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1. INTRODUCTION

Recent advances in generative AI have applications across a wide range of industries,

including writing, prediction, software development, healthcare, education, finance, enter-

tainment, customer service, and product design. A critical decision for AI firms is whether

to choose open or closed source when they succeed in the innovation of a new AI model.

Under open source, the model code, parameter weights, and (possibly) training data are

made available to the public; by contrast, closed source keeps such information proprietary.1

The economics literature on open-source software, going back to the early work of Lerner

and Tirole (2002, 2005), focuses on the benefits of broad adoption and user contributions

under open source. Unlike for traditional software, which is protected by copyright, the

shared technology “source” of an AI model under open source, especially its parameter

weights and training data, is exposed to higher imitation risk. While it is well-recognized

that an open-source AI model may gain from broad and speedy adoption, without the

proprietary protection of its technology, open source could significantly limit a firm’s ability

to monetize innovation, especially if it enables competitors to improve their AI models

through imitation.2

The concern for imitation is evident in the recent antitrust case against Google regarding

its contracting with third parties for default position, in which the US Department of Justice

sought– among other things– the remedy requiring Google to share its search data with

competitors, while Google argued, as in CEO Sundar Pichai’s testimony at the federal court

in April 2025, that this would allow rivals to “reverse-engineer” its technology and stifle

innovation.3 On September 2, 2025, U.S. District Judge Amit Mehta ruled that Google

1Well-known open-source AI models include various versions of Llama by Meta, Mistral by Mistral AI,

Gemma by Google, GPT-oss by OpenAI, and DeepSeek; whereas GPT-4 by OpenAI, Gemini by Google,

and Claude by Anthropic are prominent examples of closed-source models.
2Given the huge data and computational resources required to improve an AI model, user contributions

seem unlikely to be a primary motive for choosing open source in AI. The enormous cost needed to train an

AI model also makes the cost asymmetry between an innovator and an imitator extremely large, heightening

the concern for imitation risk.
3https://www.wsj.com/tech/google-sundar-pichai-antitrust-trial-a47fe564?mod=Searchresults&pos=1&page=1
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must share part of its search data with competitors. The shared data could boost the

ability of Google’s rivals to train AI models, towards the government’s goal of increasing

competition and innovation in search technologies and generative AI.4

The strategic importance and policy controversies of the source-sharing issue raises in-

teresting questions for economists and policy makers. In particular, in light of the Google

case, how will (increasing) competition affect AI firms’ source-sharing choices and R&D

efforts? And, while regulators generally promote open-source AI under the belief that it

increases innovation,5 is open source indeed more conducive to AI innovation than closed

source? This paper develops a parsimonious model of differentiated duopoly to address

these questions, focusing especially on incorporating the (endogenous) imitation risk under

open-source AI.

Two firms make private R&D investments to innovate a high-quality AI system. Each

firm’s success probability increases in its investment, and firms may differ in innovation

capability. Each firm also chooses whether to disclose the “source”of the AI system that

it may innovate. If a firm does not succeed in the innovation, it will continue to market a

status quo AI system that has lower quality, for which the technology is already in the public

domain and hence the source-sharing issue does not arise.6 After their R&D outcomes and

source-sharing choices (if at least one firm succeeds) become public, the firms engage in

price competition. Open source by the innovating firm, however, may enable the imitation

4Google’s search data, specifically its search index, are considered highly valuable to rivals not only

for improving search engines, but also for training AI models. See “The Google antitrust ruling gives

its AI rivals one big reason to cheer,”Jeremy Kahn, Fortune, https://fortune.com/2025/09/04/the-google-

antitrust-ruling-gives-its-ai-rivals-one-big-reason-to-cheer/
5For instance, the EU AI Act (2024) provides certain exemption for open-source AI, with the intention

to create an regulatory environment that promotes transparency and innovation. The America’s AI Action

Plan (2025) also encourages open-source AI under the belief that it has “unique value for innovation”.
6 If firms also make source-sharing decisions for the low-quality system, in our context they will simply

choose open source because there is no new technology information to protect. To avoid this trivial situation,

our analysis will focus on firms’source-sharing decisions when they succeed in innovating a high-quality AI

system.
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by a non-innovating firm, decreasing the quality lead and hence the competitive advantage

of the former.7 While this is costly, open source can generate an adoption benefit to the

innovator, possibly by broadening the adoption of the new AI system with extra revenues

from additional users or a secondary product.

In equilibrium, a firm will choose open source for its innovation if the adoption benefit

exceeds the imitation risk (i.e., the expected loss from imitation). We derive a concise and

intuitive expression for the imitation risk, which is higher if the rival’s R&D is less likely

to succeed, if the quality gap between the high- and low-quality AI systems is larger, if the

superior system is easier to imitate, and possibly also if competition intensity is greater.

Notably, an equilibrium where both firms choose closed source is more likely to arise if the

stronger firm– the one with higher innovation capability– has lower innovation rates, while

an equilibrium where both firms choose open source is more likely to exist if the weaker

firm has higher innovation rates. If the adoption benefit of open source falls between the

imitation risks of the two firms, there is a hybrid equilibrium where the stronger firm chooses

closed source while the weaker firm chooses open source.

We also present results on equilibrium R&D and innovation. As one might expect, when

the quality gap between the superior and inferior AI systems enlarges, the gain from inno-

vating the superior system increases, and firms conduct more R&D for innovation; when

the innovation capability difference between the firms increases, innovation rates rise for

the stronger firm but fall for the weaker firm; and the innovation rate of a firm choosing

open source will increase if the adoption benefit is higher or the superior technology is less

imitable. Remarkably, innovation rates can be lower at the open-source equilibrium than at

the closed-source or the hybrid equilibrium. This is because under open source, the positive

impact on innovation from the adoption benefit can be outweighed by the negative impact

of the potential loss from imitation.

Price competition intensifies as the firms are less horizontally differentiated. While this

7Therefore, unlike studies in the economics literature on open-source software, in our model open source

by an innovator does not increase its own quality; rather, it allows a competitor to improve quality through

the leakage of critical technology information.
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reduces profits, its impacts on source-sharing strategies and innovation incentives are gen-

erally ambiguous. Heightened competition potentially increases the loss from imitation,

discouraging the choice of open source; but this effect can be overcome if the rival’s ex-

pected innovation rate rises under more intense competition. A further complication is

that the effect of intensified competition on innovation is generally ambiguous: while the

decrease in profit lowers the returns to innovation, more intense competition also pressures

firms to improve quality through innovation. We find that the former effect dominates if the

quality increase from a successful innovation is suffi ciently large.8 In this case, as competi-

tion intensifies, innovation rates fall, and so does the incentive for open source; otherwise,

intensified competition can raise the incentives for open source and innovation.

Our analysis assumes that source-sharing decisions are made ex ante, before the R&D

outcomes are realized. In practice, firms may be able to reverse these decisions after their

investment outcomes become public but before setting prices. In a variant of the main

model, we further analyze this scenario, which is equivalent to the situation where firms

make ex post source-sharing decisions, contingent on the investment outcomes of both firms.

We find that open source is more likely to occur in equilibrium under ex post choices if its

adoption benefit is suffi ciently small relative to the imitation risk, but closed source is more

likely to occur under ex post choices otherwise. Moreover, innovation incentives are the same

under ex ante and ex post choices if open source is the equilibrium outcome under both

regimes, but innovation incentives are higher in the latter if closed source is the equilibrium

outcome under both regimes.

This paper is related to the extensive literature on the economics of open-source software.

Early work focused on individual users’motives (such as career concerns) to make voluntary

contributions and software developers’adoption benefit under open source (e.g., Lerner and

Tirole, 2002, 2005). Subsequent research has considered oligopoly competition, but it again

focuses on knowledge spillover and the collaboration benefits under open source, without

8 Intuitively, a higher quality improvement provides stronger incentives for R&D investment. This reduces

the need for competitive pressure, so that increased competition tends to discourage R&D by decreasing its

returns.
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explicitly incorporating imitation risks (e.g., Casadesus-Masanell and Llanes, 2011; Fersht-

man and Gandal, 2011; Haruvy et al., 2008; Jansen, 2009; Johnson, 2002; Llanes and de

Elejalde, 2013).9 Our model attempts to capture a critical difference of AI from traditional

software: open-source AI involves the disclosure of parameter weights and (possibly also)

training data which, unlike traditional software, lack the clear status of copyright protec-

tion. This, combined with the enormous cost to train an AI model and the fast-paced

competition in AI, makes imitation risk a key factor in determining an AI firm’s source-

sharing strategy. The consideration of imitation risk in our analysis also leads to crucially

different implications for innovation: while open source tends to be more conducive to inno-

vation than closed source for traditional software (e.g., Johnson, 2006; Niedermayer, 2013;

Polanski, 2007), we show that open source can reduce innovation in AI.

The paper also contributes to the growing literature on the economics of AI (e.g., Agrawal,

Gans, and Goldfarb, 2018; Gans and Goldfarb, 2022). One strand of the literature analyzes

the use of ex ante regulation and/or ex post liability to manage AI’s safety risks, recognizing

that despite AI’s enormous potential benefits, firms may not fully internalize its risks (e.g.,

Acemoglu and Lensman, 2024; Guerreiro et al., 2024; Callander and Li, 2024; Gans, 2025a;

Gans, 2025b), especially in the allocation of AI autonomy and human control (e.g., Athey

et al., 2020; Chen and Hua, 2025; Gans, 2005a). Another strand of the literature examines

issues related to AI and competition, identifying potential distortions in pricing, product

recommendation, and market structure, as well as challenges for competition policy (e.g.,

Asker et al., 2024; Assad et al., 2024; Calvano et al., 2020; Calvano et al., 2023; Hagiu and

Wright, 2025). Gans (2024) discusses AI source-sharing choices and competition, without

considering imitation risk under open source. Our analysis identifies the equilibrium imi-

tation risk under open source and demonstrates how its tradeoff with the adoption benefit

influences firms’source-sharing choices and innovation incentives.10

9Other papers have modeled open-source developers either as non-profit entities (e.g., Casadesus-Masanell

and Ghemawat, 2006; Economides and Katsamakas, 2006), or as being altruistic/non-strategic (e.g., Athey

and Ellison, 2010; Arora and Bokhari, 2007).
10Our model is also related to the literature on innovation and intellectual property rights (see Bryan and

Williams, 2021 for a recent survey). We parameterize the imitability of a firm’s superior technology with a
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Our results shed light on regulatory policies concerning competition and innovation by

AI firms. A long-standing issue in economics and policy discussions is how competition

affects innovation. While it has been recognized that the effect is generally ambiguous,

possibly exhibiting an inverted-U relationship (e.g., Aghion and Howitt, 1992), we find

that innovation size is a critical relationship determinant and caution the use of restrictive

antitrust policies in environments– such as AI competition– that involve major innovations.

Another controversial issue is how transparent open-source AI should be. Proponents of

full transparency take the position that under open source all information about the code,

parameter weights and training data of an AI model should be made public, while others

have raised concerns about data security, privacy, and safety under such an approach (e.g.,

Open Source Initiative, the EU AI Act). To the extent that imitation risk is higher when

more technology information is disclosed, our analysis suggests that allowing open-source

AI not to fully disclose technical information, especially when imitation risk is high, may

better balance the needs for transparency and intellectual property protection, which can

in turn provide stronger incentives for AI firms to choose open source and increase R&D.

Furthermore, contrary to the common view that open source will promote innovation, our

finding that innovation incentives can be lower under open than under closed source provides

a more nuanced perspective on this issue.

In the rest of the paper, after setting up our model in Section 2, we analyze firms’

equilibrium source-sharing decisions as well as their R&D investments and innovation rates

in Section 3. We discuss in Section 4 the results in an variant of our model where firms

make ex post source-sharing decisions after the R&D outcomes become public. Section 5

concludes.

2. THE MODEL

Two firms, i = 1, 2, each supplying an AI system that can perform certain tasks. Each

firm initially has a low quality system, denoted by L, and it can privately invest for an

measure based on the rival’s quality improvement through imitation, as in Chen and Puttitanum (2005).
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innovation that improves its system’s quality. With probability βi ∈ [0, 1] firm i′s invest-

ment is successful and is able to provide a high quality system, denoted by H; while with

probability 1 − βi firm i′s investment is not successful and the firm continues to offer L.

Firm i′s investment cost is φi (βi) = γiφ (βi) , where we normalize γ1 = 1 and γ2 = γ ≥ 1.

Thus, the two firms may differ in innovation capability, as reflected by firm 2’s (weakly)

higher investment cost parameterized by γ. We will refer firms 1 and 2 as the stronger and

weaker firm, respectively.

When investing in βi, firm i also formulates its source-sharing strategy si ∈ {c, o} if the

realization of its quality will be θi = H, where c denotes closed source (CS) and o denotes

open source (OS). Technology– or “source”– information for an AI system includes the

code, the model parameters, and possibly also the training data, which are disclosed under

OS but not under CS.11 To avoid trivial situations, we assume that the technology of a

low-quality system is already in the public domain, and hence no source-sharing decision

is needed if θi = L. After privately learning θi but before observing θj , the choice of si is

implemented by firm i.12 Next, θ = (θi, θj) and s = (si, sj) become public information, where

θi ∈ {H,L} and j 6= i = 1, 2. Firm i then chooses price pi for its system, simultaneously

as j chooses pj , contingent on public information (θ, s) . Firms have zero marginal cost to

supply their AI systems.

The market contains a unit mass of consumers, each of whom demands one AI system

and values firm i′s system at

vi =


VH if θi = H, for si = o, c

VM if θi = L and (θj , sj) = (H, o)

VL if θi = L and (θj , sj) 6= (H, o)

, where (1)

VH > VL and VM = µVH + (1− µ)VL, for µ ∈ (0, 1) . (2)
11For convenience we assume that there is a pre-determined amount of disclosure under OS. In Section 5,

we will comment on endogenizing the content of disclosure under OS.
12This formulation allows us to capture, in a static setting, the idea that innovation is a continual process

and a firm pre-commits to its source-sharing choice before learning the rival’s innovation outcome (θj). In

Section 4, we will examine the alternative case, where source-sharing decisions are made ex post, contingent

on both firms’R&D outcomes.
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That is, for i 6= j, consumer valuation for θi = H is always VH if θi = H, independent of si;

whereas valuation for θi = L will increase from VL to VM ∈ (VL, VH) if and only if θj = H

and sj = o. Notably, in our setting a firm’s high-quality system is not improved through

its own OS, but a firm’s low-quality system can be improved through imitation when its

rival has chosen OS for a high-quality system, with a higher µ indicating a higher degree

of imitability, or a greater quality improvement due to imitation.13

Define

∆ = VH − VL; δ = VH − VM = (1− µ) ∆; ∆− δ = µ∆, (3)

so that ∆ is the difference in quality– or user value– between θi = H and θj = L when i

chooses CS, δ is the difference in user value between θi = H and θj = L when i chooses OS,

and ∆− δ > 0 is lower if µ is lower (i.e., the quality gap between H and L decreases less if

there is less imitation under OS).

In addition to their common value vi for firm i’s AI system, i = 1, 2, consumers also have

heterogenous preferences towards the two firms that are measured by x ∈ [0, 1] . A consumer

with preference x will receive net surplus

u1 = v1 − p1 − tx or u2 = v2 − p2 − t (1− x)

when purchasing from firm 1 at price p1 or from firm 2 at price p2, where we assume

t ∈ (0, 2], ∆ <
t

3
, and VL ≥ 2t. (A1)

Assumption (A1) ensures that in equilibrium both firms will be active and the market

is covered. Notice that, as in the canonical Hotelling model, parameter t is a measure of

preference intensity, and there is more product differentiation when t is higher.

Although OS exposes a firm’s high quality system to the risk of imitation, it generates an

adoption benefit λ ∈ (0, 1) to the firm, in additional to its primary revenue from selling the

product, possibly because OS may broaden the user base that yields the firm extra profit

13We assume µ to be a given parameter of our model. More generally, µ is determined endogeneously if

firms can choose the source-sharing level under OS. Our analysis can be extended to such a situation, as we

discuss in the concluding section.
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from additional developers or a secondary product, speed up adoption, or gain from less

regulatory constraint. We take λ as a given parameter in our model. While this treatment of

the adoption benefit from OS is admittedly coarse, it allows us to focus on the (endogenous)

imitation risk that has received less attention in the literature and examine its tradeoffwith

the adoption benefit in a tractable way. As we will show, this tradeoff will interact with

competition and R&D incentives in shaping the equilibrium source-sharing and innovation

outcomes.

We make the following assumption on the investment cost function:

φ (0) = φ′ (0) = 0; φ′ (β) > 0 and φ′′ (β) > 0 for β > 0; λ+ ∆
6t+ ∆

18t
< φ′ (1) . (A2)

Then, since φi (βi) = γiφ (βi) monotonically increases in βi, for convenience we also re-

fer to firm i’s investment decision as choosing its success probability βi. Moreover, under

assumptions (A1) and (A2) βi will be interior in equilibrium.

To recap, the game proceeds in two stages. At the first stage, each firm privately chooses

its R&D and source-sharing strategy, simultaneously as the other firm does. Firm i then

privately observes the realization of its R&D outcome and implements si if θi = H. At

the second stage, firms simultaneously choose prices in the product subgames, conditional

on the quality realizations of their systems and their disclosure choices. At any (subgame

perfect Nash) equilibrium of the game, the prices form a Nash equilibrium in every product

subgame (θ, s) , and each firm’s R&D investment and source-sharing strategy maximizes

its expected payoff, including its primary revenue and potentially also the adoption benefit

from OS, given the rival’s strategy and the anticipated equilibrium prices.

Preliminaries: Prices and Revenues in Product Subgames

Before analyzing the firms’investment and source-sharing strategies, we first characterize

their subsequent prices and revenues in the product subgames, which we also call their

primary market. From standard Hotelling analysis, the equilibrium prices for i and j in any
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product subgame (θ, s) are:

(
p∗i , p

∗
j

)
=


(t, t) if θ = (L,L) , or θ = (H,H) for any s(

t+ δ
3 , t−

δ
3

)
if (θi, si) = (H, o) and θj = L(

t+ ∆
3 , t−

∆
3

)
if (θi, si) = (H, c) and θj = L

. (4)

That is, if the two firms have the same quality, their prices will both be t; while if one

firm has high quality and the other has low quality, the former (the latter) will price above

(below) t by one third of the difference in the consumer values for the two systems, and

the price difference is smaller when the former chooses OS. Notice that, as expected, the

equilibrium prices increase in t, and hence t is a measure of competition intensity.

The equilibrium revenues for i 6= j = 1, 2 in the product subgames under
(
p∗i , p

∗
j

)
,

including adoption benefit λ for H under OS, are

(ri, rj) =



(
t
2 + diλ,

t
2 + djλ

)
if θ = (L,L) , or θ = (H,H) for any s(

(3t+δ)2

18t + λ, (3t−δ)2

18t

)
if (θi, si) = (H, o) and θj = L(

(3t+∆)2

18t , (3t−∆)2

18t

)
if (θi, si) = (H, c) and θj = L

, (5)

where di = 1 if (θi, si) = (H, o) and di = 0 if si 6= o. That is, when θi = θj , in addition to

the primary revenue t
2 from selling the product to consumers, a firm with H also has the

adoption benefit λ when it chooses OS. However, when θi = H but θj = L, OS reduces i′s

primary revenue from (3t+∆)2

18t to (3t+δ)2

18t while increasing j′s primary revenue from (3t−∆)2

18t

to (3t−δ)2

18t , because OS by i enables j to increase its system’s quality through imitation and

decrease i′s quality lead, resulting in lower (higher) equilibrium prices for i (for j).

3. EQUILIBRIUM INVESTMENT AND SOURCE-SHARING CHOICES

A firm’s equilibrium payoffs under OS or CS will depend on the rival’s system quality

and source-sharing choice. There are potentially three types of source-sharing equilibria:

(1) closed source (CS), where each firm chooses CS if it succeeds in innovating H (i.e., si = c

for i = 1, 2); (2) open source (OS), where each firm chooses OS if it succeeds in innovating
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H (i.e., si = o for i = 1, 2); (3) hybrid equilibrium, where one firm choose CS and the other

chooses OS for H.

We will start our analysis with the CS equilibrium, which is the easiest to characterize,

followed by the analyses with the OS equilibrium and the hybrid equilibrium.

3.1 Equilibrium Closed Source

Anticipating si = sj = c for H and equilibrium prices
(
p∗i , p

∗
j

)
given by (4), firm i chooses

βi to maximize its expected profit for given βj :

πi
(
βi, βj

)
= βi

[
βj

(
t

2

)
+
(
1− βj

)((3t+ ∆)2

18t

)]

+ (1− βi)
[
βj

(
(3t−∆)2

18t

)
+
(
1− βj

)( t
2

)]
− γiφ (βi) , (6)

where recall γ1 = 1 and γ2 = γ ≥ 1. The equilibrium βi, denote by β
c
i , satisfies the

first-order conditions ∂πi
(
βi, βj

)
/∂βi = 0, or

∆
6t+ ∆

18t
− ∆2

9t
βj = γiφ

′ (βi) for i 6= j = 1, 2. (7)

For each equation in (7), from assumption (A2) the right-hand side is lower than the left-

hand side when βi = 0 and is higher than the latter when βi = 1. Moreover, the equation

defines firm i’s reaction function, or its optimal βi = Ri
(
βj
)
as a function of βj . In the β1-

β2 space where β1 is on the horizontal axis, both reaction functions are downward-slopping

and R1 intersects R2 from above at the equilibrium (βc1, β
c
2) , where βc1 = βc2 if γ = 1 and

βc1 > βc2 if γ > 1. Notice that βci is independent of λ and µ, because when both firms choose

CS neither of them has adoption benefit or is able to imitate.

In order for CS to be an equilibrium, each firm must prefer si = c to si = o given the

rival’s strategy. When it succeeds in innovating H, firm i′s expected revenue from choosing

si = c or si = o, given that the rival chooses βcj and sj = c, is respectively:

r̄i (H, c) = βcj
t

2
+
(
1− βcj

) (3t+ ∆)2

18t
; r̄i (H, o) = βcj

(
t

2
+ λ

)
+
(
1− βcj

)((3t+ δ)2

18t
+ λ

)
.
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CS is optimal for each firm if and only if r̄i (H, c) ≥ r̄i (H, o) for i = 1, 2.

Define

k = k (µ,∆, t) = µ∆
6t+ (2− µ) ∆

18t
, (8)

where k increases in µ and ∆ but decreases in t, and k ∈
(
0, ∆

2

)
because µ ∈ (0, 1) and

t > ∆
3 . As will become clear later, k is an innovating firm’s loss from imitation, and it will

play a crucial role in our analysis. Proposition 1 below characterizes the CS equilibrium

where both firms choose closed source.

Proposition 1 There is an equilibrium in which firm i chooses βci and CS if and only if

λ ≤ (1− βc1) k, (9)

where βci ∈ (0, 1) satisfies (7), βc1 increases while β
c
2 decreases in γ with β

c
1 = βc2 if γ = 1,

λc ≡ (1− βc1) k ∈
(
0, ∆

2

)
is independent of λ, and λc increases in µ but decreases in γ.

Proof. See the appendix.

Given µ,∆, and t, k is a constant and it measures an innovating firm’s loss when a

non-innovating rival imitates. Since 0 < k < ∆
2 < 1

3 and β
c
1 is independent of λ, λ

c is

independent of λ, and λc is the threshold below which the adoption benefit is lower than

the expected loss from imitation. In choosing CS, a firm avoids the potential imitation risk,

but it also does not gain from the adoption benefit under OS. The CS equilibrium is more

likely to exist if the adoption benefit (λ) is relatively small or the loss (k) when imitation

occurs is relatively large.

Importantly, a firm’s incentive to choose CS also depends on the rival’s expected innova-

tion rate (i.e., the success probability of the rival’s R&D), which is determined endogenously,

and so is the quality of the rival’s AI system. The firm is more concerned with protecting

its superior technology against imitation if its rival is less likely to succeed in innovating the

high-quality system, which makes CS more likely to be the optimal strategy. We thus call

the right-hand side of (9) the imitation risk, which is the expected imitation loss of firm 2

if it succeeds in innovation. Since firm 1 has lower innovation cost than firm 2 (γ ≥ 1), firm

1 has a higher success probability than firm 2 in equilibrium, implying that firm 2 has a
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lower expected imitation loss from OS. Thus, at the CS equilibrium, firm 2 has a stronger

incentive than firm 1 to deviate to OS in order to take advantage of the adoption benefit,

which is why only βc1 appears in (9), the no-deviation condition for the CS equilibrium.

Moreover, because the stronger firm’s innovation rate, βc1, increases in γ, the adoption

benefit threshold λc for the CS equilibrium is decreasing in γ. On the other hand, βc1 is

independent of µ while k is increasing in µ. Hence, the CS equilibrium is less likely to arise

when the firms’innovation capabilities are more asymmetric, but it is more likely to arise

when the superior technology is more imitable.

To gain more insights on what determine the incentives for CS and for innovation under

CS, we next explicitly solve the equilibrium innovation rates and further derive comparative

statics by assuming the quadratic investment cost function φi (βi) = γi
β2
i

8 , or φ (β) = β2

8 .

Corollary 1 If φ (β) = β2

8 , then

βci = 2∆ (6t+ ∆)
9tγj − 4∆2

81t2γ − 16∆4
for i 6= j = 1, 2.

Moreover, (i) βci increases in ∆. (ii) βci decreases in t if ∆ < 3
8 but increases in t if ∆ > 1

2γ

and γ ≤ 2.4. (iii) λc increases in µ but decreases in γ, and λc increases in ∆ if ∆ is

suffi ciently small. (iv) λc decreases in t if ∆ > 1
2 and γ ≤ 2.4.

Proof. See the appendix.

We can explain (iii) and (iv) of Corollary 1, the results on when firms are more inclined to

choose CS, as follows. When imitability (µ) rises, the potential imitation loss (k) rises and

CS becomes more attractive, implying the CS equilibrium can be sustained under a higher

value of adoption benefit (λ), or λc increases. When γ rises, the stronger firm is more likely

to succeed and is thus less likely to imitate, and hence the weaker firm has higher incentives

to deviate to OS, implying that λ needs to be lower to support the CS equilibrium, or λc is

lower. The effect of ∆ on λc is generally ambiguous: while a higher ∆ leads to a higher k,

positively impacting λc, it also tends to increase βc1, negatively impacting λ
c; but starting

from a relatively low ∆, the direct effect of ∆ dominates and λc increases in ∆ so that firms

are more likely to choose CS when ∆ is higher. Finally, while k decreases in t, βc1 may either

13



decrease or increase in t, and the effect of t on λc is also generally ambiguous; but when ∆

is relatively large, the two effects move in the same direction and λc falls as t rises, so that

firms are more likely to choose CS when competition is more intense.

The results on the determinants of the innovation incentives at the CS equilibrium, stated

in parts (i) and (ii) above, have the following intuition. When ∆ rises, the advantage of

H over L increases, so that firms invest more to innovate H. When t rises, there is less

intense competition, which shields firms from competitive pressure but raises profit from a

successful innovation. If ∆ is relatively small (suffi cient if ∆ < 3
8), the negative effect of

less competitive pressure dominates; but when ∆ is relatively high, the higher profit effect

dominates and R&D increases as competition becomes less intense. Moreover, as one would

expect, the R&D investment– and success probability– gap between the two firms enlarges

as their innovation capability asymmetry increases.

3.2 Equilibrium Open Source

At a potential OS equilibrium, anticipating βj , si = sj = o, and
(
p∗i , p

∗
j

)
, firm i chooses

βi to maximize its expected profit:

πi
(
βi, βj

)
= βi

[
βj

(
t

2
+ λ

)
+
(
1− βj

)((3t+ δ)2

18t
+ λ

)]

+ (1− βi)
[
βj

(
(3t− δ)2

18t

)
+
(
1− βj

)( t
2

)]
− γiφ (βi) . (10)

The equilibrium βi = βoi solves the first-order conditions ∂πi
(
βi, βj

)
/∂βi = 0, or

λ+ δ
6t+ δ

18t
− δ2

9t
βj = γiφ

′ (βi) for i 6= j = 1, 2. (11)

Proposition 2 There is an equilibrium in which firm i chooses βoi and OS if and only if

λ ≥ (1− βo2) k, (12)

where βoi ∈ (0, 1) , (βo1, β
o
2) solve (11), and βo1 increases but β

o
2 decreases in γ with β

o
1 = βo2

if γ = 1. Moreover, if βo2 increases in λ, then there is a unique λo ∈
(
0, ∆

2

)
satisfying

(1− βo2) k = λo.

14



Proof. See the appendix.

Firms will find it optimal to choose OS when the adoption benefit (λ) is at least as

high as the imitation risk. Because firm 1 is more likely to succeed in developing H (i.e.,

βo1 ≥ βo2), firm 1 has more incentives to deviate to CS to avoid the imitation risk, implying

that the OS equilibrium is more likely to exist if βo2 is higher. That is, equilibrium OS is

more likely to occur when the weaker firm has a higher success probability, in contrast to

the CS equilibrium that is more likely to exist when the stronger firm has a lower success

probability.

If λ is higher, an innovating firm is able to gain more from the adoption benefit under

OS. As µ decreases, the innovating firm can more effectively protect its technology– even

under OS– from the imitation of a rival that fails to innovate. Thus, the OS equilibrium is

more likely to exist if λ is higher or µ is lower. A complication is that βo2 also depends on λ

and µ; but if βo2 increases in λ and decreases in µ, as in the case below where the innovation

cost function is quadratic, then clearly condition (12) is more likely to hold under a higher

λ or lower µ.

Corollary 2 If φ (β) = β2

8 , then equilibrium innovation rates are

βoi = 2
(
9tγj − 4δ2

) 18tλ+ 6tδ + δ2

81t2γ − 16δ4 , for i 6= j = 1, 2.

Moreover: (i) βoi increases in λ, and there is a unique λ
o = (1− βo2) k such that (12) holds

if λ ≥ λo, where λo increases in γ. (ii) If δ ≤ t
4 , then β

o
i increases in ∆ and decreases in

µ, while λo increases in µ and, for small enough ∆, increases in ∆. (iii) If 8λ + 8
3δ < 1,

βoi decreases in t; while if 8λ + 8
3δ ≥

1
8 (9γ − 1) , βoi increases in t and λ

o decreases in t.

(iv) innovation rates are higher under OS than under CS (i.e., βoi > βci ) if λ is suffi ciently

large, but this can be reversed (i.e., βoi < βci ) if λ ≥ λo is relatively small.

Proof. See the appendix.

As under CS, innovation rates tend to increase in ∆ under OS. The advantage of H over

L increases as ∆ rises, providing higher R&D incentives to develop H. Also as under CS,

innovation rates tend to decrease in t when ∆ is relatively low but increase in t when ∆

15



is high. When t rises, a firm with the inferior AI system is more able to shield from the

competitive pressure of a rival with the superior system, but the higher t also raises the

return from successfully innovatingH. If∆ is relatively low, the shielding-competition effect

dominates so that innovation tends to decrease as competition softens; but the higher profit

effect dominates if the quality improvement of H over L is suffi ciently high. Furthermore,

when µ increases, the superior technology is more imitable under open source, reducing

innovation rates.

The results on when firms are more likely to choose OS can be understood as follows.

When γ rises, the weaker firm’s innovation rate decreases. It then becomes harder to

prevent the stronger firm from deviating to CS, and a higher adoption benefit (λ) from OS

is required to sustain the equilibrium. As µ increase, k increases and βo2 decreases, leading to

higher λo: firms are less willing to choose OS when the imitation risk is higher. A higher ∆

enlarges the quality difference between H and L, which increases k but decreases (1− βc2) ,

so the impact on λo is generally ambiguous. But starting from a small ∆, the direct effect

on k dominates and λo increases in ∆; so firms are less likely to choose OS when the quality

gap between H and L is higher. Finally, as t increases, competition intensity decreases, and

the direct effect is that k decreases, negatively impacting λo; but it’s possible that βoi also

decreases and the net effect on λo could be ambiguous. However, if ∆ is suffi ciently high,

the two effects move in the same direction and λo decreases in t, so firms are more inclined

to choose OS when competition is less intense.

Comparing βoi and β
c
i , which occur under different λ, we find that β

o
i > βci if λ is suffi -

ciently high, but it is possible that an increase in λ or an increase in δ = (1− µ) ∆– which

switches the equilibrium from CS to OS– reduces innovation rates for both firms (i.e.,

βoi < βci ). This is because in the OS equilibrium, a firm may improve its quality through

imitation without succeeding in innovation, and its innovation also helps the rival to im-

prove quality, both of which can reduce the firm’s innovation incentive despite the adoption

benefit of OS. Therefore, policies that promote OS through subsidies or fewer regulatory

constraints can reduce innovation incentives.
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3.3 Hybrid Equilibrium with both CS and OS Firms

At a hybrid equilibrium, one firm chooses CS while the other chooses OS. Because firm

2 has lower innovation capability, it is more likely to deviate at the CS equilibrium, while

firm 1 is more likely to deviate at the OS equilibrium. It is thus natural to focus on the

hybrid equilibrium where s1 = c and s2 = o, 14 where the two firms’profits as functions of

β1 and β2 are

π1 (β1, β2) = β1

[
β2

(
t

2

)
+ (1− β2)

(
(3t+ ∆)2

18t

)]

+ (1− β1)

[
β2

(
(3t− δ)2

18t

)
+ (1− β2)

(
t

2

)]
− φ (β1) , (13)

π2 (β1, β2) = β2

[
β1

(
t

2
+ λ

)
+ (1− β1)

(
(3t+ δ)2

18t
+ λ

)]

+ (1− β2)

[
β1

(
(3t−∆)2

18t

)
+ (1− β1)

(
t

2

)]
− γφ (β2) . (14)

The equilibrium innovation rates, βm1 and βm2 , satisfy the first-order conditions

∆ (6t+ ∆)

18t
− 6t (∆− δ) + ∆2 + δ2

18t
β2 = φ′ (β1) , (15)

λ+
δ (6t+ δ)

18t
− −6t (∆− δ) + ∆2 + δ2

18t
β1 = γφ′ (β2) . (16)

Proposition 3 Suppose βm1 and βm2 solve (15)-(16) and

(1− βm1 ) k ≤ λ ≤ (1− βm2 ) k. (17)

Then, there is a hybrid equilibrium where firm 1 chooses βm1 and CS while firm 2 chooses

βm2 and OS; βm1 increases in γ but decreases in λ while βm2 decreases in γ but increases in

λ. When γ is high enough, the hybrid equilibrium exists under a range of intermediate λ

values, and it is the only possible hybrid equilibrium. Moreover, CS is the unique equilibrium

if λ is suffi ciently low, while OS is the unique equilibrium if λ ≥ ∆
2 .

14As we show in Proposition 3 below, when γ is large, this hybrid equilibrium indeed exists under a range

of λ values and it is the only possible hybrid equilibrium.
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Proof. See the appendix.

For given k, when λ is in an intermediate range, there can be an asymmetric equilibrium,

where the stronger firm chooses CS while the weaker firm chooses OS. The range of λ is

larger when the innovation rate is higher for the former and lower for the latter. However, if

λ is suffi ciently small, the unique equilibrium is CS; while if λ is suffi ciently large, the unique

equilibrium is OS. There may be regions of parameter values in which multiple equilibria

coexist or no pure-strategy equilibrium exists. We next illustrate the three possible types

of equilibria under the quadratic R&D cost function and for specific parameter values,

providing suffi cient conditions under which the equilibrium is CS, hybrid, or OS.

Corollary 3 Suppose φ (β) = β2

8 . There exist λ
c, λm1 , λ

m
2 , and λ

o that satisfy

λc = [1− βc1] k, λm1 = [1− βm1 ] k, λm2 = [1− βm2 ] k, λo = [1− βo2] k.

Moreover, for sorted values of (µ, γ,∆, t) , λc ≤ λm1 < λm2 ≤ λo, and the equilibrium is CS

if λ ≤ λc, hybrid if λm1 < λ ≤ λm2 , and OS if λ > λo. As λ rises, β1 may decrease from βc1

to βm1 and then to βo1, while β2 may increase from βc2 to β
m
2 and then decrease to βo2.

Proof. See the appendix.

Example 1 below illustrates the possible regions for the three equilibria.

Example 1 Suppose φ (β) = β2

8 .

1. If (γ, µ,∆, t) =
(

3
2 ,

1
3 ,

1
4 , 1
)
, then λc = λm1 = 0.02, λm2 = λo = 0.023, and

(1) if λ ≤ λc = 0.02, the CS equilibrium prevails, with βc1 = 0.34, βc2 = 0.225;

(2) if 0.02 < λ ≤ 0.023, the hybrid equilibrium prevails; for instance, if λ = 0.021, then

βm1 = 0.32 < βc1 = 0.34, βm2 = 0.227 > βc2 = 0.225;

(3) if λ > 0.023, the OS equilibrium prevails; for instance, if λ = 0.024, then

βo1 = 0.318 < βm1 |λ=0.021 < βc1, and β
o
2 = 0.21 < βm2 |λ=0.021 < βc2;

(4) if λ ≥ 0.03, βoi > βci .

2. Starting from (γ, µ,∆, t) =
(

3
2 ,

1
3 ,

1
4 , 1
)
, let µ, γ, ∆, or t change one at a time. Then

λc ≤ λm1 < λm2 ≤ λo; as µ or ∆ rises or t falls, k, λc, λm1 , λ
m
2 , and λ

o all increase, so the
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equilibrium is more likely to be CS. Moreover, as γ rises, λc and λm1 decrease while λm2 and

λo increase, making the hybrid equilibrium more likely to occur.

The critical values that divide the parameter value regions for the CS, hybrid, and OS

equilibrium all depend on the potential imitation loss, k = ∆µ6t+(2−µ)∆
18t , which increases

in ∆ and µ but decreases in t. The other determinant is the probabilities that either the

stronger or the weaker firm succeeds in innovation, which differ at different equilibrium

regimes. Example 1 indicates that λc ≤ λm1 < λm2 ≤ λo under plausible parameter values,

and they all increase in ∆ and µ but decrease in t, suggesting that firms are more likely

to choose OS as its adoption benefit (λ) increases, the quality gap (∆) between H and L

decreases, the imitability (µ) of H by L decreases, or competition softens (as t increases).

Remarkably, innovation rates can be higher at the CS equilibrium than at the hybrid

or OS equilibrium. As Example 1 illustrates, when the adoption benefit (λ) under OS

increases, the equilibrium changes first from both firms choosing CS to the weaker firm

choosing OS, and then to both firms choosing OS; but the innovation rate of the stronger

firm can monotonically decrease as the equilibrium changes. Also, at the hybrid equilibrium,

as firm 2’s innovation rate increases with λ, firm 1’s innovation rate decreases (because the

probability that it can imitate rises); consequently, firm 1’s innovation rate can be lower–

and firm 2’s higher– than those under both the CS equilibrium and the OS equilibrium.

However, in the OS equilibrium, both firms’ innovation rates increase in λ, and they are

higher than the innovation rates at other equilibria when λ is suffi ciently high.

Even though λ is lower at the hybrid equilibrium than at the OS equilibrium, the inno-

vation rate of the weaker (stronger) firm can be higher (lower) at the hybrid equilibrium

than at the OS equilibrium; That is, it is possible to have βm1 < βo1 and β
m
2 > βo2. The

weaker firm can have higher innovation incentive at the hybrid equilibrium than at the

OS equilibrium, because at the former it cannot imitate if it fails to innovate; while the

stronger firm can have lower innovation incentives at the hybrid equilibrium than at the

OS equilibrium, because with CS at the hybrid equilibrium it does not have the adoption

benefit if it succeeds and also because its imitation probability rises as the rival’s success
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probability becomes higher.

4. EX POST SOURCE-SHARING DECISIONS

We have so far assumed that each firm commits to its source-sharing choice before learning

its rival’s R&D outcome. This captures the idea that a firm’s R&D is an on-going process

and the realization of the R&D outcome may no have a pre-determined time. However,

there may also be situations where firms can refrain from making source-sharing decision

until all R&D outcomes are publicly known. To address this possibility, in this section we

consider a variant of our model with ex post source-sharing choices, in which the firms’

open- or closed-source decisions need to be optimal after the investment outcomes for both

firms become public. All other aspects of the model are the same as before.

There are four possible R&D outcomes: (θ1, θ2) ∈ {(H,H) , (H,L) , (L,H) , (L,L)} .

Firms simultaneously choose si based on (θ1, θ2) . First, it is obvious that in equilibrium

si (H,H) = o, since in this case a firm can benefit from the adoption benefit of OS without

facing the imitation risk.

Next, when θi = H and θj = L, the change in firm i’s revenue from si = o to si = c is

ri (H, o)− ri (H, c) =

(
(3t+ δ)2

18t
+ λ

)
−
(

(3t+ ∆)2

18t

)
= λ− µ∆

6t+ ∆ + δ

18t
.

Recall k = µ∆6t+∆+δ
18t . Hence, in equilibrium s1 (H,L) = s2 (L,H) = o if λ ≥ k and

s1 (H,L) = s2 (L,H) = c if λ < k. That is, the equilibrium is OS if its adoption benefit (λ)

is no lower than the loss from imitation (k), and it is CS otherwise.

Next, when λ ≥ k, each firm will choose OS for H when the rival has L, and firm i′s

expected profit in choosing βi, given that the rival chooses βj , is

πi = βi

[
βj

(
t

2
+ λ

)
+
(
1− βj

)((3t+ δ)2

18t
+ λ

)]

+ (1− βi)
[
βj

(
(3t− δ)2

18t

)
+
(
1− βj

)( t
2

)]
− γiφ (βi) .

Notice that this is the same profit function for firm i under the ex ante regime where both

firms choose OS. That is, under the ex post regime, if each firm will choose si = o for H
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when the rival has L, its expected profit from investment will be the same as in the OS

equilibrium under the ex ante regime.

If λ < k, each firm will choose CS for H when the rival’s system is L, and firm i′s expected

profit in choosing βi, given that the rival chooses βj , is

πi = βi

[
βj

(
t

2
+ λ

)
+
(
1− βj

)((3t+ ∆)2

18t

)]

+ (1− βi)
[
βj

(
(3t−∆)2

18t

)
+
(
1− βj

)( t
2

)]
− γiφ (βi) .

Proposition 4 When firms make ex post source-sharing decisions:

(i) If λ ≥ k, then in equilibrium firm i chooses β̃
o
i ∈ (0, 1) and OS, where β̃

o
i = βoi .

(ii) If λ < k, then in equilibrium firm i chooses OS if θj = H but chooses CS if θj = L,

and i chooses β̃
c
i to solve

λβj + ∆
6t+ ∆− 2∆βj

18t
= γiφ

′ (βi) (18)

for i 6= j = 1, 2, where β̃
c
1 = β̃

c
2 if γ = 1 and β̃

c
1 > β̃

c
2 if γ > 1.

Proof. See the appendix.

Recall that k increases in µ and ∆ but decreases in t. Therefore, in equilibrium both firms

are more likely to choose OS if the adoption benefit (λ) of OS is higher, or if H ′s imitability

(µ) is lower, if the quality difference between the superior and inferior systems is higher, or

if competition is less intense (i.e. t is higher). These results are analogous to those in the

ex ante choice regime, and the main difference is that condition (12) there depends on the

weaker firm’s innovation rate while here the condition depends on neither firm’s innovation

rate.

We are also interested in whether firms are more likely to choose OS in the ex post than

in the ex ante choice regime, and under which regime innovation rates are higher.

Corollary 4 (i) In equilibrium, OS may arise under the ex post but not under the ex ante

choice regime if λ is suffi ciently small or if imitation risk is suffi ciently high, whereas OS

may arise under the ex ante but not under the ex post choice regime if (1− βo2) k ≤ λ < k.
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(ii) Suppose φ (β) = β2

8 . Then, both β̃
c
i and β̃

o
i increase in λ for i = 1, 2 . Moreover, β̃

c
i > βci

and β̃
o
i = βoi , implying that innovation rates are higher under the ex post than under the ex

ante choice regime if λ is suffi ciently small, but they are the same under the two regimes if

λ ≥ k.

Proof. See the appendix.

If the adoption benefit of OS is suffi ciently low, in equilibrium firms will choose CS under

the ex ante choice regime but may still choose OS under the ex post choice regime when

the rival’s system is also H. On the other hand, if (1− βo2) k ≤ λ < k, in equilibrium both

firms choose OS under the ex ante choice regime, but each firm that succeeds in innovating

H will choose CS if its rival fails to innovate under the ex post choice regime. Therefore,

under which regime OS is more likely to emerge depends on how λ compares with k, or

with µ, ∆, and t.

Recall that in the ex ante choice regime, R&D investment is independent of λ in the CS

equilibrium. Under the ex post choice regime, as λ rises R&D investment increases in both

the OS and CS equilibria. This is because even if ex post an H firm will choose CS when

the rival has L, it will always choose OS (and hence gain from the adoption benefit) if the

rival also has H. Therefore, each firm has higher incentives to invest in innovation as λ

increases, and hence the innovation rate is higher under the ex post than under the ex ante

choice regime.

If in equilibrium both firms will choose OS under both regimes, a suffi cient condition for

which is λ ≥ k, they will have the same expected profit from investing in R&D– and hence

also the same innovation incentives– under both regimes. However, if λ is suffi ciently small,

in equilibrium each firm will choose CS under the ex ante choice regime but will still choose

OS under the ex post choice regime if the rival’s R&D is also successful, in which case a

firm will have the adoption benefit without the imitation risk from innovating H. Hence,

firms have stronger innovation incentive under the ex post than under the ex ante choice

regime if λ is suffi ciently small.
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5. CONCLUSION

This paper has examined AI firms’source-sharing and innovation incentives in a model

of duopoly competition. Open source generates adoption benefits for a successful innovator

but also exposes it to imitation risk. In equilibrium, firms are more likely to choose closed

source if the stronger firm’s innovation rate is lower and choose open source if the weaker

firm’s innovation rate is higher. Firms are also more likely to choose closed source if the

adoption benefit is lower, the quality gap between the AI systems is higher, the advanced

technology is more imitable, or price competition is more intense. When their R&D ability is

suffi ciently different and the adoption benefit is within an intermediate range, the stronger

firm will choose closed source while the weaker firm will choose open source. Contrary

to conventional belief, open source can lead to lower innovation rates. Intensified price

competition may further discourage open source and innovation.

To our knowledge, this paper is the first to incorporate endogenous imitation risk in an

equilibrium model of strategic source-sharing and innovation decisions by competing AI

firms. The expression for imitation risk derived in the paper allows us to obtain intuitive

equilibrium conditions and comparative statics. Moreover, changes in the imitation risk

influence the equilibrium innovation rates, which in turn affect the firms’ source-sharing

choices. It is important to note, however, that our analysis is based on a stylized model.

The results of the paper should thus be interpreted with this caveat in mind. Future work

may extend our analysis to more general settings. One possibility is to endogenize the

adoption benefit of open source in AI competition. In addition to gaining from broad

adoption and potential secondary-product revenues as in traditional software, open source

could help an AI firm strengthen its competitive advantage by establishing an ecosystem that

fosters collaboration, innovation, and product developments based on its core technology.

Incorporating such considerations in a dynamic model could be an interesting direction for

future research.

For convenience, we have taken the level of information-sharing under open source as

given. In practice, even though proponents of open-source AI advocate for the full trans-
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parency of source code, parameter weights, and training data, firms may choose strategically

the content of disclosure. To the extent that adoption benefit and imitability may both be

higher when more technology information is shared, our analysis could be extended to an-

alyze how firms may optimally choose the degree of information disclosure– in a setting

where it is endogenous– to balance the adoption benefit and imitation risk.15 Furthermore,

our model can shed light on the effects of regulations that encourage or even mandate

source-sharing. For example, in the recent antitrust case against Google concerning its ex-

clusionary contracting practice, the fact that Google was required to share only part of its

search data with rivals may reflect the court’s consideration both to foster competition and

to protect Google’s proprietary technology. Our paper can provide a framework for analyz-

ing how such regulations may affect competition and innovation in the rapidly evolving AI

industry.16

15A reduced-form approach to this is to make both the adoption benefit and imitability parameters, λ and

µ, as functions of the degree of disclosure.
16Our equilibrium results are derived in a setting where firms make voluntary source-sharing choices. To

examine the effects of regulations that force firms to disclose technology information, our analysis needs to be

adjusted to consider the potential changes in adoption benefit, imitation risk, R&D, and price competition

due to the disclosure requirements.
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APPENDIX

The appendix contains proofs for Propositions 1-4 and Corollaries 1-4, as well as the

calculations for Example 1.

Proof for Proposition 1. First, R1 intersects the β2-axis at
6t+∆

2∆ > 1 and the β1-axis

at β1 < 1 where φ′ (β1) = ∆6t+∆
18t , whereas R2 intersects the β2-axis at β2 < 1 where

γφ′ (β1) = ∆6t+∆
18t and the β1-axis at

6t+∆
2∆ > 1. Thus, R1 crosses R2 from above at (βc1, β

c
2)

that simultaneously solve (7), where βc1 = βc2 if γ = 1. When γ increases (above 1), R1 (β2)

is unchanged but R2 (β1) rotates downward. Hence βc1 increases and β
c
2 decreases in γ.

Next, the equilibrium is sustained if and only if, for i 6= j = 1, 2,

r̄i (H, c)− r̄i (H, o) = −λ+
1

18
(∆− δ)

(
1− βcj

) 6t+ ∆ + δ

t
≥ 0,

which holds when (9) holds because βc1 ≥ βc2 and k = µ∆6t+(2−µ)∆
18t .

Next, since 0 < k < ∆
2 < 1

3 , β
c
1 is independent of λ and µ. Moreover, k increases in µ,

and λc = [1− βc1] k ∈
(
0, ∆

2

)
is independent of λ, increasing in µ, and decreasing in βc1.

Proof for Corollary 1. The βc1 and β
c
2 are the unique solution to (7). Moreover, (i)

∂βci
∂∆

>
∂
[
2∆ (6t+ ∆)

(
9tγi − 4∆2

)]
∂∆

= 4
(
−8∆3 − 36t∆2 + 27t2γi + 9t∆γi

)
> 4

(
−8∆3 − 36t∆2 + 12t (3∆) + 9t∆ + 15t2

)
> 69t2 > 0.

(ii)
∂βci
∂t

= 6∆2 (8∆− 3γi)
(
16∆4 + 81t2γi

)
+ 72t∆2γi (3− 8∆)

(−16∆4 + 81t2γi)
2 .

Since ∆ < t
3 ≤

2
3 , γi ≥ 1, and

∂
(
(8∆− 3γi)

(
16∆4 + 81t2γi

)
+ 72t∆2γi (3− 8∆)

)
∂γi

= 6
(
−8∆4 + 3t

(
36t∆− 27tγi + 12∆2 − 32∆3

))
< 0,

(8∆− 3γi)
(
16∆4 + 81t2γi

)
+ 72t∆2γi (3− 8∆)

≤ (8∆− 3)
(
16∆4 + 81t2

)
+ 72t∆2 (3− 8∆) = (8∆− 3)

(
9t− 4∆2

)2
< 0
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if ∆ < 3
8 . Hence,

∂βci
∂t < 0 if ∆ < 3

8 .

On the other hand, ∂β
c
i

∂t > 0 if ∆ > 1
2γ and γ ≤ 2.4 because ∆ < t

3 ≤
2
3 and

(8∆− 3γi)
(
16∆4 + 81t2γi

)
+ 72t∆2γi (3− 8∆)

≥ (8∆− 3γ)
(
16∆4 + 81t2γ

)
+ 72t∆2γ (3− 8∆)

= 81γ (8∆− 3γ) t2 − 72∆2γ (8∆− 3) t+ 16∆4 (8∆− 3γ)

≥ 81γ (8∆− 3γ) t3∆− 72∆2γ (8∆− 3) t+ 16∆4 (8∆− 3γ)

= 9t∆γ (16∆ (15− 4∆)− 81γ) + 16∆4 (8∆− 3γ)

> 9t∆γ

(
16

(
1

2
γ

)(
15− 4

(
1

2
γ

))
− 81γ

)
= 9t∆γ2 (39− 16γ) > 0.

(iii) That λc increases in µ but decreases in γ follows directly from Proposition 1. Since
∂βc1
∂∆ is finite, k → 0 as ∆→ 0 and ∂k

∂∆ = µ6t+2(2−µ)∆
18t , when ∆ is suffi ciently small,

∂λc

∂∆
= −∂β

c
1

∂∆
k + (1− βc1)

∂k

∂∆
> 0.

(iv)
∂λc

∂t
= −∂β

c
1

∂t
k + (1− βc1)

∂k

∂t
,

where ∂k
∂t = 1

18∆2µµ−2
t2

< 0. If ∆ > 1
2γ and γ ≤ 2.4,

∂βci
∂t > 0, and hence ∂λc

∂t < 0.

Proof for Proposition 2. In (11), the right-hand side of each equation is lower when

βi = 0– and higher when βi = 1– than the left-hand side. Moreover, the two equations

define βi = Ri
(
βj
)
as the reaction function of βj . In the β1-β2 space where β1 is on the

horizontal axis, both reaction functions are downward-slopping, and R1 crosses R2 from

above at the equilibrium (βo1, β
o
2) . If γ = 1, R1 (β2) and R2 (β1) are symmetric, so βo1 = βo2.

When γ > 1, R1 (β2) is unchanged but R2 (β1) rotates downward, and hence βo1 > βo2; and

βo1 increases while β
o
2 decreases in γ.

Next, as λ increases , the reaction functions R1 and R2 both shift out, implying that βoi

increases in λ for at least one i = 1, 2.
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Next, when its system is H, firm i′s expected revenue from choosing si = o or si = c,

given that the rival chooses βoj and sj = o, is respectively

r̄i (H, o) = βoj

[
t

2
+ λ

]
+
(
1− βoj

) [(3t+ δ)2

18t
+ λ

]
,

r̄i (H, c) = βoj

[
t

2

]
+
(
1− βoj

) [(3t+ ∆)2

18t

]
.

Choosing OS is optimal for each firm if and only if, for i 6= j = 1, 2,

r̄i (H, o)− r̄i (H, c) = λ−
(
1− βoj

) [(3t+ ∆)2

18t
− (3t+ δ)2

18t

]
≥ 0,

which holds when (12) holds.

Moreover, since k ∈
(
0, ∆

2

)
, (12) holds if λ ≥ ∆

2 . If β
o
2 increases in λ, since k is independent

of λ, for given (µ, γ,∆, t) there is a unique λo ∈
(
0, ∆

2

)
such that (12) holds if λ ≥ λo.

Proof for Corollary 2. βo1 and β
o
2 uniquely solve (11):

βo1 = 2
(
9tγ − 4δ2

) 18tλ+ 6tδ + δ2

81t2γ − 16δ4 , βo2 = 2
(
9t− 4δ2

) 18tλ+ 6tδ + δ2

81t2γ − 16δ4 .

(i)
∂βo1
∂λ

= 36t
9tγ − 4δ2

81t2γ − 16δ4 > 0,
∂βo2
∂λ

= 36t
9t− 4δ2

81t2γ − 16δ4 > 0;

Given (µ, γ,∆, t) and with δ = (1− µ) ∆, there is a unique λo ∈
(
0, ∆

2

)
that solves

λ = (1− βo1) k, and
∂ [(1− βo2) k]

∂γ
= −∂β

o
2

∂γ
k > 0.

(ii) If t ≥ 4δ:

∂βo1
∂δ

≥ ∂βo2
∂δ

>
∂
(
2
(
9t− 4δ2

) (
18tλ+ 6tδ + δ2

))
∂δ

= 4
(
9t
(
3t+ δ − 4δ2 − 8λδ

)
− 8δ3

)
> 4

(
9t
(
3 (4δ) + δ − 4δ2 − 8λδ

)
− 8δ3

)
> 4

(
9 (4δ) δ (13− 8λ− 4δ)− 8δ3

)
= 16δ2 (117− 72λ− 38δ) > 0,

which implies ∂βoi
∂∆ > 0 and ∂βo1

∂µ < 0 since δ = (1− µ) ∆. Moreover, ∂k
∂∆ = µ6t+2(2−µ)∆

18t > 0,

∂k
∂µ = ∆3t+∆(1−µ)

9t > 0. Hence,

∂λo

∂µ
= −∂β

o
2

∂µ
k + [1− βo2]

∂k

∂µ
> 0,
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and when ∆→ 0, k → 0

∂λo

∂∆
= −∂β

o
2

∂∆
k + [1− βo2]

∂k

∂∆
> 0.

(iii)

∂βo1
∂t

= 6δ2 81γ (24λ− 3γ + 8δ) t2 − 72γδ2 (24λ− 3 + 8δ) t+ 16δ4 (24λ− 3γ + 8δ)(
−16δ4 + 81t2γ

)2 ,

∂βo2
∂t

= 6δ2 81γ (24λ− 3 + 8δ) t2 − 72γδ2 (24λ− 3 + 8δ) t+ 16δ4 (24λ− 3 + 8δ)(
−16δ4 + 81t2γ

)2 .

Hence, if 8λ+ 8
3δ < 1, then ∂βo1

∂t ≤
∂βo2
∂t < 0 because

81γ (24λ− 3γ + 8δ) t2 − 72γδ2 (24λ− 3 + 8δ) t+ 16δ4 (24λ− 3γ + 8δ)

≤ 81γ (24λ− 3 + 8δ) t2 − 72γδ2 (24λ− 3 + 8δ) t+ 16δ4 (24λ− 3 + 8δ)

< 81γ (24λ− 3 + 8δ) t (3δ)− 72γδ2 (24λ− 3 + 8δ) t+ 16δ4 (24λ− 3 + 8δ)

= 9tγδ (27− 8δ) (24λ+ 8δ − 3) + 16δ4 (24λ+ 8δ − 3) < 0.

If 24λ+ 8δ ≥ 3γ+ 1
9 (24λ− 3 + 8δ)⇔ 8λ+ 8

3δ ≥
1
8 (9γ − 1) , which can hold if ∆ > 3

8 , then
∂βo2
∂t ≥

∂βo1
∂t > 0 because

81γ (24λ− 3 + 8δ) t2 − 72γδ2 (24λ− 3 + 8δ) t+ 16δ4 (24λ− 3 + 8δ)

≥ 81γ (24λ− 3 + 8δ) t

(
δ

3

)
− 72γδ2 (24λ− 3 + 8δ) t+ 16δ4 (24λ− 3γ + 8δ)

= 9tγδ (3− 8δ) (24λ+ 8δ − 3) > 0.

In this case, since ∂k
∂t = 1

18∆2µµ−2
t2

< 0,

∂λo

∂t
= −∂β

o
2

∂t
k + [1− βo2]

∂k

∂t
< 0.

(iv) Because βoi monotonically increases in λ at a constant rate while β
c
i is independent of

λ, βoi > βci if λ is suffi ciently large (implying that (12) also holds). On the other hand, it is

possible that βoi < βci if λ is relatively small but still above λ
o. For example: (1) If t = 1,

∆ = 1
5 , γ = 6

5 , and µ = 0.2, then λo = 0.011; when λ = 0.012, βo1 = 0.265 < βc1 = 0.272,

and βo2 = 0.22 < βc2 = 0.226. (2) If t = 2, ∆ = 1
2 , γ = 2, and µ = 1

3 , then λ
o = 0.041; when

λ = 0.042, βo1 = 0.617 < βc1 = 0.676, and βo2 = 0.305 < βc2 = 0.328.
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Proof for Proposition 3. When s1 = c and s2 = o, the two firms simultaneously choose

β1 and β2, with i maximizing its profit given βj . The equilibrium βm1 and βm2 satisfy the

first-order conditions given by (15) and (16).

When its product is H, firm 1′s expected revenues from choosing s1 = c and s1 = o, given

that firm 2 chooses βm2 and s2 = o, are respectively

r̄1 (H, c) = β2

t

2
+(1− β2)

(3t+ ∆)2

18t
, r̄1 (H, o) = β2

(
t

2
+ λ

)
+(1− β2)

(
(3t+ δ)2

18t
+ λ

)
;

while firm 2′s expected revenues from choosing s2 = o and s2 = s, given that firm 1 chooses

βm1 and s1 = c, are respectively

r̄2 (H, o) = λ+

(
β1

t

2
+ (1− β1)

(3t+ δ)2

18t

)
, r̄2 (H, c) = β1

t

2
+ (1− β1)

(3t+ ∆)2

18t
.

When βm1 and βm2 solve (15) and (16), they constitute a hybrid equilibrium if

r̄1 (H, c)− r̄1 (H, o) = (1− βm2 ) (∆− δ) 6t+ ∆ + δ

18t
− λ ≥ 0,

r̄2 (H, o)− r̄2 (H, c) = λ− (1− βm1 ) (∆− δ) 6t+ ∆ + δ

18t
≥ 0;

that is, if (17) holds.

Next, as γ increases, the reaction function defined by (16), R2 (β1) , shifts down, implying

that βm1 increases and β
m
2 decreases. On the other hand, as λ increases, the reaction function

defined by (16), R2 (β1) , shifts up, implying that βm1 decreases and βm2 increases.

Next, since 0 < [1− βm1 |λ=0] k and ∆
2 >

[
1− βm1 |λ= ∆

2

]
k, there exists λm1 ∈

(
0, ∆

2

)
that

solves λm1 = [1− βm1 ] k. Similarly, there exists λm2 ∈
(
0, ∆

2

)
that solves λm2 = [1− βm2 ] k.

When γ is large relative to λ, βm1 > βm2 , and hence the hybrid equilibrium exists under a

range of intermediate λ values satisfying (17), Also, since k < ∆
2 , if λ ≥

∆
2 , (12) holds but

neither (9) nor (17) does; while if λ is suffi ciently small, condition (9) holds but neither (12)

nor (17) does.

Finally, similar to the analysis that establishes (15) and (16), if there were a hybrid

equilibrium where s1 = o and s2 = c, βm1 and βm2 would satisfy

λ+ δ
6t+ δ

18t
+ β2

6t (∆− δ)−∆2 − δ2

18t
= φ′ (β1) ,

∆
6t+ ∆

18t
− β1

1

18

6t (∆− δ) + ∆2 + δ2

t
= γφ′ (β2) .
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When γ is large relative to λ, βm1 > βm2 . However, the equilibrium can exist only if

(1− βm2 ) k ≤ λ ≤ (1− βm1 ) k

which is impossible if βm1 > βm2 . Hence, at the only possible hybrid equilibrium, s1 = c and

s2 = o.

Proof for Corollary 3. When φ (β) = β2

8 , from (7), (11), (15), and (16), we obtain

βc1 = 2∆ (6t+ ∆)
9tγ − 4∆2

81t2γ − 16∆4
, βc2 = 2∆ (6t+ ∆)

9t− 4∆2

81t2γ − 16∆4
.

βm1 =
18t∆ (6t+ ∆) γ − 72t

(
6t∆− 6tδ + ∆2 + δ2

)
λ− 4δ (6t+ δ)

(
6t (∆− δ) + ∆2 + δ2

)
144t2 (∆− δ)2 − 4

(
∆2 + δ2

)2
+ 81t2γ

,

βm2 =
2
[
162t2λ+ 54t2δ + 72t2∆2 − 2∆4 − 2∆2δ2 − 12t∆δ2 − 12t∆2δ − 72t2∆δ + 9tδ2

]
144t2 (∆− δ)2 − 4

(
∆2 + δ2

)2
+ 81t2γ

.

βo1 = 2
(
9tγ − 4δ2

) 18tλ+ 6tδ + δ2

81t2γ − 16δ4 , βo2 = 2
(
9t− 4δ2

) 18tλ+ 6tδ + δ2

81t2γ − 16δ4 .

Hence, βo1 and β
o
2 increase in λ, while β

m
1 decreases and βm2 increases in λ. Since 0 < k <

∆
2 < 1

3 and β
c
1 is independent of λ, there exists λ

c ∈
(
0, ∆

2

)
that solves λc = [1− βc1] k.

Also, since 0 < [1− βm1 |λ=0] k and ∆
2 >

[
1− βm1 |λ= ∆

2

]
k, there exists λm1 ∈

(
0, ∆

2

)
that

solves λm1 = [1− βm1 ] k. Similarly, there exist λm2 ∈
(
0, ∆

2

)
that solves λm2 = [1− βm2 ] k and

λo ∈
(
0, ∆

2

)
that solves λo = [1− βo2] k.

The rest of the Corollary is proved with Example 1, where one of the parameter values

changes while the others take certain given values. The expressions for βc1, β
c
2, β

m
1 , β

m
2 , β

o
1,

and βo2 above are used to conduct the calculations leading to the conclusions in Example 1.

Proof for Proposition 4. (i) If λ ≥ k, in equilibrium each firm will choose OS, and for

i 6= j = 1, 2, firm i chooses β̃
o
i to maximize πi, yielding the same first-order conditions as

those in (11). Therefore, β̃
o
i = βoi .

(ii) If λ < k, in equilibrium each firm will choose CS for H when the rival’s product is L,

and for i 6= j = 1, 2, firm i chooses β̃
c
i to maximize πi, and

(
β̃
c
1, β̃

c
2

)
satisfy the first-order
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conditions (18). Since the left-hand side of (18) is higher (or lower) than the right-hand

side if βi = 0 (or if βi = 1), β̃
c
1 and β̃

c
2 exist, with β̃

c
1 = β̃

c
2 if γ = 1 and β̃

c
1 > β̃

c
2 if γ > 1.

Proof for Corollary 4. (i) Under the ex ante choice regime, both firms will choose CS

if λ is suffi ciently small (i.e., if λ < λc), and they will choose OS if λ ≥ (1− βo2) k. Under

the ex post choice regime, firms will choose OS either if λ ≥ k or if λ < k and both firms

succeed in innovating H (with probability β̃
c
1β̃

c
2), but a firm will choose CS if λ < k and

the rival fails in innovation. Hence, OS may occur under the ex post but not under the ex

ante choice regime if λ is suffi ciently small, while OS may occur under the ex ante but not

under the ex post choice regime if

(1− βo2) k ≤ λ < k.

(ii) Suppose φ (β) = β2

8 . Then, from (18),

β̃
c
i = 2∆ (6t+ ∆)

9tγi + 36tλ− 4∆2

81t2γ − 16 (9tλ−∆2)2 , where γ1 = 1 and γ2 = γ;

∂β̃
c
i

∂λ
= 2∆ (6t+ ∆) 36t

1296t2λ2 + 16∆4 + 81t2γ − 72t∆2γi + 648t2λγi − 288t∆2λ(
1296t2λ2 + 16∆4 − 81t2γ − 288t∆2λ

)2 > 0.

Since

βci = 2∆ (6t+ ∆)
9tγi − 4∆2

81t2γ − 16∆4
, where γ1 = 1 and γ2 = γ,

we have βci < β̃
c
1 because

9tγ − 4∆2

81t2γ − 16∆4
− 9tγ + 36tλ− 4∆2

81t2γ − 16 (9tλ−∆2)2 < 0,
9t− 4∆2

81t2γ − 16∆4
− 9t+ 36tλ− 4∆2

81t2γ − 16 (9tλ−∆2)2 < 0.

On the other hand,

β̃
o
1 = 2

(
18tλ+ 6tδ + δ2

) 9tγ − 4δ2

81t2γ − 16δ4 = βo1, β̃
o
2 = 2

(
18tλ+ 6tδ + δ2

) 9t− 4δ2

81t2γ − 16δ4 = βo2,

where both β̃
o
1 and β̃

o
2 increase in λ.

31



REFERENCES

[1] Acemoglu, Daron, and Todd Lensman. 2024. “Regulating Transformative Technologies,”

AER: Insights, Vol. 6, pp. 359-376.

[2] Aghion, Philippe and Peter Howitt, “A Model of Growth Through Creative Destruction,”

Econometrica, Vol. 60, pp. 323-351.

[3] Agrawal, Ajay, Joshua Gans, and Avi Goldfarb. 2018. Prediction machines: The Simple

Economics of Artificial Intelligence, Harvard Business Press.

[4] Arora, Ashish and Farasat Bokhari. 2007. Open versus closed firms and the dynamics of

industry evolution. Journal of Industrial Economics 55 (3), 499—527.

[5] Asker, John, Chaim Fershtman, and Ariel Pakes. 2024., “The Impact of Artificial Intel-

ligence Design on Pricing,” Journal of Economics & Management Strategy, Vol. 33:

276-304.

[6] Assad, Stephanie, Robert Clark, Daniel Ershov, and Lei Xu. 2024. “Algorithmic Pricing and

Competition: Evidence from the German Retail Gasoline Market,”Journal of Political

Economy, Vol. 132: 723-771.

[7] Athey, Susan and Glenn Ellison. 2014. “Dynamics of open source movements.”Journal of

Economics & Management Strategy, Volume 23: 294-16

[8] Athey, Susan., Kevin Bryan, and Joshua Gans. 2020. “The allocation of decision authority

to human and artificial intelligence.”AEA Papers and Proceedings, vol. 110, pp. 80-84.

[9] Bryan, Kevin and Heidi Williams. 2021. “Innovation: Market Failures and Public Policies,”

Handbook of Industrial Organization, Volume 5, 281-388.

[10] Callander, Steven and Hongyi Li, 2024. “Regulating an Innovative Industry,”working paper.

[11] Calvano, Emilio, Giacomo Calzolari, Vincenzo Denicolo, and Sergio Pastorello. 2020. “Ar-

tificial Intelligence, Algorithmic Pricing, and Collusion,”American Economic Review,

Vol. 110: 3267-3297.

32



[12] Calvano, Emilio, Giacomo Calzolari, Vincenzo Denicolo, and Sergio Pastorello. 2023. “Ar-

tificial Intelligence, Algorithmic Recommendations and Competition,”working paper.

[13] Casadesus-Masanell, Ramon and Gastón Llanes. 2011. “Mixed source.”Management Sci-

ence, 57(7):1212—1230.

[14] Casadesus-Masanell, Ramon and Pankaj Ghemawat. 2006. Dynamic mixed duopoly: a

model motivated by Linux vs. Windows. Management Science 52 (7), 1072—1084.

[15] Chen, Yongmin. and Thitima Puttitanun. 2005. “Intellectual property rights and innovation

in developing countries,”Journal of development economics, 78: 474-493.

[16] Chen, Yongmin and Xinyu Hua. 2025. “Product Safety in the Age of AI: Autonomy, R&D,

and Liability,”working paper.

[17] Economides, Nicholas and Evangelos Katsamakas. 2006. “Two-Sided Competitions of Pro-

prietary vs. Open-Source Technology: Platforms and Implications for the Software

Industry,”Management Science, 52, 1057—1071.

[18] Fershtman, Chaim and Neal Gandal. 2011. “Direct and Indirect Knowledge Spillovers: The

‘Social Network’of Open Source Projects,”RAND Journal of Economics, 42: 70—91.

[19] Gans, Joshua. 2024. “Market power in artificial intelligence.”Working Paper 32270, Na-

tional Bureau of Economic Research.

[20] Gans, Joshua. 2025a. Regulating the Direction of Innovation. Journal of Public Economics,

246, 105375.

[21] Gans, Joshua. 2025b. “How learning about harms impacts the optimal rate of artificial

intelligence adoption.”Economic Policy 40: 199-219.

[22] Gans, Joshua. and Avi Goldfarb. 2022. Power and Prediction: The Disruptive Economics

of Artificial Intelligence, Harvard Business Review Press, 2022.

[23] Guerreiro, Joao, Sergio Rebelo, and Pedro Teles. 2024. “Regulating Artificial Intelligence,”

working paper.

33



[24] Hagiu, Andrei and Julian Wright. 2025. “Artificial intelligence and competition policy,”

International Journal of Industrial Organization, 103: Article 103134.

[25] Haruvy, Ernan, Suresh Sethi, and Jing Zhou. 2008. “Open source development with a com-

mercial complementary product or service.”Production and Operations Management

17 (1), 29—43.

[26] Jansen, Jos. 2008. “Information Acquisition and Strategic Disclosure in Oligopoly,”Journal

of Economics & Management Strategy, 17 (1), 113—148.

[27] Johnson, Justin. 2002, “Open Source Software: Private Provision of a Public Good,”Journal

of Economics and Management Strategy, 11, 637—662.

[28] – – – , 2006, “Collaboration, Peer Review and Open Source Software,” Information Eco-

nomics and Policy, 18, 477—497.

[29] Kumar, Vineet, Brett Gordon, and Kannan Srinivasan. 2011. “Competitive strategy for

open source software.”Marketing Science, 30(6):1066—1078.

[30] Llanes, Gastón and Ramiro de Elejalde, 2013. “Industry equilibrium with open-source and

proprietary firms.”International Journal of Industrial Organization 31 (1), 36—49.

[31] Lerner, Josh and Jean Tirole. 2002. “Some Simple Economics of Open Source.”Journal of

Industrial Economics. 52:2, pp. 197—234.

[32] Lerner, Josh and Jean Tirole. 2005. “The Economics of Technology Sharing: Open Source

and Beyond,”Journal of Economic Perspectives 19, 99—120.

[33] Niedermayer, Andras. 2013. “On platforms, incomplete contracts, and open source soft-

ware,”International Journal of Industrial Organization, 31: 714-722.

[34] Polanski, Arnold. 2007. “Is the General Public License a rational choice?”The Journal of

Industrial Economics 55 (4), 691—714.

34


