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The Evolution of Network 
Traffic Optimization: 
Providing Each User Their Fair 
Share 
 

The challenges facing today’s Internet network service providers 
are a result of technical and business decisions made early in the 
evolution of public data networks.  There is a constant 
contention between users and operators, applications and 
networks, and regulation and flexibility. 

The application mix on the Internet as a whole is changing as the 
communications medium evolves from a store-and-forward 
messaging (email) through client-server bulk (web) to rich media 
applications. This evolution is driving an increased need for 
optimization of traffic to yield the highest consumer 
satisfaction. 

Quota and consumption-based billing are not effective for 
Internet traffic optimization and congestion management.  
Broadband service providers who need to manage congestion on 
their networks must look beyond these to sophisticated user-
driven policies that balance network capacity, applications 
requirements and user preferences in real time. 

Today’s Internet network service providers need to exploit the 
latest application-aware policy-based network management 
systems to ensure that every user receives their fair share of 
bandwidth. 
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Executive Summary 
This paper provides a brief review of Internet data access optimization techniques, ranging 
from the earliest days of dial-up networking to state-of-the-art network-selected subscriber 
fairness and user-selected application prioritization.  It also looks ahead to models where 
economic forces are used to align the interests of users, broadband service providers and 
application developers. 

Sandvine proposes that in the near future, service providers will be implementing network-
enforced user fairness in conjunction with a user-selected application optimization system. 

Sophisticated network tools that provide detailed visibility into the intent and quality of 
applications are critical to the network evolution process. This visibility will help ensure quality 
of service (QoS) for the unique needs of user applications as they compete for access on shared 
networks. 

A key contributor to subscriber satisfaction will be greater transparency for users who are 
affected by network policies and quotas.  This topic is briefly mentioned as it relates to 
present and future optimization of networks. 

Quota and consumption-based billing are not discussed in this document as they are not 
effective for traffic optimization and congestion management and are best used as alternative 
charging and service control mechanisms to differentiate tiers of service. 

Overview 
Shared networks have been with us since the dawn of the information age. The public switched 
telephone network (PSTN) has always had more access points (phones) than actual capacity. 
Operators designed their networks based on realistic peak usage and used mathematics (e.g. 
Erlang distribution) to help them model for peak usage. As a shared resource, the PSTN was 
based on call admission control; a call was not admitted to the network unless end-to-end 
capacity existed to handle it.  Today, this is not an efficient use of modern packet-switched 
network resources as connections last longer and bandwidths are variable. 

Data access brought a new complexity to the problem.  Access to network resources was no 
longer determined by slow, human-driven needs such as making a phone call and the number of 
destinations and paths grew exponentially. 

The complexity of managing this intricate and shared network came about with the 
convergence of other applications onto the packet-switched data network. Each additional 
application brought unique quality and timeliness demands that added yet another dimension 
to the network. Traditional admission control was no longer sufficient because the end-to-end 
network changed dynamically—in the face of mobile IP and other applications competing for 
the same limited bandwidth. 

The ‘best effort’ service of the past was no longer enough to keep end-users happy.  Users 
expected PSTN quality and guarantees at “best efforts” prices. The complexity of sharing 
network resources is here to stay, so the challenge is managing it in a fair and efficient 
fashion. This paper gives a brief history of various techniques and begins to propose a future 
model that best balances the needs of all parties involved. 
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History of Traffic Optimization Techniques 
In the earliest days of consumer data access, traffic optimization was given little priority. 
Congestion was based on the number of ports on a dial-up modem bank and PSTN lines on a 
phone switch. The earliest dial-up service providers modeled their modem pools with the 
expectation of a few hours a week of usage per user. Service providers typically supplied 
access, applications and content using a walled garden approach. 

As dial-up access matured, users obtained prioritized PSTN lines for their modems, which 
caused conflict in dial-up access equipment and in phone switches.  Content started to move 
from proprietary forums and walled gardens to the web. Broadband emerged as a new means 
to increase capacity and lower cost for access providers. 

The emergence of cable (DOCSIS) and phone (DSL) broadband access meant that Internet 
access became more mainstream and users switched to always-on behavior. The Internet at 
that time was largely a client-server paradigm where users consumed content that was 
generated by grass-roots publishing and user-generated content was largely limited to email. 
This led to the development of asymmetric bandwidth broadband access technologies.  

At this same time, technically-savvy users with sufficiently fast computer hardware discovered 
how to make digital copies of music and learned to ‘rip’ music from compact discs. Music 
sharing, previously done by physical copies, grew to meet the digital age and music sharing 
sites like Napster emerged. 

Napster’s central server design led to its easy attack and ultimate demise, but the genie was 
out of the bottle. Distributed music sharing programs such as Gnutella, KaZaa and WinMX 
became more popular and peak bandwidth per subscriber soared.  Bandwidth consumption 
grew beyond the initial symmetric needs as consumers published as much if not more content 
than they consumed. Broadband service providers added access capacity as fast as possible to 
meet subscriber growth and implemented access limits on the TCP port numbers used by these 
bandwidth-intensive applications. 

Consumer data traffic management was born. 

The authors of the P2P file-sharing applications responded to the implementation of port-based 
access limits by moving to dynamic port-based models and later to encryption. At the same 
time, P2P developers added ‘swarming’ modes which dramatically increased the ability of a 
user to download, overcoming the asymmetric nature of the access technologies and the 
latency of the public Internet. Internet standards anticipated a fixed port number for every 
type of service, and a new class of intelligent networking equipment products emerged to 
allow operators to provide policy-based control of the network. Simple policies that involved 
shaping, session management and priority-based queuing became widely deployed. 

As broadband adoption continued to grow worldwide, operators started to leverage their 
policy-management infrastructure to improve operational efficiencies in areas such as network 
security. Traffic optimization remained relatively static as long as the operators left sufficient 
capacity available for consumers to get the content they wished.  Then, higher bandwidth 
video content became available and traffic started to switch back to client-server with the 
advent of streaming media services such as YouTube ®.  Not only did this traffic demand a 
higher bandwidth, it was intolerant of packet loss or temporary reductions in throughput. 
Higher peak demand for bandwidth meant that a very small number of users could cause 
quality problems for a wide range of popular applications. 
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In addition, the rise of mobile data meant increasingly expensive and scarce access resources 
were being shared by unknown and varying numbers of users. Service providers in this 
environment started adding user-based management technologies to ensure fairness and 
provide a consistent quality of experience (QoE) for all users. 

Application-based Optimization 
Application-based traffic optimization uses the properties of each network protocol to provide 
the minimum bandwidth that guarantees acceptable quality. Bulk file transfer applications are 
given the lowest priority since they are typically non-interactive and long-lived. For example, a 
one way bulk interactive application such as a file download would be lowest priority, a one-
way streaming media like YouTube ® may be next in priority and an interactive application 
such as VoIP would have the highest priority. As the network becomes heavily congested this 
prioritization becomes important as each application is degraded if it is not prioritized. 

Internet standards have anticipated that ‘differentiated services’ would be offered, where 
applications ‘mark’ themselves into the appropriate class based on the priority need of their 
packets.  For example, VoIP marks itself as a high priority given its real-time bandwidth need 
and a file download marks itself at a lower priority.  This provides priority for real-time 
applications and prevents larger applications from dominating the network. This method, 
however, is flawed when used in a consumer access application. Broadband access networks 
(DOCSIS, DSL) do not support ‘differentiated services’ due to technological limitations. 
Additionally, differentiated services lead to a fairness issue between subscribers and an 
incentive to ‘cheat’, causing the theft of QoS.  Application writers sometimes marked their 
application’s packets as the highest priority and this honor system failed. 

Service provides have resorted to marking the traffic on behalf of the user, automatically 
choosing the guarantees that were needed.  This application optimization delivers excellent 
overall quality and subscriber satisfaction. 

User-based Network Optimization 
User-based network optimization must be measured over relatively short time periods. 
Operating on a longer period like daily or monthly does little to affect peak congestion. In 
figure 1 below, if the available peak capacity is 200 and usage is measured over one hour, 

Figure 1: User usage versus time
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‘User4’ would be given a lower priority @ 19:00 because she is the top user for that one hour 
window. If the top user for the 24-hour period was given lower priority (User2), it would not be 
fair since he was not the heaviest user at the time the congestion occurred, and he would be 
penalized over the entire 24-hour period and not just during periods of network congestion. 

Unlike application-based optimization, user-based optimization provides the operator with a 
strong tool to give consistent quality and does not lead to network neutrality concerns. 
However, a strictly user-based optimization model is unfair to the heaviest of users as their 
traffic is indiscriminately treated regardless of the application they are using (as demanded by 
net-neutrality doctrine). These users may wish to maintain their overall bandwidth behavior, 
but control which applications are affected first during periods of congestion. 

Application and User-based Optimization 
In this technique, control over access to bandwidth is given to both the service provider and 
the end-user. The service provider enforces user-to-user fairness allocation and the end-user 
controls how their individual traffic operates within that allocation. For example, a user may 
wish to prioritize their VPN access higher than their HTTP, while another user may choose the 
opposite.  During periods of network congestion, the user-based fairness model ensures one 
end-user’s prioritized application does not overly impact another subscriber’s. 

The simplest method of achieving this goal is to run an application-based optimization instance 
for each user, providing weighted fair queuing within their own traffic envelope.  The service 
provider would then run a separate set of queues which would balance the traffic between 
users. 

To increase subscriber satisfaction through personalization of service, the service provider may 
wish to give each user more control over their own priorities. This may involve a ‘quota’ of QoS 
points or a web page which gives specific weightings per application or per application class. 
There would be no change in billing plans to operate this service, which makes it very feasible 
with today’s technology and consumer education level. 

This scheme is clearly the best because it provides a network-neutral and consumer-
transparent sharing of network bandwidth resources. 

A Future Model 
Sandvine believes that once traffic optimization reaches the stage where both the needs of the 
end-user and the needs of the operator are effectively balanced, the traffic optimization 
model will evolve once again.  

The new model may resemble an economic free market form that ensures fairness through the 
alignment of every party’s interests.  Transparency will be the overriding factor in determining 
the best possible network solution in all quality of experience circumstances. 

Conclusion 
Internet traffic optimization has come a long way from the early days of dial-up access, both in 
terms of the demands placed on it and in the complexity and technical effectiveness of the 
methods used. 
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End-user controls provide an enforced inter-user fairness that gives subscribers the ability to 
prioritize their applications as they see fit—effectively removing any bias that the service 
provider may impose upon applications. 

The next step in the evolution of consumer data services is going to be a fundamental shift in 
the charging methods used. This will provide an incentive for service providers to build the 
best possible network and an incentive for subscribers to use that network in the most efficient 
fashion while still obtaining the content and services they desire over the Internet. 


