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Content distribution research was started more than five years ago. It first commenced with Web caching, cache cooperation and caching infrastructures. Then Akamai turned caching into a service for content providers, and suddenly, Content Distribution Networks became one of the most important advances in Internet technologies over the last years. However, with the dot com crash and the economic meltdown, many companies that had started ambitious Content Distribution projects put them aside or abandoned them completely. Similarly, research in Content Distribution went into a somehow stalled phase. The general idea that most interesting problems in content distribution were solved coupled with the decreasing industry interest in content distribution technologies, pushed many researchers into other areas.

However, CDNs form a very important part of today’s Internet. CDNs are used to offload the most popular Web sites on the Web, they are used to stream live events to millions of simultaneous receivers, and they take care of flash crowd events such as the Olympics, or the World Cup. Not only CDNs are used to offload the public Internet, they are also used inside enterprises, financial corporations or large retailer stores to enable remote learning and training of their employees through out the world. The reason why CDNs have become a major building block of Internet and Intranets is because they provide a set of fundamental properties such as scalability, sharing, redundancy, improved user experience, and load balancing that are essential for building a scalable and mass media network. CDNs will continue to grow in importance as more rich multimedia content is made widely available to users over the world. However, Content Distribution Networks should take a step forward to accommodate new technologies, augment their efficiency, and lower their deployment and maintenance costs so they can be used in a broader range of applications and environments.

CDNs emerged from the need for scalability and better end-user experience in the Web, the most popular application at the time. As such, most of the research focused in the delivery of static Web content. However, the static nature of many Web pages, their relatively small size, and the fast lay out of high-capacity fibre networks turned Web content distribution into a much easier challenge than the one originally expected. Despite the relative success of content distribution for static Web content, there still exist several important applications that would tremendously benefit from the deployment of efficient content distribution mechanisms. For instance, dynamic content delivery is still a major challenge that the research community has not yet fully resolved. Being able to replicate and distribute the intelligence behind most e-commerce sites into the network edge while providing scalability, consistency, and reconciliation is a problem that is yet to find a good solution. Given that dynamic and personalized content accounts form a considerable percentage of the total content, if CDNs were to provide an efficient solution for dynamic content delivery, their impact would be much bigger than nowadays. 

The fact that many homes are rapidly being upgraded with high-speed data connections is fostering the appearance of new interactive applications. Up to now, CDNs have mostly focused on the delivery on content from the server to the users. However, little attention has been paid to systems where information also travels in the opposite direction, i.e. from the end-user into the CDN.  Such systems include distributed gaming platforms, or remote storage systems where users upload content into the network from their multimedia devices (e.g. cameras, recorders). Interactive CDNs could ensure that data as well as control information is distributed bidirectionally in a timely manner, ensuring fairness and fast interactivity among users. Providing such a scalable architecture would encourage more interactive applications to use CDNs.

The mobile Internet is becoming more and more of a reality. The deployment of GPRS, CDMA, UMTS, and WLANs is making ubiquitous mobile data access available all over the world. These new wireless networks create new bottlenecks and challenges that require intelligent wireless content distribution architectures: 

a) Current content delivery architectures in cellular wireless networks are based in centralized systems where all data from the mobile devices is backhauled to a central data centre. This type of architecture uses many resources in the core wireless network and limits the efficiency of a content distribution system. There is a real need to transform this centralized architecture into a distributed wireless content distribution architecture that expands all the way to the wireless base stations and takes care of mobility.  

b) Despite the research in mobile computing performed during the last decade, current deployments of wireless networks appear to have different characteristics than those assumed previously, specially in terms link layer properties and mobility. As a result, wireless content distribution techniques need to be revisited to improve wireless user’s experience, taking into account the link properties of next generation wireless networks (e.g. high burstiness, long delays, frequent disconnections, large channel acquisition times, etc). 

c) Wireless links, unlike terrestrial links, can not be easily upgraded or over provisioned. Providing differential QoS over the wireless bearer, both for users and applications, is one of the biggest challenges faced by wireless mobile networks. While current approaches have focused in using MAC layer techniques to implement differential QoS, MAC layer protocols can only provide partial QoS support due to their limited knowledge of the traffic’s characteristics. Content distribution techniques, on the other hand, can provide better QoS decisions since they can discern between different users and applications and interact with the MAC layer to efficiently prioritize content and services.

d) In addition to QoS, another technique that can improve the efficiency of Wireless links is Wireless multicasting. As opposed to terrestrial multicasting, Wireless multicasting needs to deal with a complete set of constraints in terms of losses, mobility, delay, connectivity, and throughput. Therefore, new content distribution techniques should be devised to relieve the scarce resources of wireless networks. 

One important reason why CDNs have not been massively deployed by ISPs and enterprises is the high cost of deploying and maintaining a CDN. Content Delivery Networks such as Akamai or companies deploying large e-CDNs need very large human resources to deploy, control, manage, and maintain the CDN architecture. Administration and control of these networks usually happens in a very centralized location and requires 24 hours a day, 7 days a week monitoring and manual intervention in many cases. One of the big challenges to facilitate the deployment of CDNs is to distribute the control and administration of the CDN so the maintenance and roll-out costs drop drastically. As a result, advances in self-healing, self-configuring, autonomic computing, and similar techniques are essential for the success of CDNs. 
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