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Characteristics of online services

1. Majority are offered for free (and supported by Ads.)

•Internet advertising revenue totaled $26 billion in 2010

2. Users are highly congestion (delay) sensitive

•Google search: 0.5 seconds additional delay => 20% drop in traffic

3. Positive network effects in the user base

•Users derive utility from other people using the service

4. High level of competition between providers

Focus: How these factors lead to capacity provisioning by profit maximizing firms



Case of a single provider
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For mathematical tractability, we assume:
•Poisson arrivals
•Exponential service times
•FCFS service

WLOG, assume mean service time = 1
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Cooperative model

Need ‘square-root’ 
spare servers
Halfin-Whitt regime

Max. possible profit
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Cooperative model

bounded 
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Cooperative model

Stronger network effects        less service capacity, increased profit



Tragedy of the commons: Bounded spare servers irrespective of 
network effects

Impact of network effects heavily diminished by anarchy in user base 

Non-cooperative model



Proof idea

Original system Unconstrained system

Want to understand Characterize



Case of competing providers
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Industry-wide network effects
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We look for Nash equilibria



When network effects are industry-wide, multiple firms can share the 
market.

Competition between firms does not help the user base





Firm-specific network effects
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As before, we look for Nash equilibria



Near monopoly for Firm 1



Summary

• Industry-wide network effects => firms can share market 
Firm specific network effects => near monopolies 

• Competition between firms does not help the user base
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