utility than low-rank products based on customers’ beliefs. Baye

et al. [53] estimate the determinants of clicks received by online retailers and claim

that if a retailer offers the lowest price at the price comparison site, there will be 60%

jump in its clicks. They demonstrate that estimates of the determinants of a firm’s

clicks can be used in order to have insights about its demand parameters, including

standard elasticity of demand.
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3. MODEL DEVELOPMENT

In this chapter we first describe the model setting with an overview of main pa-

rameters and basic assumptions. Figure 3.1 demonstrates an overview for the online

marketplace business model. We continue by explaining the demand model consid-

ered, and then present two management settings: a) one where retailers compete in

assortments and ad effort, b) one in which retailers are centrally managed by the mar-

ketplace.

3.1. Decentralized Model Overview

We study the assortment planning problem of a firm, who needs to decide the

portfolio of products to offer out of a possible set in an online marketplace. In our

model, we consider two duopolistic retailers that compete in product assortment de-

cisions. The index r denotes retailer r, r = n,m and j represents the product type

j = 1, . . . , N . It is assumed that there is only one product from each product type. The

assortment selection of retailer r among the set of products, j = 1, . . . , N is defined as,

Ar. Since we denote sellers by r = n,m, we denote An to be the assortment chosen by

retailer n and Am to be the assortment chosen by retailer m.

Figure 3.1. Business Model of an Online Marketplace
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Table 3.1. Model Parameters

Notation Description

i Products j = 1, . . . ., N

r Retailers r = n,m

Ar Assortment set chosen by retailer r

Urj(t) A customer’s utility from purchasing product j offered by retailer r

urj(t) Mean utility associated with buying product j from retailer r

αj Price sensitivity of product j

βrj Ad sensitivity of customers to product j offered by retailer r

prj Price of product j offered by retailer r

vrj Attraction of a product j offered by retailer r

gr Ad effort factor (inorganic) utility for retailer r

qrj Probability of a customer choosing product j from retailer r

crj(grj) Total cost of retailer r resulting from offering product j

v0 Attraction of no purchase option

πr Expected profit of retailer r

3.2. Basic Assumptions and Model Parameters

We introduce more specific assumptions while developing the model. General

assumptions are as follows:

• The sales horizon is finite,

• Customers are rational and utility maximizers,

• There are no display space constraints,

• There are no search costs,

• Customers have perfect information about product assortments of both retailers,

• We do not consider inventory decisions, and stock-out-based substitutions.

The parameters used in model formulation are summarized in Table 3.1.
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In our model, the purchasing choices of the customers are governed by the multi-

nomial logit framework. They can either decide to purchase a product from a specific

retailer or select the no-purchase option. As utility maximizing individuals, customers

rationally choose the highest utility alternative. We further augment the utility func-

tion of a customer by a new mechanism which we call the advertisement effort. We

consider an inorganic utility grj, that a retailer r gains from product j via advertising

activities. In our case, advertising spending is done by retailer r to be ranked higher

than the competitor on online channels of the marketplace. Thus, we call this inorganic

ranking utility, grj as ad effort factor throughout the thesis.

The utility of customer t from purchasing product j from retailer r is

Urj(t) = urj − αjprj + βrjgrj + ǫtj

Ur0(t) = u0 + ǫt0

(3.1)

where urj is the mean utility associated with buying product j from retailer r, which

is identical across all customers and u0 is the expected utility of no-purchase. Without

loss of generality, we set u0 = 0. αj > 0 is a parameter of price sensitivity, which

is a variable describing how individual customers show their reactions to changes in

price levels. It is the awareness of the customers to what they perceive about the

cost within which they will buy a particular product or service. Low price sensitivity

means that customers’ buying decisions are not affected much by price changes. High

price sensitivity means that customers will easily reject purchasing based on prices

they deem unreasonable for what they would be getting for the money. While this

sensitivity can be seller specific, it is usually the case that αrj = αj for all sellers. βrj

indicates how buyers react to advertising activities. High βrj means that customers

are more sensitive to advertisement activities and thus they are more likely to make

a purchasing decision based on this activity. Low βrj means that a customer is not

sensitive to advertisement. ǫtj is a random variable representing the heterogeneity of the

utilities across customers and assumed to be independent and identically distributed

random variables following a standard Gumbel distribution with location parameter 0

and scale parameter 1.
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Particularly, assuming (ǫt0, ǫ
t
rj) has extreme value distribution leads to the MNL

model. The exogenous variable prj denotes the selling price of product j offered by

retailer r. Under the MNL framework, customers choose the alternative that has

the highest realized utility. Therefore customer t chooses product j from retailer r if

Urj(t) ≥ Uri(t) ∀i 6= j and Urj(t) > Ur0(t).

3.3. Attraction Model

The MNL model has gained significant attention from various fields including

economics, marketing, and operations management [17]. It specifies the market share

of a firm as its attraction divided by the total attraction of all the players in the market

including the no purchase option. A firm’s attraction is a function of the values of its

marketing instruments such as brand value, advertising, product features and variety

[54]. For r = n,m we define the attractiveness of a product j ∈ Ar offered by retailer

r as a function of mean utility, price, and ad effort factor.

vrj = exp(urj − αjprj + βrjgrj) (3.2)

Let qnj be the choice probability a customer chooses product j ∈ An from retailer n

qnj(An, pnj, gnj;Am, pmj, gmj) =

vnj(1{j /∈ Am}+ δnj1{j ∈ Am})

1 +
∑

j∈An\Am
vnj +

∑

j∈An∩Am
(δnjvnj + δmjvmj) +

∑

j∈Am\An
vmj

(3.3)

where 1{.} denotes the indicator function and

δnj = 1{vnj > vmj}+ 1/2{vnj = vmj}

is the split of market share between retailers when the product is offered by both.

Without loss of generality, the customer population is normalized to one. Therefore,

the expected demand of a product type j from retailer r equals to qrj.
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The decision variables for retailer r are (Ar,prj,grj). Retailer n’s objective is to

find the best set of products to offer among a combinatorial number of possibilities in

An, determine the price of each product pnj and find the optimal ad effort factor gnj

values for given (Am, pmj, gmj). The expected profit of retailer n is

πn(An, pnj, gnj;Am, pmj, gmj) =

∑

j∈An

(pnj − cnj(gnj))qnj(An, pnj, gnj;Am, pmj, gmj) (3.4)

where crj(grj) denotes the total operation cost to retailer r resulting from offering a unit

of product j including the ad factor spending. It is a function of probability and the

ad effort factor. We constrain crj(grj) to be less than or equal to the minimum selling

price in the assortment set so that the retailer has positive margins for all products.

crj(grj) ≤ min
j
(prj) = p̄r (3.5)

When a product is included in the assortment, it increases the total utility of

the assortment a customer could benefit. On the other hand, adding a product to the

assortment causes an increase in the total operational cost. Therefore, retailers should

consider the marginal benefits and costs of including a product in their assortment

selections.

We continue with introducing more structural model assumptions so that the

results are tractable when answering the research questions posed in Chapter 1.

Assumption 3.1. We assume that prices are determined by the market and are not

under the control of retailers.

This assumption allows us to isolate the effects of competition and advertisement

effort. Therefore, retailers compete only on the assortment and ad effort.
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Assumption 3.2. Ad effort applies to all assortment, thus it is independent of the

products gnj = gn, gmj = gm ∀j.

This is consistent with retailers buying a ”campaign ad” for a category or virtual

store from an online marketplace. Then the decision problem of retailer n can be

rewritten as

max
An∈An

gn≤c−1(p̄n)

πn(An, gn;Am, gm) (3.6)

Assumption 3.3. The ad opportunity is ”won” by player n in this “round” and is not

available to retailer m, which means gm = 0.

By letting only retailer n have this opportunity, we try to isolate the effect of

ad effort on the competitor and the marketplace. Therefore the decision problem of

retailer n becomes

max
A,gn

πn(A, gn) =
∑

j∈A

qnj(A, gn)(pnj − cnj(gn)) (3.7)

Following Rusmevichientong et al. [26] and Besbes and Saure [17] we can rewrite

the problem in Equation (3.7) as

max
λ,gn

λ

s.t max
A∈An

gn≤c−1(p̄n)

qnj(A, gn)(pnj − cnj(gn)) ≥ λ
(3.8)

Problems (3.7) and (3.8) are equivalent. The optimal values for both problems

are equal and an assortment is optimal for Equation (3.7) if and only if it maximizes

the left-hand side of Equation (3.8) when λ = λ∗, where λ∗ represents the optimal

objective function of (3.7). To see this, arrange the terms in Equation (3.8):

vnj(gn)[1{j /∈ Am}+ δnj1{j ∈ Am}](pnj − cnj(gn))

1 +
∑

j∈A\Am
vnj(gn) +

∑

j∈A∩Am
(δnjvnj(gn) + (1− δnj)vmj +

∑

j∈Am\A vmj

≥ λ
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vnj(gn)[1{j /∈ Am}+ δnj1{j ∈ Am}](pnj − cnj(gn)) ≥

λ+ λ
∑

j∈A\Am

vnj(gn) + λ

[

∑

j∈A∩Am

(δnj(vnj(gn)− vmj) + vmj)

]

+ λ
∑

j∈Am\A

vmj

(3.9)

By a slight abuse of notation, we explicitly denote that the value function depends

on gn using vnj(gn). Define θnj(λ, gn) for j ∈ Sn as the ranking factor of product j for

retailer n such that:

θnj(λ, gn) =











(pnj − cnj(gn)− λ)vnj(gn) j /∈ Am

δnj [(pnj − cnj(gn)− λ)vnj(gn) + λvmj] j ∈ Am

(3.10)

In the absence of capacity constraints and in the monopolistic setting, θnj(λ, 0)

corresponds to the profit margin ranking which is the optimal ranking for products to

be selected into an assortment [26]. We also do not have display capacity constraints

in an online marketplace. In the competitive setting, θnj(λ, 0) will vary according to

competitor’s assortment Am [17]. In our setting, we allow retailer n to further influence

this ranking by the gn effort. For any possible assortment A ∈ An, θnj(λ, g
∗
n(A)) can

be computed. Each assortment has an optimal ad effort rate g∗n(A), which is possibly

zero.

Then, (3.8) can be rewritten as

max







λ ∈ R : max
A∈An

gn≤c−1(p̄n)

[(

∑

i∈A

θnj(λ, gn)

)]

≥ λ(1 + Em(Am))







(3.11)

where Em(Am) is the total assortment attractiveness of retailer m. By changing gn,

retailer n can influence the product ranking θnj(λ, gn) while determining its assortment.

In order to solve for the ad effort, we need the following assumption:

Assumption 3.4. θnj(λ, gn) is concave in gn for all λ ∈ R.
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It is reasonable to assume that θnj(λ, gn) is concave in gn as higher effort is

expected to reflect on the value function with diminishing returns. Since gn applies to

the assortment set An at once (by Assumption 3.2), we can solve the inner maximization

problem by solving a concave maximization problem for each An. Thus we solve the

decision problem of retailer n as follows:

• For a given Am find g∗n(A) as argmaxc(gn)≤pn πn(A, gn;Am) and find θnj(λ, g
∗
n) for

all A ∈ An

• Optimize over An for any λ

• Find optimal λ∗ as the best response assortment A∗
n to An ∈ Am

Thus the decision problem of retailer n is

max

{

λ ∈ R : max
A∈An

[

max
c(gn)≤p̄n

(

∑

j∈A

θnj(λ, gn)

)]

≥ λ(1 + Em(Am))

}

(3.12)

Since θnj(λ, gn) is strictly concave in gn for all λ, there exists:

g∗n(A;Am) = arg max
c(gn)≤pn

∑

i∈A

θnj(λ, gn) for all A ∈ An and Am ∈ Am (3.13)

Retailer n first decides an optimal ad factor, g∗n value for all possible assortment

pairs (An, Am). Then, he selects the assortment set that yields the maximum profit.

Therefore the problem in (3.8) can be rewritten as:

max

{

λ ∈ R : max
A∈An

(

∑

j∈A

θnj(λ, g
∗
n(A;Am))

)

≥ λ(1 + Em(Am))

}

(3.14)

We conducted an empirical study to analyze the impact of effort factor and com-

petition on the assortment profits and variety by solving Equation (3.14). Our analyt-

ical results are obtained via computing iterative best responses.
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Retailer n’s best response is the scenario that generates the highest profit for him

given retailer m’s assortment decision. Thus, we say that a feasible assortment An

is a best response to Am if An maximizes the retailer n’s profit. In the decentralized

setting, retailer n first solves his maximization problem by finding an optimal effort

factor gn for all given possible assortment pairs (An, Am). This iterative process results

in an optimal gn value to retailer n for each scenario. Then, he finds the optimal

assortment set that maximizes his payoff given retailer m’s assortment decision. Given

that there is a finite number of feasible assortments, there always exists at least one best

response to each assortment Am ∈ Am. An assortment pair (A∗
n, A

∗
m) is an equilibrium

if A∗
n is a best response to A∗

m and A∗
m is a best response to A∗

n. Our analysis of the

best response correspondence relies on the equivalent profit maximization problem in

Equation (3.14). The best response to Am is found by solving the maximization in

Equation (3.14), which is equivalent to the problem (3.8) for all possible values of λ,

and then selecting any assortment maximizing the inner problem of Equation (3.14)

for λ∗.

3.4. Centralized Model Overview

So far we mentioned and formulated the decentralized regime. Under the decen-

tralized management regime, retailers compete in product assortment decisions given

that retailer n has the effort factor advantage. Each retailer makes independent as-

sortment decisions as separate entities. Retailer n decides about the optimal ad factor

value for each assortment (An, Am). In this context, the marketplace’s optimal strat-

egy inevitably depends on both customers’ demand and retailers’ competition on the

platform. In this thesis, we analyze both centrally and decentrally managed systems.

Under a centralized management regime, the assortment decisions are managed by a

single decision maker that is referred to as the marketplace. The marketplace first

decides optimal ranking factor value that maximizes the marketplace total profit for

all possible assortment pairs (An, Am).
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Then, selects the assortment sets for both retailers that maximizes its total profit πmp.

max
An∈An,Am∈Am

gn≤c−1(p̄n)

πmp(An, gn, Am)

πmp(An, gn, Am) = πn(An, gn) + πm(Am)

(3.15)

In the centrally managed system, marketplace solves the assortment optimization

problem by finding an optimal gn that maximizes the marketplace profit for each pos-

sible assortment pair (An, Am). In other words, for each scenario, marketplace offers

an optimal effort factor to retailer n. Marketplace then selects the optimal assortment

sets for both retailers (An, Am) that maximizes the overall profit of the system. In this

case, effort cost cn(gn) belongs to the system. It could be totally retailer n’s cost or

marketplace could make a contribution.
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4. COMPUTATIONAL STUDY

In this chapter, we analyze the following aspects of the assortment competition

problem:

• The impact of price sensitivity, mean utility, and ad effort cost on equilibrium

assortments and ad factor,

• The impact of using ad effort by the marketplace on equilibrium assortments,

• The impact of competition on the ad effort and on equilibrium assortments.

We conduct two sets of computations. Section 4.1 reports a setting where each

retailer has access to the same product set, while Section 4.2 discusses a setting where

retailers can have exclusive products in their assortment sets. All computations are per-

formed using Matlab R2010b’s fmincon function, which attempts to find a constrained

minimum of a function.

4.1. Computational Study with Common Products

It is assumed that both retailers have access to the same product set An =

Am = {1, 2, 3}. We further assume that two retailers are symmetric within each

product type when effort factor gn = 0, unj = umj. Without loss of generality, mean

utility is formulated such that the products are ordered as ur1 > ur2 > ur3 and thus,

vr1 > vr2 > vr3 when prices are equal. Since ad effort gn is assumed to be applied to

all products in retailer n’s assortment vn1(gn) > vn2(gn) > vn3(gn) also holds for all gn.

Retailer n is given the ad opportunity, that has an upper limit of ten which means

retailer n can increase a product’s utility up to 80%. This is consistent with Baye et

al.’s finding [53] that screen location increases demand. They claim that a firm has

60% jump in its clicks when it offers the lowest price and/or appears at the top of

the search list at the price comparison site. They also imply that, other things being

equal, a firm receives about 17% fewer clicks for every competitor listed above it on the

screen. In this thesis, each product has identical predetermined selling price p = 10.
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As already mentioned, it is assumed that ad effort applies to whole assortment of

retailer n if he decides to take the opportunity. However, using an ad effort also brings

a cost, which is embedded in retailer n’s total operation cost c(gn). Total operation

cost of retailer r = n,m is formulated as

cr(gr) =
∑

j∈Ar

crj(gr)

crj(gr) = Bqrj(Ar, gr, A−r)F
(gr)(j)

(4.1)

where B and F are positive constants and qrj is the choice probability. Therefore, it is

independent from the assortment. Total operation cost is composed of daily operational

cost and ad effort cost. B is a coefficient that is related to retailer r’s daily operational

cost of offering product j in the assortment. F (gr)(j) represents the operational cost

associated with ad effort when retailer r acquires an inorganic utility, gr as a result of

ad effort activities. Since ad effort opportunity is not given to retailer m, retailer m

only bears the daily operational cost. crj(gr) is formulated such that, it will be more

costly for products that have less utility to be ranked at the top. As it can be observed

in Figure 4.1, total cost cr(gr) is increasing and convex in the effort factor gn while it

is increasing and concave in the expected demand of the product. We also show that

θnj(λ, gn) is concave in gn in our computational study setting as shown in Figure 4.2.

This demonstration is in parallel with our Assumption (3.4) in Chapter 3.

The cost function crj(gr) represents retailer r’s advertising spending on product

j. By Assumption 3.3, we know that advertising applies to whole assortment set

of a retailer. Therefore, retailer r’s total advertising spending is independent of his

assortment set. Its effect on the cost function is formulated as multiplicative. The

case when gn = 0 demonstrates a ”base” cost without advertising, which is acquired

due to transactions. Ad factor, gn, enters to the utility function via the value function

as defined in Equation 3.2 and brings additional utility when its first derivative is

observed:

dvnj
dgn

= βnjvnj(gn)
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Figure 4.1. Operation Cost Convexity in the Effort Factor

Figure 4.2. Ranking Factor Concavity
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Table 4.1. Cases for Illustrative Example

A1 An=1, Am=1

A2 An=1,2, Am=1

A3 An=1,2,3, Am=1,2

A4 An=1,2,3, Am=1,2,3

Table 4.2. Total Demand of Retailer n Under Different Effort Factor Levels

gn 0 1 2 3 4 5 6 7 8 9 10

A1 0.34 0.56 0.75 0.87 0.94 0.97 0.986 0.993 0.997 0.999 0.999

A2 0.50 0.70 0.85 0.93 0.97 0.98 0.992 0.996 0.998 0.999 0.999

A3 0.49 0.73 0.85 0.94 0.97 0.99 0.994 0.997 0.999 0.999 0.999

A4 0.42 0.65 0.82 0.92 0.96 0.98 0.993 0.997 0.990 0.999 0.999

To elaborate it more, some examples for advertising spending mechanisms could

be given as click-based (bottom-up) or lump sum-money based (top down) advertising

activities. In the former, retailer n would pay cnj(gn) for each click he gets on product

j from the marketplace, which is proportional to qnj. By increasing his impression on

the marketplace via clicks, he increases his conversion rate and his total sales. Second,

retailer n would pay a lump sum money for a carousel ad to show his products, for

example, on the main page of the marketplace for a period of time. An illustrative

example from our computational study results is shown in Table 4.1, Table 4.2 and

Table 4.3 indicating that a retailer can increase his total demand and market share by

this type of advertising activity via attractiveness, however usage of ad effort brings

also an additional cost. Table 4.4 and Table 4.5 show the % changes from the case

with no advertising activities.

The value of having advertising opportunity is more deducible from Table 4.2 and

Table 4.3. We observe that when there is no advertising activity, gn = 0, total demand

is 0.339 and total cost is 0.441. However, with a total cost of 1.787, retailer n could

have 0.939 total demand with gn = 4. The real cost of advertising spending is then

calculated as 1.346.
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Table 4.3. Total Cost of Retailer n Under Different Effort Factor Levels

gn 0 1 2 3 4 5 6 7 8 9 10

A1 0.44 0.80 1.18 1.51 1.79 2.03 2.27 2.52 2.779 3.06 3.37

A2 0.65 1.03 1.39 1.71 2.01 2.31 2.63 2.98 3.37 3.81 4.31

A3 0.64 1.19 1.57 2.05 2.58 3.10 3.94 4.88 6.06 7.59 9.57

A4 0.55 1.13 1.51 2.02 2.56 3.18 3.94 4.88 6.06 7.59 9.57

Table 4.4. Changes of Market Share of Retailer n due to Ad Effort

gn 1 2 3 4 5 6 7 8 9 10

A1 65% 121% 157% 177% 186% 191% 193% 194% 194% 194%

A2 40% 85% 86% 87% 93% 96% 98% 99% 99% 99%

A3 47% 85% 90% 90% 97% 100% 101% 102% 102% 102%

A4 55% 82% 119% 123% 131% 135% 136% 137% 138% 138%

% changes indicates the deviation from the case when gn=0

Table 4.5. Changes of Total Cost of Retailer n due to Ad Effort

gn 1 2 3 4 5 6 7 8 9 10

A1 81% 168% 243% 305% 361% 415% 471% 530% 594% 664%

A2 23% 81% 131% 174% 211% 248% 286% 326% 369% 416%

A3 25% 84% 135% 178% 217% 254% 292% 333% 377% 425%

A4 46% 116% 177% 227% 272% 316% 361% 409% 460% 561%

% changes indicates the deviation from the case when gn=0
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Table 4.6. Parameter Values for Computational Study

Variable Retailer n Retailer m

Assortment Set An = {1, 2, 3} Am = {1, 2, 3}

Mean Utility unj = 12 + kexp(−j) umj = 12 + kexp(−j)

Attraction vnj = exp(unj − αnjpnj + βnjgn) vmj = exp(umj − αmjpmj)

Selling Price pnj = 10 pmj = 10

Operation Cost cnj = (1.3qnj)F
(gnj)(j) cmj = (1.3qmj)

Table 4.7. Experimented Parameter Value Levels in the Computational Study

ad effort cost (F) organic mean utility (k) price sensitivity (α)

1.01 (low) 0.5 (low) 0.75 (low)

1.1 (medium) 1.5 (base) 1(medium)

1.4 (high) 3 (high) 1.5 (high)

To sum up, while including a new product in the assortment brings more utility

to retailers, on the other hand, it brings marginal costs due to daily operations and

ad effort. Thus, in this thesis, decision problem of retailer n is to maximize his profit

over gn and assortments. Since the profit function of retailer n is concave in gn, we

calculate an optimum gn value for each possible assortment pair (An, Am), and then

find the optimum An that yields the maximum profit.

4.1.1. The Impact of Price Sensitivity, Effort Cost and Mean Utility

Parameters for computational study are shown in Tables 4.6 and 4.7. We normal-

ize ad effort sensitivity βnj to one so that we can isolate the effects of price sensitivity.

As already defined in Section 4.1, the coefficient B, that is related to retailer r’s

daily operation cost is determined as B = 1.3 for the computational study.
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According to Choi and Mela [52], an online marketplace can take commissions from

sellers varying between 6% to 25% as a percentage of the total sale amount. They

also state that Amazon charges 15% of the transaction price in average. In this study,

selling price is predetermined by the marketplace and equals to 10, thus we can say that

our daily operation cost values are at a reasonable level. F is the coefficient associated

with advertising effort cost, when retailer n acquires gn amount of inorganic utility as

a result of advertising activities. Organic utility strength parameter k determines the

level of retailers’ total organic assortment attractiveness. In other words, it shows how

attractive an assortment is in the absence of advertising activities. Price sensitivity, α,

represents the price perception of customers and indicates how individual customers

react to changes in price levels in an assortment. The parameter values for price

sensitivity (α), ad effort cost (F ), and organic mean utility (k) used in computational

study are shown in Table 4.7.

We begin by considering two model settings: a) none of the retailers is given the

effort factor advantage b) ad effort factor advantage is given to retailer n only. Since

we have three factors with three levels in each, we experimented 27 different scenarios

under both centrally and decentrally managed systems. This totals to 108 different

experiments. All computational results can be found in Appendix A.

In order to observe the impact of price sensitivity, the retailers’ and marketplace’s

profits are grouped under each price sensitivity scenario considering three levels of

price sensitivity: low, medium and high. In this context, Table 4.11 represents the

average value of the equilibrium centralized and decentralized profits of retailers and

the marketplace and the value of the ad effort in each management regime. Figure 4.3

demonstrates the equilibrium assortment varieties of retailers’.
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Table 4.8. Experimental Design and Results for the Decentralized System

R F k α DR1 DR2 DMP DR1Wg DR2Wg DMPWg Dg

1 L L L 4.19 4.19 8.38 8.55 0.02 8.57 9.6

2 L L M 3.57 3.57 7.14 8.54 0.02 8.56 10∗

3 L L H 0.53 0.53 1.06 8.39 0.01 8.40 10∗

4 L B L 4.21 4.21 8.43 8.55 0.02 8.57 9.33

5 L B M 3.66 3.66 7.31 8.54 0.01 8.56 9.83

6 L B H 0.59 0.59 1.19 8.41 0.05 8.42 10∗

7 L H L 4.24 4.24 8.48 8.55 0.01 8.57 9.02

8 L H M 3.78 3.78 7.55 8.55 0.01 8.56 9.41

9 L H H 0.72 0.72 1.44 8.44 0.01 8.42 10

10 M L L 4.19 4.19 8.38 7.51 0.32 7.83 4.22

11 M L M 3.57 3.57 7.14 7.37 0.23 7.61 4.61

12 M L H 0.53 0.53 1.06 6.51 0.03 6.54 9

13 M B L 4.21 4.21 8.42 7.56 0.31 7.87 4.17

14 M B M 3.66 3.66 7.31 7.44 0.23 7.66 4.52

15 M B H 0.6 0.6 1.19 6.33 0.02 6.36 7.36

16 M H L 4.24 4.24 8.47 7.63 0.29 7.92 4.09

17 M H M 3.78 3.78 7.55 7.53 0.22 7.75 4.39

18 M H H 0.72 0.72 1.44 6.75 0.03 6.79 8.25

19 H L L 4.19 4.19 8.38 5.44 1.75 7.19 1.98

20 H L M 3.57 3.57 7.14 5.02 1.45 6.47 2.14

21 H L H 0.53 0.53 1.05 1.64 0.26 1.90 3.19

22 H B L 4.21 4.21 8.42 5.56 1.67 7.23 1.97

23 H B M 3.66 3.66 7.31 5.19 1.41 6.6 2.12

24 H B H 0.60 0.60 1.19 1.90 0.33 2.23 4.27

25 H H L 4.24 4.24 8.47 5.73 1.56 7.29 1.96

26 H H M 3.78 3.78 7.55 5.43 1.36 6.79 2.09

27 H H H 0.72 0.72 1.44 2.34 0.34 2.67 4.11

F represents the ad effort cost, k represents the organic mean utility, and α represents price

sensitivity. L, M, and H represents low, medium, and high values, respectively. (∗) is the upper

bound imposed on gn.
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Table 4.9. Experimental Design and Results for the Centralized System

R F k α CR1 CR2 CMP CR1Wg CR2Wg CMPWg Cg

1 L L L 4.19 4.19 8.38 8.34 0.26 8.6 5.96

2 L L M 3.57 3.57 7.14 8.52 0.04 8.56 8.58

3 L L H 0.53 0.53 1.06 8.39 0.01 8.39 10∗

4 L B L 4.21 4.21 8.43 8.32 0.28 8.61 5.5

5 L B M 3.66 3.66 7.31 8.52 0.04 8.57 8.23

6 L B H 0.59 0.59 1.19 8.42 0.01 8.42 10

7 L H L 4.24 4.24 8.48 8.28 0.34 8.61 5

8 L H M 3.78 3.78 7.55 8.52 0.05 8.58 7.68

9 L H H 0.72 0.72 1.44 8.42 0.01 8.43 10∗

10 M L L 4.19 4.19 8.38 4.19 4.19 8.38 0

11 M L M 3.57 3.57 7.14 7.01 0.75 7.76 4.36

12 M L H 0.53 0.53 1.06 6.51 0.03 6.55 8.91

13 M B L 4.21 4.21 8.42 4.21 4.21 8.42 0

14 M B M 3.66 3.66 7.31 7.02 0.75 7.82 4.05

15 M B H 0.6 0.6 1.19 6.61 0.03 6.64 8.61

16 M H L 4.24 4.24 8.47 4.23 4.23 8.47 0

17 M H M 3.78 3.78 7.55 6.99 0.92 7.92 3.54

18 M H H 0.72 0.72 1.44 6.75 0.03 6.78 8.15

19 H L L 4.19 4.19 8.38 4.19 4.19 8.38 0

20 H L M 3.57 3.57 7.14 3.57 3.57 7.14 0

21 H L H 0.53 0.53 1.05 1.62 0.34 1.96 4.23

22 H B L 4.21 4.21 8.42 4.21 4.21 8.42 0

23 H B M 3.66 3.66 7.31 3.65 3.65 7.31 0

24 H B H 0.60 0.60 1.19 1.89 0.34 2.24 4.13

25 H H L 4.24 4.24 8.47 4.23 4.23 8.47 0

26 H H M 3.78 3.78 7.55 3.77 3.77 7.55 0

27 H H H 0.72 0.72 1.44 2.32 0.36 2.68 3.96

F represents the ad effort cost, k represents the organic mean utility, and α represents price

sensitivity. L, M, and H represents low, medium, and high values, respectively. (∗) is the upper

bound imposed on gn.
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Table 4.10. Abbreviations used in Computational Study

DR1 Retailer n’s equilibrium profit under decentralized regime

DR2 Retailer m’s equilibrium profit under decentralized regime

DMP Marketplace’s equilibrium profit under decentralized regime

CR1 Retailer n’s equilibrium profit under centralized regime

CR2 Retailer m’s equilibrium profit under centralized regime

CMP Marketplace’s equilibrium profit under centralized regime

Dg Optimal value of ad effort under decentralized regime

Cg Optimal value of ad effort under centralized regime

Table 4.11. Average Profits under Different Price Sensitivity Scenario

Price Sensitivity High Medium Low

Average of DR1 profit 5.68(98%) 7.07(93%) 7.23(91%)

Average of DR2 profit 0.11(2%) 0.55(7%) 0.66(9%)

Average of DMP profit 5.75 7.62 7.89

Average of CR1 profit 5.66(97%) 6.40(81%) 6.58(69%)

Average of CR2 profit 0.13(13%) 1.51(19%) 2.91(31%)

Average of CMP profit 5.79 7.91 8.49

Average of Dg value 7.36 5.46 5.15

Average of Cg value 7.35 4.05 1.84
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Figure 4.3. Assortment Variety Changes due to Price Sensitivity

Observations:

• We observe that price sensitivity is negatively correlated with retailers’ and mar-

ketplace’s profits under both management regimes. Players lose profit as cus-

tomers get more price sensitive.

• Centralized marketplace profit is always higher than the decentralized market-

place profit under each price sensitivity policy with an average of 5.7%. The

maximum deviation occurs when the price sensitivity is low (7.60%).

• As price sensitivity of customers decreases, Retailer n’s share from the total

profit decreases although his profit shows an increase. This experiment revealed

that price sensitive customers are more likely to be affected by the advertising

activities and are more likely to prefer the popular products in both centralized

and decentralized cases.

• Under the same price sensitivity policy, centralized management regime causes

retailer n to lose share from the total profit. The amount of this loss increases as

the price sensitivity of customers increases.
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On the contrary, centralized regime is in favor of retailer m causing his share from

the total profit to increase significantly. Centralized regime ”protects” seller m

from losing too much due to ad effort of seller n.

• Marketplace’s total profit is maximized when price sensitivity is low and the

management regime is centralized. This is the case when two retailers’ shares are

closer to each other and ad effort g has its least value.

• The impact of price sensitivity on ad effort is worth noting. As price sensitivity

increases, ad effort factor gn under both management regimes increases as well.

In other words, when a product’s price affects its demand sigificantly, the retailer

has to allocate more advertising spending on the product. This increase is more

significant in the centralized setting (299.46%). On the other hand, when price

sensitivity is low, the centralized system does not use the ad effort for retailer n

as much as the decentralized system.

• Competition causes 35.72% increase in effort factor on average. When price

sensitivity is low, competition causes a significant increase in the effort factor

gn (179.89%). When price sensitivity high, it is observed that competition has

almost no impact on the effort factor gn.

• As Figure 4.3 shows, when price sensitivity increases, retailer n decreases its

assortment variety while utilizing more effort factor gn simultaneously under both

management regimes. However, the reduction in assortment variety due to price

sensitivity is steeper in centrally managed systems.

From the perspective of the marketplace, different ad effort cost structures are

considered to observe the impact of effort cost on equilibrium values. Choi and Mela

[52] list advertising fees under the fee structure models of an online marketplace by

saying that:

”As for the advertising fees, Amazon uses an auction-based pricing model for
each keyword, similar to keyword search engines. Etsy asks sellers to list several
keywords and set one weekly maximum budget. Both charge sellers on a cost-
per-click basis. On the other hand, the website in our empirical application asks
sellers about the willingness to pay extra 17% of the sale price when the item
is sold, and the platform has full discretion on how the sponsored products are
displayed.”
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Table 4.12. Average Profits under Different Ad Effort Cost Structures

Effort Cost Low Medium High

Average of DR1Wg profit 8.51(99%) 7.18(97%) 4.25(79%)

Average of DR2Wg profit 0.01(1%) 0.19(3%) 1.13(21%)

Average of DMPWg profit 8.52 7.37 5.38

Average of CR1Wg profit 8.42(98%) 5.95(77%) 3.28(54%)

Average of CR2Wg profit 0.11(2%) 1.69(23%) 2.74(46%)

Average of CMPWg profit 8.53 7.64 6.02

Average of Dg value 9.69 5.63 2.65

Average of Cg value 7.90 4.18 1.37

The base value for F is determined as 1.1, and other ad effort cost values for

scenario analysis are represented in Table 4.7. It is observable that when the ad effort

cost is at base level, F = 1.1, the average value of gn is 4, 91. Thus the ad effort cost

becomes 1, 60, and it is 16% of the selling price. Hence, we can say that our results are

compliant with the normal values. Retailers’ equilibrium assortment variety changes

are shown in Figure 4.4. Low means ad effort cost is minimum, and high means ad

effort is more expensive.

Observations

• As anticipated, when effort cost increases, the profit of retailer n decreaes, while

the profit of retailer m increases under both management regimes. Taken to-

gether, total profit of the markeplace decreases. These results correlate favorably

with retailers’ shares from the total profit. As ranking fee increases, retailer n’s

share from the total profit decreases, while retailer m’s increases.

• We have found that optimal ad effort factor, gn, decreases as effort cost increases.

When the effort cost goes up, retailer n spends less on advertising by decreasing

effort factor gn in order to offset the increase in effort factor under both manage-

ment regimes.
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Figure 4.4. Assortment Variety Changes due to Ad Effort Cost

• Centralized marketplace profit is always higher than the decentralized market-

place profit under each effort cost policy.

• Under the same ed effort cost policy, centralized management regime causes re-

tailer n to lose share from the total profit. The amount of this loss increases as

the effort cost increases.

• Marketplace’s total profit is maximized when effort cost is low and the manage-

ment regime is centralized.

• An important highlight here would be the impact of competition on effort factor

gn under each effort cost scenarios. Competition causes 33.6% increase in ad

effort on average. This means that marketplace has the power to have more

profits despite using less ad effort under the centralized regime.

• As it can be seen in Figure 4.4, while ad effort cost cn(gn) increases, retailer

n increases its assortment variety while using less effort factor gn under both

management regimes.

We proceed by observing the impact of the mean utility, urj ,on equilibrium

profits. It is the utility that a player acquires without any means of advertisement. A

higher mean utility implies that a product assortment of retailer r has a high attraction

and more likely to be selected by the customer in the absence of advertising.
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Table 4.13. Average Profits under Different Mean Utility Levels

Mean Utility Low Base High

Average of DR1Wg profit 6.55(93.4%) 6.61(93.6%) 6.77(94.1%)

Average of DR2Wg profit 0.45(6.6%) 0.45(6.4%) 0.43(5.9%)

Average of DMPWg profit 7.01 7.06 7.20

Average of CR1Wg profit 5.82(79.7%) 5.88(79.6%) 5.95(79.3%)

Average of CR2Wg profit 1.49(20.3%) 1.51(20.4%) 1.55(20.7%)

Average of CMPWg profit 7.30 7.38 7.50

Average of Dg value 6.09 5.96 5.93

Average of Cg value 4.67 4.51 4.26

The retailers’ and marketplace’s profits are grouped under each mean utility

levels. Table 4.13 represents the average value of the centralized and decentralized

profits of the players. Figure 4.5 shows retailers’ assortment variety changes.

Observations

• In the decentralized setting, as the mean utility increases, retailer n’s profit

slightly increases, retailer m’s profit decreases and the overall profit of the mar-

ketplace increases. In centralized setting, as mean utility of retailers increase, the

profit of both retailers and marketplace increases,

• The shares of retailers from total profit are not affected much by the organic

utility strength.

• Centralized marketplace profit is always higher than the decentralized market-

place profit under each scenario.

• Under the same organic utility strength policy, centralized management regime

causes retailer n to lose significant share from the total profit.

• Marketplace’s total profit is maximized when mean utility is high and the man-

agement regime is centralized.

• As organic utility strength is getting higher, effort factor gn decreases under both

management regimes. Since the attraction of products already high, retailer n

does not prefer spend more on advertising.
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Figure 4.5. Assortment Variety Changes due to Mean Utility

• Competition causes an increase in effort factor gn 33.78% on average. This means

that marketplace has the power to have more profits despite using less ad effort

factor under centralized regime.

• As it is shown in Figure 4.5, although its a slight change, as mean utility increases,

retailer n reduces its assortment variety under both management regimes.

Our results show that effort factor gn causes retailer n to reduce assortment

variety in all scenarios (min 33%, max 67%). It is observed that when effort cost

is low, as price sensitivity increases, retailer n either keeps the same assortment or

increases product variety. When effort cost is medium or high, it is found to be that

retailer n decreases its product variety as price sensitivity of customers increases.

Taken together, these findings suggest that centralized marketplace profit is al-

ways higher than the decentralized marketplace profit under all policies. Competition

causes an increase in effort factor gn, meaning that there is more advertising spend-

ing when the management regime is decentralized. Thus marketplace would suggest

retailers not to compete but cooperate with the marketplace.
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Table 4.14. The % Changes of Effort Factor due to Competition at Parameter Levels

Parameters Levels % Change

Price Sensitivity Low 64.22%

Price Sensitivity Medium 25.81%

Price Sensitivity High 0.14%

Mean Utility Low 23.20%

Mean Utility Base 24.25%

Mean Utility High 28.10%

Effort Cost Low 18.48%

Effort Cost Medium 25.71%

Effort Cost High 48.40%

Average 25.16%

4.1.2. The Impact of Competition

Our experiments provide considerable insight into the impact of competition on

effort factor, gn. It is found that competition causes retailer n to use 25.16% more ad

effort factor than in non-competitive centrally managed environment. Findings at each

parameter level are summarized in Table 4.14.

This analysis has further strengthened our conviction that decentralized effort

factor, gn is higher than the centralized effort factor, gn. The correlation between

competition and effort factor is noteworthy. We continue by analyzing the impact of

competition on equilibrium profits of all players in the marketplace. We have found

that competition in the existence of effort factor increases retailer n’s profit by 13%

while decreases retailer m’s profit by 71% on average. Marketplace profit declines by

4.17% due to competition. Table 4.15 shows a summary of the results obtained from

this analysis.



39

Table 4.15. The % Changes of Profits due to Competition at Parameter Levels

Parameters Levels R1 change R2 change MP change

Price Sensitivity Low 29.56% −77.16% −6.98%

Price Sensitivity Medium 10.42% −63.57% −3.72%

Price Sensitivity High −0.44% −10.59% −0.66%

Mean Utility Low 12.63% −69.38% −4.05%

Mean Utility Base 12.53% −70.45% −4.43%

Mean Utility High 13.81% −72.43% −4.02%

Effort Cost Low 1.06% −89.14% −0.14%

Effort Cost Medium 21.14% −88.81% −3.52%

Effort Cost High 30.01% −58.90% −10.69%

Average 12.99% −70.77% - 4.17%

As it is seen from Table 4.15, competition always helps retailer n to increase his

profits using the ad effort while causing a significant decrease in the retailer m’s and

total marketplace profit. As price sensitivity increases, the impact of competition on

profits moderates. Mean utility is not found to be an important factor in this analysis.

As effort cost increases, the impact of competition on retailer n and marketplace profits

also increases. This observation tends to indicate that the marketplace must regulate

the ad effort offered to retailers carefully in a competitive market.

4.1.3. The Impact of Using the Ad Effort Factor

Our findings would seem to show that effort factor gn has increased the profit

of retailer n 134.64% while causing retailer m to lose 84.4% of profits on average in

the decentralized system. We observe that the marketplace profit increases by 25.14%.

Table 4.16 shows the profit percent changes of retailers due to effort factor under each

parameter scenarios when the management regime is decentralized.
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Table 4.16. The % Changes of Profits due to Effort Factor at Parameter Levels in the

Decentralized Setting

Parameters Levels DR1 change DR2 change DMP change

Price Sensitivity Low 79.61% −84.30% −6.32%

Price Sensitivity Medium 92.70% −85% 3.68%

Price Sensitivity High 815% −81.50% 367%

Mean Utility Low 137% −83.50% 26.79%

Mean Utility Base 134% −84.20% 25.07%

Mean Utility High 132% −85.30% 23.63%

Effort Cost Low 200% −99.60% 50.38%

Effort Cost Medium 153% −93.30% 30.13%

Effort Cost High 50% −60.20% −5.10%

Average 134.64% −84.40% 25.14%

Observations

• In all cases, effort factor increased retailer n’s profit while causing retailer m to

lose profit. Except the cases when price sensitivity is low and effort cost is high,

effort factor always increases the total marketplace profit.

• As price sensitivity of customers increases, the impact of effort factor increases

significantly for retailer n.

• When organic utility strength increases, the effect of effort factor on retailer n

slightly decreases.

• As effort cost increases, its impact on retailer n’s profit significantly decreases.

In centralized system, our results revealed that effort factor gn increases the profit

of retailer n 107.66% while causing retailer m to lose 46.51% of profits on average.

Marketplace profit increases by an average of 30.58%. Table 4.17 shows the profit (%)

changes of retailers due to effort factor under each scenario when the management

regime is centralized.
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Table 4.17. The % Changes of Profits due to Effort Factor at Parameter Levels in the

Centralized Setting

Parameters Levels CR1 change CR2 change CMP change

Price Sensitivity Low 32.46% −31.04% 0.71%

Price Sensitivity Medium 74.51% −58.77% 7.87%

Price Sensitivity High 819.92% −79.30% 370.31%

Mean Utility Low 110.53% −46.26% 32.14%

Mean Utility Base 108.25% −46.50% 30.88%

Mean Utility High 104.36% −46.74% 28.81%

Effort Cost Low 197.18% −96% 50.59%

Effort Cost Medium 110% −40.34% 34.88%

Effort Cost High 16% −3.18% 6.26%

Average 107.66% −46.51% 30.58%

Observations

• Under each parameter scenario, effort factor increases retailer n’s and market-

place’s overall profit while causing a decrease in retailer m’s profit.

• As price sensitivity increases, the impact of effort factor is more significant on

retailers’ profit.

• Retailers’ profits are not affected much from the organic utility strength. As

organic utility strength increases, the profit of retailer n shows a slight decrease.

• The impact of effort factor is more significant when the effort cost is at the lowest

level.

Table 4.18 summarizes the min, average, max (%) changes of assortment profits

due to effort factor under centrally and decentrally managed systems. Figure 4.6 shows

that using effort factor decreases the product variety of the retailer n, who utilizes the

ad effort under both management regimes.
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Table 4.18. Summary of the % Changes of Assortment Profits due to Effort Factor

DR1Wg DR2Wg DMPWg CR1Wg CR2Wg CMPWg

min 29.70% 99.60% −14.29% 0% −99.43% 0%

average 134.64% −84.40% 25.14% 107.66% −46.51% 30.58%

max 1487% −45.20% 693.92% 1487.08% 0% 693.92%
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Figure 4.6. Assortment Variety Changes due to Effort Factor
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Table 4.19. % Changes of Profits due to Exclusive Product in the Decentralized

Setting

Attraction Level DR1Wg DR2Wg DMPWg Dg

8 7.86(98.6%) 0.11(1.4%) 7.97 4.11

10 7.84(98.4%) 0.13(1.6%) 7.96 4.18

12 7.78(98%) 0.16(2%) 7.94 4.44

14 7.60(96.9%) 0.25(3.1%) 7.85 5.16

16 7.28(95.4%) 0.35(4.6%) 7.63 6.41

18 6.83(93.8%) 0.45(6.2%) 7.28 8.02

20 6.29(91.7%) 0.57(8.3%) 6.86 9.66

4.2. Computational Study with Exclusive Products

In this section, our model is extended by removing one of the modeling assump-

tions. Now, retailers have access to different product sets An 6= Am, thus exclusive

products exist in the assortment planning problem. An = {1, 2, 3} and Am = {2, 3, 4}.

When exclusive products have the same utility, un1 = um4, we observe observations in

Section 4.1 still holds for this setting at parameter level. On the other hand, we found

out that having a more attractive product exclusively gives a competitive advantage

to retailer m and protects her from the ad effort effects of retailer n.

4.2.1. Impact of the Exclusive Product Utility

So far, we have found out that retailer n’s ad effort usage makes retailer m worse

off. In this part, we give retailer m the opportunity to have an exclusive product and

experimented at different vm4 levels, while vn1 = 12 and common products have the

same attraction. Results are summarized in Table 4.19, Table 4.20 and in Figure 4.7.

All computational results can be found in Appendix B.
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Table 4.20. % Changes of Profits due to Exclusive Product in the Centralized Setting

Attraction Level CR1Wg CR2Wg CMPWg Cg

8 8.01(99.8%) 0.01(0.2%) 8.012 3.14

10 7.97(99.4%) 0.05(0.6%) 8.017 3.32

12 7.94(99.1%) 0.07(0.9%) 8.02 3.66

14 7.83(97.3%) 0.21(2.7%) 8.03 3.8

16 1.36(16.4%) 6.93(83.6%) 8.29 0

18 0.44(5.2%) 8.13(94.8%) 8.57 0

20 0.12(1.4%) 8.55(98.6%) 8.86 0

In the decentralized setting, we observe that a more attractive exclusive product

makes retailer m more competitive by increasing its total profit and share from the

total profit. It causes the marketplace and retailer n to lose profits and forces retailer

n to use more ad effort gn at the same time. As vm4 increases, retailer m drops the

products that have least utility. Stated in other words, retailer m prefers to include

only the most attractive product in the assortment while causing retailer n to use more

ad effort and lose profits. In the centralized setting, the results are more significant.

We infer that there is a threshold Em(Am), and above this value marketplace does not

use ad effort for retailer n as it can be seen in Table 4.20. Therefore, retailer m acquires

the majority of shares from the total profit. Marketplace’s profit also increases. In this

case, since retailer n loses his market leadership, retailer m chooses to include more

products in the assortment as vm4 increases.

4.2.2. The Impact of Price Sensitivity, Mean Utility and Effort Cost in the

Existence of Exclusive Product

In this part, it is assumed that, un1 = um4. Experimental design and correspond-

ing results of the extended computational study are shown in Table 4.21 and Table

4.22, respectively. All computational results can be found in Appendix C. The results

are qualitatively similar to what we have stated in Section 4.1 for common products.

We first consider the impact of price sensitivity.
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Table 4.21. Experimental Design of the Extended Computational Study

Run Regime Mean Utility Price Sensitivity Effort Cost

1 Decentralized low low low

2 Decentralized low low high

3 Decentralized low high low

4 Decentralized low high high

5 Decentralized high low low

6 Decentralized high low high

7 Decentralized high high low

8 Decentralized high high high

9 Decentralized low low low

10 Centralized low low high

11 Centralized low high low

12 Centralized low high high

13 Centralized high low low

14 Centralized high low high

15 Centralized high high low

16 Centralized high high high

Table 4.22. Average Profits under Different Price Sensitivity Levels in the Existence

of Exclusive Product

Value Low High

Average of DR1Wg profit 6.99(87%) 5.16(96%)

Average of DR2Wg profit 1.06(13%) 0.24(4%)

Average of DMPWg profit 8.04 5.39

Average of CR1Wg profit 6.41(75%) 5.16(96%)

Average of CR2Wg profit 2.14(25%) 0.24(4%)

Average of CMPWg profit 8.54 5.39

Average of Dg value 5.62 6.01

Average of Cg value 4.43 6.01
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Figure 4.7. The Impact of Exclusive Product to Retailer m’s Assortment Variety

DR2W (first bar) and CR2W (second bar) denotes respectively retailer m’s decentralized and

centralized assortment variety in the case when retailer n utilizes effort factor

• Price sensitivity is negatively correlated with retailers’ and marketplace’s profit

under both management regimes,

• Centralized marketplace profit is always higher than the decentralized market-

place profit under each price sensitivity policies,

• As price sensitivity of customers decreases, Retailer n’s share from the total

profit decreases although his profit shows an increase. This experiment revealed

that price sensitive customers are more likely to be affected by the advertising

activities and are more likely to prefer the popular products in both centralized

and decentralized cases,

• Marketplace’s total profit is maximized when price sensitivity is low and the

management regime is centralized. This is the case when two retailers’ shares are

closer to each other and effort factor gn has its least value,

• Similarly to what we have stated in Section 4.1 the impact of price sensitivity on

effort factor gn is significant . As price sensitivity increases, effort factor gn under

both management regimes increases as well. In other words, when a product’s

price affects its demand significantly, the retailer has to allocate more advertising

spending on the product in order to acquire the same profit margin.
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Table 4.23. Average Profits under Different Mean Utility Levels in the Existence of

Exclusive Product

Value Low High

Average of DR1Wg profit 6.01(91%) 6.13(90%)

Average of DR2Wg profit 0.63(9%) 0.66(10%)

Average of DMPWg profit 6.64 6.79

Average of CR1Wg profit 5.72(83%) 5.84(83%)

Average of CR2Wg profit 1.17(17%) 1.20(17%)

Average of CMPWg profit 6.89 7.04

Average of Dg value 5.83 5.81

Average of Cg value 5.24 5.20

• Competition causes an increase in the effort factor in both management regimes

(11.5% on average). This increase is much sharper when price sensitivity is low

(25% when price sensitivity is low, and 2% when price sensitivity is high).

What is surprising is that, competition does not change the effort factor signif-

icantly (16.82%) as it does in Section 4.1 when price sensitivity is low (179%),

where retailers have overlapping assortments.

When we consider the impact of mean utility, the observations shown in Table

4.23 are in the same direction as in Section 4.1.

• Under both settings, as the mean utility increases, retailers’ and marketplace’s

profits slightly increase.

• The shares of retailers from total profit are not affected much by the mean utility.

• Centralized marketplace profit is always higher than the decentralized market-

place profit under each scenario.

• Under the same mean utility policy, centralized management regime causes re-

tailer n to lose significant share from the total profit.

• Marketplace’s total profit is maximized when mean utility is high and the man-

agement regime is centralized.
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Table 4.24. Average Profits under Different Effort Cost Levels in the Existence of

Exclusive Product

Value High Low

Average of DR1Wg profit 3.68(74%) 8.46(98%)

Average of DR2Wg profit 1.27(26%) 0.02(2%)

Average of DMPWg profit 4.96 8.48

Average of CR1Wg profit 3.09(57%) 8.48(99%)

Average of CR2Wg profit 2.36(43%) 0.009(1%)

Average of CMPWg profit 5.45 8.49

Average of Dg value 1.64 10∗

Average of Cg value 1.01 9.43

(∗) represents the upper bound imposed on gn.

• As mean utility increases, effort factor gn decreases under both management

regimes.

• Competition causes an 33.78% increase in effort factor gn on average. This means

that marketplace has the power to have more profits despite using less ranking

factor under centralized regime.

When we consider the impact of effort cost as shown in Table 4.24, we have the

following observations:

• As effort cost increases, the profit of retailer n decreases, while the profit of retailer

m increases under both management regimes. Taken together, total profit of the

marketplace decreases. These results correlate favorably with retailers’ share from

the total profit. As effort cost increases, retailer n’s share from the total profit

decreases, while retailer m’s increases.

• As the effort cost goes up, retailer n cuts advertising spending by decreasing

effort factor gn drastically in order to offset the increase in effort cost under both

management regimes.

• Centralized marketplace profit is always higher than the decentralized market-

place profit under each effort cost policy.



49

Figure 4.8. The Impact of Competition on Effort Factor and Assortment Profits

• Under the same effort cost policy, centralized management regime causes retailer

n to lose share from the total profit.

• Marketplace’s total profit is maximized when effort cost is low and the manage-

ment regime is centralized,

• As predicted, we have found that optimal effort factor gn decreases as effort cost

increases. An important highlight here would be the impact of competition on

effort factor gn under each effort cost scenarios. Competition causes an increase

in effort factor. This means that marketplace has the power to have more profits

despite using less effort factor under centralized regime.

To sum up, it is observed that competition causes retailer n to use quadrupled

effort factor when compared to non-competitive centralized environment. We have

found that competition in the existence of effort factor increases retailer n’s profit

by 5.02% while decreases retailer m’s profit by 45% on average. Marketplace profit

declines by 3.58% due to competition as it is shown in Figure 4.8.
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5. CONCLUSION

The purpose of this thesis is to analyze the assortment game of competing retailers

in an online marketplace and suggest ways to maximize/optimize their payoffs. We

also would like to reveal if the marketplace can provide a value-added assortment and

advertising service to its sellers. We assume duopolistic retailers competing in product

assortment and advertisement opportunity decisions. In our case, products’ displayed

positions at the online marketplace are linked to retailers’ advertising effort. The

assortment of a retailer who has the ad opportunity has higher display position than

the competitor’s and presumptively higher attractiveness. We consider two different

systems a) when retailers have overlapping assortments b) when retailers have access

to an exclusive product. The main assumptions made in the thesis are: (i) prices

are determined by the market, and are not under the control of the retailers (ii) ad

effort applies to all assortment, thus it is independent of products (iii) the ad effort

opportunity is given to player n only and is not available to retailer m (iv) higher ad

effort is expected to reflect on the value function with diminishing returns. Under these

assumptions, we experiment both problem cases with centralized and decentralized

management regimes and with different parameter scenarios: price sensitivity, mean

utility, and effort cost. Under the decentralized setting, each retailer makes independent

product assortment decisions as separate entities. Under the centralized system, the

product assortment decisions are managed by a single decision maker that is referred

to as the marketplace.

Our work reveals that offering advertisement causes the marketplace to increase

profits in both decentralized and centralized settings by 25.14% and 30.58% respec-

tively. We find that the retailer has a substantial advantage if he wins the advertising

opportunity. As a player who has the advertisement offering, retailer n gains advantage

by increasing his profit by 134.64% in the decentralized and 107.66% in the centralized

system. However, ad opportunity makes retailer m out of the game, causing him to

lose on average 65.45% profit.
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Although ad effort makes the other retailer out of the game, our results show that

centralized system always protects the retailer who otherwise loses much more in the

decentralized system by causing him to save 37.86% profit on average. We also observe

that, competition is in favor of retailer n who uses the ad opportunity. Competition

increases retailer n’s profit by 12.99% while causing retailer m and marketplace to lose

profit when compared to the centralized system. Our results also reveal that centralized

marketplace profit is always higher than the decentralized marketplace profit with an

average of 4.36%. Furthermore, competition causes retailer n to use on average 39, 41%

more ad effort. This would mean that marketplace may have more profits despite using

less ad effort factor under centralized regime. In addition, our findings indicate that

except for the case when price sensitivity is high, retailer n has wider assortment variety

in centralized management regime.

Price sensitivity is found to be negatively correlated with players’ equilibrium

profits, since high price sensitivity means that customers are highly sensitive to price

changes. On the other hand, our findings would seem to show that as price sensitivity

of customers increases, retailer n’s market share also increases although his profit and

assortment variety decreases. In other words, price sensitive customers are more likely

to be affected by the advertisement activities and more likely to purchase attractive

products. In return, retailer n is observed to allocate more advertisement spending

on less and attractive products to capture price sensitive customers. This result is

more significant when the system is managed centrally (300%). In the case when

customers are not price sensitive, centralized system cuts advertisement spending by

64, 27% compared to the decentralized case. Also, marketplace’s profit is maximized

when customers are not price sensitive, and the system is managed centrally.

As anticipated, we observe that when the effort cost is high, retailer n prefers

to cut advertising spending and increase assortment variety instead. However, retailer

n cannot avoid losing profit due to effort cost increase, which also causes a decrease

in marketplace’s profit. Marketplace total profit is maximized when the regime is

centralized and the effort cost is low.
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The most important result for the organic mean utility strength is that when

organic mean utility of the assortment is getting higher, ad effort factor decreases. In

other words, retailer n has more profit with less advertising effort and with less assort-

ment variety. This implies that if the assortment set has already high attractiveness,

the system does not prefer spending more on advertising and keeping various products

in the assortment.

So far, our results have led us to conclude that ad effort opportunity makes re-

tailer m worse off by causing him to lose significant profit. Thus, we extend the model

by giving retailers access to an exclusive product. We then observe that whether an

attractive exclusive product gives a competitive power to retailer m. Our findings show

that, in the competitive environment, retailer m’s offering of an attractive exclusive

product causes retailer n to use almost double effort factor besides having less profit.

An attractive exclusive product helps retailer m to be more competitive by having

five-fold profit, and six-fold market share. When the system is centrally managed, the

results are more interesting. Our results point to the likelihood that in the central-

ized setting, there is a threshold value for Em(Am) when retailers offer an exclusive

product. Beyond the threshold, retailer n does not even use the ad opportunity, and

loses market leadership. We also find that in the case where customers are not price

sensitive, offering exclusive product softens the effect of competition on effort factor.

Both systems use almost the same effort factor.

To our knowledge, this study contributes to the assortment planning literature

by augmenting the utility function of customers by an advertising mechanism. Our

results show that marketplace can provide a value-added assortment and advertising

service to its sellers. Sellers would know that whoever wins the advertising opportunity,

he will be advantageous in the assortment game. Moreover, the retailer who loses the

ad opportunity knows how to stay competitive: by offering an attractive product.

Marketplace can also offer to its sellers to cooperate under a centrally managed system

to protect the retailer who lost the ad effort.
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To persuade retailer n in the centralized regime, marketplace may consider giving

commissions or any other opportunity to convince retailer n to renounce competition

since he is already substantially profitable with the ad opportunity. Marketplace could

also share the cost of the ad effort with retailer n. This study can be extended in

order to analyze the first stage ad effort game deeply. Multi-period analysis could be

considered where the retailers engage in effort competition at the beginning of each

period.
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17. Besbes, O. and D. Sauré, “Product assortment and price competition under multi-

nomial logit demand”, Production and Operations Management , Vol. 25, No. 1,

pp. 114–127, 2016.

18. Saure, D. R., Essays in consumer choice driven assortment planning , Ph.D. Thesis,

Columbia University, 2011.

19. Mantrala, M. K., M. Levy, B. E. Kahn, E. J. Fox, P. Gaidarev, B. Dankworth and

D. Shah, “Why is assortment planning so difficult for retailers? A framework and

research agenda”, Journal of Retailing , Vol. 85, No. 1, pp. 71–83, 2009.

20. Ryzin, G. v. and S. Mahajan, “On the relationship between inventory costs and

variety benefits in retail assortments”, Management Science, Vol. 45, No. 11, pp.

1496–1509, 1999.



56

21. Maddah, B. and E. K. Bish, “Joint pricing, assortment, and inventory decisions

for a retailer’s product line”, Naval Research Logistics (NRL), Vol. 54, No. 3, pp.

315–330, 2007.

22. Aydin, G. and J. K. Ryan, “Product line selection and pricing under the multino-

mial logit choice model”, Proceedings of the 2000 MSOM conference, 2000.

23. Smith, S. A. and N. Agrawal, “Management of multi-item retail inventory systems

with demand substitution”, Operations Research, Vol. 48, No. 1, pp. 50–64, 2000.

24. Mahajan, S. and G. Van Ryzin, “Stocking retail assortments under dynamic con-

sumer substitution”, Operations Research, Vol. 49, No. 3, pp. 334–351, 2001.

25. Chen, K. D. and W. H. Hausman, “Mathematical properties of the optimal product

line selection problem using choice-based conjoint analysis”, Management Science,

Vol. 46, No. 2, pp. 327–332, 2000.

26. Rusmevichientong, P., Z.-J. M. Shen and D. B. Shmoys, “Dynamic assortment

optimization with a multinomial logit choice model and capacity constraint”, Op-

erations research, Vol. 58, No. 6, pp. 1666–1680, 2010.

27. Fisher, M. L. and R. Vaidyanathan, “An algorithm and demand estimation pro-

cedure for retail assortment optimization”, Philadelphia: The Wharton School ,

2009.

28. Gallego, G. and R. Phillips, “Revenue management of flexible products”, Manu-

facturing & Service Operations Management , Vol. 6, No. 4, pp. 321–337, 2004.

29. Talluri, K. and G. Van Ryzin, “Revenue management under a general discrete

choice model of consumer behavior”, Management Science, Vol. 50, No. 1, pp.

15–33, 2004.

30. Liu, Q. and G. J. Van Ryzin, “Strategic capacity rationing to induce early pur-

chases”, Management Science, Vol. 54, No. 6, pp. 1115–1131, 2008.

31. Briesch, R. A., P. K. Chintagunta and E. J. Fox, “How does assortment affect

grocery store choice?”, Journal of Marketing Research, Vol. 46, No. 2, pp. 176–

189, 2009.



57
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APPENDIX A: COMPUTATIONS WITH COMMON

PRODUCTS

This section includes the equilibrium values for Chapter 4.1. Experimental Design

is shown in Table 4.8 and Table 4.9. The letter a represents Decentralized Management

Regime without Effort Factor, b represents Decentralized Management Regime with

Effort Factor, c represents Centralized Management Regime without Effort Factor and

d represents Centralized Management Regime with Effort Factor.
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APPENDIX B: IMPACT OF AN EXCLUSIVE PRODUCT

This section includes the computational results for Chapter 4.2.1.
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APPENDIX C: PARAMETER ANALYSIS WITH

EXCLUSIVE PRODUCTS

This section includes the computational results for Chapter 4.2.2. Experimental

Design is shown in Table 4.21 .












