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METADATA ENABLED PUSH-PULL MODEL
FOR EFFICIENT LOW-LATENCY
VIDEO-CONTENT DISTRIBUTION OVER A
NETWORK

RELATED APPLICATIONS

This application is a divisional of and claims the benefit of
priority to U.S. application Ser. No. 10/090,709 filed Mar. 4,
2002 now U.S. Pat. No. 7,359,955 entitled “Metadata
Enabled Push-Pull Model For Efficient Low-Latency Video-
Content Distribution Over A Network,” which claims the
benefit of priority under 35 USC §19(e) and/or 35 USC §120
to U.S. Provisional Appln. Ser. No. 60/272,939 filed Mar. 2,
2001 entitled “Push Pull Model Making Use of Metadata For
Efficient Content Distribution” and to U.S. Provisional
Appln. Ser. No. 60/272,944 filed Mar. 2, 2001 entitled “Asset
Transfer File Format and Extractor/Parser/Installer For Video
Content Distribution,” each of which is hereby incorporated
by reference.

FIELD OF THE INVENTION

The present invention relates broadly to computer net-
works and streaming media objects delivered over computer
networks. Specifically, the present invention relates to effi-
cient techniques, using metadata associated with content, for
making copies of content available at various locations inside
multiple computer networks in order to provide better quality
of service for delivering streaming media objects.

BACKGROUND

Broadband Internet network infrastructure is developing at
rates that exceed even aggressive analysts’ predictions. In the
consumer market sector, telecommunications, cable and
wireless companies have accelerated deployment of broad-
band capability to the home with xDSL, cable modem or
wireless last mile rollouts. In the corporate market sector,
broadband infrastructure is already available for desktop
computing applications.

Broadband provides a foundation for the use of good qual-
ity IP video in Internet applications. Traditionally limited to
Intranets or private networks, broadband Internet connectiv-
ity is paving the way for video-based applications such as
Internet advertising with video, rich media on web pages,
video-assisted ecommerce (video catalogs, travel, etc.), event
webcasting, personalized information on demand (news,
sports, medicine, lectures, movies, and the like), personal
video exchanges, and training and corporate communica-
tions.

Compared to the low frame-rate, small sized videos or
low-resolutions traditionally found on the Internet and deliv-
ered on narrowband connections, advances in compression
technologies have made reasonable quality video possible at
connection rates of 300 Kbits/sec (Kbps) or higher. News
stories and lectures with very little motion or action can be
sent at lower bit rates of approximately 100 Kbps to 200
Kbps. Video with a lot of movement, like a fashion show,
needs a higher bit rate to capture the motion and detail of the
scene. For a content provider considering Internet distribu-
tion, 300 Kbps could be considered acceptable, and 1to 1.5
Mbps, excellent. Video catalogues, advertisements, and other
commerce-related uses of video require that the product be
presented at the highest quality levels possible. Broadband
rates of 1.5 Mbps and higher afford 30 frames per second (fps)
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video with CD quality audio. Content with a lot of movement,
such as auto racing, needs even higher bit rate, as high as 3 to
4 Mbps.

As Broadband connections proliferate, demand for better
performance has fostered an industry focused on speeding up
the delivery of Internet content. The majority of these solu-
tions have centered on smaller objects such as text and
images. Video data or objects present problems due to their
data size and the requirement to provide them at a particular
rate related to the real-time or near-real time play or rendering
requirement. Due to its sheer size alone, video is one of the
most difficult data types to manage on the Internet or other
network environment. A five-minute video clip, encoded and
compressed at 1.5 Mbps is 56 Megabytes in size. This com-
pares to the few kilobyte data sizes for typical web pages. The
strict video timing requirements impose additional con-
straints. When a frame or set of frames arrive past their
intended presentation time (for example, at greater than the
nominal {fraction (Y50)} second frame interval in the case of
a 30 fps video) the consumer or user experiences jerky play-
back, dropped frames or segments of the video, or other
defects that detract from the viewability of the video and
render it essentially useless in a commercial setting. Given
these stringent requirements, delivering quality video over
broadband is a challenging problem.

While deployment of the broadband infrastructure is an
important step in enabling streaming video over the Internet,
upgrades to connectivity and bandwidth alone do not assure
the delivery of quality video to large audiences with minimal
start-up latencies. When video is streamed to the end user via
the Internet backbone, video quality is often impacted by
problems. When the source of the video is not close enough to
the end user, packet losses can severely compromise video
quality. Packet losses result from congestion buffering intro-
duced by network switches and routers between the video
source and the end user. Current bandwidth costs (satellite
and terrestrial) make it impractical to stream high-quality
video from a server to the end user on a point-to-point basis.
When the video being sent is intended to be at least TV or
broadcast quality video, the problems associated with con-
ventional techniques are even more severe.

Existing conventional solutions geared towards improving
the performance of accessing web pages containing rich
media (typically including static images) are increasingly
being used to address the problems with streaming video on
the Internet. Currently, there are two classes of solutions that
have been employed for improving performance of content
distribution on the Internet: (i) particular content delivery
network architectures and operational schemes, and (ii) con-
tent caching schemes.

For purposes of comparison, we first address a content
delivery scheme that does not provide any sort of distributed
content delivery from the content source to the content
requester. In this type of system and operation, content such
as an audio or video object is stored on a single object server
only. When a user (perhaps one of millions of users that may
make a request for the same object) makes a request for the
object, the request is routed to the single object server via
whatever set of networks, routers, or other network infra-
structural components may be interposed between the user’s
client computer or other information appliance and the con-
tent object source server. The content object source server
then sends the requested content back to the requester. For
small-sized non-real-time delivery to a limited number of
destinations of certain content objects (such as text or small
compressed static image files) such direct delivery approach
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may represent viable operation. However, such an approach
does not address system or server scalability or loading prob-
lems.

For even a generalized content type, direct delivery without
any form of distributed content caching inherently exhibits
two problems. First, for content delivery situations of com-
mercial interest, there is simply not enough network band-
width at the single central content object server to allow the
server to receive and/or to respond to the received requests.
Second, even if there were sufficient network bandwidth,
there may not be sufficient processing resources within the
server to provide the requested content, particularly when the
content includes a large volume of high quality video. Here
the limiting processing resources may be the ability of the
server hardware to serve more than a limited number of video
streams concurrently, the limitations of the server to access
attached storage devices that store the content (e.g. video), or
any other local hardware, software, interface, or other struc-
tural or operational limitation of the server.

When the content is video, a third major problem or limi-
tation with such direct delivery becomes evident. Contempo-
rary networks are packet switched and there may typically be
a number of routers and switches between the central object
server and the requesting user. Routers are typically provided
with buffers for buffering data (usually in the form of packets)
received until it can be forwarded to the next node in the
network, however these buffers have limited buffering capac-
ity and in the event that the amount of data received is greater
than the amount that can be forwarded or stored until forward-
ing is possible, such data or packets of data may simply be lost
or dropped. For typical web pages, this does not represent a
severe problem as the page is simply requested again. How-
ever, for a video stream intended to be viewed continuously
and in real time, dropping of a packet of video does not
provide any recovery mechanism. That segment of video
simply cannot be viewed and various schemes may be pro-
vided to substitute for that video segment, such as a static
freeze ofthe last available frame, blanking the screen, or other
conventional but usually unsatisfactory techniques.

In this context it is noted that conventional Internet infra-
structure, particularly network routers or the input or output
buffers within or associated with such routers do not provide
any mechanism for recognizing a packet that has a delivery
time requirement or for otherwise maintaining data or packet
time-base or isochronous delivery. Therefore other mecha-
nisms may be required if this feature is desired or required.

One attempt toward reducing some of the problems asso-
ciated with direct delivery has been an attempt at general
content distribution so as to provide some scalability and to
reduce loading problems as compared to the single central
server architecture. One such approach has been a content
delivery network employing an architecture and operational
scheme commonly referred to as Distributed Content Ser-
vices (DCS). Under DCS, portions of web pages containing
large amounts of content such as images are replicated
(“pushed” or “push-replicated”) onto a number of edge serv-
ers deployed in last-mile service provider locations close to
the edges of the network, for example as shown in FIG. 1. This
content push is a priori in that the data is sent to all or selected
edge servers before there is any knowledge that the data will
be used or not. It represents one type of edge server caching
strategy where content is cached independent of any identi-
fied need or request for the content. (An edge server based
content pull caching model is described elsewhere in this
specification.)

Although this a priori pushing consumes storage space
(such as hard disk drive storage) at the edge server, and
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utilizes network bandwidth over the network between the
content original source server (also referred to as the origin
server) and the (or each) edge server, these storage and band-
width burdens are at least acceptable because the typical web
pages that are handled are small, again in the kilobyte range
and do not have stringent delivery time requirements. By
comparison, a 1 hour video that represents information at a
rate of 4 mega-bits per second (4 Mbps), would require
14,400 Megabits of storage and the corresponding amount of
network bandwidth for each edge server. Thus while a priori
pushing may be acceptable for selected web pages comprised
of text and one or a few static images, it consumes a lot of
storage at the edge servers and uses a lot of network band-
width capacity independent of whether the video content will
ever actually be requested or delivered to a user. The unused
and wasted resources represent an actual monetary and
opportunity cost to the provider.

When a user requests the content either explicitly (such as
by making a selection from a video play list) or implicitly by
accessing such a web page or link within a web page, or other
content incorporating or making reference to the content, the
edge server closer to the user is directed to serve the replicated
content to the user. Edge server “closeness” may be defined in
a number of ways, such as geographic proximity, available
bandwidth, anticipated cost, or according to other rules or
policies.

By distributing at least frequently requested content
throughout the network, this Distributed Content Services
(DCS) approach advantageously avoids moving large files
through the network backbone for such frequently used con-
tent. Avoiding the backbone can improve performance (since
there are fewer hops between a strategically placed edge
server and the requester client) and is a more cost-effective
and scalable solution. Content delivery networks generally
use private satellite and/or terrestrial networks to connect the
originating server to the edge servers. This solution has been
widely deployed to improve the delivery of small media types
such as static images and streaming audio on web pages.
Unfortunately, it does not provide an optimum solution for
real-time delivery or playback of video and does not address
the resource availability, reservation, and management
issues.

Another technique used for solving the above problem is
the Caching Approach. In the caching approach, distribution
of the content to the caching server is delayed until a first
request is made, such that when a user first accesses a web
page containing particular content (such as text, images,
audio, or video), content is served directly (“pushed”) from
the origin server and is subsequently received by and cached
by a caching server. While this may accurately be referred to
as a “push” it may also be accurately referred to as a “pull”
since the delivery of content from the origin server to the
remote caching server is initiated by the caching server as a
result ofthe received request for the particular content. Where
the caching server is an edge server, the caching edge server
may receive the request directly from the client/user/re-
quester. Where the caching server is not an edge server, the
request for the content is indirectly received from the user
through the edge server and any intervening network infra-
structure and/or agents. Caching servers are placed at strate-
gic points in a network (typically an Internet Service Provider
or ISP network) that are closer to the end users. (Edge servers
represent one possible type of caching servers; however,
caching servers generally need not be at the edges of the
network.)

On subsequent access of the same pages by the same or
different requestor/user, the cached content is served directly
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to the end user, as for example illustrated in FIG. 2. Caching
systems consist of specialized equipment at the service pro-
vider locations that monitor URL requests for web objects.
Serving content from cached server can typically reduce
Internet backbone traffic by about 50% or more thus reducing
bandwidth use associated costs. Serving content from a cache
closer to the end user also improves performance for the
reasons outlined in the first approach.

Unfortunately, for the later approach that relies on a user
request initiated pull from the caching server (such as a cach-
ing edge server) to the origin server and the subsequent push
of the content to the user through the caching server (such as
the caching edge server), there is a latency or delay associated
with receipt and delivery of the content. For simple web pages
this delay is acceptable even if a second or a few seconds, but
is unacceptable for a continuing stream of real-time video
intended for immediate and continuous playback to the user.
Such known conventional approaches have not provided for
any type of network resource reservation or management that
would guarantee or even provide reasonable assurances that
once a certain initial portion of the video content had been
sent to the requester or to the edge server servicing the
requester, that the remainder of the video content stream
could be sent without dropped packets or perceptible delays
in the receipt. Where such timely receipt could not be assured,
then it would be necessary to increase the portion sent to the
caching edge server prior to initiating transmission to the
requesting user or to send the entire video prior to beginning
transmission to the requester so that uninterrupted real time
playback may be accomplished. This would of course result
in much greater, and perhaps unacceptable, delay in receipt
by the requesting user.

Another problem associated with this model is a content
location problem. Each edge server that receives a request
from a user knows that it can get the requested content from
the central origin server (assuming that the origin server has
the content) so that each edge server requests the content from
that origin server. Under this operating model, the edge serv-
ers have no information as to which other of the edge servers
may have already obtained the content and therefore repre-
sent an alternative and perhaps better (lower latency, higher-
bandwidth, fewer hops, or the like) or lower cost alternative
source.

Furthermore, as the content is only sent to the edge server
if and when a request has been made, there is the likelihood of
contention either at the origin server or on the network to
receive the requested content under certain scenarios. For
example, at prime time viewing hours, there may be too many
requests for a popular new video movie so that unacceptable
delays are encountered or so that the video stream is disrupted
after playback has begun. There may be similar problems
with video associated with a breaking news story or otherwise
when some event triggers high interest. This problem is not
necessarily encountered for the a priori push model described
herein elsewhere as the content push can be scheduled when
demands for the content may be low and excess bandwidth is
available on the network, such as in the middle of the night in
the time zone of the local market.

Another problem with both of these approaches (Distrib-
uted Content Services or Caching) is that neither of these
approaches by itself lends itself to other business decisions
that must or at least should be made prior to serving the
request to the end user. For example, if a user’s request is
directed to his or her edge server directly (which is the case
with majority of the systems and methods in use today), there
is no information available at the edge to indicate whether the
user has rightful access to the object. Additionally, such sys-
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tems and methods do not easily lend themselves to keeping
statistics on usage patterns, reporting, or the like.

One of the benefits of the Internet or computer networks is
its ability to provide “narrowcasting”—for example, ability
to address small groups of users (and single users) in a tar-
geted manner. The promise of narrowcasting is in its ability to
provide targeted information to an end user. In the broadcast
world (for example, network television), all users tuned to a
particular program (for example, the NBA finals) receive the
same program, including the same advertisements. In a nar-
rowcasting world, it should be possible for a user in Cincin-
nati, interested in automobiles to be seeing advertisements
from car dealerships in their local area. This would mean that
the information about user (“metadata” or “MD”) 108 be
available at edge server 110 for dynamic content insertion.

In light of these and other considerations, it will be appar-
ent to those workers having ordinary skill in the art that the
current systems and methods for content delivery and caching
are not optimal for the delivery of certain types of content and
especially for high-quality video content such as broadcast
quality content. Current content delivery networks ensure
guaranteed response times by storing all of the response-time
sensitive data at the edges of the network. Users ensure
response times by paying for storage costs. The main assump-
tion here is that storage costs are significantly lower than
bandwidth costs associated with transporting data over the
backbone. The sheer sizes of high-quality, full-frame rate
video on broadband networks require a reexamination of the
storage vs. bandwidth issue. To illustrate this issue, consider
two exemplary emerging applications of broadband video on
the Internet: Internet advertising with video content and the
delivery of personalized information on demand.

The Internet ad serving businesses have begun to retool to
support broadband video in recognition of the potential
advantages for video-based ads over traditional text-based
and/or static image based banner ads. For video-based ads,
quality, both in terms of the size of the video window as well
as frame-rates, is very important. Maintaining high quality
video imagery as well as smooth playback or rendering is
important relative to a perception of quality of goods and
services of the advertiser.

The potential storage and bandwidth requirements for such
video-based advertising are tremendous. Industry sources
report that one particular market leader in the Internet ad
serving business (DoubleClick) served about 48 billion
impressions in April 2000. Assuming that in a fully deployed
system there would be a million distinct ads and assuming
that these ads are 30 seconds long video clips digitized at 1.0
Mbps, then these ads represent 375 Gigabytes of storage. On
1000 edge servers, that is 375 terabytes of video data.

With respect to the delivery of personalized information on
demand, personalized or customized delivery of information
rich in video content (news, sports, entertainment, personal
health information, and other types of video-rich content.) is
a growing application segment on the broadband Internet. A
five-minute video segment at 1.0 Mbps amounts to 37.5
megabytes. One such channel of video, which is a 24-hour
segment split into 5 minute segments amount to about 10
gigabytes of storage. A hundred such channels amount to 1
terabyte. Such media stored on 1000 edge servers amount to
1 petabyte of storage for one day’s worth of video.

For either of these applications as well as for countless
others, at least from a hardware cost perspective, it is imprac-
tical to store all of the data inside each of the edge server
networks. Additionally, floor space is at a premium at central
offices and cable head-ends where the servers and storage
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need to be deployed. An intelligent placement of data based
on measured and anticipated usage is certainly more practi-
cal.

Storage is not about hardware device or disk (or other
storage media) storage space alone. An 18-gigabyte disk
drive may be large enough to hold approximately two days of
one channel at an edge server. However, disk bandwidth rates
(or the amount of data that can be read from a disk in one unit
of time), limit the number of users receiving data from the
disk simultaneously. To serve more users, the data needs to be
replicated on additional disks, multiplying the amount of
space required by many times and adding to the storage costs
significantly.

There are also content delivery network approach issues.
Content delivery systems may typically use dynamic replica-
tion techniques within servers in response to increased load-
ing in the networks. Sheer size of high-quality video media
makes run-time replication impractical. Loading usually goes
hand-in-hand with increased data traffic in the network. Rep-
lication in response to loading congests the networks further.
Some content delivery networks use satellite transmissions to
move data from data sources to edge servers connected to
receivers. Satellite transmission is cost-effective if data from
a source is broadcast to a number of receivers simultaneously.
Live event webcasting therefore is naturally suited to this
mode of transmission. Due to storage size requirements out-
lined above, applications that require on-demand streaming
from stored data, where data is not uniformly stored at the
edges, cannot be deployed cost-effectively using satellite
transport.

With advances in optical networking technologies such as
Dense Wavelength Division Multiplexing (DWDM) that add
more channels to each fiber of an optic fiber network, terabit
backbone capacity is likely moving toward practical imple-
mentation and bandwidth costs are likely to get significantly
cheaper. However, due at least in part to the isochronous
nature of video data, and the number of hops that video data
is likely to encounter between a source server and a user
computer, it may be impractical to stream video from the
source to the user computer directly. This and scalability
reasons ensure that edge serving is likely to remain a favored
operational and architectural model.

For the various caching approaches, several issues still
remain. Networks that use pure caching solutions also suffer
from problems due to the sheer size of the objects they are
required to cache. For any reasonable size cache, the number
of objects that can be cached is fairly small leading to high
cache chum and low hit rates. Caching of media reduces the
level of control that the content owner (or content distributor)
has over their video objects. The loss of control implies track-
ing and copyright issues that directly impact revenue genera-
tion. The loss of tracking ability also reduces the ability to
create revenue via targeted advertisement. Finally, as net-
works increase in size, efficiently locating cached media and
directing it to the appropriate edge server becomes a chal-
lenge.

Thus, there remains a need for an improved and preferably
for an optimal solution for streaming video (or other large
time-sensitive data types) over the Internet or other network.
The current popular solutions have been designed for deliv-
ering static images and streaming audio over the Internet and
are unable to meet real-time or at least isochronous streaming
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video requirements. They also generally fail to provide
adequate network resource reservation management for
video content.

SUMMARY

Method, system, computer program and computer pro-
gram product for a metadata enabled push-pull model and
method for efficient low-latency video-content distribution
over a network are provided. Metadata is used as a vehicle and
mechanism to enable intelligent decisions to be made on
content distribution system operation. Metadata is data that
contains information about the actual content, and in some
cases, the metadata may also contain portions of the content
or a low-resolution preview of the content. Aspects of the
invention are directed toward the distribution of metadata
throughout the network in a way that facilitates efficient sys-
tem operation as well as optionally but advantageously pro-
viding a set of services such as tracking, reporting, personal-
ization, and the like.

In one embodiment, the invention provides a metadata
enabled server for distributing a content object to a user over
anetwork in response to a user request, the metadata enabled
server including: a computer having a processor and a
memory coupled to the processor for executing computer
program instructions, and at least one input/output port for
receiving and sending communications from external enti-
ties; a storage device coupled to the server and storing meta-
data describing content objects accessible to the server
including a location from where a content object is stored and
may be directed to the user; and a controller for distributing
the content object to the user using the metadata and main-
taining isochronous delivery of portions of the content over
the network. Method and procedures, system, and computer
program for distributing content and controlling distribution
of content are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is anillustration in block diagram form of a prior art
system employing an origin server and a network of edge
servers.

FIG. 2 is an illustration in block diagram form of a prior art
system employing a network of caching servers.

FIG. 3 is an illustration in block diagram form of an
embodiment of the system of the present invention as
deployed in a global computer network.

FIG. 4 is an illustration in block diagram form of an
embodiment of an edge server executing computer program
instructions to implement the inventive content distribution
method.

FIG. 5 is an illustration in block diagram form of the major
components of a computer as used in conjunction with the
system of the present invention.

FIG. 6 is a diagrammatic flow chart illustration of an
embodiment of a procedure for delivering video content to a
requesting user.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present invention solves the problems described above
by providing a media content distribution system in which
metadata (MD) is used for efficient media content distribu-
tion.

The basic tenet of at least some embodiments of the inven-
tion described herein is the use of metadata as a vehicle and
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mechanism that enables intelligent decisions to be made on
system operation. Metadata contains information about the
actual content: for example, its physical properties, possible
locations of the content represented by the metadata, its usage
terms, and the like, and others as described in greater detail
elsewhere in this description. In some cases, the metadata
may also contain portions of the content (“content prefix”) or
a low-resolution preview of the content. Aspects of the inven-
tion are directed toward the distribution of metadata through-
out the network in a way that facilitates efficient system
operation as well as optionally but advantageously providing
a set of services (tracking, reporting, personalization, and the
like) that are not present in the conventional or prior-art
systems and methods.

With reference to the illustration in FIG. 3, there is shown
in block diagram form of an embodiment of system 102 of the
present invention as deployed in a global computer network.
Origin server 104 may be a server of which many types and
configurations are known in the art. Typically such servers
include a processor, memory coupled to the processor, input/
output device, and mass non-volatile storage usually in the
form of rotating media hard disk drives, and computer soft-
ware providing computer executable instructions that execute
in the processor and memory to direct the server to operate in
aparticular manner. In this embodiment, the origin server 104
includes a metadata database 106 and a video content (or
other arbitrary content) store 108. System 102 also includes at
least one and typically a plurality of edge servers (ES) 110-n
(e.g. 110-1, 110-2, . . . 110-n) each of which also typically
includes a metadata database 106 and mass storage 118-n
(e.g.,118-1,118-2, . .., 118-n). The data stored on each edge
server mass storage device 118-n may usually depend on the
particular implementation as described in greater detail
herein elsewhere. For example, in one embodiment edge
server storage 118-n will store full video content once at least
a single request has been made for the particular content. In
other embodiments, edge server storage 118-n will store pre-
fix content such as a video prefix content portion. In other
embodiments, edge server storage 118-n may store both full
video content or substantially full video content for a plurality
of'video titles as well as a prefix portion for some set of video
content items. Metadata database 106 and the content may be
stored on the same physical and/or logical device or on dif-
ferent physical or logical mass storage devices. As metadata
database 106 is relatively small it may instead or in addition
be stored in random access memory, typically with non-vola-
tile backup storage.

With respect to FIG. 4, there is shown in block diagram
form an embodiment of a media store including media
streaming support 122 for MPEG-1 and MPEG-2 pumps,
Kasenna (Mountain View, Calif.) OT 4.0 format pump, real
(2 server, and support for other media service to support a
variety of video objects and other content types and formats.
Media management 124 functionality is provided, including
functionality for acquisition, storage, and metadata database
and data management. Media distribution 126 functionality is
also provided, including scheduled transfers, on-demand
transfers, and uni-cast and multi-cast operation. Connection
manager 116 and storage manager 117 functionality may also
be provided.

With respect to FIG. 5, there is shown in block diagram
form the major components of a computer as may be used in
conjunction with the system of the present invention to
receive and render content received. A communication con-
nection provides a communication link or path for receiving
content, such as a video content stream, from a server.
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By way of a top-level description, in one particular
embodiment of the inventive system and method, edge serv-
ers or “ES” (that is servers near the edge of the network that
are primarily responsible for serving content to end users) on
the content distribution network maintain a directory that
organizes metadata for individual content items typically in
the form of a universal reference locator (URL) for the item.
The directory may be part of a relational database in which
functions are provided that allow easy manipulation of the
metadata, or simpler flat file database structures or lists or
tables may be utilized.

In one embodiment, video content URLSs, which reference
the location of the video objects or assets, regardless of the
type of media format they represent, are mapped in a homog-
enous format. User selection of particular video content
whether by URL or by other designator or identifier may be
recorded in the metadata database, regardless of whether the
video object is cached or not. Tracking, reporting, billing,
targeted advertising, and other data collection and mining
operations, are easily enabled using this approach.

In another exemplary application, a web site referenced by
a URL may include a server that stores a number of feature
length videos (for example it may store 50 feature length
movies), available on demand for users that pay a fee to
receive streaming video that plays the movie. For each movie
on the server, there may be provided a corresponding entry or
series of entries in the metadata directory that indicate how
many simultaneous plays the host server (such as the origin
server or an edge server) can support, how many users are
currently viewing copies of the movie or other video or con-
tent item, how many copies are available for viewing, band-
width requirements, and the like. The metadata or metadata
database (MD) for this server can be stored on the server
itself, as well as exported to other servers in periodic or
“on-demand” updates, initiated by the host server or other
edge servers in the content distribution network.

Metadata can also be used to locate video objects or other
content items. For example, when a user makes a selection
(such as by identifying a URL) for a video on an edge server
(ES), the metadata (MD) corresponding to the selected URL
is examined to see if the corresponding video object is in the
cache. If the object is in the cache, the media is streamed
directly from the cache. Otherwise, location information in
the metadata is used to locate an available server that has the
video object in its cache. This location can be based on prox-
imity (number of hops), least traffic load, or other appropriate
manner in which transmission time can be minimized and
network resources utilized efficiently. Once the video object
is found, it is moved directly from its source to the edge server
that requested it, avoiding percolating the media through
cache hierarchies and incurring delays. By employing hint
based algorithms for locating objects, embodiments of the
present invention significantly outperform traditional multi-
level cache hierarchies.

In another aspect, video prefix caching or video prefix
content distribution (VPCD) may be employed in a manner
that involves distributing metadata and beginning portions of
avideo object to edge servers based on characteristics such as
anticipated demand, measured usage, and type of connection
between origin server (OS) 104 and edge server (ES) 110. For
example, large video prefixes can be used for edge servers in
which greater demand is anticipated, and smaller prefixes
stored on other edge servers. If a hit occurs for a video object
having a prefix on the edge server, streaming can begin upon
demand, while the remaining portion of the video object is
fetched and cached. Typically, origin server 104 will provide
video content store (VCS) 108 or other type of content store,
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storing the video or other content for all of the content items.
Each edge server 110 may also provide a video or other
content store for storing content items, though each edge
server’s content store will typically store only a subset of the
content items stored in the origin server’s content store. (It
may be noted that certain embodiments of the invention
described hereinafter in the context of virtualization may not
require a content store 108 or will require a much smaller one
used, that may for example, be used to buffer the incoming
video prior to transmitting it to the requesting user.)

Using Video Prefix Content Distribution (VPCD), initial
latencies involved in copying video data from a source server
to an edge server can be practically eliminated. The main
principle behind VPCD is the distribution of metadata and
beginning portions (“prefix”) of video content to the edges
based on characteristics such as anticipated demand, mea-
sured usage and the type of connection between the origin
server and the edge server. Forexample 10,20 ... 100% of the
video content may be replicated (“pushed”) at the edge serv-
ers based on anticipated demand and service-level agree-
ments. If a hit occurs for a video with prefix-content, stream-
ing starts right away, while the rest of the content is fetched in
parallel (“pipelined”) and cached. This reduces the a priori
storage space requirements while eliminating latencies of
initial access. When cache is recycled, portions of content are
retained along with metadata.

In embodiments of the invention that provide for prefix
caching or storage, the video content that is stored in the
origin server video content store and delivered to the edge
servers in response to a request may be the full length of the
video or the full length of the video minus some initial portion
corresponding to the video content prefix portion. As the
amount of video content prefix may vary from time to time
and from network portion to network portion, it may gener-
ally be desirable to store the full length video content so that
an appropriate portion (possibly with overlap) may always be
available at any edge server to send to any other edge server
even though some edge servers may or may not implement
prefix caching and even though those that do implement pre-
fix caching may cache different amounts or time lengths of
content.

When received by arequesting user, the content is rendered
orplayed on a user content rendering or playback device 120,
such as a computer, television, set-top box, or other device or
system adapted to receive the content stream (video). Alter-
natively, the content may be stored for later playback or
rendering.

Having described some top-level features and advantages
of elements of the inventive system and method, attention is
now directed to a more detailed description of the embodi-
ments of the inventive system, method, computer program
and computer program product, and operating model and
method. It is noted that aspects of this invention apply to a
large class of content objects, and has particular applicability
to multi-media objects which include video and audio com-
ponents. References with this description relative to video,
video objects, video content, and other similar terms may be
interpreted to mean all forms of conventional video, movies,
cartoons, animations, all forms of time sequenced imagery,
and the like, and independent of whether including an audio
component or track or not.

Metadata, the defining data that provides information
about or documentation of other data managed within an
application or environment (or more simply data about other
data), is used to identify, describe, locate, fetch, and cache
video objects for streaming to users from the edge servers.
Various embodiments or sets of metadata may be used in

20

25

30

35

40

45

50

55

60

65

12

conjunction with different embodiments of the inventive sys-
tem and the properties and capabilities desired for the system
and method.

For example, the metadata may identify and describe the
video object or asset, such as its physical characteristics (for-
mats, size, bit rate, or the like physical or logical character-
istics), and the location or locations of the actual video objects
content on the network from where it may be accessed, trans-
ferred, and/or served. Usually one of the locations will be the
origin server and according to particular embodiments of the
invention, one and typically a plurality of edge servers. (Note
that in at least one embodiment of the invention that incorpo-
rates prefix caching, only portions of the entire video may be
present at certain locations and that in such embodiments the
metadata may also or alternatively identify servers where the
prefix portion of the full video is stored or cached.)

The metadata may also provide information regarding
ownership and/or access rights associated with the content, as
well as “time-to-live” or expiration attributes such as may be
required when a video object has been purchased for distri-
bution over only a limited defined period of time, such as
when a limited term license has been obtained for copyrighted
material. Rights information may for example provide an
indicator identifying either when, where, and/or to whom the
content may be delivered (or when, where, and/or to whom
delivery is prohibited). This permission or prohibition may
also or alternatively for example be associated with the geo-
graphic or nation state location of the edge server, particular
domains, be in the form of a list or database, or according to
other rules or policies. One example, would prohibit particu-
lar sexually explicit video material from being sent to nation
states or countries to which such material is offensive or
prohibited. Politically sensitive material may be prohibited
from being sent to other regions.

The metadata may also define or specify the “cost” asso-
ciated with providing the content from a first (source) location
on a network to another second location on the network, the
second location usually being the edge or other server that
will serve the content to the requester. Where separate net-
works are involved, the cost may include the cost of crossing
over from one network to the other. Cost factors, may for
example include one or more of tariffs for use of network
bandwidth, cost of storage on particular locations of data
storage devices, requirements to use external entities or avoid
use of external entities, as well as other factors associated
with transport and/or storage. Because the cost associated
with content retrieval and transport from location to location
may change according to network conditions or other factors,
an external agent having access to network conditions, net-
work tariffs, contractual information, current bidding forms,
or other facts that would influence cost and suggest alterna-
tive locations and/or network r