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» In January 2024, DeepSeek open sourced its large language
model, attracting worldwide attention.

» Under open-source: a firm discloses its model’s source code,
model weights, or training data, fully or partially.

» e.g., Meta (Llama), Mistral Al (Le Chat), DeepSeek (V3 and R1)
» Firms choose to make its large language models closed-source.
> e.g., OpenAl (GPT-5.5), Google (Gemini), Anthropic (Claude Al)

» What incentives lead some firms to choose open-source
while others opt for closed-source?
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Why choose open-source software?

» Literature on the economics of open-source software.
» Lerner and Tirole (2002), Lerner and Tirole (2005)
» highlighting acquiring user contributions via open-source to
improve software quality
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Why choose open-source Al?

A pioneering study by Chen (2025):
» Chen (2025) uses a horizontal Hotelling model to examine the
incentive of open-source and the impact on innovation.
» Main results (Chen,2025):
» One or more firms may choose OS Al, depending on the
competition and innovation environment.
» Higher adoption benefits and lower imitation risk favor OS.
» A firm is more inclined to choose OS when it has lower
innovation ability.
» A key trade-off of open-source is:
» positive effect: benefits from wider and more rapid industrial
adoption.

» negative effect: imitation risk by competitors after open
sourcing codes or training data.

Lin & Luo Shandong University
Open v.s. Closed Source Strategies of Al Firms under Vertical Structures 5/31



Introduction Main Model Equilibrium Analysis Extension: Upstream Competition Conclusion Policy Implication
000800 00000 0000000000 000 oo

Vertically integrated firms' motivation to open source

Huawei Alibaba

______ ~ N
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N

aopen-source

» In June 2025, Huawei officially announced the open-source
release of the Pangu models and model inference technology
based on Ascend.

» Research motivation: Why do firms choose to open-source Al
models in a vertical market structure?
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Research Questions

This research addresses two main questions:
» How do different market structures influence firm incentives
with respect to sharing Al codes/data/weights?

» How will open-source affect ex ante Al innovation effort?

Shandong University
7/31

Lin & Luo
Open v.s. Closed Source Strategies of Al Firms under Vertical Structures



Introduction Main Model Equilibrium Analysis Extension: Upstream Competition Conclusion Policy Implication
00000e 00000 0000000000 000 oo

Main results obtained

» Firms under VS exhibit weaker incentive to open source, while
both firms under VI have stronger incentive.

> Moreover, the vertically integrated firm is more inclined to
open-source than the non-integrated firm.

» Under open-source, the ex ante Al investment of the vertically
integrated firm is higher than that under vertical separation,
whereas the non-integrated firm exhibits a ambiguous
investment to the vertical separation case, depending on the
degree of adopotion benefits.

» Under vertical integration, higher imitation risk increases an
integrated firm’ s open-source incentives.
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Al in the downstream market

» As in the (horizontal) setting of Chen (2025), Firms D; and
Dy compete in developing new Al products;

» They initially have a lower-quality Al system, # = L, and
conduct R&D to innovate a high-quality Al system, § = H.

» Firm i's success probability is 8; under investment cost
¢i(Bi) = 3782

> After investing ¢;(5;), quality (8§ = {H, L}) then becomes
public information.
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» Now consider two vertical market structures: a vertically
separated market (VS) and a vertically integrated market (VI).

» Under VS, an upstream monopolist supplies intermediate
products to two symmetric downstream firms.

» Under VI, the upstream monopolist integrates with one of the

downstream firms.

N

Vertical Separation
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Vertical Integration

Shandong University
10/31



Introduction Main Model Equilibrium Analysis Extension: Upstream Competition Conclusion Policy Implication
000000 0000 0000000000 000 oo

Open Source/Adoption benefit (Chen,2025): A

» The firm with successful R&D can choose closed or open
source, s; = {o,c}.

> If 05 = H¢, firm i's payoff is: 711" = m;(H,0;)
> If 67" = H°, firm i's payoff becomes:

7TZHO :m(H,Gj) +/\

> )\ > 0: adoption benefits, which may come from wider
application/ faster industrial adoption or reputation...
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The setting of imitation risk: 0

» If firm i succeeds in R&D, its demand function becomes:
pi=a+A—q —1tq, 0;=H
» If firm i chooses OS, firm j's demand function becomes:
pj=a+0—q; —tq, (0?,9?) = (H° L)
» If its own R&D fails, the demand function is:
pi=a—q—tqg, (0;.07)=(LH/L)
P t: horizontal product differentiation, t €(0,1),

0: the degree of imitation, 0 < d < A.
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Timing: R&D stage + Open source stage + Product
market interaction

» The downstream firms simultaneously and independently
conduct R&D, deciding R&D levels (5;, 5;).

» R&D outcomes realize. Successful firm(s) decide whether to
open source.

» The upstream firm sets the wholesale price w.

» Downstream firms compete in a Cournot fashion,
simultaneously and independently deciding (g;, g;).
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Equilibrium Profits in Product Market under VS

» Firm's production and imitation costs are normalized to zero.
» Four different subgames
(GSL esj):(L7 L)a (HSi7HS'j)a (Hoa L)a (HC7 L)

i 7]
» Under VS, equilibrium profits are:

(i, m5) =

ok + i\ SESh + ) i 00 = (H HY)

A—BA+CS A—B§+CA £ s o

W A,W if 0°=(H° L)
(BA—A)? (A+CA)? £ s _ (17C
16(t2—24)2 9 16(t§_4)2 |f 0 — (H 7L)

e T if 0°=(L,L),

where d; = 1if 0" = H° and d; = 0 for 6 = H°.
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Equilibrium Profits in Product Market under VI

» Under VI, equilibrium profits are:

(s, m5) =
[ SESAS AN S Ay i 6= (1 HY)
G + N s 0% = (HE L)
K(a—c)2—|§(8AD3 ig)—C)+A2E7 4((t2—g§813—t§§jm)2 if 6°=(H{,L)
S o + A A
et s o= (L
e R 6= (L,L),

where d; =1if ;" = H° and d; = 0 for 6" = H°.
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Open-source decisions

Lemma 1
If both firms succeed in R&D, open-sourcing is a dominant
strategy for each firm.

» When R&D outcomes are asymmetric, 0; = H,0; = L,
firm i chooses OS depending on the adoption benefit A and
the imitation risk 4.
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Open-source decisions under VS

The open-source thresholds for firms under VS:

C(8 — 4t)6 + 2BCSA — C?5?

AT =23 =X"= 5
16 (2 — 4)

Proposition 1

In the subgames under VS where only one firm succeeds in
Al investment, the firm chooses OS, namely that s; = o, if
and only if

A > A5
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Open-source decisions under VI

The open-source thresholds for firm UD; and firm Dy are:

60 -2(A+1)t+2) <0
8 — 3t2

)\{E

and ;_A02(A+1) = (5+2)1)

A
? (8 — 3t2)2

>0,

respectively.

Proposition 2

Policy Implication
oo

In the subgames under VI where only one firm succeeds in Al investment,

(i) the VI firm UD; always chooses OS for any positive X,
(i) the non-VI firm D> chooses OS if and only if A > AL.
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Intuition

» A lower open-source benefit threshold means a stronger
incentive to open source.

» The vertically integrated firm is more inclined to choose
open-source than the non-integrated firm.
» The trade-off:

» Weaken competitive advantages:
open sourcing improves rival's Al model from low quality to
high quality.

» Demand expansion effect: (dominating)
Although intensifying market competition, open-source boosts
derived demand for the intermediate good produced by the
integrated upstream division.
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Comparison of Open-Source Incentives: VI versus VS

Proposition 3
Ifa>c>0, O<t<\@—1, 0<d<A<A, we have:

M X<y =25

UD,: OS
oS :
_ D]{Z: oS

A A S
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Open-Source Thresholds: VI v.s. VS

For M < \Y:
» Internalizing positive externalities:
Open-source increases the derived demand for the intermediate
good, benefiting the upstream firm. Such externalities are
internalized under VI but not under VS.
For A\l < \S:
» Firm DI faces a stronger competitor than D3, ©}(L, H) < 75 (L, H)
» The profit difference Ani(L, H) = nf(L, H°) — =i (L, H¢) only
requires a smaller \ to cover.
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Comparative static analysis of OS thresholds

Suppose a >¢ >0, 0<t<v3—-1, 0<é<A<A

Corollary 1 Corollary 2
(i) M decreases in 6; (i) A\{ increases in d;
(i) A increases in A; (i) Af increases in A;
(i) M increases in t. (iii) A7 increases in .
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Al investment stage & Equilibrium R&D level comparison

Proposition 4
Ifa>c>0, O<t<\/§—1, O<5<A<A,thefollowinghold:

> Bl > B3

> Bf > p%;

> Bl ws. B°

ifO<A<M, B5>85,.

if A <A<X, B5>8,.
ifA <A< A, Bl > B3
ifA> A\, B3> B,

vvyYyy

> Firm UD{ has the strongest incentive for Al investment, because
such investments lead to the highest post-R&D return.

» Compared to UD?, firms under VS could not internalize positive
externality of innovation and open-source, leading to weaker
incentives to conduct R&D.
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Two vertical market structures

» We consider a vertically related market with two upstream input suppliers
Ui, Uy and two downstream Al firms D1, Ds.

> Vertical Separation (VS): all upstream and downstream firms are
independent.

> Vertical Integration (VI): U; integrates with D1, while Uz and D2
remain vertically separated.

» The comparison between VS and VI captures how vertical integration

reshapes source-sharing and innovation incentives.

Vertical Separation Vertical Integration
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Cournot competition at both layers

» The product-market interaction has two Cournot layers.

» Upstream layer: U; and U, choose input quantities; the
input price is endogenously determined.

» Downstream layer: D and D5 choose final outputs in the
Al product market.

» The vertical structure affects profits through input costs,
downstream output competition, and vertical internalization.
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Timing: R&D stage + Open source stage + Product
market interaction

1. R&D stage. Downstream Al firms simultaneously choose R&D

levels (81, 52).

2. Innovation outcome and source-sharing stage. R&D outcomes
are realized. Successful firm(s) choose s; € {c, o}.

3. Upstream Cournot stage. Upstream firms choose input quantities
(z1,22). The input price w is determined by total input supply.

4. Downstream Cournot stage. Downstream firms choose final
outputs (g1, g2)-

5. Payoffs are realized.
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Open-source decisions under VI

Under VI, the open-source thresholds for the integrated firm UD; and the
non-integrated firm Dy are

~  5(6—2(A+1)t+2)
’ >0, ifA€e(AA).

T Vi <0, ifAe(s 4],
! 3t2 —8 L

46t(2(A +1) — (6 + 2)t)

A=
2 (8 — 3t2)2

> 0.

Proposition 5
In the subgames under VI where only one firm succeeds in Al
Investment: .
» The VI firm UD; chooses OS iff A > )\{. Hence,
> IfI<A< 5 U D7 chooses OS for any A > 0;
» if A< A <A, UD, chooses OS ifF)\>X{>0.
» The non-VI firm D chooses OS iff A > AL.
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Conclusions

i) We examine open-source incentives for firms in vertically
related industries.

ii) In deciding on open-source, firms trade off the adoption
benefits (enlarged market coverage, faster adoption, etc) with
the imitation risks from rival firms.

iii) Open-source in vertically related industries is in addition
affected by market expansion effect on the upstream sector —
OS by downstream firms boosts the demand for the
intermediate good.
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Conclusions (continue)

iv) Vertically integrated firms have the strongest incentive for OS,
because they can internalized the positive externalities of OS
on upstream businesses.

v) Vertical integration may promote OS, although we treat VI as
exogenous.

vi) Innovation incentives can be higher under either OS or CS.
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Policy Implication

» Authorities may adopt a more flexible merger review standard
for vertical acquisition between large Al model firms and
upstream suppliers.

» Vertical acquisition enhances the open-source incentives of
both integrated and non-integrated firms, and may thereby
increase social welfare.

» Vertical acquisition may strengthen rather than weaken
non-integrated large Al model firm's R&D incentives.
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