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Abstract: This study investigates the sustainable operations of a multi-brand restaurant that adopts
multiple brands in a store, unlike a typical restaurant that operates only a single brand. We introduce
five restaurant operation models, including three traditional single-brand ones (offline, online,
and multi-channel) and two recent multi-brand restaurants with a single fixed franchise fee and
multiple franchise fees proportional to the number of brands. We then investigate the performance
of the models in the changing market and cost environments. Through analytical and numerical
analyses, we reveal that adopting a multi-brand restaurant does not always guarantee superior profit
performance. Such an adoption is recommended under certain conditions, such as when the potential
market base is large, consumers are not very price-sensitive, food and delivery costs are low, an
increase in food items does not significantly impact process inefficiency, franchise fees are low, or the
relative market power of multiple brands is strong. Otherwise, adopting the traditional single-brand
restaurant would guarantee better profit performance. Therefore, for a sustainable multi-brand
restaurant adoption, it is important to create a business environment that can lower food prices, and
a thorough understanding of the decision dynamics related to the number of brands is required.

Keywords: multi-brand restaurant; restaurant operations; online food delivery; online restaurant

1. Introduction

As the online food delivery market expands and customer preferences change, we
observe new franchise chain strategies, such as multi-brand online restaurants (or multi-
brand cloud kitchens) that operate multiple brands in one store, unlike typical restaurants
that operate only a single brand [1]. Byte to Bite in the United States (US), KLC Virtual
Restaurants in Kuwait, DNY Hospitality and Rebel in India, and Nolboo in South Korea
are representative examples of multi-brand restaurant chains [2—6]. Multi-brand restau-
rants can provide new opportunities to expand the market and enhance profits for many
restaurants [1]. Moreover, multi-brand restaurants promote sustainable service operation
practices [7,8]. By integrating operations across multiple brands, they can make significant
contributions to the environment not only by reducing food waste and the consumption of
energy and water but also by optimizing ingredient usage, menu consolidation and group
order delivery [7-9]. Furthermore, this concept also helps reduce the environmental impact
by reducing construction and land use for multiple brands [7,9]. Therefore, this study
aims to investigate the sustainable operations strategy of this new multi-brand restaurant
and reveal its effectiveness by comparing it with various types of single-brand offline and
online restaurants.

The quarantine policies implemented by governments during the COVID-19 pandemic
led to a sharp increase in online shopping worldwide, while in-person shopping in stores
plummeted [10]. The restaurant business is no exception; online ordering and food delivery
services have grown rapidly in recent years [11]. During the COVID-19 pandemic, the
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household use of food delivery services increased by 157% [12]. Even after the pandemic,
consumers have continued to use online food delivery services. Changing consumer pref-
erences have forced many traditional offline (or brick-and-mortar) restaurants to embrace
online delivery systems [13,14].

A number of delivery-only online restaurants have also emerged in recent years [15]. As
these restaurants do not have a physical dining area visible to customers, they are referred
to as dark, cloud, ghost, invisible, commissary, satellite, virtual, or cyber-kitchens [16-19].
Due to the lack of dining spaces and the subsequent ease of opening and low maintenance
costs, these restaurants are economically attractive [20]. The existence of franchise chain
systems is also one of the most important reasons why many online restaurants currently
exist. The opening of restaurants has become much easier with franchise chain systems, and
restaurants can enjoy many advantages, such as established brand recognition, operational
support, easier financing, and training programs [21,22]. Moreover, using online platforms
such as Uber Eats, DoorDash, and Grubhub (USA), rather than their own websites for online
ordering and deliveries, many restaurants have experienced even more significant sales
improvements compared to the pre-pandemic period [23]. The number of online restaurants
is increasing worldwide, and the market size is expected to grow at a compound annual rate
of 11.42% from 2022 to reach USD 115.21 billion by 2030 [24].

However, operating an online delivery service does not always guarantee superior
profits for restaurants. While the introduction of online services can expand market reach
and capture more consumer demand, it can also cannibalize revenue from traditional offline
channels [25]. In addition to that, most online restaurants use delivery platforms [26], which
entail commissions and delivery costs [27]. Recently, platform fees have increased signifi-
cantly [28], and restaurants are struggling with reduced margins [29]. Most importantly,
as the online food delivery market expands, competition between franchise chains and
delivery restaurants is also becoming fierce [13]. We can observe many new and existing
similar franchise restaurants competing in the same and nearby areas, making it difficult
for them to attract more customers and expand the market. In addition to competition, the
fundamental characteristic of online restaurants that only deliver food can cause problems
in expanding sales. Many of them are typically small, with limited space and staff. There-
fore, they inherently lack the ability to handle a large number of customers and add new
food items, which could lead to lower profits [30].

Through acquiring new customer bases, multi-brand online restaurants can be pre-
sented as a solution to these market expansion and profit issues. By operating many food
items from multiple food brands in a single restaurant, they can relieve menu fatigue and
increase customer base and frequency [31]. Recently, we observed many franchise chains
that allow their franchise restaurants to operate multiple brands in a single restaurant,
such as DNY Hospitality and Rebel in India, Nolboo in South Korea, Crawford Collective
in Canada, KLC Virtual Restaurants in Kuwait, Dubai, and Qatar, Food Haven in Spain,
and Byte to Bite in the US [2-6,32,33]. Moreover, multi-brand restaurants can bring an
opportunity to significantly enhance environmental performance by reducing food waste
and the consumption of energy and optimizing ingredient usage, menu consolidation and
group order delivery [7-9].

Therefore, in the context of sustainable restaurant operations, which are currently
undergoing significant transformations due to shifts in customer preferences, this study
investigates the effectiveness of various restaurant types to reveal those that can achieve
superior operational and profit performance, especially considering the new multi-brand
restaurant strategy. Specifically, we consider five restaurant types, including (i) Case
SF: a single-brand offline restaurant, the most traditional one that sells the food of one
brand only in an offline restaurant, (ii) Case SN: a single-brand online restaurant that
takes online orders only and delivers food to consumers, (iii) Case SFN: a single-brand
multi-channel restaurant that sells the single-brand food through both offline and online
channels, (iv) Case MN: a multi-brand online restaurant that handles various food items
of multiple brands at a delivery-only cloud kitchen and pays a franchise fee proportional
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to the number of brands, and (v) Case M1: a multi-brand online restaurant that pays
a fixed franchise fee regardless of the number of brands. We consider three traditional
single-brand restaurant types in Cases SF, SN, and SFN. We also incorporate the two types
of multi-brand restaurants in Cases MN and M1 with different franchise fees by following
practices that could change depending on the franchise chain strategies. Case MN, with
proportional franchise fees, is the most common practice. However, for example, in 2023,
Nolboo, in Korea, promoted a single franchise fee regardless of the number of brands to
its franchise restaurants that wanted to operate multi-brand online restaurants, as in Case
M1 in this study [6]. DNY Hospitality in India waived franchise fees for the first 20 store
openings [34]. We formulate the five models above and investigate their performance to
reveal whether the new multi-brand online restaurant strategy is effective and, if so, under
what conditions. The results are summarized as follows:

First, we reveal the decision dynamics of multi-brand restaurant operations. It is
recommended that the food price of a multi-brand restaurant be set lower than that of
a single-brand restaurant. This is to overcome its weak market power and expand the
consumer market; it needs to lower food prices in addition to adopting multiple brands.
More importantly, when deciding on the number of brands, a careful understanding of
the decision dynamics is necessary. More brands provide an opportunity to enhance the
environmental performance and expand market sales, but we need to understand the inef-
ficiency problems caused by an increase in food items. As the number of brands increases,
the price needs to be set higher to maintain profitability, which harms market performance.

Second, the adoption of multi-brand restaurants does not always guarantee superior
profit performance. We reveal the market and cost conditions under which a multi-brand
restaurant strategy outperforms a single-brand strategy. The adoption of a multi-brand
restaurant is recommended when the potential market base is large, consumers are not very
price-sensitive, food costs are low, delivery costs are low, an increase in food items does
not significantly impact process inefficiency, franchise fees are low, or the relative market
power of multiple brands is strong. Otherwise, adopting a single-brand restaurant would
be better.

Third, when adopting a multi-brand restaurant, a single fixed franchise fee, regardless
of the number of brands, can provide a chance to yield superior environmental and profit
performance compared to a multiple franchise fee proportional to the number of brands.
When adopting a single-brand restaurant, an online restaurant is recommended because
of this favorable online environment. Offline or multi-channel restaurants need to have
special advantages in having an in-store dining space, such as a large offline consumer base
or high brand awareness.

This study is one of the first that attempts to offer a comprehensive understanding of
sustainable restaurant operations, including traditional offline and online restaurants, as
well as recent multi-channel and multi-brand restaurants. In particular, we contribute to sus-
tainable service operations practices by providing new and important guidelines for multi-
brand restaurant operations by comparing them with single-brand restaurant operations.

2. Literature Review

This study is relevant to the literature on restaurant operations. Specifically, we aim to
reveal the effectiveness of various types of restaurant operations, and, hence, four research
streams converge into this study, including (i) offline restaurant operations (e.g., [35,36]),
(if) multi-channel operations (e.g., [29,37]), (iii) delivery-only online restaurant (e.g., [38,39])
and (iv) multi-brand restaurant operations (e.g., [40,41]).

First, early research in this area focused on investigating various issues of offline
(brick-and-mortar) restaurant operations. Refs. [36,42—-44] investigated table-mix strategies
and analyzed ways to improve seat occupancy and turnover based on the table type.
Ref. [35] analyzed customer queue management and studied a revenue enhancement
model by reducing customer waiting time. Ref. [45] considered both table-mix strategies
and customer queue management. Ref. [46] conducted a study on increasing restaurant
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profits through mealtime management. However, these studies only consider the issue of
running offline restaurants. In contrast to the studies above, which deal only with offline
restaurant operations, we investigate the effectiveness of various restaurant types existing
in the contemporary business environment.

Second, as consumer preferences and behaviors diversify and technology evolves,
we can now observe various restaurant types. This study is directly relevant to multi-
channel restaurant operations. Multi-channel operations generally indicate a firm’s multiple
distribution channel operations, including the Internet (online) and brick-and-mortar
(offline) stores [47]. The purpose of multi-channel operations is to create a competitive
advantage by expanding consumer bases through different channel operations. The authors
of [48-51] examined how the multi-channel expansion of traditional offline retailers, such
as Walmart, Best Buy, and Barnes & Noble, affects profit performance.

Traditional offline restaurants could also have the opportunity to begin multi-channel
operations with the advent of delivery platforms, such as Uber Eats, DoorDash, and Grub-
hub. In addition to dine-ins, they have expanded their consumer base by accepting online
orders through these platforms. Customers also use platforms and online marketplaces be-
cause they can easily compare information about products [52]. Research on multi-channel
restaurant operations has also expanded. Many studies have focused on the impact of
online delivery from offline locations through platforms on restaurant sales and profits.
Ref. [53] investigated which service operations is more beneficial to restaurant profits: an
in-house delivery system or delivery through a platform. Their study showed that using a
platform is beneficial to restaurant profits if the restaurant does not have a sufficiently large
demand potential. On the other hand, ref. [26] argued that third-party delivery services,
including platforms, do not provide superior profits to restaurants. Refs. [29,37] inves-
tigated the contractual arrangements between restaurants and platforms. They showed
that the fees paid to the platform could lead to lower profits for restaurants. Furthermore,
ref. [54] investigated the optimal price, profit, and environment of restaurants through
omnichannel management strategies. As such, much of the existing research has focused
on revealing the effectiveness of multi-channel online and offline restaurants compared
to traditional offline restaurants. However, recently, new types of restaurants have been
observed, such as delivery-only cloud kitchens. In this study, we incorporate such recently
emerging restaurant types into our investigation.

Third, as mentioned earlier, after the outbreak of COVID-19 and governments’ quar-
antine policies, many delivery-only online restaurants emerged. They only accept orders
online without an offline dining space and deliver food through the platform. They are also
called cloud, virtual, or ghost restaurants, depending on the situation, but we simply call
this type an online restaurant in this study. Refs. [38,39,55] investigated how consumers
perceive and consume online restaurants. Refs. [38,39] argued that consumers’ knowledge
of online restaurants is necessary for sales improvement. Ref. [55] showed that focusing
on emotional and eco-friendly factors that are important to Gen Z customers helps online
restaurant operations. While these studies showed that consumer perceptions help increase
sales, they overlook the cost aspects associated with running an online restaurant. These
aspects include the delivery costs that consumers have to pay and franchise fees that restau-
rants need to pay [27]. This study incorporates these cost factors into the online restaurant
models, as in practice, and compares the profit performance of various restaurant models.

Fourth, consumers tend to want a variety of menu items [56], especially when choosing
food online. To meet this desire and expand demand, multi-brand restaurants have recently
emerged, operating different types of food brands under one roof [1,57]. As this type has
only recently emerged, only a few relevant studies have been conducted. The authors
of [40] argued in their case study that multi-brand operations allow restaurants to serve a
large number of customers. Ref. [38] also introduced the multi-brand restaurant concept
and argued, based on survey results, that it can provide a chance to meet the competitive
advantages of the expanding delivery restaurant market. As such, studies on multi-brand
restaurants are scarce. Moreover, it is difficult to find studies that mathematically model
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multi-brand restaurant operations and analytically investigate their environmental and
profit performance compared with other existing restaurant models.

Overall, this study is one of the first studies that introduces and analytically investi-
gates the sustainable operations of multi-brand restaurants. Based on the literature and
practice, we formulate various types of restaurant models by considering the necessary
cost and revenue factors, such as demand expansion from multi-brand adoption, delivery
costs for online ordering, franchise fees, and economies of scale. The models include
traditional offline, online, multi-channel, and two types of multi-brand restaurants. We
then investigate the environmental and profit performance of multi-brand restaurant oper-
ations by comparing the models above. Through this investigation, we provide new and
important guidelines for restaurant operations. We contribute to the body of knowledge by
introducing multi-brand restaurant models and bridging the gap in the existing literature
on restaurant operations.

3. Materials and Methods

This study considers five franchise restaurant types existing in practice. These are
(i) Case SF: a single-brand offline restaurant, the most traditional; (ii) Case SN: a single-
brand online restaurant that takes online delivery orders only; (iii) Case SFN: a single-brand
multi-channel (both offline and online) restaurant; (iv) Case MN: a multi-brand online
restaurant that pays a franchise fee proportional to the number of brands; and (v) Case M1:
a multi-brand online restaurant that pays a fixed franchise fee regardless of the number
of brands. In this section, we introduce the models for the five aforementioned cases and
obtain their optimal solutions. In each model, we find the optimal food price, and we also
find the optimal number of brands, especially for multi-brand restaurants in Cases MN
and M1.

3.1. Case SF: A Single-Brand Offline Restaurant

Case SF is the most traditional type of franchise restaurant; it handles menu items
of a single brand and sells them to consumers in an offline store. Various factors affect
consumers’ buying behavior, but we focus on the unit food price p, one of the most
important factors for a restaurant’s profit maximization. Therefore, the demand gsr and
profit 7ty of Case SF are defined as follows, where the subscript SF denotes Case SF.

qsr = a — Bp, 1)

mtsp = qgspip — (c+ny)} — f=qse{p—(c+n)} — f, ()

where « is the demand potential of the restaurant, and § is the demand sensitivity to price.
As in typical economics and operations management literature, demand g is negatively
affected by price p. The symbols used in this study are listed in Table 1.

Table 1. Notation summary (*: decision variable).

_[- . . .

p+ average unit sales price of the food item d delivery cost
n number of brands i .

consumer demand P additional demand proportion for the
Zr restaurant’s profit online restaurant (¢ > 0)

d d tp tial T, 1-T market fraction who favors either
Z diﬂzﬁ d I: :nzﬁiizai ty to price online or offline orders in Case SFN,

i <Tt<
c unit cost of the food item respectlvely O=sts< 1.) . .
it ineffici t 0 relative market size of multiple brands in

}7 fl; grllciﬂ(;e 1f(2:ncy cos Cases MN and M1 (0 <60 <1)

Considering the restaurant’s operational situation dealing with various menu items,
the sales price p is considered the average unit price. The unit food cost c can include
various cost factors, such as the costs of ingredients and the unit royalty paid to the
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franchisor, as in many franchises. Another variable cost factor considered in this study is
the inefficiency cost n7 in Equation (2), which is a critical factor, especially when considering
multi-brand restaurants, as in Cases MN and M1 in this study. When a franchise devises
a multi-brand restaurant, it is a rational decision to mix different types of food brands to
avoid possible cannibalization problems among brands, as can be observed in the examples
of DNY Hospitality and Nolboo [6,34]. Although this strategy can be effective in increasing
market sales, it may pose some challenges to the economies of scale that single-brand
restaurants can enjoy, for example, by purchasing ingredients in bulk and paying less
per unit [58,59]. This is because, as the number of different brands increases, significant
diversification of menu items and the resulting complexity of ingredients, recipes, and
cooking tools are unavoidable. Therefore, we define this inefficiency factor as n# that is
proportional to the number of brands 7. In the single-brand restaurants (n = 1) of Cases SF,
SN, and SEN, ny = 1 in Equations (2), (7), and (10), while it is n# in Equations (13) and (21)
for multi-brand restaurants in Cases MN and M1.

In restaurant operations, the fixed costs include rent, equipment maintenance, em-
ployee salaries, etc. [60]. Among the various fixed cost factors, we focus on the fixed
franchise fee f because this study focuses on investigating how to operate a franchise
restaurant, especially comparing the performance of single-brand and multi-brand restau-
rants. The restaurant pays the franchise fee and royalty according to the contract it signs
with the franchise headquarters, which is a fixed cost that is paid on a regular basis, usually
monthly. The franchise fee for multi-brand restaurants is discussed in Sections 3.4 and 3.5.

To obtain the optimal sales price p for Case SF, we first obtain the first-order necessary
condition (FONC) in Equation (3) by differentiating 7sr in Equation (2) with respect to p.
From the FONC, we obtain the optimal p* in Equation (4).

%]
5y =t 2ppletn) =0, ®)

per = W 4)

We also obtained the second-order sufficient condition (SOSC) by differentiating
Equation (3), with respect to p.
82 TUSE
ap?
As the SOSC in Equation (5) satisfies the negative-definite property, the optimal p in
Equation (4) guarantees the profit maximization of 77sr in Equation (2). If we apply p¢y in
Equation (4) to Equations (1) and (2), we obtain the optimal g¢, and 775y, respectively. We
summarize the optimal solutions of the five models in Section 4.

=28 <0. (5)

3.2. Case SN: A Single-Brand Online Restaurant

Case SN refers to a single-brand online restaurant that operates based on online
ordering and delivery services for one food brand without providing a physical location to
consumers. This type of online restaurant is called a cloud, virtual, or ghost kitchen. The
demand g5y and profit 7rgn of Case SN are defined as follows.

qsn = (1+¢)a—B(p+4d), (6)

sy = qsnip — (c+1)} — f- )

In Equation (6), gsn considers the two distinct properties of online restaurant opera-
tions. First, we consider the possible market expansion of online restaurants. Similar to [61],
by offering online order and delivery services, the restaurant can attract new consumers
that the offline restaurant cannot cater to. Therefore, the demand potential in the online
restaurant is defined as larger than that of the offline restaurant as (1 + ¢)a in Equation (6),
where ¢ > 0, and ¢ is the additional demand proportion of the online restaurant by
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offering online order and delivery services. Second, we consider the negative effect of
delivery service in Equation (6). Delivery services provide opportunities to expand the
market. However, the service requires a fee, and consumers are price-sensitive. Then,
similar to [37,61], the delivery cost d negatively affects the food sales g in Equation (6), in
addition to the food price p.

The profit rgy of Case SN in Equation (7) is similar to the profit 7rgr of Case SF in
Equation (2). Following a track similar to that of Case SF, we obtain the optimal sales price
psy in Equation (8) from the FONC of 7rgy in Equation (7). The solution guarantees the

concavity of gy by satisfying the SOSC, that is, aza ;TZSN =-26<0.

+ —d
b — (1+¢)a +2[;(c+17 ) ®)

The solution of Case SF is summarized in Tables 2 and 3.

3.3. Case SEN: A Single-Brand Offline and Online Restaurant

Case SFN denotes a single-brand restaurant that provides both offline and online
services. In general, this type of restaurant was originally offline but later launched online
ordering and delivery services. It aims to increase exposure to consumers and, hence,
profit by adopting a multi-channel (offline and online) strategy [62]. Sharing the online and
offline properties defined in Sections 3.1 and 3.2 as in ref. [29], the demand gsrn and profit
7tspn of Case SFN are defined as follows.

gsin = (L—1){a = Bp} +t{(1+p)a —B(p+d)}, )

7seN = qsenip — (e +1)} — f, (10)

where T and (1 — 7) are demand potential fractions that favor online and offline services,
respectively (0 < 7 < 1).

A restaurant that only operates offline can attract new consumers by launching online
ordering and delivery services; however, some existing offline consumers tend to switch
to online consumers [11]. Equation (9) considers this practice. The first and second parts
in Equation (9) are the demands for offline and online services, respectively. By offering
both services, the restaurant’s demand is divided into two channels, the proportion of
(1 — 1) for consumers who favor offline dine-in service and that of T for online consumers
(0 < T < 1). For the online service, we need to also consider the market expansion by
considering the additional demand potential ¢ as in Equation (6) of Case SN, and, hence,
the resulting online demand potential becomes 7(1 + ¢)a in Equation (9). In the latter part
of Equation (9), online demand is negatively affected by both the food price p and delivery
cost d, whereas offline demand is only affected by p in the former part. The profit 77gry in
Equation (10) is similar to that of the other single-brand Cases SF and SN.

Similar to Cases SF, SN, and SFN, we obtain the optimal price pgy for Case SFN in
Equation (11) from the FONC. It guarantees the profit maximization by satisfying the SOSC,

2
that s, &7 = 26 < 0.

P = a+ﬁ(c+77)2; T(ag — pd) (11)

3.4. Case MN: A Multi-Brand Online Restaurant with Multiple Franchise Fees

Consumers tend to want a variety of menus when choosing a restaurant [56], and to
meet this desire, multi-brand cloud kitchens can secure large-scale demand based on menu
diversity by operating multiple brands [1,58]. In particular, when the market power of
brands is not very strong, a multi-brand restaurant strategy can provide an opportunity to
boost profits, as observed in the case of Nolboo in Korea [6]. In reality, Nolboo suffered a
decrease in revenue and profit until 2020 [63], which is one of the main reasons for devising
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new franchise strategies, including multi-brand restaurants. Consequently, Nolboo, in
Korea, launched its multi-brand restaurant in 2018, and DNY Hospitality in India launched
its multi-brand cloud restaurant business in 2014 [64,65]. Additionally, as in the cases
of DNY Hospitality and Nolboo, when a franchisee wants to operate multiple brands,
the franchisor devises a contract in which the franchisee pays a franchise fee for each
brand [4,6]. Case MN reflects this practice in that the restaurant provides various menu
items from multiple brands and pays a franchise fee proportional to the number of brands.
Operating multiple brands in a single place, restaurants can also have many environmental
benefits, such as a reduction in food waste, energy and water, and optimization of inventory
management [7-9]. Considering the operations of multiple brands, the demand g and
profit 7ty of Case MN are defined as follows.

I é{ea B(p+d)} = n{0u— B(p+d)}, 12)

i=1

TmN = qun{p — (c+ny)} —nf. (13)

In Equation (12), the total demand gy of the multi-brand restaurant is defined as the
multiplication of the average demand of each brand g; and the number of brands n. For g;,
we consider the relatively small market size of multiple online brands 0« as in the case of
Nolboo in Equation (12) [6]. Thatis, fa < «, where the relative average demand potential
fraction of each brand 6 is in [0, 1]. Most multi-brand restaurants operate as online cloud
kitchens with online ordering and delivery services, as seen in the cases of HANGRY in
Indonesia [66]; hence, we define that 0 already includes the possibility of online market
expansion, that is, ¢ in Equations (6) and (9) of Cases SN and SFN. Thus, for example, an
expression such as 6o = (1 + ¢)en is possible, where € (¢ < 1) is the average market size
when multiple brands operate offline. There is no reason to operate multi-brand restaurants
if the power of each brand is sufficiently strong. We also consider the negative effect of the
delivery cost d in Equation (12).

Increasing the number of brands n can provide an opportunity to expand the consumer
market, as shown in Equation (12). However, we also consider two additional cost factors
for the restaurant because of the operations of multiple brands in Equation (13). As already
explained in Case SF, as the number of brands n increases, it is difficult for the restaurant
to enjoy economies of scale; consequently, the cost due to inefficient operations increases,
as expressed by n# in Equation (13). We also consider the franchise fee to be proportional
to the number of brands, as in the cases of DNY Hospitality and Nolboo, that is, nf in
Equation (13) [4,6]. The factors in Equations (12) and (13) are not considered in other studies
that consider only single-brand restaurant operations.

Unlike the single-brand restaurants in Cases SF, SN, and SFN, there are two decision
variables in Case MN: the number of brands n and the average unit food price p. The
decision sequence is as follows: (i) the restaurant chooses the number of brands 7 it operates,
and, then, (ii) determines the food price p, given # it has already determined.

Based on the backward induction, we first determine the optimal p* in Equation (15)
as a function of the number of brands n from the FONC of 7tj;n with respect to p.

a?}fN = n{ba—p2p+d—c—yn)} =0, (14)

pian () = B, (15)

pyn () in Equation (15) satisfies the SOSC, that is, 825;]@11\’ = —2Bn < 0.

From Equation (15), the relationship between the variables is obtained as follows:




Sustainability 2024, 16, 9607

9 of 20

Proposition 1. g—z > 0 always. g—z >0ifn< %(;er); otherwise, g—z <0.

Proof of Proposition 1. All proofs are available in Appendix A. [

Proposition 1 shows that the decision on the number of brands n impacts the overall
decision and, hence, the performance of the restaurant. As n increases, it is optimal for the
firm to increase the sales price p because of the increased inefficiencies from dealing with
more food items. An increase in # can also initially expand consumer demand g; however,
if n is too large, demand will decrease because of an excessively high p. Therefore, there
exists an optimal n* from the interaction between p and g that changes with respect to n.

After plugging p}y (1) into 71y in Equation (13), we obtain the FONC below by
differentiating 7ty with respect to n.

TN _ {0 — BBy +d+c)}{ba—p(yn+d+c)}
0 o) 4p

f=o. (16)

From the FONC in Equation (16), two optimal n are possible. We select 1}y in
Equation (17) as a closed-form optimal solution that satisfies the negative-definite property
of the SOSC, as in Equation (18).

. 2{0a—Ble+d)} —\/(6a— Blc+d))* +12Bf

nyvN = 367 (17)

Pllyy 1y (6x = ple+d)’ + 12pf
=- <
on? 2
By applying n},) to Equation (17) into pj, (1) in Equation (15), we also obtain the
closed form of pj, as follows:

0. (18)

. 500 — B(5d — O — d))? +12
P c>+¢<6; Ble+ )+ 1267 0

All solutions are summarized in Tables 2 and 3.

3.5. Case M1: A Multi-Brand Online Restaurant with a Single Franchise Fee

Case M1 is a special variant of Case MN. The difference is that, in Case M1, the
restaurant pays a single franchise fee regardless of the number of brands selected, whereas
Case MN charges multiple franchise fees proportional to the number of brands. Case MN
is considered a general case and Case M1 always looks advantageous owing to its single
fee. However, we include an investigation of Case M1 in this study. This is because the
multi-brand restaurant is now in its introduction stage; hence, in practice, we often observe
franchisors offering special offers, such as in Case M1, to quickly expand their multi-brand
franchise chains by allowing for a diverse customer base at a low cost. For example, DNY
Hospitality in India and Nolboo in Korea now charge a franchise fee, as in Case MN, but
they also charged a single franchise fee similar to Case M1 in their early stages [34,64]. By
comparing the performance of both Cases MN and M1 with the single-brand restaurant
strategies, we provide comprehensive guidelines for the adoption and operations of the
multi-brand restaurant, especially in its recent introduction stage.

The difference in the profit functions of Cases MN and M1 lies only in the franchise
fee, which is nf in Case MN in Equation (13) but f in Case M1, as follows:

qm = qun = n{fa — B(p +d)}, (20)

v = gmi{p — (c+ny)} — f. (21)
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In Equation (20), the demand of Case M1, g1, is the same as gy in Equation (12) of
Case MN. In the profit function in Equation (21), except f, the other profit factors are the
same as those of 7)1 in Equation (13).

As in Case MN, we also find the optimal price from the FONC of 751 with respect to
p as the function of the number of brands 7 as follows.

pun(n) = LRI, @2)
p
From Equations (20) and (22), we investigate the relationship between variables n, p
and g in Case M1, and the results are the same as those in Proposition 1 in Case MN. An
increase in n increases p; however, it first increases g but, then, decreases g if # is too high.
From this interaction, we can find the optimal 7.
After plugging p},, into 7ty in Equation (21), the FONC with respect to 7 is obtained
as follows:

O7TThr _ {ba—BByn+d+c)H{ba—p(yn+d+c)}
an p*Ml(n) 4:,8

=0 (23)

Similarly in Case MN, from Equation (23), there can be two solutions of n, but we
choose the one in Equation (24), which satisfies the SOSC in Equation (25) and, hence, profit
maximization.

* O — B(c—d)

My = 3‘377 ’ (24)
Py n{fa—B(c+d)}
T : <0, (25)

Applying n},; in Equation (24) into Equation (22), we obtain the optimal p* as a
closed-form solution, as follows:

P = 290{—[;;3261—@. 26)

The solutions are summarized in Tables 2 and 3 in the next section.

4. Comparison
4.1. Analytical Comparison

We summarize the solutions to Cases SF, SN, SEN, MN, and M1 in Tables 2 and 3.

Table 2. Optimal price p* and number of brands n*.

Case p* n*
+

SF “ﬁz(; ) N/A

SN (l+¢)vc+2ﬁﬁ(C+V]—d) N/A

SEN Hﬁ(cw)z?(w*ﬁd) N/A

MN 500—B(5d—c)—/ (6a—pd—Bc)*+128f 2{0u—B(c+d)}—1/ (0a—Bd—Bc)* +128f

6B 3pn
M1 20a+p(c—2d) Ou—pB(c+d)

3 3B
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Table 3. Optimal demand g* and profit 7r*.
Case q* -
afa —2B( +c)}
a—PB(c+n)
> T B (et )’ —4pf
B
SN {iila=florite) {alg41) Oy +0))-apf
4B
SEN acpletn)irap-pd) {@ra) Bl o) ~apf
B
——
0 B V (ﬁt\*ﬁ(d+c)2+12,%f
9“*ﬁ(¢+f)+\/(90¢7/3d7/3c)2+125f}x w—p(d+c) - g
MN B
200 —2B(d +c) — \/(sz—ﬁd—ﬁc)2+12ﬂf} y 2{0a — B(c+d)}x
18p1] {9“*ﬁd7ﬁc+\/(ﬁtxfﬁ(d+c)2+12ﬁf}+24ﬁf
5462
M1 {on—plei)? on-plera® _
9By 27ﬁ27

A direct comparison between the optimal prices of the single-brand and multi-brand
restaurants in Table 2 yields the following properties:

Proposition 2. Comparing the decisions of single-brand and multi-brand cases.
(1) piy > Pipn > Pip ifag > Bd, ie, ¢ > B2 o > ﬁ—(:, d < °f or p < °F. Otherwise,
Pse > PSEN > Psn- o4 3p i) Blerdsan)
* * . C+ + * * . + c+d—+ *
2 Pm1 > Psr 1{? > i+ o L;rdpm > pin 0 > =58 + B and piyy >
« + +4d+31—
pipy if0 > JATEL 4 Herdbh 3n)

. Otherwise, (p5g, Psn OF PSEN? > Pt

@ P > by 0 < 34 PSR o @ > 3 PRI and
2 2

f> ((59_3)"‘_/5(2”5‘1122’7)) —(0a—pe—pd) ). Otherwise, py > pPsp- The relationship be-

tween piy and (péy or pipy) is similar.

Proof of Proposition 2. All proofs are available in Appendix B. O

Proposition 2(1) shows the price comparison results for the three traditional single-
brand strategies. Combining online and offline restaurant properties, the multi-channel
strategy of Case SFN always yields a moderate sales price between that of Cases SF and
SN. When the online restaurant’s high market expansion is expected (a high ¢ or «) or the
negative effect of delivery cost on consumers is not very severe (a low d or ), the online
restaurant can set the price higher than that of the offline one (i.e., p§y > p&p). Otherwise,
it needs to set the price lower.

Proposition 2(2) indicates that the sales price of the multi-brand restaurant in Case M1
can be set higher than the single-brand restaurant types in Case SF, SN, or SFN when the
market bases of its multiple brands 6 are very high. However, it needs to be 6 > % at least,
as shown in Proposition 2(2)—too high considering the fundamental reason for the multi-
brand strategy to overcome the weak market power [6]. Moreover, it is reasonable to also
consider a not too high 6 in Proposition 2(3). Then, the relationship (p&p, py or piry) >
Py holds. Therefore, considering the results in Propositions 2(2) and 2(3), setting a lower
price is optimal when operating a multi-brand restaurant (Case MN or M1) than when
operating a single-brand restaurant (Case SF, SN, or SFN).

Then, we compare the solutions of two multi-brand cases as follows.

Proposition 3. Comparing Cases MIN and M1, ny;; > 1y, Pan > Pun @14 Gy > Gy @lways.

Proof of Proposition 3. All proofs are available in Appendix C. J
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The results of Proposition 3 indicate that Case M1 can induce a superior performance
compared with Case MN. Case M1 leads to greater consumer demand (q3,; > qjy), €ven
at a higher price (p3;; > pyn), because it can adopt more brands (113, > 1}y) due to the
single franchise fee, regardless of the number of brands. Therefore, by combining more
brands, Case M1 also can have environmental advantages. Case MN, with a multiple
franchise fee proportional to the number of brands, is a more general case in practice,
but there can be some special offers from franchisors in this introduction stage of multi-
brand adoption, as DNY Hospitality or Nolboo did before [34,64]. Thus, a restaurant may
have the opportunity to enjoy better operations and profit performance. However, profit
performance comparison is not easy to investigate analytically owing to mathematical
difficulties; hence, we conduct numerical analyses in the next section.

4.2. Basic Numerical Example

In this section, we conduct numerical analyses to determine important managerial
implications. This also verifies the results of the propositions and demonstrates the practical
relevance of the results. The basic parameter settings are as follows: « = 1000, f = 18,
T=03 ¢=04d=10, c =15 5 =0.1, f =300, § = 0.7. This parameter setting is not
only used to properly obtain the optimal solutions to all cases by satisfying the SOSC but
also to properly reflect the recent business situations. By applying the abovementioned
parameter values to the equations summarized in Tables 2 and 3, we obtain the results in
Table 4a.

Table 4a confirms the results of Propositions 2 and 3. As in Proposition 2(1), the
prices of traditional single-brand restaurants relate as pgy > pspy > psp due to the
favorable setting for online-ordering cases (Cases SN and SFN), that is, a¢ > Bd with
« = 1000, B =18, ¢ = 0.4 and d = 10. If we set a¢p < Bd, for example, with ¢ = 0.1, we
obtain the opposite result, ¢ > pgpy > PS5y as shown in Table 4b. However, we consider
the recent situation in which online ordering and delivery services have grown rapidly with
changes in consumer preferences [11,12]. Therefore, we will continue the investigations of
cases based on the setting of ¢ = 0.4 to be online-favorable (i.e., x¢ > Bd).

Table 4. Basic numerical example.

(a) withp =04

Case SF Case SN Case SFN Case MN Case M1

Number of brands n* - - - 26.52 46.30
Sales price p* 35.33 41.44 37.16 23.27 24.26
Demand q* 364.10 474.10 397.1 2682.03 3858.03
Profit 7t* 7064.93 12,187.27 8460.47 7112.78 17,561.23
(b) with ¢ = 0.1
Case SF Case SN Case SFN
Number of brands n*
Sales price p* 35.33 33.11 34.66
Demand q* 364.10 324.10 352.10
Profit 7t* 7064.93 5535.60 6587.47

In this recent online-favorable environment in that the positive effect of market expan-
sion surpasses the negative effect of additional delivery cost, Cases SN or SEN can enjoy
better market and profit performance (%5 > gépy > 9p and méy > whpy > mép) than
the pure offline restaurant operations of Case SF even with the delivery cost and higher
price p*. One could argue that many offline restaurants show better market and profit
performance, but they have specific business situations, such as larger consumer bases
from brand recognition or food quality. Notably, we compare the restaurant cases on an
equal basis with the same parameter settings.
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In Table 4a, Cases MN and M1 set food prices lower than Cases SF, SN, and SFN
do, as explained in Propositions 2(2) and 2(3). It is reasonable for multi-band restaurants
to set lower prices than single-brand restaurants to overcome the lower marker power
(i.e., 0 < 6 < 1). In Table 4a, multi-brand restaurants yield superior market performance
compared with single-brand restaurants. That is, (73,y Or 43) > (95p 95N OF Gipy) In
Table 4a. Notably, the primary reason for this superior market performance is the adoption
of multiple brands, n* of 26.52 and 46.3 in Cases MN and M1, respectively, rather than
lower prices. This result also confirms the result of Proposition 3, and Case M1 can yield
better environmental performance by combining more brands.

The average demands for each brand in Cases MN and M1 (g* /n*) are only 101.13 and
83.33, respectively—much lower than those of the single-brand Case SF, SN, or SFN. The
numbers of brand adoption, 26.52 and 46.3, may look too high, but we can find franchisors
operating many brands in practice, such as KLC Virtual Restaurants, with 50 brands, and
Byte to Bite, with 20 brands [3,33]. Furthermore, as this is the first mathematical study to
investigate the effectiveness of multi-brand strategies, we do not limit the value of n*.

Table 4a also shows an interesting result that the multi-brand strategies in Cases MN
and M1 do not always guarantee superior profit performance. That is, T_MT%* > 75y >
TépN > Tyn > 7ep in this numerical example of Table 4a. In addition, as explained in
Proposition 3, Case M1 always yields better price, market, and profit performances than
Case MN by adopting more brands n*. However, considering that an MN with multiple
franchise fees is more common than Case M1 with a single fixed fee, the profit comparison
results show that business environmental conditions must be carefully considered when
adopting multiple brands. In the next section, we present sensitivity analyses to provide
important implications and practical guidelines for these conditions.

4.3. Comparative Static Analyses

In this section, we investigate how the profit performance of each restaurant strategy
changes according to the business environment. We select seven important environmental
factors that can be classified into two categories—market and cost factors—and examine
their impacts on profits in the ranges below, while the other parameters are set as in the
basic numerical setting in Section 4.2. The categories are as follows: (i) market factors: the
demand potential « € [880, 1120], demand sensitivity to price f € [15, 21], and relative
market size of multiple brands 6 € [0.61, 0.79]; and (ii) cost factors: the unit food cost
c € [10.5, 19.5], inefficiency cost # € [0.04, 0.16], delivery costd € [7, 13|, and franchise
fee f € [0, 600]. The profit equilibrium behaviors are graphically illustrated in Figure 1,
and Table 5 summarizes the profit comparison results in Figure 1.

The comparative static analyses shown in Figure 1 and Table 5 confirm the results of
the basic numerical example presented in Table 4a. As Table 4a shows, among the single-
brand restaurant strategies, the online restaurants of Cases SN and SEN can outperform
Case SF with offline-only properties in this recent online-friendly environment. Among the
two multi-brand restaurant strategies, due to its fixed single franchise fee, Case M1 always
outperforms Case MN. However, the overall comparison results among all single-brand
and multi-brand restaurants can differ depending on the market and cost factors, as shown
in Figure 1 and Table 5.

Regarding market factors, as shown in Figure 1a, an increase in demand potential
o enhances the profit performance of all restaurant cases and impacts the multi-brand
strategies of Cases MN and M1 more significantly. Therefore, in Figure 1a and Table 5a,
we can observe that a sufficiently large market base (a high «) is a prerequisite for the
successful operations of multi-brand restaurant operations. Otherwise, adopting single-
brand restaurants would be better. In Figure 1b, another market characteristic, the market
sensitivity to price , negatively impacts the profits of all cases, and Cases MN and M1
are more seriously impacted by B. Therefore, considering the results in Table 5a,b, the
multi-brand strategy is appropriate for a large consumer market that prefers inexpensive
food items. Therefore, the analytical results of Propositions 2(2) and 2(3) are reasonable in
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that the price is set lower in the multi-brand restaurant (Case MN or M1) for this market
characteristic than in the single-brand restaurant (Case SF, SN, or SEN). In addition, as
argued in Proposition 2, the relatively small market size of each multi-brand (a low 0) is a
fundamental reason for multi-brand strategy. However, as shown in Figure 1c and Table 5c,
if 8 is too small, it is recommended for the restaurant not to operate multiple brands but to
choose a single brand.

45,000 60,000 60,000
q
45,000 45,000 D
30,000
30,000 30,000
15,000
15,000 1 15,000
A A
[
i
q
0 0 0
880 1000 1120 15 18 21 0.61 0.7 0.79
(a) Effect of « (b) Effect of B (c) Effect of 6
45,000 60,000 40,000
q
q
45,000 30,000
30,000
30,000 20,000
15,000 | y
15,000 10,000
L 4
0 0 0
10.5 15 19.5 7 10 13
(d) Effect of ¢ (e) Effect of n (f) Effect of d
20,000
OoO——S o—O )
15,000
10,000 \
T AN
5,000
0
0 300 600

(g) Effectof f

Figure 1. Sensitivity analyses of profits (A: Case SF, A: Case SN, x: Case SEN, O: Case M1,
e: Case MN).
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Table 5. Profit comparison with respect to parameter changes.
Parameter Profit Comparison
Market factor ~ (a) Demand potential « L(?w 7T§tN > néFN > 7T§F > ”;*/11 > ”X/I*N
High T > TN > TTon > TTseN > T
(b) Demand sensitivity to . "
price B Low T > TN > TTen > Tepn > TTor
High TSN > TepN > TTep > T > Tyn

(c) Market size of multiple

*

* * * *
brands 6 Low TN > TlgpN > TTsp > T > TN
: * * * * *

High T > TN > TTsn > TTseN > T

Cost factor (d) Unit cost ¢ LQW n};vﬂ > n:MN > néN > n*;FN > 7;(§F
High TTen > TopN > Tler > Ty > TN

(e) Inefficiency cost 7 ng 712:\41 > TCIMN > ZEN > ”iiFN > Z;F
High TTon = T > Tlopn > TTr > TTyn

(f) Delivery cost d L(?w néﬂ > HZVIN > ZEN > n;lFN > 7*T§F
High TToN > Ty > TTorn > TTsr > Ty

(g) Franchise fee f LQW 7'5;;\/11 = N&N > 7'§N > HE*FN > ZEF
High T > TN > Tlepn > Tsr > TN

Considering cost factors, Figure 1d,e show that the unit costs to make food items
(c and 77) impact Cases MN and M1 more seriously than Cases SN, SF, and SEN. It is difficult
to set a high price in Cases MN and M1, as Propositions 2(2) and 2(3) show. Therefore, an
increase in costs can lead to a significant margin loss for multi-brand restaurants, especially
for Case MN with multiple franchise fees, as shown in Table 5d,e. Figure 1f and Table 5f
also show the vulnerability of multi-brand restaurants to delivery cost d. An increase in
d affects all delivery restaurants in Cases SN, SFN, MN, and M1, and as can be inferred
from Figure 1f, if d is excessively high beyond the range of [10,16] in this study, the profits
of Cases SN and M1 may also be devastated. However, its impact is more serious in Case
MN, with multiple franchise fees. Finally, an increase in the franchise fee f affects all cases.
However, as shown in Figure 1g and Table 5g, Case MN is significantly impacted by f. The
multiple franchise fees in Case MN make it difficult to operate a sufficiently large number
of brands, as shown in Proposition 3 and Table 4a, especially when f is very high, and this
highly negatively impacts the profit of Case MN.

5. Discussion

In this section, we summarize the investigation results in the previous sections
and provide important practical implications and guidelines for single- and multi-brand
restaurant operations.

Implication 1. Comparing the pricing strategies of single-brand restaurants, the online restaurant
may set higher prices than the offline one when online orders are expected to be high or when delivery
costs do not significantly affect consumers. Otherwise, its price needs to be set lower. It is best to set
prices at a mid-range level for the multi-channel online and offline restaurant.

Implication 1 is based on the results of Proposition 2 and Table 4. The COVID-19
pandemic has changed customer preferences, and we have observed a sharp increase
in the online food delivery market. In this recent online-favorable environment, it is
recommended to set food prices high for online restaurants in comparison with offline
restaurants. However, we need to be cautious about the delivery costs, which tend to
rise as the number of online restaurants increases. Delivery costs have increased by
33-50 percent in Korea in 2023 compared to those in 2021 [67]. Therefore, it is recommended
that online restaurants consider delivery costs when setting food prices because both have
serious impacts on consumers’ buying intentions. In the case of offline or multi-channel
restaurants, if there are no advantages to having an in-store dining space, such as a large
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offline consumer base or high brand awareness, prices should be set lower than those of
online restaurants.

Implication 2. It is recommended to set the food price of multi-brand restaurants lower than the
single-brand restaurants.

This implication is based on Proposition 2 and Table 4. One of the fundamental reasons
for operating a multi-brand restaurant is its weak brand recognition and market power.
Therefore, to overcome its basic weakness and expand the consumer market, food prices
need to be lowered in addition to adopting multiple brands. It is recommended that the
price be raised to a level similar to that of a single-brand restaurant after the consumer
awareness of multiple brands is sufficiently established. Also, note that implications
2 through 5 about the multi-brand restaurant operations cannot be found in any previous
single-brand restaurant studies on offline restaurant operations (e.g., [35,36]), multi-channel
operations (e.g., [29,37]), and delivery-only online restaurant (e.g., [38,39]).

Implication 3. The decision on the number of multiple brands impacts the overall decisions of the
multi-brand restaurant. More brands entail higher prices, and more brands do not always guarantee
more sales.

Implication 3 is based on the results of Proposition 1. When deciding the number of
brands in multi-brand restaurant operations, a careful understanding of decision dynamics
is always necessary. More brands can provide opportunities to expand market sales.
However, inefficiency problems due to the increase in food items in kitchens must be
considered. Such a problem is very serious because multi-brand restaurants need to
deal with completely different food brands to alleviate the cannibalization issue, as DNY
Hospitality and Nolboo do. Therefore, as the number of brands increases, the price needs to
be set higher to maintain profitability, which harms market performance. Most importantly,
when considering multi-brand restaurants, a restaurant operator must carefully consider
the operational ability of the franchise chain to make the restaurant operation process
efficient, regardless of the increase in the number of brands.

Implication 4. Multi-brand restaurant operations do not always guarantee superior profit
performance. Careful consideration of market and cost factors is necessary when considering the
adoption of multi-brand restaurants.

Based on the results in Table 5 and Figure 1, we summarize the market and cost condi-
tions under which either a single-brand or a multi-brand restaurant outperforms (Table 6).
The adoption of multi-brand restaurants can guarantee superior profit performance only
when internal and external business environmental factors are carefully considered. In
short, the multi-brand operations strategy is appropriate for a large consumer market
that prefers economical consumption with inexpensive food prices and delivery costs.
Therefore, it is important to reduce costs and create a robust operational process that is
not seriously affected by an increase in the number of brands and food items. Otherwise,
adopting single-brand restaurants would be better.

Implication 5. When adopting the multi-brand restaurant model, the single fixed franchise fee
regardless of the number of brands can provide a great chance to yield superior environmental and
profit performance compared to the multiple franchise fee proportional to the number of brands.

Implication 5 is based on the results of Proposition 3, Tables 4 and 5, and Figure 1. We
can observe in the investigation results that the single fixed franchise fee is advantageous
to a restaurant’s environmental and profit performance. In the early stage of multi-brand
franchise chains, there can be some promotion opportunities from franchise chains that
lower the financial burdens of multi-brand adoption. This provides a great opportunity to
enhance the environmental and profit performance by increasing the number of brands
and food prices.
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Table 6. Conditions for multi-brand and single-brand strategy adoption.

Single-Brand Strategy Multi-Brand Strategy

L] There are relatively few potential consumers u There are many potential consumers

L] Consumers are highly price-sensitive [ Consumers are not very price-sensitive

L] Food costs are high u Food costs are low

L] Delivery costs are high ] Delivery costs are low

L] Increasing the menu highly impacts process u Increasing the menu does not highly impact
inefficiency process inefficiency

L] Franchise fee is high [ Franchise fee is low

L] Relative market power of multiple brands is u Relative market power of multiple brands is
weak strong

6. Concluding Remarks

The COVID-19 pandemic has led to a sharp increase in the online food delivery market,
and as competition has become fierce, we now observe new franchise chain strategies, such
as multi-brand online restaurants that operate multiple brands in a store. By operating
many food items from multiple food brands in a single kitchen, they can relieve menu
fatigue and increase customer base and frequency. Moreover, by combining many food
brands, they can yield better environmental performance by reducing food waste, energy,
water and land use. Therefore, we can now observe many new franchise chains in many
countries, such as India, Korea, Canada, the US, Spain, and Kuwait, which allow franchised
restaurants to operate multiple brands in a single restaurant. However, it is difficult to find a
previous study that has investigated the recently evolving multi-brand restaurant strategy.

This study is one of the first to fill this gap between practice and academia. Specifically,
to reflect reality, we introduce five restaurant operations models, including three traditional
single-brand and two recent multi-brand restaurants with different franchise fees. By
introducing the five models, we complement and contribute to the research on sustain-
able service operations. In particular, we provide a comprehensive model of restaurant
operations, including online, offline, multi-channel, and multi-brand restaurants, which
will help future research in relevant studies. We then investigate the performance of the
five service operations models in the changing market and cost environments. Through
analytical and numerical analyses, we provide new and important guidelines for restaurant
operations managers, especially for the selection and sustainable operations of multi-brand
and single-brand restaurants. The details of the implications and conditions are presented
in Section 5.
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Appendix A
By plugging p},y into Equation (12) and differentiating p and g in Equations (15) and
(12) with respect to n, we obtain g—Z =1 >0and g—Z = w — Byn. These results

support Proposition 1.
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Appendix B
A direct comparison of the optimal prices summarized in Table 2 yields the following
relationships:

PSN — PSE = w{ﬁd, PSNF — PSF = %ﬁﬁd), PSN — PSNF = w,}?m — PsF =
(49—3)zx—gl(3c+317+4d)/ PM1— PSN = (46—3(1+(p))60/cg—ﬁ(c+d+317), PM1— PSNF =
3 _ _ 50—3)a—p(2c+3n+5d)—/ (Ba—Bc—pd)>+12
(460—-3)w ,B(c+312;4d) 31 (ag ﬁd)’ PMN — PSE = ( Ja—p(2c+3y 2/8 \/( a—pBc—pd) /Sf’

50—3(1+¢))a—pB(2c+2d+31)— 1/ (fa—pc—pd)>+12
puan — p_SN = B30 Heepacis3y @ompeptte12p e =
(56—3)a—B(2c+3y+5d)—37(xp—Bd)—/ (fa—Bc—pd)*+12Bf
68 :

From the above, we can easily find that the comparison results among psy, psr and
psen depend on the sign of the term, (vg — Bd), and the result of Proposition 2(1) is
established. The result of Proposition 2(2) is induced from the comparison result between
pami and pgg, ie., sign[pan — psr] = sign[(460 — 3)a — B(c + 35 + 4d)]. Similarly, we also
obtain the comparison results among psn, pspn and ppp1 in Proposition 2(2) from the above
comparison equations by rearranging them with respect to 0.

In the comparison between ppny and pgsr, the parameter through which we can see the
relationship is the fixed franchise fee f, and we can obtain the condition of f if we arrange
the numerator part of (ppn — psp) with respect to f. This is similar to the comparison
results for psy and psyr. Therefore, Proposition 2(3) holds.

Appendix C

Direct comparison of Cases MN and M1 yields ny; — nyy =

\/ (Ba—Bd—Bc) 2 +12Bf — (0a—Pc—Pd)  » % \/ (Ba—Be—PBd)>+12Bf — (6x—Pe—pd) *
3B1] r Pm1 — PuMN = 6B ,and gy —
) \/(rofﬁcfﬁd)2+12ﬁf<\/(Gafﬁcfﬁd)2+12,3ff(szfﬁcfﬁd)>
GuN = 1867 . In the numerator parts of com-

parison equations, \/ (0 — Bc — Bd)* +12Bf > (6 — Bc — Bd), and, hence, we obtain the
results of Proposition 3.
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