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We consider an on-demand delivery system with multiple competing vendors and examine the impact of
introducing a delivery platform on their competition. Customers have preferences for differentiated vendors
while also being sensitive to the overall cost of both the food price and the delivery fee. They place orders from
a vendor only if they can be delivered within a specified delivery window. Each vendor strategically decides
whether to participate on the platform, build its dedicated delivery fleet (i.e., employing in-house delivery),
or not offer any delivery option (i.e., exclusively serving local customers as an outside option) to maximize its
profit. Vendors who build their own dedicated delivery fleets decide on both the food price and delivery fee.
Vendors who choose to participate on the platform set their food price, while the profit-maximizing platform
sets the delivery fee and takes a commission from the vendors’ revenue. We solve for the system equilibrium
and benchmark it against the system without the platform. Our findings indicate that the introduction of
the platform either intensifies vendor competition, leading to lower vendor profits and higher individual
customer surplus, or conversely, alleviates vendor competition, leading to higher vendor profits and lower
individual customer surplus. The intensifying or alleviating role of the platform on vendor competition hinges
on the competitive environment of the market in which the vendors operate. We characterize conditions
under which the platform’s equilibrium strategy involves subsidizing per-order delivery to encourage vendor
participation. However, perhaps surprisingly, the seemingly appealing per-order delivery subsidy (offered
by the platform to attract vendor participation) hurts vendors by encouraging them to engage in more
intensified competition, ultimately diminishing their profits. Conversely, if the platform derives profits from
per-order delivery, introducing the platform alleviates vendor competition and benefits vendors. Therefore,
the platform-enabled sharing of couriers can improve delivery efficiency and lower delivery costs but may
intensify vendor competition through per-order delivery subsidy, placing them in a prisoner’s dilemma that
ultimately lowers their profits. These insights also apply to an e-commerce platform that provides storage
and fulfillment services with economies of scale enabled by aggregating the business of sellers operating on

the platform.
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1. Introduction

Having become an integral part of modern life, on-demand delivery services brought a new level of
convenience and changed how businesses operate. Although the on-demand delivery service is not a
new concept, recent technological advancements in smartphones, e-payment, and real-time tracking,
among others, have enabled the on-demand delivery service to transition from dial-up (traditionally,
on-demand delivery services were accessible through phone calls directly to vendors) to online and
led to the emergence of third-party platforms, like Doordash and Uber Eats, which specialize in
facilitating these delivery services. Now, with just a few taps on a smartphone, customers can have
a wide variety of products, from restaurant meals and groceries to everyday essentials, delivered
right to their doorsteps. In 2023, the value of the grocery delivery segment was estimated to be
around 183 billion U.S. dollars, and the revenue from meal delivery services was approximately 87
billion dollars.*

Despite the rapid expansion of on-demand delivery platforms, the relationship between vendors
and third-party delivery platforms is often fraught with tension. Vendors face a dilemma: despite
the substantial share of their earnings taken by the platforms, they feel compelled to use them to
stay competitive. “I used to do just fine with my own delivery fleet, but now I feel that opting out
of Seamless? is not an option” said by Palombino, a local restaurant operator (Bronner 2020). This
paradoxical situation highlights the intricate interplay within the vendor-platform relationship,
in which the need to remain market-relevant through platforms is juxtaposed against the cost of
selling through a platform.

In this work, we use food delivery as a motivating example (though our model is broadly appli-
cable to other areas, such as grocery delivery and e-commerce fulfillment) to construct a stylized
model that examines the impact of introducing a delivery platform on vendor competition. Specif-
ically, we investigate an on-demand delivery system with multiple competing vendors. Customers
have preferences for differentiated vendors (e.g., based on their cuisine type) while also being sen-
sitive to the overall cost of both the food price and the delivery fee. In addition, customers place
orders from a vendor only if their deliveries can be made within a specified delivery window. Each
vendor strategically decides whether to participate on the platform, build its dedicated delivery
fleet (i.e., employ in-house delivery), or not offer any delivery option (i.e., exclusively serving local
customers as an outside option) to maximize its profit. Vendors who build their own dedicated
delivery fleets decide on both their food price and delivery fee. Vendors who choose to participate

! https://wuw.statista.com/forecasts/891070/eservices-revenue-for-selected-countries—by-segment

2 Seamless is an online food ordering service launched in 1999 and merged with Grubhub in 2013.
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on the platform set their food price, while the profit-maximizing platform sets the delivery fee and
takes a commission from the vendors’ revenue. Service providers (either the platform or vendors
establishing dedicated delivery fleets) procure service capacity at a fixed cost per unit per unit of
time, which we refer to as the marginal delivery cost. We assume that the delivery time associated
with a service provider benefits from economies of scale. By aggregating demand and supply, the
platform can enhance delivery efficiency by operating on a larger scale, thereby increasing courier
utilization and reducing the average delivery cost per unit of demand required for meeting the
delivery window constraint.

In our base model, we consider a setting in which the platform tends to have stronger mar-
ket power than vendors. We capture this by letting the platform and vendors move sequentially.
Specifically, the sequence of events is as follows: In stage 1, the platform commits to a delivery
fee to charge customers. In stage 2, vendors simultaneously determine whether to participate on
the platform and their food price (if they participate) or their full (i.e., food plus delivery) price
(if they do not participate). We benchmark this setting against one in which there is no platform,
and each vendor runs its own delivery service, setting both their food price and delivery fee to
maximize profits (or does not offer any delivery services). Vendors may have access to two customer
channels: walk-in and delivery customers. In our analysis, we assume that these two channels are
independent and focus exclusively on the operations of the delivery channel (in practice, vendors
typically manage these channels separately and set different prices for each, see, e.g., Rana and
Haddon 2023).

We uncover the nuanced impacts of introducing the platform on vendor competition. Depending
on the market’s competitive environment, the platform either opts to subsidize the delivery service
per order by setting a delivery fee lower than the marginal delivery cost or it opts to profit per
order from the delivery service by setting a delivery fee higher than the marginal delivery cost.
Perhaps paradoxically, the introduction of the platform hurts vendors if the platform chooses to
subsidize the delivery service per order, while it benefits vendors if the platform chooses to profit
per order from the delivery service, provided that vendors opt to operate in the delivery channel by
building their in-house delivery fleets in the absence of the platform. (Otherwise, the introduction
of the platform may benefit vendors by reducing barriers for vendors who otherwise do not offer
delivery service.)

We explain the above results as follows. When deciding whether to participate on the platform,
vendors weigh the profit of building their own dedicated delivery fleets against that of participat-

ing on the platform. Specifically, vendors building dedicated delivery fleets must procure sufficient



service capacity to meet the delivery window, whereas vendors participating on the platform avoid
the need to procure service capacity but must share revenues with the platform. Therefore, we dif-
ferentiate between the following two scenarios, which lead to contrasting strategies of the platform
in equilibrium and its subsequent implications of the platform entry.

Under conditions in which the marginal delivery cost is low, the delivery window is long, the
market potential for each vendor is large, or the level of substitutability among vendors is low,
the platform chooses to subsidize the delivery service per order. This decision stems from the fact
that, under these conditions, vendors possess compelling incentives to establish their own dedicated
delivery fleets. This incentive is driven by the relative affordability of maintaining the service
standard, the sizable market potential for each vendor, or the less intense competitive landscape.
Therefore, to attract vendors, the platform needs to subsidize the delivery service per order by
setting the delivery fee below the marginal delivery cost, making it more appealing to vendors.
In this case, all vendors choose to participate on the platform in equilibrium. However, when the
platform subsidizes the delivery service per order, its introduction lowers the operational costs for
vendors participating on the platform and gives them a competitive advantage. This encourages
vendors to reduce the overall prices to attract more customers. Consequently, the introduction
of the platform intensifies the competition among vendors, resulting in lower vendor profits and
higher individual customer surplus.

In contrast, when facing conditions with a high marginal delivery cost, a short delivery window,
limited market potential for each vendor, or high levels of substitutability, the platform derives
profit per order from delivery service by charging a delivery fee higher than the marginal delivery
cost. This strategy is adopted because, under such conditions, participating on the platform is
more favorable for vendors. This preference is driven by factors including avoiding the substantial
costs of maintaining the service standard, operating with a market potential that does not justify
the investment in dedicated delivery fleets, or sidestepping the intense competition. Therefore, it
allows the platform to capitalize on economies of scale resulting from aggregating demand and
supply, enabling it to charge a higher delivery fee while still ensuring the participation of certain
vendors. Then, the platform’s priority shifts from attracting vendors to revenue generation through
its delivery service, which might result in asymmetric equilibrium outcomes with some vendors
participating on the platform while others build dedicated delivery fleets. When the platform
profits per order from delivery service, it raises the operational costs for vendors and reduces the
competitive advantage for those vendors who participate on the platform. These vendors find it

beneficial to refrain from aggressive competition and increase the food prices (and thus the overall



prices) paid by customers. Similarly, vendors who choose not to participate on the platform also
increase their prices to capitalize on the increased demand that the platform leaves behind. In this
case, the introduction of the platform alleviates vendor competition, resulting in higher vendor
profits and lower individual customer surplus.

These findings reveal that the decision of a platform to either subsidize or profit from the delivery
service per order is contingent upon the competitive business environments, which determine the
vendors’ preference to participate on the platform or build dedicated delivery fleets. This strategic
decision by the platform is closely linked to the competition among vendors and, consequently,
the welfare of vendors and customers. The seemingly appealing per-order delivery subsidy (offered
by the platform to attract vendor participation) hurts vendors by compelling them to engage in
more intensive competition, ultimately diminishing their profits. Therefore, the sharing of couriers
enabled by the platform can improve delivery efficiency and lower delivery costs, but it may intensify
vendor competition through per-order delivery subsidy and place them in a prisoner’s dilemma
that ultimately lowers their profits.

We also explore various extensions. First, we consider alternative contracts between the platform
and competing vendors. The platform can choose to offer a fixed participation fee to reward vendors
for their participation or impose a per-order transaction fee on vendors. We discuss the role played
by the agreement between the platform and vendors in determining the impact of platform entry.
Our result indicates that the core impact of the platform’s introduction continues to revolve around
its strategy on the delivery and per-order transaction fees, which, in turn, either intensifies (with low
delivery and transaction fees) or alleviates (with high delivery and transaction fees) the competition
among vendors. We show that it is possible to design contracts that steer the platform’s decisions
in a desired way. For example, under a transaction-based contract in which the platform charges
vendors only a per-order transaction fee without sharing vendors’ revenues, the introduction of
the platform always benefits vendors (while hurting customers). These insights can be helpful to
regulators overseeing the delivery service industry and entities operating delivery platforms.

Second, we examine the significance of relative market power in shaping the impact of the
platform entry. The relative market power between the platform and vendors is captured through
the decision-making process. In our base model, we assume the platform possesses greater market
power than the vendors. This is reflected in a sequential decision-making process: the platform
commits to a delivery fee in the first stage, and then vendors simultaneously determine whether to
participate on the platform and the associated pricing strategies in the second stage. In this setting,

we demonstrate that the introduction of the platform can either intensify vendor competition,



harming vendors while benefiting customers or, conversely, alleviate vendor competition, benefiting
vendors at the expense of customers. In a scenario in which the platform and vendors tend to have
equal market power, which is modeled by simultaneous moves of the platform and vendors, the
introduction of the platform can no longer intensify the competition among vendors. In this case,
relative to the system without the platform, vendor profits are higher, and the customer surplus is
lower when an equilibrium exists.

Third, we expand our analysis by considering the system with asymmetric vendor scales, for
which our main findings are robust. Specifically, we identify sufficient conditions under which the
introduction of the platform yields either subsidizing or profiting from per-order delivery service.
In addition, we show that small-scale vendors are more inclined to participate on the platform and
are more likely to benefit from the platform entry as compared to large-scale vendors. In contrast
to our findings from the base model, it is possible for small-scale vendors to gain higher profits
with platform entry, even if it intensifies vendor competition. This is because, to attract vendors
of relatively larger scales, the platform must set a delivery fee lower than those aimed at recruiting
smaller-scale vendors. Consequently, the reduction in the delivery fee may benefit smaller-scale
vendors and improve their profits to a greater extent.

Lastly, we investigate an alternative setting where couriers receive a piecemeal take-home pay per
order but do not receive compensation for idle time while waiting for dispatch. In this setting, we
demonstrate that the introduction of the platform always intensifies vendor competition, leading to
lower vendor profits and higher individual customer surplus. By not compensating couriers during
idle periods, vendors can eliminate the costs associated with maintaining delivery capacity. This
reduces the barrier for vendors to establish their own dedicated delivery fleets. Consequently, the
platform must subsidize the per-order delivery service to enhance its attractiveness to vendors,

thereby intensifying vendor competition.

2. Literature Review
Broadly speaking, our work adds to the emerging body of literature on on-demand service plat-
forms. See Benjaafar and Hu (2020), Chen et al. (2020), and Hu (2021) for general reviews and
the references therein. More specifically, our work is closely related to the stream on on-demand
delivery services. Below we review papers of this particular stream.

First, there is a stream of literature that explores the operational problems faced by on-demand
delivery platforms. Chen and Hu (2023) investigate and contrast two order dispatching rules: one

that delivers a single order per trip and the other that delivers a consecutive batch of orders.



They characterize the conditions under which one dispatching rule is more effective than the other.
Gorbushin et al. (2023) investigate a system consisting of two vendor hubs situated at opposite
ends of a Hotelling line, considering customers’ heterogeneous preferences and locations along the
line. The authors explore the “in-region policy,” whereby drivers return to their original hub after
a delivery, versus the “cross-region policy” which directs drivers to the nearer hub after a delivery.
Cao et al. (2024) consider a system in which a platform operates with multiple kitchens. Customers
can place orders for dishes from various kitchens within a single delivery. They characterize the
performance of such a system, specifically the delays and the costs of routing for collecting dishes.
Both Zhao et al. (2024) and Liu et al. (2020) investigate the order-driver matching policies within a
food delivery system. Zhao et al. (2024) focus on incorporating the uncertain food preparation times
as a critical component of their analysis, while Liu et al. (2020) propose a framework that integrates
unobservable driver routing behavior and highly uncertain service times with optimization tools
for efficient order-driver assignments.

Bo et al. (2024) and Liu et al. (2023) examine the optimal staffing (and pricing) in on-demand
delivery systems. They both highlight the spatial feature inherent in such a system. Bo et al.
(2024) obtain a lower bound for the average cost per unit of time and show that this lower bound
is only achievable with the power of 2/3 safety level staffing rule (i.e., the safety staffing level is
proportionate to the power of 2/3 of the nominal workload). They then propose a dispatching
policy that asymptotically achieves this lower bound. Liu et al. (2023) utilize a spatial queuing
model to investigate a delivery system in which the decisions on whether to participate on the
platform by all stakeholders—customers, couriers, and restaurants—are endogenously determined,
and solve for the equilibrium in the Heavy-Traffic Regime. Notably, we also endogenize vendors’
decisions regarding whether to participate on the platform, similar to Liu et al. (2023). However, we
do so in the context of vendor competition, while Liu et al. (2023) do not consider the competition
effect and assume each vendor has its exclusive market base. In contrast to this stream of literature,
the focus of this paper is on the impact of introducing a delivery platform on vendor competition.
We emphasize how platform entry alters vendors’ operational choices and pricing strategies and
how these changes affect vendor profits and customer surplus rather than examining the detailed
operational-level policies of the platform.

Second, there is a stream of literature that studies various contract forms between food delivery
platforms and restaurants. Both Feldman et al. (2023) and Chen et al. (2022) consider a setting
in which a restaurant serves customers via two channels: dine-in customers and food delivery cus-

tomers, and the delivery service is facilitated by a third-party platform. They design contracts that



“coordinate” the system, maximizing the overall profit of the two channels. Chen et al. (2022) also
highlight the potential operational inefficiency caused by the high accessibility of delivery services
and the large size of the delivery worker pool. Oh et al. (2023) examine a system with restau-
rants at various locations selling to customers at a single location through a platform. Restaurants
can bid for a featured spot on the platform by choosing a higher commission rate. They design
contracts to nudge restaurants to bid “correctly” based on their distances to customers, ensuring
the system is coordinated. In this work, to emphasize our focus on the impact of introducing a
delivery platform on vendor competition, we examine the role played by contracts. In contrast to
the earlier literature in this stream, we study contracts between the platform and vendors within
a competitive setting.

Third, there is a body of empirical research that delves into various aspects of the food deliv-
ery industry. Mao et al. (2022) provide guidelines on the operations of on-demand meal delivery
platforms and describe the empirical research opportunities. Li and Wang (2024a) evaluate the
effectiveness of regulating the commission fees charged by the platform. Li and Wang (2024b)
investigate how the introduction of the delivery channel affects takeout and dine-in channels, as
well as its overall impact on restaurants. Zhang et al. (2023) first derive a theoretical model that
allows them to develop hypotheses on the impacts of restaurant density on sales volume, revenue,
and average spending per order and then empirically test each hypothesis. In Zhang et al. (2023)’s
analytical model, they consider the operational performance of a single restaurant, while our model
considers the interplay between the platform and multiple competing vendors. In contrast to this
stream of literature, we derive analytical results on the impact of introducing a delivery platform
on vendor competition.

Fourth, our work is related to the literature on two-sided competition in the context of the sharing
economy. When vendors operate with their own dedicated delivery fleets, the competition among
vendors/the platform resembles the competition between firms for customers and service providers
in a two-sided marketplace. Cohen and Zhang (2022) examine the impact of “coopetition” between
two firms—in which competing platforms introduce a joint service and share profits—on customers,
service providers, and the platforms themselves. Bai and Tang (2022), Bernstein et al. (2020), and
Benjaafar et al. (2020) investigate two-sided competition between two firms, where customer utility
is determined by price and delay, and service provider utility is determined by wage and utilization.
Bai and Tang (2022) investigate the conditions under which two competing firms can be profitable

in equilibrium. Bernstein et al. (2020) consider competition between two firms in two scenarios:



one in which service providers are single-homing and one in which service providers are multi-
homing. They compare the equilibrium outcomes in these scenarios and find that multi-homing
may lead to worse outcomes for all stakeholders. Benjaafar et al. (2020) characterize conditions
under which competition between two firms can result in worse outcomes for both customers and
service providers compared to a monopoly. Both Bernstein et al. (2020) and Benjaafar et al. (2020)
demonstrate that allowing providers to multi-homing alleviates firm competition and may lead
to worse outcomes. Nikzad (2022) shows that the size of the labor pool affects the impact of
competition on customers and providers. When the labor market is thin, firms compete fiercely for
providers, which can lead to higher prices for customers. Unlike these studies, in this paper, we
consider the possibility of outsourcing tasks to a third-party platform instead of recruiting their
own service providers and endogenize such decisions made by vendors to examine the impact of
introducing such an option on their competition.

Lastly, this work is related to the stream of literature that studies platform market entry (Belle-
flamme and Martin 2021). Notably, the system examined in our paper shares many features with
the “Fulfillment by Amazon (FBA)” program launched by Amazon. This program allows third-
party sellers to access Amazon’s full set of supply chain services by paying a referral fee (typically
between 8 — 15% of revenue), a selling fee per unit of sold product, and a storage fee per unit of
unsold product.®? Between our system and the FBA system, the interactions between the platform
(or Amazon) and vendors (or third-party sellers) are analogous, and the platform (or Amazon) may
take advantage of economies of scale enabled by aggregating the business of vendors (or sellers).

However, these two systems also have distinctions. Perhaps the most notable difference is that
in the system we consider, the platform solely provides delivery services to vendors and does not
directly compete in the same business, whereas Amazon competes with third-party sellers in the
FBA program. The work most closely related to ours is Lai et al. (2022), which investigates the
competition between Amazon and a single third-party seller in the FBA system. As Lai et al.
(2022) do not consider the competition among third-party sellers, the seller consistently benefits
from the FBA program, provided its willingness to participate. In contrast, in our setting, due to
the intricate competitive dynamics among vendors, vendors may find themselves worse off with
the introduction of the platform, even if they choose to participate on the platform by themselves

(i.e., a prisoner’s dilemma).

3https://sell.amazon.com/blog/3pl-third-party-logistics
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3. Base Model

In this section, we describe our base model. We formulate the problem in Section 3.1 and describe

the equilibrium characterization in Section 3.2.

3.1. Model Steup

Consider n > 2 vendors who offer catering services to customers. In what follows, we present the
details of our model. Although we describe our model in the context of food delivery, it is broadly
applicable to other areas, such as grocery delivery and e-commerce fulfillment.

Customers. We consider a market with differentiated food options in which customers exhibit
preferences to vendors while also being sensitive to the overall cost of food price and delivery fee.
Vendors are assumed to be symmetric in the base model in the eye of customers, and we will
consider asymmetric vendors in Section 5.4. For convenience, we refer to the summation of the

food price and the delivery fee as the full price, and we use p; to denote the full price associated

with vendor i, where i € {1,...,n}. We characterize the demand rate associated with vendor i as
+
A= H—Ozpi—i—ﬂij and (n—1)f<a, (1)
J#i

where 6 > 0 represents the market potential for each vendor (i.e., the demand rate when all vendors
offer the service for free), a > 0 reflects the price sensitivity, and § > 0 reflects the cross-price
sensitivity of demand. Here, 8 can serve as an indicator of the substitutability among vendors. A
thorough discussion on the level of substitutability is postponed to Section 5.1. Without loss of
generality, we normalize o = 1. Following the treatment in the literature (e.g., Allon and Federgruen
2007 and Federgruen and Hu 2015), we assume that (n—1)/5 < «. This condition is usually referred
to as the “dominant diagonal” condition. It suggests that a uniform increase in price by all vendors
does not result in a higher demand for any specific vendor, and an increase in price by a particular
vendor does not lead to a rise in the system’s aggregate demand.

Vendors. Vendors are strategic. Each vendor, say vendor i, where i € {1,...,n}, determines
whether to offer the delivery service and (if so) whether to build a dedicated delivery fleet or
sign up to use the delivery service offered by a delivery platform. If vendor ¢ chooses to build
its dedicated delivery fleet, it determines its full price p; to charge customers (note that there is
no need to distinguish the food price and the delivery fee for those vendors who build dedicated
delivery fleets). If vendor 4 chooses to participate on the platform, it determines its food price pI,

while the delivery fee is determined by the platform. Let p; denote the delivery fee charged by
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the platform. Then p; = pf" + py if vendor ¢ chooses to participate on the platform.* Additionally,
aligning with the predominant contract adopted by leading food delivery platforms (e.g., Grubhub,
Doordash, and Uber Eats), we assume that the platform enforces a commission rate v € [0,1) on
revenue (i.e., the food price) per order for vendors who use its service. That is, vendor i shares
vpf of its revenue per delivery with the platform by participating on the platform. We assume ~y
to be exogenous as the platform has limited power in setting the commission rate. This value is
typically influenced by market standards and determined by factors such as market competition
and government regulation (Haddon and Rana 2021).> In Section 5.3, we consider generalized
contracts between the platform and vendors over the revenue-sharing commission contract.
Delivery window and service supply. To operate in the market, service providers (either
the platform or vendors who build dedicated delivery fleets) must build service capacity to ensure
that the deliveries are made within a delivery window w. This delivery window is generally subject
to market standards and common practices, often influenced by the competitive environment of
the market as a whole. For example, according to a survey in year 2023, in the U.S., about 80%
customers expect their online food orders to be delivered within 40 minutes.® In the online grocery
delivery market, “Two-day delivery was once a differentiator for online merchants, but it is now a
service that many companies offer” as exemplified by Ms. Wise of Forrester Research (Alcdntara
2020). Let W (A, ) denote the delivery time for a system with the customer arrival rate A and the
overall service rate u. Given p > A, we assume that the (average) delivery time function adopts the

following form:

[ fu=) iAo,
WA p) = {0 otherwise,

where f() is strictly decreasing, i.e., the delivery time increases as the gap between the supply
and demand narrows. Observe that the delivery time function exhibits the feature of economies
of scale (i.e., scaling up p and A by the same parameter results in a decrease in the delivery
time), which is a crucial aspect in service systems. Then, the introduction of the platform may
enhance delivery efficiency by aggregating demand and supply due to the economies of scale,

thereby reducing delivery costs per unit of demand and increasing courier utilization. Although our

4 This aligns with the common practice, where the platform charges customers a delivery fee on top of the order cost
and uses it to cover delivery expenses such as courier compensation. See https://www.cnbc.com/2024/07/27/food-
delivery-fees-are-rising.html.

®In practice, the commission rates typically fall within the range of 15% to 30% (Ahuja et al. 2021). However, in
this study, as we do not consider vendors’ costs, such as food preparation expenses, the commission rate -y should be
higher to align with practices.

https://www.statista.com/statistics/1366702/online-food-delivery-maximum-wait-time-united-
states/.
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analysis can accommodate a general form of delivery time function, we let f(u—\) = ﬁ, which
is the M/M/1 queue sojourn time. This particular form of delivery time function enables us to
derive simple and interpretable results regarding the impact of introducing the delivery platform
on vendor competition, facilitating our discussion.

We use pu(\;w) to denote the service rate required to ensure that deliveries are made within
the delivery window requirement w, given the demand rate A\. Then u(\;w) =\ + f~'(w), where
f71(+) is the inverse function of f(-). Then a service provider incurs a cost of i - u(\;w) to build the
capacity, where h can be interpreted as the marginal delivery cost following Allon and Federgruen
(2007). Observe that the cost of maintaining the service standard h - u(A\;w) = hA + hf~' (W) can
be decomposed into the operational cost hA and the fixed cost hf~'(w). The operational cost
is determined by multiplying the marginal delivery cost by the realized demand of the service
provider (i.e., either the platform or a vendor who builds its dedicated delivery fleet). The fixed
cost can be interpreted as the expense associated with the buffer capacity required. The delivery
cost per unit of demand, h-pu(A\;w)/A=h+hf~'(w)/\, decreases as X increases, i.e., the fixed cost
is distributed across a larger number of customers, thereby demonstrating the efficiency gained
from scale economies.

In practice, h can represent the hourly wage of a recruited courier, which depends on the per-
delivery salary and the average number of deliveries completed per hour. These factors can vary
based on delivery range and modes of transportation, which differ by city. For instance, couriers in
Los Angeles predominantly use cars, while those in New York or Toronto typically take bikes. Table
1 provides a summary of salary data sourced from indeed.com and delivery range information
extracted from the Uber Eats application for downtown deliveries, illustrating the variability in
average salaries and delivery distances across various North American cities. Additionally, the
hourly wage is related to the minimum wage rate established by the regulator and may vary

depending on the region. Service providers are expected to meet these minimum wage requirements.

City Delivery Range (miles) Hourly Salary ($) Transport
New York 1.2 17.42 Bike
Chicago 2.8 23.06 Bike
Los Angeles 4 20.14 Car
Toronto 1.6 17.24 Bike
Houston 3.2 18.75 Car
Phoenix 5.5 18.47 Car
Philadelphia 0.9 24.49 Bike

Table 1 Delivery Range and Hourly Salary by City
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In this work, we assume that couriers receive hourly pay from either the platform or vendors
building dedicated delivery fleets. For example, GoPuff has pledged to provide its couriers with a
minimum hourly rate, even if they are not assigned a sufficient number of orders to deliver through
the platform.” Moreover, regulations, such as California Assembly Bill No. 5 (AB5), pursued to
reclassify gig workers as employees with employee benefits (Lazo 2019). Some platforms are imple-
menting such schemes. For instance, depending on their employment status, Instacart compensates
its drivers either on an hourly basis or per delivery.® In Section 5.5, we analyze scenarios where
couriers receive a piecemeal take-home-pay per order but do not receive compensation for being
idle and waiting for dispatch. We establish that, in this extension, the competition-intensifying
effect induced by the platform entry persists.

Platform. The platform decides on the delivery fee p; to charge customers to maximize its
profits, given its presence in the market. We allow p; < 0 to account for scenarios in which the
platform provides customer compensation for the delivery, such as through the distribution of
coupons (in this case, it is still possible for the platform to make a profit through revenue shar-
ing, but to maintain a market presence, the platform may need to burn cash rather than to earn
a profit). We formally formulate the problem faced by the platform in Section 3.2. We start by
setting aside the possibility that the platform exits the market when it cannot make a profit. We
use this treatment for the following reasons. First, it allows us to focus sharply on understanding
how the competition among vendors is affected by the introduction of the platform. Second, this is
consistent with the practice. Maintaining market presence often takes precedence over generating
profit for startups. They tolerate burning cash before achieving sustainable operations. Addition-
ally, customers’ meal consumption habits can change over time. Platforms are driven to convert
customers initially attracted by discounts into habitual and high-value users, even if it comes at
the expense of temporarily negative profits (Haddon 2019). Indeed, major delivery platforms in
the U.S., such as DoorDash and Uber Eats, have been burning cash in recent years (Ahuja et al.
2021 and Rana and Haddon 2021). Our results continue to hold (qualitatively) even if we consider
the setting in which the platform operates only when it can earn a profit. At the end of Section 4,
we establish the robustness of our main results conditioning on the platform’s profitability.

Sequence of events. Typically, the platform has stronger market power over other participants

on the platform (Li and Wang 2024a). To capture this effect, we assume that the platform and

"https://gridwise.io/blog/delivery/gopuff-driver-pay-all-the-facts/

8 https://www.moneylion.com/learn/how-much-does—instacart-pay/#: ~:text=You%20will%20either%20be%
20hired,or%20an%20in%2Dstore’20shopper


https://gridwise.io/blog/delivery/gopuff-driver-pay-all-the-facts/
https://www.moneylion.com/learn/how-much-does-instacart-pay/#:~:text=You%20will%20either%20be%20hired,or%20an%20in%2Dstore%20shopper
https://www.moneylion.com/learn/how-much-does-instacart-pay/#:~:text=You%20will%20either%20be%20hired,or%20an%20in%2Dstore%20shopper
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vendors move sequentially. Specifically, the sequence of events is as follows: In stage 1, the platform
commits to a delivery fee p; to charge customers. In stage 2, vendors simultaneously determine
whether to participate on the platform and how much to charge customers for the food p! (if
participate) or full price p; (if not participate). In Section 5.2, we revisit the system in which
the platform and vendors move simultaneously. This extension pertains to the scenario in which
the platform and vendors tend to hold equal market power. For instance, the increased activism
from vendors or government intervention aimed at protecting small businesses may facilitate the
conversation between vendors and the platform, thereby providing vendors with increased market
power.

As a final remark, vendors may serve two customer channels: walk-in customers and delivery
customers. In practice, vendors typically manage these channels separately and set different prices
for each (Rana and Haddon 2023). Therefore, in our analysis, we assume that these two channels
are operated independently by vendors and focus exclusively on the operations of the delivery

channel.

3.2. Equilibrium Characterization
In this section, we describe the equilibrium characterization. We use x; = (J;,p;) to denote the
strategy profile of vendor i, where J; € {0,1} with J; =1 indicating vendor ¢ participating on the
platform, and J; = 0 indicating vendor ¢ building a dedicated delivery fleet. Then, the total number
of vendors participating on the platform is given by m = Zn: J;, where m € {0,...,n}. Note that
for notational simplicity, we use the full price p; (i.e., foodllz)ll"ice pl” + delivery fee p,) to describe
vendor ¢’s pricing strategy, regardless of whether vendor ¢ participating on the platform. Given the
delivery fee p, charged by the platform, the actual decision (i.e., the food price) made by vendor 4
(given its participation) can be obtained directly from p!” = p; —p,. In addition, we do not explicitly
include the decision of not operating in the delivery channel in vendor i’s strategy profile, as this
can be represented by either a sufficiently high food price (if J; = 1) or a sufficiently high full price
charged by vendor ¢ (if J; =0). We use P = (x4, .., X») to denote the strategy profile of all vendors,
and P_; =P\ x; to denote the strategy profile of all vendors except for vendor i.

The best response strategy. Given the strategy profile P_; of all other vendors, if vendor
1 chooses to build a dedicated delivery fleet, it decides on its full price p; to maximize its profit.
That is, vendor ¢ solves the following problem:

max  \;p; —h- p(A\;w), (D)

Py
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where, as defined in Section 3.1, h- u(\;; W) is the cost incurred to ensure the deliveries are made
within the delivery window w, given the realized demand rate \;. We use p? and 7 to denote the
optimal solution and optimal value, respectively, to Problem (D). If vendor ¢ chooses to participate
on the platform, it decides on its food price p!” to maximize its profit: max (1 —y)\ipl. For
convenience, we change the decision variable from p! to p; = pf" + pq, Wherei pgq is determined by
the platform, and the problem solved by vendor ¢ can be reformulated as

max (1 —~)\(p; — pa)- (P)

Py
We use pf” and 77 to denote the optimal solution and optimal value, respectively, to Problem (P).

Vendor i chooses whichever option yields a higher profit. Specifically, the best response strategy

x; of vendor ¢ is given by:

. J@pf) ifxl>xp,
Xi = (0,pP) if nf <xP.

In Lemma 1, we characterize the set of best response strategies of a single vendor.

Lemma 1 (BEST RESPONSE OF A SINGLE VENDOR). Given P_;, define

M(P—i)=9+ﬂipj, (2)

J#i

and let

d(M):M—((M_T)j;LLh/w) . 3)

(i) If M(P_;) >h and w > 4h/[M(P_;) — h)?, the set of vendor i’s best response strategies is given

by
{(1,p)} if pa <d(M(P-;)),
B;(P-)=q {(0.p?)} if pa > d(M(P-;)),
{(1,p),(0,p?)} if pa=d(M(P-,)),
where

(ii) Otherwise, (1,pf) e B (P_;).

In Lemma 1, M(P_;) represents the competitive market potential for vendor i. It denotes the
demand rate that vendor ¢ achieves if it provides the service for free, given the strategies of its
competitors. Additionally, d(M (P-;)) represents the cutoff delivery fee: below this threshold, ven-
dor 7 is better off participating on the platform, while above it, vendor ¢ is better off building
a dedicated delivery fleet. Consequently, Lemma 1 indicates that vendor ¢ chooses to forgo the

benefit of participating on the platform and remain independent by building a dedicated delivery
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fleet if it possesses sufficient competitive market potential (i.e., M (P_;) > h), customers exhibit a
higher tolerance for delivery delays (i.e., w > 4h/[M(P_;) — h]?), and the platform’s delivery fee is
set too high (i.e., pg > d(M(P-;))). Otherwise, vendor i chooses to participate on the platform.
Second-stage equilibrium. We refer to P = (x1,...,x») as a second-stage equilibrium profile
if each vendor’s strategy is its best response, meaning that no vendor has the incentive to deviate.
Let Q*(p4) denote the set of second-stage equilibrium profiles under the delivery fee p, charged by

the platform. Then we have

where B;(P_;) is defined in Lemma 1. We characterize 2*(p,) in details in Lemma A.1 of Online
Appendix A.2. As demonstrated in Lemma A.1, a given p; might induce multiple second-stage
equilibrium profiles, leading to different numbers of vendors m participating on the platform. In
order to analyze the full game between the platform and vendors, it is imperative to predict how
vendors respond to the platform’s strategy. Hence, we refine the game among vendors using the
following refinement rule.
Remark (REFINEMENT RULE). If the platform’s strategy py leads to multiple second-stage equi-
libria with either m = 0 (indicating no vendors participating on the platform) or m > 0 (suggesting
the platform has a positive market share), we prioritize the ones with m > 0. Among multiple
second-stage equilibria in which the platform has a positive market share, we select the one that
maximizes the platform’s profit. As demonstrated in Online Appendix A.2, this refinement rule
aligns with the selection of the second-stage equilibrium with the largest number of vendors par-
ticipating on the platform. O

The aforementioned refinement rule serves the platform’s interests best in terms of profit. This
refinement rule is consistent with the practice: given the stronger market power of the platform,
it can actively shape vendor participation and steer the system evolution in its desired way. For
example, Uber Eats actively delists its partnered restaurants that fail to meet its specifications
(Rana and Haddon 2023), and Grubhub once offered a $250 incentive to encourage the participation
of restaurants (Splitter 2020).°

Equilibrium. The platform decides on the delivery fee p; to charge customers to maximize its
9 The latter cash incentive is a one-time compensation the platform offers to entice vendor participation, which does

not change the platform’s long-run profit rate. Nevertheless, it can serve as a lever for the platform to shape the
system’s evolution during its early stages.
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profit. Recall that the platform shares a fraction « of revenues from vendors participating on the

platform. Then, the problem solved by the platform can be formulated as

max (pyg) = ; Ai (fypf —{—pd) Ji—h- N(; A - Ji; W) (PLATFORM PROBLEM)
subject to  pq € {py | Q" (p;) # 0},
P €2 (pa),
O<m= zn: Jie{l,...,n}, (ENGAGEMENT CONSTRAINT)
i=1

where J; € {0,1} is the indicator denoting whether vendor i participates on the platform, and

h-p(d> A+ Ji;w) is the cost incurred to ensure the delivery time is within the delivery window
i=1

w, given that aggregate demand rate associated with the platform f: A; - J;. The first constraint
specifies that we confine our analysis to the platform’s strategies in \;V:hlich the delivery fee p, leads
to a non-empty set of second-stage equilibria, i.e., Q*(pq) # 0, where Q*(py) is defined in (5). As
demonstrated in Lemma A.1, a delivery fee py charged by the platform may induce a unique second-
stage equilibrium, multiple ones, or none at all (the last scenario occurs only if a condition, which
we will refer to as the “Subsidy Condition” later in this section, is not satisfied). We restrict our
attention in the first stage to scenarios in which a second-stage equilibrium exists. Practically, the
absence of a second-stage equilibrium suggests a less predictable market outcome, posing a greater
risk for the platform when operating in such a market. Therefore, the platform may avoid setting
delivery fees that induce the absence of a second-stage equilibrium.

The ENGAGEMENT CONSTRAINT ensures the market presence of the platform. As stated earlier
in Section 3.1, maintaining market presence often takes precedence over generating profit for a
startup platform. In addition, setting aside the profitability of the platform allows us to gain a
clear understanding of how the competition among vendors is impacted by the introduction of the
platform. At the end of Section 4, we examine the profitability of the platform under the optimal
solution to the PLATFORM PROBLEM, and qualitatively establish the robustness of our results if
the ENGAGEMENT CONSTRAINT is relaxed (see Lemma 2).

Let p} denote the delivery fee charged by the platform, and m* denote the number of vendors
participating on the platform in equilibrium. We use the superscript P to describe outcomes for
vendors participating on the platform and the superscript D to describe outcomes for vendors

building dedicated delivery fleets. Define

0+ pa+B(n—m)(h—pa)/(2+5)
2—-pB(n—1) ’

(6)

p"(m,pq) =
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PP (m, pa) = 0+pat[2— i(inﬂ_(;)_}(f)_ pa)/ (2 +ﬁ)’ and (7)
0B —m)(h = p)/ (24 8) ~ 1B~ Vs

2—Bn—1)

We say that the platform subsidizes the delivery service per order if it offers a delivery fee below

(8)

p"(m,pa) =p" (m,pa) — pa

the marginal cost per unit of demand, i.e., p; < h, and it profits per order from delivery service
otherwise. The following proposition characterizes the equilibrium.
Proposition 1 (EQuILIBRIUM). (i) If
2
h 0—[1—pB(n—1)]h
—< SUBSIDY CONDITION
77 ( 2 fBn—1) ( )

1s satisfied, there exists a unique equilibrium under which the platform subsidizes the delivery

service per order, i.e., p; <h, and all vendors participate on the platform, i.e., m* =n.

(ii) Otherwise, the platform profits per order from delivery service, i.e., p, > h, and the equilibrium
can be asymmetric with some vendors participating on the platform and the others building
dedicated delivery fleets, i.e., m* <n.

Moreover, in equilibrium, vendors participating on the platform charge customers a food price
p¥(m*,p}), and customers pay a full price p* (m*,p3) per order; and those building dedicated deliv-
ery fleets charge customers a full price pP(m*,p}) per order.

Proposition 1 states that if the SUBSIDY CONDITION is satisfied, the platform employs strate-
gies of subsidizing the delivery service per order, resulting in the participation of all vendors in
equilibrium. Otherwise, the platform profits per order from the delivery service, and the equilib-
rium outcome can be asymmetric. Specifically, there are cases in which some vendors choose to
participate on the platform while others establish their own dedicated delivery fleets. In practice,
both per-order delivery subsidy and per-order delivery profiting may be observed. For instance,
Grubhub once provided subsidized delivery fees to its partnered restaurants to offer them support
(Forman 2020), while Uber Eats previously modified its fee structure by introducing a service fee
and a small-order fee (Liao 2019), potentially resulting in higher delivery fees and the delivery
profiting per order.

Observe that the SUBSIDY CONDITION is more likely to be satisfied if the delivery window is
lengthy, i.e., w is large, the marginal cost h is low, or the market potential 8 is large. In these
scenarios, building a dedicated delivery fleet is more feasible for vendors, as either the cost of
maintaining the service standard is low or the scale of the vendor is sufficiently large to support
the establishment of a dedicated delivery fleet. Therefore, to recruit vendors, the platform needs

to subsidize the delivery service per order to enhance its attractiveness.
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Conversely, if the delivery window is short, i.e., W is small, the marginal delivery cost h is high,
or the market potential 6 is small, it is more likely that participating on the platform is preferred
by vendors. This could be either to avoid the significant cost of maintaining the service standard
or because the market potential is too thin to support the establishment of a dedicated delivery
fleet. This allows the platform to leverage economies of scale and impose a higher delivery fee while
still ensuring the participation of some vendors. The platform’s strategy also shifts from attracting
vendors to generating profits from per-order delivery service, which may lead to the departure of
some vendors from the platform and lead to an asymmetric equilibrium outcome.

Note that the platform has two revenue streams: one from revenue sharing, i.e., a fraction - of
each vendor’s revenue, and the other from the per-order delivery fee p;, where the delivery fee py
charged by the platform also influences the prices charged by vendors and, consequently, the total
prices paid by customers. The platform achieves a positive profit if the combined revenue from these

n

two streams is sufficient to offset the cost of building service capacity, denoted by h-pu(>_ A; - J;;W).
Therefore, on the one hand, even when the platform subsidizes the delivery service per Zc?rlder, it can
still be profitable as the revenue from the revenue-sharing stream can compensate for the per-order
delivery subsidy. On the other hand, the platform may not necessarily be profitable, even when it

profits per order from the delivery service, if the costs associated with building service capacity to

maintain the desired service level are excessively high.

4. Impact of Platform Entry

In this section, we characterize the impact of introducing the delivery platform on vendor compe-
tition. We do so by comparing the equilibrium outcomes in systems with and without the platform
in terms of vendor profits and customer surplus (to be formally defined later in Section 4.2). We
analyze the system without the platform in Section 4.1 and compare the equilibrium outcomes in

Section 4.2.

4.1. System Without The Platform

In the system without the platform, each vendor decides on its full price p; to charge customers to
maximize its profit (while the decision of not operating in the delivery channel can be captured by a
high full price). That is, all vendors solve problem (D) simultaneously. In the following proposition,
we characterize the equilibrium outcome for the system without the platform.

Proposition 2 (WITHOUT THE PLATFORM). In the system without the platform, the equilibrium

outcome is characterized as follows.
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(i) If
0>[2—-p(n—1)] \/ZJF [1—B(n—1)h, (VENDOR VIABILITY CONDITION)

1s satisfied, there exists a unique equilibrium under which all vendors charge customers a full

price
0+h
e ) ®)

(i) Otherwise, there does not exist an equilibrium under which all vendors can make positive
profits. Moreover, when 6 < 2[1 — B(n—1)]\/h/w+[1 — B(n—1)]h, there ezists an equilibrium
in which no vendors choose to operate in the delivery channel.

The VENDOR VIABILITY CONDITION states that the market potential for vendors is sufficiently
large to support them to make positive profits by establishing dedicated delivery fleets and meeting
the delivery window constraint. When the VENDOR VIABILITY CONDITION is not satisfied, there
does not exist an equilibrium in which all vendors can be profitable. Furthermore, when the VEN-
DOR VIABILITY CONDITION is further violated such that § <2[1—(n—1)]\/h/w+[1—F(n—1)h
(< R.H.S. of the VENDOR VIABILITY CONDITION), there exists an equilibrium in which no vendors
choose to operate, corresponding to a scenario in which vendors choose not to provide the delivery

option (i.e., only catering to the walk-in channel of customers).

4.2. Compare Systems With and Without The Platform
In this section, we compare systems with and without the platform. In light of Proposition 2,
when the VENDOR VIABILITY CONDITION is not satisfied, there does not exist an equilibrium in
which all vendors make profits from building dedicated delivery fleets. Furthermore, an equilibrium
can arise in which none of the vendors choose to operate in the delivery channel. In this case,
introducing the platform benefits both vendors and customers by reducing barriers for vendors
who otherwise do not offer delivery services, thereby making them more accessible to customers.
In the remainder of this section, we restrict our attention to the case in which building a dedicated
delivery fleet is a viable option for all vendors. That is, we focus on cases in which the VENDOR
VIABILITY CONDITION is satisfied.

Competition intensity and customer surplus. In view of (6), (7) and (9), p*, p”, and pV
denote the prices that customers pay when vendors participate on the platform, build a dedicated
delivery fleet in the presence of the platform, and in the system without the platform, respec-

N

tively. Correspondingly, for these scenarios, we define 7, 7P, and 7" as vendor profits and A7,

P

AP, and AV as customer demand rates. Additionally, we introduce the parameters v and u" to

denote the individual customer surplus in systems with and without the platform. The entry of
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the delivery platform has the potential to reshape the competitive landscape in the market by

attracting vendors to participate and influencing their pricing strategies. This can result in either

intensified or alleviated competition. In the following definition, we formally define the impact of

the introduction of the delivery platform on vendor competition and individual customer surplus.

Definition 1 (COMPETITION INTENSITY AND CUSTOMER SURPLUS). We use

(i) uf = uN to denote that the introduction of the platform intensifies vendor competition and

increases individual customer surplus, which is equivalent to pt < p™, AP > AN, pP <p"V and
AP > AN and

(it) u¥ X u™ to denote that the introduction of the platform alleviates vendor competition and
decreases individual customer surplus, which is equivalent to p > p™, AP < AN pP > pN and
AP <AV,

In the first scenario of Definition 1 (i.e., u” = u’V), the introduction of the platform encourages all
vendors, regardless of whether they participate on the platform, to engage in more aggressive com-
petition by adopting strategies that result in lower overall prices for customers, thereby stimulating
demand (i.e., p© <p™, AP > AN, pP <p" and AP > A\Y). In this case, we refer to the introduction
of the platform as intensifying vendor competition. Moreover, as it implies that all vendors fulfill
more customer demands, with each customer paying less, we say the individual customer surplus is
higher. Conversely, in the second scenario (i.e., u” < u’), the introduction of the platform allows all
vendors, regardless of whether they participate on the platform, to select a strategy that raises the
overall prices for customers and forgo some demand (i.e., p© > p™¥, AP < AN pP > pN and AP < \V).
In this case, we refer to the introduction of the platform as alleviating vendor competition. As it
implies that all vendors fulfill fewer customer demands, with each customer paying more, we say
the individual customer surplus is lower.

Impact of platform entry. In the following proposition, we compare systems with and without
the platform with respect to vendor profits and individual customer surplus.

Proposition 3 (IMPACT OF PLATFORM ENTRY). Compared with the system without the platform,
(i) if the SUBSIDY CONDITION is satisfied, the introduction of the platform intensifies vendor
competition and increases individual customer surplus i.e., uf = u", leading to lower vendor
profits, i.e., ¥ <N (in this case all vendors participate on the platform by Proposition 1,

i.e., m*=n);
(ii) otherwise, the introduction of the platform (weakly) alleviates vendor competition and (weakly)
decreases individual customer surplus, i.e., u¥ <u, leading to (weakly) higher vendor profits,

i.e., ¥ >N and 7P > 7.
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Proposition 3 uncovers a nuanced impact that arises from the introduction of the platform. Per-
haps paradoxically, relative to the system without the platform, introducing the platform hurts
vendors when the platform subsidizes the delivery service per order; and it benefits vendors (regard-
less of whether they participate on the platform) when the platform profits per order from the
delivery service. As we shall discuss next, the results are attributed to either intensified or alleviated
competition by introducing the platform.

By subsidizing the delivery service per order (i.e., pj < h), the platform reduces operational
costs and offers a competitive edge to vendors who participate on the platform. This intensifies
the competition among vendors by encouraging them to adopt a strategy that lowers the overall
price for customers (i.e., p”’ < p"V) to attract more demand (i.e., A > A"), leading to an increase in
individual customer surplus (i.e., u”” = u”). Consequently, the introduction of the platform lowers
vendor profits (i.e., 77 < 7) by compelling them to engage in more intensified competition.

In contrast, when the platform profits per order from the delivery service (i.e., p;; < h) in addition
to revenue sharing, it raises the operational costs and reduces the competitive edges for vendors
who choose to participate on the platform. Consequently, those vendors refrain from engaging in
intense competition and instead adopt strategies that raise the overall price for customers (i.e.,
pP >p") and actively forgo some demand (i.e., A < AY). As a spillover effect, vendors who decide
not to participate on the platform also increase their full prices (i.e., p? >p") and cater to fewer
customers (i.e., \ < AY). Therefore, the introduction of the platform alleviates vendor competition
and increases individual customer surplus (i.e., u” <u?”), and vendors, whether participating on
the platform or building dedicated delivery fleets, make more profits (i.e., 7#¥ > 7% and 72 > /).
A related observation to our findings in the context of e-commerce is documented by Mitchell
(2024): Amazon may prevent competition to maintain high retail prices by imposing high fees on
its third-party sellers and punishing them by listing cheaper elsewhere.

Notably, when the SUBSIDY CONDITION is satisfied, the platform subsidizes the delivery service
per order in equilibrium to enhance its attractiveness and encourage vendor participation. However,
this seemingly appealing per-order delivery subsidy (offered by the platform to attract vendor par-
ticipation) hurts vendors by compelling them to engage in more intensive competition, ultimately
eroding their profits. Consequently, the platform-enabled sharing of couriers improves delivery effi-
ciency and lowers delivery costs but may intensify vendor competition through per-order delivery
subsidy, placing them in a prisoner’s dilemma that ultimately lowers their profits.

In this work, although we investigate an equilibrium outcome, our results can be viewed as the

stationary point evolved out of a dynamic process. For example, under the SUBSIDY CONDITION,
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the platform starts by subsidizing per-order delivery for some vendors to attract their participa-
tion. This initial aggregation of demand and supply enables the platform to operate with a lower
average delivery cost per unit of demand due to economies of scale while also intensifying ven-
dor competition and increasing the volume. The increased volume further enhances the platform’s
economies of scale, leading to an even lower average delivery cost. This, in turn, gives the platform
greater potential to subsidize the delivery service per order, attracting more vendors and creating
a flywheel effect until all vendors participate on the platform, resulting in a prisoner’s dilemma for
vendors and potential profitability for the platform.

Profitability of the platform. As discussed in Section 3.2, maintaining market presence often

takes precedence over generating profit for a startup. Therefore, in our base model, we solve the
PrarrorM PROBLEM under the ENGAGEMENT CONSTRAINT. Nevertheless, we demonstrate that
Propositions 1 and 3 remain valid even when conditioning on the platform’s profitability. To that
end, we introduce the following lemma, which characterizes the set of parameters that ensure that
the platform achieves profitability in equilibrium.
Lemma 2 (POTENTIAL PLATFORM PROFITABILITY). Define the set of parameters T £
{(w, h,0)| h/w=" (W)Q and the VENDOR VIABILITY CONDITION is satisﬁed}. There
exists € > 0 such that the platform makes a positive profit in equilibrium, i.e., II(p}) > 0, if
(T, (W, h,0)) = /(@ —w )2+ (h— W)+ (0 —0)2 <e for all (wW,N,0') €T

In Lemma 2, d(T', (w, h,0)) represents the distance between (w,h,6) and the parameter set I
Then, Lemma 2 says that the platform is profitable in equilibrium, i.e., II(p}) > 0, when the sys-
tem parameters (w, h,#) are sufficiently “close” to the parameter set I'. It follows that given any
point (w’,h’,0") €', there exists a neighborhood of (@', h’,0") such that II(p%) > 0. This neighbor-
hood must include two types of parameters: one under which the SUBSIDY CONDITION is satisfied,
resulting in the platform subsidizing per-order delivery service, thereby intensifying vendor com-
petition, lowering vendor profits, and increasing individual customer surplus, and the other under
which the SUBSIDY CONDITION is unsatisfied, allowing the platform to profit per order from the
delivery service, thereby alleviating vendor competition, increasing vendor profits, and decreasing
individual customer surplus. Figure 1 illustrates the profitability parameter region for the platform,
showing where per-order delivery subsidy and per-order delivery profiting occur (conditional on
the platform’s profitability) in a system with n = 30 vendors, a commission rate v = 0.2, and a
cross-price sensitivity = 0.031.

Finally, we note that the setting we consider in the paper is the one in which vendors incur a 0

commission to the platform when they choose to build dedicated delivery fleets. This corresponds
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Figure 1 lllustration of the profitability parameter region for the platform (left) on (6,h) given w =0.1 and

(right) on (0,w) given h=1

to vendors establishing their own in-house delivery. In practice, there are cases where vendors
can choose to be listed on the platform while using their own dedicated couriers (i.e., Doordash
and Uber Eats have such a program'®), paying the platform a lower (but positive) commission
rate. In such scenarios, our main findings and insights remain applicable. In this case, the cost
associated with vendors building their own delivery fleet would be higher, making them more likely
to use the platform’s delivery service. Consequently, the platform’s need to subsidize the delivery
service per order (which intensifies vendor competition) would decrease. Nevertheless, our insights
regarding alleviating versus intensifying competition would still hold, albeit under slightly different

conditions.

5. Extensions and Discussions

In this section, we expand our analysis with a set of extensions. These include investigating how
the level of substitutability of vendors influences the outcome resulting from the introduction of
the platform (Section 5.1), exploring an alternative decision-making process that accounts for a
different level of market power between the platform and vendors (Section 5.2), examining systems
under alternative contracts between the platform and vendors (Section 5.3), considering the pres-
ence of asymmetric vendor scales (Section 5.4), and studying the system in which couriers are paid

based on piecemeal delivery per order (Section 5.5).

10See https://get.doordash.com/en-us/products/self-delivery and https://help.uber.com/en/merchants-
and-restaurants/article/using-your-own-delivery-staff?nodeld=a37aee35-1dac-4509-ac8c-28c6aefbf265


https://get.doordash.com/en-us/products/self-delivery
https://help.uber.com/en/merchants-and-restaurants/article/using-your-own-delivery-staff?nodeId=a37aee35-1dac-4509-ac8c-28c6aefbf265
https://help.uber.com/en/merchants-and-restaurants/article/using-your-own-delivery-staff?nodeId=a37aee35-1dac-4509-ac8c-28c6aefbf265
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5.1. The Role of Substitutability

In this section, we investigate how the level of substitutability among vendors influences the effects
of introducing a delivery platform on vendor competition. We modify our model based on a com-
monly used demand system for multi-firm competition with product differentiation. In particular,
we specify the demand rate associated with vendor ¢ by

. 0 Di 6Zj7éipj !
)\i_(1+5_1—52+(n—1)(1—(52) ’ (10)

where 0 € [0,1). The parameter 6 can measure the level of substitutability among vendors, with
a larger 0 implying a higher cross-price sensitivity (and § = 0 indicating each vendor is a local
monopoly). When the market is more homogeneous, i.e., ¢ is larger, one expects a smaller aggregate
market demand given the same prices and lower equilibrium prices of competing vendors due to
less differentiated substitutes. Therefore, in contrast to using (1) to specify the demand rate, when
investigating the role of vendor substitutability, (10) offers advantages as follows. First, provided
that all vendors have positive market shares, i.e., \; >0 for all i € {1,...,n}, (10) guarantees the
aggregate demand rate of the whole market Zn: Xi=(n8—>"" pi)/(1+0) is decreasing in d; and
second, (10) ensures that the equilibrium p1ricle= ;vithout the platform control pV¥ =1—(1—h)(2-9)
is decreasing in ¢ as expected (see Federgruen and Hu 2016 and McGuire and Staelin 2008 for more
discussions therein). With these desired properties, (10) offers an appropriate micro foundation for
analyzing the level of substitutability compared to (1).

Notice that the analysis under the demand structure specified by (1) is perfectly valid when
the level of substitutability among vendors is fixed (i.e., « =1 and [ being fixed). We modify
the demand structure to (10) only for the purpose of investigating the role of substitutability. We
compare systems with and without the platform under the demand structure specified as (10). The
following proposition presents results that parallel those obtained in Propositions 1 and 3.
Proposition 4 (SUBSTITUTABILITY). Suppose that the demand structure is specified as (10).
For any model parameters satisfying h/w < v(60 — h)*/4, there exists a threshold on the level of
substitutability & € (0,1), such that:

(i) If hjw < v(0 —h)2/4 and 6 € [0,0), the platform subsidizes the delivery service per order in
equilibrium, i.e., p;; < h. Then the introduction of the platform intensifies vendor competition
and increases individual customer surplus, i.e., uf = u®, leading to lower vendor profits, i.e.,
7P < 7N (in this case all vendors participate on the platform in equilibrium, i.e., m* =n);

(ii) Otherwise, i.e., hjw >~(0 —h)?/4, or h/w < (0 —h)?/4 and & € [6,1), the platform profits

per order from the delivery service in equilibrium, i.e., p5, > h. Then the introduction of the
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platform (weakly) alleviates vendor competition and (weakly) decreases individual customer
surplus, i.e., ut Xu™, leading to (weakly) higher vendor profits, i.e., 7¥ >N and 7P > =¥,
Proposition 4 states that if the delivery window w is not too short, the marginal delivery cost h
is not too high, or the market potential € is not too small, such that h/w < (6 — h)?/4, the effect
of introducing the platform on vendor competition can vary based on the level of substitutability
among vendors. In particular, there exists a threshold on the level of substitutability 6 such that if
§<6 , the introduction of the platform intensifies vendor competition, leading to decreases in vendor
profits and increases in individual customer surplus; and if § > 5, the introduction of the platform
alleviates vendor competition, leading to increases in vendor profits and decreases in individual
customer surplus. The reasons behind these results are similar to those of the main model. With a
high level of substitutability (i.e., § > 5), vendors are already operating in an intensely competitive
environment, earning low profits in the system without the platform. In this case, attracting vendors
is relatively easier, enabling the platform to profit per order from the delivery service while still
maintaining its market presence, with some vendors participating on the platform in equilibrium
(i.e., m* > 0). This raises the operational cost for vendors who participate on the platform, leading
them to be reluctant to compete aggressively, as previously explained. Due to a spillover effect,
vendors who build a dedicated delivery fleet also refrain from intensive competition by increasing
their full prices. The reverse is true when the level of substitutability is low (i.e., § < 4).
Otherwise, i.e., h/w > v(0 — h)?/4, regardless of the level of substitutability §, the platform
profits per order from the delivery service and alleviates vendor competition upon its introduction,
which leads to increases in vendor profits and decreases in individual customer surplus as previously

explained.

5.2. Simultaneous Movement by The Platform and Vendors

In our base model, we consider a setting in which the platform and vendors move sequentially,
with the platform first determining the delivery fee py, followed by vendors deciding on whether
to participate on the platform and how much to charge customers for food or full prices. In this
section, we extend our analysis by considering the setting in which the platform and vendors move
simultaneously. We note that the decision-making order (sequential or simultaneous) reflects how
much market power the platform and vendors have relative to each other. When the platform and
vendors move sequentially, the platform holds more power than the vendors (akin to a leader in a
leader-follower game). In contrast, we use simultaneous movement to capture the scenario in which

the platform and vendors tend to have equal market power.



27

When the platform and vendors move simultaneously, the vendor’s strategy profile and the

platform’s strategy (P,pq) form an equilibrium if and only if
PeQ(ps) and p, € argmaxIl(pg), (11)

where Q*(p,) is the set of vendor equilibrium strategies given p, as defined in (5) and II(p4) denote
the platform’s profit as a function of py defined in the PLATFORM PROBLEM. In Online Appendix
C.2, we solve Problem (11) and characterize the necessary and sufficient condition for the existence
of an equilibrium with m vendors participating on the platform (see Proposition C.1).

In contrast to the findings of Propositions 1 and 3, the following proposition demonstrates that
when the platform and vendors move simultaneously, the introduction of the platform does not
intensify vendor competition. Consequently, it does not harm vendors but hurts customers.
Proposition 5 (SIMULTANEOUS MOVE). When the platform and vendors move simultaneously,
either an equilibrium with a positive number of vendors participating on the platform does not exist,
or the platform generates profit per order from the delivery service in equilibrium, i.e., p > h. In
the latter case, the introduction of the platform alleviates vendor competition, i.e., u” < u®, leading
to higher vendor profits, i.e., 7 > 7™ and ©P > 7.

Proposition 5 reveals that when the platform and vendors move simultaneously, its introduction
does not intensify vendor competition but positively impacts vendors. Compared to the case in
which the platform and vendors move sequentially, the platform has less control over the vendor
strategies (i.e., the platform does not have a relatively stronger power) when they move simultane-
ously than in the simultaneous movement game. Therefore, with the introduction of the platform,
it is hard to form an equilibrium in which vendors are worse off.

As mentioned in Section 3.1, in practice, the market power resides predominantly with the
platform. However, with increased activism from vendors or government intervention aimed at
protecting small businesses, vendors are likely to gain more market power and, consequently, less
likely to be harmed by the introduction of the platform. Then the existence of the platform creates

a win-win scenario for both the platform and the vendors.

5.3. Alternative Contracts

In our base model, we consider the setting in which vendors participating on the platform share a
fixed fraction v € (0,1) of their revenue with the platform. We refer to this agreement between the
platform and vendors as a revenue-sharing contract. In practice, there may be some variations of
the revenue-sharing contract. For instance, the platform may choose to offer a fixed participation

fee to reward vendors for their participation (see Splitter 2020 for an example). Furthermore, the
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platform might impose a per-order transaction fee on vendors. In a specific scenario in which the
platform does not share the vendors’ revenues but charges vendors a per-order transaction fee, we
term the arrangement between the platform and vendors a transaction-based contract (e.g., the
DoorDash Drive program allows merchants with their own apps or websites to access the DoorDash
delivery service by paying a fixed delivery fee per order'!). To encompass these variations, we
introduce a generalized contract form, which we refer to as the general contract, as follows. For
vendors participating on the platform, the platform charges a transaction fee of p; per delivery and
their customers a delivery fee of p,;. Additionally, vendors share a fraction 7 of their revenues (i.e.,
their food prices pf) with the platform, and the platform pays them a participation reward rate
B.

Under the general contract, vendor ¢ solves Problem (D) by building a dedicated delivery fleet,
and it solves the following problem by participating on the platform:

max A, [(1=7)(pi —pa) —p:] + B. (12)

Abusing a bit notation, under the general contract, we use Q*(p4, p;) to denote the set of second-
stage equilibrium profiles of vendors given the delivery fee p, to charge customers and the transition
fee p; to charge vendors by the platform (note that 2*(pg,p;) is an analog to the definition of Q*(pg)
in (5)). The platform decides on the delivery fee and the transaction fee to maximize its profit:

max  II(pg,p;) = Z)\i (’Ypf + Pa +Pt) “Ji—h-p (wp?ZAi : Ji> - BZM - Jis (13)
i=1

Pd,pt
d> i=1 i=1

subject to  (pa,p:) € {(Py,0y) | " (py, 1) # 0},

P S Q*(pd7pt)7

m:iJiG{l,...,n}.
i=1

Notice that most contracts adopted in practice are special cases of the general contract we intro-
duced. For instance, if we set p, =0 and B =0, the general contract simplifies to a revenue-sharing
contract. Similarly, if v+ =0 and B =0, it becomes a transaction-based contract. The following
proposition provides results akin to those in Propositions 1 and 3.

Proposition 6 (GENERAL CONTRACT). Under the general contract:

(1) If

% +B<y <9 _;a_ﬂfén__l)l)]h) (14)

" https://get.doordash.com/en-ca/learning-center/delivery-commission


https://get.doordash.com/en-ca/learning-center/delivery-commission
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1s satisfied, the platform charges low delivery and transaction fees in equilibrium such that
Py + % < h. Then the introduction of the platform intensifies the vendor competition and
increases individual customer surplus, i.e., uf = u", leading to lower vendor profits, i.e.,
7P <P (in this case all vendors participate on the platform in equilibrium, i.e., m* =n).

(ii) Otherwise, the platform charges high delivery and transaction fees in equilibrium such that
py+ % > h. Then the introduction of the platform (weakly) alleviates the vendor competition
and (weakly) decreases individual customer surplus, i.e., u¥ < u”, leading to (weakly) higher
vendor profits, i.e., 7 > 7N and 7P > 7V,

By Proposition 6, under the general contract, the core impact of introducing the platform on
vendor competition always hinges on the delivery and transaction fees it charges in equilibrium.
Specifically, the introduction of the platform intensifies vendor competition, leading to lower vendor
profits and higher individual customer surplus if the platform charges low delivery and transac-
tion fees, i.e., pj+ % < h, and it alleviates vendor competition, leading to higher vendor profits
and lower individual customer surplus otherwise, i.e., p}; + % > h. Note that, under the general
contract, the condition for the introduction of the platform to intensify vendor competition, i.e.,
Pa+ % < h is more stringent than the per-order deliver subsidy, i.e., pg + p; < h. This is because,
given vendor i’s margin (1 —)(p; — pa) + ps, the decrease in profit margin due to an increase in
the delivery fee is shared by the platform through the commission, whereas the transaction fee p;
directly impacts the vendor without the mitigation by the platform.

By (14), it is possible to design contracts by, for example, regulating the commission rate v and
the participation award B to steer the platform’s choices towards the desired direction that either
favors customers (i.e., (14) being satisfied) or vendors (i.e., (14) being violated). For instance, under
the transaction-based contract (i.e., 7y =0 and B =0), regardless of the system characteristics, the
introduction of the platform always alleviates vendor competition i.e., (14) is always violated. This
suggests that moving towards the transaction-based contract could avoid the prisoner’s dilemma in
which vendors are harmed by the platform entry. This occurs because, under the transaction-based
contract, vendors only incur the cost per delivery (rather than share a fraction of revenue with the
platform, as is the case under the revenue-sharing contract) to be exempt from building service
capacity themselves. Consequently, vendors are more tolerant of higher delivery and transaction
fees. This, following the same logic as discussed in Proposition 3, raises the vendors’ operational

costs, alleviating the competition intensity among vendors.
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5.4. Systems with Asymmetric Vendors

In our base model, we consider symmetrical demand functions among all vendors. In practice,
vendors may vary in their scales, which affects the demand they can cater to and their decisions
to participate on the platform. In this section, we expand our analysis to model vendors of various

scales. Let vendor 7’s demand rate be

+

Ai =i 9—pz‘+5zpj ;

i
where 0 < s; < §5 < --- < s, without lose of generality. Similar expressions for the demand rate
are utilized in McGuire and Staelin (2008). We then consider the same problem as outlined in our
base model. Specifically, in stage 1, the platform commits to a delivery fee p,; to charge customers;
and in stage 2, vendors simultaneously determine whether to participate on the platform and how
much to charge customers for the food pf" (if they participate) or full price p; (if they do not
participate). Then the following proposition serves as a counterpart to Propositions 1 and 3 from
our base model.
Proposition 7 (ASYMMETRIC VENDOR SCALES). In the system with asymmetric vendor scales:
(i) If h/(syw) <7y (%)2, the platform subsidizes the delivery service per order in equi-
librium, i.e., p; < h. The introduction of the platform intensifies vendor competition and
increases individual customer surplus, i.e., uf = u”. There exists m* € {1,...,n} such that
smaller vendors {1,...,m*} participate on the platform and larger vendors {m* +1,...,n}

build dedicated delivery fleets. Moreover, there exists k < m* such that with the platform, the

N

profits for smaller vendors {1,...,k} are higher, i.e., 7 > 7w, and those for larger vendors
{k+1,...,n} are lower, i.e., 7 <w forie{k+1,....,m*} and 7P <z forie {m*+
1,...,n}.

(ii) If h/(s,w) >~ (%)2, the platform profits per order from the delivery service in equi-
librium, i.e., py > h. The introduction of the platform (weakly) alleviates vendor competition
and (weakly) decreases individual customer surplus, i.e., u” <u”™. Moreover, vendor profits
are higher with the platform, i.e., either ¥ >N or 7P >x for allie{1,...,n}.

Proposition 7 provides sufficient conditions under which the introduction of the platform leads to
either intensified or alleviated competition among vendors. Specifically, it identifies two scenarios:

Case (i), the vendor with the smallest scale (i.e., vendor 1) prefers to build a dedicated delivery fleet

in the absence of per-order delivery subsidy, which results in subsidized per-order delivery services

with the introduction of the platform, thereby intensifying vendor competition and increasing
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individual customer surplus; and Case (ii), the vendor with the largest scale (i.e., vendor n) prefers
to participate on the platform in the absence of per-order delivery profiting, which leads to profiting
from per order delivery service in equilibrium, thus alleviating vendor competition, benefiting
vendors, and decreasing individual customer surplus. It is worth noticing that in the presence of
asymmetric vendor scales, small-scale vendors can benefit from the introduction of the platform
even if it intensifies vendor competition (following Definition 1, we define the introduction of
the platform as intensifying vendor competition if every vendor adopts a strategy results in a
lower overall price paid by its customers). This is because, due to economies of scale, the average
delivery cost by building a dedicated delivery fleet is higher for smaller-scale vendors. Then, in an
equilibrium with m* vendors participating on the platform, to attract the m*th vendor, the delivery
fee charged by the platform is lower than what would be needed to attract smaller scale vendors
(i.e., vendors {1,...,m* — 1}). Consequently, this further reduces delivery fees for smaller-scale
vendors, which results in overall benefits for them and offsets the negative impact of intensified
competition. Proposition 7 underscores the nuances and layers of our key findings in the presence

of asymmetric vendor scales.

5.5. System Under Piecemeal Take-Home-Pay Per Order

In our base model, we consider a scenario where couriers receive an hourly wage. Although this
setup is reasonable for many settings, as discussed in Section 3.1, there is an alternative model in
which couriers receive a piecemeal take-home-pay per order without compensation for idle time
while waiting for dispatch. In this section, we analyze this alternative system. Specifically, we
consider a setting where couriers receive a piecemeal pay h per order. In this context, vendor ¢ solves
Problem (P) when participating on the platform or solves the following problem by establishing
their own dedicated delivery fleet:

max A\ (p; —h). (15)

Pi
Let Q*(pd) denote the set of second-stage equilibrium profiles of vendors, given the delivery fee py
charged to customers by the platform (note that Q*(pd) is analogous to the definition of Q*(p,) in
(5)). The platform sets the delivery fee p,; to maximize its profit:

max Y \(ypi +pa—h) -,
d =1

subject to  pg € {p} | Q*(péz) # 0},

Pe Q*(pd)a

=1
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Under the piecemeal pay scheme, the marginal cost of delivering each unit of demand is h.

Therefore, we say that the platform subsidizes the per-order delivery service if py < iL, and it profits
per order from the delivery service otherwise. The following proposition provides a counterpart to
Propositions 1 and 3 from our base model.
Proposition 8 (PIECEMEAL PAY). When couriers receive a piecemeal take-home-pay per order,
the platform subsidizes the delivery service per order in equilibrium, i.e., p} < ﬁ, and all vendors
participate on the platform, i.e., m* =n. The introduction of the platform intensifies vendor com-
petition, increasing individual customer surplus, i.e., uf = u”, and leading to lower vendor profits,
i.e., i <,

Proposition 8 indicates that when couriers receive a piecemeal take-home pay per order, the
introduction of the platform always intensifies vendor competition, thereby negatively affecting
vendors. Unlike the setup of our base model in which couriers are paid hourly, vendors, in this case,
incur only operational costs and not fixed costs. Consequently, the advantage of eliminating fixed
costs by participating on the platform does not apply. Therefore, to attract vendor participation,
the platform must subsidize the per-order delivery service. This subsidy reduces the vendors’ oper-
ational costs, encouraging them to engage in more intense competition (by setting lower prices,
i.e., p¥’ <p", for more demand, i.e, \¥ > A\"), which in turn lowers their profits (i.e., 7* <), as

previously discussed.

6. Concluding Remarks

The growing demand for on-demand delivery services (such as food and grocery delivery) has
stimulated the emergence and growth of platforms offering such services. These platforms act as
aggregators, consolidating both demand and supply. Nevertheless, the relationship between the
platform and vendors is fraught with tension. In this work, we construct a game-theoretical model
to study how the introduction of the platform reshapes vendor competition and its subsequent
impact on vendors, customers, and the platform. We investigate a system in which each vendor
strategically determines whether to offer delivery services and, if so, whether to deploy in-house
delivery or participate on the platform to meet the delivery window constraint. By building a
dedicated delivery fleet, a vendor sets both the food price and the delivery fee to charge customers.
By participating on the platform, a vendor sets the food price while the platform decides on the
delivery fee, and the vendor shares a fraction of its revenue with the platform as a commission. We
study the game analytically for systems with and without the platform and compare the equilibrium

outcomes.
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We uncover the nuanced impacts of introducing the platform. In particular, under conditions
in which building dedicated delivery fleets is more favorable, such as the market potential or the
maximum allowable delivery time being high, or the marginal delivery cost or the level of sub-
stitutability of vendors being low, the introduction of the platform intensifies vendor competition
through per-order delivery subsidy, leading to lower vendor profits and higher individual customer
surplus. Conversely, under conditions in which participating on the platform is more favorable,
such as the market potential or the maximum allowable delivery time being low, or the marginal
delivery cost or the level of substitutability of vendors being high, the introduction of the platform
alleviates vendor competition by profiting per order from the delivery service, resulting in higher
vendor profits and lower individual customer surplus.

The findings of our paper have several implications. First, we show that the seemingly appealing
per-order delivery subsidy (offered by the platform to attract vendor participation) hurts vendors
by compelling them to engage in more intensive competition, ultimately eroding their profits. This
could potentially offer an explanation for the financial challenges and tensions that exist between
the platform and vendors. The platform-enabled sharing of couriers can improve delivery efficiency
and lower delivery costs but may intensify vendor competition through per-order delivery subsidy,
placing them in a prisoner’s dilemma that ultimately lowers their profits. Second, whether vendors
benefit or are harmed by the platform entry hinges on the market competitive environment in
which the vendors operate. We demonstrate that the per-order delivery subsidy is more likely to
occur in areas where customers are tolerant of longer delays (e.g., Phoenix, as indicated in Table
1 reflected by the long delivery range), or the labor costs are low (e.g, Toronto, as shown in Table
1) or the level of substitutability is low (e.g., Toronto as well, which has the most diverse food
scene in the world'?). Conversely, per-order delivery profiting is more likely to occur in areas with
delay-sensitive customers, high labor costs (e.g., Philadelphia, as shown in Table 1), or a high level
of substitutability (e.g., Los Angeles, which is home to the most Mexican restaurants in the U.S.3).
Such information might be helpful for social planers aiming to regulate the market to steer the
outcomes resulting from the platform entry towards the desired direction, Awhether that is favoring
vendors at the expense of customers or vice versa. Lastly, the results and insights obtained from
this paper have broader applicability beyond the realm of on-demand delivery businesses, such as

e-commerce. For example, as discussed in Section 2, the system we examine in this paper shares

2 https://www.restobiz.ca/toronto-food-scene-ranked-as-worlds-most-diverse/

13 https://www.cbsnews.com/losangeles/news/la-county-home-to-the-most-mexican-restaurants-in-the-
country-new-study-says/


https://www.restobiz.ca/toronto-food-scene-ranked-as-worlds-most-diverse/
https://www.cbsnews.com/losangeles/news/la-county-home-to-the-most-mexican-restaurants-in-the-country-new-study-says/
https://www.cbsnews.com/losangeles/news/la-county-home-to-the-most-mexican-restaurants-in-the-country-new-study-says/
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many similarities with the “Fulfillment by Platform” program such as “Fulfillment by Amazon.”
This includes similar interactions between the platform (resp., Amazon) and competing vendors
(resp., third-party sellers), as well as the advantage of economies of scale leveraged by the platform
(resp., Amazon). Despite the distinctions between these two systems (perhaps the most salient one
is that Amazon not only provides the delivery service to third-party sellers but also competes with
them in the same business while sharing the benefits of gained economies of scale), our findings
may offer insights into the sustainable operations of such kind of Fulfillment by Platform business.

Our model has certain limitations. First, although our model applies to systems in which the
walk-in and delivery are two independent channels, we do not take into account the interactions
between these two channels. Second, we consider the delivery window to be exogenously determined
by the market standards and common practices, while it could also be endogenously affected
by the market dynamics in a complex manner, e.g., firms compete in setting the delivery time
promises. Finally, we do not account for the potential discrepancies in service quality between
vendors building dedicated delivery fleets and those participating on the platform. However, one
can imagine that vendors employing their own dedicated delivery fleets may offer higher service
quality due to greater control over the end-to-end delivery process. Incorporating some of these

ideas can be fruitful directions. We leave them for future research.
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Online Appendix to
“Platform Entry and Vendor Competition
in On-Demand Economy”:

Supplementary Derivations and Proofs
The Appendices are organized as follows. In Appendix A, we conduct the equilibrium analysis.
In Appendix B, we compare systems with and without the platform. In Appendix C, we provide

proofs for various extensions discussed in Section 5.

A. Equilibrium Analysis

In this section, we conduct the equilibrium analysis. We characterize the best response of vendor ¢
given P_; in Section A.1; we characterize the set of second-stage equilibrium profiles Q*(py) under
the platform’s strategy p; in Section A.2; and we solve for the equilibrium (i.e., the PLATFORM

PROBLEM) in Section A.3.

A.1. Proof of Lemma 1

The proof consists of 3 steps. In step (1), we characterize the highest profit that vendor i can

achieve by building a dedicated delivery fleet; in step (2), we characterize that by participating on

the platform; and in step (3), we show that vendor 7 is (weakly) better off by participating on the

platform if and only if p; < d(M(P-;)), where M (P_;) is defined in (2) and d(M) is defined in (3).
Step (1). By building a dedicated delivery fleet, vendor i solves Problem (D). We consider a

modified version of the problem (in which we relax the non-negative constraint on \;) as follows:

1
max \p; —h ( + )\i> , (D)
w

Py

subject to  \; =M (P_;) — p;. (A1)

Observe that if the optimal solution pP to Problem (D’) satisfies AP = M(P_;) — p2 > 0 and

APpP _p, (% + AP ) > 0, it also solves the original Problem (D). Otherwise, AP = 0. The first order

oX;
Op;

condition of (D’) is given by 7% (p; —h) + X; = —(p; — h) + X; =0, which implies that

(3

Combined with (A.1), we can obtain p? defined in (4) in Lemma 1. By (A.2), \? =pP —h >0 is
equivalent to M (P_;) > h, and \PpP —h (% + /\f) > 0 is equivalent to w > W.

Step (2). By participating on the platform, vendor i solves Problem (P). Similar to step (1),
we consider a modified version of the problem as follows:

max (1 —~)\i(pi —pa), (P)

Pq



subject to Eqn (A.1). (A.3)

The first order condition of Problem (P’) is given by (1 —~) g?f (pi —pa) +Ni| = (1 —)[—(ps —

7

pa) + A;] =0, which implies that
A =pf —pg. (A4)
Combined with (A.1), we can obtain p! defined in (4) in Lemma 1. By (A.4), AY >0 is equivalent
to M(P,z) Zpd
Step (3). By step (1) analysis, the highest profit that vendor i can achieve by building a

dedicated delivery fleet is

[m(P_;)-h)?

xb = MNP(pP —h)—L=1—"—L — 2 §f M(P_;)>h and E>W,
0 otherwise .
where the last equality for the first case (i.e., M(P_;) > h and w > W) follows from (A.2).

By step (2) analysis, the highest profit that vendor ¢ can achieve by participating on the platform

is

1— M(P_;)— 2 .
= LA F —pa) = Tl g r(p ) s g,
0 otherwise .
where the last equality for first case (i.e., M(P—;) > pq) follows from (A.4). Vendor i chooses
to participate on the platform if and only if 7 > 7P. If that M(P_;) > h and w > W,

(M(P_y)—h]?—4k\?

1

2
= > =d(M(P_;)), where d(M) is defined
in (3) and the equality holds if p; = d(M(P_;)). Otherwise, 7 > 7P =0, where the equality holds
it M(P_,) < pa.

nF > 7P is equivalent to pg < M(P_;) — <

A.2. Second-Stage Equilibrium
In this section, we characterize the set of second-stage equilibrium profiles Q*(py), which is defined

in (5). For convenience, we use

P*(m,pa) = (" (m,pa),p” (M, pa),m) (A.5)

to denote a reduced form of vendor strategy profile P under which m vendors participate on the
platform with a (full) price p”(m,pq), and n —m vendors build dedicated delivery fleets with a
(full) price p?(m,py), where p*(m,py) and p?(m,p,) are defined in (6) and (7) respectively. We
then define two series of functions M, (pq) for m € {0,...,n — 1} and M,,(py) for m e {1,...,n}

as follows

M, (pa) =0+ B [mp” (m,pa) + (n = m— 1)p® (m, pa)|



B 20+ (Qm”d+[2(”—;’i—ﬁl)+5(n—1)]h)

2—-B(n—-1)
M, (pa) =0+ B [(m —1)p" (m, pa) + (n = m)p” (m, pa)
20 + 3 ([2(m*1)+ﬁ(n;i)ﬁ]pd+2(nfm)h)
= 3= Bn—1) for me{l,...,n}. (A.7)

We characterize the set of second-stage equilibrium profiles per Lemma A.1 below. Recall we define

function d(M) in (3) and P*(m,p,) in (A.5).

for me {0,...,n—1}, and (A.6)

Lemma A.1. For me{0,...,n—1}, d(M,,(ps4)) = pa admits a unique solution d,, with respect to
pa; and for m € {1,....n},d(M,,(ps)) = pa admits a unique solution d,, with respect to pg. Then
the set of second-stage equilibrium profiles *(pq) is characterized as follows:
(i) If the SUBSIDY CONDITION is satisfied, we have dy < -+ < dpm_1 < d,, | <dpn <d, <---<
d, <h, then
(i-1) ¥ (pa) ={P*(n,pa)} if Pa <dy;
(i.i) @ (pa) = {P*(n,pa), P*(0,pa)} if pa € ldy, du]; and
(i.iii) Q*(pa) ={P*(0,pa)} if pa> dn-
(ii) Otherwise, we have h<d, <---<d, <d,, <d
if % =7 (W)Q, then
(i1.1) O (p) = {P*(n,pa)} if pa <o
(ii.ii) Q*(pa) = {P*(m,pa)} if pa € [d,,,dm] for me{1,...n—1};
(i iii) ©*(pg) = {P*(0,p)} if pu > do and
(ii.iv) Q*(pa) =0 otherwise.

<dp_1<---<d,, where the equalities hold

m—1

)
)
)
)

Discussion on the refinement rule. By Lemma A.1, when the SUBSIDY CONDITION is sat-
isfied, a delivery fee py € [d,,d,] induces two second-stage equilibrium profiles: one in which no
vendors participate on the platform, i.e., P*(0,p,), and one in which all vendors participate on
the platform, i.e., P*(n,pq). Based on the our refinement rule introduced in Section 3.2, we select
P*(n,pq). When % =7 (W)z, pa = h induces n second-stage equilibrium profiles (in which
the platform has a positive market share) with varying numbers of vendors participating on the
platform, i.e., P*(m,h) for m € {1,...,n}. In this case, we have II(m, h) = my\(m,h)(p”(m,h) —
h) — & =ny (W)Z — L2 =(m—1)y (%)2, which increases in m. Based on our
refinement rule, we select P*(n, h). Therefore, the refinement rule aligns with selecting the second-
stage equilibrium with the largest number of vendors participating on the platform.

In the remainder of this section, we provide the Proof of Lemma A.1.

Proof of Lemma A.1. We first define three terminologies. We say that a strategy profile P

is group-wise symmetric if vendors with the same platform participation decisions play the same



strategy (i.e., vendors who participate on the platform charge the same food price, and those who
build dedicated delivery fleets charge the same full price). Moreover, we refer to a deviation under
which vendor 7 only changes its pricing strategy but maintains its platform participation decision as
a within-group deviation, and that under which vendor ¢ changes its platform participation decision
as a cross-group deviation.

We then prove Lemma A.1 by 3 steps. In step (1), we show that a second-stage equilibrium
profile must be group-wise symmetric. In step (2), we characterize conditions that ensure neither
within-group deviations nor cross-group deviations. In step (3), we analyze the conditions obtained
from step (2) in detail and derive Q*(py).

Step (1). Suppose (for contradiction) there exists a second-stage equilibrium profile P with
both vendor ¢ and j building dedicated delivery fleets while p; # p;. By (4), we must have

0+Bpi+ B> 1.;m+h 0+Bpi+B> . p+h
Di = > and p; = 5 :

Observe that the above system of equations is infeasible if p; # p;. Therefore, under a second-stage
equilibrium profile, vendors building dedicated delivery fleets must charge customers the same
full price. Similarly, one can show that the full prices associated with vendors who participate on
the platform must be the same. Then, it suffices to focus on group-wise symmetric strategy pro-
files. We can then describe the strategy profile of vendors with the reduced form P = (p*, p”,m),
where p” and p? are the (full) prices associated with vendors participating on the platform and
building dedicated delivery fleets respectively and m € {0,...,n} is the number of vendors par-
ticipating on the platform. We also describe the strategy profile of vendors except for vendor
similarly with P_; = (p”,p?,m’), where m’ € {0,...,n — 1} is the number of vendors participat-
ing on the platform without considering vendor i. Then observe from (2) and (A.6)—(A.7), given
P_i = (pF(m,pa),p” (m,p4),m), the competitive market potential of vendor i is M, (ps) = M(P_;),
and given P_; = (PP (m,pq),p” (m,pas), m — 1), that of vendor i is M, (ps) = M (P_,).

Step (2). We consider the within-group deviation and the cross-group deviation separately.

Within-Group Deviation. Recall from Lemma 1 the set of best response strategies of vendor
i given P_;. Also recall that we define two series of functions M, (ps) for m € {0,...,n — 1}
and M,,(ps) for m € {1,...,n} in (A.6)—(A.7) respectively. Provided that there are m vendors
participating on the platform, by (4), the conditions that ensure no within-group deviations under
P = (p”,p?,m) are as follows:

P_ M,,.(pa) + Pa _ 0+ 3 [(m_ 1)PP+(”—m)PD] + Pa

5 5 and

p



D:Mm(pd)+h:9+,8[mpp—l—(n_m_l)pD]_|_h
2 9 .

p

The reason is as follows. If vendor i chooses to participate on the platform, it sees P_; = (p*', p?,m —
1). Then its strategy p” must satisfy the optimality condition of Problem (P’). By the expression
of pf’ in (4) and the definition of M,,(p,) in (A.7), we can obtain the first condition. Similarly,
if vendor i chooses to build a dedicated delivery fleet, it sees P_; = (p©,p”, m). Then its strategy
p” must satisfy the optimality condition of Problem (D’). By the expression of p? in (4) and the
definition of M, (ps) in (A.6), we can obtain the second condition. We use p”(m,ps) and p®?(m,p,)
to indicate the dependence of the solution to the system of equations on m and p,;. We can then
obtain (6)—(7).

Cross-Group Deviation. By the no within-group deviation analysis, it suffices to focus on
the vendor strategy profiles P*(m,p;) as specified in (A.5). By Lemma 1, vendor ¢ chooses to
participate on the platform if p; < d(M(P_;)), and it chooses to build a dedicated delivery fleet if
pa > d(M(P_;)), where M(P_;) and d(M) are defined in (2) and (3) respectively. Given that the
system has m vendors participating on the platform, the condition that ensures no cross-group

deviations is given as follows

pa > d(My(pa)) o if m=0,
(M., (pa)) < pa < d(M(pa)) if me{1,...,n—1}, (A.8)
pa < d(M,(pa)) if m=mn,

where M, (pq) for m € {0,...,n — 1} and M,,(py) for m € {1,...,n} are defined respectively in
(A.6)—(A.7). The reason is as follows. First, we need to ensure that a vendor, say vendor i, who
participates on the platform, has no incentive to exit and build a dedicated delivery fleet. As
vendor i sees P_; = (p¥(m,pq),p” (m,pq), m — 1), this condition is given by pg < d(M,,(ps)) by
Lemma 1 and the definition of M ,,(p,). Similarly, we need to ensure that vendor i, who builds a
dedicated delivery fleet, has no incentive to deviate and participate on the platform. As vendor ¢
sees P_; = (p¥'(m,pa),p” (m,pa),m), this condition is given by p; > d(M,,(ps)) by Lemma 1 and
the definition of M, (pg).
We then introduce some preliminary results per Lemma A.2 below.

Lemma A.2. We have the following results:

(a) d(M) is decreasing, where d(M) is defined in (3);

(b) both d(M,,(ps)) —pa form €{0,...,n—1} and d(M,,(pq)) —pa form € {1,...n} are decreasing

in pg, where M, (pq) and M,,(ps) are defined in (A.6)—(A.7); and

(c) depending on the value of py, we have



(c:i) My(h)=---=M,,(h) = M(h) == M,(h) = 2520 if p, = h
(c.ii) Mp(pa) <+ <M, (pa) < M (pa) < M,,_1(pa) < Myp-1(pa) < -+ < My(pa) if pa<h; and
(c.iit) My(pa) >+ > M, (pa) > Mum(pa) > M,, (pa) > My—1(pa) > -+ > My(pa) if pa> h.

Proof of Lemma A.2. We prove each result separately.
(a) The result follows from d'(M) = M h / (M- h]2
(b) The result follows from the result in ( ) and the fact that both M, (ps) and M,,(pq) are

increasing in py by (A.6)—(A.7).
(c) By (A.6) — (A.7), we can obtain that M, (pq) — M ,(ps) = B(giﬁh and M,,(ps) —M,, ,(ps) =
2

% Then, the results follow directly. O
Recall we define d,, as the unique solution to d(M.,,(pa)) = pa for m € {0,...,n—1} and d,, as the

unique solution to d(M,,(pg)) = pa for m € {1,...,n} in Lemma A.1 (the proofs for the uniqueness

of d,, and d,, are provided in Step (3) analysis). By (b) of Lemma A.2, (A.8) is equivalent to

dedo 1fm:())
dmgpdgamifme{]-a"'an_l}’ (AQ)
pa <d, if m=n.

Step (3). We consider the following scenarios.

Case (i)  The  Sussipy  CONDITION  is  satisfied.  Define  d'™ =
) ([2 —B(n—1)] (2 Ly h) — 20) ~ RomoDisoun and -
W ([2 B(n—1) < \/>—I— h) - 2«9) 2(m2(;1 +’Z)Z 77~ Observe that d™™ is the unique

— 2
solution to (M,,(pa) — h)2 — 22 =0 and d" is the unique solution to (Mm(pd) - h) — 1 —0.
Therefore, ™" and jmmn can be interpreted as the minimum delivery fee (can be negative) charged
by the platform so that d(M,, (p4)) and d(M,,(ps)) are well defined, where d(M) is defined in (3).

We first note that

min

d(M, (d"") —d™™ >0 and d(M,.(d"")) —d." > 0. (A.10)

m

The reason is as follows. By the VENDOR VIABILITY CONDITION, we haved(M,, (d'")) — d™" =

([Jrh) 246 <29 [2— ([+h>)+[2nm1)7:5(n1 50 and d(Mm(Ezi”))_
<\/>+h) 2(m1+/3n1)]<29 [2—B(n—1)] <[+h>) %>0'

Then we can obtain that d(M,(h)) — h = d(Z505H) — p = 20l

2(0—[1—B(n—1)]h) \*_4h
\/< Al ) Z <0, where the inequality follows from the SUBSIDY CONDITION. Combined

1=y
with the facts that d(M,(d. )—d. >0 by (A.10) and d(M,(p4)) — pa decreasing in py by (b)

min

n



—min

of Lemma A.2, d(M,(ps)) — pa = 0 admits a unique root d,, € (d,, ,h) by the Intermediate value

theorem. By Lemma A.2, we have d(M, ,(d,)) <d(M,(d,)) =d,. Then by (b) of Lemma A.2,

——=n-1

d(M, ,(ps)) = pa admits a unique solution d,, , € (d""",d,). Similarly, we have d(M,_(d, ,)) <

Zn—1

—min

d(M, (d, ,))=d, ,, and thus d(M,_1(ps)) = ps admits a unique solution d,_, € (d,,_,,d, ;).
By repeating this analysis recursively, we can establish the uniqueness of d,, for m € {0,...,n—1}
and d,, for me{1,...,n},and dy <---<dp_1<d,, ,<dn<d, <---<d,<h.

Because d,, > d,,, there does not exist a p, satisfying (A.9) for m € {1,...,n — 1}. Therefore,
O (pa) = {P*(n,pa)} if pa < dy, Q" (pa) ={P*(0,pa)} if pa > d, and Q*(pa) = {P*(0,pa), P*(n,pa)}
if pg € [dy, d).

Case (ii) The SUBSIDY CONDITION is not satisfied. Let A (m, py) denote the demand associated
with vendors participating on the platform under P*(m,p,). For convenience, we use p7**(m)
to denote the solution to A\’ (m,py) = p¥(m,py) — pa = % = 0, where the first equation
follows from (A.4) and the second equation follows from (4). Therefore, p**(m) can be inter-
preted as the highest delivery fee the platform can charge such that vendors participating on the
platform have positive market shares. We then show that d(M, (pg)) = ps admits a unique solu-
tion d, € [h,p*(n)). By (b) of Lemma A.2, this is equivalent to show that d(M,(h)) > h and

d(M,,(p7*(n))) < p7**(n). The first inequality follows as the SUBSIDY CONDITION is not satisfied.

We then show that the second inequality holds:

d(ﬂn(pgm‘”(n))) :Mn(p;naw(n)) . ([ n(PZz”“l'(n)) — h] — w)

where the second equality follows from the definition of p7'®®(m), i.e., p7%®(n) solves M ,,(py) — pa =
0.

We then show that (M, ,(p4)) = ps admits a unique solution d, , € [d,,,p7**(n — 1)), which is
equivalent to show d(M, ,(d,))>d, and d(M,,_,(p7**(n—1))) < p7*(n —1) by (b) of Lemma
A.2. We first prove the first inequality. By Lemma A.2 and the fact that d, > h, we can obtain

that d(M,,_,(d,)) > d(M,(d,)) =d,. We then prove the second inequality:

d(M,,_, (7™ (n—1))) <d(M,-1(pg*" (n—1)))

=M, (P (n—1)) - (WTL—I@ZM("‘”) L i )

[

I—x



=pT”m—¢*‘<ML1ﬂﬁy%n‘lﬁ—MQ—?>2

<pr(n—1),

where the first inequality follows from Lemma A.2 and the fact that p'**(n —1) > h.
Similarly, as d(M,,_,(p7**(n —1))) < p72®(n — 1) by the above analysis, and d(M,_,(d, ,)) >
d(M, ,(d

——n—-1\=n-1

))=d, , by Lemma A.2 and the fact that d,_, >d, > h, d(M,_(pq)) = ps admits a
unique solution d,,_, € [d,_;,p7%*(n —1)). By repeating this analysis recursively, we can establish
the uniqueness of d,, for m € {0,...,n —1} and d,,, for m€ {1,...,n}, and d, <---<d, <d,, <
d

“m—1

<d,,_ <---<d, Moreover, By (c.iii) of Lemma A.2, these inequalities are binding only

9—[1—5<n—1)]h)
2 p(b-1) )

By (A.9), Q" (pa) = {P*(n,pa)} if pa < dp, ¥ (pa) = {P*(0,pa)} if pa > dy, ¥ (pa) = {P*(m,pa)}
if pg€ld,,,d,] and Q*(pg) = () otherwise, i.e., pg € (dn,d,, ), where m € {1,...,n—1}.

when %:’y(

A.3. Proof of Proposition 1

n

As pF = p; — pg, the PLATFORM PROBLEM can be rewritten as I1(pg) = >_ \; hpi +(1- ’y)pd] < J; —
i=1

h-p(> > Ai- Ji;w). Abusing notation, we define
i=1

T1(m, pa) = mA” (m, pa) [ (m.pa) + (L= )pa—h] ~ (A1)

Here, recall that A (m,p,) is the demand associated with vendors participating on the platform
under vendor strategy profile P*(m, py) defined in (A.5). By (A.4), we have A\’ (m, pq) = p” (m, pg) —
pq. Then by Lemma A.1, the PLATFORM PROBLEM reduces to:
p; = argmax I1(m, p;(m)). (A.12)
me{l,...,n}

where pj(m) solves the following problem:

max II(m,pq),
Pd

subject to Eqn (A.9).

We then show that II(m,p,) is concave in pg:

Ol(m,pa) 0+%(5}H)d) —[1=B(n—1)lpa - 27(5(;«:;) +[1—-p8(n— 1)])
e 2 B(n—1) 2 Bn—1)




L) 41— An— 1)

2+8
- —h)| ,and
0°11(m, pa) g+ - Bn—1)] v (2= 41— B(n—1)])
GMDPd) _ o 1- <0,
o 2= Bn—1) 2= Bn—1)
where the inequality follows from the dominant diagonal condition S(n — 1) < 1. Observe that
B(n—m)
2y =gz~ T1-B(n—-1)]
7‘3178(;’;”1) - 79_[21:5((::11))];9 d | 1— ( 2+267 ST ) > 0, where the inequality follows from
the VENDOR VIABILITY CONDITION, and ZMmratm)) — _ = ) (Pa(m) —h) <0
’ dpq B 2—B(n—1) Pd ’

— (24+B)0+B(n—m)h
(2+8)[1-B(n—1)]+B(n—m)

2
by the VENDOR VIABILITY CONDITION. As 2 H;;';’pd) <0, 8“592”‘1) =0 admits a unique root ps(m)

where pg(m) uniquely solves temp =0 (defined in (A.13)) and pu(m) > h

and

pa(m) > h. (A.14)

By Lemma A.1, when the SUBSIDY CONDITION is satisfied, p; € [d,,P,] induces two second-
stage equilibrium profiles: Q*(pq) = {P*(0,p4), P*(n,pq)}. By the refinement rule (under which we
select the second-stage equilibrium that leads to the largest number of vendors participating on

the platform, i.e., we select P*(n,py) in this case), we can obtain that

ﬁd(m)a if ﬁd(m) € (dmaam)a

py(m)=<¢ d,.., if pa(m) <d,,, forme{l,...,n—1}, and (A.15)
A, if d(m) > d,n,
* _ ﬁd(n)a if ﬁd(n) <8n7
Pa(n) = {dn, otherwise, (A.16)

where d,, and d,, are defined in Lemma A.1. We then consider the following cases.

Case (i) The SuBsiDY CONDITION is satisfied. By Lemma A.1, it suffices to consider the case
where m = n, and thus the platform’s optimal strategy is given by p5(n). By (A.14) and (A.16),
we have pg(n) > h and thus p’(n) = d,, < h. Therefore, by Lemma A.1, the platform subsidizes the
delivery service per order, i.e., pj < h, and all vendors participate on the platform in equilibrium,
i.e., m*=n.

Case (ii) The SuBsiDY CONDITION is not satisfied. We first establish the existence of an equilib-
rium. This result follows as the platform’s optimal strategy p}; draws from a finite set of strategies
by (A.12) and (A.15)—(A.16). We then show that p} > h. For m =n, by Lemma A.1 and (A.14),

we have min(d,,, ps(n)) > h. Then by (A.16), pi(n) > h. For me {1,...,n— 1}, by Lemma A.1, we
have d,, > d,, > h. Then by (A.15), pi(m) > h as p5(m) € [d,,,d.]. Because p;; € {p}(m) for m €
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{1,...,n}}, p; > h. Therefore, by Lemma A.1, the platform generates profit per order from the
delivery service in equilibrium, i.e., pj; > h. Moreover, depending on the system parameters, the

equilibrium outcome can be either symmetric, i.e., m* =n, or asymmetric, i.e., m* <n.

B. Compare Systems With and Without The Platform

In Section B.1, we conduct the equilibrium analysis for the system without the platform. In Section
B.2, we compare the equilibrium outcomes for systems with and without the platform. In Sec-
tion B.3, we investigate the platform’s profitability under the optimal solution to the PLATFORM

PROBLEM.

B.1. Proof of Proposition 2

By following the analysis of no within-group deviations in the Proof of Lemma A.1, in equilibrium

in which all vendors have a positive market share, i.e., \; >0 for all i € {1,...,n}, vendors charges
the same (full) price. Then by (7) and letting m = 0, we can obtain p" = % as shown
in (9). By (A.2), the corresponding demand rate is AV = W. By (D), vendors’ profit

TN =M (pN —h)—-L = (Wﬁ — £ >0 if and only if the VENDOR VIABILITY CONDITION
is satisfied.

When the VENDOR VIABILITY CONDITION is not satisfied, obviously, there does not exist an
equilibrium in which all vendors have positive market shares. We then show that when 6 <2[1 —

B(n — 1)]\/% + [1 — B(n — 1)]h, there exists an equilibrium in which all vendors make 0 profits.

Let all vendors except for vendor i charge a price p = %. Observe from (1) that A; =0 for
i€{1,...,n} when all vendors charge a full price p. Then, vendor i’s profit is given by
= (9 —pi+ %) (p; —h) — £ otherwise .

Let f(p;) = (9 —pi + %) (pi—h)— % Observe that f(p;) is concave, with the maximum being
1

achieved at p; = 3 (% + h). If p; > p, which is equivalent to h >

vendor ¢ has no incentive to deviate from p. Otherwise, pi = p;. When 6 < 2[1 — 5(n — 1)]\/% +

#;_1)7 p: :p and thus

B (oF) — (0=l1=Be-DI\? ' i i
[1+ B(n —1)]h, we have m:(p}) = ( Zi—50 1) 2 <0, and thus vendor 4 has no incentive to

deviate from p. Therefore, there exists an equilibrium in which all vendors charge a (full) price p.
B.2. Proof of Proposition 3

Recall that we use p”, 77, A¥ (pP, P, AP, p™, 7 AY) to denote respectively the (full) price,
vendor profit and customer demand associated with vendors participating on the platform (building

dedicated delivery fleets, in the system without the platform). Also, recall we provide definitions
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on individual customer surplus being higher or lower in Definition 1. We first compare the (full)
price, vendor profit, and customer demand separately.

Compare (full) prices. We first compare the price associated with vendors building dedicated
delivery fleets (in the system with the platform) with that for the system without the platform.
By (7) and (9),

* [2—B(m—1)](h—p})
R R e 6+h Bm(pt,— h)

2—B(n—1) C2-B(n—-1) [2-B(n-1)]2+p)

By Proposition 1, such a comparison makes sense only if the SUBSIDY CONDITION is not satisfied

p? —pV

(otherwise, all vendors participate on the platform in equilibrium). In this case, as p}; > h, we have
p” >p".
We then compare the price associated with vendors participating on the platform with that for
the system without the platform. By (6) and (9),
B(n—m)(h—pj)

pP_pN:0+p2+ 248 0+h [2—B(n—m—1)](p;—h)

2—B(n—1)  2-B(n-1)  [2-Bn-1)]2+p)

By Proposition 1, p}; < h if the SUBSIDY CONDITION is satisfied and p}; > h otherwise. Therefore,

pf < p¥ if the SUBSIDY CONDITION is satisfied and p” > p™ otherwise.
Compare vendor profits. We first compare the profit associated with vendors building dedicated

delivery fleets with that for the system without the platform. By (D), (7) and (9),
71_D_7TN:)\D(pD_h)_h_(/\N(pN_h>_h> @<pD—h)2—(pN—h)2’
w w

where (a) follows from (A.4). By Proposition 1, such a comparison makes sense only if the SUBSIDY
CONDITION is not satisfied. In this case, we have p” > p" > h, where the first inequality follows
from the comparison between p” and p" and the second inequality follows from the VENDOR
VIABILITY CONDITION. Therefore, 72 > p¥.

We then compare the profit associated with vendors participating on the platform with that for
the system without the platform. By (P), (6) and (9),

7P N = (L= AP (pF = p) — (AN(PN —h) - Z)

@ (1—7) (pP —pZ)Z — (AN(pN —h)— w)
D (1) (MW(pz)_p) (e om-2). (B1)

where (a) follows from (A.4), and (b) follows from (4) and the definition of M,,(p;) in (A.7). We

then consider the following cases separately.
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Case (i) The SuBsiIDY CONDITION is satisfied. In this case, it suffices to consider the case where

m =n by Proposition 1. Then from (B.1), we have

RN (AT SR

@ (M) (- L)
1
4

(29_ 2—B(n— 1)]h+6(n—1)dn)2_ (0— [1—ﬁ(n—1)]h>2
2—B(n—1)

where (c) follows from p; = d,, when the SUBSIDY CONDITION is satisfied (this result is derived
from Proposition 1), (d) follows from the definition of d,, in Lemma A.1, and (e) follows from d,, < h
by Lemma A.1.

Case (ii) The SuBsIDY CONDITION is not satisfied. Then from (B.1), we have

won oy (W) - (e -m-3)

. 2
@ [ Mn(dm)—h h (D D h)
===l ) A —h)——=
( 5 - (p" —h)——
_ 2
204 SRt et N (-1 Bm—D)n )’
2—-B(n—-1) 2—B(n—-1)

_1

4

>0

if d,, > h. Here, (f) follows from p} € {p;(m) for m € {1,...,n}} <d,, by (A.15) —(A.16) and

M, (pq) — pa being decreasing in p; by (b) of Lemma A.2, and (g) follows from the definition of

d,, in Lemma A.1. By Lemma A.1, d,,, > h for all m € {1,...,n} when the SUBSIDY CONDITION is
not satisfied. Therefore, 77 > 7¥.

Compare customer demand. We first compare the demand associated with vendors building

dedicated delivery fleets with that for the system without the platform. By (A.2), (7) and (9),
AP =AY = (p” —h) = (p" —h) =p” —p" >0.

We then compare the demand associated with vendors participating on the platform with that for

the system without the platform. By (A.4), (A.2), (6) and (9),

[B8(n—m) +(2+ B)[1 - B(n —1)]] (h —pj)
2-Bn-D)2+5) '

A =XV =" —p") = (" ~h) =
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By Proposition 1, p; < h is the SUBSIDY CONDITION is satisfied and p}; > h otherwise. Therefore,
AP > AN if the SUBSIDY CONDITION is satisfied and A < A\ otherwise.

Customer Surplus. If the SUBSIDY CONDITION is satisfied, all vendors participate on the plat-
form in equilibrium by. As p” < p" and A\ > AV, by Definition 1, u” > u”. Otherwise, as p” > p",
pP > pN, AP < AN and AP < AV, by Definition 1, uf < uP.

B.3. Proof of Lemma 2

To show the robustness of our main results (Proposition 1 and Proposition 3) when considering
the platform’s profitability, we demonstrate scenarios in which the optimal value to the PLATFORM
PROBLEM is positive, and p}; < h and p}; > h can arise. By doing so, we demonstrate the possibilities
in which introducing the platform could either benefit vendors at the expense of customers, or
conversely, benefit customers while hurting vendors, and the platform makes a positive profit.
When % =7 (Mf, by Lemma A.1, p; = h. Moreover, m* =n in equilibrium based on

2—B(n—1)
the refinement rule. By (A.11), we have

I(n,p}) =nA(n,p) [y (" (n,p;) — pi) + P — h] — =
:n(e [1/3<n1>1pz;) [,y 9[1B(n1)]p2) +p;;—h] b

2—-B(n—1) 2—B(n—1)
(0= [1=Bm-1\ &
- 2—B(n—1) W
B 0—[1—Bn—1h\"
—(n—l)v( 2= Bn=1) )
> 0.

As II(n,d,) is continuous in w, h and @, the desired result follows.

C. Proofs for Various Extensions
In this section, we provide proofs for various extensions discussed in Section 5. Specifically, we
investigate the underlying systems as described in Sections 5.1-5.5 in Sections C.1 — C.5 respec-

tively.

C.1. Proof of Proposition 4

In this section, we analyze the system as described in Section 5.1 to highlight the role of substi-

0

tutability among vendors. By (10) and letting 0" = 175,

+
Ni=|0 —a'pi+5" > pj | . We then note the following.

;1 r__ [
o' =157 and §' = sy Ve have

J
Firstly, by following the same analysis as those in Appendix A, we can obtain the following

Lemma, which characterizes the equilibrium outcome when ); is defined as (10).
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Lemma C.1. Let
1-46

9(0) = AT0@-0¢ (C.1)
The equilibrium outcome is characterized as follows.
(i) 1f 2
B, (0B )

there exists a unique equilibrium under which the platform subsidizes the delivery service per
order, i.e., pi < h, and all vendors participate on the platform in equilibrium, i.e., m* =n.
(ii) Otherwise, the platform generates profit per order from the delivery service, i.e., p, > h, and
the equilibrium can be asymmetric with some vendors participating on the platform and the
others building dedicated delivery fleets, i.e., m* <n.
Secondly, by following the same analysis as that for the Proof of Proposition 3 in Appendix B.2,
we can obtain the following results.
(i) If (C.2) is satisfied, we have 7° < 7%, p¥ <% and A¥ > AV, which implies u” > u" by
Definition 1.
(ii) Otherwise, we have 77 > 7V, 70 > 7N pP > pN, pP > pV AP < AN and AP < AV, which
implies u”” < u”" by Definition 1.
2(2—68)(6%2—5+41)

Lastly, we investigate conditions under which (C.2) is satisfied. By (C.1), g'(0) = = =375z 51 <

0, and thus g(d) is decreasing. Moreover, as lim (0 — h)%g(§) =0, if y(0 — h)?g(0) = 7(627]1)2 > L

R 0—1— R
there exists a threshold 0 € (0,1) such that Condition (C.2) is satisfied if and only if ¢ € [0,0).
Otherwise, Condition (C.2) is not satisfied for all 6 € [0, 1).

By combining the results derived above, we can obtain Proposition 4.

C.2. Proofs for Systems in Which Platform and Vendors Move Simultaneously
In this section, we analyze the system in which the platform and vendors move simultaneously and
provide the proof of Proposition 5. We first conduct the equilibrium analysis. Define

04 L) (94 g BB lpa)

B 2—B(n—1) 2+
Glowm) = B
(1+7) (0+22==rd) — [1 - B(n—1)|ps) 1
- 22— A(n—1) ty e (69
frm(n—m) B(n—1)

and H(m)= +(1+’y)< —l—[l—ﬂ(n—l)])—2[2—B(n—1)].

(2+6)[1=pB(m—1)] 2+6

(C.4)
Recall we define d,, for m € {0,...,n—1}, and d,, for m € {1,...,n} in Lemma A.1. In Proposition
C.1, we present the equilibrium result for the system in which the platform and vendor move

simultaneously Proposition C.1.
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Proposition C.1. When the platform and vendors move simultaneously, the necessary and suffi-
cient condition for the existence of an equilibrium with m vendors participating on the platform is

as follows:

G(dy,0) >0 for m =0,

G(d,,n) <0 form=n, and

{G(dm,m) >0 and G(d,,,m) <0 if H(m) <

G(d,,,m) <0 and G(Hm,m)zo if H(m) > forme{l n—1}.

Proof of Proposition C.1. Recall from the Proof of Lemma A.1 (step (1)), a strategy profile
under which no vendor has an incentive to deviate given the platform’s strategy pg; must be group-
wise symmetric (vendors with the same platform participation decision play the same strategy).
Therefore, it suffices to consider group-wise symmetric strategy profiles. Given m vendors partic-
ipating on the platform and their food price p, and the (full) price p” charged by vendors who

h

build dedicated delivery fleets, the platform’s profit can be rewritten as mA? ('pr + pa— h) -,
where A” = (0 —p” + B(n —m)p® + B(m —1)p P)+ by (1). Abusing notation, let

EU >

T (pa| m,p",pP) =m [0 = (1= B(m—1)(p" +pa) + Bn—m)p”| (" +pa—h) -

Observe that II(p, | p¥', p”,m) is concave in py, with the maximum being achieved when p, solves

LHS(p",p”,m) =0, where LHS(p",p”,m) = e;[Llﬁ(Z(kk o T he (H”)p — pg. Recall we characterize

the set of vendor equilibrium strategy profiles given a platform’s strategy py in Lemma A.1. Then by

(11), when the platform and vendors move simultaneously, the (necessary and sufficient) condition
that ensures an equilibrium with m vendors participating on the platform is given by the existence

of a py such that

Pa 2407 i fOI' m:O7
LHS(p" (m,pa),p” (m,ps),m)=0 and < d, <pg<dn, forme{l,...,n—1}, (C.5)
pa<d,, for m =n,

where p(m,py) and p”(m,p;) are defined in (8) and (7) respectively. By some algebra,
LHS(p" (m,pa),p” (m,pq),m) = G(pa, m), where G(pg, m) is define in (C.3). Observe that G(pg, m)
is linear in p,. Therefore, G(pg, m) is monotone. We can obtain that %jzm) = H(m), where H(m)

is define in (C.4). Because H(0) = H(n) = (1+7) (5(2151) +[1-B8(n— 1)]) —-22-B8(n—-1)] <0,

where the inequality follows from the dominant diagonal condition 5(n—1) < 1, G(p4, m) is decreas-
ing for m € {0,n}. It follows that
e (C.5) is feasible if and only if G(d,,0) >0 for m =0;
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e (C.5) is feasible if and only if G(d,,,n) <0 for m =n; and

o for me{l,...,n—1}, if H(m) <0, G(pg,m) is decreasing in p,y and thus (C.5) is feasible if
and only if G(d,,,m) >0 and G(d,,,m) <0; and if H(m) >0, G(p4,m) is increasing in pg and
thus (C.5) is feasible if and only if G(d,,,m) <0 and G(d,,,m) > 0.

We then prove Proposition 5 below based on the results obtained in Proposition C.1.

Proof of Proposition 5. By the Proposition 3, the introduction of the platform intensifies ven-
dor competition and reduces vendor profits if and only if there exists an equilibrium with p}; < h.
Assume (for contradiction) there exists an equilibrium with p} < h when the platform and vendors
move simultaneously. By Lemma A.1, it suffices to consider the case where m =n (i.e., P*(m,pq)
with m € {1,...,n—1} can be achieved only if p; > h). Based on the Proof of Proposition C.1, the

necessary condition of this is given by

01 —~1(1 =B —1)]+h[1-Bn—-1)]2-B(n—1)]

Pi = 9= B(n— 1= Bn— ] -1+ )L —Bn—DF ~ "
where p}; is the unique solution to
_ 0 I+ [0-[1-Bn—-Vlpd h_
T () R i () R

By some algebra, this is equivalent to 6 < [1 — 3(n — 1)]h, which violates the VENDOR VIABILITY

CONDITION. 0

C.3. Proof of Proposition 6
In this section, we analyze systems under the general contracts as described in Section 5.3 to
identify the role played by the contract between the platform and vendors. The Proof of Proposition
6 consists of the following three steps.

Step (1). First, the problem solved by vendor ¢ by participating on the platform can be trans-
formed as

+ B.

4
a2
max  Ai(1—7) [p pat i

As pF" =p; — pa, the platform’s profit (13) can be rewritten as

H(pd»pt):ZAi [’YPML(l—’Y) <Pd+1lit7>1 Ji—h-p (wpvz)\i'Ji> —BZ)\i'Ji-
i=1 i=1 i=1

Therefore, we can change the decision variable by considering the combined term z = pg + -2

1—y

instead of examining p,; and p; separately.
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Step (2). By following the Proof of Lemma 1, given P_;, vendor ¢ chooses to participate on the
1

(M—h)?—4(L1p)
1—y

platform if and only if z < X (M) =M — <
d(M) defined in (3) by replacing £ with £ + B.

2
) . Observe that X (M) is identical to

Step (3). By following the same analysis as that for the Proof of Lemma A.1 and Proposition

1, we can obtain the following results.

(i) If (14) is satisfied, the platform’s optimal strategy z* < h and all vendors participate on the
platform in equilibrium, i.e., m* =n.

(ii) Otherwise, the platform’s optimal strategy z* > h and the equilibrium can be asymmetric
with some vendors participating on the platform and the others building dedicated delivery
fleets, i.e., m* <n.

Then, by the Proof of Proposition 3, the desired result follows.

C.4. Analyzing Systems with Asymmetric Vendor Scales

In this section, we examine systems with asymmetric vendor scales as described in Section 5.4.

Define

WMh s _> (C.6)

d(M,stM—( —

By following the Proof of Lemma 1, given P_;, the set of vendor i’s best response strategies is

given by
{(,p))} if pa <d(M(P-;),s:),
B;(P-) =<4 {(0,p”)} if pa > d(M(P-i),si), (C.7)
{(Lpf))? (O7pzD)} 1f Pa = d(M(P—i)asi)a

where p!” and pP are define in (4), and the function M(P_;) is defined in (2). Recall we define
the set of second-stage equilibrium profiles in (5). For convenience, we use S to denote the set of
vendors participating on the platform, and m denote the number of vendors participating on the

platform (i.e., the number of elements in §). Moreover, by abusing a bit notation, we use

p* (S’pd) = (pp(mapd)apD (mapd)78)

to denote the vendor strategy profile under which the set of vendors participating on the platform
is given by S, the (full) price associated with vendors participating on the platform is given by
p"(m,py) and that associated with vendors building dedicated delivery fleets is p”(m, pg), where
p¥(m, pq) and p?(m, p,) are defined in (6) and (7) respectively. We then introduce some preliminary
results per Lemma C.2 below.

Lemma C.2. Form€{0,...,n—1}, d(M,, (pa), si) = pa admits a unique solution d,, , with respect

m,i

to pa; and form € {1,...,n}, d(M,.(pa),si) = pa admits a unique solution d,,; with respect to pq,
then
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2 _ _

(1) if 51’% <~ (W) is satisfied, we have dy; <+ <dpm-1,<d,, _;;<dpn;<d, ;< - <
dni<h forie{l,....n}, d,,< - <d,,<d,,<h forme{0,....,n—1}, and dpp,, <+ <
Ao <dpi<h forme{l,....,n}; and

(i) i hﬁ > 7(%) is satisfied, we have h < d,; < --- < d ’
A1, <dy,; forie{l,....n}, h<d, ,<-<d,,<d,, for me{0,...,n—1} and

h<dpyn<-<dpns<dn, andme{l,...,n}.

Then we have the following results on the set of second-stage equilibrium profiles Q*(pq) with
asymmetric vendor scales:
e For S=10, P*(S,pa) € 2" (pa) if and only if pg > d, 1;
e For S={1,...,n}, P*(S,ps) €V (pq) if and only if pg < d,.,; and
e For SC{l,...,n—1}, P*(S,pa) € *(pa), if and only if d,,, ; < pa < dpi for all i €S and
jEs.
Proof of Lemma C.2. The proof consists of the following two steps.

Step (1). We prove the first part of results in Lemma C.2 on d,, ; and d,, ;. We consider the

following cases.

Case (i) - L < (M)Q This condition is equivalent to d(M,(h),s;) < h. Then we can

w Y 2—B(n—1) . q n 591 .
obtain that: (1) dy, <+ <dpm-1,1 <dp_11 <dm1 <d,,, <+ <dy1 <h by Lemma A.1; and (2)
dpn <+ <dpo <dny <h as d(M,(pa),s;) is decreasing in s;. Then (1) and (2) together with
Lemma A.1 implies the case (i) results of Lemma C.2.
2 N
Case (ii) = > (w) . This condition is equivalent to d(M,,(h),s,) > h. Then we can

SpwWw — 2—B(n—1)
<dp1n<-- <d,,, by Lemma A.1; and (2)

obtain that: (1) h < - <d,, < 8 n<d

nn_ “m—-1,n

d
h<dy,<--<dns<d,;. Then (1 ) and (2) together with Lemma A.1 implies the case (ii) results
of Lemma C.2.

Step (2). We prove the second part of results in Lemma C.2 on Q*(p,). By following Step (1)
and Step (2) for the Proof of Lemma A.1, given that there are m vendors participating on the
platform (irrespective of their scales), the conditions that ensure no within-group deviations are
as follows: the price associated with vendors participating on the platform is given by p*(m,p,)
and that associated with vendors building dedicated delivery fleets is given by p”(m,pq), where
pP(m,pg) and p”(m,p,) satisfy (6) and (7) respectively. Moreover, the condition that ensures no
cross-group deviations is given by

d(M,,(pa),8;) <pa <d(M,,(pa),s;) fori€S and j¢Sif me{l,...,n—1},

o(pa); s1) if m=0, (C.8)
n(pd)asn) lf m=n,
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where M, (py) and M,,(py) are defined in (A.6) and (A.7) respectively. The reason is as follows.
For m€{1,...,n— 1}, we need to ensure that vendor 7 has no incentive to exit the platform for all
1 € S, and vendor j has no incentive to participate on the platform for all j ¢ S. Given there are m
vendors participating on the platform, M(P~7)= M, (p,) and M(P_;) = M,,(pa), then by (C.7),
this condition is given by d(M,,(pa),s;) < pa < d(M,.(pa),s:) for all i € S and j ¢ S. For m =0,
we need to ensure that no vendor has an incentive to participate on the platform. By (C.7), the
condition of which is given by p; > d(M,(pa), s;) for all i € {1,...,n}. As d(M,s;) is decreasing in
si, this condition reduces to p; > d(M,(pa),s1). For m =n, we need to ensure that no vendor has
an incentive to exit the platform. By (C.7), the condition of which is given by py < d(M ,(pa), s;)

for all i € {1,...,n}, which reduces to ps < d(M,(pa),s.). Therefore, by the definitions of d,, ; and

dpm.i, we can obtain the results on Q*(p,) in Lemma C.2. O
We close this section by providing the Proof of Proposition 7.

Proof of Proposition 7. The analysis consists of the following two steps.
Step (1). We characterize the the platform’s optimal strategy. The platform’s profit in the

presence of asymmetric vendor scales is given by
H(Sapd) - H(mapd) : Z Siy
€S
where II(m,p,) is defined in (A.11). Following the Proof of Proposition 1, the problem solved by
the platform reduces to

py = argmax II(S, p;(S)),

SC{1,...,n}
where
pd(m)7 if pd(m) € (I?gag,(dm,j7 I}gg dm,i)u
pi(S) = gl;gxdmyj, if pa(m) < r%xdm,j, for SC{1,...,n—1}, and (C.9)
. -3 . . ~ > . - .
I}égl dm,z; if pd(m) = I}g‘? dm,la
. pa(n), if pa(n) < dpn,
S)=145 ’ for §={1,... C.10
pd( ) {dn,m otherwise, or { ) 777'}7 ( )
and pg(m) is the unique solution to %f‘i) = 0. We then consider the following two cases.

9—[1—B(n—1)]h
2—B(n—1)

from (C.9) — (C.10) and the fact that d,,; < h for all m € {0,...,n—1} and i € {1,...,n} and

2
Case (i) 51% <7y ( ) . In this case, we have p} < h in equilibrium. This result follows

dy; < h for all m,i€{1,...,n} by Lemma C.2.
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Case (ii) - :U >y (%)2. In this case, we have pj; > h in equilibrium. This result follows
from (C.9) — (C.10) and the fact that d,,; > h for all m € {0,...,n—1} and i € {1,...,n} and
dyni > h for all m,i € {1,...,n} by Lemma C.2.

Step (2). We compare the equilibrium outcomes for systems with and without the platform.
We use pf, pP, and pY to denote the full price associated with vendor i by participating on the

platform, building a dedicated delivery fleet, and in the system without the platform, respectively.

Let 7f, 7P and 7Y

P! N and AP, AP and A} be similarly defined. In an equilibrium with m vendors
participating on the platform, we have pf =p” (m,p3)s piD =p” (m,p}), pzN =p", /\f = Si)\P(m>p>:l)7
AP = ;AP (m,p;) and AN = s; AN, where pj; is the platform’s equilibrium strategy. Then following
the Proof of Proposition 3, p!” < p, pP <pY, 7P <xN, A > A and AP < A when 51% <
2
y (L as py < b from step (1), and pf > pY, pP >p¥, 7P > 7N, AP <MY and AP <
2
AN when én% >y (W) as pj; > h from step (1). Then, it remains to compare =

7. Following the proof of Proposition 3, in an equilibrium with m vendors participating on the

P

g

and

platform,

— 2
WzPS_iEN =(1—7) (Mm(p;:l) _pZ) . <)\D(pD —h) - h> _
We then consider the following two cases.

Case (i) # <y (%)2. Firstly, we notice that a second-stage equilibrium profile with
m vendors participating on the platform must adhere to the following pattern: Vendors {1,...,m}
participate on the platform with a (full) price p”(m,p,), and vendors {m + 1,...,n} establish
dedicated delivery fleets with a (full) price p”(m,p4). This is because d,; < d,,; only if j >i by
Lemma C.2. By (C.9), there does not exist a second-stage equilibrium profile under which vendor
i builds a dedicated delivery fleet and vendor j participates on the platform for i < j.

Secondly, we show that in an equilibrium with m vendors participating on the platform, we
must have pj = d,, . The reason is as follows. We have py(m) > h from (A.14) and d,, ; < h for
all me {1,...,n—1} and i € {1,...,n} from Lemma C.2. By (C.9) — (C.10), p} = riréiglam’i =

min d,,; = d, m, where the last equality follows from Lemma C.2.

ie{l,...m}
Lastly, we conduct the comparison. For vendor m, we have

e T (“Mm(dm’m) ‘dmvm) ~ (P m -2

2 Sm

(2<9+Mm(dm,m)—h)2_ h _1<>\D(pD_h)_h>

2 SmW  Sm
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2

BI2(m—1)+8(n—1)dm,m+28(n—m)h >
20 + 518 ) 0—[1-pB(n—1)h
2—-B(n-1) 2—p(n-1)

e

(e)
<0,

where (a) follows from the definition of d,,,, in Lemma C.2, (b) follows from the definition of

M ,,(pq) in (A.6), and (c) follows from d,, ,, < h by Lemma C.2. For vendor i, where i € {1,...,m —
af N 0+Mpm (dm,m)—dm,m 2 1 D (,,D h : 111 1

1}, = =(1-7) ( : : ) - ()\ (p” —h)— %) can be either positive or negative.

2

As s; <s; if i < j, 7 — 7Y >0 implies that 7] — 7 > 0. Therefore, either 7] < 7} for all
i€{1,...,m}, or there exists a k € {1,...,m—1} such that 77" >« fori € {1,...,k} and 7 < 7Y
forie{k+1,...,m}.

2
Case (i) =>7 (w) . In this case, we have

2-B(n—1)
7P —aN @ M, (dmi) = dom i * < D/ D h)
i Ty (] — i ’ S —h)——
At ’y)( 5 ) ol O D
— — 2
M,.(d,,;)—h h 1 h
(Rep=Y L -2
S; W S; w
_ 2
B 90 + ﬂ[Q(m—1)+ﬁ(”—214)-]§m,i+25("—m)h ) 0—11—Bn—1)h 2
4 2—B(n—1) 2—B(n—1)

(e)
>0

)

where (d) follows from p} < I_Iéiglgm,i by (C.9)-(C.10) and M,,(pg) — pa being decreasing in p, for
allme {1,...,n} by (b) of Lemma A.2, and (e) follows from d,,; > h by Lemma C.2. O

C.5. Proof of Proposition 8
In this section, we analyze systems in which couriers receive a piecemeal take-home-pay per order

as described in Section 5.5. The Proof of Proposition 8 consists of the following four steps.

Step (1). We solve for the best response strategy of vendor i. Let pf = w and pP =
w, and define
; M—h
d(M)=M — .
I—v

By following the same analysis as that of Lemma 1, given the delivery fee charged by the platform
pq and the strategy profile of all other vendors P_;, the set of best response strategies of vendor ¢

is given by A
{50} if py < d(M(P_.),
B; (P-i) =4 {(0,p7)} if pg > d(M(P-)),
{(1,57),(0,p?)} if pa=d(M(P-;)).
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Observe that vendor i chooses to participate on the platform only if p; < h.

Step (2). We characterize the set of second-stage equilibrium strategies Q2 (py), given the deliv-
ery fee py charged by the platform. By following the same analysis as that for no within-group
deviation in the Proof of Lemma A.1, provided that m vendors participating on the platform, the
(full) prices associated vendors participating on the platform and building dedicated delivery fleets

are respectively given by

B(n—m)(iL—pd) [Q—B(Tn—l)](iz—pd)
57 (m,pa) = 0+ pa+ 248 and p”(m,py) = 0+ pa+= 218
250 1) 1)

Then by following the same analysis as that for no cross-group deviation in the Proof of Lemma A.1,
provided that m vendors participating on the platform, the condition that ensures no cross-group

deviations is given by

pa>d(My(pa) if m =0,
d(M,, (pa)) <pa <d(M.(pa)) if me{l,...,n—1}, (C.11)
Pa < d(M(pa)) if m=n,
. 2048 Qmpd+[2(n*;::31)+ﬁ(n71)]ﬁ) N
where M, (ps) = = B(n—1) for m € {0,....,n — 1} and M, (ps) =
[2(m—1)+B(n—1)]pg+2(n—m)h
20+
( - ) for me{1,...,n}.

3= A(n—1)
Step (3). We solve for the optimal strategy for the platform and characterize the equilibrium

outcomes. From Step (1), it suffices to consider py < h. Observe that d(M) is decreasing in M
and M, (pg) and ﬁm(pd) are increasing in py, it follows that d(M,,(ps)) — pa and J(ﬁm(pd)) — D
are decreasing in py. Given py < h, for m e {1,...,n — 1}, d(M,, (pa)) > J(ﬁm(pd)), and thus
Condition (C.11) is not satisfied. It follows that there does not exists a second-stage equilibrium
with m € {1,...,n— 1} vendors participating on the platform. Therefore, it suffices to focus on the
case where m =n. Then the problem solved by the platform can be reduced to:

max (pa) =nA"(n, pu) [v5" (7, pa) + (1 = 7)pa— b

subject to pg < d(ﬁn(pd))v

where AP (n,pq) denote the demand rate when the full prices associate with each vendor is given by
pF(n,pqg). We then show that the optimal solution p}; to the above problem is given by the unique

solution to 20+ 5(n1) )
n—1)p
- _ 20+ B(n—1)ps A=

d(M.,(pa)) — pa= 5 A1) S =0




We begin by showing that a?(ﬁn(pd)) — pa = 0 admits a unique solution in [—ﬁ(siim,ﬁ]. As

d(M,,(h)) —h <0, a?(ﬁn(—ﬁ(i(il))) + ﬁ(Qn_fl) = \/% + ﬁ(fil) >0, and d(M,(pq)) — pa is decreasing,

by the Intermediate value theorem, the desired result follows. Then by following the same analysis

as that for the derivation of (A.14) in the Proof of Proposition 1, we can show that the platform’s
profit function f[(pd) is concave in p,;. Moreover, provided that vendors choose to operate in the
delivery channel in the absence of the platform, the unique solution py to the first order condition
I (pa) = 0 satisfies py > h. Therefore, the optimal solution to the above problem is given by the
highest value of p; such that the constrain p; < ci(ﬁn(pd)) holds, which is given by the unique
solution to d(ﬁn (pa)) = pa as J(ﬁn (pa)) — pa is decreasing in py. Then in equilibrium, the (full)
price associated with each vendor is given by p” = p¥(n,p,).

Step (4). We compare prices, demand rates, and vendor profits for systems with and without the
platform. In the system without the platform, by following the same analysis as that in the Proof
of Proposition 2, the full price associated with each vendor in the system without the platform is

As all vendors participate on the platform in equilibrium by the analysis

given by pVV = 2_2,?“:_1).

from previous steps, it suffices to compare p"¥ (AN and ©V) with p” (A" and 7%).

Compare (full) price. We can obtain that p” —pV = 2trd bbh . _Pah a9 pr < f.
d

— 2-B(n-1) 2-B(n—-1)  2-8(n—1)
Compare customer demand. The first order condition of Problems (P) and (15) imply that

AP =pP — pr and AN = pV — h. Therefore, we have A\F — A\ = i el o) R TG L

. 2-B(n-1) 248
[1-B(n=D)](h—pg)
2+8

>0 as p} < h. By Definition 1, uf = u".

Compare vendor profit. We have

wl =N =1 =)\ (" —p)) = ANV (PN —h)
=(1—) " —p5)?— @V - h)?

(1) (M0 0i) _<0—[1—6<n—1>]h>

2= B(n—1)

@ (Mn<pz> —h>2_ (9— 1 B(n— 1>m>2
2 2—B(n—1)

20— 2 Bn—h+Bm—Dp;\  [(0-[1-Bn-D])
2—B(n—1) 2—B(n—1)

S =

<

9

where (a) follows from the fact that p} is the unique solution to d(ﬁn (pa)) — pa =0 and the last

inequality follows from p}; < h.
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