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Abstract

An open debate in platform design is who should control pricing: the platform (centralized
pricing), or its service providers (decentralized pricing)? We show a key trade-off is between
regulating competition and enabling price tailoring. Centralized pricing allows the platform
to manage competition but it faces information asymmetry, as it cannot observe agent costs.
Decentralized pricing lets agents adjust prices to their costs, but without oversight, competition
can become too strong (prices too low) or too weak (prices too high). For commission-based
platforms, either form of price control can prevail depending on market conditions, implying
neither dominates. However, a relatively simple tweak — adopting an affine fee structure based
on posted prices or quantities served — allows the platform to decentralize pricing control with-
out sacrificing optimality. This flexibility further supports agent classification as independent

contractors, offering platforms a valuable strategic option for how to structure their workforce.

1 Introduction

Online service platforms create marketplaces to match independent agents with potential customers.
They have been established in many domains, including IT (e.g., Microsoft Azure), ride sharing (e.g.,
Uber), food delivery (e.g., DoorDash), freelance labor (e.g., TaskRabbit), handmade and vintage
products (e.g., Etsy), accommodations (e.g., AirBnB), mobile phone applications (e.g., App Store),
and physical goods (e.g., Amazon, Temu), etc.

Pricing is a critical function for a platform’s success, both who selects prices and how revenue

is generated. On some platforms, agents post their desired price. We refer to this as decentralized
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pricing. On others, the platform selects the price for the agents, which we refer to as centralized
pricing. The platform can collect revenue with a commission on the sales price, as is commonly
observed, or some other, more elaborate structure. There is little guidance in the literature to
choose among these options.

Although many platforms have only operated with a single pricing structure, most participate
in evolving markets and different approaches have been taken in similar settings. For example,
third-party sellers on Amazon set their own prices, but on Temu prices are set by the platform.
Ride-sharing generally has centralized pricing, but Uber experimented with decentralized prices set
by drivers. Government regulation is also a factor in this decision. For example, state and federal
governments (Bhuiyan 2020, Ongweso 2021, O’Brien 2021) have passed laws explicitly recognizing
the freedom to set prices as an important criterion in classifying a worker as a contractor rather
than an employee of the platform.

To address the issue of price control on a platform, we consider a platform with the following
characteristics: (i) a large number of independent service providers, who we refer to as agents, offer
their services (or products), (ii) agents have private knowledge of their heterogeneous costs, (iii)
agents determine their level of participation on the platform, (iv) all participants on the platform
choose actions to maximize their objective, correctly anticipating the actions of the other partic-
ipants, and (v) agents offer differentiated goods, so the consumer choice process depends on the
set of available prices on the platform. Many agents (characteristic i) implies agents know they
individually have no ability to influence the aggregate outcomes on the platform. However, they
are sophisticated enough to respond to what happens on the platform in a manner that is best for
them (characteristic iv). Agent costs (characteristic ii), which include both out-of-pocket explicit
costs and opportunity costs, vary considerably, and cannot be inferred by the platform (i.e., even
after best effort estimation) (Chen et al. (2019)). The lack of cost visibility poses a challenge for the
platform to make decisions that accommodate agents’ heterogeneous preferences, especially given
that agents control how much they work (characteristic iii). For example, Filippas et al. (2023)
empirically show that centralized pricing harms agent participation in a vehicle rental platform due
to its inability to fully account for the agents’ costs. Finally, decentralized control of pricing can
lead to price dispersion because each agent has an opportunity to attract some demand even if the
agent does not have the lowest price (characteristic v).

For the designer of the platform, the key trade-off is between the regulation of agent competition
and the facilitation of agent price tailoring. When agents are allowed to compete on their own

through decentralized pricing, agents’ tailor their prices to their costs which leads to price dispersion.



Price dispersion can be good for the platform: low-cost agents choose lower prices, serving more
customers at an attractive price, and even though high-cost agents charge more, doing so allows
them to participate on the platform, which expands total supply and overall welfare. However, there
is no guarantee that decentralized pricing leads to the right amount of dispersion or even the right
average price. If competition is too weak, all prices are too high, making the platform relatively
unattractive, lowering demand. If competition is too strong, prices are too low, commission revenue
declines and some agents exit the market. Centralized pricing allows the platform to ensure the
average price on the platform is to its liking. But the limitation of “one size fits all” pricing is that,
by definition, it eliminates the benefits of price dispersion. On balance, decentralized pricing is
preferred as long as competition is not too intense, but otherwise the platform prefers to switch to
centralized pricing even though it too is not ideal.

We find that a relatively simple tweak to the fee structure — moving from a commission, which
is linear in price, to one which is affine in either price, or in quantity served — suffices to overcome
the limitations of decentralized pricing and achieve optimality for the platform. We refer to the first
type of fee structure as commission-plus, and the second as quantity-based. More specifically, the
per-unit fee the agent pays the platform has two components. The first depends either on the agent’s
price (commission-plus) or the agent’s demand (quantity-based), and can either be a surcharge (i.e.,
per-unit fees that increase in price or quantity) or a discount (i.e., per-unit fees that decrease in
price or quantity). The second is a base per-unit fee which is independent of the agent’s actions or
the market outcomes. We demonstrate that both fee structures enable the platform to indirectly
regulate agent competition, while still allowing agents to set prices in response to their own costs.
Not only do these fee structures improve upon decentralized pricing with just the commission fee,
they are always better for the platform than centralized pricing, and most importantly, we show
there does not exist another fee structure that does better (i.e., it is an optimal fee structure).

In sum, through properly designed and relatively simple fee structures, a platform can delegate
control of pricing to agents while also receiving the maximum profit possible. To the best of our
knowledge, we are the first paper that characterizes whether and how a platform can optimally

delegate pricing decisions to a continuum of competing agents with private cost information.

2 Literature Review

This work is related to research on (i) price delegation, (ii) ownership and contracts in supply chains,

and (iii) platform management.



Price Delegation

One portion of the price delegation literature specifically focuses on a principal’s decision to grant
pricing authority to sales agents who can engage in costly effort to increase demand and/or have
private information regarding demand (e.g., Weinberg 1975, Lal 1986, Joseph 2001, Desiraju and
Moorthy 1997, Bhardwaj 2001, Mishra and Prasad 2004, 2005, Atasu et al. 2021). Additional work
considers a broader context for a principal’s price delegation decision with agents who are indepen-
dent sellers or contractors: (e.g., Foros et al. 2009, Jerath and Zhang 2010, Abhishek et al. 2016,
Hagiu and Wright 2015, Johnson 2017, Foros et al. 2017, Hagiu and Wright 2019a). Much of this
work includes some form of moral hazards (e.g., costly effort), some papers consider agents with
private demand information and several focus a retailer’s preference for the agency model (i.e., sup-
pliers select prices) or a reselling model (i.e., suppliers set per-unit wholesale prices for their products
while the retailer retains price control). The key differences with our work include (i) we consider
a platform with a large number of relatively small agents, (ii) agents’ costs are heterogeneous, and
(iii) each agent’s cost is private information. Consequently, unlike in previous work, the principal
is always responsible for designing the fee structure, but is also somewhat limited in its ability to
extract rents from agents (e.g., it is not optimal to merely use a fixed fee). Furthermore, the set
of active agents on the platform is endogenous as well as their level of engagement. Overall, given
the differences across settings, our work should be viewed as complementary to previous findings

on price delegation.

Supply Chains

Service platforms share similarities with traditional supply chains. A single firm (either a platform
or supplier) offers a good or service, which is distributed through many independent, self-interested,
agents such as retailers or distributors. Identified early on, retailers (agents) do not necessarily
choose the prices the supplier (principal) prefers (Spengler (1950)). Consequently, a supplier may
attempt to regulate prices through contractual terms and/or restraints on retail business practice
(e.g. Dixit 1983, Rey and Tirole 1986, Deneckere et al. 1996, Padmanabhan and Png 1997, Dana and
Spier 2001, Cachon and Lariviere 2005, Song et al. 2008). Asymmetry in cost information creates
an additional complication for the principal (e.g., Corbett and De Groote 2000, Ha 2001, Corbett
et al. 2004, Mukhopadhyay et al. 2008, Yao et al. 2008, Xie et al. 2014, Ma et al. 2017), and there is
some work that includes competing agents (e.g., Cachon and Zhang 2006), but previous work does

not consider a large number of small agents.



Platforms

There is a growing literature specifically focused on the management of platforms. Some studies only
consider fixed prices and focus on the matching process that occurs among the platform participants
(Arnosti et al. 2021, Feng et al. 2021, Aféche et al. 2023, Hu and Zhou 2022, Ozkan and Ward 2020,
Halaburda et al. 2018). Others consider revenue maximizing pricing and fee structures only with a
centralized pricing regime: Riquelme et al. (2015), Gurvich et al. (2019), Cachon et al. (2017), Bai
et al. (2018), Taylor (2018), Hu and Zhou (2019), Benjaafar et al. (2022), Bimpikis et al. (2016),
Ma et al. (2020), Besbes et al. (2021), Castillo et al. (2017), Hu et al. (2021). And there is a set of
papers that only consider decentralized pricing: Allon et al. (2012), Birge et al. (2020), Ke and Zhu
(2021). Related to our interest in centralized pricing, Aouad et al. (2023) study the search frictions
in dynamic matching markets between agents with heterogeneous costs and customers with different
values. They demonstrate that decentralized pricing lowers social welfare. They do not consider
various fee structures to maximize the platform’s profit.

In settings without asymmetric information, there is some work that considers a commission
with a per-unit fee payment structure, but with the goal of maximizing system profit (rather than
the platform’s profit): Feldman et al. (2023), Cachon and Lariviere (2005). Lobel et al. (2024)
demonstrate the value of classifying agents as contractors but do not consider how decentralized
pricing can be used to achieve this.

Finally, there are several papers that explicitly consider competition among platforms and focus
on issues other than who controls prices: Chen et al. (2023), Ahmadinejad et al. (2019), Lian et al.
(2022), and Cohen and Zhang (2022).

3 Platform Model

We model a platform that mediates transactions between customers and a large population of
independent agents who offer a differentiated service. All participants are rational, risk neutral, and
seek to maximize their earnings. The platform’s design for this market consists of (i) the fees agents
pay to participate on the platform and (ii) a pricing regime: with decentralized pricing each agent
selects their own price, whereas with centralized pricing the platform chooses a single price that
applies to all agents on the platform. Previous work refers to these two modes as agency selling,
which is often contrasted with a reselling mode in which the platform /principal selects the price (as

with our centralized pricing) but the sellers/agents select the per-unit fee payment terms.



Agents

There is a unit mass of agents with heterogeneous costs: an agent incurs a cost ¢ per unit of demand
served, where ¢ is uniformly distributed on the [0, 1] interval. The distribution of costs across agents
is commonly known, but each agent’s own cost is private information. Let p(c) be the per-unit price
for the service offered by the agent with cost ¢. To ease exposition, when there is no ambiguity,
we occasionally use the shorthand notation p(c) = p. With centralized pricing, p is chosen by the

platform, whereas with decentralized pricing, each agent ¢ chooses its own price, p(c).

Demand

As each agent offers a differentiated service, they can potentially attract some demand even if they
do not have the lowest price in the market. For example, agents could differ in their locations (which
could influence the time for the agent to reach a customer or the proximity of nearby attractions),
or in their skills or style (some are more suitable for a customer’s needs than others). Reflecting

these characteristics of the market, an agent with price p earns demand q(p, p),

q(p,p) =1—-pp+~({P—p), (1)

where 5 > 0 and v > 0 are exogenous constants, and p is the weighted average price in the market,

1
[ alp(c))p(c)de
p= o

where ¢(c) is the equilibrium demand of an agent with cost ¢. For ease of exposition we refer to p
merely as the “average price”. Note, p is indeed the average price paid on the platform.

The demand for the agents on the platform can be interpreted to come from two components. We
refer to the first, 5p, as platform attractiveness. Naturally, total demand on the platform decreases
as the average price on the platform, p, increases. The parameter 5 measures the strength of the
platform attractiveness effect.

We refer to the second component of demand, v(p — p), as platform competitiveness. This is the
adjustment in demand an agent receives based on the relationship between the agent’s price and
the average price in the market, p. If the agent’s price matches the average price in the market,
then the agent receives the base allocation of demand. But if the agent’s price deviates from the
average, then the agent’s share increases or decreases as expected. The parameter v measures the

strength of the platform competitiveness effect.



The balance of the platform attractiveness and competitiveness effects hinges on the relative
magnitudes of § and v. When v > 3, each agent’s demand is increasing in the platform’s average
price, p. In these markets, consumers view the agents’ services primarily as substitutes, so the
demand for one agent’s service increases as all other agents become more expensive. This is what
typically occurs in retail markets — one seller’s demand increases when the other sellers in the
market charge higher prices. However, in markets with v < S, each agent’s demand decreases in
the platform’s average price, p. In these markets each agent receives a relatively constant fraction
of total demand, so an agent’s share of the market demand can decrease when the market’s average
price becomes less attractive to consumers.

A commonly used demand model in the literature takes the same form as (1), but the weighted
average price, p, is replaced with the straight average price (Singh and Vives 1984, Cooper and
John 1988, Ledvina and Sircar 2012). Like that model, (1), can be derived from a consumer choice
process (Appendix A). However, the straight average price model is ill suited for markets in which
the number of participating agents is endogenous, i.e., agents are allowed to exit. This is not
a concern when agents have homogeneous costs (as is typically assumed), but it is a significant
limitation with heterogeneous costs. Nevertheless, our qualitative results continue to hold with the
straight average price model (Online Appendix C). Given that (1) accommodates markets with

agent entry and exit, it may be of independent interest for future work.

Fee Structure

The platform chooses how agents pay to participate on the platform. We first consider the common
fixed commission, i.e., each agent pays the platform ¢ < 1 for each unit of revenue the agent collects.
Commission rates can vary in practice from platform to platform but typically range from 15% on
the low end (lodging) to upwards of 50% (ride-sharing). We later consider the platform’s optimal

fee structures.

Sequence of Events and Information

Figure 1 displays the sequence of events. The platform first establishes who controls prices and
announces the fixed commission rate ¢ < 1. Next, agents observe the platform’s payment terms
and their own private cost. Then, agents decide whether or not to participate on the platform,
based on their expectation for the average price on the market and their resulting demand. If they
participate and the platform has chosen a decentralized pricing policy, then they next select a price.

Posted prices are publicly observable. The agents’ value for their outside option is normalized to



zero. Finally, given price and participation decisions, demand occurs, revenue is earned, and the
platform collects its share of revenue according to its payment structure. All aspects of the market
(e.g., sequence of events, demand parameters, etc.) are common knowledge with the sole exception

of each agent’s private cost.

Customers
Platform announces Agents make
o X Agents observe the pricing L X receive service
the pricing policy, fees participation and possibly
. ) policy, the fee structure, . -, and payments
and possibly price price decisions
l and their own cost ¢ l are made

g O—

~

Figure 1: Sequence of events

Price Equilibrium

Agents recognize that they as small actors, a single agent has no meaningful impact on the average
price, p. However, the collective actions of the agents clearly do influence the average price. Given
a pricing policy and fee structure, a set of prices, one for each agent type, p(c), is an equilibrium
if no agent has an incentive to choose a different price conditional that all other agents select the
equilibrium prices. As each agent’s demand depends only on the average price, p and their own
price, for convenience, we refer to a set of prices as being in equilibrium when the price assigned to
each agent is optimal for the agent given the resulting average price, p. Similar methods have been
used in the literature in the context of static non-atomic games (Aumann 1964, Schmeidler 1973,
Ostroy and Zame 1994) and dynamic mean field games (Lasry and Lions 2007, Olszewski and Siegel
2016, Carmona and Wang 2021, Light and Weintraub 2022).

In any equilibrium, the set of active agents have a cost no greater than ¢, and the remaining
agents with greater costs are inactive (i.e., serve no demand). We focus on markets for which the
overall level of demand is sufficiently price sensitive, 8 > 1, so that some agents choose to be inactive

(i.e., ¢p < 1). Our results qualitatively generalize to all .

4 Centralized Pricing Equilibrium

With centralized pricing, the platform maintains control of pricing but cannot distinguish between
agents whose costs remain private. As a result, the platform selects a single price, p, that applies

to all agents based on the overall distribution of costs in the market.



Agents only decide whether to participate in the market. The price equilibrium is straightfor-
ward: each agent correctly expects p to be the average price on the platform, p = p. In turn, all

agents have demand
a(p) =1 - Bp.

Accounting for the commission the agent pays the platform, ¢, an agent with cost ¢ earns 7.(p),
me(p) = q(P)((1 = ¢)p — ¢).
The highest cost agent that is active in the market, ¢y, has no earnings, 7, (p) = 0, which implies
cn=(1-9)p.
The platform selects the commission rate, ¢, and the price, p to maximize its profit, II, given
the anticipated participation decisions of the agents:

Ch
max 11 = ¢p [(1 — Bp) de
ﬁ7¢ 0

st. ¢, =(1—9)p.

From Proposition 1, there is a unique optimal price and commission for the platform.

Proposition 1. With centralized pricing, there exists a unique optimal price, p* = 2/(33), and

commission rate, ¢* = 1/2, for the platform. Table 1 summarizes the equilibrium metrics.

Under centralized pricing, the platform completely eliminates competition among the agents by
selecting a single price, so the degree of platform competition, v, does not influence the equilibrium
outcome. While the platform has full control over the average price, P, a single price eliminates the
benefit of tailoring prices to the agents’ varying costs. As a result, some agents serve less demand
than they would desire, while others prefer to leave the market entirely, though they would have
stayed had they been given the freedom to set their own prices. Although agents only decide on
participation, they retain positive earnings (one third of the total) because cost heterogeneity gives

them some market power.



Centralized Pricing

With Commission

Decentralized Pricing Optimal Design(§7.1)

With Commission

Fees (§4) Fees (§5)
Agent prices, p*(c) 32,8 g <2ﬁ:_ V) te 42;55 n fc
Average market price, p* 325 2ﬂ2+ - 32ﬂ
Agent quantities, ¢*(c) é % <25 - ’y> — e 1 Be
Total quantity served, Q* 915 g <(25 1 7)2> 81B
Supply of agents, ¢}, 315 g <2ﬁ1+ 7) 21ﬂ
Pltornis proft. I° () i
Agents’ total earnings, 7* 54152 % <(251’y)3> 48152

Table 1: Equilibrium market outcomes with three platform designs: centralized pricing with a
commission fee (§4), decentralized pricing with a commission fee (§5), and the platform’s optimal

design (§7.1).

5 Decentralized Pricing Equilibrium

When the platform opts for decentralized pricing, agents select their own price. This is a complex
decision, as it depends on the prices the other agents choose. As discussed in §3, a price equilibrium
occurs when all agents select optimal prices given the equilibrium prices of others.

As each agent’s demand depends on the other agents’ price choice only through the aggregate
price metric, P, a price equilibrium can be defined in terms of the average price on the platform. Let
P. be an agent’s expectation for the average price in equilibrium. Let p*(¢,p,) be the price selected

by an agent with cost ¢, that maximizes the agent’s earnings,

p*(c,p.) = arg mgxq(pvz’)e)((l —¢)p — o).

Let R(p,,P) be the total revenue on the platform given the price expectation of the agents and
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the actual average price, p:

Ch

R(p.p) = / 10 (. 7). Py (¢, B )de.
0

Let Q(p,,p) be the total quantity served:

Ch

QP.,p) = /q(p*(c,pe),p)dc.

0

The actual average price on the platform is the ratio of total revenue to total quantity. In equi-
librium, the actual average price on the platform must match the agents’ expected average price,
P, = D, meaning

;th(p*(a p),p)p*(c, p)dc

o (2)
J a(p*(e,p), p)de
0

The existence and uniqueness of a price equilibrium is not assured under any fee structure. However,
Proposition 2 establishes that within the broad class of fee structures that are affine in price, there
indeed exists a unique price equilibrium. The commission fee clearly resides within this class, and

so do the platform optimal fees considered in Section 7.1.

Proposition 2. For any fee that is affine in price (i.e., the fee paid per unit served includes two
components: (i) a fized base; and (ii) a component linear in the agent’s price), there exists a unique

price equilibrium with decentralized pricing.

Next, we proceed to determine the platform’s optimal commission fee and the resulting price
equilibrium. The earnings of an agent with cost ¢ that selects price p and has an average price
expectation p is

me(p,7) = (1 = Bp+ (@ —p)) (1 — ¢)p — ¢).

An agent’s earnings is concave in price, so we obtain the agent’s unique optimal price,

p*(c’m:;(1—(ﬂ7—7)p+1f¢). (3)

The price an agent chooses, (3), depends on two components. The first is the base amount of

demand available to all agents. The second depends on the agent’s own cost and the commission.
Because they have heterogeneous prices and costs, agents have heterogeneous earnings:

(1=¢)1 = (B=7)p) —)?
4y(1 - ¢) '

me(p*(¢,D), D) =
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The active agent with the highest cost, ¢y, is

cp = (1_¢)(1;(ﬁ_7)p) (4)

The platform anticipates the agents’ responses given in (3) and (4), and chooses the commission to

maximize its profit, IIP:

ch
Inqzsxx 1P = ¢p [ q(p*(c,p),p) dc

(1-"¢)(1— (8- )p)
v

s.t. Cp =

Eq. (2).

Proposition 3 provides the platform’s unique optimal commission.

Proposition 3. With decentralized pricing, the platform’s unique optimal commission is ¢ = 1/2.

Table 1 summarizes the equilibrium metrics.

With decentralized pricing, there is price dispersion on the platform: agents choose prices that
are linear in their private costs. The platform can only influence these prices indirectly, through
its selection of the commission. Consequently, the prices in the market are sensitive to the level of

competition between agents, 7.

6 When to Delegate Pricing to Agents?

Figure 2 illustrates when a platform using a commission fee should select the single price (centralized
pricing) and when the platform should allow agents to select their own prices (decentralized pricing).
In short, it is best to let agents select their own prices when the competitive effect (y) is neither
too strong nor too weak. In those situations, competition among the agents produces reasonable
prices, so the platform is better off letting agents tailor their prices to their costs. However, when
agents are able to compete aggressively (large 7) or competition is weak (low «), the platform is
better off grabbing the pricing reins to avoid prices that spiral too low or too high. Proposition 4

formalizes this result.
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Figure 2: The platform’s profit with decentralized pricing (solid line), as a fraction of the platform’s
profit with centralized pricing (scaled to 1) with 5 = 2. Shaded area: centralized pricing is preferred.

White area: decentralized pricing is preferred.

Proposition 4. There exists v; < 8 and 8 < v such that the platform prefers decentralized pricing
when v < v < v, and otherwise prefers centralized pricing. Decentralized pricing is most preferred

when = 1.

According to Proposition 4 the advantage of decentralized pricing is greatest when v = 3,
in which case decentralized pricing yields 12.5% higher revenue for the platform than centralized
pricing. In this special situation, there is no competition among the agents, i.e., they are effectively
local monopolies. Because there is no competition among the agents, regulating competition among
the agents is not important for the platform. Instead, the platform uses decentralized pricing to
reap the benefits of allowing the agents to tailor their prices to their costs.

As v deviates from £, in either direction, the platform’s earnings with decentralized pricing
decrease. When v < [ the platform attractiveness effect dominates, and the average price in the
market, P, is higher than the price the platform would select when it controls pricing. Agents too
would prefer they collectively lower their prices, but because all individual agents are powerless to
influence the average price, and their ability to steal market share is weak, prices remain high. On
the other hand, when 8 < +, the agent competition effect dominates platform attractiveness. Now,
each agent aggressively lowers its price to try to capture market share. With all agents trying to
take share, the low average price attracts demand to the platform but also causes some agents to
become inactive. In this case the platform would prefer higher prices.

In sum, the commission fee is insufficient to adequately regulate competition. When the agent

competition effect is either too weak v < =; or too strong =, < +, it is best for the platform to use
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centralized pricing to shut off all competition among the agents.

Agent Earnings

From Table 1, total agent earnings remain a fixed fraction (one half) of the platform’s profit in
either pricing regime (centralized or decentralized) and no matter the demand characteristics (3
and 7). Consequently, the platform’s goal to maximize its own profit is actually aligned with the
objective to maximize total agent earnings. However, agents with a particular cost may have a

preference over the pricing policy (Corollary 1).

Corollary 1. When the platform finds it optimal to switch from centralized to decentralized pricing

(that is, y; < v < yp): (i) total agent earnings increase, but (ii) some agents can be worse off.

Even when decentralized pricing increases total agent earnings, Figure 3 illustrates that agents
with certain costs can be worse off. For example, with weak agent competition (left figure), many
low-cost agents earn more with centralized pricing (dashed curve) than with decentralization pricing
(blue curve). In contrast, some high-cost agents who were crowded out with centralized pricing are
able to profitably participate in the market when they can select their own price. With stronger
competition (right figure), agents with intermediate costs prefer centralized pricing, while the rest
are better off with decentralized pricing. Although there is no clear preference over the pricing regime
for agents with a certain cost, regulatory agencies typically focus on total earnings. Furthermore, if
an agent’s cost is primarily an opportunity cost, it is possible that an agent’s cost could vary over
multiple participation sessions on the platform. In such case, each agent may be more focused on
the average earnings across all cost levels rather than the earnings of a specific cost.

007F o o ' 0077

0.06 006 Decentralized pricing

Centralized pricing

005} 0.05)"

0.04 0.04

0.03 0.03 Centralized pricing

0.02 0.02

Agent’s earnings, 7.
Agent’s earnings, 7.

Decentralized pricing

0.01 0.01

0.00

- - - 0.00
0.00 0.05 0.10

0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30

Agent cost, ¢ Agent cost, ¢

Figure 3: Profit of agent with cost ¢ under centralized pricing (dotted line) and decentralized pricing

with commission (solid line) for 8 =2, v =1 (left) and 5 = 2, v = 3 (right).
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7 Optimal Platform Design

Given that neither price control policy is preferred in all settings (Section 6), there could be better
designs for the platform. In this section we identify three such alternatives, all of which maximize
the platform’s profit. They differ in how they would be implemented in practice. With the first,
the agents report their costs and from the reported costs the platform assigns prices and fees for
the agents to pay. With the second and third the agents choose their prices, and the fees are affine
functions of easily observable metrics: the agent’s price or the agent’s demand quantity. As the
latter two mechanisms implement decentralized pricing, they satisfy regulatory requirements for

agents to maintain control over their prices.

7.1 Optimal Centralized Pricing

According to the revelation principle (Myerson 1981), the platform’s optimal design (i.e., pricing
policy and fee structure) resides within the set of truth-inducing mechanisms. With those mecha-
nisms, each agent reports a cost, ¢, and the platform announces a menu that maps the set of possibly
reported costs into a price posted for the agent, p(¢), and a per-unit served fee, f(¢), the agent pays
the platform. Consequently, we refer to this as a “cost-based” fee structure. This mechanism is
truth inducing if (i) it is optimal for each agent to report their cost truthfully, i.e., ¢ = ¢ for all
¢ (assuming all other agents do so as well) and (ii) an agent’s earnings from participation in the
platform is at least equal to the agent’s best outside option (which is normalized to zero). The first
requirement is referred to as the incentive compatibility constraint and the second is referred to as
the individual rationality constraint.

Let 7.(¢) be an agent’s earning with cost ¢ that reports cost ¢ to the platform:

7e(¢) = q(p(¢), p)(p(¢) — ¢ = f(2)).

The platform’s optimal mechanism can be found through the following optimization problem:

Ch
max T = [ g(p(c),p)f(c) de
p(e),f(c) 0

s.t. me(e) > me(¢) , Ve € ]0,1],Ve € [0,1]
me(c) > 0,Vc € [0,1]
Eq. (2)
where, recall, ¢p, is the highest cost among the agents active on the platform.
There are several challenges to derive the optimal mechanism. First, there is no constraint on the

form of the fee structure, f(c). Second, an agent’s earnings depend on all of the prices in the market
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through the average price, p. Hence, the platform’s mechanism must have consistent expectations
such that given the equilibrium cost reports, the assigned prices are such that the average price
leads to the expected quantities and profit.

To overcome these challenges, a transformation of the payoffs is used to decouple the initial
design problem into a set of independent designs across all agents. From this emerges the form of
the payment structure and the optimal mechanism can be evaluated in closed form, Proposition 5.
To the best of our knowledge, this is the first application of optimal mechanism design to a platform

with differentiated competition.

Proposition 5. The platform mazimizes its profit by asking all agents to report their costs and
then an agent with cost ¢ is assigned price p(¢) and pays the per-unit fee f(¢) to the platform,
where p(¢) = % - % + gé, e =% <% - %) + <§ - %) ¢. With this mechanism each agent in
equilibrium reports its cost correctly, ¢ = c, i.e., this mechanism is truth-inducing. See Table 1 for

outcome metrics of the optimal mechanism.

A comparison of the platform’s optimal mechanism with commission fees and centralized or de-
centralized pricing reveals the limitations of those strategies. From Table 1, centralized pricing with
commission fees achieves the optimal average price but it does not create the necessary dispersion
in prices. Consequently, with centralized pricing there are fewer than the optimal number of agents
(high cost agents are excluded from the market) and the total supply is less than ideal (low cost
agents are not supplying as much as they would want). In other words, because centralized pricing
lacks the ability to tailor prices to costs, it leads to sub-optimal supply.

Decentralized pricing with a commission fee addresses the main limitation of centralized pricing,
i.e., it allows prices to be tailored to the agents’ costs. But with a simple commission fee, the

tailoring is insufficient. To explain, with just a commission fee, price increases linearly in cost as

follows,
ople) _ 4
dc '
With the optimal fee structure, the responsiveness of prices to costs depends on market character-
istics:
dp(c) _ B
dc v

In particular, when platform competition is relatively weak, v < (3, then optimal prices are more
sensitive to agent costs with the optimal price schedule. In this situation, decentralized pricing
with a commission fee leads to an average price which is too high, so the optimal design skews

prices lower for the low cost agents. In contrast, when platform competition is relatively strong,
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B < 7, the optimal design needs to dampen price competition. It does so through prices that are
less responsive to the agents’ costs.

In sum, the platform’s optimal design addresses the limitation of centralized pricing (prices
are not tailored to agents’ costs) and the limitation of decentralized pricing (agents competing on
their own generally do not yield the correct average price for the market, nor the correct set of
active agents). Interestingly, even the agents, as a group, are better off with the platform’s optimal
design. Hence, the best design for the platform increases the platform’s profit by eliminating the
inefficiencies of poorly controlled agent competition rather than by stealing a larger share of the

available wealth.

7.2 Optimal Decentralized Pricing

The cost-based fee structure is impractical in the sense that it relies on agents to report costs and
its centralized structure is likely to fail to meet regulatory price control requirements. A preferable
alternative grants agents autonomy, uses observable metrics to decide payments, and continues to
optimize the platform’s profit. This section introduces two mechanisms that achieve those goals.
They work because both price and quantity are proxies for the agents’ unobservable costs. Their

simplicity enables implementation in the field, evidenced in actual practice.

7.2.1 Decentralized Commission-Plus Fees

Consider a mechanism in which the platform allows decentralized pricing and charges agents per
unit of demand served a price-based commission, ¢, and a fixed base fee, w. The platform’s total

fee per unit of demand served is f(p),

f(p) = ¢p+w.

We refer to this decentralized pricing fee structure as commission-plus - it is a commission fee with
a base minimum fee per unit served, w.

An agent with cost ¢ that posts price p and has an average price expectation p earns

me(p,p) = q(p, p)(1 — @)p — c — w).

The optimal price for this agent is

P*(Cvp)Z;(l(BW)p+c+w>'

0 1—¢
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For any average price, p, only agents with costs less than the threshold ¢, are active on the platform,

where 7, (p*(cp,D),p) = 0, and

Ch = Ch(‘bawvﬁ) = (1 — ¢)(1 ; (6 - ’Y)Tj) —w

The platform’s profit is

cp(o,w,p)
T (6, ) = (6 + w) / 40" (¢, D), D) de.
0

In a price equilibrium, the realized average price is consistent with the prices the agents select

and matches their expectations for the average price:

Ch (d’vwvﬁ)

J q(p*(c,p), P)p*(c,p) de

Ch (¢’waﬁ)

Of q(p*(¢,p),p) dc

3
I

From Proposition 6, the platform can use a unique commission-plus fee structure to replicate
the profits of the optimal centralized cost-based fee, and this is done with decentralized pricing to

satisfy regulatory concerns.

Proposition 6. With decentralized pricing, there exists a unique commission-plus fee structure
that yields the platform’s optimal profit in equilibrium. Furthermore, with these fees, the prices,
quantities served and earnings are the same for all agents and the platform as with the centralized

pricing optimal design from Proposition 5. The payment terms of this fee structure are given in

Table 2.

Affine contract Cost Reporting §7.1 Commission-plus §7.2.1 Quantity-based §7.2.2
ff(x) =¢" z4+uw* (Centralized) (Decentralized) (Decentralized)
) 5 1 ~ 1 1
Variable fee, ¢* - — = 1-— — —
Y2 26 28 v
. 1 /5 2 v 1 1 1
Fixed f * —|=—-- — = —
ixed fee, w 5 (5 7) 352 33 65+3’y

Table 2: Equilibrium variable (¢*) and fixed (w*) fees for the three optimal affine fee structures
f*(x) = ¢* -z +w*: cost reporting in §7.1 (z = ¢), commission-plus in §7.2.1 (z = p), and quantity-

based in §7.2.2 (z = q).
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The commission-plus fee structure achieves the platform’s optimal profit because each component
of the fee is tuned to address different control issues. The commission portion of the fee, ¢, regulates
the responsiveness of prices to the agents’ costs:

dp*(c,p)
oc

1 _8

= C.
l-¢ ~

The fixed per-unit fee the agents pay, w, allows the platform to adjust the average price in the market

1
2

independently from the dispersion (i.e., slope) of prices, i.e., a change in the fixed component, w,

causes all agents, independent of their cost, to shift their prices by the same amount:

op*(c,p) 1

ow 2(1—¢)°

Recall, the base “fee”, w, need not be positive, i.e., an actual fee. It is indeed an actual fee,
0 < w, when competition is strong on the platform, § < ~. In these situations, decentralized
pricing with a commission leads to prices that are too low and too few active agents, reducing the
overall revenue available on the platform. Hence, the platform charges a fixed fee per unit served,
0 < w, to force all agents to raise their prices. Doing so returns the average price on the platform
to the desirable level. On the other hand, when competition is weak on the platform, v < 3, the
commission fee leads to prices that are too high. The commission-plus fee addresses this issue by
converting w from a fee into a subsidy, w < 0, which motivates the agents to serve more demand,
i.e., to lower their prices. Put differently, the subsidy in essence lowers each agent’s cost, which

causes the agents to lower their prices, all by the same amount.

7.2.2 Decentralized Quantity-Based Fees

Quantity-based fee structures have been shown to help the efficiency of decentralized supply chains
(e.g., Monahan 1984, Weng 1995, Corbett and De Groote 2000). However, to the best of our
knowledge, their use for price coordination has not been studied in the context of service platforms.

Consider a quantity-based fee structure in which an agent that serves ¢ units of demand pays
the platform f(q) per unit, where f(q) includes a fixed amount per unit, w, and a variable amount

that depends on the quantity served, ¢gq,

f(q) = éq + w.

An agent with cost ¢ that selects price p and has an average price expectation p earns:
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The optimal price of the agent is

1 <L—W—vm
14 ¢)

Only agents with sufficiently low costs participate. Let c; be the highest cost agent that chooses to

p*(c,T?)=2< +c+2¢>+w>.
participate on the platform, i.e., m, (p*(cp, D), p) = 0, which implies

1-(B=79p
g

Ch = Ch(¢7 va)) = w.

The platform’s profit is

cp(d,w,p)
(6, w) = / 40" (¢ 7). P)(a(p" (¢, P), P) + w) de.
0

Proposition 7 shows that decentralized pricing with a quantity-based fee structure can also maximize

the platform’s profit.

Proposition 7. With decentralized pricing, there exists a unique quantity-based fee structure that
yields the platform’s optimal profit in equilibrium. Furthermore, with these fees, the prices, quantities
served and earnings are the same for all agents and the platform as with the platform’s optimal
commission-plus fee structure with decentralized pricing discussed in Proposition 6. The payment

terms of this fee structure is given in Table 2.

As with commission-plus fees, the two components of the quantity-based fees have different func-
tions. The quantity parameter, ¢, is responsible for regulating price dispersion (or, more precisely,

the sensitivity of selected prices to agents’ costs):

Ip*(c,p) 1 B

dc 2(1+¢y) v

In most circumstances, a quantity discount is offered: when v < 2/, the per-unit fee an agent pays
is decreasing in the quantity the agent serves, ¢ < 0. But if competition is particularly intense
on the platform, 28 < ~, then it is actually necessary for the platform to switch to surcharging
agents for greater quantities to motivate them to raise their prices. The base fee component, w, is
responsible for regulating the average price. As the variable component, ¢, also impacts the price
level, unlike with commission-plus fees, the fixed base fee, w, never converts to a subsidy.

Like the commission-plus fee, the quantity-based fee is able to replicate the optimal mechanism
because agents with different costs naturally want to select different prices, which means they serve

different quantities.
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8 Extensions and Robustness

The primary insights from the main model continue to hold with several extensions.

8.1 Capacity Constraints

Agents may have a constraint on the amount of demand that can be served, but the commission-plus
fee structure remains optimal for the platform (Proposition 8). Naturally, capacity constraints are
never desirable for the platform when the platform can use an optimal design. However, with the
simpler commission fee structure, capacity constraints can be advantageous to the platform. Rather
than use its fee structure to dampen competition, the platform can lean on the capacity constraints

to do so.

Proposition 8. Let k be the mazximum demand an agent can serve. Given this capacity constraint,

the platform achieves its optimal profit with decentralized pricing and a commission-plus fee struc-

* 2_ —
ture, ¢* =1 — g5, w* = (741“ 1flf+3> (%)

8.2 Alternative Cost Distribution

The uniform distribution facilitates analytical results and yields an optimal design that can be im-
plemented with a relatively simple structure. For other agent cost distributions, prices are non-linear
in the agents’ costs in the optimal design. Hence, the optimal fee structure cannot be implemented
with just a commission and per-unit fees (see Online Appendix, page 53). Nevertheless, as re-
ported elsewhere (e.g., Cachon and Zhang 2006) the optimal version of decentralized pricing with
commission-plus may perform well.

Consider a Beta(aq, ag) distribution with o; = ag = «, which implies the mean is a constant
0.5 and the density function is symmetric about the mean. Although closed form solutions for
the optimal fees are not available, optimal fees are numerically evaluated for 400 scenarios: ~ €
{0.1,0.2,...,10}, 5 € {2}, and a € {2,3,...,5}. The optimal linear fee yields on average 99.98%
of the optimal profit for the platform and no less than 99.9%. These numeric results suggest the
commission-plus fee structure can be robust to variations in the agents’ cost distribution, even

distributions that are far from uniform.

8.3 Throughput Maximization

Platforms may prioritize maximizing throughput over profits, which has been considered in other

models (e.g., Ahmadinejad et al. 2019, Castro et al. 2020, Yan et al. 2020). As profit is the product
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of quantity and margin, maximizing throughput (i.e., quantity) is a related objective. Hence, a
platform can also use decentralized pricing and a commission-plus fee structure to maximize the

total quantity served in the market (see Online Appendix, page 58).

9 Conclusion

Who should control pricing on a service platform and how should fees be collected? When pricing
is centralized with the platform, the platform is able to perfectly regulate the average price in the
market and this significantly influences the overall demand the platform is able to attract. However,
because agents know their own costs to participate, they are best able to tailor their price to their
circumstances. The issue with decentralized pricing is that the competition among the agents may
not lead to the appropriate prices nor the best set of active agents in the market. Depending on
the intensity of competition, prices can be too high or too low, and either some agents are active in
the market when they should not be, or some choose to not participate when they should. Hence,
the proper regulation of competition on the platform is critical.

Commission fees are simple to explain and administer, but lack sufficient precision on their own
to properly control prices. Consequently, if the platform is restricted to just commission fees, then
it may prefer to opt for centralized pricing to avoid the adverse scenarios of decentralized pricing.

Fortunately, it is possible to combine the robustness of centralized pricing with the advantages of
decentralization using as simple fee structure: the platform should charge a per-unit served fee that
consists of a fixed component and another component either based on the agent’s price (commission-
plus) or the amount of demand the agent serves (quantity fee). These refined fee structures allow
the platform to influence prices in a way that is not too heavy-handed, maintaining the flexibility
for agents to set prices that reflect their costs. In fact, they yield the platform’s optimal profit.
Furthermore, even the agents earn more with these affine fee structures than with either centralized
pricing or decentralized pricing and a basic commission.

So the question for a service platform is not so much who should control pricing, but how they do
it. For example, decentralized pricing may be necessary to classify agents as contractors rather than
employees. Although that classification has implications for who is willing to work on a platform
and the costs of their work, it may be possible to give agents full pricing control and yet fully correct

for the potentially negative consequences of doing so.
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Limitations

The primary trade-off we bring to light, between the costs of information asymmetry in central-
ized pricing and the coordination challenges in decentralized settings, appears robust against the
backdrop of stylized assumptions. However, as is the case in models of markets generally, the
exact formulation of the most effective fees is inherently interwoven with the choice of the con-
sumer demand model. Our analysis is predicated on a conventional demand model that is linear
in prices, which naturally complements the affine fee structures we propose. Such linear models
are well established in the literature (Angeletos and Pavan 2007, Bimpikis et al. 2019, Feldman
et al. 2023). Nonetheless, exploring demand models that introduce non-linear dynamics could be a
fruitful direction for future research.

In the context of our study, the robustness tests outlined in Section 8 substantiate the practicality
of affine fee structures. Even when these structures fall short of absolute optimality, they often
deliver outcomes that are very close to the ideal. Expanding future research could investigate
the robustness of affine fees to settings that include risk aversion, moral hazard, explicit forms
of horizontal differentiation, and bounded rationality. Lastly, while we concentrate on pricing,
platforms typically face a multitude of strategic decisions. The potential for optimal decentralized
fee structures to enhance overall outcomes in a multi-decision context is another promising topic

for investigation.

10 Acknowledgments

Supporting grants have been provided by the Mack Institute for Innovation Management and the
Ripple University Blockchain Research Initiative.

For their helpful feedback, the authors thank the review team and seminar participants at:
Andreessen Horowitz, Columba University, Georgia Tech, INFORMS Auctions and Market De-
sign Seminar, Boston College, Cornell University, HEC Paris, Imperial College Business School,
INSEAD, London Business School, Northwestern University, Universidad de Chile (Workshop in
Management Science), University of Bath, University of Michigan, University of Oklahoma, Uni-
versity of Oxford.

23


https://mackinstitute.wharton.upenn.edu/
https://ubri.ripple.com/

References

Abhishek V, Jerath K, Zhang ZJ (2016) Agency selling or reselling? channel structures in electronic retailing.
Management Science 62(8):2259-2280.

Afeche P, Liu Z, Maglaras C (2023) Ride-hailing networks with strategic drivers: The impact of platform
control capabilities on performance. Manufacturing € Service Operations Management 25(5):1890—

1908.

Ahmadinejad A, Nazerzadeh H, Saberi A, Skochdopole N, Sweeney K (2019) Competition in ride-hailing
markets. Available at SSRN 3461119 .

Allon G, Bassamboo A, Cil EB (2012) Large-scale service marketplaces: The role of the moderating firm.
Management Science 58(10):1854—-1872.

Altomonte C, Colantone I, Pennings E (2016) Heterogeneous firms and asymmetric product differentiation.

The Journal of Industrial Economics 64(4):835-874.

Angeletos GM, Pavan A (2007) Efficient use of information and social value of information. Econometrica
75(4):1103-1142.

Aouad A, Saritac O, Yan C (2023) Centralized versus decentralized pricing controls for dynamic matching

platforms. Available at SSRN 4453799 .

Arnosti N, Johari R, Kanoria Y (2021) Managing congestion in matching markets. Manufacturing & Service

Operations Management ISSN 1523-4614, URL http://dx.doi.org/10.1287/msom.2020.0927.
Atasu A, Ciocan DF, Desir A (2021) Price delegation with learning agents. INSEAD working paper .

Aumann RJ (1964) Markets with a continuum of traders. Econometrica: Journal of the Econometric Society

39-50.
Bai J, So KC, Tang CS, Chen XM, Wang H (2018) Coordinating supply and demand on an on-demand

service platform with impatient customers. Manufacturing & Service Operations Management ISSN

1523-4614, URL http://dx.doi.org/10.1287/msom.2018.0707.

Benjaafar S, Ding JY, Kong G, Taylor T (2022) Labor welfare in on-demand service platforms. Manufacturing
& Service Operations Management 24(1):110-124.

Besbes O, Castro F, Lobel I (2021) Surge pricing and its spatial supply response. Management Science
67(3):1350-1367, ISSN 0025-1909, URL http://dx.doi.org/10.1287/mnsc.2020.3622.

Bhardwaj P (2001) Delegating pricing decisions. Marketing Science 20(2):143-169.

Bhuiyan J (2020) Ab 5 is already changing how uber works for california drivers and riders. URL https:
//www.latimes.com/business/technology/story/2020-02-03/uber-ab5-driver-app/.

Bimpikis K, Candogan O, Saban D (2016) Spatial pricing in ride-sharing networks. Operations Research
67:744-769.

Bimpikis K, Crapis D, Tahbaz-Salehi A (2019) Information sale and competition. Management Science
65(6):2646—2664.

24


http://dx.doi.org/10.1287/msom.2020.0927
http://dx.doi.org/10.1287/msom.2018.0707
http://dx.doi.org/10.1287/mnsc.2020.3622
https://www.latimes.com/business/technology/story/2020-02-03/uber-ab5-driver-app/
https://www.latimes.com/business/technology/story/2020-02-03/uber-ab5-driver-app/

Birge J, Candogan O, Chen H, Saban D (2020) Optimal commissions and subscriptions in networked markets.
Manufacturing & Service Operations Management ISSN 1523-4614, URL http://dx.doi.org/10.
1287/msom.2019.0853.

Cachon GP, Daniels KM, Lobel R (2017) The role of surge pricing on a service platform with self-scheduling
capacity. Manufacturing € Service Operations Management 19(3):368-384.

Cachon GP, Lariviere MA (2005) Supply chain coordination with revenue-sharing contracts: Strengths and
limitations. Management Science 51(1):30-44, ISSN 0025-1909, URL http://dx.doi.org/10.1287/
mnsc.1040.0215.

Cachon GP, Zhang F (2006) Procuring fast delivery: Sole sourcing with information asymmetry. Management
Science 52(6):881-896.

Carmona R, Wang P (2021) Finite-state contract theory with a principal and a field of agents. Management
Science 67(8):4725-4741.

Castillo JC, Knoepfle D, Weyl G (2017) Surge pricing solves the wild goose chase. Proceedings of the 2017
ACM Conference on Economics and Computation, 241-242.

Castro F, Frazier P, Ma H, Nazerzadeh H, Yan C (2020) Matching queues, flexibility and incentives. Flexibility
and Incentives (June 16, 2020) .

Chen L, Cui Y, Liu J, Liu X (2023) Bonus competition in the gig economy. Awvailable at SSRN 3392700 .

Chen MK, Rossi PE, Chevalier JA, Oehlsen E (2019) The value of flexible work: Evidence from uber drivers.
Journal of political economy 127(6):2735-2794.

Cohen MC, Zhang R (2022) Competition and coopetition for two-sided platforms. Production and Operations
Management 31(5):1997-2014.

Cooper R, John A (1988) Coordinating coordination failures in keynesian models. Quarterly Journal of
Economics 103(3):441-463.

Corbett CJ, De Groote X (2000) A supplier’s optimal quantity discount policy under asymmetric information.
Management science 46(3):444-450.

Corbett CJ, Zhou D, Tang CS (2004) Designing supply contracts: Contract type and information asymmetry.
Management Science 50(4):550-559, ISSN 0025-1909, URL http://dx.doi.org/10.1287/mnsc.1030.
0173.

Dana JD Jr, Spier KE (2001) Revenue sharing and vertical control in the video rental industry. The Journal
of Industrial Economics 49:223-245, ISSN 1467-6451, URL http://dx.doi.org/10.1111/1467-6451.
00147.

Deneckere R, Marvel HP, Peck J (1996) Demand uncertainty, inventories, and resale price maintenance.
The Quarterly Journal of Economics 111(3):885-913, ISSN 0033-5533, URL http://dx.doi.org/10.
2307/2946675.

Desiraju R, Moorthy S (1997) Managing a distribution channel under asymmetric information with perfor-

mance requirements. Management Science 43(12):1628-1644.

25


http://dx.doi.org/10.1287/msom.2019.0853
http://dx.doi.org/10.1287/msom.2019.0853
http://dx.doi.org/10.1287/mnsc.1040.0215
http://dx.doi.org/10.1287/mnsc.1040.0215
http://dx.doi.org/10.1287/mnsc.1030.0173
http://dx.doi.org/10.1287/mnsc.1030.0173
http://dx.doi.org/10.1111/1467-6451.00147
http://dx.doi.org/10.1111/1467-6451.00147
http://dx.doi.org/10.2307/2946675
http://dx.doi.org/10.2307/2946675

Dixit A (1983) Vertical integration in a monopolistically competitive industry. International Journal of Indus-
trial Organization 1(1):63-78, ISSN 0167-7187, URL http://dx.doi.org/10.1016/0167-7187(83)
90023-1.

Feldman P, Frazelle AE, Swinney R (2023) Can delivery platforms benefit restaurants? Management Science
69(2):812-823.

Feng G, Kong G, Wang Z (2021) We are on the way: Analysis of on-demand ride-hailing systems. Manufac-
turing & Service Operations Management 23(5):1237-1256.

Filippas A, Jagabathula S, Sundararajan A (2023) The limits of centralized pricing in online marketplaces

and the value of user control. Management Science .

Foros O, Hagen K, Kind H (2009) Price-dependent profit sharing as a channel coordination device. Manage-
ment Science 55(8):1280-1291.

Foros O, Kind H, Shaffer G (2017) Apple’s agency model and the role of most- favored-nation clauses. RAND
Journal of Economics 48(3):673-703.

Foster L, Haltiwanger J, Syverson C (2008) Reallocation, firm turnover, and efficiency: Selection on produc-

tivity or profitability? American Economic Review 98(1):394-425.

Gurvich I, Lariviere M, Moreno A (2019) Operations in the on-demand economy: Staffing services with
self-scheduling capacity (Springer).

Ha AY (2001) Supplier-buyer contracting: Asymmetric cost information and cutoff level policy for buyer
participation. Naval Research Logistics (NRL) 48(1):41-64.

Hagiu A, Wright J (2015) Marketplace or reseller? Management Science 61(1):184-203.
Hagiu A, Wright J (2019a) Controlling vs. enabling. Management Science 65(2):577-595.
Hagiu A, Wright J (2019b) The optimality of ad valorem contracts. Management Science 65(11):5219-5233.

Halaburda H, Jan Piskorski M, Yildirim P (2018) Competing by restricting choice: The case of matching
platforms. Management Science 64(8):3574-3594.

Hu B, Hu M, Zhu H (2021) Surge pricing and two-sided temporal responses in ride hailing. Manufacturing

& Service Operations Management .

Hu M, Zhou Y (2019) Price, wage and fixed commission in on-demand matching. SSRN Electronic Journal

Hu M, Zhou Y (2022) Dynamic type matching. Manufacturing & Service Operations Management 24(1):125—
142.

Inderst R, Shaffer G (2019) Managing channel profits when retailers have profitable outside options. Man-
agement Science 65(2):642-659.

Jerath K, Zhang Z (2010) Store within a store. J. of Marketing Research 47(4):748-763.

Johnson J (2017) The agency model and mfn clauses. Review of Economic Studies 84(3):1151-1185.

26


http://dx.doi.org/10.1016/0167-7187(83)90023-1
http://dx.doi.org/10.1016/0167-7187(83)90023-1

Joseph K (2001) On the optimality of delegating pricing authority to the sales force. Journal of Marketing
65(1):62-70.

Ke TT, Zhu Y (2021) Cheap talk on freelance platforms. Management Science 67(9):5901-5920.

Lal R (1986) Delegating pricing responsibility to the salesforce. Marketing Science 5(2):159-168.

Lasry JM, Lions PL (2007) Mean field games. Japanese journal of mathematics 2(1):229-260.

Ledvina A, Sircar R (2012) Oligopoly games under asymmetric costs and an application to energy production.

Mathematics and Financial Economics 6:261-293.

Lian Z, Martin S, van Ryzin G (2022) Labor cost free-riding in the gig economy. Awvailable at SSRN 3775888

Light B, Weintraub GY (2022) Mean field equilibrium: uniqueness, existence, and comparative statics.
Operations Research 70(1):585-605.

Lobel I, Martin S, Song H (2024) Frontiers in operations: Employees vs. contractors: An operational per-
spective. Manufacturing € Service Operations Management 26(4):1306-1322.

Ma H, Fang F, Parkes DC (2020) Spatio-temporal pricing for ridesharing platforms. ACM SIGecom Ex-
changes 18(2):53-57.

Ma P, Shang J, Wang H (2017) Enhancing corporate social responsibility: Contract design under information
asymmetry. Omega 67:19-30.

Melitz MJ, Ottaviano GI (2008) Market size, trade, and productivity. The review of economic studies
75(1):295-316.

Mishra B, Prasad A (2004) Centralized pricing versus delegating pricing to the salesforce under information

asymmetry. Marketing Science 23(1):21-27.

Mishra B, Prasad A (2005) Delegating pricing decisions in competitive markets with symmetric and asym-
metric information. Marketing Science 24(3):490-497.

Monahan JP (1984) A quantity discount pricing model to increase vendor profits. Management Science
30(6):720-726, ISSN 0025-1909, URL http://dx.doi.org/10.1287/mnsc.30.6.720.

Mukhopadhyay SK, Zhu X, Yue X (2008) Optimal contract design for mixed channels under information
asymmetry. Production and Operations Management 17(6):641-650.

Myerson RB (1981) Optimal auction design. Mathematics of Operations Research 6(1):58-73.

O’Brien S (2021) Uber’s uk drivers to get paid vacation, pensions following supreme court ruling. URL
https://www.cnn.com/2021/03/16/tech/uber-uk-vacation-pensions-drivers/index.html.

Olszewski W, Siegel R (2016) Large contests. Econometrica 84(2):835-854.

Ongweso EJ (2021) Drivers are protesting a proposition 22 clone

in massachusetts. URL https://www.vice.com/en/article/y3g7mg/

drivers-are-protesting-a-proposition-22-clone-in-massachusetts.

27


http://dx.doi.org/10.1287/mnsc.30.6.720
https://www.cnn.com/2021/03/16/tech/uber-uk-vacation-pensions-drivers/index.html
https://www.vice.com/en/article/y3g7mg/drivers-are-protesting-a-proposition-22-clone-in-massachusetts
https://www.vice.com/en/article/y3g7mg/drivers-are-protesting-a-proposition-22-clone-in-massachusetts

Ostroy JM, Zame WR (1994) Nonatomic economies and the boundaries of perfect competition. Econometrica:

Journal of the Econometric Society 593-633.
Ozkan E, Ward AR (2020) Dynamic matching for real-time ride sharing. Stochastic Systems 10(1):29-70.

Padmanabhan V, Png IPL (1997) Manufacturer’s return policies and retail competition. Marketing Science

16(1):81-94, ISSN 0732-2399, URL http://dx.doi.org/10.1287/mksc.16.1.81.
Rey P, Tirole J (1986) The logic of vertical restraints. The American Economic Review .

Riquelme C, Banerjee S, Johari R (2015) Pricing in ride-share platforms: a queueing theoretic approach.
working paper, Columbia University .

Schmeidler D (1973) Equilibrium points of nonatomic games. Journal of statistical Physics 7(4):295-300.

Shubik M, Levitan R (1980) Market structure and behavior (Harvard University Press).

Singh N, Vives X (1984) Price and quantity competition in a differentiated duopoly. Rand Journal of Eco-
nomics 15(4):546-554.

Song Y, Ray S, Li S (2008) Structural properties of buyback contracts for price-setting newsvendors. Man-
ufacturing € Service Operations Management 10(1):1-18.

Spengler JJ (1950) Vertical integration and antitrust policy. Journal of Political Economy 58(4):347-352,
ISSN 0022-3808, URL http://dx.doi.org/10.1086/256964.

Taylor TA (2018) On-demand service platforms. Manufacturing € Service Operations Management
20(4):704-720.

Weinberg CB (1975) An optimal commission plan for salesmen’s control over price. Management Science
21(8):937-943.

Weng ZK (1995) Channel coordination and quantity discounts. Management Science 41(9):1509-1522, ISSN
0025-1909, URL http://dx.doi.org/10.1287/mnsc.41.9.1509.

Xie W, Jiang Z, Zhao Y, Shao X (2014) Contract design for cooperative product service system with infor-
mation asymmetry. International Journal of Production Research 52(6):1658-1680.

Yan C, Zhu H, Korolko N, Woodard D (2020) Dynamic pricing and matching in ride-hailing platforms. Naval
Research Logistics (NRL) 67(8):705-724.

Yao DQ, Yue X, Liu J (2008) Vertical cost information sharing in a supply chain with value-adding retailers.
Omega 36(5):838-851.

28


http://dx.doi.org/10.1287/mksc.16.1.81
http://dx.doi.org/10.1086/256964
http://dx.doi.org/10.1287/mnsc.41.9.1509

Appendix

A Demand Model

This section derives our demand model from a customer choice process and relates it to an estab-
lished model in the literature.

The “single representative consumer” (SC) approach is well established in the literature to derive
a demand model from a choice process across differentiated agents in oligopoly settings (Singh and
Vives (1984) and Ledvina and Sircar (2012)). With this approach, given the agents’ prices, a single

consumer selects quantities across all agents to maximize a global linear-quadratic utility, U,
1 1

1 1 1
- 0/ a(e)de - 2170 erdc— 3 (5-1) O/ (0 0/ o)z | de - 0/ ple)a(e)de,

where ¢(c) is the demand quantity selected for an agent with cost ¢ € [0,1]. The model is usually
presented in discrete form, but here we present the analogous continuous form used in Foster et al.
(2008). Define an active agent to be one with positive quantity, ¢(¢) > 0. To maximize U, the

quantity of an active agent satisfies 9U/9q(c) = 0, or

o;}yq(c)<>o/lq )de — p (5)

The quantity demanded from an agent with cost ¢, g(c), depends on the agent’s price, p(c), and an
aggregate metric of quantity, which in this case is the total quantity in the market. If all agents are

active, integrating the marginal utilities in (5) over all active agents, we obtain

0= 0/ 5 al) - (; - i) 0/ a(c)de — p(e) | de

which simplifies to

By substituting this relationship into (5) and solving for ¢(c), we express each active agent’s demand

in terms of the average price of all agents and the agent’s own price:

1
g()=1— (5 —) / p(e)de — 1p(c). (6)
0
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Instead of a single representative consumer, consider a demand model derived from a continuum
of consumers (CC). In particular, there is one consumer for each agent c¢ that selects the agent’s
quantity, ¢, to maximize a utility, 4.(q), derived from the agent’s good and one other good which
is a composite of all other goods. In effect, each agent offers a good on the market which competes
with all other agents through the composite good. In this case,

i) = 2g— L2 (L_1) 6o
ila) = 30 502 (- 2 )i sl

q= /IQ(C)dC-
0

The utility 4.(q) a consumer receives from the agent’s offering has several components. The first

where

two terms reflect the utility from the agent’s good in isolation (with the usual declining marginal
returns to consumption). The third term indicates that the agent’s good is more or less valuable
depending on the magnitude of the composite good, which is proportional to the average quantity
in the market, ¢. (As there is a unit mass, the average and the total quantity in the market are
identical.) The fourth term is the payment made to the agent.

As all agents are small, the consumer of each agent is taken to be small, which means their
choice of ¢ has no impact on the composite good, i.e., each agent takes ¢ as given. It follows that
the quantity selected for an agent with cost ¢ satisfies 01u.(q(c))/0q(c) =0, or

Ozé—flyq(c)— (;—Dd—p(c),

which is equivalent to (5). Thus, the CC model yields the same demand functions as the SC model,
(6). In other words, the demand model that is typically used in the literature, which has been
derived from the SC utility, can also be obtained from the utility maximization of a continuum of
consumers.

A limitation of these models, as noted by Ledvina and Sircar (2012), is that each agent’s de-
mand can be expressed only in terms of prices conditional on the set of active agents. This is not
problematic if all agents are assumed to be active for all sets of feasible prices. But it is a concern
with markets in which some agents choose to not participate in some circumstances (e.g., if other
agents choose very low prices). To address this issue, take the continuum of consumers approach for
deriving the demand function and make only one modification. Instead of using the total quantity

in the market as the aggregate metric for the composite good, ¢, use the weighted average quantity,
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<l
-

q(c)
1
0\ [q(c)de
0

In particular, let the utility earned from each agent with quantity ¢ be

e(q) = Lo Lpeo <; — i) qq — p(c)q.

As in the CC model, the utility received from a agent’s good depends on ¢, the agent’s price and a

q(c)de.

iy
Il

composite good from the offerings of all other agents. The only difference is the construction of the
composite good, either being the straight or weighted average of the agents’ quantities.
We next confirm that the utility @, of the continuum of consumers yields our demand model.
The consumer for each active agent selects a quantity to maximize their utility given g. Hence,

from the marginal utility for each agent, 0u.(q(c))/9q(c) = 0, the optimal quantity satisfies

1 1 1 1)\ _
0= 5240~ (51 )7-sto) )
Inactive agents have zero quantities, g(c) = 0. Therefore,
1 1 1 1Y\ _
~(5-2a@ - (5-1)a-90) a0 ®)

is satisfied for all agents, including the inactive ones. Taking the integral of (8) over all agents, we

obtain

which yields
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Rewriting the expression in terms of g, we find

S]]

where p is the weighted average price,

1
D= / 1 c)de.

0 q(c
0
Substitution of g from (9) into (7) yields our demand model for each agent:

q(c) =1~ (B —)p—yp(c).

This demand for each agent ¢ applies for all possible prices because the weighted average price
naturally accounts for the agents that are not active (i.e., have zero quantity). Consequently, it is
possible to compare two settings with different prices because both settings have the same coefficients
in the demand model (i.e., 8 and 7).

Several features of the CC model with weighted average quantities are worth highlighting. First,
as with the SC model, each agent’s demand behaves as you would expect with respect to their own
price and the aggregate metric. Second, the weighted average price ignores posted prices that do
not lead to actual transactions and thus represents the average price actually paid on the platform.
This is intuitively appealing: it is the price a consumer can expect to pay on the platform before
the consumer observes the price they actually pay. Third, there is a precedent for the weighted
average quantity. As in the well-known Herfindahl-Hirschman index, each agent’s quantity is scaled
by its market share,* the ratio of the agent’s quantity to the total quantity. (The HH index further
divides each agent’s demand by the total quantity to normalize the index to range from 0 to 1, but
that is not desirable here.) This ensures that the demand for each agent depends not only on the
total quantity in the market but also the dispersion of that quantity, which is intuitively appealing.
For example, a consumer’s utility for chocolate may depend not only on the total quantity of other
flavors but also on how that quantity is distributed among the other flavors. Fourth, and most
importantly, because the coefficients of the demand model (8 and ) do not depend on the set of
active agents (which is endogenous), “apples to apples” comparisons can be made across different

fee structures and pricing regimes (e.g., Table 1).

*We would like to acknowledge Robert Bray’s insight to link our demand model to the Herfindahl-Hirschman

index.
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Pricing Control and Regulation on Online Service Platforms

Online Appendix

Gérard P. Cachon, Tolga Dizdarer, Gerry Tsoukalas’

B Proofs

Proof of Proposition 1. In centralized pricing, there exists a single price in the market. The
average market price is equivalent to the price set by the platform. Let p be the price set and ¢ be
the portion of revenue retained. Conditional on participation, an agent with cost ¢ earns
me(p) = ¢(p)((1 = ¢)p —¢)
=1 =6p)((1 = d)p— o).
Agent earnings are decreasing in cost and therefore there exists a threshold cost, ¢, for which agent

with cost ¢ participates if and only if ¢ < ¢,. The highest cost that participates is

e, (D) =0 = ¢ = cn(p, ¢) = (1 — ¢)p.

Platform’s profit maximization problem is

Ch(ﬁv(ﬁ)
max I°(p,¢) =¢p [ q(p)dc
b 0

= ¢(1 - ¢)p*(1 - Bp).

The objective function is concave in ¢ and maximized at ¢ = 1/2. Similarly, we have

o1 (, ¢) 2
—————=¢(1—-¢)p(2—-306p) >0 <= pe [0, —]|.
% ¢(1 —¢)p(2 —30p) = pe |03
Therefore, the platform’s objective is maximized at
_ 2
p - 357
1
6=3.

Plugging in the equilibrium price and commission, the platform’s profit is

_ _ 1
¢ = ¢(1 - ¢)p*(1 - Bp) = T

*Cachon (cachon@wharton.upenn.edu): University of Pennsylvania; Dizdarer (dizdarer@bc.edu): Boston College;

Tsoukalas (gerryt@bu.edu): Boston University.
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The highest cost that participates is

= (1= 0)p = 5.

The total quantity of customers served in the market is

Ch (ﬁ7¢)

Q= / q(p) de
0

(1-9¢)p(1 - 5p)

_ 1
=95
Agents’ total earnings is
cn(D,9)
¢ = q(P)((1 = ¢)p—¢) de
0
1
=5 (1= Bp)p*(1 - 9)”
1
- 5432

O

Proof of Proposition 2. Consider a broad class of fee structures such that an agent pays the
platform (i) a base unit fee, w, per unit served and (ii) a commission, ¢p, per unit served where
¢ < 1 is the fixed commission rate and p is the agent’s price. An agent with demand ¢ pays the
platform in total ¢ (w + ¢p). The fixed per-unit fee, w, can be negative, meaning that it is actually
a per-unit subsidy.

With this payment structure, we seek to determine the uniqueness of a price equilibrium. Each
agent’s earnings depend on the average price on the platform, so it is sufficient to consider a price
expectations equilibrium in which each agent expects the average price to be p, and all agents select
prices based on that expectation that yield p, as the actual average price.

An agent with price expectation p,, cost ¢ and price p expects to earn
7"-c(])aﬁe) = q(paﬁe) ((1 - ¢)p —C— w)
=1 =Bpe+7 @ —p)(1=¢)p—c—w).

Because earnings are strictly concave in price, there exists a unique price, p*(¢, p, ), that maximizes

the agent’s earnings,

piep) =g (TSR S50 (10
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Let the realized average price be p. This agent then receives ¢(p*(c,p,),p) demand,

The realized quantity served is decreasing in cost, ¢. Define ¢y to be the smallest cost such that the

«ﬂmn»m=1<ruﬁ—w@fam— (11)

2

optimal quantity is zero,

co = minfe g(p'(e.p).p) = 0} = - EE DR, (12)

The realized average price is

min{co,1}
q(p*(¢,p.), P)p* (¢, p.) de
0 . (13)

min{cp,1}

3
I

q(p*(c,p.), p) dc
0

A price equilibrium exists if p, = p. We will show that there can exist only one such equilibrium in
any market.
From (12), given an equilibrium, i.e., p = p,, the average price in equilibrium can be expressed

in terms of ¢y,
Yeot+w)+¢—1

p= 14
(-0 F) -
From (10), (11), (14) and p, = p, the equilibrium condition (13) can be written as
Mj%”(v@w—@><c+m+ﬂw>dc
027(00+w)+¢—1_ 0 2(1-9) 2(1-9)
(1—=o)(v—5) minfeo, 1} /(¢ — ¢)
J 2(1-9¢) e
’ (15)
Y(o+w)+¢—1  (2c0 +3w)(y — B) e <1,
1-¢ 3(1-9)
— 0= 9
Y(eo+w)+o—1  (3cg+6cow—3w—1)(y—p5) .
_ ,if cg > 1.
1-¢ 3(2¢c0 = 1)(1 = 9)
The right-hand side of (15) is continuous at ¢y = 1. It is also monotonically increasing in co:
0 (lcotw)+¢—1 _ (2co+3w)(y=B)\ _ 28+y
e (M Site ) = ity > 0V < 1,

2 (’Y(Co+w)+¢—1 B <3c%+6cow—3w—1>w—ﬁ>) _ 4+B(6(co—1)co+2)+6v(co—1)co
deo s 32c-1)(1-9) - 3(2c0—1)2(1—¢)

> 0 Ve > 1.
As a result, the right-hand side of (15) can only cross zero once, yielding a unique c¢g.

The unique candidate cg in the domain ¢ <1 is
_3(L—¢ - fu)

o = S (16)

35



From (14) and (16), for this candidate cg, there exists a unique equilibrium average price,

21 —¢) +yw
1-¢)28+7)

P=1 (17)

O

Proof of Proposition 3. The uniqueness of an average price that satisfies consistent expectations
equilibrium is guaranteed by Proposition 2. Due to equivalency of the expected average price, p,,
and realized average price, p, we do not make the distinction between the two throughout the proofs.

In decentralized pricing with commission fees, conditional on participation, an agent with cost

c setting a price p earns

Te(p,p) = (1 = Bp+ (P — p)) (1 — ¢)p — ).

Agent’s profit depends on individual price, p, and also the average market price, p, which is charac-
terized in the equilibrium. Since each agent is small, the price set by an individual agent does not
influence the average market price.

Each agent chooses the price that maximizes own earnings. From (10),

p*(e,p) = 217 <1+(7/J’)p+ 1'7_c¢> .

The agent earns
(1-¢-p(1—)(B—7)—70)?
4y(1-¢) '

Agent earnings are decreasing in cost, ¢, and therefore there exists a threshold cost, ¢, for which

7TC(p* (C, T)) ) Tj) =

agent with cost ¢ participates if and only if ¢ < ¢p. Define ¢y to be the lowest cost that yields zero

profit: )
o (5 (00, D).B) = 0 = o = co(@) = LD : (=8P

Then,
cn = cp(¢p) = min{1, co}.
If ¢y < 1, the average market price is uniquely defined by (17):

2
268+~

Tj:
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The platform’s profit-maximization problem is:

I’Il(;),X HD(d)) :Qbf? Of Q(p*(c’ﬁ)aﬁ) de

co(¢)
= ¢p { q(p*(c,p),p) de
(1 -9)e
C2028+1)%

The objective function is concave in ¢ and is maximized at ¢ = 1/2. It yields a profit of

b 9(1-d6 9( A
= 50517 ~ 8 ((%w)ﬁ‘*)'

This is a feasible solution because

(1-¢)(1+(v—5)p)
g

Co —

3
48 + 2~

which follows from the § > 1 restriction discussed in Section 3.

<1,

If ¢p > 1, the average price is determined by (15). The platform’s profit is
cn(9)

HD((Z)) = ¢p ‘0[ q(p*(caﬁ)vﬁ) de

p bf 47" (. D). P) de

(18)
_ (A +(=8p* ~
=0 (O )
_1(Bg-1)¢
T 1201 )

where the last equality follows by plugging in (14). We will show that the optimal solution does not
reside in any set of ¢, ¢y > 1 that satisfies (15). As a first step, apply implicit function theorem on

(15) to get
deg 3(2co — 1)?
9o v+ B(6(co — 1)cg +2) + 6y(co — 1)co

Using the partial derivative, take the total derivative of (18) with respect to ¢:

dii®(¢) v e .
dp  12(¢ — 1)3(y + B(6(co — 1)eo + 2) + 67(co — 1)co) (7(6(1 o)co = 1) (35 — 1) (¢ +1)

—28 (9¢h — 9¢3 +3co — 1) (¢ + 1) — 18¢o(1 — 2¢0)(¢p — 1)¢>.

< 0Vc¢y > 1.

The right-hand side is positive for all ¢g > 1 and 1 > ¢ > 0 whenever 8 > 1, and therefore

dI1” ()
d¢

> 0.
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This means, in any solution with ¢y > 1, the profits are increasing in ¢. Together with 0¢/dcy < 0,
this implies that we cannot have an optimal with cg > 1. With any candidate optimal ¢ satisfying
co > 1, you could improve the solution by increasing ¢, which lowers ¢y, creating a contradiction.
Hence, the optimal solution resides within the case ¢y < 1.

The highest cost that participates is
(1-¢)1+ (v —B)p) 3

= ol T 228 +7)

Total quantity of customers served in the market is

Agents’ total earnings is

O

Proof of Proposition 4. The ratio of platform’s profits under decentralized pricing and central-

ized pricing is:

Iy
U2 gy S@Ea) _ 24387
L T
2732
The platform prefers decentralized pricing if
24387 3 2 2 3
—————=>1 < —0645° 4 147 — 48 — 877 >0
828 + )8 B By By Y

3 2
<— —64<B> +147<’8> — 48 <B>—8>0
Y Y Y

< 0.5390 < v < 1.7858.
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Proof of Corollary 1. With both centralized pricing and decentralized pricing, agents’ total

earnings is equal to half of the platform’s:

% 1 i@
7° 2762 1 8\ (28+7)3) 7P

II¢ r 2 9 v nEh
5452 16 <(25 + 7)3)

Therefore, agents’ aggregate welfare is higher with decentralized pricing if and only if platform’s

profit is higher with decentralized pricing. By Proposition 4, this is true if
0.5398 < v < 1.7850.

To show that not all agents are better off with decentralization, let v = 33/2, 8 = 2 and consider
the agent with cost ¢ = 1/10. Numerical evaluation determines the agent earns 1/45 ~ 0.022 with

centralized pricing, whereas the agent earns less, 24/1225 ~ 0.020, with decentralized pricing.

O

Proof of Proposition 5 According to the Revelation Principle (Myerson 1981) the set of optimal
mechanisms can be found within the set of truth-inducing mechanisms. In such a mechanism, the
platform posts a menu of costs, and prices and fees associated with each cost. Each agent reports
a cost and is assigned the price and fee associated with that cost, and each agent (i) earns non-
negative profits (Individual Rationality), and (i7) prefers to report own cost truthfully given that
all other agents do the same (Incentive Compatibility). Following this structure, let p(c) be the
price the platform assigns to agent ¢ and let F'(¢) be the fee collected. Note that F'(c¢) is the total
fee and not per-unit, F'(¢) = q(p(c),p)f(c). Let m.(¢) be an agent’s earnings with cost ¢ when the
agent reports cost ¢:
7e(€) = u(c, p(¢)) — F(¢)

where

u(c,p(¢)) = (1 = Bp+ (@ — p(e))) (p(¢) — ¢).

The Individual Rationality (IR) and the Incentive Compatibility (IC) constraints are

respectively for all ¢ € [0,1], é € [0, 1].
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Because of the IC constraints, agent earnings are strictly decreasing in cost:

7e(c) = me(¢) = (1 = fp + (P — p(9))) (p(€) — ¢) — F(¢)
> (1 =8P+~ —p(©)) (p(€) — &) — F(¢) = ma(¢)
for all ¢ > ¢. This also implies that the agent with the highest cost, ¢ = 1, earns zero under
the optimal truth-inducing mechanism: if the highest cost agent were to earn a strictly positive
amount, then the platform could uniformly increase the fee, F'(¢), for all participating agents,
thereby increasing its profit.

We can re-formulate an agent’s earnings as

me(€) = ma(¢) — u(é, p(¢)) + u(c, p(c)).

For a pair of agents with costs ¢, ¢, IC constraints imply

These inequalities can be combined:

u(é, p(c)) — ule,p(e)) < ma(€) — me(e) < u(é p(c)) — ule,p(¢))

¢ u(c c ¢ ol . (19)
= /a(gékp()) dey, < m(€) — me(c) S/a(;;f())dck-

& C
This inequality has two important consequences. First, ignoring the middle term, Equation (19)

implies

Cc Cc

/ Ou(ck, p(c)) dey, < / Ou(ck, p(c)) deg, Ve € [0,1],¥é € [0, 1]
ey, dcy,

— - / (1 - ﬁﬁ%—v(ﬁ—p(@)) dck < _/(1 - ﬁﬁ—{—’y(ﬁ—p(é))) dcka Ve e [07 1]7VE € [07 1]

— (1=Pp+7(P—-p())(c=¢) < (1= pp+~(p—p(d))) (c—¢), Ve e [0,1],Ve € [0,1]
— 0 < (p(c) — p(&))(c — &), Ve € [0,1],Vé € [0,1]
< p'(c) >0, Ve € [0,1].
(20)
Second, because u(¢,p(c)) is a continuous function of ¢, this inequality implies that mz(¢) is also
continuous with respect to the Lebesgue measure and thus, almost everywhere differentiable. Fur-

thermore, its derivative is

dre(c)  Ou(c,p(c))
dc Oc '
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Using the fundamental theorem of calculus:

7&(¢) = me(c) + / dﬂ;kcick) dey, = me(c) + / W dcy,.

Because the highest cost agent earns zero, setting ¢ = 1, the equation simplifies to

1

ou(ck,p
P d
/ 8Ck Ck,

which means
1

F(e) = ule, p(c)) + / W dey. (21)

C

Our analysis so far established that (20) and (21) are necessary conditions for IR and IC. Now,
we will show that they are also sufficient. By establishing an equivalence between the two sets of
constraints, we will be able to replace the IR and IC constraints in the platform’s optimal mechanism
problem with Equations (20) and (21) and therefore convert the problem into a tractable form.

It is straightforward to show that (21) is sufficient to imply IR:
7e(c) = u(e,p(c)) — F(c)

1
— u(e, p(e)) — ule, plc) / aCk ) dey
1
_ Ou(ck, p(cr))
= —/aCk dck

C

1
— [@=Bp+-pla) dow 2 0¥e € 0.1
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Similarly for IC, we have

me(€) = me(e) = u(e, p(€) — F (&) — ule, p(c)) + F(c)
1 1
“ulep(@) — u(ep(@) — [ P i) +uleple + [ PUBLD g,

ZU(c,p(é))—u(é,p(e))_/au(%P(Ck))de

/ ocy.
[ u(cr, p(d)) [ ducr, p(cx))
:/éCCk dck —/ng k dck
- / (1— 8D+ 7(p — p(®))) dex — / (1= BB+ (P — pler))) de

c
— [ () - p(@)) dex > 0, Ve € 0.1). 2 € .1
¢
Now, we construct the platform’s problem. The platform chooses p(c) and F'(c¢) to maximize
total profits subject to IR and IC constraints, and the natural restriction that the demand of an
agent cannot be negative:

1
max F(c) de
p(c),F(c) ({ ©

s.t. me(c) > 7.(é),Ve € [0,1],Ve € [0,1]
me(c) > 0,Vc € [0,1]
1—pp+~({@-p(c) =0,vce[0,1]
Eq. (2).

(22)

Using the equivalence we found earlier, we replace IR and IC constraints with Equations (20) and
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(21):

max F(c) de
p(c),F(c) of ©

st.  pl(e) >0,Vece|0,1]

1

F(c) =u(e,p(e) + [ ou( Clgc k) deg, Ve € [0,1]
c k

1- Bﬁ'f' ’Y(p - p(c)) 2 O’VC € [07 ”

Eq. (2)

1 1

= max f( +fauck’))dck> dC
p(e) 0

st.  p'(e) >0,Vce|0,1]
1—8p+~([@—pc)) >0,Vc e [0,1]

Fq. (2).
[ ulcr, plcx)) I oul

(s e

/1 oule ko),

0

Using integration by parts,

(/2o )
0

C

(23)

The platform’s problem converts to

max £<u(c, p(c))+87”‘(c’p(c))c) de

sp.(t.) p'(c) >0,Vc € [0,1]
1—=pp+~(P—p(c)) 20,Vc € [0,1]
Eq. (2)
= max Ofl ((1 — Bp+ 7@ —p(e)(p(c) —c) — (1 — Bp+7(p — p(c)))c) de
st pl(e) >0,Ve € 0,1] (24)
1= pp+~(p —ple)) = 0,Ve € [0,1]
Eq. (2)

—ma [0 5+ (- pO) () - 20) de
s.t. p'(¢) >0,Ve € [0,1]
1= pp+~(p—plc)) = 0,Ve € [0,1]
Eq. (2).

We re-formulate this as a quantity-choice problem. Let ¢(¢) be the demand platform assigns to

43



agent with cost c¢. By Equation (1), we have one-to-one equivalence between price and quantity:

p(c): 1+(7_ﬁ)ﬁ_q(6)'

The average price in Equation (2) is

_ v
p = 1
[ q(e)de
0

which simplifies to
q(c) (1 —q(c)) de
B Jy alc)de

Platform’s optimal quantity-choice problem is

C—r

p:

1

max/q <1+7 B)p — q(c) 2C> de

q(c) ; Y

s.t. ¢'(c) <0,Ve e [0,1]

q(c) > 0,Ve € [0,1]
Eq. (25).

We can further simplify the objective function. Notice that Equation (25) implies:

p/o B/ ) (1 =q(0)) de.
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Using this relationship,

_ qu@ (L1 0

The problem terms no longer depend on the average price:

1

1—
max/q < ale 2c> dc

0

s.t. ¢'(c) <0,Ve € [0,1]

(27)

q(c) > 0,Vc € [0,1].

Relaxing the first constraint, we can decompose the problem into individual sub-problems for

max g(c) <1_BQ(C) - 2c> de

q(c)

all agents:

s.t. g(c) > 0.
This is the maximization of a simple quadratic function with a linear constraint. The optimal
quantity is:

q*(c) = max {0, % — Bc} .

The highest cost agent with non-zero quantity is

o 11
Ch—mln{,%}—%.

The second equality follows from the 5 > 1 restriction discussed in Section 3. This solution also
satisfies:

q*/(c) < 0.
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Therefore, the solution our relaxed problem is also optimal for the platform’s optimal mechanism.

The average market price is:

q*(c) (1 = q*(¢)) de

O —

p= 1
B{q*(C)dC
B 2
=35

Other equilibrium characteristics are as follows:

_ 1+ (=Bp—q'(9)
gl

() E (20) 4 G-

The per-unit fee collected is

p*(c)

Because we can map the fee structure of the optimal mechanism to one that is linear in price,
Proposition 2 applies also to the optimal mechanism. Therefore, with the optimal mechanism, there
exists a unique equilibrium average price.

The platform earns

Agents’ total earnings is
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Proof of Proposition 6. With the optimal mechanism, we have

0= (5520) £(2-) (-

@ ((a-55) o+ ).
There is a unique candidate commission-plus fee structure that may yield the same equilibrium
outcome as the optimal mechanism. To show that this structure indeed replicates the optimal
mechanism, let the platform set its terms

e S Bl
qb—l 25771}_ 3527

and assume agents expect an average price of
2

ﬁw

By Equation (10), an agent with cost ¢ posts a price under commission-plus
oy L (1=(B=7p  ctw
2 c
+ﬁ

T 38 6y

The price chosen by any agent is exactly equivalent to the one in the optimal mechanism. Same is

true for the fees paid. Because prices and fees are the only decision variables in the setting, then

commission-plus with the given terms replicates the optimal mechanism

Proof of Proposition 7. With the optimal mechanism, we have
-2 2c
F*(C)202 M + = é_l _i_i
2y 3 \v 24
1 1
=q" — - — + — + >
@((55-3)

There is a unique candidate quantity pricing fee structure that may yield the same equilibrium

¢

outcome as the optimal mechanism. To show that this structure indeed replicates the optimal

mechanism, let the platform sets its terms

1 1 1 1

b= == w= — +
28 v 68 3y

Conditional on participation, an agent with cost ¢ setting a price p earns

Te(p,p) = (1= Bp+v(@ —p))(p — ¢(1 = Bo+~v(P —p)) — c —w).
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Because earnings are strictly concave in price, there exists a unique price, p*(¢,p), that maximizes

the agent’s earnings,

1—p(8 =) (1 +27¢) +y(c+w +2¢)

2v(1 +v9)
2 1. 6

38 6y v

The price chosen by any agent is exactly equivalent to the one in the optimal mechanism. Same is

p*(c,p) =

true for the fees paid. Because prices and fees are the only decision variables in the setting, then

quantity pricing with the given terms replicates the optimal mechanism.

O

Proof of Proposition 8. We will re-solve centralized pricing, decentralized pricing, optimal
mechanism and commission-plus models under the assumption that agents have a maximum capacity
to serve k demand.

Centralized pricing: Without capacity constraints, the number of customers an agent serves under

centralized pricing is
_ 1
q¢(p)=1-F6p= 3.

With capacity constraints, the capacity will be binding if and only if k < % When capacity is

binding, if platform sets a price p, the profit agent with cost ¢ earns is

me(p) = k(1 = &) — ¢).

Agents participate as long as they earn positive profits. The highest cost that participates, ¢y, earns

Zero

Ten(P) =0 = cp = cn(p, ¢) = (1 — ¢)p.

The platform’s profit is:

cn(D,9)
11¢(p, ¢) = kop de
/
= ko(1 — ¢)p°.

The objective is increasing monotonically in p. It is optimal for platform to increase the price as
long as there is excess capacity. In the optimal, quantity served is equal to the capacity:
_ _ _ 11—k
k=q()=1-5p = p=—pF"

The objective is also concave in ¢ and is maximized at ¢ = 1/2.
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Plugging in the solution, the platform’s optimal profit is

k(1 — k)2
462

Decentralized pricing with commission: Without capacity constraints, the maximum number of cus-

I =

tomers an agent serves under decentralized pricing with just commission is

o' (0.9).7) = 1= B9+~ 1" 0.7) = 757

With capacity constraints, the capacity will be binding if and only if k£ < 453%27. The agents need

to incorporate the capacity constraint in their pricing decision. Profit earned by agent with cost ¢

and price p conditional on participation is

7e(p,p) = min{1 — Bp + (P — p), k}(1 — d)p — o).
Agent sets the price that maximizes own profits:
maxmin{l — fp+v(p —p), KH(1 ~ ¢)p — ¢).
Without capacity constraints, an agent’s optimal price is characterized by Equation (10),
c

ven =g (1+0-mr+ 1),

which gives quantity

q(p*(c,D),P) = % (1 +(y=8)p— 10_7¢> .

Since quantity served is decreasing in cost, there exists a threshold, ¢, where only the agents costs

c < ¢ are capacity constrained. The threshold agent has exactly the quantity k:

(" (E,p),p) =k = E=i(0) = (1—¢)(1+(3—,8)p—2k:).

If an agent is capacity constrained (k < q(p*(¢,p),P)), any decrease in price further than the one
that matches capacity and demand decreases the agent’s margin, but not increase quantity served.
Hence, an agent never sets a price lower than the amount that makes capacity binding. The optimal

price of an agent with cost ¢ < ¢ is:

—Bp—k

The highest cost agent that participates has 0 demand:

4" (D) P) =0 = = cn() = LU J; (v=B)p).
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Agents’ equilibrium prices are

1+ (y—B)p—k
v

p*(c,p) = _
1 (14 (y—PB)p c .
2( v +1—¢>’ ceesan

Agents with cost higher than ¢, cannot profitably participate.

The average market price is defined in the equilibrium as a weighted average of all prices set in
the market. The average price that occurs by the agent’s optimal decisions is consistent with their
expectation of the average price. By Equation (2):

T 4 (e.5). Pp*(e,p) de
p= o
OIQ(p*(caﬁ%ﬁ) dc

kp*(¢,p) de + fh (1 =8P+~ —p*(c.p))p"(c.p) de

O%(‘:z

[rdes (1= pp+(-p(c.p) ae

_ 3y = B) + 1)* + 6k(P(8 — ) — 1) + 4k
3Py —=B)—k+1) '

There is a unique feasible equilibrium average price:

_ 1282k 41239k + 992 (k — 1)2 + 68(k — 1) — 3y(k — 1)
P 68(8 — ) '

Platform’s profit maximization problem is:

X P =¢p (bf(l — Bp+ (P — p*(¢,p))) de+ ifh(l — B0+~ —p*(c,D))) d0>

o (—h/=12B2R2 1237 K2+ 072 (k= 1) 24/~ 1282K2+12B7R7 972 (k—1)2+2Bk%+ 3y (k—1)? )

682y (1 - ¢)¢

Platform’s profit function is concave in ¢ and is maximized at ¢ = 1/2. Platform’s profit is

k (—k\/—1262k2 F1287K2 + 992 (k — 1)2 + /—1282k2 + 1287k + 972 (k — 1)2 + 28k + 3y(k — 1)2>
2442y '

P =

Optimal mechanism: Under the optimal mechanism, the highest number of customers an agent

serves is ¢*(0) = 1/2. Therefore, the capacity is binding if and only if &k < 1.
Our proof for platform’s optimal mechanism for the demand unconstrained model in Proposition

5 is applicable here up until we reach Equation (27). In the presence of demand constraints,
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platform’s optimal mechanism problem has an additional constraint:

a0 (42 -)

s.t. ¢'(c) £0,Ve e [0,1]

q(c) > 0,Vc € [0,1]
q(c) < k,Ye € [0,1].

Relaxing the first constraint, we can decompose this into individual sub-problems for all agents:

max g(c) <1_5q<c) - 2c> de

q(c)
s.t. gq(c) >0
q(c) < k.

This is the maximization of a simple quadratic function with two linear constraints. The optimal

¢*(c) = min {k max {0, % - Bc}} :

The highest cost agent with non-zero quantity is

~mind1 1] 1
Ch_mm{’%}_%'

The last equality follows from the 8 > 1 restriction discussed in Section 3.

quantity is:

This solution also satisfies:

q'(c) <0.

Therefore, the solution to the relaxed problem is also optimal for the platform’s optimal mechanism
problem.

The average market price is:

ﬁ = 1
B [ q*(c)dc
0
Ak -6k +3
38 -3pk
The platform earns
1 1—g*
I = [q*(c) < a(c) —26> de

0 B
k (4k* — 6k + 3)

1232

o1



Decentralized pricing with commission-plus: Now, we will show that the optimal mechanism can be

replicated with decentralized pricing. Let the platform sets its terms,

4k* — 6k + 3) (8 —
25 652(k — 1)
and assume the agents expect an average price of
_ 4k* —6k+3
=38 —n)

Without capacity restrictions, an agent with cost ¢ has the following profit-maximization prob-

lem:
max (1 - fp+7(p—p)((1 = d)p —c—w),

yielding an optimal price of

e 1/1—(B—v)p cH+w
p (c,p)=2< (7 WP | 1_¢>
28
38— 6%+ 66%ck — 6y + 88k* — 8vk? — 98k + 127k (28)
687 (k — 1) ‘
Let ¢ be the highest cost agent that is bounded by capacity:
1-—2¢
q(p*(¢,p),p) =k = ¢= 25

All agents with cost less than ¢ set the price that makes their demand exactly equal to k:

_l+(y-Pp—k

p*(¢,p
(¢,p) 5
=3y 4 Bk? — Avk* + 67k
3Bvk — 3By

Others will set the price in (28). Let ¢;, be the highest cost agent that can participate with non-
negative demand:

1

The realized average price needs to be consistent with expectation:

;f 40" (), PP () de
p= o
bf q(p*(¢,p),p) de

O —a

Ch
kp*(€,p) dc+ [ q(p*(c,p), P)p*(c,P) de

[ ch
[k de+ [ q(p*(c,p),p) de
0 c

4k® — 6k + 3

- 3B8(1—k)
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The platform earns

c Ch

e+ — /k(¢p*(5,p) + w) de + /q(p*(c,p),p)(cbp*(c,p) +w) de
0 c
K (4k* — 6k + 3)
1232 ’

same as the optimal mechanism.

O

Extension with Other Cost Distributions. We will characterize the equilibrium of the plat-
form’s profit-maximizing optimal mechanism and optimal decentralized pricing contract with a
commission-plus structure assuming that agents have a probability density function g(¢) and cumu-
lative distribution function G(c) with support ¢ € [0, 1].

Optimal mechanism:

The proof of the optimal mechanism remains unchanged up to the point at which the platform’s
problem is defined in (22). With a general set of cost distributions, the platform’s problem is

1
max F(c)g(c) de
p(c),F(c) { (9g(c)

s.t. me(c) > me(¢),Ve € [0, 1], Ve € [0, 1]
me(c) > 0,Vc € [0, 1]
1= pp+~(p—plc)) = 0,Ve € [0,1]

with an additional requirement for the average price to be consistent with agent expectations:

p = 0 Ch * (29)
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Replacing IR and IC constraints with necessary and sufficient conditions in (20) and (21):

max [ F(c)g(c) de

p(e),F(e)
st.  p'(c) >0,Vee|0,1]
L ou(cg, p(cr))
F(e) = )+ [ ————% deg, Ve €10, 1]
c 8Ck
1—8p+~([@—plc)) >0,Vc e [0,1]
Eq. (29)
1 1
= m(a;c i < )+ f u dck> g(c) dc
ple)

s.t. p'(¢) >0,Ve € [0,1]
1—=pp+~(P—p(c)) 2 0,Vc € [0,1]
Eq. (29).

Using integration by parts,

0/1 (/1 Ou(cg, pler)) Ck) g(e)de = [ Cl au(cxgci(ch ) ( du(c P ) (c) de

C

O\H

1
_ [ 9ule,p(c))
—/ e G(c) de.
0
The platform’s problem converts to
. du(c, p(c)) G(C)>
max u(c,p(c)) + - c) de
mx [ (u(ep(e) + PEEDED) o0

st.  p'(e) >0,Ve e [0,1]
1=Pp+~(p - p(c)) = 0,Vc € [0,1]

Eq. (29)
1 C
=max [ ((1 = Bp+v([@—p(c))(p(c) —c) = (1 = B+ (P — p(c))) & )>g(c) dc
ple) g(c)

st.  p'(e) >0,Ve e [0,1]
1—pp+~(P—p(c) =0,Vc € [0,1]

Eq. (29)
= max 1 — pp p —plc c—c—G(c) c)ac
“ s [(1= 89+ —p() (b0 e~ 2D ) gy a

st.  p'(e) >0,Ve e [0,1]
1= 8p+~({p - p(c)) = 0,vc € [0,1]
Eq. (29).
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We re-formulate this as a quantity-choice problem. By Equation (1), we have one-to-one equiv-
alence between price and quantity:

14 (y—8)p —q(c)
- .

p(c) =

The average price in Equation (29) is

which simplifies to

max/q <1+ 1 =Bp—ae) G(C)>g(c) de

¥ g(c)

q(c) > 0,Ve € [0,1]
Eq. (30).

We can further simplify the objective function. Notice that Equation (30) implies:

p/olq 5/ ) (1 — q(c)) g(c) de.
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Using this relationship,

n:/1q<c)(1+<7—§>p—Q<C>_c_(;(f)))g(c) .

0/1(] (1—6] e i(f)))g(c) de + (%)p!q(c)g(c) de
/q(c)<1—Q()_c_G(c)>

v g(c)
(st (A1 - o= E9) - (T2F) S0 (- a(e))) a(e)

ol g(c)

= O/Q(C) <1 _Bq(c) —c— (;((;)) g(c) de.

The problem terms no longer depend on the average price:

Il
o"\ o
= =

1

10 (58 5

0

s.t. ¢'(c) <0,Ve € [0,1]

q(c) > 0,Vc € [0, 1].
Relaxing the first constraint, we can decompose the problem into individual sub-problems for

1—q(c) G(o)
et (5 o= ) o

s.t. q(c) > 0.

This is the maximization of a simple quadratic function with a linear constraint. The optimal

all agents:

quantity is:

() =max {05 - 55 e}

The solution to this relaxed problem is optimal for the platform’s optimal mechanism only if the

relaxed constraint is satisfied. That requires the following regularity condition on the cost distribu-

tion:
dq*(c) d (1 G(c)
<0 = 55555 o) <0
<:>%—2g0 Ve € [0,1].
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The highest cost with non-zero quantity does not have a closed form solution, but can evaluated

numerically as an implicit solution to

oy o L 5G@)
q*(e) Bg(é)

2
The platform’s profit under the optimal mechanism is

= O/q*(c) <1_ﬁ“c) oo Cg;((s;) 4(c) de.

— Bé = 0.

Decentralized pricing with commission-plus:

In decentralized pricing with commission-plus, conditional on participation, an agent with cost

c setting a price p earns
7e(p,p) = (1= Bp+ v —p))(1 — d)p —w —¢).

Each agent chooses the price that maximizes own earnings. From (10),

1-(B—7p c+w>
S t16)

p*(e,p) = % <

The agent earns

(o). m) = (L= E+P(L=9)(v = B) —y(c+w))*
me(p*(¢,P), D) = (1) :

Agent earnings are decreasing in cost, ¢, and therefore there exists a threshold cost, ¢p, for which
agent with cost ¢ participates if and only if ¢ < ¢j,. Define ¢y to be the lowest cost that yields zero

profit: )
o (P (c0,).B) =0 = 0 = eo(dyu) = L= : G=8m _,

Then,

cp = cp(¢,w) = min{l, ¢cp}.

The average market price is defined by:

min{l,ww_w} 1+7p 2 ’
| <( +p(27— ) Z(C““) )g(c)dc

(31)

0
min{l, (1_45)(1:(7—13)?) _w}

J % (1 +P(y—B) - W) g(c)de
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The uniqueness of a solution to (31) is not guaranteed, and identifying conditions needed on the
cost distribution that ensure uniqueness is nontrivial. As a result, we only work with distributions
with known analytical forms. Proposition 2 shows the uniqueness for a uniform distribution. It
is also possible to show uniqueness for Beta(2,2), Beta(3,3), Beta(4,4) and Beta(5,5) distributions.
This involves following the same steps as in Proposition 2: plugging in g(c), formulating right-hand-
side as a piece-wise function of ¢y (rather than p) and showing monotonicity. For brevity, we omit
the details here.

The platform’s profit-maximization problem is:

Ch

mi}X HD(¢,w) = ((bﬁ"‘ w) qu(p*(c’ ﬁ)vﬁ)g(c) ClC
= %(qﬁzﬂ w) Of <1 +B(y—B) - w> g(c)de.

There is no closed-form solution to the platform’s problem for a general ¢(c); however, for any given
distribution with known analytical form, it is possible to conduct a numerical search across the

(¢, w) space to identify the platform’s optimal profit.

O

Extension with Throughput-Maximization. In the quantity maximizing optimal contract,
let p(c) be the price the platform assigns to agent ¢ and F'(c) be the fee collected. By Proposition
5, Equations (20) and (21) are necessary and sufficient conditions for agents’ IR and IC constraints.

In any truth-inducing mechanism, the equilibrium fees charged to the agent who reports a cost c¢ is
i ou(
u(ck,
F(c) = u(c,p(e)) + / k dck

The total quantity served in the market is

1 1
q(c)dc= [ (1 —pp+~({p—p(c))) de.
[ ]

The optimal truth-inducing contract that maximizes total quantity served subject to non-

o8



negative profit constraint is characterized through the following problem:

1
max [(1—Bp+~(p—p(c))) dc
p(c) 0

st.  p'(c) >0,Ve e 0,1]

1—Bp+ (@ —p(c ))>0 Vce [0,1]

L Ou( ck,
f Z N AR

F(c) = u(c,p(c)) + ) deg, Ve € [0,1]

C

le(c)dCEO
0

Eq. (2)
1
=max [(1—Bp+~(p—p(c))) de
p(c) 0

st.  p'(e) >0,Ve e [0,1]

1=pBp+~(P—p(c)) >0,Yc € [0,1]
1

Of(l — Bp+ (P — p(c))(p(c) — 2¢) de > 0O

Eq. (2),

where the equivalence of the constraints follow from Equations (23) and (24). We reformulate the
problem with quantities as decision variables:

1

max q(c
q(c) of

st.  ¢'(c) <0,Vce0,1]
q(c) > 0,Ve € [0,1]

| 1+ (v =B)p—qlc)
{q(c)( 5 —20> dc >0

Eq. (25).

Following the same steps as Equation (26), we transform the objective function such that it does

not depend on p:

max [ ¢(c) de
ac) 0

st. ¢(c) <0,Vee0,1]
q(c) > 0,Ve € [0,1]

Z)fq(c) (1 _;(C) - 20) de > 0.

To find the solution to this problem, let us look at a related problem, where the platform maximizes

29



the sum of its profits and total quantity served, with latter weighted by some A > 0:

: 1 —q(c) ;
r;l(zz)x gq(c) (5 - 26) dc + )\qu(c) dc

st.  ¢(c) <0,Vee[0,1]
q(c) > 0,Ve € [0,1]

= Imax i C 1—C_I(C) —C> C
e qu()< B FAz2e)d

st.  ¢(c) <0,Vee[0,1]
q(c) > 0,Ve € [0,1]

Relaxing the first constraint, we can decompose this into individual sub-problems for all agents:

1—qlc) | )
r;l(zgi q(c) ( 3 +A—2c) dc

s.t. g(c) > 0.

This is the maximization of a simple quadratic function with a lower-bound. The optimal quantity
is:

¢*(c) = max {0, %(1 + BA) — Bc} .

This solution also satisfies:

q"'(c) <0.

Therefore, the solution to this relaxed problem is also optimal for (32).

The highest cost agent with non-zero quantity is

1+ B8A
)

We will now show that, (1 + 8A)/(28) < 1 for all A values that yield non-negative profits for the

cp, = min {1,

platform as long as 8 > 1 restriction discussed in Section 3 holds. To prove by contradiction, assume

(1+8X)/(26) > 1 and ¢p =1 in equilibrium. The platform earns

H—jq*(c)(l_;(c)—%) dc—112(5(4—3)\2)+2—6>.
0

The profit is non-negative only if

This implies

<1




for all feasible 8 > 1, creating a contradiction. This means that (1 + g\)/(28) > 1 cannot be true

and that we have
1+ 8A

28

Cp =

The profits earned by the platform is

0 7(]*(0) (100 5) o O + BN =28
0

B 243

By definition, Equation (32) maximizes the total quantity served subject to the constraint that

the platform earns
(1+BA)?(1 - 28))
2432 ’

Total throughput-maximizing solution is then the one that yields exactly zero profits for the

=

platform:

(1+BN)*(1—28X) _ . _
2172 =0 << \' = 55

which yields the total quantity served of

=

Ch

) _ @B 9
/q(c)dc- 35 = 35

0

Under this optimal mechanism, the highest cost that participates and the average market price

are:
_ 1
p - QB’
Ccy = i
hE 1
Total quantity of customers served in the market is
9
Q=1
3243

The fee platform charges to agent with cost c is

win (v —=2B)(4Pc —3)(4Bc—1)
o) = 3257

We will now show that the platform can implement this mechanism with commission-plus. With

decentralized pricing, let the platform sets its terms,

_ g =28
gb—l—%,w— 462 )

and assume agents expect an average price of

_ 1
p_26'
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By Equation (10), an agent with cost ¢ posts a price under decentralized pricing

pe -y (U )
2y —B+4p5%
B 4B~ '

Let cp be the highest cost agent that can participate with non-negative demand:

(5" (ch, ). P) =0 — chzfﬁ.

The realized average price is characterized by Equation (17),

2l =¢)Fyw 1
Pm0=9)@es+v) 28

The platform’s profit is

HCJF —

q(p*(¢,p), p)(¢p" (¢, ) + w) de

|
e

Total quantity served in the market is

same as the optimal mechanism.

C Robustness to Straight Average Utility Model

With the quadratic customer utility model and continuum of agents, a representative customer’s
utility is
1 2 1

U(o) = 2 / a(c) de - 5 / a(c)? de - 2@ [atrdc| - [a@pte) ae
0 0

0 0
The finite agent version of this utility model was introduced in Shubik and Levitan (1980) and

the linear demand model that arises from this utility function has been used by many authors (e.g.,
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Abhishek et al. 2016, Hagiu and Wright 2019b, Inderst and Shaffer 2019). Others like Melitz and
Ottaviano (2008), Foster et al. (2008), Altomonte et al. (2016) use the continuum agent version

above, for which the demand of an agent with positive quantity is

q(p(c), Q) = a — BQ — yp(c) (33)
where

1
Q= [ q(p(c), Q) dc.
/

We establish the robustness of our qualitative results to the choice of customer utility model in
this document by replicating our analyses using the demand model specified in (33) and observing

that our main qualitative results continue to hold. More specifically, we show the following results.

e When platform uses fees that are linear in price, there is a unique centralized pricing equilib-

rium (C.1.1) and a unique decentralized pricing equilibrium (Section C.1.3).

e With just a simple commission contract, centralized pricing can be better or worse than

decentralized pricing depending on the realization of demand parameters (Section C.1.5).

e Platform’s optimal mechanism can be implemented with decentralized pricing using either a

commission-plus contract (Section C.1.7) or a quantity discount contract (Section C.1.8).

e Decentralized pricing with commission-plus replicates the optimal mechanism even when the
agents have capacity constraints (Section C.1.13) or the platform adopts throughput maxi-

mization as its objective (Section C.1.14).

C.1 Analysis
C.1.1 Centralized Pricing

In centralized pricing, there exists a single price in the market. Let p be the price platform sets and

¢ be the portion of revenue retained. Conditional on participation, an agent with cost ¢ earns

me(p) = (a — BQ —yp)((1 = ¢)p — o).

Agent earnings decrease in cost, and therefore there exists a threshold cost, ¢y, for which agent with

cost ¢ participates if and only if ¢ < ¢,. The highest cost that participates is

Ten(p) =0 = ¢ = cn(p, @) = (1 — @)p.
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The total quantity served in the market is
Q= [(a~5Q- ) de
0

= ¢é(a— BQ —p)
= (1-¢)p(a—BQ —p).

Solving for @), we get
p(1 —¢)(a—p)
1+ pp(l1—¢)

Plugging this back into the demand function:

Q=

_a—qp
1+ 81 —-9¢)p

The demand is non-negative only if p < a/7.

q(p)

The platform’s profit-maximization problem is:

ch(9)
max II(p,¢) =¢ [ q(p,Q)pdec
,p 0
_ P’ —)g(a—p)
a+pp(l—¢)

The problem is concave in ¢ within the feasible region 0 < ¢ < 1,0 <p < a/v, e.g.,

O*1(p,¢) _ 20°(1+ fp) (e — )
0¢? (1+8p(1 - ¢))°

and therefore, platform’s optimal commission is defined by the first order condition

<0,

NI (p, §) p*(a—qp) (Bp(¢ — 1)* — 26 +1)
06 — (Br(6—1) — 12
This gives a unique feasible solution,
w1+ B8p—+1+Pp

Plugging this back into optimization problem and looking at the total derivative with respect to

price, we observe

di(p.¢*(p) - |, {:a(ﬁ\/fyw)jLV(Qﬁer?)m\/ﬁQ)
dp = 7

1 [8af+9y 4af — 3y
= p > — .
P= 35 V' n B>
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Hence, platform’s profit function is quasi-concave in price and is maximized at

. 1 8aﬁ+9’y+4aﬁ—3fy
p=o :
8p gl 86y

Plugging in the optimal decisions, the platform’s equilibrium profit is

80?82 — 99%/2/BaB T 97 + 368y — 8afy/7v/BaB F 97 + 2772
- 3265 ‘

HC

C.1.2 Decentralized Pricing

With decentralized pricing, agents select their own price to post on the platform. A price equilibrium
occurs when all agents select optimal prices given the equilibrium prices of others.

First, in Section C.1.3, we show that the existence and uniqueness of a decentralized pricing
equilibrium are guaranteed for a set of contracts where the fees agents pay to the platform are
linear in the price they select. Then, in Section C.1.4, we characterize the decentralized pricing

equilibrium assuming that the platform uses a commission only contract.

C.1.3 The Existence And Uniqueness Of Decentralized Pricing Equilibrium

Consider a broad class of fee structures such that an agent pays the platform (i) a base unit fee,
w, per unit served and (ii) a commission, ¢p, per unit served where ¢ < 1 is the fixed commission
rate and p is the agent’s price. An agent with demand ¢ pays the platform in total ¢ (w + ¢p). The
fixed per-unit fee, w, can be negative, meaning that it is actually a per-unit subsidy.

With this payment structure, we seek to determine the uniqueness of a price equilibrium. Each
agent’s earnings depend on the total quantity on the platform, so it is sufficient to consider a pricing
equilibrium in which each agent expects the total quantity to be Q. and all agents select prices based
on that expectation that yield Q). as the actual total quantity served.

An agent with total quantity expectation Q., cost ¢ and price p expects to earn

Te(p, Qe) = q(p, Qe) (1 = @)p — ¢ — w)
=(a=pQc—p) (1 -@)p—c—w).
Because earnings are strictly concave in price, there exists a unique price, p*(¢, Q.), that maximizes
the agent’s earnings,
(a — BQe) c+w

P Q) = g (31

Let the total quantity realized be ). This agent receives q(p*(c, Q.), @) demand,

A (. Q). Q) = & (a B0 - 20) - (35)

2
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The demand is decreasing in cost, c. Define ¢y to be the smallest cost such that the optimal quantity

is zero,
co = min{c: ¢(p*(c,Qc), Q) = 0} = Aot /6(17_ NP2 _, (36)
The realized total quantity is
min{cp,1}
o= [ aQ)Q (37)
0

An equilibrium exists if Q. = ). We will show that there can exist only one such equilibrium in
any market.
From (36), given an equilibrium, i.e., @ = Q., the total quantity in equilibrium can be expressed

in terms of ¢y,
_a(l—¢) — (e +w)

M () )
From (34), (35), (38) and Q. = @, the equilibrium condition (37) can be written as
min{cp,1}
0-0- [ ' (@QQ)de
0
1-6)rfeotuw) [ (e 4w
_a(l—¢)—y(eotw) 1/ Aletw
T B-9) !ﬁ 2<a T )dc (39)
4a(l — ¢) — Brycd — 4y(co + w) £ o <
) 0> 17
== 2 ;5(1_4@ da(p—1
R DR RS

The right-hand side of (39) is continuous at ¢y = 1. It is also monotonically decreasing in c:

0 (4ol = ¢) = Byeg — 4y(co + w)> _ (Beo +2) )

a%< 1B - 9) T T
9 7(52(ﬁ+2)004w)404(¢1)>__(5+2)’Y .
a%< 15(1—9) =g g 0T

As a result, the right-hand side of (39) only cross zero once, yielding a unique c¢y.

The unique feasible candidate ¢y in the domain c¢g < 1 is

_2(VAGF Blall =] —7w) )

c 40
0 5 (40)

From (38) and (40), for this candidate cg, there exists a unique equilibrium total quantity,
o = 9= ) +7(2 = fuw) ~2v/4(y + Bla(l — ¢) — yw)) (41)

p*(1-9)
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C.1.4 Decentralized Pricing With Just A Commission Fee

The analysis in Section C.1.3 shows that the uniqueness of a total quantity that satisfies consistent
expectations equilibrium is guaranteed. In decentralized pricing with commission fees, conditional

on participation, an agent with cost ¢ setting a price p earns

7e(p, Q) = (a — BQ — yp)((1 — @)p — ).

Agent’s profit depends on individual price, p, and also the total quantity served in the market, Q,
which is characterized in the equilibrium.
Each agent chooses the price that maximizes own earnings. From (34),

a— PR c+w
2y 2(1-¢)

p*(c,Q) =

The agent earns
(0 = QB)(1 — ¢) — 7c)?
4y(1-¢) ‘

Agent earnings are decreasing in cost, ¢, and therefore there exists a threshold cost, ¢y, for which

7Tc(pv Q) =

agent with cost ¢ participates if and only if ¢ < ¢p. Define ¢y to be the lowest cost that yields zero

profit:
(a—QB)(1—¢)
5 :

Teo (P (€0, @), Q) =0 = co = co(¢) =
Then,
cn = en(é) = min{1, co}.
With g < 1, the total quantity is uniquely defined by (41):
aB(l — ) +7(2 - w) — 2/v(y + Bla(l - ¢) — qw))

Q= .
81— ¢)
The platform’s profit-maximization problem is:
> cn ()
max  II%(g) =¢ [ q(p*(c, Q). Q)p"(c,Q) de
0

3
19 (VA(aBL=6) +7) - )
38392 (1 — ¢)?
The profit takes positive values for all 0 < ¢ < 1 and is zero at both boundary points, ¢ = 0 and

¢ = 1. Because the profit function is continuous, any maximizer is an interior point and defined by
the first order condition:
2
oP(g) 2 (7= vA@BI=31+7)) (20+1) (VA@BI=9)+7)—7) —aBlo—2)(6 - 1)
2 36%7(6 = 1)*/(aB(l — ¢) +7)

=0.
(42)
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(42) can be shown to yield a unique solution. Note that for any 0 < ¢ < 1,

2 (4 —waﬁl—@ﬂ)f
36%7(¢ — 1)>V/7(aB(l — ¢) +7)

This means that FOC is satisfied when

< 0.

26" +1) (VA(@BI =67 +7) —7) — aBls" = 2)(¢" = 1) =0

<\/’y(aﬁ(1 —¢*)+7) —7) —ap <z:j> =0. )

<~ 2
o*—1
The left-hand side of the equality is monotonically increasing in ¢* within the range ¢* € [0, 1], and

therefore can only cross zero once. Hence, (43) uniquely defines platform’s optimal commission, ¢*.

C.1.5 Comparison of Centralized and Decentralized Pricing

Equation (43) corresponds to a root of a cubic polynomial. While Cardano’s formula can find
closed-form expressions for roots of a cubic polynomial, the expressions are length. To compute
platform’s profit under decentralized pricing and compare it with centralized pricing, we use a

computer algebra system and find that there exists a k ~ 0.149 such that
P > II¢ «— ~ < kap.

That is, a platform may prefer centralized or decentralized pricing depending on the competition
characteristics of the market. More specifically, the platform’s profit is higher with decentralized

pricing in markets with low v, and it is higher with centralized pricing in markets with high ~.

C.1.6 Optimal Mechanism

According to the Revelation Principle, the set of optimal mechanisms can be found within the set
of truth-inducing mechanisms. In such a mechanism, the platform posts a menu that maps each
cost to a price and a fee. Each agent reports a cost and is assigned the price and fee associated with
that cost, and each agent (i) earns non-negative profits (Individual Rationality), and (ii) prefers
to report own cost truthfully given that all other agents do the same (Incentive Compatibility).
Following this structure, let p(c) be the price the platform assigns to agent ¢ and let F(c) be the
fee collected. Note that F'(c) is the total fee and not per-unit, F'(¢) = q(p(c),Q)f(c). Let m.(¢) be

an agent’s earnings with cost ¢ when the agent reports cost ¢:

me(€) = ulc, p(¢)) — F(¢)
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where
u(e, p(é)) = (a — BQ — yp(€)) (p(¢) — ).

The Individual Rationality (IR) and the Incentive Compatibility (IC) constraints are

WC(C) >0,
me(c) > (€,

respectively for all ¢ € [0,1], ¢ € [0, 1].

Because of the IC constraints, agent earnings are strictly decreasing in cost:

Te(c) 2 me(€) = (o — BQ — vp(€)) (p(€) — ) — F'(¢)
> (a = pQ —p()) (p(¢) — ¢) — F(¢) = me(c)
for all ¢ > ¢. This also implies that the agent with the highest cost, ¢ = 1, earns zero under the
optimal truth-inducing mechanism: if the highest cost agent were to earn a strictly positive amount,
then the platform could uniformly increase the fee, F/(¢), for all participating agents, thus increasing
its profit.

We can re-formulate an agent’s earnings as

7e(¢) = wz(€) — u(é, p(¢)) + u(e, p(2)).

For a pair of agents with costs ¢, ¢, IC constraints imply

Y

7e(€)

mz(c)

me(¢) — u(é, p(¢)) + u(c, p(c)),
me(c) — ule, p(c)) + u(é p(c)).

me(c)
m&(C)

These inequalities can be combined:

\Y

u(e, (C)) — u(e, p(e)) < me(€) — me(c) < U(5 p(¢)) — u(c,p())

3“ Ck: (9u ck, (44)
dck < me(e) — me(e 60 .
k

This inequality has two important consequences. First, ignoring the middle term, Equation (44)
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implies

C C
/(%(Ck,p(c))d%g/au(ck,p(c))d%’ Ve € [0,1],Vé € [0, 1]
ocy. dey,

= - / (a = BQ —p(c)) deg < — / (a — BQ —vp(€)) deg, Ve € [0,1],Ve € [0,1]
’ ) (45)

— (O‘_BQ_’YP(C)) (C_C> (a_ﬁQ ( )) (C_E)v Ve e [071]aVE€ [0’1]

<~ (p(c) = p(é))(c—¢) >0, Ve € [0,1],Ve € [0,1]

< p/'(c) >0, Ve € [0,1].

Second, because u(¢,p(c)) is a continuous function of ¢, this inequality implies that 7mz(¢) is also
continuous with respect to the Lebesgue measure and thus almost everywhere differentiable. Fur-
thermore, its derivative is

dre(c) _ du(c,p(c))

dce oc

Using the fundamental theorem of calculus:

7o(@) = mo(c) + / dme(0) 4o = p (e / ou( "”“
de

(&
Because the highest cost agent earns zero, setting ¢ = 1, the equation simplifies to

1

ou( ck,
d

1

F(c) = u(c,p(e)) + / (Mclgci(ck)) dey,. (46)

which means

C

Our analysis so far has established that (45) and (46) are necessary conditions for IR and IC.
Now, we will show that they are also sufficient. By establishing an equivalence between the two
sets of constraints, we will be able to replace the IR and IC constraints in the platform’s optimal
mechanism problem with Equations (45) and (46) and therefore convert the problem into a tractable

form.
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It is straightforward to show that (46) is sufficient to imply IR:

me(c) = u(e, p(c)) — F(c)

1
e ple)) = u(esple)) — [ PUEPE g,
1
_ ou(cy,pler))
= [ PG e
. C
= /(a — BQ — vyp(ex)) de, > 0 Ve € [0, 1].
Similarly for IC, we have
7o(@) — me(e) = ule, p(é)) ~ F(&) — ule,p(e) + F(c)
1
e @) (o0 | 24 UL 1, — (e pe) +ulep(e)) + [ PLBLAD g,

[

=u(e,p(¢)) — u(é,p(é)) — / dulck, pler)) der

J 6ck
B 3“(0 ,p(€)) au(C ,p(ck))
- / (o — BQ — Ap(@)) dex — / (o — BQ — Ap(er)) de

— [ (o(er) ~p(@)) dex > 0, Ve € 0,12 € 0.1
¢
Now, we construct the platform’s problem. The platform chooses p(c) and F(c) to maximize
total profits subject to IR and IC constraints, and the natural restriction that the demand of an

agent cannot be negative:

1

max F(c) de

p(c).F(c) of ¥

s.t. me(c) > me(€),Ye € [0,1],Veé € [0, 1]
me(c) > 0,Ve € [0,1]

o — BQ - ’)/p(C) > O,VC € [0’ 1]
1
Q= ([(04 — BQ — yp(c)) de.
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Using the equivalence we found earlier, we replace IR and IC constraints with Equations (45) and

(46):
max
p(c),F(c)
s.t.

= max

p(c)
s.t.

Using integration by parts,

U

Ou( ck,
6ck

1
B Ou(cg, p(cr))
) dec = |: aer

J F(c) de
0

P (c) > 0,Vc € [0,1]
D+
—w@ngEMH

~vp(c)) de

e ot Y
p'(c) >0,Vc e [(c), 1]

a— BQ —plc) >0,V € [0,1]

0= bf<a — 5Q = 1p(e)) de.

ou( ck,

F(c) = u(c,p(e k) dey, Ve € [0,1]

J-feme-

(47)

1
_ [ 9ulep(e))
—/acC de.
0
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The platform’s problem converts to

max f1<u(c, p(c))—l—ém((:(éij(c))c) de

ple) 0
st.  p'(c) >0,Ve e [0,1]

a— BQ —p(c) > 0,Ve € [0,1]
1
Q= Of(a — BQ —p(c)) dc

1
= max [ (o= BQ ~ (e (p() ) = (o = BQ ~ yp(e)e) de
p(c 0
st.  p'(c) >0,Ve e 0,1] (48)
a—BQ —yp(c) > 0,Vc € [0,1]

0= Ofl<a — 5Q = p(c)) de
1
~max (o= 5Q = 70(e))ple) — 20 d

p(c)
st.  p'(c) >0,Ve e |0,1]

a— pQ —yp(c) > 0,Vc € [0,1]
1
Q= Of(a — BQ —yp(c)) de

We re-formulate this as a quantity-choice problem. Let ¢(c) be the demand platform assigns to
agent with cost c. We have one-to-one equivalence between price and quantity:

o — PR —qlc
pe) = ©
~
Plugging this back into the platform’s problem and expanding the () expression, we have the fol-

lowing problem

q(c) > 0,Ve € [0,1].
Relaxing the first constraint, the problem is a specific case of quadratic utility maximization
where the prices of the agents are equal to twice their costs, p(c) = 2¢. For all agents with non-zero

assigned quantity, we have
e
o) =5 ~ 6@ e (50)

where

1
Q= [ q(c) dc. (51)
/
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This solution also satisfies the relaxed contraint. Therefore, the solution in (50) is also optimal for
the platform’s optimal mechanism.

Solving for (50) and (51) simultaneously, we get one feasible total quantity,

aB + 2y — 2/ aBy + 2
. )

Other equilibrium characteristics are as follows:
* o — /BQ - c
p*(c) = a—pQ—qlc)
Y
== +c
=5

1

(o) = ulep (@) + [ 2UBD g,

C

~aB (VAlaBT7) = 1(Be+2)) = (7(82 +28¢+2) = 2(Be + 1)y/7 (0B + 7))
- 267y '

With the optimal mechanism, we have

of ( v(aB +v) —v(Be+ 2)) - (7 (B2 +2Bc+2) — 2(Be+1)\/v(aB + 7))

o= 26%
= ¢(0) (;p%) Aol 27) .

Because we can map the fee structure of the optimal mechanism to one that is linear in price, the
uniqueness arguments in Section C.1.3 also apply to the optimal mechanism. Therefore, with the
optimal mechanism, there exists a unique equilibrium total quantity.

The platform earns

_ay —11020—é1062—1600
=2 Jafe) de= Ja(e)?d y(bqu) 2] a(c)ed

(—QW + 308 + 2

12/33~2

N—

(v — V(e + 7))2

C.1.7 Replicating The Optimal Mechanism With Commission and Per-unit Fee Con-

tract

With the optimal mechanism, there is a unique candidate commission and per-unit fee structure that
may yield the same equilibrium outcome as the optimal mechanism. To show that this structure
indeed replicates the optimal mechanism, let the platform sets its terms

5 [ —2y/v(aB+7v)+aB + 2y

— v 48~
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and assume agents expect a total quantity of
af + 2y = 2y/aBy +2
232 '
By Equation (34), an agent with cost ¢ posts a price under commission-plus
a—BQ c+w
p*(c,Q) =
2 2(1-9¢)

i
= —+ec
2y

The price chosen by any agent is exactly equivalent to the one in the optimal mechanism. The same

Q=

is true for the fees paid. Because prices and fees are the only decision variables in the setting, then

commission-plus with the given terms replicates the optimal mechanism.

C.1.8 Replicating The Optimal Mechanism With Quantity Discount Contract

With the optimal mechanism, we have

o aB(VAlBHA) = (B +2)) = (7 (8% + 2B+ 2) — 2B+ 1)y /(@B 7))
F (C) = 2527
— 0@ (@ o).

There is a unique candidate quantity pricing fee structure that may yield the same equilibrium

outcome as the optimal mechanism. To show that this structure indeed replicates the optimal

mechanism, let the platform sets its terms
1 «
¢ = —g, w = g
and assume agents expect a total quantity of
af +2y —2y/aBy +7?
232 '

Conditional on participation, an agent with cost ¢ setting a price p earns

Q=

Te(p, Q) = (a — BQ — yp)(p — ¢ — p(a — BQ — yp) — w).

Because earnings are strictly concave in price, there exists a unique price, p*(c, @), that maximizes

the agent’s earnings,
2079 + a+ ¢y — 267Q¢ — BQ +yw

27(vp + 1)

(e, Q) =

S,
=—+4c
2y
The price chosen by any agent is exactly equivalent to the one in the optimal mechanism. Same is
true for the fees paid. Because prices and fees are the only decision variables in the setting, then

quantity pricing with the given terms replicates the optimal mechanism.

75



C.1.9 Capacity Constraints

We will now solve the equilibria of centralized pricing, decentralized pricing, and optimal mechanism

under the assumption that agents have a maximum capacity to serve k demand.

C.1.10 Centralized Pricing

Without capacity constraints, the number of customers served by each agent under centralized
pricing is
1(p.Q) = — V11— 0B) (-V/7V8aF+ 97 +4afi +39)
; B (208 (VBaB + 97 +3y7) +7 (VBaB + 97 +13,/7))

With capacity constraints, the capacity will be binding if and only if £ is smaller than this amount.

When capacity is binding, if platform sets a price p, the profit agent with cost ¢ earns is

me(p) = k((1 — @)p — ¢)

Agents participate as long as they earn positive profits. The highest cost that participates, ¢y, earns

Zero

Te,(P) =0 = ¢ = cu(p, @) = (1 — @)p.

The platform’s profit is:

cn(p,9)
I°(p, ¢) = kop de
/
= k(1 — ¢)p°.

The objective is monotonically increasing in p. It is optimal for the platform to increase the price

as long as there is excess demand. In the optimal, quantity served should equal to the capacity:

k=a-pBQ—p
= a — Bkep, —p
=a—Bk(1-¢)p—p

yielding a price
a—k
P=
v+ BE(1 - ¢)

Plugging this into the objective,

k(1 —¢)p(k — a)?
(v +EB(L=9))*

I (¢) =
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Within the feasible set of parameters, we have

O(¢) _k(k — )*(7(26 — 1) + Bk(d — 1))

= >0
99 (Bk(¢ —1) —7)? -
v+ Bk
= o< —.
T
Therefore, the platform’s profit is quasi-concave in ¢ and is maximized at
g = LT Bk
2y + Bk’
The platform’s equilibrium profit is
¢ k(a—k)?
Ay(y + Bk)’

C.1.11 Decentralized Pricing

Without capacity constraints, the highest number of customers an agent serves under decentralized

pricing with just commission is

VAEBIL= ) +7) =7

Q(p*(on)vQ) = ,8(1 _ (;5*)

where ¢* is given by (43).
With capacity constraints, the capacity will be binding if and only if £ is smaller than this
amount. The agents need to incorporate the capacity restriction in their pricing decision. Profit

earned by agent with cost ¢ and price p conditional on participation is

me(p, Q) = minfa — Q +p, k}((1 — ¢)p — ©).

Agent sets the price that maximizes own profits:
maxmin{a = 5Q + 7, k}(1 - $)p — o).

Without capacity constraints, an agent’s optimal price is characterized by Equation (34),

a— pQ c
2 -9

(e, Q) =

which gives quantity
1

0. @) = 5 (=0 2%).

Since the quantity served is decreasing in cost, there exists a threshold, ¢, where only the agents

with costs ¢ < ¢ are constrained in capacity. The threshold agent has exactly the quantity k:

W (6.Q)Q) =k = é=a(¢)= 1~ WO‘;” — %K),
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If an agent is capacity constrained, k < q(p*(c, @), @), any decrease in price greater than the one
that matches capacity and demand decreases the agent’s margin, but does not increase the quantity
served. Hence, an agent never sets a price lower than the capacity binding level. The optimal price

of an agent with cost ¢ < ¢ is:

a—BQ —k
5 .

The highest cost agent that participates has 0 demand:

p*(6,Q) =

e, @.Q) =0 = o= en(9) = LD
Agents’ equilibrium prices are
a-é?—k e<s
p*(c, Q) = 0a-iQ, .

2y 2(1-9¢)’
Agents with a cost greater than ¢, cannot profitably participate.

The total quantity is defined in the equilibrium:

Q= ?Q(P*(Q Q),Q) dc
/k dc+/ <a

=) ¢

k(1 — ¢>)(a —BQ—k)
Y
There is a unique total quantity:
o H1=6)a=k)
v+ Bk(1—¢)

Platform’s profit maximization problem is:

Ch

m(?x HD(¢) =¢ f Q(p*(cv Q)7 Q)p* (C) Q) dc

0

B ¢ a—pQ—k ¢ c a— pQ c

k(1 —¢)¢ (3272 + B2k (¢ — 1)% — 2B7k3(¢ — 1) + 472k* — 6ay%k)
372 (v + k(B — B¢))? '

The profit takes positive values for all 0 < ¢ < 1, k > 0 and is zero at both boundary points, ¢ = 0

and ¢ = 1. Because the profit function is continuous, any maximizer is an interior point and defined
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by the first order condition:

onP(¢) _ k - <3a273(1 —2¢) + BOK5 (¢ — 1)%(2¢ — 1) — 3879k (¢ — 1)*(2¢ — 1)

o%0) 372 (v + k(B — B9))

+687° k% (¢ — 1)% + 29%K*(3aB(¢ — 1) + 7(2 — 49)) — 3ar’k(aB(d — 1) + (2 — 4¢))> =0,

(52)
Equation (52) can be shown to yield a unique solution. Note that for any 0 < ¢ < 1,
k
320+ kB =0
So, FOC is satisfied when
30%7° (1= 26%) + B%K°(6" — 1)°(26" — 1) = 38%k* (6" — 1)*(26" — 1) + 6877K% (6" — 1)° 53)

+29°k*(3aB(6" — 1) +7(2 — 4¢")) — 3ar’k(aB(¢" — 1) +7(2 — 4¢")) = 0.

The left-hand side of the equality increases monotonically in ¢* within the feasible range ¢* € [0, 1],
¢(¢*) > 0, and therefore the expression can only cross zero once. Hence, (53) uniquely defines

platform’s optimal commission, ¢*.

C.1.12 Optimal Mechanism

Without capacity constraints, the highest number of customers an agent serves under the optimal

V(aB+7v) =~
3 .

The capacity is binding if and only if k is smaller than this amount.

mechanism is

q*(0) =

Our proof for the platform’s capacity-unconstrained optimal mechanism is applicable up until
we reach Equation (49). In the presence of demand constraints, platform’s optimal mechanism

problem has an additional constraint:

1

1 1 21
I(I]l(%)x % /q(c) dc — io/q(c)2 dc — f O/q(c) de | — O/q(c)Zc dc

0
s.t. ¢'(c) <0,Ve e [0,1]

q(c) = 0,Vc € [0,1]
q(c) < k,Ye € [0,1].
Ignoring the first constraint, this is a quadratic utility maximization problem with capacity

constraints in a market where agent prices are equal to twice their cost, p(c) = 2¢. For all agents
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whose quantities are not effected by the two constraints, the assigned optimal quantity is

q(c) = % — BQ — ve.

where

1
Q= [ q(c)de (54)
/

For all others, the quantity constraints are binding. That is, the quantity assigned to an agent with

cost c is
. o +
o) =min{ (5~ 5Q ~1¢) .k} (55)
This solution also satisfies the relaxed contraint. Therefore, the solution to the relaxed problem is

also optimal for the platform’s optimal mechanism.

Solving for (54) and (55) simultaneously, we get one feasible total quantity,

0= k(o — k)
2(y + Bk)’
The price assigned to agents with excess capacity is
* o — BQ —q(c
p(e) = il 1Ak ]
Y
= 5 —|— C

capacity constrained agents are assigned the price

(= k)(2v + Bk)
2v(y + Bk)

p*(c) =

The platform earns

1 2

:/1(1 dc — / (c)? dc—i jq(c) dc —/1q(c)20 dc
0 0 0
_k

(3a?y + Bk® + 4’yk2 — 6ayk)
129%(y + Bk)

C.1.13 Decentralized Pricing With Commission And Per-Unit Fee

To show that decentralized pricing with commission-plus replicates the optimal mechanism, let the

platform sets its terms

1 afk — Bk
27 4y(v+Bk)’



and assume agents expect a total quantity of

k(o — k)
2(y + Bk)’

Without capacity restrictions, an agent with cost ¢ has the following profit-maximization prob-

Q=

lem:
max (a = fQ —p)((1 = @)p — c —w),

yielding an optimal price of
a—BQ c+w

p(c,Q) =
= g —|— C
2y
Let ¢ be the highest cost agent that is bounded by capacity:
. oy — Bk —2vk
AP (6,Q),Q) =k = ¢=
#"(6Q),0) 2v(v + Bk)
All agents with cost less than ¢ set the price that makes their demand exactly equal to k:
s o — —k
p(EQ) = a-peok
Y
_ (a—k)(2y+ BK)
2v(y + Bk)

Others will set the price in (56). Let ¢j, be the highest cost agent that can participate with non-

negative demand:
ay + Bk?
2y(y + Bk)’

The total quantity needs to be consistent with expectation:

Q(p*(chaQ)7Q) =0 = cp=

Q= / 10" (.Q).Q) de
0
i

a—k)
C2(y+Bk)

The platform earns

Ch

K(6p* (6, Q) + w) de + / 10" (6. Q), Q) (ép" (e, Q) + w) de

Kk (30427 + Bk3 + 4vk? — 6047/@)
1292(y + k) ’

same as the optimal mechanism.

e+ =

o\
™
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C.1.14 Throughput Maximization

In the quantity maximizing optimal contract, let p(c) be the price the platform assigns to agent ¢
and F'(c) be the fee collected. By Section C.1.6, Equations (45) and (46) are necessary and sufficient
conditions for agents’ IR and IC constraints. In any truth-inducing mechanism, the equilibrium fees

charged to the agent who reports a cost c is

1
F(c) = u(c,p(c +/8u . P dck.

The total quantity served in the market is

/1q(0) de = /1(0é — BQ —p(c)) de.
0 0

The optimal truth-inducing contract that maximizes total quantity served subject to non-negative
profit constraint is characterized through the following problem:

1

max  [(a— BQ —yp(c)) de
p(c) 0

st.  p'(e) >0,Vee|0,1]

a— BQ —vp(c) > 0,Vc € [0, 1}
F(c) = u( —|—f1

F(c) de

o Ck’ ) deg, Ve € [0,1]

Ct—r

0= Ofla—BQ p(c)) de

1
—max [(a— BQ —p(c) de
p(c)

st.  p'(e) >0,Vee|0,1]

a— BQ —yp(c) > 0,Yc € [0,1]
1

Of(a — BQ —yp(c))(p(c) — 2¢) de > 0
0= Ofl<a = BQ — (o)) de.
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where the equivalence of the constraints follow from Equations (47) and (48). We reformulate the
problem with quantities as decision variables:

1
max [ ¢(c) de
ae) 0

st. ¢ (c) <0,Ve € [0,1]
q(c) > 0,Ve € [0,1]

Oflq(c) (O‘ﬁ%q(c) - 2c> de >0

1
Q= [(a—BQ —p(c)) de.
0
Let us first look at a related problem, where the platform maximizes a combination of its earning
and total quantity served, where the latter is weighted by A:

; a—BQ —q(c) i
r;l(acu)x qu(c) (’y — 20) de+ qu(c) de

st. ¢'(c) <0,Vee[0,1]
q(c) > 0,Ve € [0, 1]

szm—ﬁQ—w@»w.

By modifying the value of A, we can assign different weights to how much platform prioritizes
maximizing the quantity served relative to the profit. Specifically, we can recover the quantity
maximizing solution by solving for the largest feasible \* that makes optimal profit non-negative.

Expanding the ) expression, the problem becomes

1 1 1 2
rtrll(fgi (j%-/\) /q(c) de — ’170/q(c>2 dc—i O/q(c) dc —O/q(c)Qc dc

0

s.t. ¢'(c) <0,Ve € [0,1]
q(c) > 0,Vc € [0, 1].

Relaxing the first constraint, the problem is a specific case of quadratic utility maximization
where the prices of the agents are equal to twice their costs, p(c) = 2¢. For all agents with non-zero

assigned quantity, we have
a+ Ay

le) = 20— 5@ — e 67)

where

Q= [ qlc) dc. (58)
/

83



This solution also satisfies the relaxed constraint. Therefore, the solution in (57) is also optimal
for the platform’s optimal mechanism.

Solving for (57) and (58) simultaneously, we get one feasible total quantity,

(\/v(aﬁ + B +7) — 7)2
2032y '

The total profit earned is

1 1 1 2
/q(c) de — /q(c)2 de — 5 /q(c) de | — /q(c)QC de
0 0 0 0

—2¢/v(aB+ ByA+7) + 3aB + (2 — 35/\)) (’y — V(@B + By + 7))2
1233~2 ’

=

2

—~ =2

This expression approaches negative infinity as A goes to infinity. To get the quantity-maximizing

contract, we look for the greatest feasible A that makes the profit non-negative:

~ 9aB+ 8y 2v2 [9ap + 8y

)\*
98~ 98 v

The total quantity served under the optimal mechanism is

13y + 9aB — V24/7(9aB + 87) — 3\/7 (—2\&\/7(9@& + 8y) + 18af + 177)
— 37

Q

With the optimal mechanism, we have

18a8 _
Vot 16 -4

95
F*(c) = ﬁ <10\/7 (—2\/5\/7(9@ +87) + 180 + 17~y)

+ 2\/5\/(9aﬁ +89) <—2\/§\/'y(9a6 +89) +18a8 + 177) — 5dry
- 38 (18@ +c (2\/5\/7(9046 +8v) — 6\/7 (—2\/5\/7(9aﬁ + 87v) + 18af + 177) + (98¢ + 10))) )
1 V2y/7(9a8 + 8y) — 3\/7 (—2\/5\/ v(9aB + 87) + 18a8 + 177) + 57y

+

=4’ (0) | 370 55

p*(c) = +c

Now, let us show that any throughput-maximizing optimal contract can be replicated with a

commission-plus contract.
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Let the platform sets its terms

V2y/7(9a8 + 87) — 3\/7 (—2\/5\/7(904B + 8y) + 18a5 + 17w> + 5y

183

1
¢ = 57 w
and assume agents expect a total quantity of
13y + 928 — V2/v(9af + &) — 3\/7 (*2\/5\/7(9aﬁ + 8y) + 18a5 + 177)
932

By Equation (34), an agent with cost ¢ posts a price under commission-plus

Q=

a— BQ c+w
2y 2(1-9¢)

18a3 o
vV 5t 16 — 4

= 93 +c.

The price chosen by any agent is exactly equivalent to the one in the optimal mechanism. The

(e, Q) =

same is true for the fees paid. Because prices and fees are the only decision variables in the setting,

commission-plus with the given terms replicates the optimal mechanism.
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