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(57) A telecommunications network (12) includes a digital cross-connect system (10) that receives frame relay
information carried 1n individual DS-0 signals over T-1 links (14) and/or multiple DS-0 signals over F'T-1 links (16).
The digital cross-connect system (10) mncludes a cross-connect matrix (44) that consolidates DS-0 signals into DS-1
signals. The digital cross-connect system (10) further includes a plurality of frame groomers (40) that extract frames

from each DS-0 signal for consolidation into a

frame groomed consolidated circuit. The frame groomed consolidated
circuit from each frame groomer (40) 1s transt

erred 1n DS-3 signals to a concentrator (80). The concentrator (30)

concentrates the recerved DS-3 signals into a single DS-3 signal fox transport to an edge switch (24).
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SYSTEM FOR CONSOLIDATING TELECOMMUNICATIONS
TRAFFIC ONTO A MINIMUM NUMBER OF OUTPUT PATHS
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A telecommunications network (12) includes a digital
Cross—connect system (10) that receives frame relay
information carried in individual DS-0 signals over T-1
S links (14) and/or multiple DS-0 signals over FT-1 links
(16) . The digitar Cross—connect systesn (10) includes a
cross—-connect matrix (44) that consolidates DS-0 signals
into DS-1 signals. The digital cross-connect system (10)
further includes a plurality of frame groomers (40) that
10 extract frames from each DS-0 signal for consolidation into
a frame groomed consolidated circuit. The frame groomed
consolidated circuit from each frame groomer (40) is
transferred in DS-3 signals to a concentrator (80). The
concentrator (80) concentrates the received DS-3 signals

15 into a single DS~3 signal for transport to an edge switch
(24) .
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SYSTEM FOR CONSOLIDATING TELECOMMUNICATIONS
TRAFFIC ONTO A MINIMUM NUMBER OF OUTPUT PATHS
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The present invention relates in general to

telecommunications networks and more particularly to a
system for consolidating telecommunications traffic onto a
S minimum number of output paths.

SAUCK(GROUND C v \ \ ®)\

Frame relay service providers, as well as asynchronous

transfer mode service providers, require a sufficient

10 number of ports in order to provide frame relay, and
asynchronous transfer mode, services. However, these ports

are extremely expensive to obtain compared to ports for a
convenﬁional CrosSs=connect systems. Further, time division
multiplexed 1links that provide access to frame relay

15 Services are extremely under-utilized due to the bursty
nature of the infermation being transferred. The frame

relay traffic is carried on fully ‘;llocated digital
circuits such as DS-0, nxDS-0, T1, El, T3, E3, et al. As

a4 result, the variable bit rate characteristic of the frame

20 relay traffic is not effectively exploited. Therefore, it

ls desirable to improve the éfficiency of frame relay
traffic transfer that would reduce the number of frame

relay or asynchronous transfer mode ports requlred by the
Service provider.
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From the foregoing, it may be appreciated that a need
has arisen for an effective technique for trxansferring
frame relay and asynchrxonous transfer mode traffic in order

5 to reduce the number of ports required in handling this
traffic. In accordance with the present invention, a
system for consolidating telecommunications traffic onto a
minimum number of output paths is provided that
substantially reduce or eliminate Jisadvantages and
10 problems associated with conventional frame relay and
asynchronous transfer mode traffic transfer and processing.

According to an embodiment of the present invention,
there is provided a telecommunications system that includes
a digital cross-connect matrix operable to transport

15 telecommunications traffic from any of a plurality of input
ports to any of a plurality of output ports. A plurality
of frame groomers are each operable to receive
telecommunications traffic from predetermined output ports
of the digital cross-connect matrix. Each frame groomer is

20 operable to consolidate received telecommunications traffice
onto a minimum number of output links. A concentrator is
operable to receive telecommunications traffic from each
cutput link of each frame groomer. The concentrator is
operable to place Tthe received telecom‘tinications traffic

23 onto a minimum number of output paths.

The present invention provides various technical
advantages over conventional frame relay and asynchronous

transfer mode traffic transfer and processing techniqgues.
F'or example, one technical advantage is to consoclidate

30 frame relay or asynchronous transfer mode traffic onto
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frames from a plurality of input links for placement onto
a consolidated output link. Other technical advantages are
readily apparent to one skilled in the art from the

following figures, description, and claims.

S
p < | N O AW 1N
For a more complete understanding of the present
invention and the &dvantages thereof, rgsgrence is now made
to the following description taken in conjunction with the
10 accompanylng drawings, wherein like reference numerals

represent like parts, in which:
FIGURE 1 illustrates a block diagram of a digital
Cross-connect system within a telecommunications network:;
FIGURE 2 1illustrates a block diagram of a frame
15 groomer within the digital cross-connect system;
FIGURE 3 illustrates an extension for the frame
groomer to accommodate higher bandwidths;
FIGURE 4 illustrates the mapping performed by the
frame groomer;
20 FIGURE 5 illustrates how consolidation is performed by
the frame groomer; and

FIGURE 6 illustrates a telecommunications system

employing multiple“frame groomers. ~

25 OETA »

FIGURE 1 is a block diagram of a digital crosshcohnect

4 < I} e)\'mue

v k‘\ o)\

System 10 within a telecomnunications network 12.
Telecommunications network 12 preferably provides a frame
relay permanent virtual connection exchange service. In a

30 frame relay permanent virtual connection service, variable

length frames are relayed from the source to the desired

destination by means of pPermanent virtual connections.
Each frame is addressed by a unique data link connection

identifier which is associated with a particular permanent

CA 02276538 1999-06-28
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virtual connection connecting two end systems. Permanent

virtual connections that define the logical paths between

endpoints in a customer’s network are established at

service subscription time through administrative
S procedures.

In the downstream direction, digital cross-connect

links 16 from frame relay assembly/disassembly devices 18
10 of frame relay customers 20. Digital cross-connect sSystem
10 extracts the frames making up the frame relay traffic
from the DS-0 signals and consolidates the frames by
multiplexing them into DS-1 signals onto an output link 22
for transfer to an edge switch 24. In the upstream
15 direction, digital cross-connect system 10 demultiplexes

frames received within DS-1 signals transferred by edge

switch 24 over output link 22. The frames are then placed
into DS-0 signals for transfer to frame relay
assembly/disassembly devices 18 of frame relay customers 20
20 over T-1 links 14 and/or FT-1 1links 16. Administration
procedures for defining consolidation and permanent virtual
connections is detexrmined by a service provider 26 through
provisioning criteria programmed intc;\ a CIross-connect
Manager 28 in response to digital 1link connection

25 identifiers determined by a frame relay network manager 30.
FIGURE 2 shows an operation of a frame groomer 40
within digital cross-connect system 10. Digital cross-

signals pass through TDM input ports 42 over an internal
bus to a cross-connect matrix 44. Cross-connect matrix 44
consolidates the DS-0 signals into internal data bus

format. DS=0 signals identified as carrying frame relay

CA 02276538 1999-06-28
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information are carried over the internal data bus to frame
groomer 40. Frame groomer 40 uses frame relay virtual
Circuit parameters and frame parameters to extract frames
from each DS-0 signal within the internal data bus. The

S extracted frames are consolidated onto a frame relay
groomed consolidated circuit carried in the internal data
that are returned to cross-connect matrix 44 over the
internal bus. Cross-connect matrix 44 sends the internal
data. signals carrying the frame groomed consolidated

10 circulit over the internal bus to TDM output ports 46. TDM
output ports 46 transfer the DS-1 signals over T-1 links to
edge switch 24.

FIGURE 3 shows an extension of frame groomer 40 to
higher bandwidth capability. Once frame groomer 40
15 generates the frame relay consolidated circuit, DS=-0

signals carrying the frame relay consolidated circuit are

transferred over a high speed internal bus to a frame

switch 48, Frame switch 48 places the DS-1 signals into
DS-3 signals for transfer to the network through high
20 bandwidth output ports 50. Frame switch 48 can also

process frame relay information received at high bandwidth
input ports 52 for transfer to the nefwork through high
bandwidth output ports 50 or through frame groomer 40 and
digital cross-connect system 10.

25 FIGURE 4 shows the mapping performed by frame groomer
40 in consolidating frames of the frame relay information.
During TDM provisioning on digital cross-connect system 10,
frame groomer 40 through cross-connect manager 28 is
provided information to identify physical circuits, such as

30 I-1 links 14 and DS-0 signals, that carry frame relay
traffic in and out of digital cross-connect system 10.

During frame relay permanent virtual connection

provisioning, frame groomer 40 receives standard frame

relay control messages from edge switch 24 or by alternate
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network management connections that include data 1link
connection identifier information associated with
individual permanent virtual connections. Frame groomer 40
maps data link connection identifiers for edge switch 24 to
data link connection ldentifiers for frame relay
assembly/disassembly devices 18. Mappig and creation of
data link connection jidentifiers is performed in frame
groomer 40 througp an internal mapping table. Table 1

shows an example of an internal mapping table for frame
groomer 40,

INPUT TDM LINK INPUT DLCI OUTPUT TDM LINK OUTPUT DLCI

334 1 111 1
334 2 2
380 | 1 ' 3
393 1 4
MAX DLCI#
1

265 1
268

MAX DLCI#

TABLE 1. INTERNAL MAPPING TARLE

Using Table 1 as an example, frames 50 carried in DS-0
signals and each having their own DLCT 52 are received at
digital cross-connect system 10 over input links 334, 380,
and 3893. The DS-0 signals from input links 334, 380, and
393 are consolidated into a DS-1 physical circuit 54 by
Cross—connect matrix 44. Logical circuits 56, each
assoclated with one of the input 1links, within physical
circuit 54 identified as carrying frame relay information

-
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are sent to frame groomer 40 over the internal bus of
digital cross-connect system 10. Frame groomer 40
consolidates individual permanent virtual connections 58,

each associated with a specific DLCT 22, from each logical

5 circuit 56 and mdbs these individual‘germanent virtual
connections 58 into permanent virtual connections 60
consolidated into a DS-0 logical circuit 62 associated with

edge switch 24. DS-0 logical circuits 62 are placed into

a DS+1 physical circuit 64 by frame groomer 40 and cross-—

10 connect matrix 44 for transfer to edge switch 24,

During a congestion situation, frame groomer 40 will

initiate congestion management procedures. Congestion

13 output link exceeds the capacity of the output link. Upon
this occurrence, frame groomer 40 will discard frames
according to a priority order pre-determined by network
administration. Frame groomer 40 initially discards frames
tagged as discard eligible. Each frame carries a flag that

20 determines whether™ the particular fraL;Le has been pre-
determined as being eligible for discard. Next, £frame

groomer 40 discards frames associated with permanent
virtual connections that have a committed information bit
rate value of zero with no peak rate. Next, frame groomer
25 40 discards frames associated with permanent virtual
connections that are exceeding their pre-defined peak rate.
Next, frame groomer 40 discards frames associated with
permanent virtual connections that are exceeding their pre-
defined committed information rate value. Upon discarding
30 a frame, frame groomer 40 sends a far end congestion
notification message pPper frame relay standards. For
congestion situations occurring in the network beyond edge
switch 24 and/or in frame relay assembler/disassembler

devices 18, frame groomer 40 transparently passes far end

b
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and back end congestion notification messages without
taking any further action on these messages.

FIGURE 5 shows an example of how consolidation is
performed by digital cross~connect system 10. Digital
5 cross—connect system 10 receives frame "Melay traffic from
a plurality of time division multiplexed (TDM) circuit
input links 70. Each TDM circuit input link 70 such as DS-
0O signals carried over T-1 1links 14 and FT-1 1links 16,
carries the frame relay traffic without being fully
10 utilized. The bursty nature of the frame relay traffic
controls the transfer rate and occupancy of the TDM circuit
links. Digital cross—-connect system 10, through frame
groomer 40, accumulates the frame relay traffic from
multiple TDM circuit input links for placement onto as few
15 as one TDM circuit output link 72. TDM circuit output link
72 1improves the efficiency of the under-utilized TDM
circuit output links 70 by consolidating their frame relay

traffic for improved circuit link utilization.
FIGURE 6 1is 2 block diagram of telecommunications
20 system 12 having a digital cross-connd®t system '10 with
multiple frame groomers 40. Though each individual frame
groomer 40 provides consolidation of frame relay traffic,
greater consolidation may be desired in larger
implementations. For example, each frame groomer 40 may
25 receive a multitude of DS-1 signals from cross-connect
matrix 44. Each frame groomer 40 performs consolidation as
described above and generates a DS-3 signal as an output.
However, the bursty nature of the traffic may still result
in the larger DS-3 signals having less than full capacity.
30 To remedy this situation, a concentrator §0 may be
used to consolidate the DS-3 cutputs of frame groomers 40

onto a single DS-3 signal in order to minimize a number of

ports needed at edge switch 24. Concentrator 80 may
provide consolidation of the received DS-3 signals through
-,
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any of various techniques including multiplexing schemes
and prioritization implementations. Concentrator 80 may be
implemented within digital cross connect system 10 or as a

separate stand alone unit. -~

5 Edge switch 24 may be an Asynchronous Transfer Mode
(ATM) switch that receives ATM cells over the DS-3
connection from concentratox 80. Each frame groomer 40 may
include the ability to convert the frame relay information
into .the asynchronous transfer mode cell format, or receive

10 telecommunications traffic in the asynchronous transfer
mode cell format from cross-connect matrix 44, for transfer
to ATM edge switch 24. Though four frame groomers 40 are
shown, telecommunications system 10 may employ any number
of frame groomers 40 to satisfy desired design

15 requirements.

| Thus, i1t is apparent that there has been provided, in
accordance with the present invention, a system, device,
and method for consolidating frame information on a minimum
number of output links that satisfy the advantages set

20 forth above. Although the present invention has been
described in detail, it should be understood that various
changes, substitutions, and alterations can be made herein.
For example, though discussed in terms of frame relay
information, the present invention can equally be

25 incorporated into an asynchronous transfer mode system in
order to consolidate asynchronous transfer mode cells

received from multiple links for transfer onto as few as a

single link. Further, though the present invention has
discussed signals in terms of DS-0, DS-1, and DS-3, these
30 signals exemplify one type of embodiment whereas other
signal protocols may also be readily implemented by those
skilled in the art without any difficulty. Other examples

are readily ascertainable by one skilled in the art and can

-

-,
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10

be made without departing from the spirit and scope of the
present invention as defined by the following claims.

CA 02276538 1999-06-28
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WHAT IS CLAIMED IS:
l. A telecommunications system, comprising:

a digital cross-connect matrix operable to transport
telecommunications traffic from any of a plurality of input

S ports to any of asiurality of output pQrts;
a plurality of frame groomers each operable to receive
telecommunications traffic from predetermined output ports
of the digital cross-connect matrix, each frame groomer

operable to consolidate received telecommunications traffic
10 onto a minimum number of output links:;

concentrator operable to place the received

telecommunications traffic onto a minimum number of output
15 paths.

2. The telecommunications system of Claim 1, further
comprising: | '
an edge switch operable to receive telecommunications
20 traffic from the oﬁéput paths of the comgentrator.

3. The telecommunications system of Claim 2, wherein
the telecommunications traffic received by the edge switch
1s in asynchronous transfer mode cells.

25
4. The telecommunications system of Claim 2, wherein
the telecommunications traffic received by the edge switch
is in frame relay format.
30 9. The telecommunications system of Claim 1, wherein

CA 02276538 1999-06-28
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6. The telecommunications system of Claim S5, wherein

each frame groomer provides telecommunications traffic in
frame relay format to the concentrator.

.
5 7. The telecommunications system of Claim 6, wherein

the frame relay format is carried in a digital signal level
three telecommunications signal.

.8. The telecommunications system of Claim 5, wherein
10 each frame groomer provides telecommunications traffic in

asynchronous transfer mode cell format to the concentrator.

9. The telecommunications system of Claim 7, wherein
the asynchronous transfer mode cell format is carried in a

15 digital signal level three telecommunicatioﬁ'signal.

CA 02276538 1999-06-28
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