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first Ingress content processor places the information associated with the first traffic type into a system cell having a common
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w={ (57) Abstract: A communication system includes a first ingress content processor that receives information associated with a first
@0 traffic type. The first ingress content processor places the information associated with the first traffic type into a system cell having
a common system cell format. A second ingress content processor receives information associated with a second traffic type. The
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switch fabric services system cells carrying payloads associated with the first traffic type prior to servicing system cells carrying
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SYSTEM AND METHOD FOR COMMUNICATING DATA
USING A COMMON SWITCH FABRIC

TECHNICAL FIELD OF THE INVENTION

This invention relates 1in general to the field of
communications and more particularly to a system and
method for communicating data using a common switch

fabric.
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BACKGROUND OF THE INVENTION

Network architectures have grownn increasingly
complex in existing communication systems. One reason
for this complexity is due to the various communications

5 protocols that may be propagating through a given system
concurrently. Each of the +various communications
protocols may include specific processing operations or
procedures that facilitate the routing, transmission, and
reception of data or information. Properly accommodating

10 each communications ©protocol presents a significant
challenge for system designers and network engineers.
Additionally, in attempting to manage various
communications protocols simultaneously, 1t 1s 1important
that high operational speeds are malntained.
15 Accordingly, it may be important to minimize system
overflows or points of congestion as information 1is
adequately directed to specific elements that are capable
of processing the particular communications protocol.
Bottlenecks that are produced by system overflows,
20 improper direction of data, or inadequate processing of
information may inhibit communication speeds and further
limit bandwidth allocations for a corresponding

communications architecture.




10

15

20

25

30

CA 02456332 2010-07-13

INVENTION

L*]

SUMMARY OF TH!

From the foregoing, 1t may be apprecilated by those

ski1lled 1n the art that a need has arisen for an improved

approach for communicating data assocliated with multiple

communications protocols. In an embodiment, a system and

method for communlcating data using a common switch fabric
are provided that substantially eliminate or greatly reduce
disadvantages and problems associated with conventional data

management techniques.

Certain exemplary embodiments can provide a system for

forwarding Information 1n a communications system,

r!

comprising: a plurality of 1ngress content processors, each

rﬁv

of the plurality of 1ngress content ©processors Dbeing

assoclated with one of a plurality of traffic types, each

1ngress content processor operable to generate system cells

carrying a payload associated with a respective one of the

~— p— -

plurality of traffic types 1n response to receiving

g
—.

information 1in the respective one of the plurality of

traffic types; and a switch fabric operable to receive a

ﬁ fs

plurality of system cells from the plurality of ingress

content processors, wherein system cells carrying payloads

r—

assoclirated with a first one of the plurality of traffic

types have a higher priority than system cells carrvying

—

payloads associated with other ones of the plurality of

traffic types, the switch fabric operable to separately

queue system cells carrving payloads associated with the

-

first one of the plurality of traffic types from system

cells carrying payloads associated with other ones of the

plurality of traffic types, the switch fabric operable to

service system cells carrving payloads associated with the

—~ 1
-~

first one of the plurality of traffic types prior to

servicing system cells carrying payloads associated with
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g

other ones of the plurality of traffic types, the switch

fabric including a first queuing stage with a common queuing

structure for processing all system cells carrying payloads

—
.

assocliated with any of the plurality of traffic types and a

second queulng stage for processing system cells carrying

payloads associated with a particular one of the plurality

ot traffic types, wherein the plurality of 1ingress content

ﬁ

processors assoclated with the first one of the plurality of

—
—

traffic types automatically transports system cells carrying

payloads associated with the first one of the plurality of

traffic types to the switch fabric.

Certaln exemplary embodiments can provide a method for
forwarding information 1n a communications system,
comprilising: automatically receiving system cells carrying

payloads associated with a first one of a plurality of

traffic types; receiving system <cells carrying payloads

pr—

assocliated with other ones of the plurality of traffic types

upon pbeing scheduled for transport; gueuing system cells

-

carrying payloads associated with a any of the plurality of

traffic types 1n a first queuing stage with common queuing

structures and queulng system cells carrying payloads

— o~ é

associated with a particular one of the plurality of traffic

types 1n a second queulng stage with dedicated queuing

structures; and servicing system cells carrying payloads

- 4 2

assoclated with the first one of the plurality of traffic

types before servicing any system cells carrying payloads

—~ g~ g~ [ ]
ey P

assoclated with the other ones of the plurality of traffic

types.

Certain exemplary embodiments can provide a switch

fabric for forwarding information 1n a communications
system, comprising: a multiplexer operable to provide system
cells carrying payloads associated with any of a plurality

ppann

of traffic types on an ingress high-rate link; a first cell
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router operable to route each system cell according to a

r— 1

destination and traffic type associated with each system

cell; a first stage queue group operable to store system

-

cells from the first cell router in a plurality of first

stage queues, the first stage queue group operable to place

system cells carrying payloads associated with a first one

of the plurality of traffic types into a first stage high

priority queue, the first stage qgueue group operable to

place system cells carrying payloads associated with other

ﬁ F
-

ones one of the plurality of traffic types 1into a first

stage low priority queue; a second cell router operable to
route system cells placed 1into the first stage high and low
priority queues, the second cell router operable to service

any system cell 1in the first stage high priority queue prior

to any system cell 1n the first stage low priority queue;

gr—

and a plurality of second stage queue groups each operable

to store system cells from the second cell router 1in a

plurality of second stage queues, a first one of the

plurality of second stage qgueue groups operable to queue

system cells for the first stage high priority gueue, a

g

second one of the plurality of second stage gueue groups

operable to queue system cells from the first stage low

priority queue.

pr—

Further embodiments provide an apparatus for

communicating data 1n a network environment that includes a

switch fabric that receives a plurality of system cells.

Fach system cell carries a payload associated with one of a

A

C‘ o

plurality of traffic types. A first one of the plurality of

traffic types has a higher priority than other ones of the

pr—

plurality of traffic types. System cells carrying payloads

associated with the first one of the plurality of traffic

types are transported automatically while system cells
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carrying payloads associated with the other ones of the

r—
—

plurality of traffic types require scheduling before being

transported. The switch fabric separately qgueues system

—

cells carrying payloads assoclated with the first one of the

plurality of traffic types from system cells carrying

H

payloads associated with other ones of the plurality of

tratfic types. The switch fabric services system cells

carrylng payloads associated with the first one of the

e p—

plurality of traffic types prior to servicing system cells

carrylng payloads associated with other ones of the

f;

plurality of traffic types. The plurality of traffic types

may 1nclude time division multiplexed, asynchronous transfer

mode, and Internet Protocol formats with priority given to

time division multiplexed traffic.

Embodiments can provide various technical advantages

—

over conventional data management techniques. Some of these

technical advantages are shown and described in the detailed

)

description. Embodiments of the present invention may enjoy

some, all, or none of these advantages. Other technical

advantages may be readily apparent to one skilled in the art

from the following figures, description, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

To provide a more complete understanding of the
present invention and features and advantages thereof,
reference is made to the following description, taken in
conjunction with the accompanying figures, wherein like
reference numerals represent like parts, in which:

FIGURE 1 1is a simplified Dblock diagram of a
communications system for processing data associated with
a plurality of communication protocols;

FIGURE 2 is a simplified block diagram of an ingress
time division multiplex (TDM) content processor 1included
within the communications system;

FIGURE 3 is a simplified block diagram of an 1ngress
asynchronous transfer mode (ATM) content processor
included within the communications system;

FIGURE 4 is a simplified block diagram of an ingress
packet content Processor included within the
communications system;

FIGURE 5 is a simplified block diagram of an egress
TDM content processor included within the communications
system;

FIGURE 6 is a simplified block diagram of an egress
ATM content processor included within the communications
system;

FIGURE 7 is a simplified block diagram of an egress
packet content processor included within the
communications system;

FIGURE 8 1s a block diagram of an example content
processor link format;

FIGURE 9 1is a block diagram of an example time
division multiplex (TDM) ingress content processor 1link

format ;
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FIGUREs 10A-D are a simplified block diagram of an

example system implementation for a switch fabric of the
communication system;

FIGURE 11 is a block diagram of an example STS-3
content processor link format for the switch fabric;

FIGUREs 12A-B are a block diagram of a specific
implementation of the communications system;

FIGURE 13 is a chart illustrating an example
calculation that reflects a gqueue size utilized 1in
communicating data through the switch fabric;

FIGURE 14 is a chart illustrating an example
formatting for multiple processor links assoclated with
the switch fabric;

FIGURE 15 1is a block diagram of a bandwidth
scheduler included within the communications system; and

FIGURE 16 is a flowchart illustrating a series of
example steps associated with a method for communicating

data using the switch fabric in the communication system.
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DETAILED DESCRIPTION OF THE INVENTION

FIGURE 1 1is a simplified Dblock diagram of a
communication system 10 for processing data associated
with a plurality of communication protocols in accordance
with one embodiment of the present invention.
Communication system 10 may be positioned at any suitable
location within or external to a communications
architecture 1in order to facilitate the delivery,
transmigssion, or switching of information or data 1n a
network environment. Communication system 10 may include
a switch fabric 12, a set of ingress physical layer
processors l4a-n, and a set of 1ngress content processors
16a-n. Communication system 10 may also include a set of
egress content processors 20a-n and a set of egress
physical layer processors 22a-n.

In accordance with the teachings of the present
invention, communication system 10 operates to provide a
communications platform that allows for multiple types of
information or data to be communicated 1in a network
environment. The information or data may be associated
with various types of communications protocols having
particular formats and/or processing requirements. These
comminations protocols may be associated with information
in a time division multiplex (TDM) format, an
asynchronous transfer mode (ATM) format, an 1internet
protocol (IP) packet-based format, or any other suitable
format in accordance with particular needs. For purposes
of discussion only, the description of communication
system 10 is based on but not limited to the TDM, ATM,
and IP formats. Switch fabric 12 may provide a common
fabric interfacing element that forwards, directs,
manages, or otherwise communicates various 1information

segments to a suitable next destination.
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Communication system 10 allows for 1increased
stability and enhanced communications of data propagating
through switch fabric 12. This is a result of one or
more buffers of data cells in a corresponding set of
queues that protect against potential system overflow or
network congestion. This may also be a result of one or
more memory elements within switch fabric 12 that are
properly utilized such that additional memory elements
are not required. Proper utilization of memory elements
is significant in the case where the memory elements
present a relatively large expense to a system designer
or occupy valuable space on an associated 1integrated
circuit chip.

Switch fabric 12 provides considerable flexibility
to communication system 10 because 1t accounts for
various types of data propagating within the
corresponding network. Switch fabric 12 may represent an
amalgamation of one or more functionalities provided by
multiple network elements, such as an ATM switch, an IP
router, and a digital cross-connect system, for example.
This single network element may allow a communications
architecture to transition from a TDM circuit switched-
based communication to a cell and/or packet-based
communication while utilizing a single network interface.
Thus, various communlications protocols may be
accommodated for in the network without having to change
components or to direct diverse communications protocols
to another suitable network component based on particular
transmission Or processing needs.

Switch fabric 12 is a communications element that
represents a common switching interface positioned
between 1ingress content processors 1l6a-n and egress
content processors 20-n. Switch fabric 12 may 1nclude

suitable hardware, software, components, or elements
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operable to facilitate the management, direction, or
communication of data or information. Switch fabric 12
accommodates various types of data or information
communicated by ingress content processors l6a-n. Switch
fabric 12 may include a control processor (and support
permanent virtual connection applications) and
distributed stacks for other suitable communication
applications. Switch fabric 12 may also 1include a
multiplexer or a demultiplexer that operate to compress
or decompress incoming data at any suitable ratio, such
as 1:8 or 8:1 for example, over suitable communications
links. Switch fabric 12 may additionally include other
suitable elements that facilitate the delivery,
transmission, or processing of various types of data or
information.

In an example embodiment, communication system 10
may represent a networking architecture that includes

multiple content processors and an N by N cell-based

switch fabric 12. Thus, N content processors may be
provided, with each content processor 1ncluding an
ingress and an egress portion. Each 1ingress content

processor l6a-n may create a stream of system cells based
on the information that i1s received from 1its synchronous
optical network (SONET)/synchronous digital hierarchy
(SDH) inputs. System Cells may be forwarded to the N by
N switch fabric 12 wvia ingress content processor 1links
17a-n and leave switch fabric 12 wvia egress content
processor links 19a-n. A given content processor 1ink
(either ingress or egress) may transport system cells
that contain only a single data type (e.g., TDM data, ATM
data, or packet data). However, because certaln types of
data share similar intrinsic properties (for example ATM
and packet system cells share similar characteristics) a

given content processor may be used to process both ATM
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and packet type system cells. Once at the N by N switch
fabric 12, each system cell may be forwarded to 1its
destination egress content processor via the switching
mechanism that is contained within switch fabric 12.

Multiple types of ingress physical layer processors
l4a-n or egress physical layer processors 22a-n may be
included within communication system 10. For example,
physical layer processors may be provided that interface
with SONET 0OC-12 facilities, SONET O0OC-48 facilities, or
SONET O0C-192 facilities as well as DS3 and STS-1E
electrical facilities. Each of ingress physical lavyer

processors l4a-n and egress physical layer processors

22a-n may include suitable hardware, software,
components, or elements operable to facilitate the
management, direction, or communication of data or

information to and from corresponding content processors.
One operation provided by each of ingress physical layer
processors 1l4a-n and egress physical layer processors
22a-n may be to process any physical layer protocols
associated with specific communications protocols and/or
to format the available data into a common format that
can be understood by a selected content processor type.
For example, the common format between one or more
ingress physical layer processors and one or more content
processors in communication system 10 may be SONET/SDH
based. In operation of an example embodiment of ingress
physical layer processors l4a-n or egress physical layer
processors 22a-n, a T1/DSl, T3/DS3, 0OC-12 or O0C-48 type
physical layer processor may map/de-map a corresponding
data signal into/from a SONET payload before
forwarding/receiving the data signal to/from an
associated ingress or egress content processor.
Communication system 10 may also 1include multiple

types of ingress content processors 1l6a-n and egress
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content processors 20a-n. For example, 1ingress content
processor 1l6a, 1l6b, and 16én may Dbe associated with
information in a TDM, ATM, and packet format
respectively. Each of ingress content processors 1léa-n
and egress content processors 20a-n may include suitable
hardware, software, components, or elements operable to
facilitate the management, direction, or communication of
data or information to and from switch fabric 12. Each
content processor may suitably perform its application
specific function and, where appropriate, map/de-map its
data content into/from system cells that may be processed
by switch fabric 12. Switch fabric 12 may be cell-based
and used to forward system cells from 1ts 1nputs to one
or more of its outputs. Because one or more system cells
from the +wvarious content processor types may have
generally different forwarding requirements (for example
with respect to cell loss, cell transfer delay, and cell
delay variation), switch fabric 12 may be capable of
forwarding a cell based on its specific forwarding system
needs.

FIGURE 2 1is a simplified block diagram of 1ingress
content processor 1l6a included within communication
system 10 and offers additional details relating to the
elements included therein. Ingress content processor lé6a
is operable to process information in a TDM format 1in
accordance with an example embodiment of the present
invention. Ingress content processor 1l6a may 1include a
byte router 30, a byte router control store 32, a cell
header generator 36, a 1link overhead generator 40, an
idle cell generator 42, a link formatter 44, and a set of
multiplexers 48a-d. These elements may recelive an
incoming signal from ingress physical layer processor 1l4a
and suitably process the incoming signal such that 1t may

be routed to switch fabric 12.
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Ingress content processor l6a may operate on a Dbyte
formatted TDM input stream that contains "c¢" number of
byte interleaved channels. There may be an individual
ingress connection queue 49 associated with each of the
"e" channels. The bytes associated with a given channel
may be routed to a corresponding ilngress connection queue
49 via byte router 30 which communicates with byte router
control store 32. Byte router 30 may be programmable 1in
order to allow for the case where multiple channels are
concatenated together in order to form a connection
having a larger bandwidth. A TDM carrying system cell
may be formed by emptying a fixed number of bytes from a
particular ingress connection queue 49 and then attaching
a cell header to this fixed number of bytes. The cell
header may be produced by cell header generator 36 and
provides information that is used by switch fabric 12 1in
order to properly forward or communicate the system cell
to a suitable next destination.

Ingress content processor link 17a may be formed by
multiplexing system cells formed from multiple 1ngress
connection gueues 49 onto a common link. In order to
form a link that includes a continuous stream of system
cells, idle system cells may be generated by idle cell
generator 42 and multiplexed onto 1ngress content
processor link 17a during periods where there are not
connection gqueue system cells available for transmission.
Link formatter 44 may then receive resultant system cells
via multiplexer 48d and forward the information onto the
ingress content processor link 17a to be communicated to
switch fabric 12.

FIGURE 3 1is a simplified block diagram of 1ingress
content processor 16b included within communication
system 10 and offers additional details relating to the

elements included therein. Ingress content processor 16b
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may accommodate ATM data in a network environment and Dbe
inclusive of an ATM cell router 50, an ATM cell header
lookup 52, a link overhead generator 56, a link formatter
58, and a cell header generator 60. Ingress content
processor 16b may also include a queue select generator
62, an idle cell generator 64, and a set of multiplexers
68a-c. These elements may cooperate in order to sultably
process information or data that is in an ATM format such
that the data may be properly communicated to switch
fabric 12.

Ingress content processor 16b may operate on an ATM
formatted input stream that contains "d" number of
connections. An individual ingress connection queue 59
associated with each of the "d" connections may also be
provided. The ATM cells associated with a given
connection may be routed to the corresponding 1ngress
connection queue 59 via cell router 50. In order to do
this, a lookup operation may be performed by ATM cell
header lookup 52 on the wvirtual path identifier/virtual
channel identifier (VPI/VCI) field that is contained
within the header of an incoming ATM cell. The result of
this lookup may determine to which ingress connection
queue 59 the cell is forwarded.

An ATM carrying system cell may be formed Dby
emptying an ATM cell from a particular ingress connection
queue 59, and then attaching a cell header to the system
cell using cell header generator 60. As 1in the case when
forming TDM-carrying system cells, ingress content
processor link 17b may be formed by multiplexing system
cells from multiple ingress connection dgqueues 59 onto a
common link. Queue select generator 62 may select the
appropriate ingress connection queue 59 based on
information from a bandwidth scheduler. 1In order to form

a link that includes a continuous stream of system cells,
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idle cells may be generated by idle cell generator 64 and
multiplexed onto ingress content processor link 17b
during periods where there are not connection' queue
system cells available for transmission. Link overhead
generator 56 may provide additional routing data to the
system cell stream in accordance with particular needs.
Link formatter 58 may then receive the resultant system
cells via multiplexer 68c and forward the information to
the ingress content processor link 17b to be communicated
to switch fabric 12.

FIGURE 4 is a simplified block diagram of 1ingress
content processor 16n included within communication
system 10. Ingress content processor 1l6én may receive and
suitably process information that 1is in an IP packet
format. Ingress content processor 16n may 1nclude a
packet router 70, a packet header 1lookup 72, a 1link
overhead generator 74, and a link formatter 76. Ingress
content processor 16n may also include a queue select
generator 82, an idle cell generator 84, and a set of
multiplexers 88a-c. These elements may cooperate 1n
order to process information included within an 1ncoming
signal that is in an IP packet format. The processed IP
packet data may then be properly forwarded to switch
fabric 12 and subsequently communicated to a sultable
egress element.

Ingress content processor 16n operates on an IP
packet formatted input stream that contains "e" number of
connections. There may be an 1individual 1ngress
connection queue 79 associated with each of the "e"
connections. An ingress connection queue 79 may be an
internal system notation wused to group IP packets
together that have the same network destination and
similar class of service. The IP packets associated with

a given connection may be routed to the corresponding
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ingress connection queue 79 via packet router 70. In
order to do this, a lookup operation may be performed by
packet header lookup 72 on the various fields that are
contained within the header of an incoming IP packet.
The result of this 1lookup may determine to which
connection queue 79 the IP packet is forwarded.

An IP packet carrying system cell may be formed by
emptying a fixed number of IP packet bytes from a
particular connection queue 79 and then attaching a cell
header to the corresponding system cell that is formed.
This may be executed by cell header generator 78.
Alternatively, IP packets may be first mapped to ATM
cells prior to being mapped to system cells. As in the
example case associated with forming TDM or ATM carrying
system cells, ingress content processor 1link 17n may be
formed by multiplexing system cells formed from multiple
ingress connection queues 79 onto a common link. Queue
select generator 82 may select an appropriate ingress
connection queue 79 based on information from a bandwidth
scheduler.

In order to form a link that includes a continuous
stream of system cells, idle cells may be generated by
1dle cell generator 84 and multiplexed onto ingress
content processor link 17n during periods where there are
not connection  queue system cells avallable for
transmission. Link overhead generator 74 may provide
additional routing data to the system cell stream in
accordance with particular needs. Link formatter 76 may
then receive the resultant system cells via multiplexer
88c and forward the information to the ingress content
processor link 17n to be communicated to switch fabric
12.

FIGURE 5 1s a simplified block diagram of egress

content processor 20a included within communication
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system 10. Egress content processor 20a may be coupled
to switch fabric 12 and inclusive of a system cell header
lookup 90, a system cell router 92, and a multiplexer 94.
These elements may cooperate in order to receive a data
stream of system cells from switch fabric 12 and
communicate that data stream to an associated egress
physical layer processor 22a.

Egress content processor 20a may generate a byte
formatted TDM output stream that contains "c¢" number of
byte interleaved channels. An individual egress
connection gqueue 93 associated with each of the "c"
channels may also be provided. In an example operation,
system cells may arrive at egress content processor 20a
via egress content processor link 19a. The system cell
header of each system cell may be forwarded to system
cell header lookup 90. Based on information that 1s
contained within the system cell header, the non-header
bytes of the system cell may be forwarded to the correct
egress connection queue 93. Bytes may then be read out
of the egress connection queues 93 in a round robin
fashion (or any other suitable manner) 1n order ¢to
generate the byte formatted TDM output stream contalning
"c¢" number of channels. The output may be properly
forwarded to multiplexer 94 and then suitably formatted
such that it is communicated to egress physical layer
processor 22a in a TDM output stream of information.

FIGURE 6 1s a simplified block diagram of egress
content pProcessor 20b that 1s included within
communication system 10. Egress content processor 20b
may generate ATM cell data or information and be
inclusive of a system cell router 96, a system cell
header lookup 98, an output gqueue selector 100, and a
multiplexer 102. These elements may cooperate 1n order

to receive a data stream of system cells from switch
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fabric 12 and properly forward the data stream to an
associated egress physical layer processor 22b after
suitable processing has been executed. Egress content
processor 20b may generate an ATM cell formatted output
stream that contains "d" number of connections. An
individual egress connection queue 103 associated with
each of the "d" connections may be provided.

In operation of an example embodiment, ATM type
system cells may arrive at egress content processor 20b
via egress content processor link 19b. The system cell
header of each system cell may then be forwarded to
system cell header lookup 98. Based on information that
may be included within the system cell header, the non-
header bytes of the system cell may be forwarded to the
correct egress connection queue 103. ATM cells may then
be read out of egress connection queues 103 according to
output queue selector 100 in order to generate the ATM
cell formatted output stream containing "d" number of
connections. Output gqueue selector 100 may make 1ts
selection based on both cell arrival information and
software programmable connection configuration
information.

Egress connection queues 103 are provided within
egress content processor 20b for the case where: 1) the
maximum possible cell arrival rate on egress content
processor link 19b is greater than the maximum possible
cell departure rate on the ATM cell formatted output
stream, and/or 2) the ATM cell formatted output stream
feeds multiple lower rate physical interfaces.
Individual egress connection queues 103 may prevent
higher priority cells from getting backed up behind lower
priority cells. Information in egress connection dgueues
103 may be properly forwarded to multiplexer 102 and then
suitably formatted where appropriate such that the
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information is communicated to egress physical layer
processor 22b in an ATM cell formatted output stream of
information.

FIGURE 7 is a simplified block diagram of egress
content processor 20n that may be included within
communication system 10. Egress content processor 20n
may receiﬁe system cells from switch fabric 12 and
suitably process the information such that 1t may be
properly forwarded to an associated egress physical layer
processor 22n. Egress content processor 20n may include
a system cell router 106, a system cell header lookup
108, an output queue selector 114, and a multiplexer 112.
These elements may cooperate in order to suitably process
a data stream of system cells and properly communicate
this information to corresponding egress physical layer
pProcessor 22n.

Egress content processor 20n may generate a packet
formatted output stream that contains "e" number of
connections. A connection may be an 1internal system
notation used to group packets together that have the
same network source/destination and a similar class of
service. An individual egress connection queue 113
associated with each of the "e" connections may also be
provided. System cells may arrive at egress content
processor 20n via egress content processor link 19n. The
system cell header of each system cell may then be
forwarded to system cell header lookup 108. Based on
information that i1s contained within the system cell
header, the non-header bytes of the system cell may be
forwarded to the correct egress connection gqueue 113.
Complete packets may then be read from the egress
connection queues 113 according to output queue selector
114 in order to generate the packet formatted output

stream containing "e" number of connections.
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Output gqueue selector 114 may make its selection
based on cell arrival information and/or software
programmable connection configuration information.
Egress connection gqueues 113 are provided at egress
content processor 20n 1in order to reassemble complete
packets. In addition, such egress connection queues 113
are provided for the case where: 1) the maximum possible
cell arrival rate on egress content processor link 19n 1s
greater than the maximum possible corresponding packet
departure rate on the packet formatted output stream,
and/or 2) the packet formatted output stream feeds
multiple lower rate physical interfaces. Information 1in
egress connection queues 113 may be properly forwarded to
multiplexer 112 and then suitably formatted where
appropriate such that the information 1s communicated to
egress physical layer processor 22n in a packet formatted
output stream of information.

FIGURE 8 1s a block diagram of an example stream
format 120 for either ingress content processor links
17a-n or egress content processor links 1%a-n 1n
accordance with one embodiment of the present 1invention.
The content processor link (both ingress and egress where
appropriate) may be formatted as a link that includes a
non-interrupted stream of system cell slots 122a-p.
Furthermore, the link may be formatted such that an
integer number of system cell slots 122a-p are 1included
within a period that spans a given SONET frame time
interval, such as 125 microseconds for example.

Assuming for purposes of teaching that: 1) a system
cell has a size of 64 bytes, 2) each content processor
provided in communication system 10 1s capable of
processing a payload associated with one O0C-48 SONET
signal, and 3) the smallest supported TDM channel size

(i.e., TDM connection size) is equal to a single STS-1
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payload, the content ©processor 1link rate can Dbe
calculated from the following equation (identified as

Equation 1).

5 Equation 1:
Link Bit Rate = (w * g/v) * r =48 * 64/v) * 51.84 * 10°

where:
w = number of connections supported per link, plus
the number of overhead slots per group of connections.
10 q = system cell size (in bytes)
v = number of non-overhead bytes in a system cell

r = rate associated with the minimum connection size

Assuming that 10 out of 64 bytes are dedicated to
15 cell overhead (i.e., v = 54), and assuming no "overhead"
slots (i.e., extra slots), the link rate for this example
is equal to 2.94912 Giga-bits per second (Gbps).
Given that each system cell contains 512 bits in an
example embodiment (64 x 8), the cell rate for this
20 example link is equal to 5.76 x 10° system cells per
second (2.94912 x 10°/512), and the number of system cells
per SONET frame may be calculated from the following

equation (identified as Equation 2).

25 Equation 2:
Number of System Cells per SONET Frame
= Frame Period/Cell Period = 125%10°%/(1/5.76%10°) =720

From Equation 2 it may be observed that, for this

30 non-limiting example, there are 720 system cell slots per
SONET frame. Because there are 48 channels (STS-1 level
connections) per SONET frame, there may Dbe 15 system

cells per STS-1 connection per SONET frame period. Given

that each STS-1 within a given SONET frame occupies 810
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bytes, and provided each of the system cells 1is capable
of carrying 54 SONET bytes, it may be observed that 15

system cells are able to transport all 810 Dbytes
810) .

i

associated with a STS-1 signal (i.e., 15 x 54

Where such a link 1is generated by a S8TS-48 level
(TDM type) ingress content processor (such as 1ngress
content processor lé6a for example), then ¢ = 48, and the
ingress content processor 1link 17a may contaln a
continuous cell stream pattern that repeats every forty-
eight system cell slot time periods. This example
embodiment is reflected 1in FIGURE 9. In general, the
rate of the content processor link may be set such that
all TDM connections may be transported with an 1integer
number of system cells per SONET frame period.

It is important to note that although the system
cells have been described with reference to specific
sizes in FIGUREs 8 and 9, the system cells may be of any
suitable length and formatted in any appropriate manner.
In addition, all system cells contain the same number of
bytes (i.e., TDM, ATM, and IP packet carrying system
cells all contain the same number of bytes of data). 1In
an ATM context, though not necessary, the system cell
size should generally be large enough to hold one
complete ATM cell, plus adequate system cell overhead.
An additional number - of system cells (per 125
microseconds) may also be added to the content processor
link (w > 48 in Equation 1 for the example link) 1n order
to accommodate the bandwidth expansion that 1is associated
with the segmentation process of converting variable
length packets to fixed system cells.

FIGUREs 10A-D are a simplified block diagrams of an

example switch fabric 12. Switch fabric 12 may include a

bandwidth scheduler 140, and an M x M switch 141, an

output switch group 1 element 142 that includes a cell
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router 160, a stage 2 queue group 1 element 162, and a
stage 2 queue group K element 164. Additionally, switch
fabric 12 may include an output switch group 2 element
144, an output switch group M element 146, and
multiplexers 148a-n. M X M switch 141 includes cell
router 150, a stage 1 queue group 1 element 152, a stage
1 gueue group 2 element 154, and a stage 1 queue group M
element 156. These additional elements may cooperate 1n
order to facilitate the transmission, reception,
processing, or communication of data or information in a
network environment. Where appropriate, theses elements
may be modified or positioned in other suitable locations
in order to facilitate the processing of various types of
communications protocols.

In order to accommodate its physical construction, N
by N switch fabric 12 may include one or more stages of
queuing (as shown for example in FIGUREs 10A-D). System
cells of all types may be forwarded through a common
queuing structure (queue group) wilithin at least one stage
of queuing. Two stages of queuing may be provided for
switch fabric 12, whereby during stage 1 system cells of
all types (TDM, ATM, and IP packet) may be forwarded
through common queuing structures. During stage 2, each
queuing structure may be dedicated to a specific system
cell type. As an example, all cells that are destined
for the egress content processors 20a-n that are attached
to output switch group 1 element 142 will flow through
stage 1 queue group 1 element 152.

Ingress and egress content processor links 1l7a-n and
19a-n may be arranged in groups of K such that there are
a total of M groups. Assuming that each i1ngress content
processor link 17a-n operates with a link rate equal to
R, each of the K links within a glven 1ngress group may

be multiplexed to a link rate equal to K x R. This may
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be done wusing a simple cell division multiplexing
technique. For example, 1if K = 3 then the multiple.xed
link is formed by placing a system cell from each of the
three input links onto the higher rate link once every
content processor link cell period. This may assume that
the cell boundaries are aligned with one another on each
of the K 1links associated with a group prior to being
multiplexed. The multiplexed links may be referred to as
high-rate links (ingress and egress) and the cell period
associated with these links may be referred to as high-
rate link cell periods. It should be noted that the
content processors that are associated with a given group
of content processor links do not have to be of the same
type. Any combination or mixture of content processors
may be permitted within a given multiplexed group. It
should also noted that cell headers do not necessarilly
have to be examined during the multiplexing process.
Cell header evaluations may occur at any suitable time
interval in any appropriate location within communication
system 10. In other scenarios, cell header information
and look up operations may be avoided entirely.

Following the multiplexing process, the M high-rate
links may be forwarded to M x M switch 141 where cell
router 150 may be used to forward system cells to
appropriate stage 1 queue groups 152, 154, 156. The
system cell streams of all M high-rate links may be first
aligned with one another at the input of M x M switch
141. This may be followed by an operation during each
high-rate link system cell slot period where the headers
of M system cells are examined in order to determine tO
which stage 1 queue group the system cells should be

forwarded.

Cell router 150 within switch fabric 12 may be

constructed such that it is able to effectively deliver
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all M arriving system cells to their appropriate stage 1
queue group for each high-rate cell slot period. This
may be true regardless of the number of arriving system
cells that are destined for a common stage 1 queue group.
5 For example, if M system cells simultaneously arrive at M
x M switch 141 and all these system cells are destined
for stage 1 queue group 2 element 154, then (assuming
that there is space avalilable 1n queue group 2 element
154) all M system cells will be written to stage 1 queue
10 group 2 element 154. Similarly, i1if M gystem cells
simultaneously arrive at switch fabric 141 and each of
the M system cells are to be broadcasted to all M stage 1
queue groups (i.e., M number of 1-to-M point-to-
multipoint system cells), then cell router 150 1s able to
15 forward all copies of all system cells to all stage 1
queue groups. This results in storing M? system cells in
the stage 1 queue groups during a single high-rate link
cell period.
Associated with each stage 1 queue groups 152, 154,
20 156 are two or more priority queues as 1llustrated 1in
FIGUREs 10A-D. When a system cell arrives at the 1input
of stage 1 queue group 1 element 152 for example, the
cell header may be examined in order to determine which
priority queue within the queue group the system cell
25 should be written 1into. In addition, 1dle type system
cells may be discarded upon reaching switch fabric 141.
In an example communication, the TDM carryilng system
cells may be written into a highest priority queue, while
the ATM and IP packet carrying system cells may be
30 written into lower priority dqueues. Where appropriate,
the ATM and IP packet carrying system cells may be

written into the same priority queue within a given stage

1 gqueue group.
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System cells may be read out of each stage 1 queue
group at the egress high-rate 1link rate. (Where the
egress high-rate 1link rate may be greater than the
ingress high-rate 1link rate.) Within a given stage 1

5 queue group, a system cell from a given priority queue
may be read if the next higher priority queue 1s empty
(this may be referred to as strict priority de-queuing).
For example, 1in a system that contains two priority
queues per stage 1 queue group, the lower priority queue
10 (which may contain ATM and IP packet carrying system
cells) may only be read if the higher priority queue
(which may contain TDM carrying system cells) 1s empty.
This may translate to a delay and delay varilation
associated with any given TDM carrying system cell that
15 is not affected by the presence of any ATM or IP packet
carrying system cells within switch fabric 12. Thus, TDM
carrying system cells are affected only by the presence
of other TDM carryiling system cells. Because the number
of TDM connections are bounded and the cell rates
20 associated with all TDM connections are fixed, the
maximum queue size (i.e., queue depth) associated with
the highest priority queue within the stage 1 queue group

is bounded and sufficiently accommodated.

After exiting a given stage 1 queue group 152, 154,

25 156, system cells may be forwarded to the corresponding
output switch group element 142, 144, and 146. After
arriving at a given output switch group 142, the system
cell headers of each system cell may be examined 1n order
to determine the stage 2 queue group 162 or 164 to which

30 each system cell should be forwarded. Cell router 160
within a given output switch group 142 may be able to
simultaneocously forward a given system cell to all K stage
2 queue groups and multicast data or information where

appropriate. Thus, during each egress high-rate 1link
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cell period, K system cells may be written into the total
volume associated with all stage 2 queue groups 162 and
164.

Associated with each stage 2 queue group 162 and 164
may be two or more priority gqueues. When a system cell
arrives at the input of a given stage 2 queue group, the
cell header may be examined again 1in order to determine
which priority queue within the queue group the cell
should be written into. For the case where a TDM egress
content processor 20a is attached to a stage 2 dqueue
group, a single priority queue may be used for the TDM
carrying system cells and, therefore, all TDM carryilng
system cells may be written to the same priority queue.
It should be noted, however, that 1f extra system cell
slots are provided on the internal system links (e.g., w
in Equation 1 is greater than 48 for the case of an STS-
48 TDM content processor 1l6a, system control cells from
ingress TDM content processors 1l1l6a may utilize lower
priority queues within the stage 2 queue group. A system
control cell 1is a cell whose data content does not
originate from the inputs o©of the ©physical layer
ProCcessors. In such a case, 1f the cells are de-gqueued
using strict priority de-queuing, the presence of system
control cells will not effect the cell delay and cell
delay variation of the TDM carrying system cells. As was
the case of the stage 1 queues, for the TDM case the
stage 2 maximum gqueue size may be bounded and accordingly
calculated and adequately accommodated.

For the case where either an ATM or IP packet
content processor 1s attached to a stage 2 dgqueue group,
multiple priority queues may be utilized. For example,
system cells of connections that may require a lower
transfer delay may be assigned to a high priority queue

while the system cells of those connections that have
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less strict transfer delay requirements may be assigned
to a lower priority queue. A strict priority de-queulng
mechanism may be used to serve the queues associated with
the stage 2 queue groups but other suitable mechanisms
are also possible in accordance with particular needs.

FIGURE 11 is a block diagram of an example stream
format 170. FIGURE 11 provides an example format that
may be used in order to more clearly understand the
queuing dynamics associated with TDM carrying system
cells that are prominent when TDM carrying system cells
are mixed with ATM and IP packet carrying system cells
within a common queue Jgroup. Stream format 170 may be
structured as a link that includes a non-interrupted
stream of system cell slots 172a-c that each represent a
cell of STS-1 connections 1-3. Furthermore, the link may
be formatted such that an integer number of system cell
slots 172a-c¢ are included within a period that spans a
given SONET frame interval (such as 125 microseconds for
example) . Due to the construction of switch fabric 12
and the TDM content processors, there 1s no need to
perform system wide scheduling of TDM connections.

FIGUREs 12A-B show an example of a specific
implementation of communication system 10. For the
specific implementation shown, communication system 10
has 8 ingress content processors 1l1l6a-h, 8 egress content
processors 20a-h, an 8 x 8 switch fabric 12, two
multiplexers 148 a-b, two ingress and egress high-rate
links, a 2 x 2 switch 141, a 2 x 2 cell router 150, two
stage 1 queue groups 152 and 154, output switch group 1
element 142, and output switch group 2 element 144. Each
output switch group element includes a 1 X 4 cell router
160 and four stage 2 queue groups lé62a-d.

With reference to FIGUREs 12A-B, stream format 170
may be associated with eight STS-3 1level TDM content
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processors and an 8 by 8 switch fabric (N=8) that
includes two stages of queulng. Four content processor
links may be grouped in order to form a high-rate link
operating at four times the rate of an individual content
processor link (i.e., K = 4). Since there are no ATM or
IP packet content processors, the highest priority dqueue
may be used 1n each queue group. Assuming a system cell
size of 64 bytes (with 10 overhead bytes) a content
processor link rate of 184.32 Mega-bits'per second (Mbps)
may be calculated from Equation 1 (i.e., R = 184.32
Mbps) . This 1is equivalent to a cell rate of 360,000
cells per second. From Equation 2 it 1s noted that there
are 45 system cells per 125 microseconds or 15 system
cells of a given S8TS-1 per 125 microseconds. Because
each high-rate 1link rate 1is equal to four times the
content processor link rate, the high-rate 1link rate 1s
equal to 737.28 Mbps and the corresponding cell rate 1is
equal to 1.44 x 10° cells/sec.

FIGURE 13 1s a chart illustrating an example

calculation that zreflects a queue size utilized 1n

communicating data. In order to determine the maximum
gqueue depths 1in switch fabric 12, a worst case
communication scenario may be constructed. In general,

the maximum queue depth of the highest priority dgueue
within a stage 1 queue group (the TDM priority queue) for
example occurs when all the system cells that flow
through the queue arrive at switch fabric 12 1n the
maximum possible burst. The number of individual TDM
connections that flow through a given stage 1 priority
queue represents an absolute upper bound of the queue
depth. This queue depth can only be achieved 1f a cell

from each connection can simultaneously be delivered to

the queue.
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In FIGUREs 12A-B, the bandwidth of the high-rate
link exiting a given stage 1 queue group may support
twelve individual STS-1 connections (4 x 3), and
therefore the upper bound on the maximum gqueue depth for
the high priority queue is twelve cells. It may be noted
that only two cells may be delivered to a given stage 1
queue group during each high-rate link cell slot period
(one from each ingress high-rate 1link). Thus, the
shortest amount of time it takes to deliver twelve cells
to a given stage 1 gueue 1in FIGUREs 12A-B 1s six high-
rate link system cell slot periods. However, beginning
with the high-rate link cell slot period when the first
two system cells of the "burst" are written 1into the
queue, one system cell may be drained from the queue
during every high-rate link cell slot period to produce a
maximum stage 1 high priority queue depth of seven (as
shown in FIGURE 13). It should be noted that in this
worst case burst example there are six consecutive high-
rate link cell slot periods where no system cells (zero)
are delivered to the TDM priority queue. This allows the
gqueue to empty before the next burst of twelve cells
arrive.

The maximum depth of the stage 2 high priority queue
may be calculated in a manner similar to the way the
stage 1 high priority queue depth 1s <calculated.
Referring to FIGUREs 12A-B, the maximum number of STS-1
level TDM connections that may pass through a given stage
2 high priority qgueue is equal to three. Therefore, the
maximum queue depth 1is achieved when all three cells
arrive consecutively on the egress high-rate 1link. For
this case, three cells are written to the queue 1n three
high-rate link cell slot periods. This time 1s less than
one egress content processor 1link cell slot period.

Because the queue 1is drained at a quarter of the queue
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fill rate, it may be possible for the stage 2 hilgh

priority gueue depth to reach three cells, in the example
system of FIGUREs 12A-B.

Once the maximum TDM priority queue depths are
calculated, the maximum delay of a TDM carrying system
cell through switch fabric 12 may be calculated. The
worst case switch fabric 12 delay occurs when a given
system cell experiences the worst case delay through both
the stage 1 and stage 2 queue groups. This occurs when a
given system cell is the last cell in the maximum Dburst
to the stage 1 queue and is then the last system cell 1n
the maximum burst to the stage 2 queue. In the example
provided in FIGURE 13, the last system cell of the TDM
burst i1is written 1into the TDM stagé 1 priority gueue
during the high-rate link period number six. This system
cell is read out of the stage 1 queue six high-rate link
cell ©periods after being written and, therefore,
experience a delay equal to six high-rate 1link cell
periods or approximately 4.17 microseconds (6 X 694.4
ns) .

If it is assumed that the second and third to last
system cells (of the twelve system cell burst) are
destined for the same stage 2 gqueue as the last system
cell of the burst, then a three system cell burst may be
delivered to the stage 2 queue. Because the last system
cell may have to wait in the stage 2 queue until the
second and third to last system cells are drained, the
last system cell may experilence a two content processor
link cell period delay through the stage 2 queue or
approximately 5.56 microseconds (2 x 2.78 microseconds).
Thus, the total worst case delay experlenced by a TDM
carrying system cell 1s equal to the sum of the worst

case delays through the stage 1 and stage 2 dJueues Or
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9.73 microseconds in the example embodiment described by
FIGUREs 12A-B.

FIGURE 14 is a chart illustrating an example format
for multiple processor links. FIGURE 14 may also be used
to explain management and supervision of system cell
traffic. FIGURE 14 is based upon the example
implementation shown in FIGUREs 12A-B. In FIGUREs 12A-B,
four ingress content processor links are multiplexed 1into
one ingress high rate 1link. In FIGURE 14, the
corresponding four ingress content processor links are
labeled INGRESS CONTENT PROCESSOR LINKs 1 through 4, and
the corresponding ingress high-rate 1link 1s labeled
INGRESS HIGH-RATE LINK 1. INGRESS HIGH-RATE LINK 1 and
INGRESS HIGH-RATE LINK 2 (which contains all idle cells)
are forwarded to the 2x2 cell router in FIGURE 12A, and
the non-idle cells are all directed to the highest
priority queue of stage 1 queue group 1, where they are
stored. The stored cells are then read out of the stage
1 gueue group, and forwarded to output switch group 1 via
the egress high-rate 1link leaving the stage 1 dqueue
group. This egress high-rate 1link 1s labeled EGRESS
HIGH-RATE LINK 1 in FIGURE 14. The non-idle cells that
are transported on EGRESS HIGH-RATE LINK 1 are all stored
in the highest priority queue of stage 2 queue group 1 of
FIGURE 12B. These cells are then read out of the stage 2
queue and forwarded to egress content processor 1 via the
signal that is labeled EGRESS CONTENT PROCESSOR LINK 1 1in
FIGURE 14. The operations shown in FIGURE 14 are dis-
cussed further in the following paragraphs.

One of the purposes of the egress connection queues

within the egress content processor is to allow the bytes

of a given TDM connection to be forwarded out of the
system 1in a smooth and <continuous  manner (1.e.,

periodic) . The TDM bytes of a given connection are




10

15

20

25

30

CA 02456332 2004-02-03

WO 03/020810 PCT/US02/27741

32

forwarded out of the system in a periodic fashion despite
the fact that the bytes of a given connection arrive at
the egress content processor in bursts of fifty-four
bytes for example. In order to perform this smoothing
process, each TDM egress connection queue is pre-charged.
Thus, some amount of TDM cell bytes may first Dbe
initially accumulated within the egress connection queue
before any bytes are drained from the egress connection
queue.

In the absence of system 1level TDM connection
additions or deletions (and in the absence of system cell
loss), the system cells of a given TDM connection arrive
at the egress content processor 1in a periodlCc manner.
However, when new connections are added, or when existing
connections are deleted, the periodic arrival of system
cells at the egress content processor may be disrupted.
For instance, when a new connection 1s added to the
system, the cells of this new connection may arrive at
the switch fabric in such a manner as to cause the cells
of some existing connections to be delayed within the
queues of the fabric. If the egress connection queues of
TDM connections are not properly pre-charged, then the
delay of system cells due to the establishment of new
connections could cause the egress TDM connection gueues
of those effected connections to underflow. When a TDM
egress connection queue underflows, the bytes of 1its
associated TDM connection will no longer be forwarded out
of the system in a smooth and continuous manner.

In order to further illustrate this point, with
respect to FIGUREs 12A-B, assume two STS-1 level
connections between one ingress content processor and one
egress content processor are established and it 1s
desired to add a third connection. Assume further that

the third connection 1is between a different 1ingress
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content processor and the same egress content processor
that terminates the two existing connections. The effect
of adding the third connection on the two existing
connections i1is illustrated 1n FIGURE 14. In this
example, connections "A" and "B" represent existing
connections, and connection "C" represents a later-added
connection. The addition of connection "C" has the
effect of delaying the system cell streams associlated
with connections "A" and "B." Once the phase shift of
the system "A" and "B" cell streams occurs, the cell
spacing of these connections return to their normal cell
spacing on the egress content processor link.

In a worst case scenario, a connection may be added
to the system such that its corresponding system cells
initially experience the minimal delay through switch
fabric 12. Connections may then be added in such a way
that the system «cells of +the initial connection
experience the maximum delay through the system. In
order to be able to read TDM bytes in a periodic manner,
the TDM egress connection gqueue may absorb the maximum
delay (equal to the difference between minimum and
maximum delays through switch fabric 12). Therefore, 1t
may be observed that a given TDM egress connection queue
may be pre-charged such that once the first byte of the
first system cell 1s written 'to the egress connection
gqueue, an additional time 1interval may be sustained
before beginning to read bytes out of the connection
queue. This additional time may be equal to the
difference between the maximum and minimum fabric cell
delay times.

In another example worst case scenario, a connection
may be added to the system such that its corresponding
system cells initially experience a maximum delay through

switch fabric 12. Connections may then be deleted 1in
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such a way that the system cells of the initial
connection experience a minimal delay through the system.
Thus, it may be observed that a given TDM egress
connection queue may be large enough such that, once 1it
is pre-charged, it may accommodate an additional amount
of TDM bytes equal to the number of bytes that could be
received over the period of time equal to the difference
between the maximum and minimum fabric cell delay times.

For a given switch fabric 12 type/size, the TDM
egress connection queues may be pre-charged such that the
egress connection gqueues neither overflow nor underflow
while minimizing the maximum delay that system cells
experience when flowing through one or more egress
connection queues. For example, an arbitrarily large
egress connection queue that is pre-charged to half 1its
total depth may cause TDM system cells to experience a
high system delay. A TDM egress connection queue that 1is
large, but can be programmed to be pre-charged by any
arbitrary amount, may be utilized with switch fabrics of
differing maximum fabric delays. This may allow switch
fabric 12 to be upgraded within a system without having
to replace TDM content processors while also allowing the
delay through the egress connection gqueues to Dbe
optimized for both the existing and new switch fabrics.

It is important to note that there are four aspects
of communication system 10 that allow point to point TDM
connections to be established without the use of a
bandwidth scheduler. The first aspect relates to the
self-routing feature of communication system 10. In
order to have a TDM system cell routed to the correct
destination, it 1s only necessary to correctly program
the system cell header at a given TDM 1ingress content
processor. Each portion of switch fabric 12 may utilize

this header information to automatically route a given
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cell to its proper egress connection queue(s). The
second aspect relates to the use of priority de-queuing
within the stage 1 queue groups. Utilizing priority
within the stage 1 gqueue group may prevent ATM and IP
packet carrying system cells from affecting the cell
delay and cell delay variation of TDM connections. The
third aspect relates to the proper sizing of the TDM
priority queues within switch fabric 12. By sizing the
TDM priority queues 1large enough to accommodate worst
case connection scenarios (i.e., sufficient enough to
accommodate worst case TDM bursts), system cells of a
given connection may be delivered to switch fabric 12
without any knowledge of the timing relationships of when
the system cells of other connections may be delivered to
switch fabric 12. The fourth aspect relates to the use,
proper sizing, and proper pre-charge operation of the TDM
egress connection queues on the egress TDM content
processors. These egress connection queues may allow new
connections to be added and/or existing connections to be
deleted without affecting any remalining existing
connections. Thus, 1in order to establish a point to
point TDM connection, it is only required to ascertain
whether or not both the ingress and egress facilities
contain enough available Dbandwidth to support the
connection. Global resources do not need to be secured
or manipulated.

FIGURE 15 is a block diagram of bandwidth scheduler
140 included within switch fabric 12 of communication
system 10 in accordance with one embodiment of the
present 1nvention. Bandwidth scheduler 140 may be an
ATM/packet global dynamic bandwidth scheduler that 1s
used to allow (or conversely, not allow) system cells
into switch fabric 12. All types of 1ngress content

processors (e.g., TDM, ATM, and IP packet) may 1include
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ingress connection queues that are used to hold system
cells prior to being forwarded to switch fabric 12.
However, in the case of the TDM 1i1ingress content
processor, there is no global gate keeper that prevents
the TDM carrying system cells from entering switch fabric
12. Nor may there be any tables that need to be
programmed within switch fabric 12 1in order to support
point to point TDM connections.

Each TDM ingress content processor l6a may forward a

given TDM carrying system cell whenever such a system

cell becomes available. This 1s not the case for the ATM
and IP packet ingress content processors (i.e., non-TDM
ingress content processors). For the non-TDM content

processors, a gate Kkeeper element may be provided that
selectively allows ATM and/or IP packet carrying system
cells into switch fabric 12. There may be geveral
reasons for this. First, although ATM/IP packet carrying
cells are gqueued separately from TDM carrylng system
cells, it 1is assumed that the amount of cell storage
space within switch fabric 12 for ATM/IP packet carrying
system cells is limited. Second, there are potentially a
much larger number of ATM/IP packet type connections
possible when compared to a system consisting entirely of
TDM type connections (because the size of the individual
connections can be much smaller than an STS-1).
Therefore, no upper bound on the size of the switch
fabric queues can be easily determined. Third, the ATM
cells/IP packets associated with many types of ATM/IP
packet connections may arrive 1in bursts (unlike the
general periodic nature of TDM traffic).

The role of bandwidth scheduler 140 may be ¢to
dynamically allocate both ingress and egress content
processor link bandwidth to the connections associated

with the ATM and IP packet content processors. This may
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be effectuated, for example, by globally examining the
bandwidth needs of all ingress ATM/IP packet content
processors in the system on a continuous basis. The
highest level of fairness (and the highest level of link
utilization) may be obtained by having the ability to
assign input queued system cells to egress content
processor 1link system cell slots on a system cell by
system cell basis. Such a system, on every given system
cell slot period, may simultaneously examine the qgueued
system cells at each ingress content processor and then
make one system cell assignment to each of the N egress
content processor links.

In operation of the specific implementation shown 1in
FIGURES 12A-B, bandwidth scheduler 140 allocates
bandwidth to designated elements 1n the following manner.
A notification may be sent to bandwidth scheduler 140
whenever a system cell worth of data 1s queued at a given
non-TDM 1ingress content processor. Therefore, bandwidth
scheduler 140 may have knowledge of all system cells that
are gqueued at all non-TDM 1ngress content system
Processors. With this knowledge, during each content
processor cell slot period, bandwidth scheduler 140 may
grant a system cell slot worth of bandwidth on an egress
content processor link (where appropriate). This may be
accomplished by sending a grant to up to N non-TDM
ingress content processors. A given grant may 1indicate
to which egress content processor that a given 1ingress
content processor communicates. Since communication
system 10 may include a combination of TDM and non-TDM
content processors, bandwidth scheduler 140 may be told
which ingress and egress content processor 1links carry
non-TDM system cells. Bandwidth scheduler 140 may accept

cell arrival information from non-TDM 1ingress content
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processors and send grants to non-TDM 1ingress content
processors where appropriate.

If bandwidth scheduler 140 allows one system cell to
be sent to any given non-TDM egress content processor
every content processor link system cell slot period,
then the queue depth of the non-TDM priority queue within
the stage 1 queue group 1is bounded. For example, assume
that there are three ATM content processors and one TDM
content processor attached to output switch group 1 1in
the system of FIGUREs 12A-B. For this case, during any
given content processor link system cell slot period, a
maximum of three ATM carrying system cells (which are
destined for the three non-TDM egress content processors)
may be allowed to be sent to switch fabric 12. The worst
case ATM carrying system cell buffering scenario occurs
when three TDM carrying system cells arrive at switch
fabric 12 in a burst during the time when a burst of
three ATM carrying system cells (destined for the same
output switch group) also arrive at switch fabric 12.
For such a case, because the three TDM carrying system
cells are de-queued first, some fixed amount of ATM
carrying system cells may get congested in the non-TDM
priority queue within the stage 1 queue group. Since the
number of arriving ATM carrying system cells 1is
controlled by bandwidth scheduler 140, the maximum gqueue
depth of the non-TDM stage priority queue 1s bounded, and
can be calculated. Bandwidth scheduler 140 may be used
to address this issue by precisely bounding the maximum
cell depth of the non-TDM priority queues within the
stage 1 queue groups.

Instead of only allowing one system cell to be sent

to a non-TDM egress content processor every content

processor link system cell slot period, two Or more

system cells may be sent to allow any resulting system




10

15

20

25

30

CA 02456332 2004-02-03

WO 03/020810 PCT/US02/27741

39

cell bursts to be buffered within the stage 1 and stage 2
queues. More than one system cell may be forwarded to a
given egress content processor during a given system cell
period if during future system cell slot periods no
system cells are forwarded to the egress content
processor. By monitoring the number of system cells that
are sent to each egress content processor every system
cell slot period, bandwidth scheduler 140 may precisely
control the internal queue depths within switch fabric
12. Alternatively, the egress high-rate 1links may be
sped up 1in order to drain the stage 1 queues more
quickly. Bandwidth scheduler 140 may use the knowledge
of a speedup factor on the egress high-rate 1links 1in
order to obtain higher throughputs with respect to the
stage 1 queues.

Two elements may affect the delay of the ATM and IP
packet carrying system cells of a given connection
through the switch fabric 12. They are: 1) the presence
of TDM carrying system cells in switch fabric 12, and 2)
the presence of system cells from other non-TDM
connections in switch fabric 12. Because the number of
TDM connections that are transported through a given
stage 1 queue group is generally known, a calculation may
be made that produces the maximum delay through the stage
1 gueue group which ATM and IP packet carrying system
cells may experience due to TDM connections.

FIGURE 16 1is a flowchart illustrating a series of
example steps associated with a method for communicating
data using switch fabric 12 included within communication
system 10. The flowchart begins at step 100 where an
input signal 1is received at a selected physical layer
processor. The input signal may be 1in any suitable
format, such as ATM, TDM, or IP packet. At step 102, the

input signal may be processed by the selected physical
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layer processor such that physical layer protocols are
accounted for and data 1is properly formatted. The data
may then be communicated to a corresponding content
processor. The common format between a physical layer
processor and the content processor may be SONET/SDH
based or any other protocol in accordance with particular
needs.

At step 104, the content processor may receive the
data, perform an application specific function, and then
forward the data to a common switch fabric 12 shared by
one or more content processors. At step 106, switch
fabric 12 may receive the data and forward the
information to an egress content processor according to
particular routing needs. Switch fabric 12 may 1include
one or more queue stages and a cell router operable to
facilitate this process. At step 108, an egress content
processor may perform a cell header lookup operation 1in
determining how to direct the data to be communicated to
a corresponding physical layer processor. At step 110,
the physical layer processor may receive the data and
then forward it to an appropriate next destination. The
physical layer processor may perform one oOr more
processing operations based on physical layer protocols
or formatting requirements of one or more elements
downstream of the physical layer processor.

Some of the steps illustrated in FIGURE 16 may be
changed or deleted where appropriate and additional steps
may also be added to the flowchart. These changes may be
based on specific communication system architectures or
particular networking arrangements or configurations and
do not depart from the scope or the teachings of the
present invention.

In summary, an approach for communicating data 1s

provided that offers the ability to accommodate numerous
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communications protocols adequately with a single switch
fabric. This is a result of multiple content processors
that may suitably process incoming data such that the
switch fabric may direct the 1incoming data to a proper
next destination. The switch fabric architecture may
ensure that high operational speeds are maintained during
such processing. The switch fabric may further minimize
system overflows as information is properly managed oOr
directed to specific elements capable of processing the
particular comminations protocol. Bottlenecks that are
produced by system overflows are effectively avoided as
bandwidth allocations for a corresponding communications
architecture are maintained at optimal levels. The
communication system provided allows for 1increased
stability and enhanced communications of data propagating
through the switch fabric. The buffers or data cells 1in
a corresponding set of queues may be protected from
overflow. Additionally, one or more memory elements
within the switch fabric may be properly utilized such
that additional memory elements are not required. This
may be significant 1in cases where the memory elements or
storage units present a significant expense to a system
designer or occupy valuable space within an integrated
circult. The switch fabric accounts for the wvarious
types of data propagating within the system. The switch
fabric combines the functiocnality of multiple network
elements, such as an asynchronous transfer mode (ATM)
switch, an internet protocol (IP) router, and a digital
cross-connect system, 1nto a single network unit. This
may allow a network to transition from a time division
multiplex (TDM) circuit switched-based format to a cell
and/or packet-based format while utilizing a single
network element. This offers flexibility to a

corresponding network as any communications protocol may
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be adequately processed without significantly inhibiting
networking speeds.

Although the present invention has been described 1in
detail with reference to particular embodiments, it
should be understood that ~wvarious other changes,
substitutions, and alterations may be made hereto without
departing from the spirit and scope of the present
invention. For example, although the present invention
has been described with reference to a number of
potentially suitable components that facilitate the
processing of information in various types of formats,
any suitable objects, elements, hardware, or software may
be used in the applications or operations described
above. The arrangements described above in conjunction
with communication system 10 provide only an example
configuration used for purposes of teaching, whereby
numerous substitutions and modification may be made where
appropriate and according to particular needs.

In addition, although communication system 10 has
been described as operating in a particular environment,
the present invention may be wused 1in any suitable
environment or application that seeks to Treceive,
transmit, or communicate data or information. For
example, communication system 10 may be used in
conjunction with frame relay, X.25, or any other type of
packet or circuit-switched applications. Moreover,
switch fabric 12 may accommodate additional
communications protocols such that a common 1interface 1s
provided to a corresponding network.

Additionally, although FIGUREs 1-15 have been
described with reference to specific electronic elements
in various configurations and formats, any suitable
architecture may be provided in conjunction with an

optical or electrical communication system 10 without




10

15

20

CA 02456332 2004-02-03

WO 03/020810 PCT/US02/27741

43

departing from the scope of the present invention. Other
appropriate networking components or suitable hardware
and software may be provided within or external to
communication system 10 in any appropriate arrangement.
These alternative designs may be provided, designated, or
otherwise selected in order to offer specific
communications parameters that may in turn 1influence one
or more properties associated  with communication
operations. For example, one or more elements within
communication system 10 may change based on specific
bandwidth requirements or constraints.

Numerous other changes, substitutions, wvariations,
alterations, and modifications may be ascertained by
those skilled in the art and it is intended that the
present invention encompass all such changes,
substitutions, variations, alterations, and modifications
as falling within the spirit and scope of the appended
claims. Moreover, the present invention 1is not 1intended
to be limited 1in any way by any statement 1n the

specification that is not otherwise reflected 1in the

appended claims.
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Claims:

1. A system for forwarding information in a communications

system, comprising:

f-

a plurality of 1ngress content processors, each of

Ll

Che plurality of 1ngress content processors being

pr——

assoclated with one of a plurality of traffic types,

each 1ngress content processor operable to generate

system cells carrying a pavload associated with a

—

respective one of the plurality of traffic types in

response to receiving i1nformation 1in the respective one

- —_—

of the plurality of trat

fic types; and

a switch fabric operable to receive a plurality of

system cells from the plurality of ingress content

processors, whereln system cells carrying payloads

— e~ o~ 1
e ——

assoclated with a first one of the plurality of traffic

types have a higher priority than system cells carrying

g

payloads associlated with other ones of the plurality of

traffic types, the switch fabric operable to separately

queue system cells carrying payloads associated with

the flrst one of the plurality of traffic types from

system cells carrying payloads associated with other

P

ones of the plurality of traffic types, the switch

fabric operable to service system cells carrying

pr—

payloads assoclated with the first one of the plurality

of tratffic types prior to servicing system cells

carrying payloads assoclated with other ones of the

plurality of traffic types, the switch fabric including

a first queuilng stage with a common gqueuing structure

for processing all system cells carrying payloads

r

assoclated with any of the plurality of traffic types

and a second queulng stage for processing system cells
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carrylng payloads associated with a particular one of

the plurality of traffic types, wherein the plurality

of 1ngress content processors associated with the first

P

one of the plurality of traffic types automatically

Cransports system cells carryling pavloads associated

—

with the first one of the plurality of traffic types to

the switch fabric.

P‘

The system of Claim 1, wherein ingress content

processors associated with the first one of the

P

plurality of traffic types forwards a system cell

carrylng payload information associated with the first

ﬁ

one of the plurality of traffic types immediately upon

generation.

P‘

The system of Claim 2, wherein the plurality of ingress

pr—

content processors assoclated with the other ones of

the plurality of traffic types provide system cells to

the switch fabric in response to scheduling

information.

The system of Claim 3, further comprising a bandwidth

scheduler operable to generate the scheduling

—

information to initiate transport of system cells

P'

carrying payloads associated with other ones of the

plurality of traffic types.

The system of Claim 4, wherein the bandwidth scheduler

)

1s operable to continuously examine bandwidth needs of

1ngress content processors associated with the other

ones of the plurality of traffic types in order to

dynamically allocate bandwidth for system cell
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transport 1n accordance with the scheduling

information.

The system of Claim 2, wherein each ingress content

processor 1s operable to insert idle system cells and

control system cells 1n order to provide a continuous

system cell

stream to the switch fabric.

The system of Claim 1, wherein the first one of the

F‘-
P

plurality of traffic types is in a time division

multiplex format.

r“-

The system of Claim 1, wherein the other ones of the

gr—

plurality of traffic types is in an asynchronous

transfer mode format.

pre=- —

The system of Claim 1, wherein the other ones of the

plurality of traffic types is in an Internet Protocol

format.

T'he system of Claim 1, wherein all system cells have an

1dentified number of bytes.

The system of Claim 1, further comprising a plurality

of egress content processors, each of the plurality of

P‘

egress content processors assoclated with one of the

f——

plurality of tra:

yr—
prr—

fic types, each of the plurality of

egress content processors operable to convert system

cells receilved from the switch fabric into a transport

format associated with 1ts associated one of the

—

plurality of traffic types.

The system of Claim 11, wherein an egress content

processor assoclated wilith the first one of the
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p—

plurality of traffic types includes a connection queue,

the connection queue being pre-charged to accumulate a

r—

desired number of system cell bytes prior to generating

ﬁ

the transport format associated with the first one o:

Pwre

the plurality of traffic types in order to transport

T

bytes associated with the first one of the plurality o:

traffic types in a periodic manner.

The system of Claim 1, wherein the first queuing stage
includes a high priority queue and a low priority
queue, system cells carrying pavloads associated with

—

the first one of the plurality of traffic types being

placed into the high priority queue, system cells

.

carrylng payloads associated with the other ones of the

e

fr—
—

plurality of traffic types being placed into the low

priority queue.

The system of Claim 1, wherein connections associated

wlth the plurality of traffic types may be added or

deleted without affecting existing connections

g

assoclated with the first one of the plurality o:

i)

traffic types.

A method for forwarding information in a communications
system, comprising:
automatically recelving system cells carrying

g

payloads associated with a first one of a plurality o

"

traffic types;

receiving system cells carrying payloads

g

assoclated with other ones of the plurality of traffic

types upon being scheduled for transport;

queulng system cells carrying payloads associated

r‘-v

with a any of the plurality of traffic types in a first
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queulng stage with common queuing structures and

queulng system cells carrying payloads associated with

a particular one of the plurality of traffic types in a
second queulng stage with dedicated queuing structures;
and

servicing system cells carrying payloads

ﬁ

assoclated with the first one of the plurality of

traffic types before servicing any system cells

carrying payloads associated with the other ones of the

plurality of traffic types.

P

The method of Claim 15, wherein the first one of the

plurality of traffic types includes a time division

g

multiplexed format and the other ones of the plurality

p—

of traffic types include asynchronous transfer mode and

Internet protocol formats.

g

I'he method of Claim 15, wherein the system cells are

queued by placling system cells carrying payloads

rv-

assoclated with the first one of the plurality of

traffic types into a high priority queue and placing

system cells carrying pavyloads associated with the

f——
—

other ones of the plurality of traffic types into a low

priority queue.

I'ne method of Claim 17, further comprising sizing the
high priority qgueue according to worst case connection

SCenarios.

The method of Claim 15, further comprising determining

from which links system cells carrying payloads

assocliated with the first one of the plurality of

traffic types are received.
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The method of Claim 19, further comprising generating

scheduling information for system cells carrying

payloads associated with the other ones of the

s

plurality of traffic types from corresponding links.

The method of Claim 15, further comprising addlng a new

g

connection of system cells, the new connection o

—

system cells not effecting the transport of existing

connections of system cells.

The method of Claim 15, further comprising converting

system cells into an appropriate format according to

their respective traffic type.

The method of Claim 15, further comprising converting

-

formation transported in any of the plurality of

-

1n
traffic types into system cells having a common format

o~
=

carrying payloads associated with the plurality of

traffic types.

A switch fabric for forwarding information 1n a

communications system, comprising:

a multiplexer operable to provide system cells

f—-

carrying payloads associated with any of a plurality of

)

traffic types on an ingress high-rate link;
a first cell router operable to route each system

cell according to a destination and traffic type

associated with each system cell;

a first stage gueue group operable to store system

cells from the first cell router 1in a plurality ot

first stage queues, the first stage gueue group

operable to place system cells carrylng payloads

i 1)
I

11

C1C

associated with a first one of the plurality of tra:
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types into a first stage high priority queue, the first

stage gqueue group operable to place system cells

carrying payloads associlated with other ones one of the

V)

plurality of traffic types 1into

priorlity queue;

a first stage low

5 second cell router operable to route system

cells placed into the first stage high and low priority

queues, the second cell router operable to service any

system cell in the first stage high priority queue

prior to any system cell in the

priority queue; and

e

first stage low

a plurality of second stage queue groups each

-

one of the plurality of second stage queue groups

operable to queue system cells for the first stage high

priority queue, a second one of

the plurality of second

stage queue groups operaple Lo queue system cells from

the first stage low priority gueue.

The switch fabric of Claim 24,

further comprising:

5 bandwidth scheduler operable to control recelpt

of system cells carrying payloads assoclated with the

other ones of the plurality of traffic types.

The switch fabric of Claim 24, whereiln the second one

4
b

the plurality of second stage queue Jroups includes

low priority queue, the second one of the plurality of

second stage queues operable tO

place system cells

requiring a lower transfer delay into the second stage

high priority gqueue and place system cells with less
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strict transfer delay requirements into the second

stage low priority queue.

The system of Claim 24, wherein the transfer of system

cells carrying payloads associated with the first one

of the plurality of traffic types is not affected Dy

the presence of system cells carrylng payloads

associated with other ones of the plurality of traffic

types.

The system of Claim 24, wherein a depth of the first
and second stage queues 1s determined according to a

worst case burst scenario based on a number of i1nputs

and connections for the switch fabric.
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FIG. 16

AN INPUT SIGNAL IS RECEIVED AT A SELECTED
100 PHYSICAL LAYER PROCESSOR. INPUT SIGNAL MAY BE IN
ANY SUITABLE FORMAT. SUCH AS ATM. TDM, OR PACKET

INPUT SIGNAL MAY BE PROCESSED BY SELECTED PHYSICAL
- LAYER PROCESSOR SUCH THAT PHYSICAL LAYER
‘ PROTOCOLS ARE ACCOUNTED FOR AND DATA IS PROPERLY
FORMATTED. DATA MAY THEN BE COMMUNICATED TO A
CORRESPONDING CONTENT PROCESSOR

CONTENT PROCESSOR MAY RECEIVE DATA AND PERFORM

AN APPLICATION SPECIFIC FUNCTION AND THEN
104 FORWARD DATA TO A COMMON SWITCH FABRIC SHARED
BY ONE OR MORE CONTENT PROCESSORS ACCORDING

TO THE BANDWIDTH SCHEDULER IF REQUIRED

SWITCH FABRIC MAY RECEIVE DATA AND FORWARD
106 INFORMATION TO AN EGRESS CONTENT PROCESSOR
ACCORDING TO PARTICULAR ROUTING NEEDS

,, EGRESS CONTENT PROCESSOR MAY PERFORM A
CELL HEADER LOOKUP OPERATION IN DETERMINING
108 HOW TO DIRECT DATA TO BE COMMUNICATED TO A
CORRESPONDING PHYSICAL LAYER PROCESSOR

PHYSICAL LAYER PROCESSOR MAY RECEIVE DATA AND THEN
FORWARD DATA TO AN APPROPRIATE NEXT DESTINATION.
PHYSICAL LAYER PROCESSOR MAY PERFORM ONE OR MORE
PROCESSING OPERATIONS BASED ON PHYSICAL LAYER
PROTOCOLS OR FORMATTING REQUIREMENTS

110

END
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