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Introduction  
 
The Internet was beautifully designed as a cost efficient, best-effort, digital transportation highway.  It 
was not, however, built with the idea of delivering a TV-quality video experience!  Primary Internet 
applications, until very recently, have been non-time sensitive applications such as delivery of large 
volumes of email or time-sensitive applications such as delivery of web pages and small VoIP streams.  
For these applications standard Internet delivery protocols such as TCP and HTTP have been 
successfully used.  With the rapid growth of Internet video streaming, deployment architectures and the 
existing protocols have been continually tweaked to attempt to provide a high quality streaming 
experience.   
 
These solutions were not designed to extend all the way to the client where the video is to be played out 
by the consumer.  They typically focus on propagating video data to servers close to the client, and then 
presume adequate HTTP/TCP performance for delivery of the video stream to the client. Since they do 
not provide an end-to-end solution, these solutions can fall short of delivering a TV-quality experience, 
requiring many compromises, e.g., before streaming begins there can be several seconds of buffering, 
buffering occurs unpredictably mid-stream, video quality is fuzzy and low-grade, there are occasional 
video artifacts and periodically the audio drops out, and seeking within a video stream is often sluggish 
or not possible. Furthermore, they can be very expensive to deploy and operate, e.g., requiring massive 
amounts of dedicated hardware deployed at the edge that must be continually monitored and 
maintained.   
 
Consumer Expectations 
 
A TV-quality video experience for a consumer is just like using TV (and even better!), i.e., the 
experience: 
 Is responsive. Viewing starts immediately at full-quality when requested by a consumer, for 

either on-demand video or live video. Trick-play responds immediately to consumer commands 
(seek forward/backwards, pause/resume). 

 Provides full-screen high quality viewing all the time.  The video plays out at the same very high 
quality from the very beginning of the video playout to the very end, every time, in full-screen 
mode if desired. There is no buffering, stuttering, video artifacts, degradations in video quality or 
audio drop-outs. 

 
Challenges to meeting consumer expectations 
 
The inherent nature of the Internet creates significant challenges for streaming video delivery:  

Amount and quality of available video content.  There is a large and quickly growing amount of  
video content available for streaming, of varying popularity, at increasingly higher and higher 
quality.  Consumer demands on quality are quickly growing as Internet high-quality streaming 
grows in popularity.  Today Internet video streaming is primarily to PCs, tomorrow it will be to 
TVs.  
  
Underlying delivery protocols.  A TV-quality video experience relies on underlying delivery 
protocols with quite different requirements than needed for other Internet applications. The 
properties of a TV-quality video experience described above require real-time delivery of each bit 
of a large volume of data all the way to the client where the video is to be displayed. These 
requirements are dramatically more difficult to fulfill than the requirements for other Internet 
applications. 
 
The Internet.   The best-effort Internet was not designed for delivering a TV-quality video 
experience.  There are varying latencies, amounts of packet loss and bandwidth availability 



  
 
 
 
between servers and clients. The Internet has proven to be a great economical design and much of 
its greatness is because it was not built to be perfect, but instead to be economical and to scale 
organically as new applications are added.       

 
Traditional Solution Approaches 
 
Edge and peer-to-peer CDN (Content Delivery Network) architectures attempt to provide a higher 
quality streaming experience by reducing the delivery distance and increasing the availability of 
streams to the consumer.  However, these CDN architectures terminate the guaranteed video delivery at 
servers close to the consumer client, and then hope that the last mile and LANs can deliver sufficient 
performance to achieve a high-quality playout experience.  Typical solutions employed include: 
 

Progressive download.  This is an extension of the Internet protocols that have worked well for 
applications such as email and web browsing.  Progressive download delivers and caches the 
video stream at the client in order from start to end, while the video stream is playing out.  The 
underlying delivery protocol for progressive download is HTTP/TCP, which guarantees reliable 
delivery of a stream of data, but has none of the real-time guarantees needed for a TV-quality 
video experience.  It is well-known that HTTP/TCP delivers data at a rate that varies dramatically 
as a function of server to client latency and packet loss, and in particular the HTTP/TCP delivery 
rate cannot keep up with the rates required for a TV-quality video experience unless the server to 
client latency and packet loss are both small.  Furthermore, progressive download typically does 
not provide tools for measuring and evaluating the viewing experience.  
 
There have been various attempts to try and overcome some of the limitations of a solution based 
on progressive download, most notably: 
 
Serving from the edge.  The main idea is to deploy many clusters of servers at the edge of the 
Internet near the clients to which the video streams will be delivered, and then to store the video 
content within each of these clusters of edge servers.  In this case, the clients receive the video 
stream from nearby edge servers.  The main goal of this approach is to overcome the main 
limitations of progressive download.  By having servers at the edge near clients, the latencies and 
packet losses between servers and clients are minimized, and available bandwidth between 
servers and clients is maximized.  This has proved to be a reasonable technical solution to the 
problem, but nevertheless it does not provide a solution that ensures high quality video delivery 
all the way to the client where the video is to be viewed by the consumer.  Furthermore, such a 
solution can be quite expensive to build out and operate.  This solution is economically viable for 
very popular content, but less viable for the large amount of less popular video content that must 
be replicated and stored at multiple clusters of edge servers in order to provide a good quality 
viewing experience. 
 
Peer-to-peer delivery.  The main idea is to deploy server software into clients, so that clients can 
be used to cache video content and subsequently stream this cached video content to other nearby 
clients when they request it.  The main goal of this approach is to overcome the economic 
concerns with serving from the edge.  However, this approach has severe limitations in terms of 
its scalability for real-time delivery and ability to provide a TV-quality video experience.  These 
limitations are partly due to the asymmetric nature of upstream versus downstream bandwidth 
capacity to clients, partly due to relying on consumer grade PCs, partly due to relying on end-
users agreeing to use their bandwidth and PC to service other end-users, partly due to the 
requirement that video content must have already been viewed by a nearby client that is available 
for video streaming to a requesting client, and partly due to dissatisfaction of local ISPs with 
having peer-to-peer technology deployed within their network. 



 
 
 
 
Advanced Streaming Solutions 
 
On an industry-wide basis, there has been great effort applied to developing advanced streaming 
solutions that would overcome the above limitations.  Such a solution would need to provide end-to-end 
delivery, quality, work with existing network architectures, be economically viable and be easy to 
deploy.  Such a solution would also need to protect the quality of video even with inconsistent  
conditions over last mile networks.  The strongest demand for such a solution has been from the 
operators of private IPTV and wireless networks because their businesses depend on consumer 
willingness to pay for services, creating a very high quality expectation. 
 
A seminal event happened in the year 2005.  This was the first year that a major commercial standard 
endorsed an advanced streaming solution that provides a scalable and flexible technology for high 
quality video streaming delivery using a radically different approach than used by conventional 
protocols.  Not only was this solution capable of dealing with relatively high-quality wired networks, 
but in fact, it was specifically designed to be able to handle the even more widely varying conditions of 
wireless cellular networks. 
 
In 2005, 3GPP (the largest cell phone standards consortium in the world) incorporated the advanced 
streaming solution into a new multimedia broadcast standard, after an extensive and thorough analysis 
of its benefits.  The advanced streaming solution enables broadcast delivery of high quality video 
streams to cell phones in varying packet loss conditions.  At the core of the advanced streaming solution 
is a powerful Forward Error Correction (FEC) code, the Digital Fountain Raptor codes, applied directly 
to the sent video stream to protect against packet loss.  The technology and its many applications had 
been known and validated since the late 1990s, and in fact the 3GPP MBMS also incorporated the same 
core FEC technology for reliable broadcast file delivery. 
 
In early 2007, DVB (a consortium of more than 270 digital video broadcast companies) incorporated 
the same advanced streaming solution into its first IPTV standard. In this case, the advanced streaming 
solution enables highly flexible and scalable delivery of TV-quality video over IP-based networks to 
TVs, in both Standard Definition and High Definition formats, for both the linear-broadcast and video 
on-demand services.  Other IPTV standards bodies around the world are soon expected to announce 
their endorsement of the same advanced streaming solution that was thoroughly evaluated and selected 
by DVB for IPTV streaming.  
 
It is notable that for both the 3GPP MBMS standard and the DVB IPTV standard it was the operators 
that insisted that the advanced streaming solution be included in the standard. This is notable because 
the operators are responsible for the entire video delivery chain, from source to video playout device, 
i.e., they are responsible for providing the complete video streaming service for which consumers will 
pay.  Thus, operators have a high incentive to only include technologies into the standard that truly 
provide high quality according to their rigorous definitions of a TV-quality video experience. 
 
Over the years, the same advanced streaming solutions have begun to be widely deployed, including 
powering commercial IPTV services in Japan and Europe and a variety of defense applications such as 
live video streaming from jet fighters to command and control.  Based on this experience and expertise, 
an enhanced version of the advanced streaming solution described above is being built into a unique 
Internet video CDN service from Digital Fountain known as DF Splash that provides quality delivery 
not only throughout the Internet, but all the way to the client to provide a TV-quality viewing 
experience.  DF Splash provides more effective and economical ways of leveraging the original design 
efficiencies of the Internet to deliver a superior streaming customer experience without resource 
intensive, costly infrastructure investments.  The architecture provides a highly scalable and dispersed 
delivery platform.  When a video stream is ingested into the service it is immediately diversified and 
stored in a distributed and redundant form across multiple servers in disperse locations.  When a client  



 
 
 
 
requests a video stream, instead of being sent from a single server, multiple servers send different parts 
of the video stream.  The architecture extends all the way to the client where the video is to be viewed 
by the consumer to provide a true TV-quality video experience.  DF Splash has the following 
properties: 
 

Delivers a TV-quality video experience.  The service delivers a true TV-quality video experience 
that extends and can be measured all the way to the client where the video is displayed. 
 
Scalable and economical. The service is highly resilient to crashes/unavailability of servers – 
with no degradation in delivered quality to clients.  This allows a highly flexible, scalable and 
economical deployment strategy. 
 
Flexible. The consumer video experience is essentially unaffected by where the servers are 
deployed. 

 
The Next Generation: Built for TV-Quality from the Ground Up 
 
Over the past few years a new generation of advanced streaming solutions has been designed and built 
from the ground-up with the specific goal of delivering a TV-quality video experience over best-effort 
IP-based networks.  These advanced streaming solutions have been adopted into commercial TV and 
mobile streaming standards such as DVB IPTV and 3GPP MBMS, and have received the endorsement 
of leading providers of TV over IP-based networks. As opposed to previous solutions based on 
expensive deployment architectures that use non-streaming protocols, these advanced streaming 
solutions leverage recent advances in coding technology to allow TV-quality video delivered from data 
centers located anywhere within the best-effort Internet.  These advanced streaming solutions are being 
built into a unique video CDN delivery architecture to provide more effective and economical ways of 
leveraging the original design efficiencies of the Internet to deliver a superior streaming customer 
experience without resource intensive, costly infrastructure investments. These advancements will 
change consumer viewing habits, and set a new bar for streaming video over the Internet. 
 
 
About Digital Fountain 
 
Digital Fountain is a leading provider of advanced standardized solutions for digital media delivery, 
even in the most challenging network environments.  Digital Fountain solutions are currently deployed 
in advanced IPTV, CDN, and mobile delivery applications throughout the world, and have been 
adopted by leading global standards bodies, including DVB, and 3GPP.  Many other standards bodies 
are currently evaluating DF Raptor as a best practices standard for digital media delivery.  Partners and 
customers include leading global companies such as Cisco Systems, Sumitomo Electric Networks, 
Northrop Grumman, KDDI, SK Telecom, Sirius Satellite Radio, XM Radio, Sony, Nokia, and many 
more.  The Company will launch its new video CDN product – DF Splash – in January of 2008.  For 
more information, please visit www.digitalfountain.com. 


