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(57) ABSTRACT 

A multicast network system utilizes a high speed link, such 
as a satellite link, to multicast multimedia information from 
the Internet to a plurality of receivers, such as personal 
computers. Information from selected Web sites is organized 
into “channels” and provided to a multicast netWork for 
multicast transmission to the receivers. Updated channel 
information is also periodically provided. The receivers 
store the received channel such that a user can access the 

Web page content in the channel at hard disk speed. Pref 
erably, a conditional access system ensures that only autho 
rized receivers receive the channels. The present invention 
also preferably includes a loWer speed tWo-Way connection 
to the Internet (such as dial up modem) Which is used to 
report usage information and/or subscription information 
back to the Web sites. The present invention also provides 
“seamless” or automatic access to this connection to alloW 
the user to retrieve any information that has not been 
received and stored. The receiver also manages use of 
memory space and other applications that may be active on 
the receiver to ensure that the receipt and processing of the 
multicast information does not interfere With receiver opera 
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SYSTEM AND METHOD FOR MULTICASTING 
MULTIMEDIA CONTENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to the dis 
tribution of multimedia content in a multicast netWork 
environment, and more particularly to a multicast netWork 
system having a high-speed multicast communication chan 
nel to multicast information to one or more receivers, and 
also having a return channel, Which may operate at a loWer 
speed, for permitting the receivers to interact With the 
netWork. 

[0003] 2. Description of Related Art 

[0004] The most popular method for distributing multi 
media information is the Internet’s World Wide Web 

Referring to FIG. 1, the WWW can be considered 
as a set of netWork accessible information resources, 
Wherein many Web servers 10 and Web broWsers 12 are 
connected to the Internet 14 via the TCP/IP protocols. 
(These protocols are described in the book “InternetWorking 
With TCP/IP, Vol. I” by Douglas Comer, published by 
Prentice-Hall in 1991, Which is incorporated by reference 
herein.) The Web broWsers 12 typically reside in personal 
computers (PCs) 16 Which are connected to the Internet. The 
connection betWeen the PCs 16 and the Internet 14 is often 
a loW speed connection, such as a dial-up modem telephone 
line connection. The Web servers 10 are also connected to 
the Internet, typically by high-speed dedicated circuits such 
as a 1.5 Mbps T1 connection. APC user uses the broWser 12 
to access Web sites 18 (Which contain Web pages, graphics 
and other multimedia content) from the servers 10 via the 
Internet 14 using Hypertext Transfer Protocol (HTTP). This 
“conventional” method for retrieving information from the 
World Wide Web requires a separate TCP connection each 
time a user accesses a Web site, even if the user repeatedly 
access the same Web site. 

[0005] The World Wide Web is founded on three basic 
ideas: 

[0006] (1) a global naming scheme for resources—Uni 
form Resource Locators (URLs); 

[0007] (2) protocols for accessing named resources—the 
most common is the HTTP; and 

[0008] (3) hypertext—the ability to embed links to other 
resources Which is typically done according to the Hypertext 
Markup Language (HTML). 
[0009] Each Web site 18 contains a collection of Web 
pages operated by a single enterprise Which appears to a user 
of a Web broWser 12 as a single set of related content. Web 
pages Within a Web site 18 are formatted according to the 
Hypertext Markup Language (HTML) standard. The HTML 
standard provides for the display of high-quality text, 
including control over the location, siZe and font for the text 
and the display of graphics Within the Web page. The HTML 
standard also provides for the “linking” from one Web page 
to another, including linking betWeen Web pages stored on 
different Web servers and even different Web sites. Each 
HTML document, graphic image, video clip or other indi 
vidual piece of content is identi?ed by an Internet address, 
referred to as a Uniform Resource Locator (URL). As used 
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herein, “URL” refers to an address of an individual piece of 
Web content (HTML document, image, sound-clip, video 
clip, etc. ), and “URL data item” refers to the individual 
piece of content addressed by the URL. 

[0010] While very popular, the above-described conven 
tional dial-up method of accessing multimedia information 
is limited in at least tWo very important Ways. First, most PC 
users access the Internet using dialup modems through an 
ordinary telephone line. These lines operate at a relatively 
loW speed (e.g. 28.8 or 56 kbps) so that the display of an 
ordinary Web page (eg 150 kbytes) takes a long time (eg 
50 seconds) and the display of even short video clips (such 
as a 6 MB movie trailer in loW-resolution “Quicktime” 
format) takes much longer (e.g. half an hour). Also, a user’s 
telephone line is unavailable for normal voice calls the entire 
time that the Internet is being accessed 

[0011] Second, the conventional method uses point-to 
point transfer, Wherein each Web site 18 must individually 
deliver its content to each Web broWser 12. Thus, a single 
150 kbyte Web page must be individually carried from the 
Web server across the Internet to each broWser that displays 
that page. If a popular Web server delivers ten reasonably 
large pages (for a total of 1.5 MB) to each of 10,000 users 
during a busy hour, the Web server Would require at least a 
33 Mbps bandWidth link to the Internet. The link to the 
Internet and a Web server fast enough to ?ll the link is 
presently prohibitively expensive and complicated. Support 
for a million or more users during the busy hour Would be 
completely impossible With current Internet technology. 

[0012] The World Wide Web presently supports tWo meth 
ods (advertisements and subscriptions) for a Web site opera 
tor to obtain revenue for its site’s content. Advertisements 
are embedded into a Web site’s Web pages, typically in the 
form of images, Wherein a user can “link” to the advertiser’s 
Web site for more information by clicking on the image. 
Web-based advertising is superior to normal multicast 
advertising (e.g. TV, radio and neWspaper advertising) in 
that the Web server 10 is able to track exactly hoW many 
users have seen a given advertisement and, for repeat users, 
track by user Which advertisements and hoW many such 
advertisements the user has seen. 

[0013] If a Web site generates revenue through subscrip 
tions a user is only able to access that Web site’s content if 
they have “subscribed” to the site, i.e., agreed to pay to 
access the site. By requiring the user to provide an account 
name and passWord each time the user Wishes to access the 
site, a Web site controls access so that only paying subscrib 
ers can access the site. 

[0014] Multicast systems are able to accommodate large 
numbers of users much more easily than the Internet When 
the users are accessing common content, because a given 
data item is multicast (i.e., sent only once) regardless of the 
number of receivers. Multicast netWorks distributing multi 
media content have been in use in recent years over Wide 
area netWorks, such as a geosynchronous satellite multicast 
or FM-radio side-band transmission 

[0015] Some multimedia multicast systems have been 
proposed in academia Which involve individually multicast 
ing frequently accessed URLs Which have been tagged to 
alloW the receiver to ?lter and store only those Web pages 
Which, based on past history, may be of interest to the 
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receiver. These systems have failed to be commercially 
deployed because they copy and multicast content Without 
permission, thereby creating possibly con?ict With copyright 
laWs. Further, they do not guarantee the user a consistent set 
of content Which can be accessed “offline” (i.e. not While 
connected to the Internet) and they do not provide a mecha 
nism for preserving a Web site’s subscription and advertising 
revenue. 

[0016] A commercially deployed multimedia multicast 
system is AirMedia, Inc.’s Internet Antenna system Which 
uses an FM-radio side-band multicast to distribute neWs and 

information (With limited graphics). A computer terminal 
receives the multicast information and stores it on the 
computer’s hard disk. The information is multicast in a 
proprietary format and is made available to the user via a 
special purpose application. The AirMedia system suffers 
from a lack of compelling content, partly due to its very loW 
speed (eg 19 kbps) FM side-band multicast transmission 
system. 

[0017] Another such system is Intel’s Intercast system, 
Which uses the vertical blanking interval Within an NTSC 
multicast to multicast information in order to “data enhance” 
the TV channel it is carried on. The vertical blanking 
interval, Which is normally used to carry closed caption 
information, is also a loW-speed multicast (eg 30 kbps). 
Unlike the Air Media system, Intercast multicasts its data in 
a standard HTML format. Intercast provides a vieWer appli 
cation similar to a Web broWser Which, together With special 
hardWare, alloWs the user to Watch the TV program on a 
computer monitor While simultaneously accessing the 
supplementary HTML multimedia data. 

[0018] The primary problem With such multicast systems 
is the availability of good content for multicast broadcasting. 
The providers of good content Will only speci?cally prepare 
their content for a multicast system after there are already a 
large number of users to receive such content or When the 
multicast system operator is Willing to pay large amounts of 
money. HoWever, a multicast system operator typically 
cannot get a large number of users until the system has good 
content and cannot obtain the ?nancing to pay for good 
content until a large number of users have subscribed to the 
system. This “chicken and egg” problem of good content/ 
number of users has long plagued the development of 
multimedia multicast systems. 

[0019] In many cases, a neW multicast system is launched 
by recycling preexisting content. Television, for example, 
overcame the “chicken and the egg” problem by recycling 
content originally developed for other media. Radio shoWs 
Were converted to be both seen (on TV) and heard, often 
retaining the original actors, characters, plots and even much 
of the preexisting scripts. Movies, plays, operas and other 
existing material Were also multicast on television. Once 
television Was established using this preexisting content and 
achieved a critical mass of users, television multicasters 
could afford to develop neW content targeted exclusively for 
television (i.e., sitcoms, mini-series, nightly neWs, late night 
talk-shoWs, infomercials, etc.). 
[0020] Another major obstacle to the successful deploy 
ment of multicast systems has been the impact of processing 
(receiving, ?ltering, storing, etc) the multicast data on the 
receiving computer. Prior multicast systems have failed 
because receiving the multicast data negatively impacted the 
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receiving computers’ performances, such that users fre 
quently disabled the multicast application in order to run 
other applications. Often, users Would forget to restore the 
multicast receiver application, thereby triggering a complete 
loss of functionality. Computer games are a classic example 
of an application that uses all the resources of a computer 
and, as such, are negatively impacted by the receipt and 
processing of multicast data. Further, personal computer 
operating systems generally do not provide optimal sharing 
of resources betWeen competing real-time applications. 
Thus, the typical personal computer user Will not tolerate 
loss of performance (such as “jerky” video and graphics 
and/or unresponsive game control) for the sake of receiving 
multicast multimedia content. 

[0021] In some multicast systems, such as Air Media, the 
impact on the receiving computer Was insigni?cant due to 
the loW speed of the multicast link. HoWever, a high-speed 
multicast link is very desirable as it increases the quantity 
and quality of the content available to the user. Thus, there 
remains a need for a high-speed multicast system Which is 
compatible With existing content and does not interfere With 
other processing performed by the receiving computer. 

SUMMARY OF THE INVENTION 

[0022] Prior to the present invention, no multimedia mul 
ticast system Was able to solve the number of users/good 
content “chicken and the egg” problem facing neW multicast 
systems. The present invention overcomes this problem by 
providing access to unmodi?ed, high-quality content from 
existing Web sites in a Way Which requires no changes to the 
operation of the Web sites and also preserves Web sites’ 
advertising and subscription revenues. The present invention 
also utiliZes a high-speed link (such as a satellite link) to 
provide a large quantity of content and includes several 
innovative mechanisms for receiving such content from such 
high-speed link With minimal impact on the operation of 
other applications Within the receiving computer. The 
present invention is referred to herein as “DirecPC® Web 
Cast” or “WebCast.” (DirecPC® is a registered trademark of 
Hughes NetWork Systems. The basic DirecPC® system, 
Which generally provides a one-Way high speed link for 
receiving information from the Internet but does not utiliZe 
a multicast netWork, is described in co-pending application 
Ser. Nos. 08/257,670 (?led Jun. 8, 1994) and 08/795,505 
(?led Feb. 7, 1997), Which are assigned to the same assignee 
as the present invention.) 

[0023] Generally, WebCast comprises a multicast netWork 
Which multicasts selected Web site content (called “chan 
nels”) onto a receiving computer’s hard disk, making that 
content available to the user at “hard disk” speed. As set 
forth in detail beloW, a channel is a set of Web content Which 
a user may be interested in repeatedly accessing. Preferably, 
the Web content Within the channel is periodically updated. 
WebCast reports sufficient usage information to the Web site 
(i.e. What content has been accessed by the user) to support 
advertising-based revenues, While requiring no change to the 
Web site’s operation. 

[0024] The present invention also supports subscription 
based revenue Web sites. Each receiving computer receives 
an Electronic Program Guide (EPG), Which supports the 
promotion and subscription to available Web site channels. 
The EPG provides functionality beyond What is accom 
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plished by static Web pages in that it permits easy access to 
channels to Which a user has subscribed and provides 
promotional material for all other available WebCast chan 
nels. Such promotional material is accessed from the EPG’s 
cached content until the user subscribes or unsubscribes to 
the channel. At this point, the WebCast softWare contacts a 
conditional access system in the multicast netWork and 
performs a transaction to initiate or terminate the subscrip 
tion. The conditional access system optionally provides 
subscription information to the multicast system’s billing 
system for subsequent billing of the WebCast user and/or 
reporting back to the channel’s Web site. 

[0025] Within the receiving computer, WebCast con?g 
ures a Web broWser to display the stored (or “cached”) Web 
site channel content. When started, a content vieWer on the 
receiving computer con?gures the Web broWser to access the 
cached content via an HTTP proxy-server Within the Web 
Cast content vieWer. A “cache-miss” occurs When the 
broWser requests a URL Which is not stored in the cache of 
multicast data. When a cache-miss occurs, the WebCast 
softWare noti?es the user and offers the user a choice of 
accessing the content via normal (i.e. dial-up) Internet 
access. If the user so chooses, the WebCast application 
establishes a connection to the Internet (if needed) and 
forWards the requests for content to the Web server on the 
Internet Which contains the missing content. Preferably, this 
Internet connection is “seamless,” in that it requires no 
action by the user but is automatically established by the 
WebCast softWare. WebCast also from time-to-time estab 
lishes a connection to the Internet to send usage information 
to the appropriate Web sites. 

[0026] According to one aspect of the present invention, a 
system and method that transmits content organiZed into 
channels, Wherein a channel’s content includes a plurality of 
URL data items and each URL data item is addressed by a 
URL, comprises assigning one or more multicast addresses 
to each channel, scheduling the assembling of a channel’s 
content, assembling the channel’s content, fragmenting the 
channel’s content into packets, Wherein each packet is 
addressed With one of the channel’s multicast addresses, and 
multicasting the packets. 

[0027] According to another aspect of the present inven 
tion, a system and method that transmits content organiZed 
into channels, Wherein a channel’s content includes a plu 
rality of URL data items and each URL data item is 
addressed by a URL, comprises scheduling the assembling 
of a channel’s content, assembling the channel’s content, 
compressing a subset of the URL data items, Wherein each 
URL data item is compressed individually independent of 
other URL data items such that each compressed URL data 
item can be decompressed Without decompressing other 
URL data items, fragmenting the channel’s content into 
packets, and multicasting the packets. The present invention 
may further assemble a base package of the channel’s 
content, Wherein the base package contains each URL data 
item in the channel, and assemble a delta package of the 
channel’s content, Wherein the delta package contains URL 
data items Which have changed or are neW since the previous 
assembling of the base package. 

[0028] According to yet another aspect of the present 
invention, a system and method that transmits content orga 
niZed into channels, Wherein a channel’s content includes a 
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plurality of URL data items and each URL data item is 
addressed by a URL, comprises scheduling the assembling 
of a channel’s content, assembling the channel’s content 
according to the schedule, fragmenting the channel’s content 
into packets, multicasting the packets to a plurality of 
receivers, Wherein each receiver stores the received chan 
nel’s content in a receiver memory, and receiving usage 
reports from each receiver, Wherein each usage report iden 
ti?es a subset of URL data items from the stored URL data 
items that Were accessed from the receiver memory. 

[0029] According to yet another aspect of the present 
invention, a receiver for receiving from a multicast netWork 
content organiZed into channels, Wherein a channel’s con 
tent includes a plurality of URL data items and each URL 
data item is addressed by a URL, and Wherein the multicast 
netWork transmits the channel’s content to the receiver in 
packets, determines a multicast address used to carry a 
channel’s packets, enables reception of packets containing a 
channel’s multicast address, receives the packets containing 
a channel’s multicast address, assembles the received pack 
ets into a channel’s content, stores the channel’s content, and 
alloWs a user to access the stored channel’s content. The 

receiver may further individually decompress each com 
pressed URL data item in the stored channel content at a 
time When the user accesses the URL data item. 

[0030] According to yet another aspect of the present 
invention, a receiver in a multicast system receives URL 
data items from a multicast netWork, stores the received 
URL data items, alloWs a user to access the stored URL data 
items, and tracks user access to the stored URL data items. 
The receiver may further determine When a URL data item 
requested to be accessed by the user is not present Within the 
stored URL data items, notify the user that the requested 
URL data item is not stored, and alloW the user to access the 
non-stored URL data item via a connection (such as dial-up 
modem) to a TCP/IP netWork, such as the Internet. 

[0031] According to yet another aspect of the present 
invention, a receiver in a multicast system monitors receiver 
activity, and selectively receives content from a multicast 
netWork, Wherein the content is selectively received based 
on the monitored receiver activity. The receiver may be, for 
eXample, a personal computer and the monitored activity 
may include other applications/programs running on the 
receiver, disk/memory utiliZation and/or user input (key 
strokes or mouse clicks). The receiver may further suspend 
reception of content pending conclusion of the monitored 
activity, such that reception does not interfere With the 
monitored activity. 

[0032] According to yet another aspect of the present 
invention, a receiver in a multicast system comprises a 
package receiver for receiving packets containing URL data 
items from a multicast netWork and assembling the received 
packets into a channel, Wherein the channel comprises a set 
of URL data items, a memory for storing the channel, and a 
content vieWer for alloWing a user to request access to and 
access the URL data items in the stored channel. 

[0033] According to yet another aspect of the present 
invention, a system for multicasting URL data items from 
Web sites to a plurality of receivers comprises a Web craWler 
for retrieving URL data item from the the Web sites and 
formatting the retrieved URL data item into packages, a 
package delivery subsystem for receiving the packages from 
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the Web crawler, fragmenting the packages into packets and 
transmitting the packets to a multicast network, and a 
conditional access system for determining Which receivers 
are authorized to receive the packets, Wherein the multicast 
netWork multicasts the packets only to authorized receivers. 

[0034] According to still another aspect of the present 
invention, a system for multicasting content organiZed into 
channels to a plurality of receivers, Wherein a channel’s 
content includes a plurality of URL data items from at least 
one Web site, comprises a Web craWler for retrieving the 
URL data items from the Web site via a TCP/IP netWork and 
formatting the retrieved URL data items into packages, a 
package delivery subsystem for receiving the packages from 
the Web craWler and fragmenting the packages into packets, 
a conditional access system for determining Which receivers 
are authoriZed to receive the packets, and a multicast net 
Work for receiving the packets from the package delivery 
subsystem. The conditional access system encrypts the 
packets and the multicast netWork multicasts the encrypted 
packets to the authoriZed receivers, Wherein the authoriZed 
receivers store the packets in a memory and decrypt the 
packets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a simpli?ed block diagram of a prior art 
method for accessing information from the Internet; 

[0036] FIG. 2 is a block diagram of the multicast system 
of the present invention; 

[0037] FIG. 3 is a block diagram of the back-end sub 
system of the multicast system of FIG. 2; 

[0038] FIG. 4 is a block diagram of the process used by 
the Web craWler of FIG. 3 to gather active Web site content; 

[0039] FIG. 5 is a ?oWchart illustrating the steps per 
formed by the package delivery subsystem of the back-end 
subsystem of FIG. 3; 

[0040] FIG. 6 is an eXample WindoW of an Electronic 
Program Guide (EPG) that may be used to notify a user of 
the maXimum memory space required for a channel and of 
the package broadcast schedule; 

[0041] FIG. 7 is an eXample WindoW of the Electronic 
Program Guide (EPG) Which alloWs a user to previeW the 
content of available channels and permits the user to sub 
scribe or unsubscribe to the channels, 

[0042] FIG. 8 is a ?oWchart illustrating the steps per 
formed by the content vieWer of the receiver of FIG. 2 When 
a “cache miss” occurs; 

[0043] FIG. 9 is an eXample of a dialog boX generated by 
the content vieWer to notify the user of a cache miss and 
query the user Whether a connection to the Internet should be 

established; 
[0044] FIG. 10 is a block diagram illustrating the usage 
reporting function of the present invention; 

[0045] FIG. 11 is a ?oWchart illustrating the steps per 
formed by the content vieWer of FIG. 7 to report usage 
information; and 

[0046] FIG. 12 is an eXample of a dialog boX generated by 
the content vieWer to request permission from a user to 
connect to the Internet to report usage information. 
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DETAILED DESCRIPTION 

[0047] WebCast Channels 

[0048] The present invention organiZes the URL data 
items it transmits into “channels,” Wherein a channel is a set 
of URL data items Which a user may be interested in 
repeatedly accessing. A channel ordinarily is a subset of a 
Web site’s content (i.e. a set of Web pages) to be periodically 
eXtracted from the Web site by a Web craWler and delivered 
to subscribing users by conditional access protected multi 
cast ?le transfer. Thus, a channel’s content consists of a 
collection of URL data items, typically all from a single Web 
site. Preferably, a channel’s content is periodically updated. 
Atypical channel might, for example, contain the content of 
3,000 different URL data items. EXamples might include any 
Web site, such as WWW.direcpc.com or WWW.hns.com, a 
general neWs Web site, such as WWW.abcneWs.com, or a 
?nancial neWs site, such as quicken.eXcite.com. 

[0049] A user subscribes to WebCast channels of interest 
and only subscribed channels are received and stored on the 
user’s receiving terminal. Achannel’s content and multicast 
schedule is speci?ed by a WebCast channel de?nition. Each 
channel’s channel de?nition is predetermined. HoWever, 
WebCast may alloW a channel de?nition to be altered. Each 
channel de?nition includes at least: 

[0050] (1) A list of Web strands, Wherein each strand 
includes a starting address (URL) and a search depth. Since 
each Web page may contain links to other pages, search 
depth refers to the number of links that are to be retrieved 
and stored With the original page. In a preferred embodi 
ment, the search depth is set to tWo “levels” from an original 
Web page. Thus, the channel Will include the original Web 
page and all other pages Which are tWo hypertext links (i.e. 
tWo mouse clicks) aWay from the original page. The search 
depth, hoWever, may be set to any number of levels as best 
suits the Web site to be included in the channel. 

[0051] (2) A list of ?lter settings indicating Which URLs 
should be included in or eXcluded from the channel. Another 
set of ?lters may also identify hoW, if at all, URL data item 
is to be compressed prior to being transmitted. Yet another 
set of ?lters may de?ne the “hit-tracking” attributes to be 
assigned to each URL, as discussed in detail beloW. The Web 
craWler starts at each of the starting URLs and searches all 
links that pass the ?lters to the speci?ed search depth. 

[0052] (3) A schedule specifying hoW often and in What 
Way a channel’s content is packaged and multicast by a 
multicast netWork to each user. 

[0053] System Components 

[0054] Referring to FIG. 2, the WebCast system 20 of the 
present invention consists of a back-end subsystem 22 Which 
communicates With one or more multicast netWorks 24 (link 
C). The back-end subsystem 22 is connected to a plurality of 
Web sites 18 (from Which content is gathered) via a TCP/IP 
internetWork, such as the Internet 14 (links A, B). The 
multicast netWork 24 multicasts information retrieved from 
the Web sites 18 to a plurality of receivers 26 over a 
high-speed link (F), such as a satellite or other high-speed 
(over 200 kbps) link. Each receiver 26 may be, for eXample, 
a personal computer in a user’s home or business. HoWever, 
the receivers 26 may also comprise set top boXes, digital 
televisions or other devices capable of receiving Internet 
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content. Each receiver 26 is also preferably connected to the 
Internet 14 by a loW-speed link (D), Which may be, for 
example, dial-up modem, ISDN, tWo-Way cable, or the like. 
Further, the present invention could be implemented With 
other TCP/IP networks other than the Internet, such as 
intranets. 

[0055] The basic functions of the WebCast system com 
ponents are set forth beloW and the various data How paths 
are depicted in FIG. 2. It is understood, hoWever, that the 
described functions may shift location among the system’s 
components depending on a particular system con?guration. 

[0056] Back-end Subsystem Functions 

[0057] The back-end subsystem 22 (Which generally com 
prises a computer or set of netWorked computers) performs 
at least the folloWing functions: 

[0058] (1) Gathering URL data item from the Web sites 18 
via the Internet 14 or a private TCP/IP netWork or intranet 
(links A and B) and assembling it into packages. 

[0059] (2) Fragmenting the large (i.e. multi-megabyte) 
packages (Which contain URL data items from the Web sites 
18) into an appropriate sequence of packets and passing the 
packets to the multicast netWork 24 (link C); 

[0060] (3) Optionally processing usage reports from the 
receivers 26 (links D and A) and providing the usage reports 
back to the Web sites 18 (links A and B); 

[0061] (4) Optionally processing channel subscription and 
unsubscription requests from the receivers 26 (links D and 
A) and optionally forWarding such requests to the Web sites 
18 (links A and B); and 

[0062] (5) Optionally performing conditional access for 
the WebCast channels. Conditional access is normally per 
formed by a conditional access system 25 in the multicast 
netWork 24, but can be implemented by the back-end 
subsystem 22 if the multicast netWork does not include a 
conditional access system or if use of the multicast net 
works conditional access system is not desirable. 

[0063] Multicast NetWork Functions 

[0064] The multicast netWork 24 performs at least the 
folloWing functions: 

[0065] (1) Receiving packets from the back-end sub 
system 22 (link C) and optionally multiplexing the packets 
With data (such as digital video, audio voice, etc.) from any 
other broadcast source(s) 27 (link E); 

[0066] (2) Multicasting the packets to the receivers 26 
over the high-speed link (link F), 

[0067] (3) Optionally performing conditional access via 
the conditional access system 25 to ensure that only sub 
scribing receivers may receive a channel’s packages; 

[0068] (4) Optionally providing a return path from the 
receivers 26 to the back-end subsystem 22 to alloW usage 
reporting; 

[0069] (5) Optionally processing channel subscription and 
unsubscription requests from the receivers 26; and 

[0070] (6) Optionally providing Internet access to alloW a 
receiver to access “cache-misses” from the Internet. 
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[0071] Receiver Functions 

[0072] Each receiver 26 performs at least the folloWing 
functions: 

[0073] (1) Interacting With the multicast netWork 24 to 
enable reception of the appropriate addresses; 

[0074] (2) Processing received packets from the multicast 
netWork 24 (link F); 

[0075] (3) Reassembling WebCast channel packages from 
the received packets and storing each as a ?le in a memory 
(e.g. hard disk) 28; 
[0076] (4) Managing space in the memory 28 and man 
aging use of the receiver’s resources to minimiZe impact on 
other applications running on the receiver When multicast 
packages are received and processed; 

[0077] (5) Providing the user With promotional material 
(i.e. through the EPG) that helps the user determine Which 
WebCast channels to subscribe to; 

[0078] (6) Providing the multicast netWork 24 (or option 
ally the back-end subsystem 22) With subscription or unsub 
scription requests; 

[0079] (7) Reporting usage information to the back-end 
subsystem 22 via the multicast netWork; 

[0080] (8) Optionally decrypting the received packages 
When the multicast netWork is not providing conditional 
access but conditional access is desired, and 

[0081] (9) Interacting With the back-end subsystem 22 to 
obtain conditional access key material if the back-end sub 
system (rather than the multicast netWork) is performing 
conditional access. 

[0082] Back-end Subsystem Components 
[0083] Referring to FIG. 3, the back-end subsystem 22 
includes tWo major components: (1) one or more Web 
craWlers 30; and (2) a package delivery subsystem 36. Each 
Web craWler 30, generally, is a computer Which accesses 
channels from the Web sites 18 according to predetermined 
channel de?nitions 32. The Web craWler 30 is similar to 
commercially available Web craWlers, such as TelePort Pro 
and WebWacker. The primary difference from commercial 
Web craWlers is that commercial Web craWlers store each 
URL data item as a ?le on disk and the DirecPC WebCast 
Web craWler 30 formats the URL data items into packages 
(see beloW). As explained in detail beloW, the Web craWler 
30 gathers URL data item from the Web sites 18. The URL 
data item is gathered from the list of URLs in the channel 
de?nition and other URLs Which are “linked” to the listed 
URLs according to the search depth. The Web craWler 30 
then formats the gathered URL data item into packages 34 
(also explained in detail beloW) and submits the packages 34 
to the package delivery subsystem 36. 

[0084] The package delivery subsystem 36 receives the 
packages 34 from the Web craWler(s) 30 and fragments the 
packages 34 into an appropriate sequence of multicast 
packets 38, Which are provided to the multicast netWork 24 
for multicast transmission to the receivers 26. 

[0085] The back-end subsystem 22 also optionally 
includes one or more cache hit trackers 40 Which receive 
usage reports 42 from the receivers 26. The usage reports 
may be stored as hit log ?les 44 Which are periodically 
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delivered to the Web sites 18. (The usage reporting function 
of the present invention is described in detail below) 

[0086] The back-end subsystem 22 also optionally 
includes a registration server 46 (Which may also be referred 
to as an auto-conmmissioning server). The registration 
server 46 provides a convenient method for users to sub 
scribe to WebCast channels and also produce package deliv 
ery envelopes and subscription billing records 48 Which 
track subscriptions and canceled subscriptions. (The sub 
scription function of the present invention is also described 
in detail beloW.) 

[0087] Web CraWling 

[0088] As set forth above, the back end subsystem 22 
contains one or more Web craWlers 30 Which package a 
channel’s content and submit it to the package delivery 
subsystem 36 for multicast transmission to the receivers 26 
via the multicast netWork 24. The process Whereby the Web 
craWler(s) 30 gather content from various Web sites 18 is 
generally referred to as “craWling.” Preferably, the Web 
craWlers 30 craWl the Web sites periodically and/or on a 
scheduled basis. The Web craWler 30 formats a channel’s 
content into a single data structure that is preferably stored 
and transferred as a computer “stream” or “?at” ?le (Which 
are used by most personal computer ?le systems. A ?le 
containing channel content is referred to as a package 34.) 

[0089] The Web craWler 30 may be located in the back-end 
subsystem 22 near the package delivery system 36 Which, in 
some cases, minimizes the effort to manage Web craWling. 
Alternatively, the Web craWler 30 may be located near the 
Web site(s) it is craWling, for example, on the same local area 
netWork as the Web site’s servers. This con?guration reduces 
the amount of traf?c across the Wide area netWork in that 
only compressed packages (rather than all of the channel’s 
content) are sent across the Wide area netWork. 

[0090] The Web craWler 30 typically does not receive an 
exhaustive list of the URLs to be included in the package. 
Instead, the Web craWler receives a channel de?nition 32 
(Which may either reside in the Web craWler or be retrieved 
by the craWler from an external server) containing a list of 
the URL addresses of the URL data items to be included in 
the channel. For each starting URL address in the channel 
de?nition 32, the Web craWler 30 creates a list of URL 
addresses to be craWled, Which initially contains only the 
starting address. The Web craWler 30 repeatedly retrieves 
each URL data item and removes that URL address from its 
list until the list is empty. The Web craWler may perform 
many such retrievals in parallel to reduce the time needed to 
craWl a channel. 

[0091] The Web craWler 30 analyZes the content of these 
linked data items of each retrieved URL data item to 
determine if it contains “links” to other URL data items. 
Typically, only HTML pages contain links. If so, the URL 
addresses are added to the list of URL addresses to be 
craWled if the additional URL data item passes the channel 
de?nition ?lters. The URLs added to the list may include 
frames, embedded graphics, java applet classes and refer 
ences (also called “links”) to other URLs external to the 
page. Frames can be thought of as embedded HTMIL pages. 
Frames, embedded graphics, java applet classes and embed 
ded graphics Within the frames can be thought of as part of 
a Web page and are at the same “level” or “depth” as the 
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HTML Which referenced them. URLs Which are “linked” 
from the page under analysis are considered one level 
“deeper” (i.e., further aWay from the starting address) than 
the page that referenced them. A URL’s craWl depth is 
stored, along With the URL address itself, on the list of URLs 
to be “craWled.” A URL is only placed on the list of URLs 
to be craWled if it passes the channel de?nition’s ?lters and 
if its depth does not exceed the search depth associated With 
its starting address and the URL has not previously been 
entered into the list. 

[0092] A Web server Will often respond to a request for a 
URL by “redirecting” the request to another URL (often on 
a different Web server). Such a redirection does not increase 
the depth of the URL that is eventually retrieved. 

[0093] The Web craWler(s) 30 can be programmed to 
gather the entire set of a channel’s content and place it into 
a package 34, Which is referred to herein as a “base” 
package. Web craWling to create a base package is referred 
to herein as a “base craWl.” A channel’s content, hoWever, 
may be frequently updated by the Web site operator and the 
updates may occur on an unknoWn basis and it is important 
to provide a WebCast user With an updated and consistent 
representation of a Web site’s content. Thus, once a base 
package has been produced, the Web craWler 30 can be 
scheduled to produce a package Which contains only the 
URL data items Which have changed since the base craWl 
occurred. Apackage containing only the changed or updated 
content is referred to herein as a “delta” package. Web 
craWling to create a delta package is referred to herein as a 
“delta crawl.” 

[0094] Upon retrieving a URL data item, the Web craWler 
determines Whether and hoW to include the URL data item 
Within the package being produced by the Web craWler. This 
determination depends on: (1) various ?lter settings; (2) 
Whether a base or delta package is being craWled; and (3) if 
a delta package is being craWled, Whether the URL data item 
is present in the channel’s base package and, if so, Whether 
the URL data item has changed. 

[0095] If a base package is being craWled, a URL is 
included in the package if it passes the ?lters. If a delta 
package is being craWled, the URL is included in the 
package if it passes the ?lters and it either does not exist in 
the base package or has changed since the version in the base 
package. Whether the URL has changed can be determined 
either by actually comparing the content or by checking the 
“last-modi?ed” ?eld provided by the Web server. For some 
sites, the actual comparison of data is needed as the “last 
modi?ed” ?eld cannot be relied upon. Alternatively, the Web 
craWler 30 can determine Whether the URL data item has 
changed by comparing checksum(s) or message digest(s) 
associated With the data item. 

[0096] CraWling is typically the preferred mechanism for 
obtaining a channel’s URLs in that it requires no changes to 
the Web site’s production and operation. This is very impor 
tant When overcoming the number of users/good content 
“chicken and egg problem” described earlier. CraWling may, 
hoWever, Waste netWorking and Web server resources in that 
each URL must be individually checked on each craWl. For 
a 40 MB base package (uncompressed), Which is being 
craWled every half hour, this data How exceeds 80 kbps. 

[0097] Thus, for Web sites that correctly set the “last 
modi?ed” date of URLs, the present invention reduces 
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processing time by requesting the URLs With an HTTP “Get 
If Modi?ed Since” request. Web sites Which are available for 
subscription in WebCast produce their oWn channel de?ni 
tions Which accurately indicate both What URLs are to be 
included in the channel and When the URLs have changed. 
Such a channel de?nition may simply list every URL to be 
included in the channel and When each Was last modi?ed. 
With such a channel de?nition, the Web craWler, by storing 
retrieved URLs and their modi?cation date, need only gather 
URLs Which are neW or Which have changed since the 
previous craWl. This provides a Web site With maximum 
control over the content in its channel, While minimizing the 
Web server and netWorking resources required to gather the 
content. 

[0098] Dynamic Web site content poses a special problem 
to WebCast craWling in that the simple analysis of HTML is 
insuf?cient to gather all the required URLs for a channel. An 
example of dynamic content is a Sports Score Java Applet 
Which, When started, retrieves and displays a set of sports 
scores. The URL containing the scores is not referenced by 
the HTML and Would not normally be gathered by the Web 
craWler. The data can only be gathered by actively running 
the Java Applet. 

[0099] To overcome this de?ciency, the channel de?nition 
alloWs a list of pages Whose content is gathered by a 
J ava-capable broWser. Referring to FIG. 4, the Web crawler 
330 con?gures a Java-capable broWser 50 to use the Web 
craWler as a proxy-server and directs the broWser 50 to 
display the con?gured pages With dynamic content (data 
How A). The broWser 50 gathers the active content from a 
Web server 10 via the Web craWler 30, Which is noW acting 
as a proxy-server (data How B). Con?guring the broWser 50 
to use the Web craWler as a proxy-server alloWs the Web 
craWler to monitor and record the URLs accessed by the 
broWser, including the active content (data How C). 

[0100] Compression 
[0101] As set forth above, the Web crawler 330 gathers URL 
data items for a channel and places them into packages 34. 
Each package contains: (1) a set of URL data item; (2) 
indexing information, such as a hash table, to alloW quick 
access to the URL data item; and (3) various supplemental 
information identifying the set of URL data item contained 
by the package and other information to guide the use of its 
content. The Web crawler 330 uses a lossless compression 
algorithm, such as the one created by Liv and Zempel in 
1977 (LZ77) or other algorithm, to individually compress 
each URL data item. (An alternative lossless compression 
algorithm is described in co-pending application Ser. No. 
08/982,864 entitled “Data Compression For Use With A 
Communications Channel, ?led on Dec. 2, 1997 and 
assigned to the same assignee as the present invention.) URL 
data item Which can be compressed is individually com 
pressed (and ?agged as compressed) prior to being placed 
into a package 34 (rather than compressing the package as 
a Whole). 

[0102] In many cases, URL data item Which has changed 
betWeen the time of a base craWl and a delta craWl has only 
partially changed. For example, many Web sites change the 
advertisements embedded into a HTML page each time the 
page is served. In such a case, only the feW characters 
containing the URL data item of the advertisement change 
from one craWl to the next craWl. In other cases, the bulk of 
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a Web page consists of “boiler plate” Which provides a 
consistent look and style to the Web page. Even When the 
real content Within such a Web page has completely changed, 
only a small fraction the page’s characters change. In vieW 
of this, the size of delta packages can be minimized if the 
Web craWler 30 performs What is referred to herein as 
“difference compression.” 

[0103] With difference compression, the Web craWler 30 
compares a URL data item to be included in a delta package 
With the corresponding URL data item in the base package 
(if it exists). The Web crawler 330 divides the delta package 
URL data item into sections of data and, for each section, 
places into the compressed version of the URL data item 
either: 

[0104] (1) a reference to the base package’s URL data item 
Where that section of data can be found because it appears 
identically in both the base package’s and the delta pack 
age’s URL data item. This reference is generally much 
smaller than the data itself, Which inherently provides com 
pression. An example of a reference is an offset from the 
beginning of the URL to the ?rst byte and an offset to the last 
byte being referenced. Other more complex, but more com 
pact mechanisms may alternatively be used to encode a 
reference; or 

[0105] (2) the section of data from the delta package’s 
URL data item. This does not provide any compression but 
exists to ensure that the delta package’s URL data item can 
be reassembled Without modi?cation from the base pack 
age’s URL data item and the difference compressed URL 
data item. The difference compressed URL data item can 
then be optionally compressed With a lossless data compres 
sion algorithm, such as LZ77, prior to being placed into the 
delta package. 

[0106] The channel de?nition ?lters indicate Whether a 
URL data item included in the package should be com 
pressed and, if so, the compression algorithm to be used. For 
delta packages, the channel de?nition ?lters also specify 
Whether difference compression is to be applied (and Which 
algorithm to use to determine the difference) to a URL to be 
included in the delta package. 

[0107] Table 1 provides examples from WebCast channels 
illustrating the effectiveness of base/delta packages, indi 
vidual compression of URL data items and difference com 
pression. 

TABLE 1 

ESPN 
WebCast Channel ABC News Sportszone 

Size of base package Without compression 38.1 MB 22 MB 
Size of base package With standard LZ77 19.8 MB 10.2 MB 
compression 
Compression ratio With standard LZ77 1.92 to 1 2.16 to 1 
compression 
Size of delta package With LZ77 11.8 MB 6.3 MB 
compression only (i.e. no difference 
compression) 
Size of delta package With LZ77 2.8 MB 1.6 MB 
compression and difference compression 
Compression ratio With delta package, 13.61 to 1 13.75 to 1 
LZ77 compression and difference 
compression 
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[0108] The resulting compression ratio (i.e. approximately 
14 to 1) is much higher than compression ratios achievable 
from the direct application of ordinary lossless data com 
pression algorithms, Which typically do not exceed 2.5 to 1 
on such packages. The use of delta packages in combination 
With base packages thus greatly reduces the amount of 
bandWidth needed to keep a receiver “up-to-date” With a 
Web site compared to repeatedly multicasting the full set of 
a Web site’s content. The present invention also achieves this 
While preserving the objective of alWays presenting a con 
sistent snapshot of a Web site’s content. 

[0109] The present invention may also use delta packages 
of delta packages. For example, a sports Web site may 
frequently update scores for a game With no other changes 
to the Web site. In such a case, only the URL data item 
containing the scores changes from one craWl to the next. 
Thus, a delta package may be generated and difference 
compressed such that it contains only the difference (i.e. the 
neW score) from the previous delta package. The use of delta 
packages of delta packages further reduces the amount of 
data Which must be transmitted. 

[0110] Advantages of Packaging and Compression 

[0111] The present invention’s organiZation of Web site 
content into channels and packages provides signi?cant 
advantages and bene?ts for reducing the impact of multicast 
receiving on the fuinction of other applications active on a 
receiver 26. For example, organiZing each package 34 as a 
single ?le With built-in indexing for quick access minimiZes 
the processing that the receiver 16 must perform on the 
content prior to displaying it to the user. The alternative, 
Which is to store each URL data item as a separate ?le (as 
is commonly done With existing broWser caches), requires 
signi?cant processing (and additional memory/disk space) 
to divide the URL data items into individual ?les and to 
delete obsolete ?les. Because many Web channels may 
contain over 3000 URLs, this processing (i.e. of 3000 
separate ?les) may take several minutes or longer. Further, 
this processing must take place either after the content has 
been received (disrupting Whatever other processing is tak 
ing place at the time) or When the user ?rst accesses the 
content (causing the user to have to Wait While this process 
is taking place). In addition, retaining all the URL data item 
in a single ?le reduces the processing required to display 
content by eliminating the overhead of opening and closing 
a ?le for each URL. 

[0112] Compressing each URL data item individually 
(rather than compressing the package as a Whole) also 
minimiZes the processing that the receiver 16 must perform 
prior to displaying a package’s content. Decompressing the 
package as a Whole requires signi?cant processing Which, as 
set forth above, must take place either upon reception 
(disrupting Whatever is happening at the time) or When the 
user ?rst accesses the package’s content (forcing the user to 
Wait). Whole package compression also uses more memory 
or disk space because the content of the Whole package must 
be stored in decompressed form. Decompressing each URL 
data item individually as it is needed alloWs the data items 
to be stored in compressed form (reducing memory space) 
Also, only data items that are actually accessed by the user 
is decompressed, thus reducing overall processing time. 
Also, because the decompression of URL data items is 
performed at a time When the user has directed the receiver 
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to display content, the decompression is not likely to disrupt 
other applications that require use of receiver resources. 

[0113] Still further, the use of delta and base packages 
alloWs receipt of base packages to be scheduled for periods 
of time When the receiver 16 can be expected to be idle (e.g. 
late at night) While the smaller delta packages can be 
received throughout the day. Thus, a receiver can be poW 
ered off, or can suspend, abort or terminate package recep 
tion during times When the receiver is dedicated to other 
processing, yet still be quickly brought “up-to-date” after 
package reception has been enabled. The present invention 
also ensures that the user is presented With a complete, 
consistent version of the content. Thus, the present invention 
provides signi?cant advantages over other multicast systems 
Which often required the receiver to be poWered up continu 
ously such that users did not use the system or accidently 
terminated reception by turning of the receiver. With delta 
and base package transmission, particularly Where base 
packages are transmitted overnight or during some other 
inactive period, a user can turn off the receiver or suspend 
package reception during peak usage time and still have the 
receiver be quickly brought up to date When package recep 
tion is restarted. 

[0114] The use of delta packages, particularly With differ 
ence compression, results in much smaller transmissions 
because less data must be received and processed to keep a 
receiver up-to-date. This results in loWer bandWidth require 
ments and loWers the impact on the receiver When a delta 
package is received. 

[0115] The organiZation of content into channels Which 
are subscribed to by the user and into single-?le packages 
further alloWs the content to be transmitted via very ef?cient 
multicast ?le transfer protocols Wherein virtually no receiver 
processing is Wasted on ?ltering out content Which is not of 
interest to the user. It also alloWs the scheduling of trans 
missions such that a user can determine When reception must 
be enabled to receive the content they desire. 

[0116] While the preferred embodiment of the present 
invention stores each base or delta package as a single ?le, 
storing each package in a small number of ?les (i.e. Wherein 
the number of ?les is less than the number of URLs in the 
package) still achieves many of the bene?ts described above 
and may be desirable Within some multicast netWorks. In 
addition, creating the indexing information Within the 
receiver from a single ?le (or small number of ?les) also 
achieves many of the bene?ts described above. 

[0117] Multicast NetWork Components 

[0118] Referring again to FIG. 2, the multicast netWork 24 
generally includes the folloWing components, although 
some components may vary depending on the speci?c 
embodiment of the multicast netWork: 

[0119] (1) A head-end subsystem 52, Which is responsible 
for: (a) taking packets from the back-end subsystem 12 (link 
C) and multicasting the packets to the receivers 26 (link F); 
and (b) optionally multiplexing the back-end subsystem’s 
packets With data (i.e. digital video, audio, etc.) from another 
broadcast source 27 (link E) and multicasting the resulting 
data stream(s) to the receivers 26. 

[0120] (2) A multicast receiver 54, Which is responsible 
for providing multicast packets from the requested channels 


































