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(57) ABSTRACT 

The Network Operations Center (“NOC”) of an internet 
broadcast system receives video and other content from a 
content provider and uplinks that data to a satellite for 
delivering at high bandwidths to edge nodes and thereafter 
to internet users. 
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NETWORK OPERATION CENTER 
ARCHITECTURE IN A HIGH BANDWIDTH 

SATELLITE BASED DATA DELIVERY SYSTEM 
FOR INTERNET USERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/960,649 entitled MICRONODE IN 
A SATELLIBE BASED CONTENT DELIVERY SYSTEM, 
?led on Sep. 20, 2001 by Vivian Pecus, David L. Bullock, 
Mark Kalmbach, Philip Lausier, and Christopher Benden, 
incorporated herein by reference, and Which in turn claimed 
priority from the following ?fteen provisional United States 
patent applications: 

[0002] Ser. No. 60/275,779 entitled INTEGRATED NET 
WORK MANAGEMENT SYSTEM USING HARMONIC 
ELEMENT MANAGERS IN A CONTENT DELIVERY 
SYSTEM ?led on Mar. 13, 2001; 

[0003] Ser. No. 60/275,780 entitled FILE NAMING SYS 
TEM WITH TRACKING AND DIAGNOSTIC FEA 
TURES IN A CONTENT DELIVERY SYSTEM, ?led on 
Mar. 13,2001; 

[0004] Ser. No. 60/275,781 entitled ARCHITECTURE 
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AND EDGE NoDEs To INTERNET USERS, ?led on Mar. 

13, 2001, 
[0005] Ser. No. 60/275,782 entitled MOBILE NODE FOR 
SATELLITE BASED CONTENT DELIVERY SYSTEM, 
?led on Mar. 13, 2001; 

[0006] Ser. No. 60/275,783 entitled EDGE NODE 
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[0008] Ser. No. 60/275,813 entitled DEMoNsTRATIoN 
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[0009] Ser. No. 60/275,815 entitled GLOBAL OR MUL 
TIREGION CONTENT DELIVERY SYSTEM AND 
METHOD USING NOCs AND ADAPATED EDGE 
NODES, ?led on Mar. 13, 2001; 

[0010] Ser. No. 60/275,816 entitled END TO END SIMU 
LATION OF A CONTENT DELIVERY SYSTEM HAV 
ING A NOC, SATELLITE, AND EDGE MODE ARCHI 
TECTURE, ?led on Mar. 13, 2001; 

[0011] Ser. No. 60/275,8l7 entitled LARGE EDGE 
NoDE FOR sIMULTANEoUs vIDEo oN DEMAND 
AND LIvE sTREAMING OF sATELLITE DELIvERED 
CoNTENT, ?led on Mar. 13, 2001, 

[0012] Ser. No. 60/275,825 entitled MOBILE NOC FOR 
SATELLITE BASED CONTENT DELIVERY SYSTEM, 
?led on Mar. 13, 2001; 

[0013] Ser. No. 60/275,826 entitled SCALABLE EDGE 
NODE WITH ACCESS TO SHARED DRIVER IN A SAT 
ELLITE BASED CONTENT DELIVERY SYSTEM, ?led 
on Mar. 13, 2001; 
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[0014] Ser. No. 60/275,827 entitled NOC ARCHITECU 
TRE IN A HIGH BANDWIDTH SATELLITE BASED 
VIDEO DELIVERY SYSTEM FOR INTERNET USERS, 
?led on Mar. 13, 2001; 

[0015] Ser. No. 60/275,838 entitled FORWARD CACHE 
MANAGEMENT BETWEEN EDGE NODES IN A SAT 
ELLITE BASED CONTENT DELIVERY SYSTEM, ?led 
on Mar. 13, 2001; and 

[0016] Ser. No. 60/275,795 entitled MICRONODE IN A 
SATELLITE BASED CONTENT DELIVERY SYSTEM, 
?led on Mar. 13, 2001. 

[0017] The entirety of each of the preceding provisional 
United States patent applications is incorporated herein by 
reference. 

[0018] This application is related to the following fourteen 
co-pending United States utility patent applications that 
Were all ?led by inventors Vivian Pecus, Christopher 
Benden, David L. Bullock, Philip Lausier, Mark Kalmbach, 
and Aaron D. Falk on Sep. 20, 2001 together With this 
application: 

[0019] The United States utility patent application entitled 
ARCHITECTURE FOR DELIVERING VIDEO AND 
OTHER DATAAT HIGH BANDWIDTHS, Ser. No. 09/960, 
650, noW abandoned; 

[0020] The United States utility patent application entitled 
NETWORK OPERATIONS CENTER ARCHITECTURE 
IN A HIGH BANDWIDTH SATELLITE BASED DATA 
DELIVERY SYSTEM FOR INTERNET USERS, Ser. No. 
09/960,645, noW abandoned; 

[0021] The United States utility patent application entitled 
EDGE NODE ARRANGEMENT IN A SATELLITE 
BASED CONTENT DELIVERY SYSTEM FOR INTER 
NET USERS, Ser. No. 09/960,843, noW abandoned; 

[0022] The United States utility patent application entitled 
LARGER EDGE NODE FOR SIMULTANEOUS VIDEO 
ON DEMAND AND LIVE STREAMING OF SATELLITE 
DELIVERED CONTENT, Ser. No. 09/ 960,605, noW aban 
doned; 

[0023] The United States utility patent application entitled 
INTEGRATED NETWORK MANAGEMENT SYSTEM, 
Ser. No. 09/960,641, noW abandoned; 

[0024] The United States utility patent application entitled 
MOBILE NETWORK OPERATION CENTER FOR SAT 
ELLITE BASED CONTENT DELIVERY SYSTEM, Ser. 
No. 09/960,263, noW abandoned; 

[0025] The United States utility patent application entitled 
SELF-CONTAINED DEMONSTRATION NODE IN A 
SATELLITE BASED CONTENT DELIVERY SYSTEM, 
Ser. No. 09/960,602, noW issued as US. Pat. No. 7,174,373; 

[0026] The United States utility patent application entitled 
SCALABLE IP ADDRESSING SCHEME FOR MUL 
TIPLE NOCS AND EDGE NODES, Ser. No. 09/960,249, 
noW abandoned; 

[0027] The United States utility patent application entitled 
MOBILE NODE FOR SATELLITE BASED CONTENT 
DELIVERY SYSTEM, Ser. No. O9/960,637, noW aban 
doned; 
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[0028] The United States utility patent application entitled 
SCALABLE EDGE NODE, Ser. No. 09/960,246, noW 
issued as US. Pat. No. 7,154,898; 

[0029] The United States utility patent application entitled 
GLOBAL OR MULTIREGION CONTENT DELIVERY 
SYSTEM, Ser. No. 09/960,622, noW abandoned; 

[0030] The United States utility patent application entitled 
END TO END SIMULATION OF A CONTENT DELIV 
ERY SYSTEM, Ser. No. 09/960,603, noW issued as US. 
Pat. No. 6,886,029; 

[0031] The United States utility patent application entitled 
IMPROVED FILE NAMING SYSTEM WITH TRACK 
ING AND DIAGNOSTIC FEATURES IN A CONTENT 
DELIVERY SYSTEM, Ser. No. 09/960,270, noW aban 
doned; and 

[0032] The United States utility patent application entitled 
FORWARD CACHE MANAGEMENT BETWEEN EDGE 
NODES IN A SATELLITE BASED CONTENT DELIV 
ERY SYSTEM, Ser. No. 09/960,636, noW issued as US. 
Pat. No. 7,130,908. 

[0033] Each of the preceding ?fteen United States utility 
patent applications are incorporated by reference herein. 

FIELD OF THE INVENTION 

[0034] This invention relates to a method and system for 
delivering multimedia data to internet users at high band 
Widths using a satellite communication link or links. 

BACKGROUND OF THE INVENTION 

[0035] As the popularity of the internet increases, there is 
a commensurate increase in the need to deliver content over 
large distances through congested, sloW internet connec 
tions. This problem is particularly critical for ?les that must 
be delivered in a real time or near real time sequence, such 
as audio and video ?les, and for ?les that must be delivered 
at the same time to a multiplicity of places. 

[0036] Additionally, there is a convergence of television/ 
radio broadcast and internet data transmission, using stream 
ing. The dividing line betWeen computer technology and 
television/radio broadcast is rapidly diminishing. “Stream 
ing” refers to transmitting video and audio information via 
the internet to personal computers in the home and o?ice 
environment such that the information may be vieWed or 
heard, or both, as it is being received. Currently, over 
100,000 Websites and over 60% of top entertainment, sports 
and neWs sites stream content through the internet. 

[0037] The streaming experience in the internet, hoWever, 
generally has been a disappointment for vieWers until noW. 
Choppy, postage-stamp siZed images, and bad buffering due 
to the congestion and packet loss of land-based internet 
netWorks have been major obstacles for streaming multime 
dia through the internet. Early attempts at streaming video 
and audio have been marred by loW bandWidth internet 
connections and netWork congestion. For example, the aver 
age stream traverses 20 hops through loosely managed 
public peering points before reaching end users. Congestion 
on the internet routers delays delivery of streaming media to 
the ?nal destination, resulting in choppy, disjointed video. 

[0038] Recent advances in last mile service providers have 
made high speed internet access available to the general 
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public through the use of digital subscriber line (DSL), 
ISDN, cable modem and satellite modern technology. As the 
technology becomes more affordable and mature, most 
internet access can be expected to be high speed solving the 
loW bandWidth problem of internet connections by internet 
users. HoWever, the netWork congestion problem has not 
been improved as expected because internet backbone rout 
ing systems have not caught up With the drastic increase of 
internet traf?c. 

BRIEF SUMMARY OF THE INVENTION 

[0039] The above-identi?ed problems are solved and a 
technical advance is achieved by a method and system of 
internet broadcasting in Which multimedia content is deliv 
ered to internet users bypassing most internet backbone. 

[0040] The system includes: a NOC for receiving the 
multimedia content from the content provider and for modi 
fying the format of the multimedia content into a ?rst 
streaming format and a format suitable for satellite trans 
mission; and an edge node, having a satellite communication 
link With the NOC and a direct connection to a last mile 
service provider that provides internet connection to the 
internet user, Where the edge node receives the modi?ed 
multimedia content from the NOC via the satellite commu 
nication link and delivers the modi?ed multimedia content 
to the internet user via the last mile service provider accord 
ing to a second streaming format that is compatible With the 
?rst streaming format. In an embodiment of the invention, 
the second streaming format is identical to the ?rst stream 
ing format. 

[0041] Furthermore, a NOC of the system may include a 
receiver that receives the multimedia content from the 
content provider, an encoder for modifying the format of the 
received multimedia content, a ?rst streaming format com 
patible With the second streaming format, a gateWay for 
changing the format of the modi?ed multimedia content into 
a format suitable for satellite transmission, a transmitter for 
transmitting the changed multimedia content via one or 
more satellite communication links to one or more edge 
nodes, and a monitor for monitoring the transmission quality 
and other parameters of the system. 

[0042] Other and further aspects of the present invention 
Will become apparent during the course of the folloWing 
detailed description and by reference to the attached draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a diagram that shoWs a high-level over 
vieW of an internet broadcast netWork of the present inven 
tion; 
[0044] FIG. 2 is a diagram that illustrates the end to end 
connections of an internet broadcasting netWork of the 
present invention; 

[0045] FIG. 3 is a How chart illustrating an exemplary 
process of the present invention; 

[0046] FIG. 4 is a block diagram shoWing an exemplary 
netWork operation center of the present invention; 

[0047] FIG. 5 is a block diagram shoWing functional 
components that may comprise an exemplary edge node of 
the present invention; 
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[0048] FIG. 6 shows an edge node rack con?guration used 
in the present invention; 

[0049] FIG. 7 is a block diagram that shoWs a structure of 
an exemplary edge node of the present invention; 

[0050] FIG. 8 is a How chart illustrating an exemplary 
process of the present invention by Which a data manager of 
a controller of edge node operates upon receiving packets 
from a netWork operation center; and 

[0051] FIG. 9 is a How chart illustrating an alternative 
exemplary process of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0052] The method and system of the present invention 
regard an intemet broadcast netWork in Which multimedia 
content is delivered from content providers to internet users 
Without degradation. The internet broadcast netWork alloWs 
the content providers to bypass most intemet congestion 
points by utiliZing a hybrid of satellites and poWerful 
land-based edge nodes of the internet broadcast netWork. 

[0053] Streaming video and audio in the internet enable 
end users to receive and display or listen to multimedia 
content that are being broadcast in real time via the intemet. 
It is different from ?le transfer services in that it is not 
necessary for the end users to receive the entire transmission 
before initiating playback on a personal computer. It is most 
similar to broadcast television and radio services, except that 
the delivery medium is the internet. 

[0054] Multimedia content (e.g., movies, neWs, Weather, 
sports, etc.) prepared by a content provider and ready to 
transmit via the internet are ?rst received at a NOC of the 
internet broadcasting netWork. The multimedia content may 
or may not be an IP format. HoWever, if the content is not 
in an IP format, the NOC may convert the content into an IP 
format. After processing, the NOC sends the multimedia 
content to a land-based edge node via a satellite link, thereby 
bypassing internet backbone, Which usually causes conges 
tion. The edge node is connected to a last mile service 
provider Which has internet connections to end users (e.g., 
DSL, ISDN, cable modem, Wireless modem, etc.). After 
reception, multimedia content is streamed from the edge 
node to the intemet users’ computers through the last mile 
service provider. 

[0055] The folloWing three services are basic services that 
the internet broadcasting netWork (“IBN”) may offer to the 
content providers and end users: (1) a continual streaming 
service for continuous intemet streaming applications, such 
as a Whole day’s neWs feed. IBN transports content from the 
source location to one or more of satellite broadcast gate 
Ways of NOC. The content is then broadcast to locations 
speci?ed by the content provider; (2) special events and 
regular scheduled streaming service includes the initial 
internet broadcast of an event and extends to post event 
servicing of on-demand streams. Streams may be requested 
by individual users after an event has occurred and While 
demand remains high. The period of time for When an event 
Will be available to users Will be speci?ed by the content 
providers or last mile service providers (“LMSPs”). This 
service is for live, one-time, short-term, and regularly sched 
uled streams such as sporting events and concerts; and (3) 
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on-demand streaming is used for streams, such as music 
videos, video or audio clips, intemet ?lms, and doWnload 
able ?les. 

[0056] The method and system of the present invention 
provide internet users With high ?delity streaming multime 
dia content Without degradation caused by clogging and 
delaying from the intemet backbone. Internet users con 
nected to one of the LMSPs Would receive high quality 
streaming multimedia data With the internet broadcasting 
netWork of the present invention. 

Overall Architecture 

[0057] FIG. 1 shoWs a high-level overvieW of the intemet 
broadcast netWork (“IBN”) of the present invention, illus 
trating the overall relationships betWeen the netWork ele 
ments. IBN 10 may comprise a content provider (CP) 100 
(although many content providers can be linked to this 
netWork), a virtual netWork (VN) 200, a netWork operation 
center (NOC) 300, a satellite 400, an edge node (EN) 500, 
and a back channel (BC) 600. Multimedia content generated 
by CP 100 is sent to NOC 300 via VN 200. The content is 
processed in NOC 300 and uploaded to satellite 400. Sub 
sequently, satellite 400 doWnloads the content to EN 500. 
EN 500 is connected to a last mile service provider (LMSP) 
(not shoWn) such as a DSL, ISDN, cable modem, Wireless 
modem, POTS, or any other type of internet Service Pro 
vider (“ISP”). The doWnloaded content in EN 500 may be 
delivered to end users (e.g., subscribers to CP 100) con 
nected to the LMSP, e.g., With a high bandWidth link, 
thereby bypassing most of the internet backbone that may 
cause delay. BC 600 is a secondary land-based communi 
cation link for a back up betWeen and NOC 300 and EN 500. 
BC 600 may be used for remote control of EN 500 t5 by 
sending control messages from NOC 300 or sending control 
signals from EN 500 to NOC 300. 

Content Provider 

[0058] CP 100 provides multimedia content to NOC. CP 
100 may include any facilities necessary for it to function as 
a source of any type of multimedia content desired, includ 
ing facilities for creating multimedia content or storing 
multimedia content, or both. Multimedia content can be any 
kind of data currently transmitted via television, radio, or the 
internet. Exemplary content includes neWs and Weather 
channels, movies, broadcast netWork TV, and sports pre 
pared by CP 100. Where it is desired to distribute multime 
dia content corresponding to a live event, CP 100 may 
include media creation facilities, such as a television or radio 
studio or mobile equipment for broadcasting live events at a 
location, e.g., a sports event, on-location neWs report, etc. 
Where the multimedia content is not live, e.g., previously 
recorded movies or programming for on-demand vieWing, 
CP 100 may include facilities for storing the multimedia 
content, e.g., such as video or audio tape or digital storage 
(e.g., magnetic hard disks, DVD, etc.) on a computer server. 

[0059] If desired, CP 100 may also include facilities for 
transmitting the created or stored multimedia content Which 
may be any type of transmission facility capable of trans 
mitting the desired content, such as links to a communica 
tion netWork (e.g., for transmitting on-demand video stored 
on a server), equipment for satellite transmission (e.g., for 
transmitting live media content), etc. HoWever, such trans 
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mission facilities need not be used, such as circumstances, as 
described below, Where multimedia content is delivered a 
third party carrier. 

[0060] CP 100, as a customer to IBN 10, bene?ts from this 
invention by obtaining another means to deliver multimedia 
content to subscribers (e.g., end users) by increased adver 
tising revenue included in the content, and possibly a 
pay-per-vieW or subscription revenue streams. While CP 
100 could be similar to the current television and cable 
broadcast netWorks, there Will be neW content providers that 
are strictly Web based. 

Virtual Network 

[0061] VN 200 represents a communication path betWeen 
CP 100 and NOC 300 for delivering multimedia content. VN 
200 may comprise any kind of communication link, includ 
ing, for example, satellite and terrestrial video netWorks, 
internet or dedicated private data links, or even a 3.sup.rd 
party delivery service. The geographical distance betWeen 
CP 100 and NOC 300 may be a factor for choosing a speci?c 
type of VN 200. For example, a terrestrial netWork may be 
selected for a relatively short distance While a satellite link 
may be selected for the reception of multimedia content 
from a content provider of overseas. The amount of data and 
type of data may also be a factor for choosing the type of VN 
200. For example, if multimedia content are for a live 
broadcasting, the content may be delivered by a high band 
Width netWork such as a satellite link. HoWever, if the 
content is not for live-broadcasting (e. g., video-on-demand), 
the content may be delivered With sloWer terrestrial link. For 
some applications Where time is not important (e.g., routine 
update to a stored on-demand video library), the multimedia 
content may be delivered via third party carriers such as 
FedEx, UPS, etc. 

NetWork Operations Center 
[0062] NOC 300 provides a management center for IBN 
10 in Which multimedia content received from CP 100 
(Which may be a customer of the IBN) is processed for 
delivery to EN 500 by (l) converting the content into a 
digital format (if necessary), (2) formatting the content into 
an IP format (if necessary), (3) encoding the content for 
streaming (if necessary), and (4) formatting the content for 
satellite transmission. NOC 300 may comprise any com 
puter, or group of interconnected computers, that performs 
these functions. If the received content is in an analog 
format, e.g., a television broadcast, NOC 300 may convert 
the content to a digital format, e.g., MPEG. If the received 
content is not in an IP format, NOC 300 converts it into IP 
format. NOC 300 encodes the multimedia content for 
streaming format Where it is not already in streaming format. 
Encoding for streaming format is Well knoWn in the art. The 
multimedia content may also be compressed With the encod 
ing. NOC 300 further converts the format of the content 
received from CP 100 into a format suitable for transmission 
on satellite 400. For example, as described further beloW, 
NOC 300 may encapsulate the IP formatted content into a 
Digital Video Broadcasting (“DVB”) format for satellite 
transmission. NOC 300 then delivers the content to EN 500 
via satellite 400. 

[0063] In addition, NOC 300 may store the multimedia 
content collected from CP 100 on the servers of NOC 300 
if desired. NOC 300 also may monitor the received content 
for quality service. 
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[0064] Also, throughout the process, NOC 300 may diag 
nose any netWork malfunctions and gather netWork perfor 
mance data for quality service. Other additional functions of 
NOC 300 may include, for example, providing the customer 
interface for managing accounts With CPs and LMSPs. 

[0065] Additionally, NOC 300 may communicate With CP 
100 to schedule for content acquisition and delivery. The 
received multimedia content from CP 100 may be classi?ed 
into several categories at NOC 300 (e. g., a live broadcasting, 
video-on-demand, etc.) for separate delivery options. Some 
of the content may be stored at a memory of NOC 300 for 
later delivery and some of the content may be delivered 
instantly. Additional details of NOC 300 Will be described in 
a later section. 

[0066] Although FIG. 1 shoWs only one NOC 300, there 
may be multiple numbers of NOCs distributed geographi 
cally covering Wider area. For example, one NOC may be 
located in Europe and another NOC may be placed in North 
America covering the tWo areas. The tWo NOCs may be 
connected With communication links, such as a private or 
public ATM, thereby enabling ?exible movement of the 
content and other data betWeen the multiple NOCs. 

Satellite 

[0067] Satellite 400 provides a communication link 
betWeen NOC 300 and EN 500 through Which streamed 
multimedia content may be delivered from NOC 300 to EN 
500. Satellite 400 may be adapted to receive the content on 
an uplink from the transmitter of NOC 300 and to transmit 
the received content on a doWnlink to EN 500. This may be 
referred to as a forWard channel. Satellite 400 may also be 
adapted to receive information from EN 500 on a second 
uplink and to transmit the received information on a second 
doWnlink to NOC 300. This may be referred to as a reverse 
channel. It Will be appreciated that the communication 
channel used may be the same for the ?rst and second 
uplinks and doWnlinks, respectively, and can be re-used. 
Although only one satellite is shoWn in FIG. 1 betWeen NOC 
300 and EN 500, multiple satellites may be used making 
inter-satellite links to cover Wider areas. Satellite 400 may 
be in a geostationary orbit, or other orbits may be used, and 
those of ordinary skill in the art Will understand the addi 
tional communications overhead needed to communicate 
With satellites in other than geostationary orbit. 

Edge Node 

[0068] EN 500 provides a node for receiving multimedia 
content from NOC 300, and may be con?gured to receive 
multimedia content directly from satellite 400, thereby 
avoiding traf?c delays caused by the internet. EN 500 may 
also be con?gured to accept multicast input from NOC 300. 
Although FIG. 1 shoWs only one edge node, it should be 
understood that the IBN of the present invention may 
comprise a plurality of edge nodes, Where each EN 500 may 
be located at the “edge” of the internet backbone and as 
close as possible to end users. Each EN 500 may be capable 
of delivering received multimedia content to end users (e. g., 
subscribers to CP 100) through an LMSP. Each EN 500 may 
be co-located With an LMSP to avoid further delay caused 
by transmitting betWeen EN 500 and the LMSP. An end user 
connected to an LMSP may access an EN 500 through his 
computer to receive and to vieW the streamed multimedia 
content on his computer screen. 
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[0069] The multimedia content downloaded from satellite 
400 may be classi?ed into several categories at EN 500 
depending on the types of data (e.g., live broadcasting, 
video-ondemand, etc.) for separate delivery options to end 
users. For non-live content (e.g., video-ondemand), users 
may access the content stored on the EN 500 nearest to them. 
For live content such as neWs and sporting events, the 
content may be passed on to end users Without storing it in 
EN 500. HoWever, some of the streams for the live broad 
casting may also be stored at a memory of EN 500 for later 
delivery. The multimedia servers of EN 500 are con?gured 
to deliver either live content, non-live content, or both 
simultaneously. The details of EN 500 Will be described in 
a later section. 

Back Channel 

[0070] BC 600 provides a terrestrial communication link 
betWeen NOC 300 and EN 500. BC 600 may be used for 
“heartbeat” information betWeen NOC 300 and EN 500 and 
for communicating control commands to remotely control 
EN 500. Or, EN 500 may gather statistics on end users 
access to content and periodically provide this information 
to NOC 300 via BC 600 to let NOC 300 knoW that certain 
programs are still alive and operational. NOC 300 may use 
this information for delivery scheduling. The internet, Public 
SWitched Telephone NetWork (“PSTN”), or any other pri 
vate or public netWork may be utiliZed for BC 600. BC 600 
may be either a one-Way communication link or, a tWo-Way 
communication link for more interactive operation of IBN 
10. 

End Users 

[0071] An end user, connected to an LMSP, may access 
EN 500 to receive the streaming multimedia content With, 
for example, his personal computer or set-top box. The 
LMSP may provide the end user With a high speed internet 
connection such as DSL, ISDN, Wireless or cable modem. 
The end user may run a streaming multimedia application 
(e.g., Real NetWork Player, Microsoft WindoWs Media, and 
Apple QuickTime etc.) to vieW the streaming multimedia 
data. Upon connection to EN 500, the end user may be 
provided With streaming multimedia content. 

DETAILED DISCUSSION OF THE FIGURES 

[0072] The operation of IBN 10 Will noW be described 
With reference to FIGS. 1 and 2 along With the How chart of 
FIG. 3. 

[0073] FIG. 2 illustrates the end to end connection of IBN 
20 including LMSPs and end users. The same numerals are 
used as in FIG. 1 for CP 100, VN 200, NOC 300, satellite 
400, EN 500, With the exceptions that three ENs are shoWn 
in FIG. 2 (EN 500A, EN 500B, EN 500C). The users A, B, 
C are each connected to the internet 30 via one of the 
LMSPs, for example, DSL provider 35, cable modem pro 
vider 37, Wireless internet provider 39, respectively. 

[0074] CP 100, trying to deliver multimedia content to its 
subscribers, e.g., users A, B, or C, through the internet, may 
request that a content delivery service be established With 
NOC 300. CP 100 may use any kind of communication link 
to contact NOC 300 to place the service request. For 
example, a person in CP 100 may visit the Web site of IBN 
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20 Which is designed to receive the service request, or may 
place a call to the manager of NOC 300. 

[0075] In response to the content delivery service request 
from CP 100, NOC 300 schedules the reception of multi 
media content from CP 100 and delivery of the received 
multimedia content to ENs 500A, 500B, 500C. 

[0076] FIG. 3 is a How chart illustrating an exemplary 
process by Which IBN 20 of FIG. 2 collects multimedia 
content from CP 100 upon receiving a request from CP 100 
and delivers the received multimedia data to the end users A, 
B, C. 

[0077] At step 710 of FIG. 3, NOC 300 receives multi 
media content from CP 100. Referring to FIG. 2, NOC 300 
may receive the multimedia content from CP 100 via satel 
lite 200. The multimedia content received from CP 100 may 
or may not be in an IP format. Where the content is not 
received in an IP format, NOC 300 may convert the content 
to an IP format. 

[0078] At step 715, after receiving the data, NOC 300 
encodes and compresses it using a streaming media standard 
such as, for example, MPEG, RealPlayer, or WindoWs 
Media Player format. For example, using the MPEG-2, tWo 
hour video data may be compressed into a feW Gigabytes. 
When the multimedia content is not live, media ?les so 
encoded may be placed in a package (e.g., Zip ?le) for 
transmission to EN 500. Similar packages may be used to 
transmit commands from NOC 300 to EN 500. A detailed 
explanation regarding the packages are described beloW. 

[0079] At step 720, NOC 300 converts the format of the 
encoded content or packages into a format suitable for a 
common communication link betWeen NOC 300 and one or 
more of the ENs, such as for example, Satellite 400. For 
example, an IP gateWay of NOC 300 performs the multi 
protocol encapsulation of UDP and IP packets into MPEG-2 
packets for delivery of content using a digital video broad 
casting (“DVB”) format. The IP gateWay may also put the 
program ID numbers (“PIDs”) to indicate speci?c destina 
tions of the transmitted data streams. By using the PID 
method, multiple content ?les may be transmitted simulta 
neously such that their packets are intermixed. Each packet 
has a PID number so that receiving ENs can determine What 
packets belong to What ?le. In the current example, the 
destinations Would be ENs 500A, 500B, 500C. 

[0080] At step 725, NOC 300 modulates the DVB packets. 
A modulator of NOC 300 modulates the DVB packets With 
one of the digital frequency modulation techniques for 
transmission via a satellite netWork. For example, the DVB 
packets may be modulated using the quadrature phase shift 
keying (“QPSK”) modulation technology. The modulator 
may also encode the DVB packets for an error correction 
using, for example, both convolutional V1terbi and Reed 
Soloman block coding. 

[0081] At step 730, NOC 300 uploads the DVB packets to 
satellite 400. Before the transmission, the transmitter may 
?rst convert the frequency of the modulated DVB packets to 
a radio frequency suitable for a satellite transmission. 

[0082] At step 735, satellite 400 doWnloads the DVB 
packets to land-based (although an EN could also be sea, air 
or space based) ENs 500A, 500B, 500C of IBN 20. Satellite 
400 of IBN 20 re-transmits the DVB packets doWnloading 
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the DVB packets to ENs 500A, 500B, 500C. In the current 
example, ENs 500A, 500B, 500C are designated ENs and 
only these nodes may handle the DVB packets by interpret 
ing the PID contained Within the DVB packets. For example, 
the three ENs are designated as destination nodes by the IP 
gateway of NOC 300 at step 720. 

[0083] At step 740, each of ENs 500A, 500B, 500C 
demodulates the DVB packets received from satellite 400. 
Each of the demodulators of ENs 500A, 500B, 500C 
demodulates the doWnloaded DVB packets. The demodula 
tors may also doWn convert the radio frequency signal to an 
intermediate frequency (“IF”) signal prior to the demodu 
lation. 

[0084] At step 745, each of ENs 500A, 500B, 500C 
extracts IP packets from the received DVB packets. 

[0085] At step 750, each of ENs 500A, 500B, 500C 
decodes and decompresses the IP packets. If the IP packets 
are formatted With a package (e.g., a non-live content), the 
IP packets are extracted ?rst before the decoding/decom 
pressing. 

[0086] At step 755, each of ENs 500A, 500B, 500C 
determines Whether the IP packets are non-live content or 
live content. The process proceeds With step 760 if the IP 
packets are non-live content. If the IP packets are live 
content, the process proceeds With step 770. 

[0087] At step 760, in the case of non-live content, each of 
ENs 500A, 500B, 500C stores the IP packets in a storage 
device. The multimedia content is noW ready for delivery to 
end users A, B, C by the media servers of ENs 500A, 500B, 
500C. 

[0088] At step 765, media servers of ENs 500A, 500B, 
500C stream the multimedia content to the end users A, B, 
C, respectively, through respective LMSPs 35, 37, 39. For 
example, users A, B, C each connected to DSL provider, 
cable company, and Wireless internet provider receive the 
streams through DSL connection 35, cable modem 37 and 
Wireless modem 39, respectively. 

[0089] At step 770, in the case of live content, the media 
stream received via the IP packets is forWarded to the media 
servers of ENs 500A, 500B, 500C for immediate distribu 
tion, and the IP content is subsequently streamed to inter 
ested end users at step 765. In some cases, the live content 
may also be stored by ENs 500A, 500B, 500C so that the 
content may be made available to end users at a later time 
as non-live content. 

[0090] Users A, B, C may request the multimedia service 
from CP 100 While, for example, visiting the Web site of CP 
100. The Web site of CP 100 may be con?gured to receive 
the requests by shoWing available programs (e.g., video-on 
demand) or time schedules for live broadcasting (e.g., sports 
or neWs, etc.). Users A, B, C may click on one of the options 
to receive the multimedia stream service from CP 100 by 
providing appropriate information (e.g., billing information 
or ID-passWord, etc). The Web site of CP 100 may also be 
con?gured to determine automatically Which one of ENs 
500A, 500B, 500C is best able to serve the users upon 
receiving the service requests using, for example, an Internet 
Redirection Engine (“IRE”). If an EN does not have mul 
timedia content that a user Wants, the Web site may direct the 
user to another nearest EN that has the content. Altema 
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tively, each of the users A, B, C may visit the Web site of 
their respective LMSPs for a request. 

[0091] Beside the IBN that is in use, there may be an 
additional implementation of part of the IBN in Which one 
or more of the components of the IBN are duplicated or 
simulated. For example, the additional implementation may 
include a duplicate NOC, a simulated satellite, a duplicate 
edge node, and a duplicate end user. Duplicate components, 
such as, for example, a duplicate NOC, edge node, or end 
user, have the same functionality and hardWare and softWare 
con?guration as the components they correspond to in the 
IBN in use. Simulated components, such as, for example, a 
simulated satellite, are simulated to duplicate the function 
ality of the components they correspond to in the IBN in use. 

[0092] This additional implementation of part of the IBN 
may be used for off-line testing of the IBN in use. Since the 
additional implementation duplicates the functionality and 
operation of the IBN in use, the additional implementation 
may be used to test changes one desires to make in the IBN 
in use Without affecting the IBN in use. By using the 
additional implementation, the netWork manager can deter 
mine, for example, hoW long a certain upgrade to an element 
ofIBN in use (e.g., NOC 300, EN 500, etc.) Would take and 
in What sequence modi?cations need to be performed. The 
effects of mixing and matching neW applications may also be 
checked for problems before they are installed on the IBN in 
use. Thus the additional implementation may be used as a 
duplicate system for testing to help maintain the reliability 
of the IBN in use and minimiZes service disruptions in the 
IBN in use. 

NetWork Operations Center 

[0093] Referring back to FIG. 1, it may be seen that NOC 
300 comprises a router 302 for routing received multimedia 
content, a broadcast manager 304 for controlling the general 
operation and communicating With content providers to 
scheduling delivery of content from the content provider to 
the NOC, as described above, content storage 306 for storing 
received multimedia content from content providers, IP 
gateWay 308 for converting the format of received content, 
servers 310 for processing the received content and uplink 
transmitter 312 for transmitting multimedia streams to sat 
ellite 400. 

[0094] FIG. 4 is a block diagram shoWing exemplary 
functional blocks of NOC 300. Here it is assumed that 
virtual netWork 200 includes satellites to receive multimedia 
content from CP 100. 

[0095] Receiver 332 of NOC 300 acquires multimedia 
content from satellite dish (or dishes) 330 Which may 
receive content from CP 100. Receiver 332, upon receiving 
the signals from satellite dish 330, ampli?es the signal and 
doWnconverts the signal if necessary from radio frequency 
(“RF”) to intermediate frequencies (“IF”) for processing 
Within NOC 300. Receiver 332 demodulates and decodes 
the signal to retrieve encoded analog video and audio When 
necessary. Receiver 332 next provides an output to the 
video/audio monitoring and processing equipment 334. 

[0096] Monitor 334 of NOC 300 alloWs an operator to 
monitor the incoming signals, and to prepare the signals for 
input to the streaming video/ audio encoder equipment 336. 
The output of satellite receiver 332 is applied to the ampli?er 
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(not shown) of monitor 334 providing the means for moni 
toring the incoming signals. Video and audio outputs may be 
displayed on a color video monitor and a speaker, respec 
tively. Additionally, Waveform monitors and vectorscopes of 
the video/audio monitoring/conditioning equipment may 
provide alternate means for verifying video signal quality. 
The output from receiver 332 also corrects the levels of the 
incoming signals, and provides video and audio outputs to 
streaming encoder 336. 

[0097] Streaming encoder 336 of NOC 300 accepts con 
tent received from CP 100 and formats or compresses it, or 
both, into a streaming media ?le format such as, for 
example, WindoWs Media or RealMedia. Where the content 
received by encoder 336 is not in an IP format, then encoder 
336 may also modify the content into an IP format. Encoder 
336 then forWards the formatted and/or compressed data to 
origin server 338. When the content is not live, one or more 
of the formatted and/or encoded media ?les may be placed 
in a package for transmission to EN 500. 

[0098] Origin server 338 of NOC 300 receives the pack 
ages or media ?les and relays them to uplink server 342 via 
router/sWitch 302. For live content distribution, Streaming 
Media Server SoftWare, such as, for example, Real Server 
softWare, may be installed on origin server 338 to provide 
the means for accepting content from streaming encoder 
336. The Streaming Media Server SoftWare, Which may 
have several other functions, may be con?gured as a push 
source in origin server 338 to simply push content that it 
receives from streaming encoder 336. 

[0099] Router/sWitch 302 of NOC 300 may be a virtual 
local area netWork (“VLAN”) to interconnect the encoders 
and servers of NOC 300. Multiple VLANs may exist alloW 
ing for the routing of traf?c betWeen the VLANs. Router/ 
sWitch 302 may also provide the ability to interface to 
external netWorks such as private or public ATM netWork. 

[0100] Uplink server 342 of NOC 300 receives the pack 
ages or media ?les from origin server 338 and re-transmits 
them to IP gateWay 308. Streaming Media Server SoftWare, 
such as, for example, Real Server, may also be installed in 
uplink server 342 and con?gured as a push splitter trans 
mitting the packages or media ?les Without a request from 
end users. This means that uplink server 342 may provide 
multimedia content to multiple destinations. The Streaming 
Media Server SoftWare may also be con?gured for a scalable 
multicast permitting the transmission to an unlimited num 
ber of ENs With a one-Way transmission, e.g., no backchan 
nel. The Streaming Media Server SoftWare may also be 
con?gured for Session Announcement Protocol (“SAP”), 
Which announces the presence of these multicast transmis 
sions to the targeted ENs. For non-live content distribution, 
server 342 may instead run FTP (File Transfer Protocol) or 
TFTP (Trivial File Transfer Protocol) server softWare. 

[0101] It should be noted that the functionality of stream 
ing encoder 336, origin server 338, and uplink server 342 
may reside in one or more of the servers 310 of FIG. 1. 
Returning to FIG. 4, IP gateWay 308 of NOC 300 is a 
re-encapsulator. Upon receiving the packages or media ?les 
(e.g., IP packets), lP gateWay 308 may encapsulate the IP 
packets to packets of a format designed for transmission 
over satellite 400, such as, for example, the digital video 
broadcasting (DVB) format. The DVB is an established 
digital video standard that permits the transmission of video, 
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audio, and other data over a common communications link 
such as a satellite netWork. The DVB standard also permits 
the use of Program ID numbers (PlDs). One of the functions 
of the PlDs is to alloW for the targeting of speci?c data 
transmissions to speci?c receive locations enabling a mul 
ticast input for distribution to multiple predetermined ENs. 

[0102] Modulator 346 of NOC 300 accepts the encapsu 
lated data (e.g., IP packets Which have been encapsulated in 
DVB packets), encodes the data for error correction, and 
modulates the packages or media ?les using, for example, 
QPSK modulation for transmission via satellite 400. Modu 
lator 346 may use both convolutional Viterbi and Reed 
Soloman block coding to affect the encoding for error 
correction. 

[0103] Transmitter 348 of NOC 300 converts the fre 
quency of the output of modulator 346 to radio frequency 
(e.g., l4-l4.5 GHZ) suitable for transmission via satellite 
400. For example, the radio frequency equipment ampli?es 
the upconverted signal in the high-poWer ampli?er, then 
ampli?es the signal again to transmit the signal to the 
satellite through the uplink satellite antenna 350. Transmitter 
348 transmits the modulated packets to satellite 400 via a 
satellite transmission dish (not pictured). 

[0104] NOC 300 may also include equipment that dupli 
cates the functionality of an edge node and one or more end 
users. Such equipment may be used to simulate the doWnlink 
operation of an edge node and end user of IBN 20 Without 
interfering With the operation of the edge node and end user 
being simulated. 

[0105] The equipment in NOC 300 providing the dupli 
cate functionality may include duplicate equipment. In other 
Words, to duplicate the functionality of an edge node and one 
or more end users, NOC 300 may include all the equipment 
necessary to make up an edge node and one or more end 
users With the equipment being con?gured in the same 
manner as the edge node and one or more end users of IBN 
20 Whose functionality is being duplicated. Alternatively, the 
equipment in NOC 300 providing the duplicate functionality 
may include equipment that simulates the operation of an 
edge node and end users, such as a computer and simulation 
softWare. 

[0106] With the equipment that duplicates the functional 
ity of an edge node and end users, as described above, NOC 
300 simulates the doWnlink operation Without interfering 
With the systems in use, such as EN 500 and end users A, B, 
C. 

[0107] Also, the functionality of NOC 300 may be incor 
porated into a portable rack Which can be transported easily 
and does not need to be reassembled at its destination. The 
mobiliZed NOC may be equipped With the functionality of 
the NOC previously described above, including, for 
example, the encoding function to encode content to stream 
ing media formats, such as, for example, Real and WindoWs 
media, and IP multicasting function to transmit the encoded 
content to multiple ENs. The operator may carry the mobi 
liZed NOC to a place Where non-mobile NOC equipment 
cannot reach (e.g., remote mountain, remote island, etc.) for 
a live-broadcasting of a special event through the intemet. 

Edge Node 
[0108] Referring back to FIG. 1, exemplary EN 500 
comprises a ground antenna 502 for receiving data from 
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satellite 400 and at least one rack 504 Which includes data 
processing devices. Antenna 502 may be located, for 
example, on the roof of a LMSP premises and rack 504 may 
be placed, for example, inside the building. While antenna 
502 and rack 504 may be connected through a coaxial cable 
(e.g., plenum rated RG-ll RF cable), ?ber optic cable may 
also be used Where the cable length exceeds RG-ll speci 
?cation. 

[0109] Antenna 502 may comprise a satellite dish With the 
siZe of the dish depending on factors including, for example, 
Where the installation is to take place geographically. In one 
embodiment, a VSAT (“very small aperture terminal”) With 
1.2 meter (four feet) or 1.8 meter (six feet) diameter may be 
used. A special design method (e.g., non-penetrating roof 
mounts) may be used for the satellite dish to Withstand 
strong outside Winds. For example, the satellite dish may 
need to resist Winds of 100 MPH and exert less than 20 
pound per square foot on the roof. The antenna may be a 
“receive-only” in this embodiment. Alternatively, in another 
embodiment, the antenna may transmit as Well. 

[0110] FIG. 5 is a block diagram of rack 504 of FIG. 1 in 
Which examples of functional elements are illustrated. Rack 
504 may comprise a server 510 capable of providing live 
multimedia content, non-live multimedia content, or both, 
shared storage 512, receiving router 514, receiver 516, RE 
gain ampli?er 518, demodulator 520, gateWay 522, and 
decoder 524, sWitch 526, router 528, ?reWall/VPN (Virtual 
Private Network) 530 and input/output unit 532. 

[0111] Upon receiving a transmission from NOC 300 
through receiving router 514, receiver 516 doWn converts 
the frequency for further processing. Gain ampli?er 518 may 
then amplify the signal. Demodulator 520 demodulates the 
signal. GateWay 522 converts the format of the received data 
from a format designed for satellite transmission to an IP 
format. For example, Where the data is received in a DVB 
format, then gateWay 522 extracts IP packets from the DVB 
packets. SWitch 526 and router 528 are for routing content 
streams to a LMSP. A human operator may input a command 
and vieW the status of the operation of EN 500 through l/O 
unit 532. Rack 504 may further comprise interfaces 534 and 
536 to interface With antenna 502 and a LMSP, respectively. 

[0112] FIG. 6 depicts an exemplary EN rack that may 
comprise four dual-733 MHZ Intel Pentium III processor 
servers (e.g., the PoWer Edge 2450 model server from Dell 
Computer Corp.), an RF gain ampli?er, tWo satellite routers 
(e.g., the Enterprisel from Harmonic Data Systems), a 
netWork sWitch (e.g., Model Catalyst 2924 from CISCO 
Systems), tWo remote poWer controllers (e.g., Model 
AP92ll from APC), a ?reWall device (e.g., model 
NetScreen-l0 from NetScreen Technologies), multiport key 
board/display controller (e.g., model KVM-8 from APC), 
and keyboard/mouse/display unit. TWo of the servers are 
con?gured for non-live content and the other tWo servers are 
con?gured for a live-broadcasting, and each has a 72 Gigabit 
disk array attached (e.g., the PoWer Vault 2005 model from 
Dell Computer Corp.). Alternatively, each server may be 
con?gured to send simultaneously both live and non-live 
content. The cabinet dimensions may be, for example, 
l9".times.36".times.84". HoWever, any other siZe or number 
of racks may be used to accommodate the rapid groWth of 
high speed internet users. For example, tWo of the racks may 
be used side-by-side for system expansion. For netWork 
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connectivity, a total of nine 100 Mbps fast Ethernet connec 
tions may be used to the routers of the LMSP. Eight of the 
routers may be used to stream video to LMSPs, and the ninth 
may be used for the edge server sWitch. Alternatively, a 
single Gigabit Ethernet connection may be used to the 
LMSP routers. 

[0113] FIG. 7 shoWs a structure of an exemplary EN 500 
as an embodiment of the present invention. EN 500 contains 
tWo virtual local area netWorks (V LANS) 550 and 560. 
VLAN 550 may be called a “private” VLAN because there 
is no direct link from a conventional netWork to this VLAN 
from outside EN 500. VLAN 560 may be called a “public” 
VLAN because, as explained beloW, there may be a direct 
link from a conventional netWork to VLAN 560 from 
outside EN 500. Receiving router 514 and controller 540 are 
connected to VLAN 550, While router 528 and sWitch 526 
(e.g., an optional load balancer) are connected to VLAN 
560. Multimedia content (e.g., DVB packets) received from 
satellite 400 arrives at controller 540 via “private” VLAN 
550 While multimedia content (e.g., DVB packets) received 
from BC 600 arrives at controller 540 via “public” VLAN 
560. Media servers 510 are connected to both VLANS by, 
for example, tWo netWork cards/interfaces, but do not pro 
vide a thoroughfare betWeen them. As is knoWn in the art, 
through the use of VLANs, a node’s broadcast domain 
assignment need not be determined by its physical location. 
VLANs may be established, for example, through the use of 
appropriate sWitches such as, for example, those of the 
3Com SuperStack series, the Plaintree WaveSWitch series, 
and the Cisco Catalyst series. 

[0114] Router 528 provides connectivity betWeen VLAN 
560 and LMSP 550 via netWork link 552. EN 500 of the 
present invention may also include ?reWall/VPN 530 (vir 
tual private netWork) to provide connection betWeen VLANs 
550 and 560 Without compromising the security of VLAN 
550. A connection betWeen the tWo VLANs may be made 
using a secure VPN thereby enabling the private side of EN 
500 to be accessed from outside EN 500 for various admin 
istrative purposes. 

[0115] A discrete controller 540 is used for the operation 
of EN 500 as shoWn in FIG. 7. Alternatively, the function 
ality ascribed to the controller 540 may be incorporated into 
other components of EN 500, such as, for example, one of 
the servers 510. 

[0116] Multimedia content sent from NOC 300 to EN 500 
via satellite 400 arrives at dish 502 in the form of IP format 
packets encapsulated Within packets of a format designed for 
satellite transmission, such as, for example, a DVB format. 
Flowing through receiving router 514, receiver 516, gain 
ampli?er 518, demodulator 520, and gateWay 522, the 
packets are sent to controller 540 via VLAN 550. Altema 
tively, packets sent from NOC 300 to EN 500 via BC 600 
travel through router 528 of VLAN 560, ?reWall/VPN 530, 
and then arrives at controller 540. 

[0117] Each of the hardWare components of EN 500 could 
be implemented using custombuilt or commercially-avail 
able devices. For example, receiving router 514 may be 
implemented using a Harmonic Enterprise 1. SWitch 526 
(e.g., load balancer) may be implemented, for example, 
using a FoundryNetWork Serverlron XL L4 sWitch. Router 
528 may be implemented, for example, using a Cisco 12012, 
and ?reWall/VPN 530 may be implemented using, for 






















