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(57) ABSTRACT 

An architecture is disclosed for a computer system that runs 
applications serving multiple users. The computer system 
includes multiple processors, some of Which run quick 
applications, i.e., requiring real time response, While others 
run applications With less stringent requirements. Each real 
time processor can be dedicated to running just one instance 
of an application. The processors can be of disparate types 
running disparate operating systems and optimized for dis 
parate applications. The system is centrally controlled With 
the processors communicating among themselves over a 
shared LAN or via a communications sWitch. The system 
may also facilitate simultaneous voice and data communi 
cations among users. Users communicate With the system 
using any of a number of standard techniques: including 
dial-up telephone lines, ISDN, packet access services, 
ADSL, cable TV and the like. 
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COMPUTER SYSTEM ARCHITECTURE AND 
METHOD FOR MULTI-USER REAL-TIME 

APPLICATION 

FIELD OF THE INVENTION 

[0001] The present invention is directed to a computer 
system architecture and method for processing computer 
applications accessed by multiple users and, more particu 
larly, to a computer system architecture and method for 
processing multiple-user, real-time applications using dedi 
cated compute servers. 

[0002] There exist various computer system architectures 
that provide multiple user access to computer applications. 
FIGS. 1-5 illustrate such knoWn architectures and Will be 
described in detail. The advantages and disadvantages of 
these knoWn architectures Will be described With reference 
to their running real-time computer applications and, more 
particularly, game applications. Of course, other real-time 
applications can be processed. 

[0003] FIG. 1 illustrates a monolithic server, local access 
computer architecture 10. This architecture includes one 
monolithic compute server 12 and a plurality of user stations 
14 locally connected to the compute server 12. Each user 
station 14 may be a terminal or a computer emulating a 
terminal. It may even be a simple game input device, for 
example, a joystick With no display at all. An example of a 
dedicated game device is the PLAYSTATION available 
from the Sony Corporation. The sole compute server 12 
performs all of the processing needed to run the application. 
The user stations 14 may all display the same scene or each 
may display a scene tailored to the particular local user. A 
popular application of this system is for tWo users to connect 
their game input devices into a shared personal computer 
(PC) or dedicated game device. 

[0004] Several advantages are associated With this archi 
tecture. Dedicated game devices are much cheaper than PCs 
so this is an inexpensive system to use for playing games. 
Because many users play games on such a system, there is 
a large supply and selection of these devices and of com 
patible games. Since each user station 14 has a dedicated 
connection, access line latency is both loW and ?xed. 
Latency in a communications link measures the time from 
When a data bit enters the link at the data source to When it 
leaves the link at the data sink. It is often measured in 
milliseconds. If the compute server is a dedicated game 
device, there are no problems With competing applications 
sloWing doWn the speed of play. Since all processing is 
performed on one machine, event resolution is not an issue. 
If the users are all in the same room, they may be able to talk 
With each other. 

[0005] There are several disadvantages, hoWever, associ 
ated With the monolithic server, local access computer 
architecture. While users are located close to each other, they 
may still be far enough apart that they cannot talk to one 
another during play. In addition, the number of users is 
limited, often to tWo With dedicated game devices. If the 
compute server is not dedicated to one application, appli 
cations may compete for processing cycles, thereby affect 
ing each other’s performance. In addition, since one com 
pute server 12 does everything, its performance sets limits 
on the kinds of applications that can be supported. In 
addition, monolithic compute servers are not ?exible in siZe 
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or through time, and they cannot adapt readily to accom 
modate changing demand. Thus, once purchased, they may 
become quickly obsolete. 

[0006] FIG. 2 illustrates a modem-to-modem architecture. 
TWo user stations 22 are connected by Way of modems 24. 
Each user station 22 has everything needed to support a 
single user in a stand-alone application in addition to the 
ability to drive the modem 24. Usually the user station 22 is 
a personal computer or dedicated game device. Each user 
station 22 performs all local processing display functions. 
Usually one user station 22 (the “master”) is chosen to 
resolve event contentions. To accomplish this the master 
receives inputs from both the local user and from the remote 
user, resolves contention betWeen these inputs and decides 
the temporal progression of the application, and then com 
municates the status of that progression. The master may tell 
each station only What it needs to knoW or may send the 
complete status to both stations and let each decide hoW 
much of that status is relevant to its local display. Alterna 
tively, the event contention resolution function may be 
shared betWeen the stations. 

[0007] There are advantages to the modem-to-modem 
architecture. Although personal computers are expensive 
compared With dedicated game servers, their purchase is 
justi?ed by the fact that they have many uses beyond the 
processing of game applications. Many homes already have 
a personal computer and a modem so there is little incre 
mental cost involved beyond the application itself and the 
optional game input device. Also, having the enormous 
processing poWer of a personal computer dedicated to one 
user alloWs for graphics that are usually beyond the capa 
bility of a monolithic server that has to run everything for 
everybody. In addition, the bandWidth and latency of the 
dial-in line are ?xed and unWavering. BandWidth is a 
measure of the rate at Which data can be sent over a 

communications link. It is usually measured in bits per 
second. In general, it is desirable to have high bandWidth and 
loW latency. In the modem-to-modem architecture, hoWever, 
bandWidth is ?xed at a fairly loW value compared With the 
local access architecture discussed With reference to FIG. 1 
and latency is ?xed at a fairly high value, again compared 
With the local access architecture. Because bandWidth and 
latency vary independently of each other, the applications 
developers can often effectively mask the fact that the 
bandWidth is loW and latency is high. 

[0008] In addition, each user controls his oWn station 
environment so there should never be contention from 
competing applications. Also, tWo people from anyWhere in 
the World can play together and, once the multimode modem 
standards are complete, can talk With each other While they 
play. A multimode modem refers to a modem that can 
transmit voice at the same time and over the same link that 
it transmits data. If multimode modems are used in the 
modem-to-modem method, then the application communi 
cates over the data channel While at the same time, the voice 
channel lets the users talk to each other. 

[0009] There are, hoWever, disadvantages associated With 
the conventional modem-to-modem architecture. The num 
ber of users is limited to tWo. The PCs and communications 
equipment are expensive When compared With dedicated 
game devices. If event contention resolution is not shared, 
the master must spend some of its processing poWer per 
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forming this function, possibly to the detriment of the local 
user. On the other hand, if event contention resolution is 
shared, latency increases. 

[0010] FIG. 3 illustrates a local area netWork (LAN) 
architecture. Several user stations 32 are connected by LAN 
34. The number of users is limited by the speci?c applica 
tion, usually from four to eight users. The user stations 32 
are similar to those described in the modem-to-modem 
architecture shoWn in FIG. 2 With the difference that LAN 
support replaces modem support. The split betWeen local 
processing and remote processing seen in the modem-to 
modem architecture also applies here. Usually, event reso 
lution is accomplished the same Way, hoWever, noW the 
master is resolving four to eight users instead of only tWo. 
Alternatively, this function can be handled by a separate 
server on the LAN or shared among user stations. 

[0011] The LAN architecture has most of the advantages 
associated With the modem-to-modem architecture. In addi 
tion, the LAN architecture alloWs more than tWo users to run 
a single application. As long as the LAN is not overloaded 
With traffic from other applications, it offers the high band 
Width and loW latency that applications developers desire. 
Also, the LAN’s broadcast mode can be used to reduce 
overall traffic requirements. The processing burden placed 
upon a user station’s central processing unit by the access 
line is reduced because LAN cards have their oWn commu 
nications processors. 

[0012] There are, hoWever, several disadvantages associ 
ated With the LAN architecture. While users are located 
relatively close to one another, they may still be far enough 
apart that they cannot talk to each other. The PCs and 
communications equipment needed are expensive When 
compared With dedicated game devices. FeW people have 
access to a LAN, and then often only at Work. In any case, 
it may be dif?cult to gather enough people to make collabo 
rative applications WorthWhile. Latency and bandWidth are 
both heavily dependent upon the characteristics of traf?c on 
the LAN, Which may be subject to enormous variation. The 
event contention resolution master must deal With more 
users than in other architectures, possibly to the detriment of 
the local user. 

[0013] FIG. 4 illustrates a monolithic compute server 
packet netWork architecture. The Internet is an example of 
such an architecture. Several user stations 42 are connected 
to a shared packet netWork 44. The number of users is 
limited by the application, as in the LAN architecture. 
Typically the user stations 42 are personal computers. There 
are several Ways to connect the user stations 42 to the shared 
packet netWork 44, but usually the connection is by modem 
link to an access server on the netWork. This access server 

may, or may not, be the same as the monolithic compute 
server 46. If it is the same, the architecture is the same as the 
monolithic server modem access architecture Which Will be 
described With reference to FIG. 5. 

[0014] There are tWo common application schemes sup 
ported by the architecture shoWn in FIG. 4; a distributed 
scheme and a centraliZed scheme. In the distributed scheme, 
local processing is done in the same Way as in the LAN 
architecture described With reference to FIG. 3. The com 
pute server 46 is the master performing all of the event 
contention resolution. In the centraliZed scheme, all process 
ing is done by the compute server 46 and the user stations 
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42 are mostly dumb input and output devices, just as in the 
monolithic server, local access architecture described With 
reference to FIG. 1. 

[0015] Some of the advantages of PC-based applications 
described in the modem-to-modem architecture are found in 
the monolithic compute server packet netWork architecture 
and need not be described again. TWo additional advantages 
accrue to the service provider. First, centraliZed applications 
do not need any softWare distribution channels. This makes 
offering neW applications both easy and less of a ?nancial 
risk. Second, because the shared packet netWork is used, the 
compute server can be placed anyWhere convenient for the 
service provider. Unlike the LAN architecture Where there is 
usually no central server, no user station is unfairly shackled 
With the burden of event contention resolution. Unlike the 
modem-to-modem architecture and the LAN architecture, 
more than tWo people placed anyWhere the shared packet 
netWork reaches can play together. 

[0016] There are several disadvantages associated With the 
monolithic server packet netWork architecture. If the com 
pute server is not dedicated to one application instance, 
applications may compete for processing cycles and affect 
each other’s performance. As previously described, mono 
lithic servers are not ?exible; cannot be adapted readily to 
accommodate changing demand; and once purchased, 
quickly become obsolete. In addition, the PC and commu 
nications equipment are expensive When compared With 
dedicated game devices. Compared With the LAN architec 
ture, each user station must shoulder a greater processing 
burden in running its access line. Latency and bandWidth are 
both heavily dependent upon the characteristics of traf?c on 
the packet netWork Which may be subject to enormous 
variation. For centraliZed applications, one processor does 
everything so its performance sets limits on the kinds of 
applications that can be supported. Depending upon the 
bandWidth of the access link, there may need to be an outside 
distribution channel for distributed applications. 

[0017] FIG. 5 illustrates a monolithic compute server With 
modem access architecture. This architecture utiliZes a tele 
phone netWork. On the user side of the telephone netWork 
there are a plurality of user stations 54 With a modem 56 
connecting each user station 54 to the telephone netWork. On 
the service provider side of the telephone netWork there is a 
monolithic compute server 52, a modem pool 58, and a 
terminal server 59. 

[0018] This architecture differs from that shoWn in FIG. 4 
by the addition of a modem link. By utiliZing a modem link 
the advantages of a dedicated access link described in the 
modem-to-modem architecture of FIG. 2 are combined With 
the advantages of the monolithic server packet netWork 
architecture of FIG. 4. This is especially bene?cial for 
running “high-twitch” games, (i.e., games that demand very 
fast response from the players, so fast that the responses of 
a good player seem more re?exive than calculated). Such 
games do not fare Well under conditions of variable latency 
Which are present in the packet netWork and LAN architec 
tures. 

[0019] There are some disadvantages associated With the 
monolithic server modem access architecture. If the com 

pute server is not dedicated to one application instance, 
applications may compete for processing cycles and affect 
each other’s performance. Monolithic servers are not ?ex 
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ible; cannot adapt readily to accommodate changing 
demand; and once purchased, quickly become obsolete. The 
PCs and communications equipment are expensive When 
compared With dedicated game devices. Compared With the 
LAN architecture, each user station must shoulder a greater 
processing burden in running its access line compared With 
some other architectures; the bandWidth of the connection is 
loW and latency may be high. For centraliZed applications, 
one processor does everything so its performance sets limits 
on the kinds of applications that can be supported. Depend 
ing upon the bandWidth of the access link, there may need 
to be an outside distribution channel for distributed appli 
cations. Compared With the monolithic server packet net 
Work architecture, the economics of the service are much 
more dependent upon the relationship betWeen the server 
sites and the incoming user traf?c and it is more dif?cult to 
economically distribute the service over a Wide area. 

[0020] There may be certain Ways to reduce or eliminate 
some of the disadvantages of the architectures discussed 
above, hoWever, generally prohibitive cost or labor intensity 
discourage such efforts. 

[0021] As already discussed, some architectures require 
the users to be in close proximity. Depending upon the 
speci?c architecture employed, there may be Ways to extend 
the distance alloWable betWeen users. For example, LAN 
bridges can extend the presence of a LAN almost inde? 
nitely, but this may be quite costly on a per user basis. 

[0022] In other architectures, the number of users is lim 
ited or one processor does everything so that its performance 
sets limits on the kinds of applications that can be supported. 
For a monolithic server, the number of users may be limited 
by the server’s processing capability or by the number of 
ports it can support. More poWerful servers could alleviate 
this problem for a While, but no matter hoW poWerful the 
server is initially, the demands of applications and users Will 
keep groWing until the server can no longer keep up, thereby 
becoming obsolete. Huge servers are also both very expen 
sive and not very cost effective. They are not standardiZed, 
so the service provider Will be tied into one supplier and one 
architecture. In addition, administrative overhead must be 
borne by the service provider. In other architectures, the 
compute server may not be dedicated to an application and 
thus multiple applications may compete for processing 
cycles thereby affecting overall performance. 

[0023] While particular architectures have been illustrated 
in FIGS. 1-5, it is clear that other architectures exist Which 
combine features of those architectures speci?cally shoWn. 

[0024] It is thus desirable to provide a computer system 
architecture that combines the advantages of the knoWn 
architectures described above While isolating or minimiZing 
any remaining disadvantages so that they can be dealt With 
most effectively. 

[0025] It is also desirable to provide a computer system 
architecture that gives an application developer a more 
predictable environment to create a real-time experience. 

SUMMARY OF THE INVENTION 

[0026] According to a ?rst aspect of the present invention 
there is provided a method for processing real-time appli 
cations. The method includes the steps of providing a 
front-end server; providing a plurality of dedicated proces 
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sors coupled to the front-end server so that the front-end 
server can communicate With at least one of the plurality of 
dedicated processors; selecting at least one of the plurality of 
dedicated processors to execute a selected application and 
coupling a plurality of users to the at least one of the selected 
dedicated processor so that the plurality of users can par 
ticipate in the execution of the selected application. 

[0027] According to a second aspect of the present inven 
tion there is provided a method for processing real-time 
applications Which may be executed by a plurality of users. 
The method includes the steps of providing a front-end 
server that has access to a plurality of applications; provid 
ing a plurality of dedicated processors that communicate 
With the front-end server; coupling a ?rst user to the front 
end server; sending a message from the user to the front-end 
server that the user desires to have executed particular 
application; retrieving the particular application selected by 
the user; doWnloading the particular application selected by 
the user to a memory in a selected dedicated processor; 
coupling the user to the selected dedicated processor; and 
executing the particular application selected by the user on 
the selected dedicated processor. 

[0028] According to a third aspect of the present invention 
there is a computer system architecture for processing 
real-time applications. The architecture includes a front-end 
server, a plurality of dedicated processors coupled to the 
front-end server so that the front-end server can communi 

cate With at least one of the plurality of dedicated processors, 
means for selecting at least one of the plurality of dedicated 
processors to execute a selected application; and means for 
coupling a plurality of users to at least one of the selected 
dedicated processor so that the plurality of users can par 
ticipate in the execution of the selected application. 

[0029] According to a fourth aspect of the present inven 
tion there is provided a computer system architecture for 
processing real-time applications. The architecture includes 
a front-end server having access to a plurality of applica 
tions; a plurality of dedicated processors coupled to the 
front-end server so that the plurality of dedicated processors 
can communicate With the front-end server; means for 
coupling a ?rst user to the front-end server; means for 
sending a message from the user to the front-end server that 
the user desires to have executed a particular application; 
means for retrieving the particular application selected by 
the user and loading the particular application in a memory 
of the front-end server; means for doWnloading the particu 
lar application stored in the memory of the front-end server 
to a memory of a selected dedicated processor; means for 
coupling the ?rst user to the selected dedicated processor; 
and means for executing the particular application selected 
by the ?rst user on the dedicated processor. 

[0030] According to a ?fth aspect of the present invention 
there is provided a computer system architecture for pro 
cessing real-time applications. The architecture includes a 
front-end server having access to a plurality of applications; 
a plurality of dedicated processors coupled With the front 
end server, the plurality of dedicated processors and at least 
one user Wherein the user ?rst communicates With the 
front-end server to select a desired application and the 
front-end server communicates With a selected dedicated 
processor and doWnloads the desired application to the 
selected dedicated processor Which communicates With the 
user and executes the desired application. 
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[0031] According to a sixth aspect of the present invention 
there is provided a method for running real-time applica 
tions. The method includes the steps of providing a front-end 
server; providing a plurality of dedicated processors; pro 
viding means for interconnecting the front-end server With 
the plurality of dedicated processors so that they may 
communicate With one another; and providing a dial-in 
service to access the means for interconnecting and coupling 
a user Who dials-in to the front-end server to at least one of 

the dedicated processors. 

[0032] This invention itself, together With further objects 
and attendant advantages, Will best be understood by refer 
ence to the folloWing detailed description, taken in conjunc 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a schematic of a monolithic server local 
access architecture. 

[0034] FIG. 2 is a schematic of a modem-to-modem 
architecture. 

[0035] FIG. 3 is a schematic of a local area netWork 
architecture. 

[0036] FIG. 4 is a schematic of a monolithic server packet 
netWork architecture. 

[0037] FIG. 5 is a schematic of a monolithic server 
modem access architecture. 

[0038] FIG. 6 is a schematic of a computer system archi 
tecture according to a ?rst preferred embodiment of the 
present invention. 

[0039] FIG. 7 is a schematic of a computer system archi 
tecture according to a second preferred embodiment of the 
present invention. 

[0040] FIG. 8 is a schematic of a computer system archi 
tecture according to a third preferred embodiment of the 
present invention. 

[0041] FIG. 9 is a schematic of a computer system archi 
tecture according to a fourth preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0042] FIG. 6 illustrates a computer system architecture 
according to a ?rst preferred embodiment of the present 
invention. The computer system architecture 100 includes 
on the user side, a plurality of user stations 102 and a 
telephone netWork 106. Each user station 102 is coupled to 
the telephone netWork 106 by an individual modem 104. On 
the service provider side, the computer system architecture 
100 preferably includes a terminal server 110, a local area 
netWork (LAN) 118, a front-end server 112, a disk farm 114, 
and a plurality of dedicated processors 116. A modem pool 
108 couples the terminal server 110 to the telephone netWork 
106. The disk farm 114 stores a plurality of applications 
Which can be retrieved by the front-end server 112. 

[0043] In a preferred embodiment, the plurality of dedi 
cated processors 116 are coupled in parallel With the front 
end server 112 by LAN 118. By separating the function of 
the dedicated processors 116 from the front-end server 112, 
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the application developer gains a more predictable environ 
ment to create a real-time experience. As Will be described 
in greater detail hereinafter, When an application or com 
puter program is initiated that requires real-time response, 
the front-end server 112 selects the application from the disk 
farm 114 and doWnloads the selected application or program 
to one of the dedicated processors 116. The dedicated 
processor 116 can take on any platform con?guration, hoW 
ever, it only runs one application or program at a time as 
quickly as possible. The function of the dedicated processor 
116, therefore, is solely to execute the application or pro 
gram With no other competing applications or programs. 
Because there are no competing applications or programs 
running on the dedicated processor 116, a more realistic 
real-time response is possible. 

[0044] The use of such parallel, dedicated processors is 
thus preferable over a monolithic server previously 
described Which must perform all functions for all users in 
a timely fashion. In addition, providing dedicated processors 
to run speci?c applications or programs eliminates the 
processing overhead associated With contention resolution 
for competing applications. 

[0045] In a preferred embodiment, the method used to 
access the server complex, While not part of the invention 
itself, is important to the successful functioning of the 
system. That method preferably provides an isochronous, 
full-duplex data channel betWeen each user and the front 
end server 112 in order to take full advantage of the 
architecture’s ability to support real-time response applica 
tions. A full-duplex channel betWeen the user and the 
front-end server can be thought of as having tWo subchan 
nels, one in the “forWard” direction from the user to the 
front-end server and one in the “reverse” direction, from the 
front-end server to the user. The user and front-end server 

can each alWays transmit, regardless of What the other is 
doing. The traditional telephone netWork provides such 
channels. In addition, the Integrated Services Digital Net 
Work (ISDN) is an access technology that usually gives an 
end user tWo independent digital channels running at 64 
Kbps each, suitable for voice or data, and one digital channel 
running at 16 Kbps, suitable for data and signalling. Packet 
access technologies also provide a full duplex channel and 
may in the future provide isochronous channels. Similarly, 
the data channels are preferably isochronous Within the 
server complex itself and some LAN technologies provide 
for that. The folloWing LANs may be used: Token Ring, 
Fiber Distributed Data Interface (FDDI), Ethernet 100 
BaseT, sWitched Ethernet, and Asynchronous Transfer Mode 
(ATM) LANs. 

[0046] FIG. 7 is a schematic of a computer system archi 
tecture according to another preferred embodiment of the 
present invention. The architecture is similar to that shoWn 
in FIG. 6 and thus like reference numerals Will be used to 
designate like components. The computer system architec 
ture shoWn in FIG. 7 noW includes a dedicated voice bridge 
120. In addition, the modems coupling the user stations 102 
to the telephone netWork 106 and the pool of modems 
coupling the front-end server 112 to the telephone netWork 
106 are replaced by multimode modems 122. Multi-mode 
modems are preferably used to alloW both data and voice 
communications over a telephone netWork. By adding the 
dedicated voice bridge 120 and multimode modems 122, 
multiple users may thus verbally communicate With each 
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other While the application or program is being executed on 
a dedicated processor 116. Alternatively, a voice bridge may 
be located on one, some, or all of the dedicated processors 
116 so that the data and voice streams are not separated. 

[0047] Aprototype of the computer architecture shoWn in 
FIG. 7 has been built, representing a preferred embodiment 
of the invention. The user stations 102, of course, Will vary 
depending on the type of equipment chosen by the user. In 
the prototype built, one user station 102 Was a personal 
computer based on the Intel Pentium processor, operating at 
100 MHZ With 32 MBytes of RAM and an 800 MByte hard 
disk. This user station 102 Was also equipped With a quad 
speed CD-ROM drive, a 32-bit sound card, and a telephone 
headset to free the user’s hands While speaking into the 
telephone. A second user station 102 in the prototype Was a 
personal computer based on the Intel 80486 processor, 
operating at 66 MHZ With 4 MBytes of RAM, a 400 MByte 
hard disk, a dual-speed CD-ROM drive, a 16-bit sound card, 
and a telephone headset. Both user stations 102 Were 
equipped With Multi-Tech model MT2834PCS multimode 
modems from Multi-Tech of Mounds VieW, Minn. 

[0048] The prototype used a HeWlett-Packard model 735/ 
125 Workstation running the HP-UX operating system for 
the front-end server 112, and for the terminal server 110. The 
modem pool 108 employed Multi-Tech model MT2834PCS 
multimode modems, and Was connected to the terminal 
server 110 using a serial interface and a RS-232C connec 
tion. In the prototype, the LAN 118 coupling the front-end 
server 112 and the plurality of dedicated processors 116 Was 
an Ethernet LAN. 

[0049] The voice bridge 120 in the prototype Was a 
compute platform With an MVIP bus running the UNIX 
operating system. An 8-port analog voice board (AG-8 from 
Natural MicroSystems of Natick, Mass.) and an XDS/MVIP 
conference board from Amtelco of McFarland, Wis. pro 
vided the program-controlled teleconference functions. The 
interface betWeen the modem pool 108 and the voice bridge 
120 Was a standard tWo-Wire telephone connection. A LAN 
interface card facilitated the connection betWeen the voice 
bridge 120 and the front-end server 112 via the LAN 118. 

[0050] In a preferred embodiment, each dedicated proces 
sor 116 is a single-board computer having a processor, 
RAM, ROM, a LAN interface, and optionally a separate 
poWer supply. Each dedicated processor 116 may be based 
on a different processor chip, and each may run a different 
operating system. By leaving out the hard disk, display and 
keyboard, the dedicated processor 116 becomes quite inex 
pensive. By alloWing different processor chips and operating 
systems, each dedicated processor 116 can be optimally 
con?gured for a particular application. 

[0051] As Will be appreciated by those of ordinary skill in 
the art, different hardWare and softWare components could 
be used to implement the computer system architecture 
according to the present invention. 

[0052] The operation of the architectures shoWn in FIGS. 
6 and 7, Will noW be described. The user dials into a modem 
pool, thereby connecting his or her modem to a modem in 
the modem pool. The user may or may not have voice 
capability. If the user has voice capability there are tWo 
slightly different possible scenarios: the voice and data 
streams are routed together as Would be the case for the 
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architecture shoWn in FIG. 6, provided a voice bridge Was 
located on at least one of the dedicated processors or the 
user’s voice and data streams are separated at the modem 
pool as Would be the case for the architecture shoWn in FIG. 
7 With a dedicated voice bridge. 

[0053] The terminal server 110 is noti?ed that a user is 
trying to log onto the system and it sends a message to the 
front-end server 112 to accept the user’s data stream. The 
terminal server 110 then is routes the user’s data stream to 
the front-end server 112. Depending on the implementation, 
the last step may obviate the need for the previous message. 

[0054] At the front-end server 112, the user is authenti 
cated and the user’s pro?le is implemented. While on the 
front-end server 112, the user may run non-real-time appli 
cations, such as participating in chat room discussions or 
accessing the World Wide Web. With reference to FIG. 7, if 
the user has voice capability, the user’s voice stream is 
available for use so the front-end server 112 may send 
messages to the voice bridge 120. The folloWing messages, 
for eXample, may be sent from the front-end-server 112 to 
the voice bridge 120: create a neW voice conference and 
connect the user to it; connect the user to an eXisting voice 
conference; manipulate the parameters of the voice confer 
ence; move the user from one voice conference to another; 
disconnect the user from all voice conferences; or end a 
voice conference. 

[0055] The user may indicate the desire to run a real-time 
application Which may already be in progress or may need 
to be created. If the real-time application must be created, 
the folloWing protocol is preferably invoked. The front-end 
server 112 sends a message to all dedicated processors 116 
asking for the processors 116 to send status information to 
the front-end server 112. The dedicated processors 116 send 
messages to the front-end server 112 indicating status 
including their availability to accept a neW application. 
Because the dedicated processors 116 are preferably not 
homogeneous, the front end server 112 then chooses an 
available dedicated processor 116 that is of the appropriate 
type and capacity to run the user’s selected application. If a 
disk farm 114 is associated With the front-end server 112, the 
front-end server 112 retrieves the selected application stored 
in the disk farm 114. The front-end server 112 sends a 
message to the chosen dedicated processor 116 to accept the 
doWnload of the selected application and accept the con 
?guration for this application. The front-end server 112 
doWnloads the selected application to the selected dedicated 
processor 116. The front-end server 112 also sends a mes 
sage to the chosen dedicated processor 116 to accept a list of 
users along With pro?le information about them. The dedi 
cated processor 116 sends a message to the terminal server 
110 to route the user’s data stream to the chosen dedicated 
processor 116. After the terminal server 110 obeys this 
command, the user is no longer connected to the front-end 
server 112 and is communicating directly With the selected 
dedicated processor 116. 

[0056] If a dedicated voice bridge is used, control of the 
voice bridge 120 is passed to the dedicated processor Which 
may or may not disconnect the user from the voice bridge. 
This happens logically at the same time as the previous 
message. 

[0057] Alternatively, one or more disk farms may be 
associated With the dedicated processor 116 Which can be 
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commanded by the front-end server 112 to download a 
selected application to one or more particular dedicated 
processors 116. 

[0058] During the execution of a real-time application, 
messaging noW occurs betWeen the dedicated processor 116 
, the voice bridge 120, if there is one, and the terminal server 
110. The front-end server 112 is free to perform other 
functions. 

[0059] When a user exits the real-time application, the 
dedicated processor 116 sends a message to the front-end 
server 112 to accept the user’s data stream. The dedicated 
processor 116 sends a message to the terminal server 110 to 
route the user’s data stream to the front-end server 112. 
Control of the voice bridge 120 is passed to the front-end 
server 112. The user is noW again connected to the front-end 
server 112. 

[0060] When a user exits from the system, the terminal 
server 110 sends a message to the front-end server 112 to 
drop the user and to the voice bridge 120 to disconnect the 
user from all voice conferences. 

[0061] The user may connect With the front-end server 112 
via methods other than the modem to modem method 
described above. For example, the user may connect directly 
via ISDN, cable modems, digital subscriber loops, satellite, 
or cellular. In the alternative, the user may connect indi 
rectly, for example via the Internet. 

[0062] The architectures shoWn in FIGS. 6 and 7 provide 
many advantages. First, users can be located anyWhere there 
are telephones. Second, the number of simultaneous users of 
an application is limited only by the design of that applica 
tion. Since one or more separate dedicated processors 116 
can be dedicated to a particular application instance, the 
limit on the number of users may be very high. In addition, 
since graphics processing can be performed locally at each 
user station, the front-end server and dedicated processors 
are free to do only What they alone can do. Unlike systems 
that employ monolithic servers, the dedicated processors 
116 can be easily changed to meet changing demand. Also, 
because the system provides dial-in access, the bandWidth 
and latency can be ?xed and applications designers can 
optimiZe the applications for these conditions. Also, the 
architecture of the system helps to minimiZe the amount of 
data that must be sent so that the bandWidth and latency 
limitations are not as important. 

[0063] Importantly, event contention resolution is not 
shared, but rather it is performed by the selected dedicated 
processor. Since the front-end server does is not need to 
support the user during the execution of an application, there 
is no need to compromise betWeen processor response and 
latency. 

[0064] The architecture of the present invention has 
advantages over the monolithic server local access architec 
ture and local area netWork architecture previously dis 
cussed because it alloWs users to be geographically dis 
persed While still in voice contact, it alloWs for more users 
in an application, and it leverages the poWer of individual 
user stations. The architecture of the present invention has 
advantages over the modem-to-modem architecture previ 
ously discussed because it supports more than tWo users per 
application. It also has advantages over the monolithic 
server packet netWork architecture previously discussed 
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because its isochronous channels alloW for both voice and 
real-time response and its pool of dedicated processors can 
be easily changed to meet changing demands unlike the 
monolithic server. 

[0065] In addition, because the dedicated processors are 
heterogeneous, the developers can Work in familiar envi 
ronments, loWer the cost of porting applications to this 
platform and the applications can be put onto the most 
appropriate platform. 
[0066] FIG. 8 is a schematic of a computer system archi 
tecture according to a third preferred embodiment of the 
present invention. Like the architecture shoWn in FIGS. 6 
and 7, the system shoWn in FIG. 8 has a modem pool 108, 
a front-end server 112 and a plurality of dedicated proces 
sors 116. The dedicated processors 116 are divided into 
groups, for example, tWo as illustrated. Each group of 
dedicated processors is coupled to a LAN 130. AsWitch 132 
couples the modem pool 108 to the front-end server 112 and 
LANs 130. In a preferred embodiment, the sWitch is a 
Router available from Cisco or Bay NetWorks. LANs 130 
are preferably Ethernet LANs. While only tWo groups of 
dedicated processors are shoWn, many more may be pro 
vided. 

[0067] FIG. 9 is a schematic of a computer system archi 
tecture according to a fourth preferred embodiment of the 
present invention. The architecture shoWn in FIG. 9 is 
similar to that shoWn in FIG. 8 except that the LANs have 
been eliminated and the dedicated processors 116 are 
coupled directly to a sWitch. 

[0068] It is to be understood that depending upon the 
application selected one or more dedicated processors may 
be needed to run the application. For example, a simple 
game may only require one dedicated processor Whereas a 
?ight simulator application may require a plurality of dedi 
cated processors. 

[0069] It is to be understood that the forms of the present 
invention described hereWith are to be taken as preferred 
examples and that various changes in the shape, siZe and 
arrangement of ports may be resorted to, Without departing 
from the spirit of the invention or scope of the claims. 

What is claimed is: 
1. A method for processing real-time applications, the 

method comprising the steps of: 

providing a front-end server; 

providing a plurality of dedicated processors coupled to 
the front-end server so that the front-end server can 

communicate With at least one of the plurality of 
dedicated processors; 

selecting at least one of the plurality of dedicated proces 
sors to execute a selected application; and 

coupling a plurality of users to the at least one of the 
selected dedicated processor so that the plurality of 
users can participate in the execution of the selected 
application. 

2. A method according to claim 1 further comprising a 
memory coupled to the front-end server for storing a plu 
rality of applications Wherein the front-end server doWn 
loads a selected application to at least one of the plurality of 
dedicated processors. 
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3. A method according to claim 1 further comprising a 
memory for each of the plurality of dedicated processors for 
storing applications. 

4. A method according to claim 1 Wherein the step of 
selecting at least one of the plurality of dedicated processors 
includes polling the plurality of dedicated processors by the 
front-end server to determine Which one of the plurality of 
dedicated processors is available to execute the selected 
application before that application is doWnloaded to the 
selected dedicated processor. 

5. A method according to claim 1 Wherein the step of 
selecting at least one of the plurality of dedicated processors 
includes the step of the plurality of dedicated processors 
communicating their status to the front-end server. 

6. Amethod according to claim 1 Wherein the plurality of 
dedicated processors are heterogeneous. 

7. A method for processing real-time applications Which 
may be executed by a plurality of users, the method com 
prising the steps of: 

providing a front-end server that has access to a plurality 
of applications; 

providing a plurality of dedicated processors that com 
municate With the front-end server; 

coupling a ?rst user to the front-end server; 

sending a message from the user to the front-end server 
that the user desires to have executed a particular 
application; 

retrieving the particular application selected by the user; 

doWnloading the particular application selected by the 
user to a memory in a selected dedicated processor; 

coupling the user to the selected dedicated processor; and 

executing the particular application selected by the user 
on the selected dedicated processor. 

8. A method according to claim 7 further comprising the 
step of polling the plurality of dedicated processors by the 
front-end server to determine Which one of the plurality of 
dedicated processors is available to execute the particular 
application selected by the user before that application is 
doWnloaded to a dedicated processor. 

9. A method according to claim 7 further comprising the 
step of receiving voice communications from the user. 

10. Amethod according to claim 7 further comprising the 
step of coupling a second user to the selected dedicated 
processor so that the second user may participate in the 
execution of the particular application selected by the ?rst 
user. 

11. Amethod according to claim 10 further comprising the 
step of coupling additional users to the selected dedicated 
processor. 

12. Amethod according to claim 7 further comprising the 
steps of: 

providing a voice bridge coupled to the front-end server 
and dedicated processors; and 

coupling the user to the voice bridge so that the user may 
send both data and voice to the front-end server and 
dedicated processor. 

13. A computer system architecture for processing real 
time applications, the architecture comprising: 

a front-end server; 
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a plurality of dedicated processors coupled to the front 
end server so that the front-end server can communi 

cate With at least one of the plurality of dedicated 
processors; 

means for selecting at least one of the plurality of dedi 
cated processors to execute a selected application; and 

means for coupling a plurality of users to the at least one 
of the selected dedicated processor so that the plurality 
of users can participate in the execution of the selected 
application. 

14. An architecture according to claim 13 further com 
prising a memory coupled to the front-end server for storing 
a plurality of applications Wherein the front-end server 
doWnloads a selected application to at least one of the 
plurality of dedicated processors. 

15. An architecture according to claim 13 further com 
prising a memory for each of the plurality of dedicated 
processors for storing applications. 

16. A computer system architecture for processing real 
time applications, the architecture comprising: 

a front-end server having access to a plurality of appli 

cations; 

a plurality of dedicated processors coupled to the front 
end server so that the plurality of dedicated processors 
can communicate With the front-end server; 

means for coupling a ?rst user to the front-end server; 

means for sending a message from the user to the front 
end server that the user desires to have executed a 
particular application; 

means for retrieving the particular application selected by 
the user and loading the particular application in a 
memory of the front-end server; 

means for doWnloading the particular application stored 
in the memory of the front-end server to a memory of 
a selected dedicated processor; 

means for coupling the ?rst user to the selected dedicated 
processor; and 

means for executing the particular application selected by 
the ?rst user on the dedicated processor. 

17. A computer system architecture for processing real 
time applications, the architecture comprising: 

a front-end server having access to a plurality of appli 

cations; 

a plurality of dedicated processors; and 

a coupler communicating With the front-end server, the 
plurality of dedicated processors and at least one user 
Wherein the user ?rst communicates With the front-end 
server to select a desired application and the front-end 
server communicates With a selected dedicated proces 
sor and doWnloads the desired application to the 
selected dedicated processor Which communicates With 
the user and executes the desired application. 

18. A system according to claim 17 Wherein the coupler 
includes a sWitch coupled to a pool of modems that com 
municate With a plurality of users, the front-end server and 
the plurality of dedicated processors. 
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19. A system according to claim 17 wherein the coupler 
includes a switch coupled to a pool of ISDN devices that 
communicate With a plurality of users. 

20. A system according to claim 18 Wherein the plurality 
of dedicated processors are divided into groups Where each 
group has its oWn LAN and each LAN is coupled to the 
sWitch. 

21. A system according to claim 17 Wherein the coupler 
includes a LAN coupling the plurality of dedicated proces 
sors in parallel With the front-end server and a terminal 
server coupling the LAN to either a modem ISDN pool or 
packet access that communicates With a plurality of users. 

22. A system according to claim 17 further comprising a 
voice bridge coupled to a plurality of users, the front-end 
server and the plurality of dedicated processors. 
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23. A method for running real-time applications, the 
method comprising the steps of: 

providing a front-end server; 

providing a plurality of dedicated processors; 

providing means for interconnecting the front-end server 
With the plurality of dedicated processors so that they 
may communicate With one another; and 

providing a dial-in service to access the means for inter 
connecting and couple a user Who dials-in to the 
front-end server to at least one of the dedicated pro 
cessors. 


