




Notice that this problem is convex and easy to solve in a centralized fashion. 

However, we are talking about a distributed network with selfish users!



1. Price Taker Users (Users are not really smart!)



2. Price Anticipator Users (Smart Users!)

Q: What do we mean by “price anticipating?”



Minor Questions:

1. Does the Nash equilibrium always exist?

Answer: Yes. Rosen’s Existence Theorem Convex Game

2. Does the Nash equilibrium unique? 

Answer: Yes. 

3. How can we obtain Nash equilibrium?

Answer: By analyzing users’ “Best Reponses”. 



Major Questions:

Before seeing the question, a few things you should keep in mind:

• Clearly, the network aggregate surplus (i.e., our objective function for our 
networking design problem) is not necessarily optimal at Nash equilibrium.

• Clearly, Nash equilibrium changes if we change the system parameters 
(e.g., utility functions, price functions, etc.)

• This will also change the network efficiency

Here is our question:

What is the worst-case efficiency among all possible Nash equilibria
points?

This is also called “Price of Anarchy”.

In fact, we want to know how bad the performance can be if the users are 
smart and selfish and DO NOT FOLLOW what the network admin wants.



Assumption: Prices are “affine”:

p(q) = a q + b

Lemma:

Worst-case efficiency occurs when the utility functions are also linear:

U_i(x) = \gamaa_i x_i













If we define                           then the above problem becomes a single variable 
convex optimization problem. Optimal = 2/3.



Key result:

Q: What does that mean?


