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Introduction: Open or Closed Source?

@ Rapid advances in Al bring a critical decision for Al firms: open or
closed source?

@ Open source (0OS): the innovator discloses the code, parameter
weights, and (possibly) the training data.
e e.g., Meta (Llama 4), DeepSeek (V4, R1), Mistral Al, Alibaba (Qwen)

o Closed source (CS): such information is kept proprietary.
e e.g., OpenAl (GPT-5.5), Google (Gemini 3.5), Anthropic (Claude Opus
4.8)
o Governments promote OS Al, believing it boosts innovation.
e e.g., EU Al Act (2024), America's Al Action Plan (2025)
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Introduction: Imitation Risk and Open Questions

@ Classic economics of OS software (Lerner and Tirole, 2002; 2005)
stresses adoption/user contributions, but overlooks imitation risk.
@ OS Al raises more significant imitation risk:
e copyright over parameter weights and training data is unclear
e more innovator/imitator cost asymmetry and fast-paced competition
@ A prominent example of imitation risk: DOJ’s antitrust case required
Google to share search data; the court ruled (9/2025) it must.

e Google warned rivals could “reverse-engineer” its technology
e the court ruling “gives its Al rivals one big reason to cheer”

This paper asks:

e How does competition affect firms’ source-sharing and R&D choices?
e Is innovation higher under open- than under closed-source Al?
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Model: Setup

e Firms 1 and 2 start with a status-quo (lower-quality) Al system L;
they do R&D to innovate a high-quality system H.

e Firm i’s success probability is B, at investment cost ¢, (B;), with

P =¢(B), =79 (B)., v > 1 (firm 2 is the weaker firm).

@ As it invests, i commits to closed or open source, s; € {c, 0}, chosen
before the innovation outcome is known.

e innovation is a continual process: though modeled as a one-time event,
firms set their source-sharing policy before outcomes are realized

@ Firm / then privately learns 6; € {H, L} ; since L is in the public
domain, s; matters only if 8; = H.

@ Quality and disclosure choices then become public information: (6, s).
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Model: Values and Competition

e Each consumer’s value of firm i’s product:

Vi if 9, = H
Vi = VM:}IVH—F(].—}[) VL if 9,':[_, (Qj,Sj):(H,O)
Vi if otherwise

withA=Vy -V, 6= VH—\/M:(].—"M)A.

@ u measures the imitability of H under OS: a rival with L gains
(VL — Vi) when the innovator opens.

e Firms (also) differ horizontally = price competition is asymmetric
Hotelling (t € (0,2], A < £, V| > 2t = interior equilibrium).

@ Under OS a firm also earns an adoption benefit A > 0 (broader user
base, app developers, secondary products).
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Preliminaries: Equilibrium Profits

e Production cost normalized to zero; firms set prices given (0, s) .
e Equilibrium profits:
(5+ddE+dA) if  0=(LL) or (H H)

(S 42, B2 ir (015 =(H,0), 0= 1

(7ti, ) =

3t+A)?  (3t—A)? .
where d; = 1 under OS.

e Tradeoff: open source adds A but, by helping a rival with L (6 < A),
reduces the innovator's quality advantage.
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Closed-Source Equilibrium

Proposition 1. A closed-source equilibrium (s; = c) exists if

6+ (2—u)A

A< (1—pB7)k, where k =puA 181

(1)

@ k is the innovator’s loss if imitation occurs; rises in p, A, falls in t.

@ Firms choose CS when the adoption benefit A is below the imitation
risk (1 — B7) k that firm 2 faces;

6t+A A2

B € (0,1) solve: A T aﬁf =9 (B;), fori#j=1,2.

e Only B] enters condition (1): firm 2 (higher innovation cost —
B5 < B7) has the stronger incentive to deviate to OS.

o Corollary 1: the threshold A = (1 — B{) k rises in imitability y and
cost asymmetry ¥ = CS is more easily sustained.
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Open-Source Equilibrium

Proposition 2. An open-source equilibrium (s; = o) exists if
A (1- B2k @)
@ Firms choose OS when the adoption benefit exceeds the imitation risk
that firm 1 faces;

o 6t+0 6
B? €(0,1) solve: A+ 8 o j:’Yi‘P/(:Bi)-

@ Now only B3 enters equilibrium condition (2): firm 1 (stronger —
B > B3) has the higher incentive to deviate to CS.

e Corollary 2: B? rises in A and A, falls in p; competition (t) can push
innovation either way.

o Key result: B7 < B: is possible — innovation can be lower under
OS than CS unless A is large.
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Discussion of Results

o Competition and R&D: more intense competition (t |) lowers R&D
when A is high — innovation size shapes the competition—innovation
relationship.

e high A substitutes for competition pressure to provide strong R&D

incentive; more competition then reduces the incentive by lowering
profit

e Competition and disclosure: more intense competition (t |) also
discourages OS when A is high.

o t | = kT and (with high A) B; |, so imitation risk (1 —f;) k 1

@ Open vs. closed source and innovation: imitation risk can
outweigh adoption benefit = OS may yield lower innovation than CS.
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Hybrid Equilibrium: Asymmetric Disclosure

Proposition 3. A hybrid equilibrium exists if
(LB k<A< (1-By)k, where B> .

e The stronger firm chooses CS; the weaker firm chooses OS
(firm 2 is less likely to succeed, more likely to imitate).

@ Holds for large cost asymmetry 7 and intermediate A; it is the only
possible hybrid equilibrium.

o Example (¢ = ﬁ (o At) = (3,3, 1,1)): CSif A <0.02; hybrid
if0.02<)\§0023 OSifA>0023. Asu T, AT, ort], CSismore
likely; as v T, hybrid is more likely.
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Extension: Ex post Source-Sharing Choice

@ Baseline: firms commit to a source-sharing mode before investing.
Now suppose the choice is instead made after the innovation
outcomes (61, 67) are observed (e.g., OpenAl: OS for GPT-2, CS
later).

@ Proposition 4. When the source-sharing choice is made ex post,
firms open whenever A > k; otherwise they open only under (H, H)
and close under (H, L) .

@ OS can occur more often if A is small but less often if A is higher.

[

@ Innovation is weakly higher than under ex-ante commitment (B,C > B

and B} = B?): the flexibility raises ex-ante R&D incentives as A rises.
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Conclusion

@ Source-sharing equilibria can be symmetric or asymmetric, balancing
adoption benefit against imitation risk.

@ Weaker firms favor open source; stronger firms may prefer closed
source.

@ Intensified competition can either encourage or discourage disclosure
and R&D — depending on innovation size.

@ Open source may decrease rather than increase innovation.

@ Results underscore the limits of regulatory policies that promote
competition and open-source Al.
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