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A network resource server Is deployed in a convergent telecommunications network for providing traditionally service circuit type
applications to both circuit switches and packet switches of the convergent network. The network resource server includes a
variety of processors for accommodating specific application requests from nodes within the convergent network.
Advantageously, the network resource server has a greater capacity than traditional service circuit nodes and Iis able to serve
both the circuit-based network elements and packet-based network elements in a convergent network. For this reason, the
network resource server eliminates the need for traditional service circuit nodes and various types of data servers.
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Network Resource Server

A network resource server is deployed in a convergent telecommunications
network for providing traditionally service circuit type applications to both circuit
switches and packet switches of the convergent network. The network resource

5  server includes a variety of processors for accommodating specific application
requests from nodes within the convergent network. Advantageously, the network
resource server has a greater capacity than traditional service circuit nodes and is able
to serve both the circuit-based network elements and packet-based network elements
in a convergent network. For this reason, the network resource server eliminates the
10 need for traditional service circuit nodes and various types of data servers.
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NETWORK RESOURCE SERVER

Technical Field:
This invention relates to telecommunications networks and, more particularly,
to the convergence of voice telecommunications networks and packet data transport

networks.

Background of the Invention:
The public switched telephone network (PSTN) 1s in a state of evolution. The

ever present demand for faster, more efficient transport of information across network
resources, coupled with the desire for more advanced features and applications has
sparked experimentation and innovation in the telecommunications industry.

One manifestation of the evolving public switched telephone network is the
convergence of voice and data networks (hereinafter, "convergent networks") for
providing telecommunications services. Traditionally, voice networks send
information among nodes via well established signaling links and protocols. Packet-
based data networks extend packets of digitized data over packet-based links using
protocols completely different from circuit-based protocols. Packet-based data
networks (such as the Internet) are traditionally utilized to interconnect computing
systems. The telecommunications industry is realizing, however, that the convergence
of circuit based and packet-based networks into a conglomerate produces a network
with an immense capacity for voice and data transmission.

In traditional voice networks, features and applications including, but not
l[imited to, announcement playback, automatic speech recognition and echo
cancellation are provided by service circuits which have the hardware and software
capability necessary for executing a variety of functions. Providing a function
equivalent to the service circuit in a convergent network 1s challenging for it requires
accommodation of both circuit-based and packet-based links and protocols.
Summary of the Invention:

It has been recognized that there 1s a need for providing service applications
with a high degree of flexibility and equal efficiency to circuit-based and packet-based
portions of a convergent telecommunications network. This need is addressed and a
technological advance 1s achieved in the telecommunications art by a network
resource server (NRS) element for providing many different classes of service circuit
and server functions. The NRS can be 1nitially connected to synchronous, circuit
based facilities and, as a network migrates towards convergence, can transparently

continue to provide service circuit type functions to both the packet-based and circuit
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‘based portions of the convergent network. Ultimately, in some embodiments the NRS will

serve in only packet-based systems.

In one embodiment, the NRS is interconnected via circuit based transport links to at
least one element (node) 1n a circuit-based network. The NRS is also interconnected via
packet-based links to at least one node in a packet-based network. By maintaining
interconnections to the circuit and packet portions of the convergent network, the NRS
provides features and application functions to both portions of the convergent network.

More particularly, the NRS includes circuit based interfaces and packet-based
interfaces managed by a controller interconnected to the interfaces via a high speed
backplane. The high speed backplane is designed for both circuit and packet traffic. In one
exemplary embodiment, the NRS also includes a plurality of digital signal processors, high
powered reduced instruction set computing (RISC) processors and at least one custom
processor for accommodating a variety of features and applications as may be required in the
convergent network. The NRS also includes substantial random access memory (RAM) and
a pointer processor contained within the RAM for providing multicast services to subscribers
of the convergent network. A redundant array of an expensive disk 1s also included in the
NRS to allow for bulk storage of memory intensive service functions such as announcements,
movies on demand or web pages. In alternative embodiments, the NRS includes some subset
of the above-mentioned components as appropriate for the needs of the network.

Advantageously, the NRS can replace all existing service circuit nodes within a
traditional circuit based telecommunications system while maintaining sufficient capacity to
serve all packet-based requests in a convergent or packet telecommunications system. The
enhanced capacity of the NRS along with its flexible design and ability to provide a variety of
features and applications results in cost savings and enhanced efficiency to service providers
who choose to implement such an element 1n their convergent networks.

In accordance with one aspect of the present invention there 1s provided a method for
providing enhanced telecommunications services 1n a telecommunications network including
circuit-based elements and packet-based elements that includes the steps of establishing an
interconnection between a circuit-based network element and a network resource server and
establishing an interconnection between a packet-based network element and the network
resource server, the method comprising the steps of: tmplementing a first specific application
to the circuit-based network element from the network resource server to provide a service
node function, wherein said first specific application 1s executed on the network resource

server and 1s one of a group of first specific applications including: dual tone multiple
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frequency detection, automatic speech recognition, and interactive voice response operations;
and implementing a second specific application to the packet-based network element from the
network resource server, wherein said second specific application 1s executed on the network
resource server and is one of a group of second specific applications including: packet-based
filtering, compression, decompression, encryption, decryption and a firewall.

In accordance with another aspect of the present invention there 1s provided a network
resource server for providing enhanced telecommunications services in a telecommunications
network including circuit-based elements and packet-based elements that includes means for
establishing an interconnection between a circuit-based network element and the network
resource server and means for establishing an interconnection between a packet-based
network element and the network resource server, the network resource server comprising;:
means for implementing at least one of a group of first specific applications to the circuit-
based network element from the network resource server to provide service node functions,
wherein said group of first specific applications is executed on the network resource server
and includes: a dual tone multiple frequency detection application and an automatic speech
recognition application; and means for implementing at least one of a group of second
specific applications to the packet-based network element from the network resource server,
wherein said group of second specific applications is executed on the network resource server
and includes: packet-based filtering, compression, decompression, encryption, decryption and

a firewall.

Brief Description of the Drawings:

FIG. 1 is a simplified block diagram of a convergent telecommunications network

including an NRS;
FIG. 2 is a more detailed block diagram of the NRS shown in FIG. 1; and
FIG. 3 is a graphic representation of exemplary applications of the various types of

processors found in an NRS as shown 1n FIG. 2.
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Detailed Description:
FIG. 1 1s a simplified block diagram of convergent telecommunications

network 100 including circuit-based portion 120 and packet-based portion 140. In this
embodiment, network resource server 170 serves both the circuit-based and packet-
based portions of the convergent network. In alternative embodiments, NRS 170 may
serve only a packet or circuit network.

Digital switching system 102 operates in a circuit-based portion of the
convergent network and serves telephone 104 and personal computer and modem 105
via subscriber lines 101 and 103, respectively. Digital switching system 102 1s
interconnected to a plurality of toll/tandem switches represented by toll/tandem
switching and transport network 110. More particularly, digital switching system 102

- 1s interconnected to toll/tandem switch network 110 via trunk 107. Toll/tandem

switch network 110 is interconnected to digital switching system 112 via trunk group
111. In this example, digital switching system 112 serves telephones 114 and 116 via
subscriber lines 113 and 11535, respectively. In the preferred embodiment, both digital
switching systems 102 and 112 are the SESS® switching system manufactured and
sold by Lucent Technologies Inc.

Also shown is service circuit node 118 interconnected to toll/tandem switch
network 110 and digital switching system 102 via links 117 and 119, respectively.
Service circuit node 118 and links 117 and 119 are shown 1n phantom form to indicate
that these components of convergent network 100 are eliminated by deployment of an
NRS, as described below.

The packet-based portion of convergent network 100 comprises packet edge
vehicle 130 which serves network server 132, telephone 134 and personal computer
136. In this embodiment, network server 132 1s interconnected to edge vehicle 130
via local access network (LAN) link 131. LAN link 131 also serves personal
computer 139 via link 131. Telephone 134 and personal computer 136 are
interconnected to packet edge vehicle 130 via subscriber lines 133 and 1353,
respectively. In the preferred embodiment, packet edge vehicle 130 1s a PAthStar™
Access Server manufactured and sold by Lucent Technologies Inc. Packet edge
vehicle 130 is interconnected to packet network 138 via dedicated packet link 137.
Packet network 138 comprises a plurality of routers or packet switches interconnected
via a non-circuit based transport mechanism, such as asynchronous transfer mode
(ATM) or via Internet protocol over SONET links. Packet network 138 includes
feature server 142 which 1s described in detail below. In this embodiment, packet
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network 138 1s interconnected to packet edge vehicle 144 via packet-based link 143. Packet
edge vehicle 144 serves telephone 146 via subscriber line 1435.

Also shown in phantom are firewall server 150, encryption server 152, web server
154, web cache 156, and video server 158. Firewall server 150 and encryption server 152 are
interconnected to packet edge vehicle 130 and packet network 138 via links 151 and 153 also
shown 1n phantom to indicate that these elements are obsolete by deployment of NRS 170.
Similarly, web server 154, web cache 156 and video server 158 are interconnected to packet
network 138 via phantom links 155, 157 and 159.

Network resource server 170 is interconnected to circuit-based portion 120 and
packet-based portion 140 of convergent telecommunications network 100. More particularly,
NRS 170 maintains circuit based links 171, 172 and 173 to toll/tandem switch network 110,
digital switching system 102 and digital switching system 112, respectively. NRS 170
maintains packet-based links 174, 175, 177 and 179 to elements in the packet-based portion
of the convergent telecommunications network. More particularly, NRS 170 maintains link
174 to packet edge vehicle 144 and link 175 to LAN link 131. NRS 170 maintains link 177
to packet edge vehicle 130. NRS 170 maintains link 179 to feature server 142 within packet
network 138. Feature server 142 controls NRS 170 1n accordance with needs of subscribers
associated with convergent telecommunications network 100. To this end, feature server 142
maintains circuit-based link 181 to signal transfer point 184 in circuit-based portion 120 of
convergent network 100. Signal transfer point 184 1s interconnected to toll/tandem switch
network 110 via link 189 and issues some circuit type application requests to feature server
142 1n those networks in which service circuit nodes are eliminated. Service circuit nodes
and applications thereof are described in detail in U.S. Patent 5,381,471.

Network resource server 170 performs a variety of service features or applications
as required by subscribers of convergent telecommunications network 100. These service
features and applications include voice service type applications, multimedia service
circuit type applications, signaling applications, filtering applications and web-related
data applications. For example, NRS 170 provides voice gateway type functions
including acting as a gateway between circuit-based portion 120 and packet-based
portion 140. In this manner, NRS 170 serves as the conduit connecting the two portions
of the convergent network and eliminates the traditional function of packet circuit
gateway 180 and 1its links 183 and 185 to toll/tandem network 110 and packet network 138,
respectively. NRS 170 also provides network echo cancellation, acts as an Internet

telephony compression engine and serves as an
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international gateway interconnecting convergent telecommunications network 100
with other networks via packet network 138.

Network resource server 170 performs voice service circuit type functions by
providing bulk dual tone multiple frequency (DTMF) tone detection, storing
announcements, performing automatic speech recognition and text-to-speech synthesis
and acting as a voice dialing host. Significantly, NRS 170 provides voice circuit-
based applications, such as those described above, from an entity with established
connections to a packet transport network. Indeed, in some embodiments, a non-
convergent circuit based network (that is, a pure, traditional voice network) may be
serviced by an NRS associated with another convergent or packet-only network. NRS
170 is capable of providing multimedia services such as teleconferencing, video
conferencing and acting as a multimedia bridge. NRS 170 is also capable of acting as
an Internet call waiting host and as a voice mail host.

Due to its ability to be connected to both circuit based portion 120 and packet-
based portion 140 of convergent telecommunications network 100, NRS 170 1s a
natural conversion source between circuit-based protocols and packet-based protocols.
It may also act as a service circuit node with modem capability. In this regard, it may
serve as a telecommunications device for the deaf (TDD) bulk terminal, act as a
facsimile store and forward engine and act as a remote access server or modem pool.
NRS 170 eliminates the need for firewall servers by its ability to act as a high capacity
Internet filter. Functionalities previously performed by web server 154, web cache
156 and 158 are all performed by NRS 170 when it acts in 1ts data service circuit
mode. NRS 170 also provides both encryption or decryption engines.

FIG. 2 is a more detailed diagram of an NRS 170 shown in FIG. 1. More
particularly, NRS 170 1s shown to include a plurality of functional entities 202
through 214 interconnected to each other and controller 220 via high speed backplane
213. High speed backplane 213 1s capable of connecting circuit and packet end points
at high speed.

Circuit interface 202 serves as an interconnection point between NRS 200 and
circuit-based network elements within a convergent network. With reference to FIG.

1 described above, circuit interface 202 receives and processes information from
circuit-based links 171, 172 and 173. Similarly, packet interface 214 recetves and
processes packet-based information from the rest of the convergent
telecommunications network. With reference to FIG. 1, packet interface 214 receives
and processes information from packet-based links 174, 175, 177 and 179. In
alternative embodiments, NRS 170 may include only a circuit interface or only a
packet interface.
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Controller 204 manages a redundant array of inexpensive disks (RAID) 205
interconnected to server 204 via fibre channel or small computer systems interconnect
(SCSI) 203. Disks 205 store applications or features which require a great amount of
memory space, such as bulk announcements, movies on demand, web pages or billing
data.

Digital signal processor pool 206 comprises a plurality of digital signal
processors designed for performing specific applications. The digital signal processor
pool is best suited for performing "multiply and accumulate” intensive algorithms.
More particularly, the digital signal processor pool deployed in NRS 170 typically
performs packet or circuit gateway type functions, bulk DTMF tone detection,
teleconferencing, Internet call waiting, voice mail host functions, facsimile storage and
forwarding and remote access server functions as required by subscribers of
convergent network 100. On the contrary, high performance processor pool 208
comprises a plurality of high performance microprocessors. This processor pool is
best suited to handle complex operations and large memory contexts. In this
embodiment, RISC processor pool 208 serves functions previously performed by
automatic speech recognition systems, firewall servers, web servers, web caches or
video servers. Custom processor pool 210 is designed for accommodating those
applications which require custom programming. An example of custom
programming 1s a video bridge. Random access memory 212 1s used to store data
such as movies on demand, web pages or billing data not stored in RAID 205.

Functional entities 202 through 214 operate in response to instructions
received from controller 220 via high speed backplane 213. High speed backplane
213 is designed to receive circuit-based instructions directly from circuit portion 120
or packet based instructions from feature server 142. In the exemplary embodiment,
the feature server receives requests from either a packet network or a circuit-based
network. These requests relate to specific applications requested by subscribers
served by a pure circuit based system, a pure packet system or a convergent
telecommunications network. Feature server 142 processes the request and extends it
to NRS controller 220 via a packet-based link. In this manner, the NRS receives the
request, processes the request and extends data to the requesting end source via
established circuit-based or packet-based links. Accordingly, a single NRS can serve
an entire convergent telecommunications network and eliminate the need for separate
service circuit nodes, or web server type functional units.

FIG. 3 1s a graphical representation of the various types of applications
performed by the processors in NRS 170. Importantly, not all applications of an NRS
require each type of processor pool. Indeed, the NRS can be customized to include
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any subset of digital processors, high performance processors or customized
processors.

In the 1llustrative embodiment described above, digital processor pool 206 is
responsible for voice circuit type applications such as bulk DTMF tone detection, bulk
stored announcement playback, teleconferencing and signaling functions. High
performance (RISC) processor pool 208 1s responsible for packet type applications
such as acting as a web server, high capacity firewall server, compete server or
automatic speech recognition. In this embodiment, custom processor pool 210
provides video server applications designed for convergent telecommunications
network 100. RAM 212 acts as a web cache, video server and database. Some
applications require the cooperation of several different processor and RAM brand
types.

Advantageously, the flexibility of the NRS to be customized to a specific
network along with its immense capacity to provide service applications for voice
and/or data transmissions enables this network element to become a cost efficient and
reliable means for providing service circuit functions.

Although this invention has been described with respect to a preferred
embodiment, those skilled in the art may devise numerous other arrangements without
departing from the scope of the invention as defined in the following claims.
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Claims:

1. A method for providing enhanced telecommunications services in a
telecommunications network including circuit-based elements and packet-based elements that
includes the steps of establishing an interconnection between a circuit-based network element
and a network resource server and establishing an interconnection between a packet-based
network element and the network resource server, the method comprising the steps of:

implementing a first specific application to the circuit-based network element from
the network resource server to provide a service node function, wherein said first specific
application is executed on the network resource server and is one of a group of first specific
applications including: dual tone multiple frequency detection, automatic speech recognition,
and interactive voice response operations; and

implementing a second specific application to the packet-based network element from
the network resource server, wherein said second specific application is executed on the
network resource server and 1s one of a group of second specific applications including:

packet-based filtering, compression, decompression, encryption, decryption and a firewall.

2. The method of claim 1, further comprising the step of implementing the first specific

application to the packet-based network element from the network resource server.

3. The method of claim 1, further comprising the step of implementing the second

specific application to the circuit-based network element from the network resource server.

4, The method of claim 1, further comprising the step of providing an additional specific
application to a packet-based network element or a circuit-based network element from the
network resource server, wherein the additional specific application is at least one of a group
of additional specific applications including announcement playback, echo cancellation,

Web-related data applications and multimedia service circuit type applications.

5. The method of claim 1, wherein the step of implementing a first specific application
to the circuit-based network element from the network resource server further comprises the
steps of receiving a request for service from the circuit-based network element, processing

the request and extending data to the circuit-based network element.

0. The method of claim 1, wherein the step of implementing a second specific

application to the packet-based network element from the network resource server further
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comprises the steps of recelving a request for service from the packet-based network element,

processing the request and extending data to the packet-based network element.

7. The method of claim 1, wherein the step of implementing the first specific application
to the circuit-based network element from the network resource server further comprises the

step of storing signaling functions in the network resource server.

8. The method of claim 1, wherein the step of implementing a second specific
application to the packet-based network element from the network resource server further
comprises the step of storing packet-based filtering applications in the network resource

SCTVCT,

9. A network resource server for providing enhanced telecommunications services in a
telecommunications network including circuit-based elements and packet-based elements that
includes means for establishing an interconnection between a circuit-based network element
and the network resource server and means for establishing an interconnection between a
packet-based network element and the network resource server, the network resource server
comprising:

means for implementing at least one of a group of first specific applications to the
circuit-based network element from the network resource server to provide service node
functions, wherein said group of first specific applications is executed on the network
resource server and includes: a dual tone multiple frequency detection application and an
automatic speech recognition application; and

means for implementing at least one of a group of second specific applications to the
packet-based network element from the network resource server, wherein said group of
second specific applications is executed on the network resource server and includes: packet-

based filtering, compression, decompression, encryption, decryption and a firewall.

10. The network resource server according to claim 9, wherein the means for establishing
an interconnection between a circuit-based network element and the network resource server
further comprises a circuit interface and wherein the means for establishing an
interconnection between the packet-based network element and the network resource server
comprises a packet interface and said circuit interface and said packet interface are

interconnected to each other and a controller over a backplane.
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