Fed @ S mFRTa s Ly
L

Department of Information Management

College of Management

National Taiwan University

Master Thesis

G T S FRERAIT R R B9
Should a Food Delivery Platform Regulate Meal Prices
Set by Restaurants?

Jou-Hsuan Lee

PR L e gL
Adviser: Ling-Chieh Kung, Ph.D.

¢ ES R 109 & 7

July, 2020

doi:10.6342/NTU202004441



B2 KRB2EL LM%
Uﬁ%ﬁ@%i%

BRI EFERTRZRI B Z L — NI AE
¥ 7

Should a Food Delivery Platform Regulate Meal Prices
Set by Restaurants?

WXABEEZEE (£33 R07725003) £EEE KL
%m%ﬂﬁ% %m&z%fﬁm 53X 0 AEREA 109 & 07
A16 BATHERLEEBBBR ORI > 45 L350

A 4 K

PREA

doi:10.6342/NTU202004441



e

B BR - LA B o AR AN E PR AR 4 XD 0 j&d5 4p
%;?(*;Fﬁﬁrﬁk/;%gﬂ?ﬁ]*ﬁ FEUE o e BBEE b (SR w*\bﬁgﬁi’ﬂf&ﬂ%iﬂ%
hS o XFF - EFRALF B O Bl R 2 PR RERAR > R
BAABLIFY AREAF LD T H T AN THL D RRT TS
AR A KR B AT 118 B R E L B Ty
2R -G R R A BASE A EATEIREL E AR o R 2
o AREFIOEME P 0 KL B0 P F R R RN L
B om Lth~ ﬁ%ﬂ » REFRRE NS B A P g 4 B E AF Hmp e
dnd o HEFETE S L Ao o gy BIEEF  XFRFI A - Aot
B~ BEP - BEEILLS > BRGNP E %8 v o B A
LG oehfp gt S EROTREAL gy 4 4 R

ﬁ%i@ﬁﬁ#{ﬁ?iﬁk%woﬁﬁﬁﬁ&&%%ﬁﬁ%ﬂ—F%%
FEPRLER L J g0 ARG Excel i LRBHESAH %0 A
PFEiE Coding 2 4 %> AR GIGEFELRAHNG 1 -4LxaR
oo 2 g AARY AT V- 2o frBRL AR TN BN
HERFFE om g < RFEEL > TR
o Hre AER ARty G AB > B ARG RG G A - A AR

2 S S

FREREFAFELEPS BB R g lnsiyp Fe bk

ot

Bk AT R R
P A & 2 B s T L] Lab g8 o R
4 ES G R P EEA SRR TR A RS E E
LA Fe 33:/]57 o R BrA et w T R FLPE I R IR o BIHIRIE A - BAl

AR S R T L L A E L T

AR TSR FRBAF A BrbAk o SRHTEG N AR

doi:10.6342/NTU202004441



PR IR 0 AN T IR R A BATE S o B P A I o8 R
TG EY DR ARG E T o EF B T F AR R BR

WOER 0 AV PR B R GBS o SR N ] D v [ P i o
NG AR T U ERRE HMHPEYT T AR PFIFRELR & i D
heffn (A SR R B R DRAGE o AR A FADEARA S
Bo AR LpFEiEs L REA o FAaeRER TEG7 7 200 LW
f,"ﬁ’E\F#i’éffi@m%'uJ°3\—3—3-‘F;€: RESAR® >+ L F i
R T FR@?J&J PRI o B P AN RS S g d A R AR

BEE AR X AR ARL RN AR L FORER ST

B § AN AR E RSN - BRSO > YRAN] fiRi b
BRI ER AR > BA G R AL R

Bkl o AREEBEHE L c AW GEFF L0 X E B ERT G 8
fo o e a BREHIRG Y 4 > EAG F RPN L S BIIAF e A A BT D
i % RAORBIR F o U R PR R PIERA S o LB
REFHP > AL AR e enibsy ) L0 f#h 2 AR (i 2

2RI NP L o BEHTTHRA R A A T B FEEE Y %Y o

FRET R AN P AR EATE B L Ak B R ¥ R
KA PR Y > EARH S FETH o UFELNME e S XA Aol i

P}

PH o BERIT RS PR AT TRALER FP A ZA L IF L
F G TEREIOME > ¢ FRRE AP ROSE ~Hp Lt p i

oA F A RAnE L Fep e wBEE o
* ol
(3% EX

TAAFTRERFYL AT

AR-F R4 AL

doi:10.6342/NTU202004441



R

SR EAEE - BRERE AL FEES hE Lo Ra wHd i 3

BREEEOFET D App bk BT RS AR B 5L e
SEAN R F S M W TR A T R e R

PR R R e TR ARG P PR FE R ke
ARV T4 e hdida ERYF T > @ F PEL Lo flom 8as T
cEE DA R R D L F R R Y AR BB o F

AmT BRI AR PR R TR e TAR R

I A g
—T-r.rﬂg,

-

P EHNT SERF R R G TR

a2 P A PEEEE - BFEL A kw B AP R R AR 0T
PO B AT 1 Y A Bl eI ET L - RS- B R
FoT o AERPRAP ARG LEBFLEY kb~ 0 p PHIE > BFR R
TP R K R R B A IR BB R F R ERY
MR R S Y G EIRAN E A Y B R o

B RS A3 PR RARP R T T DR A PR R
AERAT S S GRS R REEVREEERFIRT LR L g
;g,*wr;wL¢J%@ B A T FE o T S KRB PR
EE AP HERG T SR ER R e T o FRRFE L7 H D)

RIS EENEE S SES RS R R LS RE LT SN2 LG R ot

BT © L R G R %%Eﬁ;’_gﬁ\ I R & A 1

doi:10.6342/NTU202004441



Thesis Abstract

Food delivery is a fast-growing industry with high potential. However, recently,
the markups on the online menu prices cause fierce controversy. To prevent consumer
irritation and avoid possible law issues, some food delivery platforms adopt “uniform
pricing” to force restaurants to set a uniform price on different channels. Nevertheless,
this makes restaurants suffer from less flexibility and may hurt the platform’s
profitability. On the contrary, some platforms allow “differentiated pricing” and let
restaurants decide different prices on different channels. Hence, the major purpose of
our work is to study the profitability of these two price regulation strategies and figure
out factors that affect the platform’s adoption of price regulation strategy.

We present a game-theoretic model to consider a market with a group of customers,
a restaurant, and a monopolistic platform. First, the food delivery platform chooses one
price regulation strategy and sets the per transaction freight. The restaurant then follows
the rules of price regulation strategy and sets the meal prices. Last, customers decide to
dine in the restaurant, to use food delivery services, or to buy nothing.

We obtain two main results. First, when the unit waiting cost per unit waiting time
or the commission rate decreases, the restaurant needs higher flexibility to satisfy
customer demands. By adopting differentiated pricing, the system can be operated more
efficiently, and the platform can earn more profits. Second, when the unit subsidization
for drivers increases, the platform needs a higher profit margin. By adopting
differentiated pricing, there is room for the restaurant to set a higher online price, and

the platform can obtain higher profits.

Keywords: food delivery, game theory, price regulation, sharing economy, two-sided

platform, uniform pricing, differentiated pricing
v
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Chapter 1

Introduction

1.1 Background and motivation

Thanks to the advances in technology, many companies recognize the value of sharing
economy, put multi-sided platforms into practice, and get huge success, like Uber and
AirBnb. Food delivery is another emerging industry with multi-sided platforms. Accord-
ing to |Statista (2018]), the global market size of Platform-to-Customer Food Delivery is
expected to grow from 17 billion dollars in 2018 to 32 billion dollars in 2023. Because
of that, many food delivery companies which rely on multi-sided platforms aggressively
expand their business worldwide, and thus, their business strategies become the key to

success.

Before analyzing the difference between their business strategies, we need to under-
stand the business model of these multi-sided food delivery platforms (we will call them

“platforms” in the rest of this paper). There are four types of players: platforms, restau-
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rants, customers, and drivers (people who deliver food for customers). First of all, the
platform decides the pricing strategy, and some of the restaurants, customers, and drivers
join the platform. Then, the customers search for ideal restaurants on the platform and
place orders, and the restaurants start to prepare dishes. Next, the drivers decide to take
parts of the orders and deliver food to the customers. After completing transactions,
the platform collects commission fees from the restaurants, freights from the customers,
and give subsidies to the drivers. The interactions between different players can be di-
vided into two aspects which the platform needs to balance the supply and demand:
restaurants-platforms-customers, and drivers-platforms-customers. Though the platform
can hire full-time employees to deliver food, it is too difficult for the platform to operate
thousands of restaurants by itself. Thus, we think dealing with the restaurants is more
important to the platform, and in this study we focus on the former aspect of interactions:

restaurants-platforms-customers.

Recently, the markups on the online menu prices cause fierce controversy (Quora,
2017; [Tan| 2018; [Reddit, 2018alb, [2019; Knowler, [2019; Liabilityguy, 2019)). For the ease
of management, most food delivery platforms, like Foodpanda and Uber Eats, simply list
the online prices submitted by the restaurants (Chan, 2017; McKane| [2019). However,
due to the high commission rates, the restaurants have incentives to inflate online prices to
increase profit margins. For the customers, inflated online prices plus freights may be too
high. Besides, since most platforms do not list in-store prices on their websites or mobile
apps, they are blamed for hiding critical information and cheating on customers. There
are even several lawsuits against some leading platforms (Pletz, 2011). As a result, some

food delivery platforms, like Foodpanda, add one new rule to their restaurant agreements:
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“Prices listed in the menu uploaded are not marked-up.”[f] which means they enforce
uniform pricing and regulate meal prices set by restaurants. For example, Deliveroo,
Foodpanda, and Ele.me are the food delivery platforms that adopted uniform pricing.
Nevertheless, some platforms choose to allow differentiated pricing and let the restaurants
decide different prices on different channels. For example, DoorDash, Postmates, and

Uber Eats are the food delivery platforms that adopted differentiated pricing.

Undoubtedly, it is crucial for the platforms to strike a balance between the restaurants
and the customers, so they need to weigh up the pros and cons of uniform pricing. In this
study, we look for critical factors that platforms should consider when deciding whether
to do uniform pricing. In addition, we investigate the strategic impacts of these two price
regulation strategies on food delivery platforms. We hope our study may help explain
the rationale behind the food delivery platforms’ adoptions of different price regulation

strategies in practice.

1.2 Research objectives

In this study, we construct a game-theoretic model featuring sharing economy to address
our research questions. There are three types of players in the model: a food delivery
platform, a restaurant, and a group of potential customers. The platform has the op-
tions of (1) uniform pricing: enforcing restaurants to set up a uniform price on different

channels, and (2) differentiated pricing: allowing restaurants to post different prices on

'For more details about Foodpanda’s restaurant contract, please refer to https://foodpandasg.

formstack.com/forms/becomeapartner_tw_en.
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different channels. By uniform pricing, on the one hand, since there are no markups on
online prices, customers may be willing to place more orders, and thus, may be beneficial
to the platform’s profitability. However, on the other hand, the restaurants suffer from
less flexibility. It may lead to system inefficiency and may be harmful to the platform’s
profitability. Hence, the impacts of uniform pricing on the platform’s profitability are not
intuitive. Similarly, the impacts of differentiated pricing on the platform’s profitability
are not straight. The major purpose of our work is to study the profitability of these two
price regulation strategies and figure out factors that affect the platform’s adoption of

price regulation strategy.

1.3 Research plan

The remainder of this study is organized as follows. In the next chapter, we review
some related works with respect to multi-channel retailer, multi-sided platform, and food
delivery. In Chapter 3, we develop a game-theoretic model that addresses the interaction
between the platform, the restaurant, and customers. In chapter 4, we analyze the
profitability of two price regulation strategies. Chapter 5 are conclusions and future

works. All proofs are in the appendix.
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Chapter 2

Literature Review

2.1 Multi-channel retailer

For restaurants, joining food delivery platforms means adding a new sales channel which
can be seen as an online channel. Since restaurants now operate multiple sales channels,
through physical stores and food delivery platforms, they are similar to multi-channel
retailers. Thus, by reviewing research related to multi-channel retailers, we hope to find

the factors that will affect restaurants’ pricing strategies or distribution strategies.

From a broader point of view, |Bolton et al.| (2010) discover four environmental trends
in retailing industry. They analyze the impacts of these trends on retailers’ pricing
strategies and suggest that retailers prefer to “customized pricing” approach in practice.
By using this approach, the retailer can build a reasonable strategy for its products based

on its position in the market.

Narrowing down to multi-channel retailers, many existing empirical studies suggest
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that in order to maintain channel consistency and prevent consumer irritation, multi-
channel retailers should set uniform prices through different distribution channels. Wolk
and Ebling| (2010) also do an empirical study of channel-based price differentiation. Nev-
ertheless, their finding contradicts the previous suggestion: many multi-channel retailers
do price differentiation based on their different channels. Moreover, the number of this

kind of retailers is increasing over time.

Yan (2008) constructs a game theory model to determine the optimal pricing strategy
for the multi-channel company under three different market structures. He discovers that
the optimal pricing strategy is to set the online price higher than the traditional retail
price when the marginal cost of selling products through the online channel is larger than

the marginal cost of selling products through the traditional channel, and vice versa.

Similar to|Yan! (2008)), [Kireyev et al.| (2015]) use a game-theoretic model to investigate
the reasons why some retailers adopt self-matching (offer the lowest of its online and in-
store prices to consumers) across different scenarios. There are two benefits of adapting
self-matching. First, this approach can diminish the loss from channel arbitrage. Second,
the retailer can charge higher store prices from customers who do not know the exact

product they want to buy.

Furthermore, |Chen and Ku| (2013) construct a game-theoretical model to study the
impacts of the dual-channel pricing when facing an Internet store (which is operated by
the manufacturer) entry. They find that the physical store price is higher than the online
price. Moreover, the manufacturer earns more profits, while the retailer earns less profit.
However, the total profits of the market actually increases. Thus, they suggest that the

manufacturer should induce the retailer to join the market.
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As stated above, it seems like that multi-channel retailers now are more likely to
adopt different prices on different channels. That is, the uniform pricing strategy may be
harmful to them, and thus, may also has negative effects on multi-channel restaurants. As
a result, whether to do uniform pricing becomes a critical issue for a food delivery platform
to keep restaurants on board, and that is one of our research objectives. Besides, whether
the coordination with food delivery platform impacts the restaurants pricing strategy is

also an interesting question to be answered through our analysis.

2.2 Multi-sided platform

Before looking into multi-sided platforms, we first take a glimpse of multi-sided markets.
There has been a recent surge of interest in two-sided markets. Rochet and Tirole| (2006])
give a general definition of two-sided markets: “A market is two-sided if the platform
can affect the volume of transactions by charging more to one side of the market and

reducing the price paid by the other side by an equal amount.”

Back to multi-sided platforms, Evans| (2003) uses survey to provide an empirical
study in multi-sided platform industries. In this study, multi-sided platforms can be
classified into three categories: (1) market-makers; (2) audience-makers; and (3) demand-
coordinators. He finds that “divide-and-conquer” is an often used pricing strategy to get
both sides on board. Moreover, for entry strategy, many successful multi-sided companies

will first test their platforms with little investment and then scaled up.

Narrowing down to one industry of multi-sided platforms, Kung and Zhong| (2017)

construct a game-theoretic model to examine a grocery delivery platform’s two-sided pric-
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ing strategy. They compare the profitability of three pricing strategies: (1) membership-
based pricing strategy, (2) transaction-based pricing strategy, and (3) cross-subsidization
strategy. Their results show that when the platform prefers to receive revenues quickly
or when the per-transaction fee has impacts on customers’ order frequency, membership-

based pricing strategy is the most profitable.

When there is a competition between multi-sided platforms, the situation becomes
more complicating, and pricing strategies may be different. [Rochet and Tirole (2003))
build a model of platform competition with two-sided markets. First, they find that if
there are buyers whose willingness to pay is high, the seller price increases and the buyer
price decreases. Second, their results show that if there are buyers who do not like to
substitute one product or seller with another, the price structure changes and becomes

more beneficiary to sellers.

Armstrong (2006)) finds that since platforms control the access to their single-homing
customers (similar to monopoly power), they can charge high prices from the multi-
homing side. However, because platforms need to compete for the single-homing agents,
they usually offer low prices. Thus, the high profits generated from the multi-homing

side are used as subsidization for attracting more single-homing agents.

Owing to the aforementioned works, we get a brief overview of multi-sided markets
and platforms. Nonetheless, instead of searching for general implications of the whole
multi-sided industries, our study concentrates on one specific industry - food delivery. We
follow these previous works to construct a game-theoretic model to address our research
questions. Whether the uniform pricing strategy is beneficiary to food delivery platforms

is our main focus.
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2.3 Food delivery

Recently, more and more researchers devoted to investigating food delivery industry (Pi-
gatto et al., [2017; [Yusra and Agus, [2018; |Correa et all |2019; Steever et al.; 2019). Many
different topics has been discussed. For example, |Goods et al. (2019)) start a industry
case study (consists of interview data) to explore job quality of drivers in food delivery
industry in Australia. He et al. (2019) focus on the decisions of restaurants (e.g. their

locations) and summarize the characters of good restaurants.

There are some other examples. Ye| (2015 does an empirical study (consists of online
questionnaire and interview) of food delivery situation in China and also analyze the
challenges faced by food delivery companies. Additionally, according to [Maimaiti et al.
(2018), “more than one fifth of total population in China has already became the users
of O20 food delivery market.” This trend had huge impacts on diet-related behaviors
and health care issues. Thus, they focus on analyzing the impacts of fast-growing food

delivery industry on health issues, food environment, and social environment in China.

Since customers always play an important role in business world, there are also re-
search about customer perception or customer attitude of food delivery (Alagoz and
Hekimoglu,, 2012} [Siti Sarah| 2018; M. and Park| 2019). Kimes (2011) investigates cus-
tomers’ use of electronic ordering. Her results show that the perception of convenience
is one of the keys for customers to adopt online ordering service. To be more specific,
customers think online ordering service is convenient because they do not need to leave
home. That is, leaving home may be annoying for some customers. As a result, in

our model, we use moving costs to represent the costs or troublesome that occur when
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customers head to the restaurants.

Kitthanadeachakorn| (2016]) use interview and other secondary data to explore the
factors that may affect customers’ decisions on online food delivery service. Through
organizing the secondary data, he also finds that convenience (moving costs) is an impor-
tant factor. Besides, he discovers that the uncertainty of food quality is one of the reasons
that why some customers do not use online food delivery service. That is, customers do

care about food quality, and we also add this factor into our model.

Abdullah et al. (2011) uses questionnaire to determine the dimensions of customer
preference in online food delivery industry. First, their results show that price is an
important dimension for the customers who use online food delivery service. In our
model, we do consider the impacts of meal prices. Moreover, service quality is another
key dimension and the quick service is one of the terms to assess the level of service
quality. That is, waiting may be annoying for some customers. Thus, we use waiting

costs to represent the costs or troublesome that occur when customers wait for meals.

Thanks to these customers oriented research, we identify some important decision
making factors of customers and take them into account when designing our model,
including food quality, meal prices and customers’ moving and waiting costs. However,
most of the aforementioned research are qualitative. Besides, there is no similar work
related to the platform’s price regulation strategies. Therefore, in this study, we construct
a game-theoretic model and hope to shed lights on the impacts of platform’s different

price regulation strategies.

10
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Chapter 3

Model

We consider a market with a group of customers (for each of them, she), a restaurant (he),
and a monopolistic platform (it). The platform provides food delivery services to match
customers and the restaurant. A customer can choose to go to the restaurant and dine
there, or to order on the platform and let a driver deliver food for her, or not to buy any
food from the restaurant. In our model, we assume that the food quality ¢ is the same
under different dining situations: in-store dining (which equals to dine in the restaurant)
and online dining (which equals to order on the platform and dine at somewhere else).
In the following, we describe our model under two different strategies: uniform pricing,

and differentiated pricing.

3.1 Uniform pricing

Customers. According to Kimes (2011); Rathore and Chaudhary (2018]); [Panse et al.

(2019), a critical factor for customers to use food delivery services is the convenience
11
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of not leaving their houses to obtain food. Thus, we know that whether to go out is
important to customers and may generate different costs. In the following, we formulate

a customer’s utility under different dining situations based on whether to leave her house.

As mentioned earlier, a customer can choose (1) to dine in the restaurant (we call it
in-store dining, denoted by I), or (2) to order on the platform and dine at somewhere else
(we call it online dining, denoted by O), or (3) not to buy any food from the restaurant
(we call it buy nothing, denoted by N). Let ¢ > 0 be the food quality of in-store dining
which equals to the food quality of online dining. Under uniform pricing, there is an

uniform meal price py set by the restaurant.

For in-store dining, because the customer needs to go to the restaurant by herself,
some additional costs occur, like time or efforts spent on transportation. We call them
moving costs. Intuitively, the distance from the customer’s location to the restaurant
affects the moving costs. It is natural that customers differ in their distance to the
restaurant. For example, some customers who live next to the restaurant can easily get
there by walking, while some customers who live in another town need to drive or take
public transportation to get to the restaurant. Therefore, we assume that customers are
heterogeneous on their distance to the restaurant €7} which is uniformly distributed in
[0,1]. Then, we use t; > 0 to represent the unit moving cost. The total moving costs of

a customer can be written as t;. The net benefit obtained in this choice is ¢ — py — 0t;.

For online dining, though the customer does not go to the restaurant by herself, she

19 can be interpreted as customers’ mental distance to the restaurant and can incorporate customers’
different preferences on traveling. For example, because I love to stay at home, my mental distance to

the restaurant is greater than the physical distance.

12
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still needs to spend time waiting for the delivered meal. Thus, the waiting costs occur.
Similar to the moving costs, the distance from the customer’s location to the restaurant
also affects the waiting costs. For example, some customers who live far away from the
restaurant need to wait for an hour to get the meal, while others only need to wait for
ten minutes. We use tp > 0 to represent the unit waiting cost and the total waiting cost
can be written as #tp. In addition, because the customer orders on the platform, besides
the uniform meal price py, she also needs to pay the per transaction freight f € R (or
sometimes called service fee) charged by the platform. The net benefit obtained in this

choice is ¢ — py — Otpo — f.

Since customers usually need to spend more efforts on going to the restaurant by
themselves than simply waiting for the meal, we normalize t; to 1, and let tp =t € (0, 1).
The net benefit of in-store dining can be rewritten as ¢ — py — 6, and the net benefit of

online dining can be rewritten as ¢ — py — 0t — f.

For buy nothing, since the customer does not buy any food from the restaurant, she

gets nothing and the net benefit is 0.

As stated above, a type-6 customer’s utility is thus

q—pu —0 if she chooses in-store dining,
ug = q—pu —0t—f if she chooses online dining, (3.1)
0 if she chooses buy nothing.

\

Restaurant. Let ¢ > 0 be the exogenous unit cost of cooking meals, and ¢ > ¢ so
that the restaurant can earn profits by selling meals. When a customer places an order

on the food delivery platform, the restaurant is charged by the platform at a commission

13
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rate ¢ € [0,1). That is, he earns only (1 — ¢)py in each transaction matching by the

platform.

Recall that customers can choose in-store dining, online dining or buy nothing. Fol-
lowing our model setting, there exist critical values 6* € [0,1] and 6y € [0, 1] that divide
customers into three groups: A customer chooses in-store dining if and only if her § < 6*,
chooses online dining if and only if her * < 0 < 6y, or chooses buy nothing. Let D; be
the demand of in-store dining, and Do be the demand of online dining. In our notations,
this means D; = 0* and Dy = 0p — 0*. An illustration of the market segmentation is

provided in Figure [3.1}

| In-store dining | Online dining | Buy nothing |

| |
0 0+ 9, 1

]

Figure 3.1: Market segmentation

The restaurant’s problem is to maximize his profits by setting a uniform price py to

solve
Th = max Di(pv —¢) + Do [(1 — ¢)py — ] . (3.2)

Food delivery platform. Let ¢ € [0,1) be the exogenous commission rate that
is a general consensus in the highly competitive food delivery industry. The platform’s

problem is to maximize its profits by setting the per transaction freight f to solve

Y = max Do(¢py + f — s) (3.3)
st. 0<0"<0o<1, (3.4)
14
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where s > 0 is an exogenous unit subsidization for drivers paid by the platform. Con-
straint (3.4)) ensures that the market segmentation is the same as Figure The plat-
form profits from the commission fee collected from the restaurant and the per transaction

freight collected from customers in each successful matching transaction.

3.2 Differentiated pricing

Customers. We simply substitute p; for py in the first function of Equation (3.1)), and
substitute po for py in the second function of Equation (3.1)). Then, a type-0 customer’s

utility is thus

q—pr—1=0 if she chooses in-store dining,
“g =Y q—po—0t—f if she chooses online dining, (3.5)
0 if she chooses buy nothing.

\

Restaurant. The market segmentation is the same as Figure We replace py in
the former part of Equation (3.2)) by p;, and replace py in the latter part of Equation
(3.2) by po. Then, the restaurant’s problem is to maximize his profits by setting p; and

po to solve

78 =max Dj(p; —c)+ Do[(1 - ¢)po — cl. (3.6)

Pr,po

Food delivery platform. By substituting py for po, the platform’s problem is to
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maximize its profits by setting the per transaction freight f to solve
7D = max Do(¢po + f —s) (3.7)
st. 0<60"<6p <1 (3.8)

Constraint (3.8]) ensures that the market segmentation is the same as Figure . The

platform looks for the optimal per transaction freight f to maximize its profits 5.

The sequence of events is depicted in Figure 3.2l First, the food delivery platform
decides whether to do price regulation. Second, the platform decides the per transaction
freight f. Third, the restaurant observes the commission rate and per transaction freight
and decides his online price and in-store price. If the platform implements price regulation
(equals to do uniform pricing), the online price and in-store price have to be the same.
If the platform does not do any regulations (equals to do differentiated pricing), the
restaurant can freely decide his meal prices. Finally, potential customers observe the per
transaction freight and meal prices and decide their actions. The demands of in-store
dining and online dining will then be realized, and the restaurant and platform earn their

profits.

A list of notations is provided in Table [3.2]
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Per transaction freight f Uniform meal price py

‘ ‘ :

Per transaction freight f In-store price p;
Online price p,

Figure 3.2: Time sequence

Decision variables

pu Restaurant’s uniform meal price
pr  Restaurant’s in-store price (in-store dining)
po Restaurant’s online price (online dining)

f Platform’s per transaction freight

Parameters

q Food quality

t  Customers’ unit waiting cost

¢ Restaurant’s unit cost of cooking meals
¢ Platform’s commission rate

s Platform’s unit subsidization for drivers

Table 3.1: List of decision variables and parameters
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Chapter 4

Analysis

We analyze the optimization problems of the food delivery platform and present its
optimal solutions and equilibrium profits under the two different pricing strategies. We

then provide some managerial implications by comparing them.

In order to make the optimal solutions interior, we assume that all the parameters

follow the conditions in Assumption [I}

Assumption 1. Parameters q, t, ¢, s, and ¢ should follow s < :ﬁﬂfl, s<(1—t)(g—rc),

t+¢ <1, and

(1—t)(2t — ot +2)(q — &) — (6t — 2t +2)s < 4t(1 — 1)(2 — &),
1=9¢)(1—0d—1)g— (20t —¢—t+ e+ (1-d)(t—¢+1)s >0,
0 (=263 — 20%12 + 49>t + ¢* + 62 — 4t — 2¢ — 31> + 2t + 1)q (4.1)

— (@2 + 4> — 20t — 29 — 32+ 2t + 1)c

—(t—p+1)2¢t —p —t+1)s] <2t(t — ¢ + 1)(¢? + 3Pt — 3¢ — 2t + 2).
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4.1 Uniform pricing

We first analyze the customers’ participation decisions. Given the announced commission

rate ¢ and the per transaction freight f, a type-6 customer’s utility function (3.1f) implies

q—py— 0" =q—py—0"t—f, (4.2)

q—pu—bot—f=0. (4.3)

These mean that the type-6* customer thinks there is no difference between in-store dining
and online dining, and the type-0 customer thinks there is no difference between online

dining and buy nothing. By solving Equations 1) and 1’ we obtain 6* = 1% and

t

0o = q_pf_f . Recall that D; = 0* and Do = 05 — 0* denote the numbers of the demand

of in-store dining and online dining, respectively. Substituting them into Equation (3.2)),

we have the restaurant’s optimization problem as

(1-t)g—(1—-t)py — f
1 — 1)

[(1=¢)pr =] (44)

™8 =max ——(py —c) +
pU 1-1

By solving Equation (4.4), we obtain pj; which is summarized in Lemma . Besides,
we summarize the impacts of parameters and the per transaction freight changes on py;

in Proposition [I}

Lemma 1. Under uniform pricing, the optimal uniform meal price is

1-9)A-t)g-(A-¢-t)f+{1-t)c

21— 91— 1) (45)

Py =

Proposition 1. Under uniform pricing, assuming the per transaction freight f has been
set by the platform to a fixred amount, the optimal uniform meal price py; is increasing in

q,t,c, and ¢. Furthermore, the optimal uniform meal price pj; is decreasing in f.
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Since the parameters ¢, t,c, and s affect the per transaction freight f and f affects
pir, we discuss the detail impacts of the parameters on f in the latter of this section. In
this and the following paragraphs, we assume that f has been set by the platform to a
fixed amount. Intuitively, when the food quality ¢ gets higher, since customers are more
willing to buy meals from the restaurant, he can increase the meal price. Next, when the
unit cost of cooking meals ¢ gets higher, in order to cover the expenses, the restaurant
increases the meal price. Similar to the unit cost of cooking meals, when the commission

rate ¢ gets higher, the restaurant increases the meal price to make profits.

Interestingly, when the unit waiting cost ¢ gets higher, the restaurant also increases
the meal price. Assuming the per transaction freight has been set by the platform to
a fixed amount, when the unit waiting cost gets higher, since customers become more
impatient, the utility of online dining decreases. Some customers may turn to in-store
dining while some customers decide not to buy meals from the restaurant. Thus, the
demand of online dining decreases and the demand of in-store dining increases. Since the
demand of online dining is decreasing and the profit margin of online dining is lower, the
restaurant is more willing to make profits from the in-store dining customers. Because
the in-store dining customers do not need to pay freights, the restaurant can charge a

higher meal price to earn more profits.

Nevertheless, when the per transaction freight f gets higher, the restaurant lowers
the meal price. It is clear that when the per transaction freight gets higher, the utility
of online dining decreases. Thus, some customers may turn to in-store dining and some
customers decide not to buy meals from the restaurant. The demand of online dining

decreases and the demand of in-store dining increases. However, the number of customers
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lost from online dining is more than the number of customers obtained from in-store
dining. Therefore, in order to attract more customers, the restaurant lowers the meal

price.

Substituting pj; into Equation (3.3]), we have the platform’s optimization problem as

ng:m?}( ;) {(1_t)q_ (1—¢)(1—t)q+(t+¢—1)f+(1_t)c_f}

t(1—t 2(1-¢)
Sl(1— )1 =)+ (t+6—1)f + (1 — 1)
" { 20— )1 1) + ‘8} (46)
st 0<6 < <1, (4.7)

which is a maximization problem with decision variable f € R. The optimal per trans-

action freight is characterized in Lemma 2]

Lemma 2. Under uniform pricing, the optimal per transaction freight is

(1-t)[(1-¢)P(1—¢—t)g— (20t —¢—t+1)c+(1—9)(t—¢+1)s]

(t — ¢+ 1)(¢? + 3¢t — 3¢ — 2t + 2) . (48)

U=

We may plug in fU into Equation (4.5)), (4.6) and D;, Do. We summarize the impacts
of parameters on the platform’s equilibrium profits (7%), its optimal per transaction
freight (fY), the restaurant’s optimal uniform meal price (pj;) and the demands (DY, D)

in Observation [1l

Observation 1. The impacts of parameters q,t,c, ¢, and s on the platform’s equilibrium
profits ©%, its optimal per transaction freight fU, the restaurant’s optimal uniform meal

price pi;, and the demands DY and DY are summarized in Table .

IThe proofs for the cells marked with * are provided in the appendix.

21

doi:10.6342/NTU202004441



TI'g increasing decreasing decreasing increasing  decreasing
fY  increasing* decreasing decreasing® decreasing increasing®*
By increasin increasin increasing® increasing decreasing*
U

D}J increasing™ decreasing decreasing® decreasing increasing®*

Dg increasing® first decreasing then increasing decreasing® increasing decreasing*

Table 4.1: Impacts of parameter changes under uniform pricing

First, when the unit waiting cost ¢ gets higher, customers become more inpatient and
the utility of online dining decreases. Thus, some customers may turn to in-store dining
and some customers may decide not to buy any meals from the restaurant. For example, if
you are hurry to get to a meeting, instead of waiting for the delivered food, you may simply
grab some potato chips at home. The demand of online dining is expected to decrease.
For the restaurant, since the demand of online dining is decreasing and the profit margin
of online dining is lower, the restaurant is more willing to make profits from the in-store
dining customers. Because the in-store dining customers do not need to pay freights,
the restaurant can charge a higher meal price to earn more profits. For the platform,
because the higher unit waiting cost and meal price are harmful to the demand of online
dining, the platform has to lower the per transaction freight to encourage more customers
to choose online dining. Since the lower per transaction freight let some customers turn
to online dining and the higher meal price makes the utility of in-store dining decrease,
the demand of in-store dining decreases. However, because of the lower per transaction
freight and the customers come from in-store dining, the demand of online dining increases

when the unit waiting cost is high. In general, though the demand of online dining may
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increase, the profit margin keeps shrinking due to the decreasing per transaction freight.

Hence, the platform’s total profits decrease when the unit waiting cost ¢ gets higher.

Second, when the commission rate ¢ gets higher, for the restaurant, doing online din-
ing transactions becomes more costly. Thus, the restaurant is more willing to profit from
the in-store dining customers. Because the in-store dining customers do not need to pay
freights, the restaurant can charge a higher meal price to earn more profits. The higher
meal price makes both the utility of in-store dining and that of online dining decrease.
For the platform, in order to attract more online dining customers, it lowers the per
transaction freight. Since the lower per transaction freight makes some customers turn to
online dining and the higher meal price makes the utility of in-store dining decrease, the
demand of in-store dining decreases. However, the lower per transaction freight success-
fully boosts the demand of online dining. In general, because of the increasing demand of
online dining and the expanding profit margin (due to the increasing commission rate),

the platform’s profits increase when the commission rate ¢ gets higher.

Third, when the unit subsidization for drivers s gets higher, the platform’s unit cost
of making transactions increases. Attracting online dining customers as many as possible
is no longer a good idea, because the platform may spend too much on subsidization.
Thus, the platform wants to serve fewer customers but increase the profit margin of each
order. Then, the platform raises the per transaction freight to expand the profit margin.
Because of the higher transaction freight, some customers give up on online dining and
the demand of online dining decreases. For the restaurant, since the unit subsidization
for drivers does not affect his profits, in order to attract more online dining customers,

he lowers the meal price. Next, because additional customers come from online dining
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and the lower meal price also attract more in-store dining customers, the demand of in-
store dining increases. Generally, since the demand of online dining decreases and the
profit margin is shrinking due to the lower meal price and the higher subsidization, the

platform’s profits decrease when the unit subsidization for drivers s gets higher.

4.2 Differentiated pricing

We analyze the customers’ participation decisions. Given the announced commission rate

¢ and the per transaction freight f, a type-0 customer’s utility function (4.17)) implies

q—pr—0"=q—po—0t—f, (4.9)

q—po—0Oot—f=0. (4.10)

The type-0* customer thinks there is no difference between in-store dining and online
dining, and the type-fo customer thinks there is no difference between online dining
and buy nothing. By solving Equations 1) and 1} we obtain 6* = %ﬁ’f” and
Oo = %. Recall that D; = 0* and Do = 0o — 0*. Substituting them into Equation

(3.6)), we have the restaurant’s optimization problem as

(1—1t)g—po+tpr— f
{11

D _ —pr+po+ f
Tp = max ————
PI,PO 1—t¢

(pr—c)+ [(1—@)po —c]. (4.11)

By solving Equation ([4.11]), we obtain p} and p}, which are summarized in Lemma [3|
Besides, the impacts of parameters and the per transaction freight changes on p; and pf,

are summarized in Proposition 2]
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Lemma 3. Under differentiated pricing, the optimal meal prices are

_@=9[1 =91 =g+ (10 +6(1-9)f (4:12)

A1-¢)—(2-0)%

. 20 -9)(1 =g+ (=)~ 21— 6 — 1) + o1
v =9 - -0 | )

~ %

D

Proposition 2. Under differentiated pricing, assuming the per transaction freight f has
been set by the platform to a fized amount, both the optimal in-store price p; and the
optimal online price py, are increasing in q and c. Furthermore, the optimal in-store

price pj s increasing in f, while the optimal online price py, is decreasing in f.

Since the parameters g and c affect the per transaction freight f and f affects pj and
5, we discuss the detail impacts of the parameters on f in the latter of this section.
In this paragraph, we assume that f has been set by the platform to a fixed amount.
Intuitively, when the food quality ¢ gets higher, since customers are more willing to buy
meals from the restaurant, he can increase both of the meal prices. Next, when the
unit cost of cooking meals ¢ gets higher, in order to cover the expenses, the restaurant

increases both of the meal prices.

Nonetheless, when the per transaction freight f gets higher, the utility of online
dining decreases. Some customers may turn to in-store dining or decide not to buy meals
from the restaurant. Thus, the demand of online dining decreases and the demand of
in-store dining increases. In order to attract more online dining customers, the restaurant
decreases his online price. However, since customers are more likely to choose in-store

dining, the restaurant will increase his in-store price to make more profits.

Substituting pj and p{, into Equation (3.7), we have the platform’s optimization
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problem as

1 {u_wq_ﬂu—@u—wq+u—wd—mu—¢—w+mv

[ T 1(1—0)— (2— o)
2=l =)L =t)g+ (L —t)c] + (1 =)t f
! -0 - 2o ‘f}

26[(1 = )(1 — g + (1 — t)c] — $2(1 — & — 1) + $f]f
X{ 11— )= (2— o)t *f‘s}

(4.14)
st. 0<6" <6y <1, (4.15)

which is a maximization problem with decision variable f € R. The optimal per trans-

action freight is characterized in Lemma [

Lemma 4. Under differentiated pricing, the optimal per transaction freight is

Aq+ Be+Cs

== oa_ne_9

(4.16)

where A= (1—t)[4(1 — ¢)? — (2— ¢)2t], B= —(1— )[4 — (2 — ¢)*], and C = 4(1 — ¢) —

(2-¢)%.

We may plug in fP into Equations (4.12)), (4.13), (4.14) and D;, Dp. We summarize

the impacts of parameters on the platform’s equilibrium profits (75), its optimal per

transaction freight (f?), the restaurant’s optimal meal prices (p%,p}) and the demands

(DP, DB) in Observation [2|

Observation 2. The impacts of parameters q,c,t, ¢, and s on the platform’s equilibrium

profits w8, its optimal per transaction freight fP, the restaurant’s optimal meal prices p;

and p%, and the demands DY and DE are summarized in Table .
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q t C gb S
77113 increasing decreasing decreasing increasing decreasing
fP  increasing decreasing decreasing® decreasing increasing*
PT increasing increasing increasing® decreasing increasing®
Py  increasing increasing increasing® increasing decreasing®
D}) increasing increasing decreasing® no impact increasing®
Dg increasing decreasing decreasing® increasing decreasing®

Table 4.2: Impacts of parameter changes under differentiated pricing

First, when the unit waiting cost ¢ gets higher, customers become more inpatient and
may give up on online dining. The demand of online dining decreases. For the restaurant,
since it is hard to attract online dining customers, he decides to serve only the customers
who really needs online dining service and increases his online price. Because of the higher
unit waiting cost and the increasing online price, the demand of in-store dining increases.
Thus, the restaurant can slightly increase his in-store dining price to make more profits.
For the platform, since the demand of online dining is decreasing and the online price
is increasing, it decides to lower the per transaction freight to induce more customers to
choose online dining. In general, because of the decreasing demand of online dining and
the shrinking profit margin, the platform’s profits decrease when the unit waiting cost ¢

gets higher.

Second, when the commission rate ¢ gets higher, for the restaurant, the profit margin
of online dining service shrinks. The restaurant decides to serve only the customers who

are willing to pay more to get online dining service and wants to attract more in-store

2The proofs for the cells marked with * are provided in the appendix.
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dining customers. Thus, the restaurant increases the online price and lowers the in-
store dining price. For the platform, since the higher online price makes the utility
of online dining decrease, it lowers the per transaction freight to obtain more online
dining customers. Because the platform can profit from the commission fees, it is more
willing to lower the per transaction freight substantially and can successfully boost the
demand of online dining. Moreover, since the lower in-store price can attract more in-
store customers, the demand of in-store dining is fixed. In general, due to the increasing
demand of online dining, the platform’s profits increase when the commission rate ¢ gets

higher.

Third, when the unit subsidization for drivers s gets higher, the platform’s unit cost
of making transactions increases. Because serving too many online dining customers may
cost too much, the platform wants to serve fewer customers but increase the profit margin
of each order. Then, the platform raises the per transaction freight to expand the profit
margin. Because of the higher transaction freight, the demand of online dining decreases
and the demand of in-store dining increases. For the restaurant whose profits are not
affected by the unit subsidization for drivers, he decides to lower the online price to attract
more online dining customers. Besides, since the the demand of in-store dining increases,
he can slightly increase the in-store price to make more profits. Generally, because of the
decreasing demand of online dining and the shrinking profit margin (due to the decreasing
online price and increasing subsidization), the platform’s profits decrease when the unit

subsidization for drivers s gets higher.
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4.3 Comparisons

To understand which out of the two price regulation strategies is the best for the platform,
we compare the equilibrium profits under these strategies. Our main results are presented
in the following three observations and the following two figures provide visualizations

for them.

Observation 3. Assuming other parameters are fixed, when the unit waiting cost t de-

creases, the platform prefers to do differentiated pricing.

1.0
— nf=nfwheng=1,¢=0.2,¢=0.15
The feasible region
0.8 +
Uniform pricing is better.
0.6 1

I

Differentiated pricing

Customers' unit waiting cost (t)

0.4 4 is better.
0.2
0-0 T T T T
0.00 0.01 0.02 0.03 0.04 0.05

Platform's unit subsidization for drivers (s)

Figure 4.1: Visualization for Observation

When the unit waiting cost t decreases, the difference between a customer’s utility
of in-store dining and online dining increases. That is, customers do consider that in-
store dining and online dining are different. We can say that customers who choose online
dining are different from customers who choose in-store dining. Since customers’ demands
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are diverse, the restaurant needs higher flexibility to satisfy their demands. Through
differentiated pricing, the restaurant has more flexibility in deciding meal prices. By
offering different meal prices in different channels, the restaurant can adjust the demands
of each channel more efficiently and operate better. The platform can also make more

profits due to system efficiency.

Observation 4. Assuming other parameters are fized, when the commission rate ¢ de-

creases, the platform prefers to do differentiated pricing.

1.0
— nf=nfwheng=1,¢=02t=05
g The feasible region
o 081
)
©
—
c
=]
‘T 0.6 A
koL
=
£
S o4
w
£
o Uniform pricing is better.
5 02
L
n- . - . . .
——* Differentiated pricing is better.
0‘0 T T T T
0.00 0.02 0.04 0.06 0.08 0.10

Platform's unit subsidization for drivers (s)

Figure 4.2: Visualization for Observation [4] and

When the commission rate ¢ decreases, the restaurant’s costs of offering online dining
decreases. Thus, it seems like there is no need for him to separate and charge different
prices on these two dining situations. However, when the commission rate ¢ decreases,

the platform raises the per transaction freight f to make profits. Higher per transac-
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tion freight f makes customers think that online dining is different from in-store dining.
Since customers who choose online dining are different from customers who choose in-
store dining, the restaurant needs higher flexibility to satisfy customers’ diverse demands.
Through differentiated pricing, the restaurant can offer different meal prices in different
channels. This helps the restaurant adjust the demands of each channel more efficiently,
and thus, he can operate better. The platform also earns more profits due to system

efficiency.

Observation 5. Assuming other parameters are fized, when the unit subsidization for

drivers s increases, the platform prefers to do differentiated pricing.

When the unit subsidization for drivers s increases, the costs of making transactions
increases. Serving online dining customers as many as possible is no longer profitable for
the platform. The platform wants to serve fewer customers but retain high profits. Thus,
it wants to raise its profit margin. Under uniform pricing, since the in-store price has to
be the same as online price, it is hard to increase the meal price or the per transaction
freight. However, under differentiated pricing, the platform can expand its profit margin
by charging a higher online price (decided by the restaurant) or a higher per transaction

freight. As a result, the platform’s profits are higher under differentiated pricing.

In general, uniform pricing ensures price consistency on different dining channels and
prevents loss of customers due to higher online prices. Nevertheless, when the restau-
rant needs higher flexibility to satisfy customers’” demands or when the platform needs
a higher profit margin, differentiated pricing is the suitable price regulation strategy for
the platform to adopt. The platform can earn more profits due to system efficiency or
the higher profit margin.
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4.4 Discussions

By collecting related news to food delivery, we discover that many online dining customers
are not satisfied with markups on online prices. When they notice the online prices are
even higher, they usually feel like they are not treated fairly because they still need to pay
additional freights. Thus, the feeling of unfairness generates some negative mental costs
on online dining customers. To take these mental costs into account, we may rewrite our

customer utility function and get

q—pr—190 if she chooses in-store dining,
ug =1 q—po—0t—f— nlpo — pr]T  if she chooses online dining, (4.17)
0 if she chooses buy nothing.
\

We use n[po —pr|T to represent the negative mental costs. When the online price is lower
than the in-store price, the customer does not think she is mistreated when choosing
online dining. Thus, [po — p;]™ represents that the negative mental costs only take place
when the online price is higher than the in-store price. Intuitively, when the online price
is much higher than the in-store price (po — py is larger), the customer feels worse when
choosing online dining and the negative mental costs become larger. n represents the
severity of feeling of unfairness. For example, if the customers can accept that setting
different prices on different channels is natural and reasonable, n is small. However, if

the customers has a limited budget and cares about the online price, n is big.

Obviously, the negative mental costs are harmful to the platform because the utility
of online dining may decrease. Since different meal prices may generate additional costs,

the platform is more willing to adopt uniform pricing. Nevertheless, we believe that if
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the severity of feeling of unfairness 7 is small enough, differentiated pricing can still be
better when the restaurant needs higher flexibility or the platform needs a higher profit

margin.
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Chapter 5

Conclusions and Future Works

In this study, we present a game-theoretic model featuring sharing economy to investigate
two price regulation strategies in food delivery, i.e., uniform pricing, and differentiated
pricing. In our model, we analytically calculate the optimal per transaction freight of
these two strategies and compare the platform’s equilibrium profits. Our main result
shows that normally, the uniform pricing strategy brings higher profits to the platform.
However, when the restaurant needs higher flexibility (when the unit waiting cost or the
commission rate decreases) or when the platform needs a higher profit margin (when the
unit subsidization for drivers increases), the platform should turn to the differentiated
pricing strategy. It can help the platform earn more profits due to system efficiency or the
higher profit margin. The platform should choose the suitable price regulation strategy

based on its own operating conditions which matches our observations in the real world.

Our study certainly has its limitations. First, it would be interesting to consider
that the food quality is different under in-store dining and online dining. Since it may

affect consumers’ participation decisions, the platform’s equilibrium profits may change.
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Second, because the role played by the drivers may affect more than the unit subsidization,
their strategic decisions should also be taken into consideration. Finally, we have not
considered how multiple restaurants or multiple platforms may change the equilibrium.

These extensions of our study call for future investigation.
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Appendix A

Proofs

Proof of Lemma 1} Organize Equation (4.4)) and we can get

U —(1=9)(1 - Opr? +[(1—@) (L —t)g+ (t+o—1)f + (1 —t)c]py + (1 —t)(f —q)c
T t(1—1) :

(A.1)

We differentiate Equation (A.1]) twice with respect to py and can get

?rY 201 —¢)(1 —t
7T2R _ (1 —o)( ) (A.2)
opg; t(1—1)
Since ¢ € [0,1) and ¢ € (0,1), Equation (A.2) can be easily shown to be negative. Thus,
we can use first order condition to solve for pj;. Then, we differentiate Equation (A.1))

with respect to py and get

Org _ 21 =¢)1-pu +[(1 =)A= Dg+ (+6-Df+A=0)d _ ) 4

Opu t(1 —t)

As a result, we obtain pj; = (1_¢)(1_?(’11(;)_(f:f))f+(l_t)c.

A customer chooses online dining only if her utility of online dining is nonnegative.
That is, ¢ — py — 0t — f > 0. Since both 6 and ¢ are positive, we can get that ¢ > f. For
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the denominator of pj;, since ¢ € [0,1) and ¢ € (0,1), it is positive. For the numerator of
Py, the coefficient of g is greater than the coefficient of f ((1—¢)(1—1t) = (1—p—t+¢t) >

(1—¢—t)). Besides, (1—t)cis positive. As a result, pj; can be easily shown to be positive.

Proof of Proposition (1. Differentiate pj, = (kd))(l*tz)(qli(;)f(f:tt))f =0 with respect to g

and get % = % We know that pj; is increasing when ¢ is larger. Differentiate pj; with

t+¢—1

IEETgEE Since t 4 ¢ < 1, the former equation can be easily

respect to f and get % =

shown to be nonpositive. We know that pj; is decreasing or remains the same when f is

1

0-9) which can be easily shown

larger. Differentiate p;, with respect to ¢ and get % =
to be positive. We know that pj; is increasing when c is larger. Differentiate p;;, with

respect to ¢ and get % = % Since (1 —¢)*(1 — ¢ —t)g— (20t —dp —t+ 1)c+

(1—9¢)(t—¢+1)s >0, f is nonnegative. 8;’; can be easily shown to be nonnegative.

We know that pj; is increasing or remains the same when ¢ is larger. Differentiate pj;

with respect to t and get % = 5 of Since f is nonnegative under assumptions,

1=g)(1-t)*

At . . . . .
% can be easily shown to be nonnegative. We know that p;; is increasing or remains

the same when ¢ is larger.

Proof of Lemma [2{ Organize Equation (4.6) and we can get

1
Wg:mjgx 4(1_¢>2<1_t)2t{—(t—¢+1)(¢2+3¢t—3¢—2t+2)f2+(1—t)

(1 — ¢)(2¢° + 20t — 4¢ — 2t + 2)q — (4ét — 2¢ — 2t +2)c+2(1 — @) (t — ¢ + 1)s]f

Ho(1 = 0)* (1= 1)°¢* = 2(1 = ¢)*(1 = 1)°gs + 2(1 — ¢)(1 — t)°cs — d(1 — 1)*c*]} .

(A4)
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We differentiate Equation (A.4]) twice with respect to f and can get

Py —2(t — ¢+ 1)(¢* + 3Pt — 3¢ — 2t + 2)

o 10— 9201 — o ' G-

Since ¢ € [0,1) and ¢ € (0, 1), the denominator is positive and (f — ¢ + 1) is nonnegative.
Since ¢ € [0,1) and ¢t € (0,1), we get —2(t — ¢ + 1) is negative. We differentiated
&* + 3¢t — 3¢ — 2t + 2 with respect to ¢ and get (3¢ — 2)t + (1 — ¢)(2 — ¢). First, when
o > %, the coefficient of ¢ becomes positive, and the minimum happens when t = 0. We
substitute ¢ = 0 into the previous function and get (1 —¢)(2— ¢) which is always positive.
Since t € (0, 1), the qualified minimum is greater then the minimum that happens when
t = 0 and is a positive number. Second, when ¢ < %, the coefficient of ¢t becomes negative,
and the minimum happens when ¢ = 1. We substitute ¢ = 1 into the previous function
and get ¢ which is always positive. Since ¢t € (0,1), the qualified minimum is greater
then the minimum that happens when ¢ = 1 and is a positive number. Last, when

, the coefficient of ¢ becomes zero and the function turns to (1 — ¢)(2 — ¢) which is

¢ =

wn

always positive. Thus, we know that ¢? + 3¢t — 3¢ — 2t + 2 is always positive under our
assumption. Thus, Equation ({A.5]) can be easily shown to be nonpositive and we can use

first order condition to solve for fV. According to first order condition, we can get

org 1

of  4(1—¢)*(1-

e {20t — o+ 1)(¢* + 3¢t — 3¢ — 2t +2) f

H(1—1)[(1 — ¢)(2¢% + 20t — 4¢ — 2t + 2)q — (4t — 2¢ — 2t +2)c +2(1 — §)(t — ¢ + 1)s]}

—0. (A.6)

: (1-t)[(1-¢)>(1—p—t)g—(2¢t—¢—t+1)ct(1—¢) (t—p+1)s

As a result, we obtain fY = [ o v v ]

(1-0)[(1=9)*(1—¢—t)q—(2pt—¢—t+1)c+(1=¢) (t—¢+1)s]
(t—g+1)(p%+3pt—3¢p—2t+2)

Proof of Observation . Differentiate fV =

with respect to ¢ and get % = (tféi?();gggﬁgi:g R For the denominator, since
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@ + 3¢t — 3¢ — 2t + 2 is shown to be positive in the proof of Lemma 2/ and ¢ € [0, 1), the
denominator is positive. For the numerator, since ¢ € [0,1),t € (0,1), and t+¢ < 1, it is
nonnegative. Because the denominator is positive and the numerator is nonnegative, %

can be easily shown to be nonnegative. We know that fV is increasing or remains the same

(1—t)(2¢t—p—t+1)
t—¢+1)(p2+3pt—3¢p—2t+2)

when ¢ is larger. Differentiate fU with respect to ¢ and get % =1
The denominator is positive. For the numerator since t € (0,1), ¢ € [0,1), and t + ¢ < 1,
it is positive. Because the fraction is positive and there is a negative sign, % can be

easily shown to be negative. We know that fU is decreasing when c is larger. Differ-

(1-¢)(A-t)(t—¢+1)
(t—9+1)(¢%+3pt—3¢p—2t+2

entiate fU with respect to s and get 85—: = ik The denominator is

positive. For the numerator since ¢t € (0,1) and ¢ € [0,1), it is positive. Because both of
the numerator and denominator are positive, ‘Sgc—: can be easily shown to be positive. We

know that fU is increasing when s is larger.

(1=9)A-t)g—(1—¢—t)f+(1—t)c
2(1-¢)(1-t)

Differentiate p;; = with respect to ¢ and get % =

(2—¢)2—(141)2+4¢t
2(t—p+1) (2 +3pt—3¢p—2t+2

;- The denominator is positive. For the numerator, if (2— P)*—(1+
t)? < 0, since ¢t € (0,1) and ¢ € [0, 1), it means that (2 — ¢) < (1 +1¢). That is, t + ¢ > 1

which violates our assumption. Thus, (2 — ¢)* — (1 +¢)? > 0. As a result, the numerator

. . : . o . . opr
is nonngative. Because the denominator is positive and the numerator is nonngative, %

can be easily shown to be nonngative. We know that py; is increasing or remains the same

when c is larger. Differentiate p;; with respect to s and get aaﬂ; = — 5 +3<1bﬁ3_ ¢t_2t ) The
denominator is positive. For the numerator, since ¢t + ¢ < 1, it is nonnegative. Because
the fraction is nonnegative and there is a negative sign, % can be easily shown to be

nonpositive. We know that pj; is decreasing or remains the same when s is larger.

(1-¢)*(1—¢—t)
(t—d+1)($%+3pt—3¢p—2t+2)

. . U_ f : oDy _ 1
Differentiate D} = = with respect to ¢ and get e~ Since
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€(0,1),90€10,1), and t+¢ < 1, % can be easily shown to be nonnegative. We know

that DY is increasing or remains the same when ¢ is larger. Differentiate DY with respect

oDV 2t ——t41 .
to c and get —L = _(t_¢+1)(£§+<§¢ttj3¢_2t+2). Since t € (0,1), ¢ € [0,1), and t + ¢ < 1,

oDY
Jc

can be easily shown to be negative. We know that DY is decreasing when c is larger.

. . . oDy —¢)(t— .
Differentiate DY with respect to s and get S = =3 +1()1( ¢§53r(§ ¢t¢—t’>y—2t e Since t € (0, 1),

oDY
dc

¢ €0,1),and t + ¢ < 1, can be easily shown to be positive. We know that DY is

increasing when s is larger.

U
Differentiate DY = (l_t)qt_({:t()l —UPU with respect to g and get 85;‘7 = o ¢2T;{;S;t12t =

Since t € (0,1), ¢ € [0,1), and t + ¢ < 1, % can be easily shown to be positive. We

know that DY is increasing when ¢ is larger. Differentiate DY with respect to ¢ and get

g 1—¢—t
dc T 2t(¢2+3pt—3¢—2t+2)"

U
Since t + ¢ < 1, % can be easily shown to be nonpositive.

We know that DY is decreasing or remains the same when c is larger. Differentiate DY

U
with respect to s and get 8(1;0 = _2t(¢2+3tq;¢i+3;572t+2)' Since t € (0,1), ¢ € [0,1), and

U
t+¢ <1, % can be easily shown to be negative. We know that DY is decreasing when

s is larger.

Proof of Lemma (3, Organize Equation (4.11) and we can get
U 1 2 2
Tp = max {=tp1 = (1= &)p + (2 = d)tprpo + tfp1
prro (1 —1t)

+H1=¢)A=t)g+ (A —t)e=(1=9)flpo+ (A =t)(f —q)c}. (A7)

We need to examine whether Equation (A.7)) is negative semi-definite, so we calculate

40

doi:10.6342/NTU202004441



the Hessian matrix of it which is

6;71'25 §2WDE 127& (2;¢)t
t(1—t t(1—t
H(xRy=| o mo = | 070 =0 (A.8)
o*np  O%mp 2=¢)t —2(1-9¢)
dpopr  Op3 t(1-t) t(1-t)
2D
First, since t € (0,1), we know that aa% = % < 0. Next, we check whether the deter-
I

minant of Matrix (A.8) is positive. The determinant of Matrix (A.8]) is _¢2t+fgt__3t2_4¢+4.

Since t € (0,1), the denominator is positive, we only need to consider the sign of the
numerator. The numerator can be rewritten as ¢t(4 — ¢) + 4(1 — ¢ — t). According to
Assumption [I, we know that ¢ + ¢ < 1 which means that the customer’s distance to the
restaurant cannot be too far and her unit waiting cost cannot be too high. Because of
the previous assumption, the numerator can be easily shown to be positive. Therefore,
we can say that Matrix (A.8) is negative semi-definite and can use first order condition

to find the optimal prices. Then, we differentiate Equation (A.7)) with respect to p; and

po and get
O0nR i+ @—dpo+ ] (A.9)
opr 1—t 7 |
O _—2(1=9)po + 2= d)tpr + [(1 = @)1 ~t)g+ (1 —t)e— (1= 9)f] _ (A.10)
e = t1—1) T
Reorganize Equations and , we can get
o :(2—¢)++f, (A.11)
o 2=+ (L= )1t + (L =te=(1=¢)f (A.12)

2(1-9¢)

_ 2=9)[(1-¢)(A-t)g+(1-t)c]+o(1-¢) f
4(1-¢)—(2—¢)°t

As a result, by solving the above system, we obtain pj}

2[(1=¢)(A=t)q+(1-t)c]=[2(1=¢—)+ ¢t
4(1-¢)—(2—¢)*t ’

and pp, =
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A customer chooses online dining only if her utility of online dining is nonnegative.
That is, ¢ — po — 0t — f > 0. Since both # and t are positive, we can get that g > f. For
the denominator of pj, it is shown to be positive in the proof of Proposition {2l For the
numerator of pj, the coefficient of ¢ is greater than the coefficient of f (2(1 —¢)(1 —1t) —
d(1—=¢) = (1-9)[2(1-t)—¢] > (1-9)[2(1-t—¢)] > 0). Besides, (2—¢)(1—t)cis positive.
As a result, pj can be easily shown to be positive. For the numerator of py,, the coeflicient
of ¢ is greater than the coefficient of f (2(1—¢)(1—t) = 2(1—p—t)+2¢t > 2(1—p—1t)+¢t).

Besides, 2(1 — t)c is positive. As a result, p§, can be easily shown to be positive.

Proof of Proposition Differentiate p; = (27@[(17?((11:;))3?2(2;)2‘?%(1%” with respect

to ¢ and get % = %. For the numerator, since ¢ € [0,1) and ¢t € (0,1), the
numerator is positive. For the denominator, since t + ¢ < 1, we know that t <1 —¢. We
set t = 1 — ¢ and substitute it into the denominator. Then, we can get 4(1 — ¢) — (2 —
?)*(1—¢) <4(1—¢)—(2—¢)*t (the denominator). Reorganize 4(1—¢) — (2—¢)*(1—¢)
and get (1—¢)[4—(2—¢)?]. Since ¢ € [0, 1), we only need to identify the sign of the latter
part of the previous function 4 — (2 — ¢)%. Reorganize 4 — (2 — ¢)? and get 22 — (2 — ¢)?.
Since ¢ € [0,1), we know that 2 > 2 —¢ > 0, and thus, 4 — (2 — ¢)? is nonnegative. That
is, 4(1—¢) — (2—¢)*(1 — ¢) is also nonnegative. Since the denominator 4(1—¢)—(2—¢)%t
is greater than or equal to an nonnegative number and the denominator cannot be zero, it
dp

is positive. Because both the numerator and the denominator are positive, 54 can easily

be shown to be positive. We know that pj is increasing when ¢ is larger. Differentiate

p} with respect to ¢ and get % = %. For the numerator, since ¢ € [0, 1)
and t € (0,1), the numerator is positive. Since the denominator is the same as 88—?, it

is shown to be positive. Because both the numerator and the denominator are positive,
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o . . - . :
% can easily be shown to be positive. We know that pj is increasing when c is larger.

__¢(=¢) 3
0=0)—(—9)%" For the numerator, since

Differentiate p} with respect to f and get %—? =
¢ € 10,1), the numerator is nonnegative. Because the denominator is positive and the

: . op . :
numerator is nonnegative, Biff can easily be shown to be nonnegative. We know that pj

is increasing or remains the same when f is larger.

2[((A=¢)(A-t)g+(1-t)—[2(1—¢—t)+¢t] f
4(1-¢)—(2—¢)t

Differentiate py, = with respect to ¢ and get a;;;o =

%. For the numerator, since ¢ € [0,1) and ¢t € (0, 1), the numerator is positive.

Since the denominator is the same as %—}f, it is shown to be positive. Because both the

. " op: . .
numerator and the denominator are positive, anO can easily be shown to be positive.

We know that p is increasing when ¢ is larger. Differentiate pf, with respect to ¢ and

opH 2(1—t)

2e = T 92 9% For the numerator, since ¢ € (0,1), the numerator is positive.

get

: . OpE :
Because both the numerator and the denominator are positive, % can easily be shown

to be positive. We know that pf, is increasing when c is larger. Differentiate pf, with
respect to f and get %? = %. For the numerator, since ¢ € [0,1), ¢t € (0,1)
and t 4+ ¢ < 1, the numerator is nonpositive. Because the denominator is positive and
the numerator is nonpositive %0 can easily be shown to be nonpositive. We know that

) Bf

po is decreasing or remains the same when f is larger.
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Proof of Lemma |4, Organize Equation (4.14) and we can get

D — max 1 _ _ N2 N2 2
e f t(l—t)[4(1—¢)_(2_¢)2t]2{ 42-0)1 =) (1 —t)°f

+2(1=¢)(1 = 1)[4(1 = ¢)’(1 = t)g — (1 = 1)(2 = ¢)*tq — 4(1 = t)c

+ (1= 1)(2 = d)"te+ 4(1 — ¢)s — (2 — ¢)*ts]/

{1 =41 - 9) = (2—¢)*tlg + [(2 = )t = 2J[(1 — ) (1 — t)g + (1 — t)c]}

x {26[(1 = ¢)(1 = t)g+ (1 — )] — [4(1 = ¢) — (2 — ¢)*t]s}} (A.13)
We differentiate Equation twice with respect to f and can get

*rB  —8(1—¢)X(1—1)*(2 - ¢)

afr t(1 -4l —¢) — (2— )2 (A.14)

Since ¢ € [0,1) and t € (0,1), through some simple derivations, Equation (A.14) can
be easily shown to be negative and we can use first order condition to solve for fP.

According to first order condition, we can get

org 1

of t(1—t)[4(1 — ¢

) _ (2 _ qb)Qt]Q {_8(1 - ¢) (1 - t) (2 - Qb)f

+2(1— ¢)(1 = 41— ¢)*(1 — t)g — (1 — 1)(2 — ¢)*tq — 4(1 — t)e
+(1=1)(2—¢)tc+4(1 — ¢)s — (2 — ¢)*ts]} = 0. (A.15)

A-1)[4(1-9)*—(2=¢)*t]g— (1) [4—(2—¢)*t|c+[4(1—¢)—(2—9)*1]s )

o fD _
As a result, we obtain f" = 90D (d)

Proof of Observation . Differentiate fP = (l_t)[4(1_¢)2_(2_¢)Qt]f(;(_ld)_)?l[i)(éi‘g);t]ﬁ[4(1_¢)_(2_¢)2t]s

4—(2—¢)%t

Tl For the denominator, since ¢ € [0, 1), the

with respect to ¢ and get % =
denominator is positive. For the numerator, we can reorganize it and get 22 — (2 — ¢)t.
Since ¢ € [0,1), we obtain that 22 > (2 — ¢)?. Besides, since ¢ € (0,1), we obtain that
(2 — ¢)? > (2 — ¢)*. Thus, we get that 22 > (2 — ¢)?t and the numerator is positive.
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Because both of the denominator and numerator are positive and there is a negative sign,

af can easily be shown to be negative. We know that f? is decreasing when c is larger.

3fD A(1-¢)—(2—¢)*t
- A(1-9)(1-t)(2—9¢)

Differentiate f” with respect to s and get For the denominator,

since ¢ € [0,1) and t € (0,1), the denominator is positive. For the numerator, since it is
the same as the denominator of %, it is shown to be positive in the proof of Proposition
. Because both of the denominator and numerator are positive, ‘(’g—j can easily be shown

to be positive. We know that f” is increasing when s is larger.

Differentiate p; = (2_¢)[(1_?((11__(;))T(r2(1_;§)2§]+¢(1_¢)f with respect to ¢ and get % =

—b)2(1— .
4(i(2¢i)¢)([14(1t) %‘H(Q( ggﬂ For the denominator, since ¢ € [0,1) and 4(1 — ¢) — (2 — ¢)?¢ is

shown to be positive, it is positive. For the former part of the numerator, since t +¢ <1,
we obtain that 4(1 —¢) —4¢ = 4(1 —t — ¢) > 0. Besides, since ¢ € [0, 1), we obtain that
(2 —¢)? > 1. Thus, we get that 4(2 — ¢)?(1 —t) — 4¢ > 4(1 — t) — 4¢ > 0. For the latter
part of the numerator, since ¢ € [0,1) and ¢t € (0,1), (2 — ¢)?¢t is positive. Thus, the
numerator is shown to be positive. Because both of the denominator and numerator are
positive, % can easily be shown to be positive. We know that pj is increasing when c is

larger. Differentiate p; with respect to s and get - 91— I For the denominator,

1- t)(2 é)’
since ¢ € [0,1) and t € (0,1), it is positive. For the numerator, since ¢ € [0,1), it is

. . : o . .0
nonnegative. Because the denominator is positive and the numerator is nonnegative, ;; L

can easily be shown to be nonnegative. We know that pj is increasing or remains the
same when s is larger.

. oy
with respect to ¢ and get 52 =

9(1—1)—[2(1—p—t)+ot] 2L

=0 —(—d)% . For the denominator, it is shown to be positive. For the former

part of the numerator, since ¢t € (0, 1), it is positive. For the latter part of the numerator,
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sincet € (0,1), ¢ € [0,1), t+¢ < 1, and ag_f is shown to be negative, this part is positive.
Thus, the numerator is positive. Because both of the denominator and numerator are

. Opr . o ¥ ;
positive, % can easily be shown to be positive. We know that py, is increasing when

~[201--1)+e1) %4
4(17@7(27@2? . For the

c is larger. Differentiate pj, with respect to s and get a%o =

denominator, it is shown to be positive. For the numerator, since ¢t € (0,1), ¢ € [0,1),

t+ ¢ <1, and % is shown to be positive, it is negative. Because the denominator is
o},

positive and the numerator is negative, 52 can easily be shown to be negative. We know

that py, is decreasing when s is larger.

: : D _ —prtpo+f _ _ Al=¢-t)+ét(4—9)
Differentiate Dy = =PLP2+L with respect to ¢ and get = — 9P —G—a7" For
the denominator, it is shown to be positive. For the numerator, since ¢t € (0, 1), ¢ € [0,1),

t+¢ < 1, it is positive. Because both of the the denominator and numerator are positive

. We know that DP

1
D

is decreasing when c is larger. Differentiate DP

. We know that DP is increasing

Since t € (0,1), 2

when s is larger.

. Db —p— —
Differentiate D5 = (lt)q({—t’;c’% with respect to c and get —2 = — 2t(24—(i6)[f(1t—);;)(§_(?f;)2 7

For the denominator, since t € (0,1) and ¢ € [0, 1), it is positive. For the numerator,

since t € (0,1), ¢ € [0,1), t + ¢ < 1, it is positive. Because both of the the denominator
D

and numerator are positive and there is a negative sign, % can be easily shown to be

negative. We know that D is decreasing when c is larger. Differentiate D5 with respect

to s and get 853 Since t € (0,1) and ¢ € [0,1), 222 can be easily shown

~ T

to be negative. We know that D5 is decreasing when s is larger.
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