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(57) ABSTRACT 

Computer program products supporting integrated commu 
nication systems exchanging data and information between 
various networks and network formats through network 
interfaces. One computer program product executes in an 
external processor performing software switching for an 
operably connected communication system. Network inter 
face connection information re?ecting the result of the 
software switching decision is communicated by an external 
processor to the communication system for implementing 
the software switching decision therein between network 
interfaces according to some functional application of the 
received data. Another corresponding computer program 
product executes in a processor within a communication 
system for interacting with the operably connected external 
processor to implement the switching decision. Another 
computer program product executes in a processor within a 
communication system for translating the received data from 
an incoming format into a format suitable for software 
switched transmission from an incoming network interface 
directly to an outbound network interface of a communica 
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COMPUTER PROGRAM PRODUCTS 
SUPPORTING INTEGRATED COMMUNICATION 

SYSTEMS THAT EXCHANGE DATA AND 
INFORMATION BETWEEN NETWORKS 

REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] The present patent application is a Continuation 
in-Part (“CIP”) of international patent application PCT/ 
US02/33848 ?led on Oct. 23, 2002, Which is a Continuation 
of US. patent application Ser. No. 10/171,833 ?led on Jun. 
14, 2002 and noW issued as US. Pat. No. 6,625,169. The 
present patent application claims the bene?t of priority from, 
and incorporates by reference herein in their entirety, both of 
the above referenced related patent applications. 

FIELD OF THE INVENTION 

[0002] The present invention relates to softWare for net 
Working, telecommunications, and communications tech 
nology, and more particularly to softWare supporting inte 
grated communication systems for exchanging data and 
information betWeen netWorks. 

BACKGROUND OF THE INVENTION 

[0003] The arts of netWorking and telecommunications 
originated Well over a century ago With the advent of 
traditional Wired telecommunications. Initially, the tech 
nologies required Were relatively straightforward since a 
single telephony netWork carried information in a simple 
telegraph signaling data format. Later, a more elaborate 
telephone netWork capable of carrying voice information in 
an analog data format Was developed. Eventually informa 
tion in neW and more complex analog data formats, such as 
facsimile and modem communication formats, Was con 
veyed over telecommunications netWorks. Soon information 
in even more advanced digital data formats, such as ISDN 
for example, Was also transmitted across telephony net 
Works. NeW telephony netWorks Were created, While more 
sophisticated netWork formats for transmitting data and 
information Were developed. For instance, later the Wireless 
telephony netWork joined the traditional Wired or landline 
telephony netWork. Similarly, Wireless telephony protocols 
emerged to convey information and data through Wireless 
netWorks. Needless to say, the development of telecommu 
nications created various neW netWorks and neW netWork 
formats. NetWork infrastructure devices, such as landline 
and Wireless telecom sWitches, Were designed to interface 
With distinct telephony netWorks and to address various 
netWork formats, such as the netWork protocols and netWork 
transports or media used to convey data and information 
through telephony netWorks. 

[0004] HoWever, this Was only the beginning of the pro 
liferation of netWorks and netWork formats used for trans 
mitting data and information. Advances in data communi 
cations led to the emergence of Local Area NetWorks 
(LANs), such as Token Ring and Ethernet, that provided 
faster and improved netWorking communications betWeen 
increasingly intelligent netWork terminal devices like PCs. 
NeW and increasingly diverse types of netWorks, netWork 
formats, netWork protocols, and netWork transports/media 
came to be deployed. Wide Area NetWorks (WANs), high 
speed telephony netWorks (T1, T3, etc.), Metropolitan Area 
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NetWorks (MANs), Asynchronous Transfer Mode (ATM) 
netWorks, ?ber optic netWorks, broadband netWorks, and 
cable netWorks Were examples of the neW types of netWorks 
that emerged. NeW netWork formats, some corresponding to 
the neWly developed netWorks Were created. For example, 
Asymmetric Digital Subscriber Line (ADSL) netWork for 
mat, ATM netWork cell format, and IP netWork packet 
format are but a feW of the many diverse netWork formats in 
use today. The emergence of Internet Protocol (IP, TCP/IP, 
and the like) netWorks and the Internet netWork further 
revolutioniZed netWorking and communications given hoW 
pervasively these sort of netWorks have been implemented. 
NetWork equipment has been developed not only to interface 
With a given netWork, but also to effectively interconnect 
different types of netWorks. For example, the landline and 
Wireless telephony netWorks have been interfaced effec 
tively through hybrid landline-Wireless telephony sWitches. 
As a further example, the telephony netWork and Internet 
netWork have been productively interfaced using telecom/IP 
gateWay servers. Further adding to the complexity, neW 
types of information had to be conveyed through netWorks. 
Video information joined existing types of information such 
as voice information, facsimile information, and the like, 
being transmitted as analog data and digital data traffic on 
modern netWorks. Today a plethora of different netWorks, 
distinct netWork formats, various types of data and infor 
mation, numerous protocols, and transports/media must all 
be addressed by the netWorking and telecommunications 
arts. 

[0005] Consequently, numerous types of netWorking and 
communications systems Were developed to address the 
need for interfacing betWeen diverse netWorks and netWork 
formats. Communication systems Were designed or adapted 
to interface With each neW type of netWork. Other commu 
nication systems Were developed to bridge or route data and 
information betWeen different types of netWorks. As a result, 
typical netWork topologies for managing various and distinct 
netWorks have become extremely complex. It has become 
increasingly difficult to effectively interface diverse com 
munication systems from different manufacturers found at 
the edges of different netWorks. The large number of com 
munication systems to be managed, and the many different 
types of communication systems to be interfaced, make it 
difficult and inefficient to exchange data and information 
betWeen netWorks and netWork formats. It Would clearly be 
advantageous to have a single netWorking solution that 
could replace the plethora of netWork devices needed to 
effectively utiliZe different netWorks and different netWork 
formats. Further, a need exists for a ?exible netWork solution 
that could seamlessly address different types of data and 
information embodied in various netWorks and netWork 
formats. 

[0006] History indicates that additional netWorks and net 
Work formats may yet be developed. Thus, it Would be 
advantageous to have an open communications architecture 
that could readily support neW netWorks and netWork for 
mats. In addition, there is a need for a single netWorking 
solution that can be controlled remotely in an open netWork 
ing environment. Addressing at least some of these needs 
Would enable neW applications for netWorks, and could 
permit more productive use of the many netWorks and 
netWork formats encountered in modern communications 
and netWorking. Note that this Background of the Invention 
is provided merely for explanatory purposes, and is not 
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intended to limit the scope of the present invention as 
de?ned by the attached claims in any Way. 

SUMMARY OF THE INVENTION 

[0007] The present invention enables integrated commu 
nication systems that exchange data and information 
betWeen various networks, betWeen various netWork for 
mats, or both. More speci?cally, the present invention pro 
vides computer program products supporting the operation 
of a number of integrated communication systems that 
provide data and information exchanges betWeen various 
netWorks and various netWork formats. As such, computer 
program product embodiments according to the present 
invention seek to address at least some of the above needs 
While attempting to deliver one or more of the aforemen 
tioned advantages. Various embodiments of the present 
invention also provide computer softWare program products 
for integrated communication systems that alloW different 
types of data and information to be intelligently controlled, 
translated, interconnected, and reconciled. As a result, the 
present invention makes it possible to reduce the number 
and types of netWork equipment that may be required to 
exchange data and information, thereby enabling simpli?ed 
netWork con?gurations and management. Integrated com 
munication systems enabled by the present invention 
embody an open hardWare and softWare architecture. There 
fore, computer program products for these integrated com 
munication systems can readily support, reconcile, and 
integrate a number of netWorks and netWork formats, 
Whether existing or neW. Yet further, computer softWare 
program product embodiments for these integrated commu 
nication systems exploit this open architecture by permitting 
external con?guration and external control of these inte 
grated communication systems. Accordingly, the embodi 
ments of the present invention endeavor to effectively ser 
vice the plethora of netWorks, netWork formats, and types of 
data and information. Existing applications for netWorks, as 
Well as neW applications for netWorks, may be productively 
supported by embodiments of the present invention. Com 
puter program products for these integrated communication 
systems make it possible to provide a single, coordinated, 
enterprise-Wide netWorking solution supporting the 
exchange of data and information of various types betWeen 
numerous netWorks and numerous netWork formats. 

[0008] In one embodiment, the present invention provides 
a computer program product stored in computer readable 
media for execution in at least one processor external to but 
operably connected to a communication system. The com 
munication system exchanges data betWeen netWorks 
through at least tWo netWork interfaces Within the commu 
nication system. This computer program product embodi 
ment comprises at least ?ve softWare modules therein sup 
porting its functions. A ?rst softWare module is provided for 
determining that a ?rst netWork interface of the communi 
cation system is receiving data from a ?rst netWork in a ?rst 
netWork format. In addition, a second softWare module is 
provided for determining to Which of at least one other 
netWork interface of the communication system the data 
received may be sWitched in support of at least one func 
tional application of the received data. Further, a third 
softWare module is provided for softWare sWitching the data 
received from the ?rst netWork interface to at least one other 
netWork interface of the communication system, according 
to at least one selected functional application. A fourth 
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softWare module is provided for creating at least netWork 
interface connection information for the communication 
system re?ecting the result of the softWare sWitching deci 
sion betWeen the ?rst netWork interface and at least one 
other netWork interface of the communication system. Yet 
further, a ?fth softWare module is provided for transmitting 
at least the netWork interface connection information to the 
communication system to control therein to Which at least 
one other netWork interface the ?rst netWork interface Will 
transmit the incoming received data. As such, the commu 
nication system can implement therein softWare sWitching in 
accordance With the selected functional application for the 
received data. Various related embodiments of the computer 
program products provide additional softWare modules, 
additional functionality, and leverage the capabilities of one 
or more external processors operably connected to the 
communication system. Means plus function embodiments 
related to the aforementioned embodiments are also pro 
vided. 

[0009] Another embodiment of the present invention pro 
vides a computer program product stored in computer read 
able media for execution in at least one processor Within a 
communication system. As before the communication sys 
tem can exchange data betWeen netWorks through at least 
tWo netWork interfaces. Further, the communication system 
is operably connected to at least one external processor. This 
computer program product embodiment comprises at least 
four softWare modules therein supporting its functions. A 
?rst softWare module is provided for determining that a ?rst 
netWork interface of the communication system is receiving 
data from a ?rst netWork in a ?rst netWork format. In 
addition, a second softWare module is provided for trans 
mitting to at least one external processor through at least one 
interface of the communication system that the ?rst netWork 
interface of the communication system is receiving data. The 
softWare sWitching decision is performed by at least one 
processor external to the communication system based at 
least on the transmission from the second softWare module 
Within the communication system. A third softWare module 
is provided for receiving from at least one external processor 
through at least one interface of the communication system 
the results of the softWare sWitching decision expressed as 
netWork interface connection information. The netWork 
interface connection information received indicates to Which 
of at least one other netWork interface of the communication 
system the data received by the ?rst netWork interface Will 
be sWitched Within the communication system. Further, a 
fourth softWare module is provided for implementing the 
softWare sWitching decision Within the communication sys 
tem, by directing the data received from the ?rst netWork 
interface to at least one other netWork interface of the 
communication system as instructed by the processor exter 
nal to the communication system. As such, softWare sWitch 
ing performed external to the communication system can be 
implemented Within the communication system. A number 
of other related embodiments of the computer program 
products provide additional softWare modules, additional 
functionality, and leverage the capabilities of one or more 
external processors operably connected to the communica 
tion system. As before, means plus function embodiments 
related to the above embodiments are also provided by the 
present invention. 

[0010] The present invention provides yet another com 
puter program product embodiment supporting integrated 
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communication systems. For this embodiment, a computer 
program product stored in computer readable media for 
execution in at least one processor Within a communication 

system is provided. The communication system can 
exchange data betWeen netWorks through at least tWo net 
Work interfaces therein. Further, the communication system 
is operably connected to at least one external processor. This 
computer program product embodiment comprises at least 
four softWare modules therein supporting its functions. A 
?rst softWare module is provided for determining that a ?rst 
netWork interface of the communication system is receiving 
data from a ?rst netWork in a ?rst netWork format. In 
addition, a second softWare module is provided for identi 
fying the ?rst netWork format of incoming data received 
from the ?rst netWork interface. Further, a third softWare 
module is provided for receiving from at least one external 
processor through at least one interface of the communica 
tion system an indication that the received data is to be 
transmitted to at least one other outbound netWork interface 
of the communication system. A fourth softWare module is 
provided for translating the received data from the ?rst 
netWork format into different format suitable for softWare 
sWitched transmission of the received data. The different 
format supports softWare sWitched transmission of the 
received data from the ?rst netWork interface directly to at 
least one other outbound netWork interface of the commu 

nication system. In addition, at least the fourth softWare 
module is responsive to the results of the softWare switching 
decision received from at least one external processor. Other 
embodiments provide additional softWare modules, details 
about the translations, and the like. As before, means plus 
function embodiments related to the above embodiments are 
also provided by the present invention. 

[0011] Computer program product embodiments of the 
present invention support integrated communication sys 
tems that can support exchanges of data and information 
betWeen netWorks. As such, the present invention can sup 
port integrated enterprise-Wide netWork solutions for 
addressing various types of data, various netWorks, and 
various netWork formats. The present invention accordingly 
attempts to satisfy at least some of the above stated needs 
While seeking to deliver at least some of the advantages 
noted previously. In one sense, the present invention sup 
ports the operation of communication systems that use a 
common internal format, such as the different format suit 
able for softWare sWitched transmission of the received data, 
to transparently exchange data and information betWeen 
netWork interfaces. In another sense, the present invention 
herein provides softWare supporting communication sys 
tems that can utiliZe external softWare sWitching to exchange 
data and information betWeen netWork interfaces under 
external control. In either or both senses, the present inven 
tion can simplify interfacing With a variety of netWorks and 
netWork formats and exchanging data and information ther 
ebetWeen. The Summary of the Invention is provided herein 
as an overvieW of the invention and is not intended to limit 
the scope of the present invention as de?ned by the attached 
claims in any Way. Other aspects and features of the present 
invention Will become apparent to those of ordinary skill in 
the art, upon revieW of the folloWing description of speci?c 
embodiments of the present invention in conjunction With 
the accompanying ?gures. 

Jul. 7, 2005 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] FIG. 1 is a diagram illustrating the complexities 
inherent in the multi-netWork, diverse data and information 
netWorking and communications environment encountered 
by those skilled in the art. 

[0013] FIG. 2 is a block diagram illustrating a communi 
cation system for transparent exchanges betWeen netWorks, 
according to one embodiment of the present invention. 

[0014] FIG. 3 is a diagram illustrating hoW the commu 
nication systems of the present invention attempt to address 
the complexity inherent in the multi-netWork, diverse data 
and information netWorking and communications environ 
ment. 

[0015] FIG. 4 is a block diagram illustrating the OSI 
netWork layer model, the TCP/IP netWork layer model, and 
the SS/7 netWork layer model, as examples of the diverse 
netWorks and netWork formats encountered in the netWork 
ing and communications environment. 

[0016] FIG. 5 is a block diagram illustrating a communi 
cation system for transparent exchanges betWeen netWorks, 
according to some embodiments of the present invention. 

[0017] FIG. 6, including FIGS. 6(a) and 6(b), Which are 
diagrams illustrating some examples of possible netWork 
interface and processor con?gurations, according to various 
embodiments of the present invention. 

[0018] FIG. 7, including FIGS. 7(a) and 7(b), Which are 
diagrams illustrating format translations, including decoding 
and encapsulation respectively, according to embodiments 
of the present invention. 

[0019] FIG. 8, including FIGS. 8(a) and 8(b), Which are 
diagrams illustrating an IP packet encapsulated in a PCI bus 
format and the transfer of an encapsulated IP packet over the 
PCI bus respectively, according to some embodiments of the 
present invention. 

[0020] FIG. 9, including FIGS. 9(a) and 9(b), Which are 
diagrams illustrating inverse format translations, including 
decapsulation and encoding respectively, according to sev 
eral embodiments of the present invention. 

[0021] FIG. 10 is a diagram illustrating details regarding 
softWare sWitched transmission and softWare sWitched logi 
cal connections used for exchanging data, according to 
various embodiments of the present invention. 

[0022] FIG. 11 is a block diagram illustrating a commu 
nication system for transparent exchanges betWeen net 
Works, according to some embodiments of the present 
invention. 

[0023] FIG. 12 is a block diagram illustrating the com 
munication system and external processor environment for 
computer softWare program products supporting exchanges 
of data betWeen netWorks, according to some embodiments 
of the present invention. 

[0024] FIG. 13 is a How diagram illustrating a computer 
softWare program product for execution in an external 
processor operably connected to a communication system, 
for supporting exchanges of data betWeen netWorks, accord 
ing to some embodiments of the present invention. 
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[0025] FIG. 14 is a How diagram illustrating a computer 
software program product for execution in a processor 
Within a communication system, operably connected to an 
external processor for supporting exchanges of data betWeen 
networks, according to some embodiments of the present 
invention. 

[0026] FIG. 15 is a How diagram illustrating a computer 
softWare program product for execution in a processor 
Within a communication system, operably connected to an 
external processor for supporting exchanges of data betWeen 
netWorks, according to some embodiments of the present 
invention. 

[0027] The Brief Description of the Figures above and the 
folloWing Detailed Description of the Invention are provided 
for illustrative and descriptive purposes only, and neither is 
meant to limit the scope of the present invention as de?ned 
by the attached claims in any Way. 

DETAILED DESCRIPTION OF THE 
INVENTION AND BEST MODE 

[0028] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying illus 
trative ?gures, in Which various embodiments of the inven 
tion are shoWn. This invention may, hoWever, be embodied 
in many different forms and should not be construed as 
limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure of the 
present invention Will be thorough and complete, and Will 
fully convey the scope of the invention to those skilled in the 
art. Although speci?c terms are employed herein, they are 
used in a generic and descriptive sense only and not for 
purposes of limiting the scope of the present invention as 
de?ned by the attached claims in any Way. Some terminol 
ogy Will be de?ned herein and used to describe forthcoming 
embodiments of the present invention, in order to teach the 
present invention to those skilled in the art. Terms not 
described explicitly in this disclosure should be construed as 
they Would be by those skilled in the art. Like numbers refer 
to like elements throughout the detailed description of the 
present invention. 

[0029] As described above, modern netWorking and tele 
communications are characteriZed by an overabundance of 
different netWorks, distinct netWork formats, numerous pro 
tocols, various types of transport media, and different types 
of data and information. As used herein for purposes of 
describing the present invention, data comprises analog data, 
digital data, both, or the like. Further, as used herein 
information comprises a set of related data having some 
collective signi?cance or meaning. For instance, image or 
picture information may be represented as a group of digital 
data, such as a set of pixels, that de?ne the siZe and color of 
an image. Information may be embodied in one or more 

forms of data, such as in analog data, in digital data, or in 
both forms of data. For example, audio or music information 
may be represented as analog data, digital data, or both 
forms in combination. For purposes of describing the 
present invention, information and data are functionally 
equivalent and can be vieWed as interchangeable. This is the 
case not only since data and information are related as noted, 
but also because the operation of the integrated communi 
cation systems of the present invention can exchange and 
reconcile data and information in Whatever form or forms 
may be required. 
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[0030] FIG. 1 illustrates some of the complexity inherent 
in the netWorking and communications environment faced 
by those skilled in the art. The Figure accordingly shoWs at 
least some of the many different types of netWorks, repre 
senting the varied netWork formats, protocols, and trans 
ports/media embodied therein that must be addressed. For 
instance, WAN netWork 6, telephony netWork 11, high 
speed telephony netWork 16, ?ber netWork 21, cable net 
Work 26, 1P netWork 31, and the Internet netWork 36 are 
shoWn. Note that some of the netWorks shoWn could be 
vieWed as composed of one or more other netWorks. For 
instance, the telephony netWork may include both Wired and 
Wireless telephony netWorks. The Figure further shoWs 
ISDN basic rate interface netWork 41, ISDN primary net 
Work 46, ADSL netWork 51, ATM netWork 56, broadband 
netWork 61, MAN netWork 66, and LAN netWork 71 therein. 
Additionally, other netWorks 76, both existing and yet to be 
developed must be addressed in the environment. Typically 
at the edge of each netWork, some communication system 
provides an interface betWeen one or more types of net 
Works. In the Figure, edge of netWork communication 
systems are shoWn for each netWork, numbered respectively 
from 5 for a WAN netWork to 75 for the other netWorks. For 
example, a router may be used to interface a LAN netWork 
to a WAN netWork. Such router could serve as communi 

cation system 5 for interfacing a WAN netWork 6 to a LAN 
netWork such as 71. Similarly, communication system 70 
could be a router for interfacing a LAN netWork 71 to WAN 
netWork 6, for example. 

[0031] In some cases, edge of netWork communication 
systems may be used to interface more than tWo netWorks. 
As shoWn in FIG. 1, the generally “unintegrated” ad hoc 
approach used for interfacing netWorks has unfortunately 
resulted in the creation of a plethora of communication 
systems for interfacing the numerous netWorks and respec 
tive formats found in today’s environment. Further com 
plexity is encountered When it becomes necessary to inter 
connect several communication systems together in order to 
interface the required netWorks. For example, to intercon 
nect telephony netWork 11 to cable netWork 26 and IP 
netWork 31 it may be necessary to interface communication 
systems 10, 25, and 30 together in some complex con?gu 
ration, possibly even requiring additional intervening com 
munication systems. Since existing communication systems 
are designed to interface a relatively limited set of netWorks 
and their associated netWork formats or data formats, the 
proliferation of netWork edge communication systems con 
tinues to increase. As discussed earlier and illustrated in 
FIG. 1, the current environment is fraught With complexity 
given the large number and types of communication systems 
being used to interface distinct netWorks, netWork formats, 
and types of data and information that must be addressed. 

[0032] Accordingly FIG. 1 illustrates that the netWorking 
and communications environment needs to consider and 
effectively manage different types of information and forms 
of data. More speci?cally, the very reason for creating 
netWorks such as those shoWn in the Figure is to convey data 
and information. Thus, communication systems and their 
associated netWorks, like the examples shoWn in the Figure, 
may need to convey analog data 100, and digital data 105 for 
example. Additionally, these systems and netWorks may for 
example also need to convey audio information 110, image 
information 115, video information 120, and other informa 
tion 125. Some examples of other information could be 


































































