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A bit about myself…

• Graduate student studying innovation and 
digitization
• Not a programmer by training
• Data collection and analysis – observations 
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• Principle: The four freedoms of free software
• Freedom to run the program as you wish
• Freedom to study and edit how the program works 
• Freedom to redistribute copies
• Freedom to distribute your modified copies 

• Strategy: Copyleft
• Copyleft (GPL) is a strategy to get to these four 

freedoms, not a principle unto itself 
• Tactic: GPL enforcement… but how?
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Tactics: To take legal action or not

• Proponents: Legal action is necessary

“Legal action is a last resort.” 
- FSF, Principles of Community-

Oriented GPL Enforcement

“… the GPL is not Mr Nice Guy. When a redistributor obdurately 
persists in violating the GPL, a lawsuit may be the only way to 
make it respect the freedom users are entitled to” 

- RMS 

• Opponents: Legal action is uncecessary
• Many others…
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Why such divergent opinions?

• Different people, different variables of interest

• Free software advocates are mostly interested in 
users’ freedom

• Others seem to be most interested in “more” code 









(Broad) research questions

• Has GPL enforcement ever led to “upstreamable
code”?

• How does GPL enforcement help users? 
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In this talk…

• I will NOT… 
• Give a definite answer as to whether GPL enforcement 

should/should not involve lawsuits…
• Answer whether GPL enforcement via lawsuits (as 

opposed to other forms of enforcement) leads to more 
code upstream / more users’ freedom.
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In this talk…

• I will …
• Go in depth on the impact of the Cisco/Linksys GPL

enforcement
• Show how it led to a significant amount of “follow on source 

code”

• Look at how the Cisco/Linksys’s source code obtained 
through GPL (OpenWRT) affected users
• Showing how it led to more users benefiting from having more 

control and authority over their routers

• Talk about other ways in which measurement and 
statistical analyses can help the free software cause
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• Two strands of related literature
• Intellectual Property (IP) protection and innovation
• IP enforcement and settlement

• *Note, IP has many different types
• Copyright
• Patent
• Trademark
• Trade secrets
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Arguments for the protection of 
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• Paradox of Disclosure (Arrow 1962)

“It is difficult for a potential buyer to assess the value of 
an idea before disclosure, but once the idea is known, the 
buyer has little incentive to pay” (Luo 2013)



Arguments for the protection of 
Intellectual Property

• Some empirical work 
• Patents enable startup growth (a major source of 

economic growth) via funding and employment (Farre-
Mensa, Hegde, and Ljungqvist 2017)
• Correlation between patent grants and its scientific 

importance (Kogan et al 2017)
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• Abuse of patent rights (e.g., patent trolls, patent 
thickets) 
• Discourage follow-on innovation (Williams 2013; 

Murray and Stern 2007; Galasso and Schankerman 2015;)

• Different types of intellectual property call for 
different types of protection (RMS 2013; Luo 2014;)
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Copyright enforcement and
outcomes

• While litigation can help enforce copyright, it may 
deter existing or future customers away – a “chilling 
effect” (Galasso and Luo, 2018)

• Litigation success rates can be improved both 
directly via increasing monetary threats (Fellner et al. 
2013) and also by communicating more clearly the 
costs associated with the production of copyrighted 
material (Luo and Mortimer 2017)
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• Nov 2001 – Linksys releases WRT54g

• Mar 2003 – Cisco acquires Linksys
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Linksys and the GPL (2003)
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Linksys and the GPL (2003)

• Sep 2003 – FSF steps in to mediate



Linksys and the GPL (2003-2018)

• Oct 2003 – Linksys releases more source code

• Jan 2004 – OpenWRT project started
• 60,000+ commits, 500+ contributors
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Data Collection

Wikidevi.com+ Custom 
Firmware Projects

• Hardware 
characteristics

• Custom firmware  
compatibility

• Custom firmware 
compatible date

• Enterprise router

Amazon.com Reviews

• Review rating
• Review text

Independent variables Dependent variables



Final dataset

• Final dataset of Amazon reviews, product 
characteristics
• 1,106 products, 184,013 reviews 151,270 unique reviewers

• Limit sample to those routers were released before 2007, when 
reverse engineering was complete

• Method: Staggered difference-in-differences with 
product and time fixed effects
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OpenWRT
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Is this causal?

• The previous results could come from multiple 
different reasons:
• OpenWRT developers support more popular products
• In particular, companies can “anticipate” OpenWRT

development, choose hardware characteristics to 
accommodate/deter OpenWRT

• We need a “natural experiment” to establish 
causality!



Reverse engineered wireless 
drivers (-2007)



Was the complementary good valuable?

• I estimate the following regression specification:

!"#$%&'() = +,-./#'()×123"#34( + 6) + 7( + 8'()

• The variables are defined as 
• Rating:  Amazon review rating for product i
• Treated: Router’s device driver was reverse engineered, making it 

compatible with custom firmware
• Post: Dummy variable for after the product is compatible



Dynamic coefficient plots



(1) (2) (3) (4) (5)

Dep Var: Rating Rating Rating Rating Rating

Post x Treated 0.625** 0.624** 0.617** 0.584** 0.575**

(0.264) (0.264) (0.262) (0.261) (0.257)

Savviness 0.294** 0.289**

(0.131) (0.131)

Review text similarity -0.554 -0.700*

(0.403) (0.407)

Mention cheap 0.080 0.088

(0.067) (0.066)

Mention expensive 0.203*** 0.215***

(0.070) (0.070)

Mention OSS 0.210 0.235

(0.211) (0.206)

Product Age N Y Y Y Y
Product FE Y Y Y Y Y
Month FE Y Y Y Y Y

Observations 12759 12759 12759 12757 12757

Adjusted R2 0.141 0.141 0.142 0.141 0.142

Table 2. Custom firmware increases user review ratings

Standard errors clustered at the product-month level
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Conclusion

• GPL enforcement can lead to downstream code 
(think of all the commits!)
• GPL enforcement played a significant role in 

enhancing customer benefits in the wireless router 
market
• Compatibility with OpenWRT increases users’ 

satisfaction, as well as product market performance



Final words

• Lots of potential for quantitative analysis, exploring 
how free software helps users, both upstream and 
downstream
• Some opportunities
• Measuring “freedom” – what does that mean?
• Thinking about the relationships – freedom and 

innovation, the role of corporations in 
enabling/hindering users’ freedom
• “Natural experiments” – sudden increases/decreases in 

users freedom, and how they affect the community?
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