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Abstract

With the rapid development of technology and platforms, people’s consumption habits
of food are changing, and they rely more on the delivery platforms services. Some of past
research indicates that the delivery platforms destroy the restaurant’s profitability due to
the commissions, but platforms may also bring benefits to the restaurants. On this basis,
our research explores how will restaurants cooperate with third-party delivery platforms.
This thesis establishes a model, there is a restaurant and two kinds of third-party delivery
platforms in the market: high-quality and low-quality platforms. The restaurant provides
meals to customers, and the restaurant will decide whether to cooperate with the platform
depending on the platform’s commission rates, and also the restaurant’s pass-through rate

to customers. In the end, customers will decide to dine-in, use platform service or buy

vil doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

nothing. Under the model parameters we assume, we can characterize the optimal strate-

gies for the restaurant and platforms. We found that when the service quality of the two

platforms is much inferior to dine-in, the restaurant will only adopt the dine-in strategy,

and when the service quality of the platforms improves, the restaurant will cooperate with

the platform. When the service quality of the two platforms is similar to or even better

than dine-in, the restaurant will give priority to cooperating with the high-quality platform.

If the low-quality platform expect to cooperate with the restaurant, it needs to the lower

commission rate to enter the market.

Keywords: optimal strategy, food delivery platforms, on-demand services, omnichannel

operations, commission rates
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Chapter 1 Introduction

Food delivery platforms, such as Uber Eats, Foodpanda, and Grubhub, are an explo-
sive growth industry, especially after the outbreak of the COVID-19 pandemic. In the US,
the revenue of the food delivery market is predicted to exceed $231.3 billion in 2023 (US
Statista, 2022). The worldwide food delivery market is also expected to grow from USD

$167.54 billion in 2022 to USD $432.32 billion by 2030 (The Brainy Insights, 2022).

In the past, customers usually have to visit the restaurant to get food physically. How-
ever, with the development and popularization of mobile and internet technology, food
delivery platforms have gradually sprung up in all reaches of the earth. These food de-
livery services are third-party service platforms: usually through an easy-to-use online
ordering system that connects customers and restaurants and has drivers pick up and de-
livers orders at customers’ designated locations (Chen et al., 2022). The convenience of
the delivery platforms will attract customers. They can wait at home and not have to go
out when the weather is terrible. When the COVID-19 pandemic was severe, it further

shaped customers’ food delivery habits.
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Restaurants can enter the food delivery market without establishing their own order-

ing system or investing in their own delivery drivers. Moreover, restaurants can increase

the visibility of their brand as well as expand customers and create value with minimal

investment or operating costs. Despite being favorable to restaurants, whether the food

delivery platforms are beneficial is still controversial. Most platforms offer a standard con-

tract that the revenue from each order is split between the platform and the restaurant with

the accordingly pre-negotiated ratio. In practice, food delivery platforms typically charge

restaurants approximately 20 — 35% commission (Hagiu and Wright. 2021) for each on-

line order as a service fee, leaving the restaurant with only 65 —80% of its average revenue

on each order sold. Due to the already notoriously thin margins in the restaurant industry,

which is approximately 5% or less (Biery. 2014), giving any share to third-party platforms

could significantly reduce or eliminate the profitability of an order. In response to the re-

duction in profit margin, restaurants may raise prices on the platform menu to make up for

approximately 7 — 44% (BBC News. 2021) compared to dine-in menu prices. However,

restaurants may negotiate the commission rates with platforms based on the restaurant’s

scales. Some restaurants which value service quality may not want to cooperate with the

platform for worrying about poor food taste or quality through the platform. Most are rel-

atively high-end and famous restaurants, like Din Tai Fung (CommonWealth Magazine.

2020). The platforms usually want to cooperate with them for more exposure and revenue,

so the restaurant has more bargaining power for the commission rates.
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Platforms can be a double-edged sword for restaurants. Platforms maintain that they

are helping restaurants and pitch themselves as demand generators for restaurants. How-

ever, restaurants feel differently. The restaurant saw delivery platforms as a deduction

source of income (Isaac and Yaffe-Bellany. 2019).

We consider the relationships between a restaurant and two delivery platforms, where

one is high quality and the other is low quality in the supply chain. The restaurant offers

the meal to customers. The restaurant considers whether to cooperate with any delivery

platform to gain more profits. Then the cooperated delivery platform(s) decides the com-

mission rates, a fraction of the restaurant’s revenue. To compensate for the partial loss, the

restaurant charges a higher price to the customers who use the delivery platform service

and decides this price through a pass-through rate. Then customers choose their dining

choices: dine in, use a delivery platform service, or buy nothing. Each customer has a

heterogeneous valuation of the meal. If the customers decide to dine in, they may have

to wait for a meal in the restaurant. If the customers choose to use the delivery platform,

they can stay for the food at home, and their valuation may increase or decrease due to the

service quality. The increase or decrease of valuation depends on the delivery platforms’

convenience, speed, and customer experience of meal ordering. Therefore, we will con-

sider different scenarios: whether customers enjoy better or poorer dining experiences,

and discuss the results.
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Our research focuses on the restaurant’s operation strategies, and we investigate the

following:

(a) How the restaurant changes its strategies under different platform quality?

(b) Whether the restaurant cooperates with any delivery platforms, and the associated

reasons?

(c) How do the platforms change the commission rate decisions, and how does the restau-

rant change the pass-through rate decisions under different cooperation strategies?

We solve our model backward by first solving the restaurant’s decision. Given the

commission rates, we characterized the unique pass-through rate that maximizes the restau-

rant’s profit that satisfies the first order condition. We also discuss the relationships be-

tween the commission rates and the associated pass-through rates, then substitute the equi-

libria pass-through rates into the delivery platforms’ profit functions to derive the optimal

commission rates of the delivery platforms. Because our problems are complicated, some

optimal solutions cannot get by differential, and they lie in the boundary.

We conduct a numerical study for further managerial insights. Our results show that

under Scenario 1 when the service quality levels of both delivery platforms are poorer than

dine-in, the restaurant will not cooperate with any delivery platform. When the service

quality level of the delivery platform improves, the restaurant will collaborate with both
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delivery platforms and even will not adopt the dine-in strategy.

Under Scenario 2, the service quality levels of both delivery platforms are better than

dine-in. The restaurant will only adopt a dine-in strategy when both platforms’ service

quality is low. When both platforms’ service quality improves, the restaurant will coop-

erate with both platforms simultaneously. Furthermore, the restaurant will only cooperate

with platform H when platform H has much better service quality than platform L. Unless

platform L lower the commission rates, the restaurant will not cooperate with platform L.

Under Scenario 3, the service quality levels of delivery platform H are better than

dine-in and platform L, and delivery platform L are poorer than dine-in. When platform

L’s service quality is almost the same as platform H, the restaurant will cooperate with

platform L with a lower commission rate. Otherwise, the restaurant will only cooperate

with platform H.

This thesis is organized as follows. Chapter 2 discusses the survey of relevant litera-

ture. Chapter 3 describes the model in detail. The equilibria of the cases in that customers

prefer buying from a restaurant that provides diverse consumption channels are in Chapter

4. For further managerial insights, we conduct a numerical study in Chapter 5. Chapter 6

concludes our research and extension.
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Chapter 2 Literature

With the rapid development of the online food delivery industry, the restaurant may
consider providing meals through platform services. The related works of literature dis-

cuss several topics, and we will discuss these theses in the following parts:
(a) The motivations for the restaurant to cooperate with third-party food delivery plat-
forms.

(b) The contractual relationships between a restaurant and a third-party delivery platform.

(c) The operation of omnichannel retailing and the interaction of online and offline stores.

(d) The interactions between the restaurant and third-party delivery platforms.
Restaurants can build their food delivery platforms or cooperate with third-party food

delivery platforms. Tao, Gou, and Zhang (2020) state that delivery cost and delivery

service coverage are crucial to a merchant’s decisions. When the delivery cost is high

and delivery service coverage is vast, the merchant prefers a third-party delivery platform
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rather than delivering by itself. Moreover, See-Kwong et al. (2017) also point out the

motivations for merchants to cooperate with a third-party platform. The factors include

the third-party platform’s advertising effect, convenience, delivery scope, and whether

the merchant can increase revenue. Du, Fan, and Gao (2021) consider more in detail.

They conclude that when the advertising effect of the platform and customer benefits are

both large, the merchant should choose the mode of third-party platform and self-delivery.

Zhang et al. (2021) demonstrate that whether a manufacturer self-delivers or cooperates

with third-party platforms depends on third-party platforms’ commission rates, consumer

inconvenience cost, and marginal cost. When the cost of inconvenience to consumers is

low and the marginal cost is high, the manufacturer will build its platform; when the cost

of inconvenience to consumers is high, and the marginal cost is low, the manufacturer will

join a third-party platform. Niu et al. (2021) demonstrate that the restaurant prefers to use

third-party platform logistics when the online market potential is low because this helps

the restaurant reduce logistics investment costs. Unlike Du, Fan, and Gao (2021), we do

not consider building a self-delivery fleet for the restaurant in our thesis. Still, we put

more emphasis on cooperation way with third-party delivery platforms.

When the restaurant cooperates with a third-party delivery platform, they have to

negotiate contractual relationships. Feldman, Frazelle, and Swinney (2022) and Chen,

Hu, and Wang (2022) study the contractual relationships between restaurants and deliv-
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ery platforms. They consistently find that the single revenue sharing contract, which is

the restaurant shares a partial revenue for the platform as commission costs, is ineffective

in coordinating the system. Feldman, Frazelle, and Swinney (2022) propose a modified

contract that the delivery platforms also share a fraction of platform revenue and a fixed

fee to the restaurant for each meal order, which coordinates the restaurant and platform

systems. There is more literature about revenue sharing contracts on supply chain con-

tracts. Cachon and Lariviere (2005) demonstrate that contract coordination failures are

common. A revenue-sharing contract can achieve coordination depending on the contract

parameters, such as the retailer’s share of the revenue for each unit. See Cachon (2003)

and Lariviere (2015) for more reviews of contract literature. Our model adopts the single

revenue-sharing contract because this is more consistent with the real-world situation.

Our thesis is also related to the operations of omnichannel retailing, that is, an integra-

tion of offline stores with online channels. The associated studies are thriving, including

Gallino and Moreno (2014), Bell et al. (2018), Gao and Su (2017), and Baron, Chen, and

Li (2022). Baron, Chen, and Li (2022) demonstrate a paradox that when both offline and

online channels are used in equilibrium, online ordering can improve sales and reduce

waiting times, but it may inadvertently reduce customers’ personal utility and social wel-

fare. The lower the cost of online orders and waiting, the more social welfare is reduced.

Gallino and Moreno (2014) point out that omnichannel has already been a trend, and the
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challenge for retailers is not deciding whether or not to do it but how to implement it most

efficiently. Bell et al. (2018) indicate that online order technology will likely benefit cus-

tomers, workers, and firms. Besides, it also shows that offline stores increase online and

overall sales and improve operational efficiency. Hu et al. (2021) deliver that whether

a retailer benefits from or harms an omnichannel strategy depends on the visiting cost to

the store and the online waiting cost. Retailers can benefit from the omnichannel strategy

if the costs are relatively low. Overall, omnichannel seems an inevitable trend with the

rapid development of technology and platform economy. Most of the thesis only focuses

on two roles, one merchant and one third-party channel, but in our thesis, we consider a

multichannel strategy, including dine-in and two delivery platforms.

Our thesis puts focuses on the interaction between third-party delivery platforms and

restaurants. Feldman, Frazelle, and Swinney (2022) especially consider customers choos-

ing between delivery platforms or dine-in in a restaurant market. Customers would expe-

rience a waiting cost proportional to the platform’s total volume and dine-in customers.

The restaurant’s profitability may decline when cooperating with the delivery platform.

With the outbreak of the COVID-19 pandemic, Raj, Sundararajan, and You (2020) find

evidence that small restaurants have increased their activity on the platform following the

closure of the dine-in channel. They also find that platforms have a positive short-term

effect on specific small restaurants. Raj and Eggers (2022) also demonstrate that the pen-
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etration of platforms increases the likelihood of exit for those restaurants with the old

business model. Chen, Hu, and Wang (2022) study the impact of food delivery platforms

on a restaurant. They categorize customers as traditional and tech-savvy: traditional cus-

tomers can only get a meal by walking into the restaurant, while tech-savvy customers can

access a food delivery platform online. They demonstrate that the platform services may

not bring extra demand for the restaurant but only change the composition of the customer

group. They also show that when the food delivery system is adequately convenient, in-

cluding enough tech-savvy customers and delivery workers, the restaurant can become a

delivery-only kitchen and raise the food price, but this may hurt the profitability of the

food delivery platforms. Restaurants can build their food delivery platforms or cooperate

with third-party food delivery platforms. Tao, Gou, and Zhang (2020) state that delivery

cost and delivery service coverage are crucial to a merchant’s decisions. When the deliv-

ery cost is high and delivery service coverage is vast, the merchant prefers a third-party

delivery platform rather than delivering by itself. Moreover, See-Kwong et al. (2017)

also point out the motivations for merchants to cooperate with a third-party platform. The

factors include the third-party platform’s advertising effect, convenience, delivery scope,

and whether the merchant can increase revenue. Du, Fan, and Gao (2021) consider more

in detail. They conclude that when the advertising effect of the platform and customer

benefits are both large, the merchant should choose the mode of third-party platform and

self-delivery. Zhang et al. (2021) demonstrate that whether a manufacturer self-delivers
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or cooperates with third-party platforms depends on third-party platforms’ commission

rates, consumer inconvenience cost, and marginal cost. When the cost of inconvenience

to consumers is low and the marginal cost is high, the manufacturer will build ‘its plat-

form; when the cost of inconvenience to consumers is high, and the marginal cost is low,

the manufacturer will join a third-party platform. Niu et al. (2021) demonstrate that the

restaurant prefers to use third-party platform logistics when the online market potential

is low because this helps the restaurant reduce logistics investment costs. Unlike Du,

Fan, and Gao (2021), we do not consider building a self-delivery fleet for the restaurant

in our thesis. Still, we put more emphasis on cooperation way with third-party delivery

platforms.

When the restaurant cooperates with a third-party delivery platform, they have to

negotiate contractual relationships. Feldman, Frazelle, and Swinney (2022) and Chen,

Hu, and Wang (2022) study the contractual relationships between restaurants and deliv-

ery platforms. They consistently find that the single revenue sharing contract, which is

the restaurant shares a partial revenue for the platform as commission costs, is ineffective

in coordinating the system. Feldman, Frazelle, and Swinney (2022) propose a modified

contract that the delivery platforms also share a fraction of platform revenue and a fixed

fee to the restaurant for each meal order, which coordinates the restaurant and platform

systems. There is more literature about revenue sharing contracts on supply chain con-
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tracts. Cachon and Lariviere (2005) demonstrate that contract coordination failures are

common. A revenue-sharing contract can achieve coordination depending on the contract

parameters, such as the retailer’s share of the revenue for each unit. See Cachon (2003)

and Lariviere (2015) for more reviews of contract literature. Our model adopts the single

revenue-sharing contract because this is more consistent with the real-world situation.

Our thesis is also related to the operations of omnichannel retailing, that is, an integra-

tion of offline stores with online channels. The associated studies are thriving, including

Gallino and Moreno (2014), Bell et al. (2018), Gao and Su (2017), and Baron, Chen, and

L1 (2022). Baron, Chen, and Li (2022) demonstrate a paradox that when both offline and

online channels are used in equilibrium, online ordering can improve sales and reduce

waiting times, but it may inadvertently reduce customers’ personal utility and social wel-

fare. The lower the cost of online orders and waiting, the more social welfare is reduced.

Gallino and Moreno (2014) point out that omnichannel has already been a trend, and the

challenge for retailers is not deciding whether or not to do it but how to implement it most

efficiently. Bell et al. (2018) indicate that online order technology will likely benefit cus-

tomers, workers, and firms. Besides, it also shows that offline stores increase online and

overall sales and improve operational efficiency. Hu et al. (2021) deliver that whether

a retailer benefits from or harms an omnichannel strategy depends on the visiting cost to

the store and the online waiting cost. Retailers can benefit from the omnichannel strategy
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if the costs are relatively low. Overall, omnichannel seems an inevitable trend with the

rapid development of technology and platform economy. Most of the thesis only focuses

on two roles, one merchant and one third-party channel, but in our thesis, we consider a

multichannel strategy, including dine-in and two delivery platforms.

Our thesis puts focuses on the interaction between third-party delivery platforms and

restaurants. Feldman, Frazelle, and Swinney (2022) especially consider customers choos-

ing between delivery platforms or dine-in in a restaurant market. Customers would expe-

rience a waiting cost proportional to the platform’s total volume and dine-in customers.

The restaurant’s profitability may decline when cooperating with the delivery platform.

With the outbreak of the COVID-19 pandemic, Raj, Sundararajan, and You (2020) find

evidence that small restaurants have increased their activity on the platform following the

closure of the dine-in channel. They also find that platforms have a positive short-term

effect on specific small restaurants. Raj and Eggers (2022) also demonstrate that the pen-

etration of platforms increases the likelihood of exit for those restaurants with the old

business model. Chen, Hu, and Wang (2022) study the impact of food delivery platforms

on a restaurant. They categorize customers as traditional and tech-savvy: traditional cus-

tomers can only get a meal by walking into the restaurant, while tech-savvy customers can

access a food delivery platform online. They demonstrate that the platform services may

not bring extra demand for the restaurant but only change the composition of the customer
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group. They also show that when the food delivery system is adequately convenient, in-

cluding enough tech-savvy customers and delivery workers, the restaurant can become a

delivery-only kitchen and raise the food price, but this may hurt the profitability of the

food delivery platforms.
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Chapter 3 The Model

We consider a mathematical model in which the restaurant, upon serving meals to
end customers, may cooperate with two external delivery platforms in the channel. To
investigate the interactions between two different delivery platforms, in our model, one
restaurant (R) offers the meal that charges at p € [0, 1], which is exogenously determined.
The restaurant R decides how to sell meals to the customers and whether to cooperate
with any delivery platforms. The choices include : (1) dine-in only, (2) cooperating with
one or both delivery platforms with dine-in or (3) cooperating with one or two delivery

platforms only without dine-in.

In the channel, there exist two external delivery platforms, H and L, whereas plat-
form H possesses a higher quality than platform L perceived by the customers. This
quality difference may vary due to delivery speed and customer experience of the meal
order. Suppose restaurant R decides to cooperate with the delivery platforms. In that case,
the restaurant R has to share a fraction of its revenue with the platform as a commission
cost, decided by the delivery platforms. Let ¢; € [0, 1] be the commission rates charged
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by platform ¢ while cooperating with restaurant 12, where © = H, L.. Note that such a

commission rate can be as high as 20 — 35% in practice (Hagiu and Wright. 2021). In

addition to the commission cost, the restaurant R charges a pass-through rate to each cus-

tomer who orders the meal through the delivery platforms. Such pass-through rates can

compensate for part of the loss of the restaurant due to the commission charged from the

delivery platform. Let 3; be the pass-through rate the restaurant charges customers where

t = H, L. Therefore, customers need to pay more if they order the meal through delivery

platforms.

Customers’ behaviors In the market, each customer has heterogeneous valuations toward

the meal, V', which is uniformly distributed on a [0,1] line. We normalize the customers’

population to 1 without the loss of generality. If the customers decide to dine in, they may

have to wait for a meal inside the restaurant and hence will incur a waiting cost, g; > 0

(Buell, 2017). If the customers decide to order the meal through the platforms, they do

not incur the waiting cost, and their valuation will increase or decrease due to the service

provided by the delivery platforms. Define 0 < v, < vy < 2 as the multipliers of service

rewards for customers who use any delivery platform. That is, when customers order

meals through the delivery platform i, their valuations toward the meal and the service

become V~;. Also, ordering through platform H enhances a better experience compared

to platform L. In the subsequent analysis, we will investigate three scenarios depending

18 doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

on whether each ~; is larger than 1. v; > 1 represents the case where the customers enjoy
better dining experiences through the delivery platforms and thus increase their valuations,
On the other hand, customers would downgrade their expectations when ordering through

the platforms.

Based on the above settings, the expected utility of the dine-customer, U is the val-
uation V' minus the food price p, and the waiting cost q;: Uy = V — p — q;. For customers
who decide to order through the delivery platforms, the expected utility U; is the valuation
with the multiplier R+; minus the food price p, and the part of the commission cost pg;c;:
U; = V~v; — p—pBic;. If customers decide not to consume, they receive zero utility. Note
that in our model, we assume each customer is rational; hence, the customers will choose

the one that gives the maximum and non-negative utility.

To facilitate the analysis more easily, let V; be the indifferent valuation of having
meals between dine-in, through delivery platforms, and no purchase, where ¢ = 1...6, the

following shows six indifferent valuations in detail:

(a) Vj represents the indifferent valuation between dine-in and through delivery platform

H, thus, we have:

U — pPucH

Vi =
' I —vnu

(1)
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(b) V4 represents the indifferent valuation between dine-in and through delivery platform
L, thus, we have

_ qr — pBrer

=11 @

(c) V3 represents the indifferent valuation between through delivery platform A and L,

thus, we have

_ pBrCcH — pBrer
YH — 7L

Vs

3)

(d) Vj represents the indifferent valuation between dine-in and no purchase; thus, we have

Vi=p+q >0. 4)

(e) Vs represents the indifferent valuation between through delivery platform A and no

purchase, thus, we have

%:M>Q (5)

YH

(f) Vi represents the indifferent valuation between through delivery platform L and no
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purchase, thus, we have

Vi = p(1+4 Brer) - 0. ©)

YL

In our model, we consider the three scenarios: (1) 0 < v, <vg < 1,(2) 1 <vp <
yg < 2and 3) 0 < v, < 1 < vy < 2, to discuss the tradeoffs of the restaurant between
the extra profit from cooperating with the delivery platforms and the commission costs the
restaurant would incur. Our goal is to show how the delivery platforms decide the optimal
commission rates and how the restaurant decides the pass-through rates for the customers
to maximize their associated profits in the market under each scenario. The following is
the summary of the sequence of the events. We illustrate the model parameters and the

decision variables of each player in Table 3.1, 3.2.

The sequence of the events:

(a) The restaurant decides how to sell the meal to the customers, dine-in only, cooperating
with one or two delivery platforms with dine-in, or cooperating with one or two food

delivery platforms without dine-in.

(b) Ifthe restaurant cooperates with any of the delivery platforms, the cooperated delivery

platform(s) then sets the commission rate(s) c;.

(c) The restaurant sets the pass-through rate(s) ;.
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(d) Customers decide their dining choices: dine-in, use delivery platform service, or buy

nothing.

(e) Customers’ demands are realized, and restaurant’s and delivery platforms’ profits can

be calculated.

The restaurant decides how to sell
the meal to the consumers, dine-in

only, cooperating with one or two Customers' demands are
delivery platforms with dine-in, or realized and restaurant's
cooperating with one or two food The restaurant sets the and delivery platforms'
delivery platforms without dine-in. pass-through rate(s) £3;. profits can be calculated.
0 > ¢
I If the restaurant cooperates Customers decide their dining choices:
with any of the delivery dine-in, using delivery platform service,
platforms, the cooperated or buy nothing.

delivery platform(s) then sets
the commission rate(s) ;.

Figure 3.1: Sequence of events.

Table 3.1: The model parameters.

Model parameter | Explanation

P The food price, p > 0.
Vv The service reward. V' € [0, 1].
Vi The multiplier of the service reward through delivery platform ¢

where i = L, H and v, < 7vg.

qr The waiting cost for dine-in, ¢; > 0.

22 doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

Table 3.2: The decision variables.

Decision variable | Explanation

¢ The commission rate charged by delivery platform ¢, whered = L, H.
c; > 0.
Bi The pass-through rate (proportion of commission rate) that customers

need to afford through platform i, where i = L, H. 3; > 0.

Considering how the restaurant sells the meal to the customers, we represent all the

possibilities depending on the relative locations of V; where ¢ = 1...6, and whether V; is

greater than one or less than zero. By removing unreasonable instances, we have 30 cases

in each scenario, which is summarized in the appendix. We use some notations to represent

the way a restaurant provides the meal: ”X” represents no purchase, ”’I”’ represents dine-in,

and ”H” and ”L” respectively represent higher-level and lower-level delivery platforms.

In our model, the profit margin that the restaurant earns from dine-in is the whole

food price, p. As for the cooperation with delivery platforms, the profit margin is the food

price, p minus the commission cost and plus the part of the commission cost charged to the

customer, p — pc; + pc;5;. On the other hand, the profit margin that the delivery platform

earns is from the commission, pc;. The demand structure is based on the preference of

marginal customer who is indifferent between dine-in, through delivery platforms, and no

purchase. We summarize the restaurant and platforms’ profit functions in each scenario

in Tables 3.3, 3.4, and 3.5.
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In the following chapters, we use backward induction to solve the optimal commis-

sion rates charged by the delivery platforms and the pass-through rates charged by the

restaurant. We first consider the restaurant’s pass-through rates problem, given the deliv-

ery platforms’ decisions. Then we solve the delivery platforms’ problems to characterize

the optimal commission rates decisions given the restaurant’s best response. Finally, we

discuss the optimal choices of the restaurant regarding whether to include delivery plat-

forms in the business.

Table 3.3: The profit functions of Scenario 1.

Case Restaurant’s profit Platform H’s profit Platform L’s profit
(O 1 p(1 —Va) 0 0
@ I+L p(1 —cp +cpfr)(Va = V) + p(1 = V2) 0 per (V2 — Ve)
3L p(1—cp +ecrBr)(1—Ve) 0 per(l = Vg)
HI+H p(L —cu +cuPu)(Vi —Vs) per (Vi = Vs) 0
() H p(1 —cn +cuBu)(l—Vs) per (1= Vs) 0

p(1 —cr +crBr)(Vs — Vo)
6) I +H+L +p(1 — e + cuBu) (Vi — Va) per(Vi = Vs) per (Vs — Vo)

+p(1—W1)

p(1 —cp +erBr)(Vs — Ve)

(HH+L per (1 —Vs) per, (Vs — Vi)

+p(1 —cy +cufBy)(l —Vs)
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Table 3.4: The profit functions of Scenario 2.

Case Restaurant’s profit Platform H’s profit ° Platform £’s profit
O p(1—Vy) 0 0

@ I+L p(1—cL +eBr)(1=V2) +p(V2 = Vi) 0 per(1—Va)
3L p(1—cr +eBr)(1 —Ve) 0 per(l—Vs)

4 I+H Pl —cu+cafu)1=V1)+p(Vi=Va)  peu(1-W1) 0

(5) H p(1 —cu +cuBu)(l —Vs) pen(1—Vs) 0

p(l —cp +crBr) (Vs —Va)

6 I+H+L +p(1 — g + cuBr)(1 — V) pen(1—Vs) per (Vs —V2)

+p(Va — V)

p(1 —cp +cfr)(Va — V)
(HH+L per(1—Va) per(Vz — Vi)

+p(1 —cy +cuBu)(l—V3)

Table 3.5: The profit functions of Scenario 3.

Case Restaurant’s profit Platform H’s profit Platform L’s profit
(O I p(1—Vy) 0 0
I+L p(I —cp+cBr)(Va — Vo) +p(1 = V2) 0 per(Va — V)
3L p(L—cp +erBr)(l —Vs) 0 per(l = Vg)
@HI1I+H p(1 —cu +cufu)(1 = V1) +p(Vi = Vi) per(1—V1) 0

5 H p(1 —cu +cufu)(l —Vs) per(l—Vs) 0

p(l —cp +crBr)(Va — V)

(6)I+H+L +p(1 — g + cuBr)(1 — V4) pen (1= Vi) per(Va — Vo)

+p(V1 — Va)

p(1 —cp +crfr)(Va — V)
(HH~+L per (1 —Vs) per (Vs — Vi)

+p(1 —cy +cuBy)(l —V3)
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Chapter 4 Analysis

In this chapter, we formulate the restaurant’s and platforms’ profit functions and then
solve the restaurant’s and platforms’ problems by determining the optimal pass-through
rates and commission rates. We consider three scenarios, and for each scenario, we dis-
cuss one instance to show the varied customers’ behaviors. Due to the complexity of the

analysis, we put the remaining analysis in the appendix.

4.1 Scenariol: 0 <y, <yg <1

In this scenario, 0 < 7y, < vy < 1 implies that both delivery platforms have poorer
service quality than dine-in; hence, customers may not have better experiences through
the platforms. Here, we demonstrate one case: the restaurant provides the meal through
the dine-in and the two delivery platforms simultaneously and show the interplay between
the restaurant and two delivery platforms. The remaining cases will be summarized in

the appendix. We use LH I to represent the case where the restaurant provides the dine-
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in and two delivery platforms. The restaurant decides the pass-through rates in order:to

maximize the profit after observing the commission rates decided by the platform(s).

Given the price, p, the waiting cost, ¢;, the service reward multiplier through the
delivery platform, v;, and commission cost, ¢;, we can formulate the restaurant’s profit

function as 75! where i = H, L:

i =p(L— e e BL) (Ve = V) +

p(1 — e+ I BETY (V) — V3) + p(1 — V1)

LHI LHI BLHICLHIp p+BLHI LHIp

_p<1_c£HI+I6LHI LHI)( H ¢ L L )+
YH — VL YL

) <

LHI LHIp+qI _GLHICLHI, | GLHI £H1p> )
1—vm YH — VL

p(l LHI_|_ﬂLHI LHI

_BLHIGLHI, L o)
P <1 -2 )

1—m

HI+C£HI/6LHI)

In equation (7), p(1— represents the restaurant’s profit margin that

cooperates with platform L, and V3 — V;; represents the demand of platform L; p(1—ckH! +
cEHT BEHTY represents the restaurant’s profit margin that cooperates with platform H, and
V1 — V3 represents the demand of platform H; p represents the restaurant’s profit margin

from a dine-in customer, and 1 — V; represents the demand of dine-in. We substitute V;

from equations (1) to (6) into (7), then we can obtain the second equation.

To obtain the optimal pass-through rates of the restaurant, we first check the Hessian

HLHI

matrix of the restaurant’s profit function. Here we define as the determinant of the
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Hessian matrix of the restaurant’s profit function. The maximum of the restaurant’s profit

will exist when HX#! > (. The Hessian matrix can be derived from equation (7):

?nLHI 02rLHI ] )
HIHT — ot apLHI® oBEFToBET | —ACLHI? (LHI
- (=l +vm)(ve — )
82 LHI 9PmLHT ( Vi) (7 L)Y
OBEHIGRLHT 65£HI2

With v > v, and 0 < v, < v < 1 in our model setting, we obtain H*#! > (,
and hence, the optimal pass-through rate solutions uniquely exist. The pass-through rate
solutions can be derived by the first-order conditions of w57, that is, dr 571 /OBEHT = 0,

and 7L JOBEHT = (. We obtain:

cur _ 9178 + p(=2+ ¢ + 2vp)

H LHI '
2cp

par e+ p(=2+ e+ 2yp)
L - 2 LHI . (2)
cL'p

Given the restaurant’s best response, the platforms decide the commission rates. We
substitute the pass-through rate in equation (8) into the platforms’ profit function and solve

the platforms’ problems. Let 72#! be platform 7’s profit function where i = H, L, we
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have:

T = el Vi Ve
2
—cEHT BERT P2 (=1 4 1) + cEH Ip(BEH cEH  p(—1 + vir) + qr (—vm +L))
(va — ) (vg — 1)
LHI?

I p(p — pyn) + E  p(cE T p(—1 4+ i) + qr (—vu + 1))
2(vae — 1)(ve — 1)

)

i = per™ (Vs = Vo)

2
_ =B et — (v — o = BE el ) e ™!
yL(vE — L)
2
B —C%/HI p2,7H +C[I:IHIC£HIPQ,YL
— ) (3)
2vr(ve — L)

Note that it is not difficult to show that the platforms’ profit functions in equation (9)

are both quadratic functions. With v > v, and 0 < 7, < v5 < 1 in our model set-

LHI LHI

ting, the quadratic coefficients of c£#! and ct*! are negative, and thus, w/#7

-4 1s parabolas
open downward. That is, there exist unique commission rates based on the first-order

conditions:

car  2qrye(=7YH + 1)

C = )
T p(Byryr — 4y + 1)
QYo=Y + 7L
CﬁHI _ ( ) (4)

By — Ay + 1)

Note that these solutions in equations (8) and (10) are optimal if they follow the valuation

constraints summarized in Table A.4, or the solutions will lie in the corner point.

Based on equations (8) and (10), we obtain the restaurant’s profit and the associated

30 doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

pass-through rates:

aivh (=14 v0) (=570 + va(—4 + 971))
A(=1+vu)(ve + yu(—4 + 37L))?

T = p —p* — pg; —

)

LHI _ 2qrvu(ve — o) — 2oy — 20 + @rve) 3y — 4ve + L)
" 491y (vH — Y1)
ar L 2p(=1+92) +qry)(vp + e (=4 +371))

- — _ ) 5
L 2 2q1(ve — o)L ©®)

Y

We follow the same logic to discuss the remaining cases. For some cases, we can

obtain the restaurant’s optimal pass-through rates and profit, along with the platforms’

commission rates and the associated platforms’ profit, through the differential. For those

optimal solutions that cannot get by differential, their solutions lie in the boundary. By

removing the repeated and trivial cases, we can summarize one of the derivative results in

the following lemmas.

Lemma 1. Under Scenario 1, the restaurant’s partial derivative results of pass-through

rates and associated profits are in Tables 4.1 and 4.2.
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Table 4.1: Restaurant’s partial derivative results of pass-through rates in‘Scenario 1.

Case Br Br.
(W1 _ \

QI+ L - % + 210(;11;;%)

3L - 741214;5%

#I+H g 4 2Llhm) -

Gk gu |

©6)I+H+L quH('YH"YL)*(253517;2({’/:?35)(3%%74VH+7L) % _ (2p(*1+'YL)24:51(12)_(%?5(*4%%))
(HH+L —8pYH+675 +1pyL —3vH L —8pym+2pyL+57uvL —272

45 —4vE7L

2vHYL =27}

Table 4.2: Restaurant’s profits with associated partial derivative results in Scenario 1.

Case -
M1 p(=p—qr+1)

GIAL p— -+ i

3L 2

@i+ .

©F: &1

O1+H+L | p—p —par - TR S
(HH+L Vi1 (dym +571)

4(—4vya+7L)?

Lemma 2. Under Scenario 1, platforms’ partial derivative results of commission rates

and associated profits are in Table 4.3.
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Table 4.3: Platforms’ partial derivative results of commission rates and associated profits

in Scenario 1.

Case CH cr, TH L

(I - . - ¢

Q) I+L - s - e

®L : 5 : ¥
@i s - :
OI+H+L | ST b ttn Tt Ty sy
oHL | SRS s T R

4.2 Scenario2: 1 < vy <yg <2

Scenario 2: 1 < v, < vy < 2 implies both platforms have better service quality

than the dine-in; customers may have better experiences through the platforms. Here,

we demonstrate one case: the restaurant provides the meal through the dine-in and the

two delivery platforms simultaneously and show the interplay between the restaurant and

two delivery platforms. The remaining cases will be summarized in the appendix. We

use /L H to represent the case where the restaurant provides the dine-in and two delivery

platforms. The restaurant decides the pass-through rates in order to maximize the profit

after observing the commission rates decided by the platform(s).

Given the price, p, the waiting cost, ¢;, the service reward multiplier through the
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delivery platform, v;, and commission cost, ¢;, we can formulate the restaurant’s profit

function as 71, where i = H, L:

II%LH (‘/vz_w)_i_p(l_ciLH_’_ ILHBILH>(V3_Vv2)_~_p(1_C§ILH+ ILHBILH)(l_VvS)

_BILHILH, o)
=p(-p—ar + : )+
— 7L
ILH ILH _ JILH | i ey — ﬁiLHCiLHp —BEH I p 4 g
p(BL e e+ 1)( )+
YH — VL 1—1
ILH ILH ), GILH ILH),
p(Bi e ™ — e+ 1)(1 = = -+, ©)
YH — 7L

In equation (12), p represents the restaurant’s profit margin from a dine-in customer,
and V, — Vj represents the demand for dine-in; p(1 — cIF + ¢ILH BILH) represents the
restaurant’s profit margin that cooperates with platform L, and V3 — V; represents the

1 — b 4 IEH BILHY represents the restaurant’s profit margin

demand of platform L; p(
that cooperates with platform H, and 1 — V3 represents the demand of platform H. We

substitute V; from equations (1) to (6) into the first equation of (12), then we can obtain

the second equation.

To obtain the optimal pass-through rate of the restaurant, we first check the Hessian
matrix of the restaurant’s profit function. Here we define HZ¥ as the determinant of the

Hessian matrix of the restaurant’s profit function. The maximum of the restaurant’s profit
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HILH

will exist when > (. The Hessian matrix can be derived from equation (12):

2 _ILH 2 _ILH
Oy 07y 2 2
HILH _ g | 0T OB A Tt
= ae = i
o2 lLH 92 lLH (_1 + ’YL)(VH - 'YL)
aIBI{ILHﬂiLH aﬁiLHQ

With vy > v, and 1 < 77, < 75 < 2 in our model setting, we obtain H/*H > (,
and hence, the optimal pass-through rate solutions uniquely exist. The pass-through rate
solutions can be derived by the first-order conditions of wH# | that is, OntFH /08y = 0,

R

and OrE /0BT = (. We obtain:

ILH A+ qr + v — 1
H = oI LH ’

H P
ILH _ cHp+ g+, — 1 7
L QCiLH P

Given the restaurant’s best response, the platforms decide the commission rates. We
substitute the pass-through rate in equation (13) into the platforms’ profit function and

solve the platforms’ problem. Let /X be platform i’s profit function, where i = H, L,
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we have:

i = el (1 - Vi)

_ CLLH p(_GILH ILH ), | GILHILH ) o oY
YH — YL
_ LLH P’ cF p(eH p 4+ yu — 1)
2(ye — L) 2(ye — L)
= e (v, — V)
CLLH p(p(yy, — 1)(BLLH LEH - GILH ILHY _(n o ) (BILH ILH o))

(va —vz)(ve — 1)

A p2 (1 4 ) et plar(—ye + ) + e (0 = pn)) ()
" 20ym — ) (1 + 1) 2(ve — L) (=1 +z) .

Note that it is not difficult to show that the platforms’ profit functions in equation

(14) are both quadratic functions. With vz > v, and 1 < 77 < g < 2 in our model

ILH ILH 1

setting, the quadratic coefficients of c;F and ¢t are negative, and thus, 74 is parabo-

las open downward. That is, there exist unique commission rates based on the first-order

conditions:

o —2qrve + 240 — Yavn + e+ — L
il —
p(—4vm + 7 + 3)

Y

ALH _ Qe — L+ 298 — 2y — 270 + 2’YL
g p(4veg — v —3)

©)

Note that the solutions in equations (13) and (15) are optimal if they follow the valuation

constraints summarized in Table A.5, or the solutions will lie at the corner point.

Based on equations (13) and (15), we obtain the restaurant’s profit and associated
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pass-through rates:
mi ! =p — " + part

(=1 +7m) (2qr(=1 + 72) (=9 + 8yar + 1)) + a5 (=9 +4ym +51) |
A(=14+72)(3 —4ym + 1)

(=1 + ) (=1 +70) (=9 + 475 + 571)
A(=1472)3 —4ym + 1)’

)

a3 =341 — 9y +5qrym + 677 + 3vL — 2q1vL — 3vEL
i 2(—2+ qr + 2vu) (v — 1)

Y

ILH :3 —3q;1 — 9vu +6q1vH — L — 3q1vL + OVHYL — 27% (10)
L 20y — ) (=1 + 2qr + 1)

We follow the same logic to discuss the remaining cases. For some cases, we can

obtain the restaurant’s pass-through rates and profit, along with the platforms’ commis-

sion rates and the associated platforms’ profit, through the differential. For some optimal

solutions that cannot obtain by differential, their solutions lie in the boundary. By remov-

ing the repeated and trivial cases, we can summarize one of the derivative results in the

following lemmas.

Lemma 3. Under Scenario 2, the restaurant s partial derivative of pass-through rates and

associated profits are in Table 4.4 and 4.5.
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Table 4.4: Restaurant’s partial derivative results of pass-through rates in-Scenario 2.

Case Br BL
(1 - -
Q) I+L ; 1
_ —4p+3yr
@)L e
@I +H 1 ;
(5) H —4[2)+3’YH _
YH
6)[+L+H 3—3q1—9vm+5q1vE+67v5+3vL—2q1vL—3vEYL  3—3qr—5vm+6qrvm —vL —3qryL +5vv7L —27%
2(=24qr+2vm)(YH—"L) 2(ya—vL)(—=1+2qr+~L)
—8pva+67+1pyL —3vmYL —8pyr+2pyL+5v YL —27%
(DH+L 4y —4vmL 2vHYL =27}

Table 4.5: Restaurant’s profits by associated partial derivative results in Scenario 2.

Case TR
(O I p(—=p—aqr +1)
_ 2
@ I+L p—p* = par + G4
)L i3
_ 2
@HI+H p—p? —par + e
(5)H 6
p—p*+par+
6 I+L+H
(=14vm) 2qr (= 1471) (=94+8vm +v2)) +47 (=9+4vr+5v2 )+ (= 1+vm) (=147 ) (=9+4vm +5v1)
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Lemma 4. Under Scenario 2, the platforms’ partial derivative results of commission rates

and associated profits are in Table 4.6 and 4.7.
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Table 4.6: Platforms’ partial derivative results of commission rates in Scenario 2.

Case cH CcL

(I - -
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Table 4.7: Platforms’ partial derivative results of profits in Scenario 2.

Case TH TL
(I ] ]
(=1+qr+y0)?

I+ L - 8(_1:_%’“)
3) L ; &N
4)I+H (“ltartym)* )

8(—14+vm)
() H <7 ]

(“24qr b2y (m—n) (L) (o) (14241 471)°

@1 +H 1| Sy ey

273 (v —vr) yayL(yE—vL)
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4.3 Scenario3: 0 <y, <1<y <2

Scenario 3: 0 < v < 1 < vy < 2, implies platform H has better service quality

than the dine-in, but platform L has poorer service quality than dine-in. That is, customers

have better experiences through the delivery platform H and may not meet the expectation
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of food experiences through the platform L. Here, we demonstrate one case: the restaurant

provides the meal through the dine-in and the two delivery platforms simultaneously and

show the interplay between the restaurant and two delivery platforms. The remaining cases

will be summarized in Table A.3 in the appendix. We use LI H to represent the case where

the restaurant provides the dine-in and two delivery platforms. The restaurant decides the

pass-through rates in order to maximize the profit after observing the commission rates

decided by the platform(s).

Given the price, p, the waiting cost, g;, the service reward multiplier through the

delivery platform, ~;, and commission cost, ¢;, we can formulate the restaurant’s profit

function as 75’7 where i = H, L:

LIH
TR

In equation (17), p(1 —

e B (Ve = Vo) + p(Vi — Vo) +

1 B (0= )

LIH LIH _ (LIH | 1)(pﬁLIH et —p 4z er™p + QI)+
VL L=z
1 4 BLIH LIH ) _
LIH LI (LI 4 q)(] _ + 05 ey p QI)+
L —u
BTy — gy B+ o ;
)- (11)
L= L —u

LIH 4 LIHBLIHY represents the restaurant’s profit margin that
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cooperates with platform L, and V5 — V; represents the demand of platform L; p represents

the restaurant’s profit margin from a dine-in customer, and V; — V5 represents the demand

of dine-in; p(1—ciH +cEH LI represents the restaurant’s profit margin that cooperates

with platform H, and 1 — V] represents the demand of platform H. We substitute V; from

equations (1) to (6) into (17)’s first equation, then we can obtain the second equation.

To obtain the optimal pass-through rate of the restaurant, we first check the Hessian

HLIH

matrix of the restaurant’s profit function. Here we define as the determinant of the

Hessian matrix of the restaurant’s profit function. The maximum of the restaurant’s profit

will exist when HX'# > (. The Hessian matrix can be derived from equation (17):

aZﬂ_LIH 8271_LIH
Y 2 2 2.4
FILTH _ oy Oy OPmOPL | degrerp .
(=1+7y) (=1 +vm)n

O2rLIH 2Ll
0BLOBH EEH

With vy > v, and 0 < v, < 1 < vy < 2 in our model setting, we obtain H*/ > (),
and hence, the optimal pass-through rate solutions uniquely exist. The pass-through rate

solutions can be derived by the first-order conditions of 75'#, that is, dr 5/ # /OB = 0,
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and Ok /9BEH = (). We obtain:

LIH _ cHp+qr+yu —1
H 2L, ’

Lim _ 4t p(—24 cf™ + 2v;) 12
L 2CLIH : ( )

Given the restaurant’s best response, the platforms decide the commission rates. We
substitute the pass-through rate in equation (18) into the platforms’ profit function and
solve the platforms’ problems. Let 72/# be platform 4’s profit function, where i = H, L,

we have:

i = (1 - V)

cHHp(—BHH A p + g +yu — 1)

Ya — 1

3pPc’ N i p(=1+qr +vm)

2(—1+’YH) -1+

mptt = pep (Vo = V)

_cepBEM et p —pye +p — ai1)
(v — 1)
T p(p —yip = 3qv)  Ep(—p + py + aye) (13)
2qr7i (=14 L) Yo(=1+ 1)

Note that it is not difficult to show that the platforms’ profit functions in equation

(19) are both quadratic functions. With vy > v, and 0 < v, < 1 < vy < 2 in our

LIH LIH LIH

model setting, the quadratic coefficients of ¢/ and c¢;'" are negative, and thus, 7;
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is parabolas open downward. That is, there exist unique commission rates based on the

first-order conditions:

g 4+ m—1
gl = —
2p

Y

kM = ‘HQZH. (14)

Note that the solutions in equations (18) and (20) are optimal if they follow the valuation

constraints summarized in Table A.6, or the solutions will lie at the corner point.

Based on equations (18) and (20), we obtain the restaurant’s profit and associated

pass-through rates:

o _~1- 16p* — 16p(=1+q1) + 201 +vu  ¢;(1+ (=2 +vu))

R= 16 (—147m)(=1+1)’

Lre _3

H 2 )
3  2p(—1

LiH 2 p(—1+71) (15)
2 qaryL

Note that 3; > 0 in our model setting, but /' = 2 doesn’t lies in our feasible
solution. Therefore, the 35/ solution will be at the boundary.

We follow the same logic to discuss the remaining cases. For some cases, we can ob-

tain the restaurant’s pass-through rates and profit, along with the platforms’ commission

rates and the associated platforms’ profit, through the differential. For those optimal solu-
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tions that cannot obtain by differential, their solutions are in the boundary. After removing

repetitions and trivial cases, we can summarize one of the partial derivative results in the

following lemma.

Lemma 5. Under Scenario 3, the restaurant’s partial derivative results of pass-through

rates and associated profits are in the Table 4.8 and 4.9.

Table 4.8: Restaurant’s partial derivative of pass-through rates and associated profits in
Scenario 3.

Case B 8y,
(I ] )

QL+1I - 3 4 W
o - g
4I+H 3 i

Gk =g -
©L+I+H 3 3y W
(7)H + L _Spyn —fjf(;ipjs L+)37H7L _ 8pm —225%;532»? +292

Table 4.9: Restaurant’s partial derivative of pass-through rates and associated profits in
Scenario 3.

Case R
OF p(—p—ar+1)

@L+! P— 1" —pur + i

3L =

“HI+H p—p* — par + St

5)H 2

6)L+1+H —1—16;02—16p(1—61+q1)+2q1+’YH . q(?f(fizﬁgffffi);
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Lemma 6. Under Scenario 3, the platforms’ partial derivative of commission rates and

associated profits are in Table 4.10.

Table 4.10: Platforms’ partial derivative of commission rates and associated profits in

Scenario 3.

Case cH crL TH TL
(I - - - -
@I+L : 5" - D
&L : % : ¥
@red | v - Stenss
S5)H @ - 1z -
©r+HvL| e SRR atthn
MH+L | s wogod sy e
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Chapter 5 Numerical Study

We conduct a numerical study to investigate further managerial insights. In this chap-
ter, we focus our analysis on the relationships between the optimal choice of the restau-
rant’s operation choice as well as the model parameters, which are untraceable through
theoretical discussions in the previous chapter. In each scenario, we consider several dif-
ferent parameter value combinations to investigate the changes in the restaurant’s optimal

strategy.

5.1 Restaurant’s operation choice under Scenario 1

Here we discuss the restaurant’s optimal operation decision in Scenario 1 under the
situation that the customers spend less waiting cost, which given q; = 0.1. When the
price, p, changes, we still have similar patterns of strategy changes. Here, we show one

of the results in Figure 5.1.

Observation 1. When we fix p = 0.1, q; = 0.1, (a) if vy is low, the restaurant will only
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adopts strategy I as vy, increases. (b) if vy is medium, the restaurant will adopts strategy

H + I, then switches to L + H + I as yy, increases. (c) if vy is high, the restaurant will

adopts strategy H, then switches to L + H as y, increases.

When we fix vy, if yg is low (7 < 0.5), both platforms provide much poorer service

quality than dine-in. There are extra commission costs with the platform service, and cus-

tomers’ surplus by the platform will be negative, so the customers won’t buy food, which

can infer that the restaurant only provides meals through dine-in. If the platforms’ service

quality is getting better (yy > 0.5), the restaurant will cooperate with the platforms. If

platforms’ service quality is almost the same as dine-in (yy > 0.95, v, > 0.7), dine-in

will not even exist in the market and be replaced by only platforms.

Observation 2. When we fix p = 0.1, q; = 0.1, (a) if yi is low, the restaurant adopts

strategy 1, then switches to H+ I, then switches to H as vy increases. (b) if vy, is medium,

the restaurant adopts strategy L + H + I, then switches to H + I, then switches to H as

vy increases. (c) if vy, is high, the restaurant adopts strategy L + H + I, then switches to

L + H as vy increases.

When we fix vy, if 77, is low (77, < 0.5), the restaurant won’t cooperate with platform

L; instead, the restaurant collaborates with platform H as vy > 0.5 because platform H

can provide better service than platform L. If v, is medium or high (v, > 0.5), there’s a

chance that the restaurant cooperates with platform L. We fix vy to observe and explain
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the reasons in detail.

Scenario 1 : p=0.1, g;=0.1
10

0.9 1
0.8 4 L+H
0.7 4
0.6 1
0.5 1
0.4 4
0.3 1
0.2 1
0.1 1

0.0 -
00 01 02 03 04 05 06 07 08 09 10
¥h

L+H+I

Yo

H+I

Figure 5.1: The restaurant’s optimal strategy when p = 0.1, ¢; = 0.1 in Scenario 1.

Let’s look further at Figure 5.2. We fix vy = 0.64 and observe the changes in the

commission rates and pass-through rates. We can observe that the strategy switches from

H + Ito L+ H + I by platform L sets a lower commission rate, c;. For example,

when vy, = 0.55, ¢; = 0.1. Although platform A maintains a high commission rate, it

provides better service quality than platform L, so the restaurant will always cooperate

with platform H, which can also show that strategy L+ H + I is better than strategy L + [

or L. There’s no strategy L + I or L in the market.
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Scenario 1, where p=0.1,¢,=0.1,y4=0.64 Scenario 1, where p=0.1,g,=0-1,yy=0.64
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Figure 5.2: The changes in the commission rates and pass-through rates in Scenario 1.
Here,p = 0.1, ¢; = 0.1, vy = 0.64.

We also fix vy = 0.96 to see the changes in commission rates and pass-through

rates in Figure 5.3. We can observe that platform L also enters the market by lower the

commission rates, c¢z. For example, when v, = 0.7, ¢; = 0.13. Moreover, platform H

can also exist in the market by lowering the commission rates, cy. For example, when

v = 0.92, ¢j; = 0.39. Because platform [ has better service quality than platform L,

platform H has more flexibility to lower the commission rates. This can also infer why

strategy H + L is better than strategy L and strategy H + L can exist in the market.

Scenario 1, where p=0.1,g,=0.1, yy=0.96 Scenario 1, where p=01,q,=0.1, y4y=0.96
05 : 10 l
I I
| \ :
I
04 0.8
H | L+H H I L+H
< -——————————————————— P ———————— » QA -——————————————————— P >
- I - I
F 03 I . | & 06 b e
- I / % I r
E : / E l /
S 02 ' ,—’ 8 041 : l!
* | *
— Cy | / — By Loy
. : 4 02 |
0 *
011 —— ¢ P = B | 7
I~ I~
! |
0.0 0.2 04 0.6 0.8 0.0 0.2 04 0.6 08
| Y

Figure 5.3: The changes in the commission rates and pass-through rates in Scenario 1.
Here, p = 0.1, q; = 0.1, vy = 0.96.
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5.2 Restaurant’s operation choice under Scenario 2

Here we discuss the restaurant’s optimal operation decision in Scenario 2 under the
situation that the customers spend less waiting cost, which given ¢; = 0.02. When the
price, p, changes, we still have similar patterns of the changes in strategies. Here, we show

one of the results in Figure 5.4.

Scenario 2 : p=0.3, gq;=0.02

20
19 A1
18 1
17 1
16 1
15 A1
14 1
13 1

12 - H
I+L+H +
11 4 I

L+H

Yo

I

10 T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20

¥

Figure 5.4: The figure illustrates the restaurant’s operation choice in Scenario 2. Here,
YH € [1, 2], YL € [1, 2],]? =0.3, q; = 0.02, where YH > YL-

Observation 3. When we fix p = 0.3, q; = 0.02, (a) if vr is low, the restaurant adopts
strategy 1, then switches to [ + L+ H, then switches to [ + H, and finally switches to H as
vy increases. (b) if i is medium, the restaurant adopts strategy I + L+ H, then switches
to I+ H, and finally switches to H as vy increases. (c) if vy, is high, the restaurant adopts

strategy L + H, then switches to H as vy increases.
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We fix v, = 1.02 for more detailed observations, and the result is shown in Figure

5.5. When ~y is low, platform L and H will join the market at the same time because

they both set similar commission rates, and there is only little service quality difference

between platform H and L. The restaurant is willing to afford the commission cost from

platform L by itself, and platform L can join the market. For example, when vy = 1.2,

B; = 0.32. However, as vy keeps increasing, vy, is still the same without improvement,

so the restaurant no longer cooperates with platform L. Finally, the restaurant will not

adopt the dine-in strategy because platform H can provide twice better service quality

than dine-in, customers can gain more surplus from platform H, and dine-in will lose the

competitive edge.

Scenario 2, p=0.3,9,=0.02, y,=1.02 Scenario 2, p=0.3,¢q,=0.02, y, =1.02
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Figure 5.5: The changes in the commission rates and pass-through rates in Scenario 2.
Here, p = 0.3, q; = 0.02, v = 1.02.

Let’s take a further look at Figure 5.6. We fix v = 1.5 and observe the changes in

the commission and pass-through rates. We can observe that the strategy switch from H to

L + H, and platform L enters the market by setting a low commission rate. For example,

when v, = 1.4, ¢ = 0.21. But, there’s no strategy L alone in the market because platform
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H also lowers the commission rates, cy, to join the market. Due to platform H having

better service quality than platform L, platform H has more flexibility than platform L to

lower the commission rates. For example, when v, = 1.44, ¢; = 0.22. For the restaurant,

it’s better to cooperate with the platform H.

Scenario 2, where p=03,q,=0.02, yy=15 Scenario 2, where p=03,q,=0.02, yy=1.5
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Figure 5.6: The changes in the commission rates and pass-through rates in Scenario 2.
Here, p = 0.3, ¢; = 0.02, vy = 1.5.

5.3 Restaurant’s operation choice under Scenario 3

Here we discuss the restaurant’s optimal operation decision in Scenario 3 under the
situation that the customers spend less waiting cost, which given ¢; = 0.04. When the
price, p changes, we still have similar patterns of the changes in strategies. Here, we show

one of the results in Figure 5.7.

Observation 4. When we fix p = 0.2, q; = 0.04 (a) if v, is low, the restaurant adopts
strategy I, then switches to H as vy increases. (b) if v, is medium, the restaurant adopts
strategy L + I, then switches to H as vy increases or the restaurant adopts strategy

L + I, then switches to I + L + H, then switches to L + H, and finally switches to H as
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vy increases. (c) if vy is high, the restaurant adopts strategy L, then switches to L +1,

then switches to I + L + H, then switches to L + H, and finally switches to H as vy

increases.

When vy is low (7, < 0.84), the restaurant won’t cooperate with platform L for

low service quality. Only 7, is medium or high (v, > 0.84) will the restaurant consider

cooperating with platform L. In the following, we fix 7, to observe the reasons in detail.

100
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0.82 4

0.80

Scenario 3 : p=0.2, g=0.04

L+I

I+L+H

L+H

115
¥u
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125
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Figure 5.7: The figure illustrates the restaurant’s operation choice in Scenario 3. Here,
p=0.2,q; = 0.04.

In Figure 5.8, we fix 7, = 0.92 and observe the changes in the commission rates

and pass-through rates. Since the service level of platform H is much higher than that of

L, when the service level of L is almost equal to that of H, platform L replaces H with

a low commission rate. For example, when vy = 1.1, ¢; = 0.1. Besides, platform H’s

commission rates have always been high, so the restaurant adopts strategy L+ /. However,
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as the service level of the platform H improves, and the service level of platform L is

fixed, platform H will be added to the market. When vy keeps increasing, platform .

can provide much better service than dine-in and platform L, so it’s better for the restaurant

to cooperate with platform H only, dine-in and L strategy will not exist in the market.
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Figure 5.8: The changes in the commission rates and pass-through rates in Scenario 3.
Here, p = 0.2, g; = 0.04, v, = 0.92, vy € [1, 1.3].

From the above result, we can infer some rules. The restaurant acts as the first mover
in the model, and it can first decide whether to cooperate with platforms depending on the
platforms’ service quality and commission rates. When both platforms’ service quality is
much poorer than dine-in and the waiting time is short enough, the restaurant will adopt
the dine-in strategy. When both platforms’ service quality improves or is even better than
dine-in, platform H will join the market and always exist because platform H always
provides better service than platform L. On the other hand, platform L has to lower the

commission rates to enter the market; otherwise, it cannot compete with platform H.
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Chapter 6 Conclusion

This thesis studies a model consisting of a restaurant and two outside delivery plat-
forms, one of which is of high quality and the other of which is of low quality. The restau-
rant provides the meal to the customers and considers whether to cooperate with any one
of the delivery platforms to gain more profit while the delivery platforms will charge com-
mission costs. We use three scenarios, based on the differences of service quality of the
platforms, to discuss the restaurant’s tradeoffs between extra profit and commission costs.
In each scenario, we individually discuss one of the most complicated cases: the restau-
rant simultaneously provides the meal through dine-in and two delivery platforms. The
cooperated delivery platforms shall decide the commission rates to charge the restaurant
for providing service. To compensate for part of the loss of the restaurant’s profit margin,
the restaurant decides on the pass-through rates to charge the customers who buy the meal
through the delivery platform. Then the customers decide their dining choices: buy the

meal through a dine-in or delivery platform or buy nothing.

Our model characterized the optimal food offering strategies and pass-through rates
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of the restaurant as well as the commission rates of the delivery platforms. Since there

are four decision variables in each case, the problem may be too complicated, thus, we

may not have close-form solutions for the optimal commission rates or pass-through rates.

Therefore, we conduct a numerical study for further managerial insights, and we find some

interesting results.

For numerical study, we observe the changes of strategies patterns in price, p with

the same waiting costs, ¢; in a different scenario, and we find that the changes of patterns

are similar. We show one of the most complicated cases in each scenario. In Scenario 1,

when both platforms have much poorer service quality than dine-in, and using platforms

services ask for extra commission costs, customers will not purchase with a negative sur-

plus and the restaurant will adopt the dine-in strategy. Only when the platforms’ service

improves, and they can join the market. In Scenario 2, even if both platforms have better

service quality than dine-in, the restaurant will adopt the dine-in strategy because cus-

tomers will suffer a negative surplus with platform service. When the platforms’ service

improves, platform L will lower the commission rates to enter the market. Platform H

will always provide better service than platform L, so the restaurant will always cooperate

with platform H, and even platform H can take over the whole market by keep lowering

its commission rates. In Scenario 3, platform L has poorer service quality than dine-in

and platform H, but platform H has better service quality than dine-in and platform L.
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When both platforms’ service quality is near 1, the restaurant will cooperate with platform

L by platform L providing a low commission rate, but otherwise, platform H can always

provide the service in the market.

Overall, the optimal strategies will change depending on the model parameters. The

restaurant will adopt the dine-in strategy when the platform’s service quality is quite bad.

Otherwise, the restaurant will cooperate with platform H because of better service quality

and cooperate with platform L if platform L can provide a lower commission rate.

There are some limitations in our research. First, when we consider the customers’

waiting time in the restaurant, we use a model parameter, ¢;, to represent customers’ wait-

ing costs. In reality, each customer’s waiting cost may differ depending on the restaurant’s

busyness, but we do not use the queuing theory to consider the details. Furthermore, if

the restaurant cooperates with any one of the platforms, the restaurant’s operation of serv-

ing the meals will be more complicated because the customers will come from different

sources. Whenever the restaurant cooperates with a platform, the restaurant may need to

modify its internal ordering system to have a better connection with the platform system.

Second, in the real world, delivery workers play an essential role in platform operation.

We do not focus on the number of delivery workers or the quality of delivery workers.

Third, platforms usually use promotions to attract more consumers, which can increase

customer surplus. These are the extra situation that we ignore, which are also the direc-
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tion for future research.
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Appendix A —

A.1 Summary of cases in each Scenario

All the cases in each Scenario are individually summarized in Table A.1, A.2 and

A3.

65 doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

Table A.1: The 30 cases in Scenario 1.
Case Explanation
X I X I
| 1 N N 1 | | ! N
[ T T T T T T | | T T | T T L—
M1 0 W V, Vs Vg Vs Vs 1|10 Vi V, V4 V3 Vs Vs 1 |Therestaurantonlyprovidesmealsin the
X 1 X I way of dine-in.
" N f N [ | ! T i | [
| T T 1 T T T 1 [ T T T | T T 1
0 v, V, Vi Vg Vs Vz 10 V3 V, Vi Vi Vs Ve 1
X L I X L
F————Fr—+—— | F—f—+—+—¥-1--1--3
0 Vv, Vg Vi, V, Vs V3 1|0 Ve Vs V, 1 Vu V, VW,
X 1 X L 1 . .
@LH — bt +— — f } } } —F—+— j['he restaurant provides meals through dine-
0V, Ve V, Ve Vo Vs 1|0 Ve Vs V, V, V, Vi 1 in and the delivery platform L.
LX N L FR— I ! FE— |
| | T T | T T 1
0 Ve Vi V, V, Vs ¥ 1
X L X X L I
——f——¥--4---4-- | —+—F—F+—F—+—
0V, Ve Va 1 V, Vs Vsl O Vg Vi V, Vs Vp V3 1
X X X L X
——f———--+-3 | (——+—+—}-+-
-~ 0 Vi Ve V, Vs 1 V, V3|0 Vg Vs V, Vi 1 V, Vs|Therestaurantonly providesmealsthrough
&) X L X L X the delivery platform L.
————F--4---+- bt Rl e |
0 Ve V, V, 1 V, Vg Vil 0 Vg Vs 1 V5 V, V, V
X L X
—————+—-F--
0 Ve V, V, Vs 1 V, Vi
X H I X H I
| i N FE— 4 N ! N
I ! ! | ' I ! 1 I T I T T T | 1
0V, Vv, Vs V, V4 Vs 1|0 Vs Vs V, V, Vi V; 1
X I X H I . )
= N P V| — . ' +— " N | The restaurant provides meals through dine-
GmH e e e e T i and the delivery platform H
0 V%V, Vs V, Vg V; 1|0 V5 Vs Vg V, V, v, 1 |mandthedeliveryplatiorm.
X
| T i | [ I| -
| ! | T T I 1
0 Vs Vs V, V, Vi Vg 1
X X X H
F———fF——-+- | F—f————f-
0 Vs V, Vs V, 1 VW, Vg|O V3 Vs V, V, Vg 1 VW
X X H X )
G)H iC } } } ' } lrr ] IIL } \i/' } } } \r_ -y "[}'lhedrels-tauran; o?ly prl(;wdes meals through
0V, V, Vs V. Vo 1 V|0 V, Vg Vo V, V, 1 ,|thedeliveryplatiomH.
X
— F—t - 4--Y
0V, Vs V, V, 1 V, V,
X L X L H I X .
(6) L+I+H r \r } \r' } } \r \‘I r \r_ } } '\I/ } \llf 3 The restaurant provides meals through dine-
0 Ve Vs Vs V, V, ¥y 1|0 Ve Vs V, V3 V V; 1 in, delivery platform H and L.
X L H X L H X ,
() L+H If \:f ' I ' ' \I(_ -3 r Y ' } \If } \r_ - | The restaurant provides meals through the
0 Ve Vo Vs V, V, 1 V|0 Ve Vs V, Vs V, 1 W delivery platform H and L.
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Table A.2: The 30 cases in Scenario 2.

Case Explanation
X 1 X X | X
Ve T 2 R Vsl | T T A | 1 T q- hl
I T I T I T T 1 I I T T T 1
0 Vs Vo Vo 1 V, Vi V|0 Vo Vo Vs Vs 1 Vi W,
X 1 X X I X
——F——+—--+- | —+—F--t--t--1-
0 V3 Vg Vs Ve 1 V3 V|0 V4 Vo 1 V, Vs Vi V3|Therestaurantonly provides mealsin the

(OF X I X X I X way of dine-in.

0 VvV, V3 Vs 1 Vg Vg V|0 V4 Vo Vs 1 V, Vi Vg
X I
-4
0 Vy, V3 V5 Vo 1 V W,
X L X I L ] ]
@ LA r St —Y--3 —¥— ——+—--3 The restaurant provides meals through dine-
0 V, Vg V, Vo Vi, 1 7|0 Vo Ve Vs Vo, V3 1 V3 in and the delivery platform L.
X L X L X
—————¥--+- | F+——+—F+—+—¥--1
0 V, V, Ve Vs 1 Vi V|0 V, Ve Vi Vs V, 1 V3
X L X X L X .
6L IK } } \I/ ' ' \Ir_ Y |L_' )'C } ; )F _-Y |The res.tama.nt only provides meals through
0 VBV, Ve Ve Vi 1 V|0 V, Ve Vi Ve V, 1 Vi the delivery platform L.
X L
F——f——+—}¥--4--3
0V, Ve Vi V5 1 Vi V,
X X I H
Ve W N — e f I Zal — |
| T T T 1 T T 1 | | T T T | T |
0 V3 Vi Vs Vi Vg Vo 1|0 Vg V3 V5 Vg V¢ V, 1
X I H X I . _
(4)1+H F— \I/' | i _\I/' — r ¥—t 1 }——}———— | The restaurant provides meals through dine-
0 Vi, Vo Vo Vo Vi Vo, 1|0 V4 Vg Vs V5 Vi V, 1 in and the delivery platform H.
X I H
e P N |
| | T 1 1 T T 1
0 Vo Vs Vs Vi Vs V, 1
X H
| i )1( N H N | E— ! ! ! N
| T T T I T T | I T T I T T T I
(5 H 0 Vv, i V3 Vs Vs V, 110 V3 Vi Vs V; Ve Vi 1|Therestaurant only provides meals through
X H X H i
}/ : | : \I/ : : \I i/_ = : \I/ : } } \{ the delivery platform H.
0 Vs Vy Vo, Vg Vg V, 1|0 V3 V; Vg V. Vo V, 1
X I L H X I L H . .
© L | FF—t—f—+—+—— | F—¥—+—+—f—+—}—— | The restaurant provides meals through dine-
0 Vo Vo Vo, Vo V, Vi 1|0 V, Vo Vi Vo, V, V5 1 in, delivery platform H and L.
L H
1 X } L I: ~ I|.I ~N | e il NN
| T T 1 T 1 T 1 ' 1 I T T T I 1
0 V, V, Vg Vs V3 V, 1|0 V, Vg Vi Vs V, V3 1
X L L H
() L+H F— } i } } \r N | — } } } } \r \{ The restaurant provides meals through the
0 W, V, Ve Ve Vi Vs 1|0 V, Ve Vi, Vs W Vs 1 delivery platform H and L.
X L H
P Py |

67 doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

Table A.3: The 30 cases in Scenario 3.

Case Explanation
X I X X I X
ek |
0V, Vs Vy Vs 1V, Vslo V, Vo, Vs Ve Vi 1 V
X I X I X 3 ,
mI ———f——+—f--3 | ——¥— } {—— - - | The restaurant only provides mealsin the
0 V, Vs Vo Ve Vo 1 WVilOo Vv, V, Vi Vi V5 1 v,|"ayofdinein
X
——f——+—t---+--
0V, Vo Vs Ve 1 Vi Vg
X L I X X L I , ,
@) LA —F—+—F—+—+—¥--3 | —¥—+—+—F—+—f--7 | The restaurant provides meals through dine-
0 Ve Vi Vo Vs Vs 1 V|0 Vo Vo, Vs Vo Vs 1 W, in and the delivery platform L.
X L X X L X
———+—F-A4--- - | H———+—F-4--
0 Ve V, Vs 1 Vs V, |0 Wi Ve Vs Va 1 V5 Wy
X L X X L X
—————--4-- | ¥———F -4
GL 0 Ve Vi Vs Vo 1 V3 V10 Vg V, Vs 1 V, Vs Vi|Therestaurantonly providesmealsthrough
X L X X L X the delivery platform L.
———+—+—¥--- | ———FF-----
0 Ve V, Vs Vi, 1 Vs BLI0O Ve V, 1 V, Vs V3 ¥,
X L X
ILFA'LFAIK —---q--TY
00V, Ve Vs 1 Vi V, U
X I X | H
K I I el | N | N
| ! ! | T | ' LR T | T ' ' I |
0V, Vs V, Vo Vi Vg 100 V, V4 Vs Vs Vi V; 1
X I H H ) _
@ 1+H i/_ } } \i 1 } \r \‘I F—t | } } } \If \I The restaurant provides meals through dine-
0 V, Vi Vi Vs Ve Vi 10 V, V, V. Vi Vi ¥V, 1 in and the delivery platform H.
H
[ el ] -
| T I T T | T |
0V, Ve Vs Vs Vi Ve 1
X H X H
" ! N N | ey N ! T
I T T T I T T I l T T I T T T I
) H 0 Vs V, Vs W, Vg 1|0 V3 V3 Vs Vs V4 Vp 1|Therestaurantonly provides meals through
. X L~ l:I = xl —— H L the delivery platform H.
I T T ] T T T | I T T T I T T 1
0V, Vi Vs V, V, Ve 1|0 V, vV, V, Vs V, Vi 1
X_ L I H | X L T H . _
(6) LI+H If I ' \I/ ' ' \IF \i r \II/ t " \i/ ' \r \‘I The restaurant provides meals through dine-
in, delivery platform H and L.
0 Ve V, V, Vi Vs Vi 1[0 Ve V, Vs Vo V5 Vi 1
X L H X L H
—————— |———————
0 Vo V, Vs Vs V, V, 100 V, Ve Vi Vs V, V, 1
X L H X L H )
(7) L+H F—— t ——+— | F——— ———+——{ | The restaurant provides meals through the
delivery platform H and L.
0 Ve Vv, Vs V, Vs V¥, 1 Vi Ve Vs Vi Vs V, 1
X L H
—F———
0 Ve V, Vs v, Vs V, 1
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A.2 Explanation for the optimal solutions

In each scenario, we have 30 cases. Take one case in Scenario 1 for example, and
the case shows in Figure A.1. This case represents the restaurant adopts the strategy of

dine-in and cooperating with two platforms.

X L H I
———F—+—+—+—
0 Vg Vs Vg V, V, V; 1

X L H I
N T L T A

|

0 Vg Vi V, Vs V, ¥V, 1

Figure A.1: One of cases in Scenario 1.

HI where i =

In this case, we can formulate the restaurant’s profit function as 7%
H, L. p(1—ctT  LHIGLAD) [y — cLHI 4 cLHI BEHTY and p are individually represented
the profit margin of the restaurant while the customers using platform L, H and dine-in;

V3 — Vs, Vi — V3 and 1 — V are individually represent the demand for platform L, H and

dine-in:

WIL%HI p(l—C%HI—‘rC%HIﬂfHI)(‘/g—%)-ﬁ-p(l—clﬁh”—‘rCLHIBLHI)(Vl ‘/3)"1_17(1_‘/1) (1)

The platforms’ profits can formulate as 7!, where i = H, L. pct*! represents the
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platform’s profit margin:

1= pelf (0~ Vi),

= pep (Vs — V). )

We can obtain the optimal solutions of commission rates and pass-through rates

through the derivative if the solutions follow the order of valuation constraints. For ex-

ample, in this case, if the solutions follow 0 < Vi < V5 < V3 <V < Vo < Vi < 1 and

0< Vo< Vs <V, < V3 <V, < V) <1, then we can obtain the optimal solution through

the derivative, or the solutions will lie at the corner points. All the optimal decision vari-

ables in 30 cases in each Scenario can be obtained in this way, and the other constraints

in each scenario are summarized in Table A.4, A.5 and A.6.
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Table A.4: The constraints of optimal solutions in Scenario 1.

Case Restaurant’s profit Constraints

0< Vi< Vo< V< Vi< V< Vs <1,
0<Vi<WVa< V< V< V< V3 <l,
(1)1 p(1—Va)
0<Vi<WVo< Vi< V< V< V<,

0<Vs< Vo< Vi< Vi<Vs< V<1

0< Vi< Vo< Vu< Vo< V<V <,

O0< Vi< Vo< V< Vs< Vo< V3<l,

p(1 —cp +cfr)(Va — V)
Q) I+L O0<Ve< Vi< V< Vo< V<V«

+p(1 = V2)
0< Vo< Va<Vu<l<s V< Vo<V,

0<Ve<Vs<Vi<Vi<Va<Va<l1

0<VI<Ve<Vi<l< Vo< Vs< Vs,
0<Vi<Ve<Vu<Vs<l< V< Vs,
0< Vo<V < Vy<l< Vo< V< Vs,
3L p(1—cp +crBr)(1—Vs) 0< Vo<WV < V< V<< Vy< Vs,
0< Vo<V < Vyu<Vs< Vo< V3 <],
0<Ve<Va< Vi<V <1< Vo< Vs,

0< V< V<l Vs<Vy< Vo< Vg

0<Va< Vo< V< Vi< Vi< V<,

0<Va< Vo< V< Vi<V Vi<,

p(1 —cg +cuaBu) (V1 — Vs)
(4)I+H 0<Vs< V< Vo< V<V < V<,

+p(1 - V1)
0<Va< V< Vo< Vi< VgV <,

0< V< V< Vo< Vyu< Vo<V <l

0<Va< Vo< Va< V<l Vy <V,
0<Va< Vo< Va< V< Vg<l< Vs,
(S)H p(].—CH-I-CHﬁH)(l—Vg)) 0<Va< V< Vo< Vi<l< Vi<V,

0<Va< V< Vo< Vi< Veg<l<Vy,

0<Va< V< V< V< Vo<l

71 doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

p(1—cr+crBr) (Vs —Vs)
0< V< V< Va< V<V < Vigl,

©I+H+L | +p(l—cu+cufu)(Vi —Vs)
0< V< V< V<3< Va<Vh <1

+p(1 = V1)

p(L—cp+erBr)(Va—Vs) | 0<Ve<Vs<Va<Vy< Vo<1V,
(MH+L

+p(1 —cg +eufu)(1—Vs) [ 0<Ve<Vs<Vy<Vs<Vo <1<V
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Table A.5: The constraints of optimal solutions in Scenario 2.

Case

Restaurant’s profit

Constraints

p(1— Vi)

0<Va< Vi< Vas<l< Vi< Vy<Vs,

0<Va<Vu< V< Ve<1l<V <V,

0< Vi< Va<Vs<l< Vi< V< Vs,

0< Vi< Va<Va< Vo<l <V] < Vs,

0<Vu< Vo< V< Va<l< V< Vs,

O<Vyu< V<l Vo< V<V < Vs,

0< V< Vo< V<l Vo< Vi< Vs

QI+L

p(Vo — V)

+p(l —cr +crBr)(1 — Vo)

0< Vi< Vo< Vo< VsV <1< Vs,

O< V< Vo< Va< Vo< Vi<l Vs

G3)L

p(1—cp +crfr)(1—Vs)

0< Vo< Vi< V< Vs<l<V3<Vy,

0<Va<Vi<Ve<Vs<Vi<l< Vs,

O0< Vo< V< Vi< Vs<l< V3 <Vy,

0< Vo< Vo< VI < V< Vyu<l<Vs,

0< Vo< V< Vu< V< Vi<l Vs

4)I+H

p(Vl - V4)

+p(1 —cg + CHﬂH)(l — Vl)

0< V< Vy<Vea< Vi< Vg< Vo<,

0< V< V< V< Vo<V < Vo<,

O0<Vy< V< V<V < Vg Vh<l,

0<Va<Va< V< Vo< Vi<Wy<l,

0<Vy< Vo< V< Va< Vi<Vl

) H

p(1—cy+ecufu)(l—Vs)

0<Va<WVi<Va<Vs< Vo< Vy<l,

0<Va<Vi<Va< V< V< Vy<l,

0<Va<WVi<Vas< Vo< V< Vy<l,

0<Va< V< VsV V<<l

6) I+ H+ L

p(Vo —Vy)
+p(1 —cp +crBr) (Vs — Va)

+p(1 —cg + CHﬁH)(l — V3)

O<Vy< V< Vo< Va< Vi<V,

O0< V< Vo< Vs< Vo< Vi< V<l

73

doi:10.6342/NTU202301534


http://dx.doi.org/10.6342/NTU202301534

0< Vo<V < Vo< Vs < V< Vyx<il,

0< Vo< VI < V< Vs <Vy< Vs <1,

p(1 —cp +crBr) (Vs — Ve)
(HhH+L 0<Vo<Vo<Vi<Vs<Va<Vy<l,

+p(1 —cug + cafu)(l —Va)
0< Vo< Vo< Vi<Ve<Vi<Vs<l,

O< Vo< Vo< V< V< Vi< V<l
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Table A.6: The constraints of optimal solutions in Scenario 3.

Case

Restaurant’s profit

Constraints

p(1 —Va)

0 < Vo< V3 <Vy <V <1<V,

O0< Vo< Va< V< Vs< V<1<V,

O<‘/2<V4<‘/3<V5<1<V6,

0< Vo< Vu<Va<Vs< V<<V,

0< Vo< V<V

<Ves<Vz<l< Wy

Q) 1+L

p(1 —cr +crBr)(Va — Ve)

+p(1 —Va)

0< Vo< Vu< Vs

0< Vo< Vy< Vs

<Vs< V<1<V,

<Vo<Vzs<l<Vy

G3)L

p(1 —cr +crBr)(1— V)

0< Vo< Vi< Vs
0< V< Vi< Vs
0< Vo< Vu<Vs
0< VI < Vs < Vs
0< Vi< V< Vs

0< Vo< V< Vs

<1< Va< Vi< Vs,
<Vi<1l< Vi<V,
<V <1< V3 <V,
<1< Va<Vy<Vy,
<Vi<1l<V3< Vs,

<1< Vo< Va<,

0< Vo< Wu<l< Vo< V< Vs< Vg

4)I+H

p(Vl - V4)

+p(1 —cg + CHﬂH)(l — Vl)

0<Va<V3<Vy
0<Va< V3 <V}
0<Va<Vy<Vs
0<Va<Vy<V3

0< Vo< Vy <V

<Ves< Vi< Vg1,
<Vs< Vo< Vi <1,
<Vs<Vi<Ve<l,
<Ves< Vo< Vi<,

<Vs<Vs<Vi <1

) H

p(1—cy+ecufu)(l—Vs)

0<Vi<Vs<Va
0<Vi<Vs<Vs
0<Vi<Vs<Vs

0< Vo< Vo<V

< Ve < Vi< Vg<1,
< Vo< Vi< V<1,
<Ve< Vi< Vo<,

<Vs< Vi< V<1

6) I+ H+ L

p(l —cp +crBr)(Va — Vi)
+p(Vi — Va)

+p(1 —cg + CHﬁH)(l — Vl)

0< Vo< Vu< Vs

0< Vo< Vy< Vs

<Vs<Vza<Vy <1,

<W<W<l<l
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0< Vo<V < Vs<Va< Vi< Vo<,

0< V< VI < V< Vy <V < Vo<1,

p(1 —cp +crBr) (Vs — Ve)
(HYH+ L O0< V< Vyu< V<V < V3V <y

+p(1 —cug + cafu)(l —Va)
0< Vi< Ve< V< Va< V< V<,

O< VI < Vo< V< Vyu< V< Vo<l
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