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OUR MODEL

• To account for the lack of measurement values in the 
Kalman filter equations we will set the measurement 
error covariance to its highest possible value.

• The Kalman filter assumes that the model noise is 
Gaussian. Therefore to use it for the lack of net 
neutrality case we apply a prewhitening filter on the 
state transition function and noise.

• In high priced packages net neutrality has minimal 
effect due to the high quality of the package.

• Without net neutrality there is significantly less 
oscillation than with net neutrality due to the effects of 
paid prioritization [1].

• Delay tolerant traffic will lower the user churning rate 
as opposed to delay intolerant traffic.
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ABSTRACT

An important topic in the net neutrality debate is its 
impact on the relationship between users and Internet 
Service Providers. In this paper we propose a short-term 
evolutionary model for the user preference towards 
Internet Service Providers, with and without net neutrality. 
Our model is formulated from user experiences and 
recommendations and is solved using a Kalman filter. We 
then use the user preference to analyze the churning rate 
of users towards differently priced Internet packages. Our 
results show that higher priced packages are resistant to 
the effects of net neutrality while the lower priced 
packages exhibit large oscillatory user churning rate 
curves.

BACKGROUND & RELEVANCE

● Empirical data such as surveys of the user preference 
towards an ISP package can aid in evaluating the 
model as well as improve the model’s accuracy by 
being inputted into the Kalman filter equations.

● Evaluation of whether the short and long term 
evolutions correspond to one another and 
development of a medium-term evolution to bridge the 
two.
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● The issue of net neutrality concerns whether Internet 
Service Providers (ISPs) have the right to prioritize 
Internet content or whether all content should be 
served uniformly.
○ Without net neutrality ISPs have the right to give 

preference to content providers through what is 
known as paid prioritization [1].

● There is no literature of an evolutionary model for the 
user preference towards ISPs and as such there is no 
evolutionary analysis of the effects of net neutrality.

● A Kalman filter is an algorithm to estimate the evolution 
of a linear dynamical system [2].

Use the user preference as input 
to the model developed in [3] to 

find the User Churning Rate 
towards different ISP packages

Use the user experience and 
recommendation to calculate 
the User Preference towards 

each ISP

Model the user experience and 
recommendation towards each 

ISP using a Kalman filter

Fig 2. Correlated Signals

The User Preference

Fig 3. Bandpass filter

● The experience and recommendation of 

each user will be modeled similarly, but they 

will not be identical.

● For the net neutrality case, the noise will be 

Gaussian white noise (Fig. 1).

● For the lack of net neutrality case, the noise 

will be correlated to the signal (Fig. 2).

● The state transition function will be a 

bandpass filter (Fig. 3) in order to imitate a 

user behavior that emphasizes changes that 

occur over a medium-term.

Fig 1. Gaussian Distribution

We propose an evolutionary model for the user preference 

towards ISPs. We solved for the user experience and 

recommendation using a Kalman filter and several 

numerical approximations. While we did not have empirical 

data to evaluate our model, our results do conform with our 

intuitive understanding of it. Our results show that users 

switch packages relatively quickly in the short-term, giving 

oscillatory curves for all package prices. However higher 

priced packages show little churning rate oscillations as 

well as impact by net neutrality when compared to the 

lower priced packages.

● Users tend to evaluate their 

current experience with a 

weight of their current 

preference.
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