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,E~TABLISHING TELECOMMUNICATIONS CALL PATHS 

IN BROADBAND COMMUNICATION NETWORKS 

qboo'33~ - ~ 
Technical Field \f'OS 

This invention relates to arrangements for establishing digital 

5 telecommunications connections, and inore specifically, for establishing such 

connections using broadband networks and switching systems. 

Problem 

The provision of large quantities of telecommunication services such as 

toll telephone service continues to be expensive. While there have been major 

· 10 breakthroughs in the cost of provisioning of high capacity transmission systems 

using fiber optics, the access to such fiber optic systems and the switching of signals 

on such fiber optic systems continues to be costly. Funher, the cost of switching the 

signals from one channel to another in a toll tandem switch remains high, with the 

result that trunk groups are engineered to avoid the use of toll tandem connections as 

15 much as possible. (It is estimated that even during a peak busy day, less than 5% of 

the toll traffic switched through the AT&T network is routed via a toll tandem 

switch.) A problem of the prior art is that because large toll networks still rely on 

the use of expensive toll switches for switching tandem calls as well as toll access 

calls to the toll netw~ it is generally advisable to engine~ direct groups 

20 generously, and therefore, less economically, in order to limit the amount of traffic 

requiring tandem sWitching in the toll network. 

A new standard has been implemented for transmitting combinations of 

broadband and narrower band, packet and circuit signals over broadband facilities. 

This standard, the Asynchronous Transfer Mode (A TM) standard, packs data into 

25 frames each frame comprising a plurality of cells, each cell being 53 bytes long, 

53 bytes consisting of a S byte header and a 48 byte payload. When an A TM 

segment is transmitted, each of the cells may be het.ded for a separate destination. 

the destination being identified in the header. No sound proposal has been made for 

· the economic use of A TM for ti'ansmitting voice signals from an ingress to a 

30 network to a multiplicity of egress nodes of the. network. While the A TM standard is 

finding increasing use in broadband networks, especially those using fiber optic 

ttansmission facilities, no economic solution has been found to the problem of 

designing a communications networ1b for transmitting a large multiplicity of voice 

signals from any of ·a multiplicity of ingress nodes of the network to any of a 

35 multiplicity of egress nodes of the network using the A TM standard. Specifically, no 
i 
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sound proposal has been made for the economic use of A 1M for transmitting voice 

signalTgenerated as pulse code modulated (PCM) signals and multiplexed onto 

PCM facilities and switching such signals between switching systems or modules 

and over switching networks for transmission and switching using A Th1. 

5 transmission facilities and switches. 

Funher, there has been an increasing need for a very large 

telecommunications switching system or its equivalent. In the past, this need has 

panially been met by the use of smaller switching systems interconnected by 

moderate capacity tandem switching systems. In the case of a switching system sue:: 

· 10 as AT&T's SESS® switch. a fairly large system has been devised using switching 

modules of substantial capacity interconnected by a time multiplexed switch. None 

of the available solutions, however, have resulted in an economically satisfactory 

solution to the need for a very large switching system or cluster of systems for 

handling substantial quantities of telephone traffic, low speed telecommunications 

15 data traffic, and high speed telecommunications data traffic. No sound· economic 

proposal has been made for the economic use of A TM for achieving a very high 

capacity large switching system or a large highly interconnected cluster of smaller 

switching systems. 

20 

Solution 

The above pro~lems are solved and an advance is made over the prior 

art in accordance ~-th our invention wherein a plurality of communication channels 

each destined for a common· egress ~witching system or module or group of such 

systems or modules (node) are packed into a single A TM or A TM-like cell, wherein 

voice or n81TOw band data channels are transmitted using such cells transmitted at a 

25 repetition rate that is the same or a submultiple of the repetition rate of the pulse 

. code modulation (PCM) signals that represent the voice signals; the cells are 

transmitted over constant bit rate (CBR) permanent virtual circuits (PVC) between 

an ingress node and an egress node of a netWOrk. Permanent virtual circuits are 

provisioned as the traffic between a particular ingress and egress node of the network 

30 changes. but such circuits need be activated or deactivated only when an additional 

group (the group size being determined by the number of voice channels that are 

transmitted in each cell) is needed or can be released. A PVC is provisioned when 

the data for switching signals of that PVC is stored in some memory of the nodes 

through which the PVC passes. A PVC is activated when this data is moved into the 

35 active storage for switching signals of that PVC and signals are sent through that 

PVC. In one specific embodiment of the invention. each of 46 or 48 payload bytes 
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of a cell carries a byte of a different PCM channel. For PCM channels that carry 

more t:ftan 64 kilobits/second, for example, 384 kilobits/second channels. seve:al of 

the bytes, in the example, 6, of a cell are used for a single channel. Advamageousiy. 

using this kind of an arrangement an A TM crossconnect system, also referred to 

5 hereinafter as. a Common Broadband Platform (CBP), can be used at intermediate 

nodes to interconnect the links of a permanent vinual circuit between an ingress and 

an egress node. A unit for carrying out the functions of a CBP is described in 

Electrical Emrineering, Vol. 65; No. l, October 1991, pages 12-18. Such an A TM 

crossconnect system carries out the functions of systems such as AT&T' s Digital 

10 Access Crossconnect Systein (DACS) systems, on ATM signals, and is therefore 

very much simpler than a toll switch. Advantageously, since the permanent vinual 

paths connect an ingress switch to an egress switch, call control signals need only be 

sent between these two switches, and need not be sent to intermediate switches when 

a PVC is already activated. Activation of a PVC may require notification of 

15 intermediate CBPs if these CBPs do not already have the PVC control data in active 

memory. Advantageously, such ATM crossconnect systems can be interconnected 

using broadband transmission facilities. Advantageously, such an arrangement 

simplifies the normal process of selecting a channel for use in establishing a 

connection for a new telecommunications call. Advantageously, the rate of 

20 activation and deactivation of PVCs in response to changes in traffic patterns is 

sufficiently low so ~at these ATM crossconnect systems can readily establish and 

tear down virtual ciicuit links as needed to meet traffic changes. 

When there are no traffic changes, i.e., when the level of traffic between 

different ones of the ingress and egress nodes are not changing sufficiently to require 

25 the addition of a permanent vinual path between two of the nodes and a 

corresponding subtraction of other permanent vinual paths, the digital crossconnect 

systems performs a simple function. The function is that of routing a cell of each 

time frame, 125 microseconds (µs), on an input linIC to the designated output link for 

each such cell This is the fundamental function of.an ATM crossconnect system. 

30 Funher, the rate of change of provisioned PVCs is especially low, requiring only 

very long response times to a request for provisioning additional inactive PVCs. 

The problem of achieving a high capacity large sWitching system or a 

large highly interconnected cluster of smaller switching systems is solved and an 

advance is made over the prior art in accordance with our invention wherein signals 

35 from a plurality of pulse code modulated (PCM) channels, each channel for one 

telecommunications call, each of the calls destined for a common switching module 
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or independent switching system are packed into a single consolidated A TM or 
ATM=like cell, and wherein voice signals are ttansmitted. to and from a common 
broadband platform (CBP) for switching A TM cells, using such cells transmitted at a 
repetition rate that is the same or a sub-multiple of the repetition rate of the PC\.1 

5 signals that represent the voice signals; the cells are transmitted over constant bit rate 
(CBR) permanent vinual circuits (PVC) from an ingress switching module or system 
to the CBP. to an egress switching module or switching system. Permanent virtual 
circuits are provisioned as the traffic between a particular ingress and egress switch 
or module changes, but such circuits need to be activated or deactivated only when 

10 an additional group (the group size being determined by the number of voice 
charuiels that are transmitted in each cell) is needed or can be released. 
Advantageously, using this kind of an arrangement, an A TM crossconnect system, 
CBP, can be used to interconnect the links of a permanent vinual circuit between an 
ingress and an egress switching system or module. 

15 

20 

In accordance with one specific embodiment, each consolidated A'IM 
cell cairies one byte of each of 46 or 48 voice communications, and the consolidated 
cells of the CBR PVCs arc transmitted at a rate of one cell per 125 microseconds 
(µs). Advantageously, such an arrangement simplifies the interface to existing PC\.1 
systems. 

Economic use of A 'IM for transmitting PCM voice signals is achieved 
in accordance with .<>ur invention wherein a plurality of PCM signals each destined 
for a common destination switching system or group, or switching module or group, 
are converted into ATM or ATM-like cells by a new ATM interface unit (ATMU) 
whose output voice signals arc transmitted using such cells, each carrying a plurality 

25 of voice channels, transmitted at a repetition rate that is the same or a submultiple of 
the repetition rate of the PCM signals that represent the voice signals; the cells are 
transmitted from the A TMU to A TM switches (Common Broadband Platforms or 
CBPs) over constant bit rate (CBR) permanent virtual cin:uits (PVC) between the 
A TMU and a CBP. Advantageously, such an arrangement pemnts standard PCM 

30 encoding and PCM multiplexing equipment to be used for interfacing with 
customers and/or local exchange facilities and permits A TM facilities and switches 
to be used for interconnecting the A TMUs and their connected switching modules or 
systems. 

In accordance with one embodiment, each A TM cell cmies a single 
35 byte of each channel carried by that cell. Advantageously, such an arrangement 

delivers bytes of a channel at the rate of one byte for each 125 microsecond interval; 
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this avoids a need for extra buffering and minimizes undesirable delay in delivering 

signals-to two-wire telephone insll"Uments, thus reducing echo problems. 

In accordance with one aspect of the invention, a plurality of CBR PVCs 

is provisioned, the plurality being substantially in excess of the number of PVCs that 

5 ·can actually be calried at any one time, but only PVCs which have been activated 

can carry the signals for telecommunications calls. Additional PV Cs are activated as 

needed when all channels of PVCs between a source and a destination node are fully 

occupied, i.e., when all these PVCs have no idle channels. 

In accordance with one specific embodiment of the invention, when it is 

10 necessary to activate an additional CBR PVC, principles analogous to the principies 

of real time network routing as described in U.S. Patent 5,101,451 are used. The 

preferred choice of an additional CBR PVC to be activated is a CBR PVC that is 

carried over a direct link between the ingress and egress node. If no such CBR PVC 

is available, then an alternate CBR PVC is selected according to the choice of links 

15 that are least heavily loaded. Advantageously, such an arrangement distributes 

additional load over the facilities that can most readily accommodate that load. 

In accordance with another aspect of the invention, the group of 

channels carried by some CBR PVCs is all one way, i.e., for carrying traffic from a 

particular source node to a particular destination node, except as noted in the next 

20 paragraph. Advantageously, such an mangements permits selection of a channel by 

a source node withQut requiring negotiation or otherwise checking with the 

destination node; this reduces call set-up time and use of call processing resources. 

In accordance with another aspect of the invention, some CBR PVCs 

carry two-way traffic in pre-assigned channels. For ex.ample, in an ATM cell, half of 

25 the channels being transported by that cell may be allocated for one direction of call 

initiation (e.g., outgoing calls from a node), the rest for the other direction (e.g., 

incoming calls to that node). Advantageously, such an arrangement reduces the 

minimum size of the number of circuits constituting a route carrying at least one call 

30 

in each direction while still eHm;nating the well-known problems of "glare." 

In accordance with one aspect of a preferred embodiment of the 

invention, the nodes periodically report to their neighbors the present status of 

busyness of each link of the network. Then, the principles of real time network 

routing, as described in U.S. Patent 5,101,451 are used to select a route wherein a 

least busy route is selected between two nodes having heavily loaded direct links, by 

35 selecting that combination of two or three successive links that leads to the use of the 

least busy links. Such an arrangement makes control of the selection of a ro.ute by an 

lThis1ii1l lli1il1ili~ 
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FIG. 1 is a block diagram showing a network of interconnected access 

switching networks; 
FIG. 2 illustrates the connections to the access switches of such a 

network; 

FIG. 3 illustrates one 125 µs frame of ATM cells (a glossary of 

abbreviations is found at the end of the Detailed Description); the constant bit rate 

(CBR) cells carrying voice channels are sent every i25 µs; 

10 FIG. 4 illus.trates an ATM segment including a CBR cell and a variable 
bit rate (VBR) cell; 

FIG. 5 illustrates a CBR cell for caJTying two-way traffic; 

FIG. 6 illustrates the Synchronous Optical Network (SONET)/A TM 

signal transmission network of FIG. 1; 

15 FIG. 7 is a block diagram of an access switch of FIG. l; 

FIG. 8 is a block diagram of an Asynchronous Transfer Mode Interface 
Umt (ATMU) for interfacing between PCM signals and ATM signals; 

FIGs. 9-13 illusm.te various blocks of the ATMU; 
FIG. 14 illusm.tes the control complex of a common broadband 

20 platform (CBP) unit for switching A TM cells; and 

FIGs. 15-17 are ftow diagrams illustrating the processes of selecting a 

channel for a communication activating permanent virtual circuits and combining 

traffic of partially loaded permanent virtual circuits. 
General Description 

25 This General Description first presents an overview of all of the 
diagrams and is followed by a detailed description of special characteristics of 

elements of these diagrams for implementing applicants' invention. 
_FIG. 1 is a block diagram showing a plurality of interconnected access 

switching systems of a network. A group of access switches 1 access a common 
30 crossconnect network 10 in accordance with the principles of :his invention. A 

ctossconnect network is an A TM crossconnect network comprising a plurality of 

interconnected A TM crossconnect nodes. Each ATM crossconnect node has the 

ability to switch each incoming cell on any incoming line to any outgoing line. 

Constant bit rate (CBR) cells are used to carry PCM voice traffic, and variable bit 

35 rate (VBR) cells are used to carry packetized data. Much of the traffic carried 

through the A TM crossconnect network when used as a toll network is CBR traffic 

Thi•1t1ii1l flii1i1iil1rmr 
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wherein the individual CBR cells in each 125 µs frame are switched to a destination. 

An ATM crossconnect node can be used for a Common Broadband Platform <CBP'· 

because of the provision of PVCs and the relatively low rate of activation and 

deactivation of these PVCs. The routing pattern for a particular permanent vinual 

5 circuit (PVC) does not change as long as the PVC is provisioned; the CBR can route 

according to a PVC as long as that PVC remains active. The dynamic portion of the 
. . 

switching of the A TM nodes is primarily associated with the switching of VBR cells 

whose headers may be different with each 125 µs frame and which must be switched 

accordingly. 

10 The term PCM as used herein refers both to voice signals transmitted by 

PCM and to data (including FAX and video) transmitted over PCM channels. 

Node as defined herein is the entity which gathers outgoing traffic and 

which disnibutes incoming traffic. The Asynchronous Transfer Mode Interface Unit 

(ATMU). described funher below. is one example of such a node, which may 

15 distribute traffic to a plurality of switch modules of one or more 5Ess® switches or 

which may distribute traffic to one or more stand-alone switches. The node is the 

access to a network for interconnecting such nodes or is an intermediate switch point 

in such a network. 

FIG. 1 shows the exchange of messages required to complete the 

20 selection of a CBR PVC channel. The ingress node signals to the egress node 

(message 3) the iden~ty of the source and destination parties, and the identification 

of the PVC. The destination node returns with an acknowledgment (message 4) 

properly identifying the path. 

FIG. 1 also shows links directly interconnecting the access switches. 

25 The access switches are interconnected by interaccess switch links 5 which carry 

SONET/ATM signals and are connected to acenttal SONET/ATM signal 

transmission network 10 by SONET/ATM access links 6. The tenn SONET 

(Synchronous Optical Network) is used herein to refer to either or both of the U.S. 

standard (SONET) or the European standard SDH (Synchronous Digital Hierarchy). 

30 SONET/ATM means SONET or SDH signals used to transponATM cells. 

The access switches themselves are accessed by a plurality of local 

switches and, as indicated in FIG. 2, the local switches are connected to the access 

switches through digital facilities, such as the U.S. 24 channel conventional T carrier 

facilities or the Euro~ean 32 channel systems for canying PCM signals, which 

35 signals are converted in the access switches to CBR cells of A TM signals. When the 

digital facilities themselves carry packetized data, then this packetized data is . 
----__:_ __ 
jThis Sheet Has Be 
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· processed by a Packet Switch Unit within an SM, sent via the TSIU of that SM to the 

A TMU where it is converted to VBR A TM cells and transmitted over VBR PVCs to 

the CBP. In addition, signaling channels are treated as CBR or VBR channels and 

are transponed, accordingly, in CBR cell channels or single channel VBR cells of 

5 the type described below. Significantly, by transporting signaling channels through 

the A TM network. the necessity for a separate signaling network, using Signal 

Transfer Points (STP), is avoided. 

FIG. 3 illustrates one 125 µs frame of a typical ATM signal that appears 

at the output of an Asynchronous Transfer Mode Interface Unit (ATMU) (FIG. 8). 

10 A 125 µs frame consists of a number of CBR cells and a number of VBR cells. For 

convenience, these are shown as being grouped at the beginning and end of each 

frame, but it is also possible to intersperse VBR cells among groups of CBR cells. 

The advantage of grouping the CBR cells in this manner is that priority of CBR cells 

can be assured and the design of the cell list processor (FIG. 11, block 630) is 

· 15 simplified. Signals coming into an ATMU are interspersed CBR and VBR cells. 

CBR c.ells are transmitted from a common bfoadband platform (CBP) (block 550, 

FIG. 8) as soon after they are received as_possible, thus giving them priority over 

VBR cells; the output of a CBP connected to an A TMU therefore has CBR and VBR 

cells interspersed. 

20 FIG. 4 illusttates the content of a CBR cell and a VBR cell. The content 

· of a CBR cell includes signals for a plurality of channels. Since an A TM cell 

comprises a 5 byte header and a 48 byte pt<Lyload, one attractive arrangement is to 

have the 5 byte header identify the particular permanent virtual circuit represented 

by the CBR cell, and to have the CBR cell contain the individual bytes (PCM 

25 samples) of 48 voice charuiels (DSO signals). 

Alternatively, 46 DSOs are carried and a two byte index is used to 

identify which group of 46 DSOs on a given virtual path is carried in a particular cell. 

In this alternative, a plurality of A TM cells for one virtual path are transmitted every 

125 µ.s, but cells with a particular index are sent only ·once every 125 µs. The 

30 alternative arrangement serves to decrease the number of virtual paths a network 

must support. 

The VBR cell illusttated in FIG. 4 comprises a header and a payload. 

wherein the payload is associated with a single channel and a single destination in 

accordance with CCITI standards for A TM. In effect, a VBR cell represents pan of 

35 a packet of data being transmitted from a source access switch to a de!:tiniltion access 

sw'itch of the toll network. 

C> •• 
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It is, of course, also possible to have a CBR cell all of whose entire 

conterus are devoted to a single communication, if the communication is a 

communication such as the 1.5 megabit/sec. signal required for a compressed 

television signal. For broadband signals, such as High Definition TV (HDTV) 

5 signals, it is more convenient to connect these signals directly to the CBP. Based on 

the u~e selected for the CBR.PVC as selected by the originating access switch, the 

payload in each cell is used as selected, with the same disposition being made for ail 

cells transmitted over the CBR PVC for the duration of the existence of that PVC. 

FIG. 5 illustrates one CBR cell carrying two-way traffic, the first n bytes 

10 CaITY up ton channels of outgoing traffic, and bytes (n plus 1) to 48, carry up to (48 

minus n) channels of incoming traffic. Since an egress node assigns a channel, the 

bytes for outgoing traffic are seized by one node, those for incoming traffic by the 

other node. Since assignment of idle channels is upward from 1 for outgoing traffic 

and downward from 48 for incoming traffic, if many fewer than all of the channels 

15 are active then it will generally be possible to move the dividing point, set in this 

case between channel n and channel n plus 1 in the direction of additional requests 

for channels. The two-way traffic CBR cells are particularly useful for carrying 

traffic between a source and a destination when there is relatively little such traffic 

20 

being offered. 

FIG. 6 shows the composition of the SONET/ATM signal transmission 

network. This netw~k comprises a group of CBPs 550 interconnected panly or 

fully by inter-CBP SONET/A TM links. Each CBP has an associated A TM 

management module (AMM) 535 fot recording and conttolling the virtual · 

connections established within the connected CBP. Each of the CBPs 550 in 

25 network 10 perfmm only a· crossconnect function carried out under the control of the 

connected AMM. The CBPs 550 are connected to access switches 1 by access 

links 6. 

In order to take full advantage of the desirable attributes of the real time 

network routing arrangement, it may be desirable to provision virtual circuits as 1- or 

30 2-link vinual circuits, one or both of whose links may require the use of a 

permanently assigned intermediate CBP. This simplifies the process of selecting a 

near optimum provisioned circuit for activation when this becomes necessary, 

although the provisioning of active circuits may not be optimum. 

FIG. 7 is a block diagram of an access switch 1. The 5Ess® switch, 

35 manufactured by AT&T, and extensively described in AT&T Technical ~oumal, 

Vol. 64, No. 6, Pan 2. July-August 1985, pages 1303-1564, is the switch described 
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for use with applicants' invention. It includes a plurality of switching modules. Tne 

inpurnom the local switches 2 (FIG. 1) are terminated on switching module 510. 

This switching module comprises both circuit and packet switching units. such :i. 

module is described in M. W. Beckner, J. A. Davis, E. J. Gausmann, T. L. Hiller. 

5 P. D. Olson and G. A. VanDine: "Integrated Packet Switching and Circuit Switchin; 

System", U.S. Patent 4,592,048. This module is controlled by a switching moduie 

proeessor 511 which communicates with a message handler 513 for receiving and 

transmitting messages. The T-carrier inputs from local switches 2 are terminated on 

digital interface 515 and are switched by time slot interchange 517. Since the signais 

10 arriving at the digital interface also contain packet switched signals (for example, 

signals from the D-channels of Integrated Services Digital Network (ISDN) sources) 

a packet switching unit 519 is also provided. The outputs of this packet switching 

unit are sent to the time slot interchange· unit for further switching onto output digitai 

links of the SM 510. In addition, a SONET interface unit 521 is provided for 

15 interfacing with PCM signals cmied over SONET facilities from the local switches. 

The outputs of the switching module 510 are a group of network control and timing 

links (NCT 523, ••. ,524) (typically, up to 20). The NCT link signals are carried over 

optic fiber links and can readily be made long enough to allow a SM to be remotely 

located. A subgroup of these 20 links is then terminated in an Asynchronous 

20 Transfer Mode interface Unit, (A TMU) 540. Other subgroups are connected to other 

A TMUs, the latter.also being connected to CBP 550. The output of the A TMU is a 

plurality of SONET/ATM signals to the common broadband platform (CBP) 550. 

The AMM, an extension of the administrarlve module (AM) 530, is used to control 

switching connections in the common broadband platfonn 550 and to carry out 

25 common functions for a plurality of switching modules connected to a particular 

common broadband platform (CBP) SSO. The CBP is also used to switch signals 

between different switching modules 510 connected to CBP 550 in order to handle 

tandem calls between local switches 2 that are not connected to a common switch 

module. 

30 FIG. 7 shows a configuration wherein the A TMU can be separated 

physically from both the CBP and the SM; both the NCT link and the SONET/ATh1 . 

link are arranged to transmit signals over longer distances. Clearly, if the A TMU 

abuts or is pan of either the SM or the CBR, these facilities can be simplified. 

As an A TM crossconnect unit, the CBP is able to perform the function 

35 of connecting ATM cells between ATM inlets and ATM outlets. To ensure that the 

composite CBR cells that carry voice traffic are not delayed or lost, the CBR cells 

jThis Sheet Has Been 
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are given high priority. They are sent on facilities that are selected to have sufficier.! 

bandwidth to suppon their transpon, and buffering is always able to accommodate 

these cells. Simulations have demonstrated that the probability of a delay across :l 

CBP in excess of 50 µs for a CBR cell, even when facilities are fully loaded. is less 

5 that 1 x 10- 11 • Narrowband VBR signaling and other priority cells are guaranteed 

transpon via margins of bandwidth in the facilities that are reserved for this purpose. 

Those VBR cells use buffers that are separate from the CBR cells, even though they 

are on the same facility. Broadband connections use separate facilities coming 

directly into the CBP. These broadband signals use different buffers in the CBP that 

10 are separate from the narrowband CBR and VBR buffers. 

The CBP is connectable to a network, as illustrated in FIG. 1, or can 

simply be used to interconnect a group of ATMUs and their connected SMs to form 

a single giant switching system or sWitching system cluster, the giant system or 

cluster being connected to other switching systems via a network connected to the 

15 SMs. During a transitional period, the existing time multiplexed switch (described 

in the AT&T Technical Journal reference, for example, on pages 1425-1426) can 

continue to carry part of the inter-SM traffic and the A TMU s and CBP can carry the 

rest. 

While in this specific embodiment, the inputs to A TMU s are from a 

20 group of switching modules of a single switching system, such as the modules of a 

5ESS switch, the ~achings of applicants' invention are equally applicable if separate 

switching systems, instead of switching modules, are connected to A TMUs. 

FIG. 8 is a block diagram of an asynchronous transfer mode interface 

unit (A TMU) 540. The A TMU is under the overall control of an A TMU Central 

25 Controller (ATMU CC). The inputs are from a time slot interchange unit 517 of one 

or more switching modules 510. The outputs are to the common broadband platform 

(CBP) 550. The A TMU is considered an ingress and egress node of the network, 

and a PVC interconnects two A TMUs. 1llis allows traffic from several SMs to be 

collected for transmission over one PVC from one A TMU to one A TMU. The 

30 outputs of time slot interchange units 517, which are groups of NCT links, enter 

space switch 610 which has 48 outputs leading to cell wide buffer 620 (CWB). Each 

NCT link cmies 512 16-bit time slots every 125 µs. The 16 bits include 8 PCM or 

user data bits, 7 internal control bits, and one parity bit. All but the 8 PCM bits are 

discarded before an A TM cell is formed. CWB 620 includes 48 separate bvte- . . . 
35 organized memories whose outputs can then be used in parallel to form the 48-byte 

payload of an ATM cell The space switch is used to switch the outputs of the NCT 

C'!.••· 
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links to the appropriate one of the 48 virtual path memories 621, ... ,625. The 48-byte 

parallet-output and a 5-byte output. representing a header, from the cell list 

processor 630 enter one of 8 shift registers 651, ... ,652. The particular shift is 

selected by one of the select units 653, ... ,654 under the control of cell list 

5 processor 630. The output of each of these shift registers goes via one of the 

CBR!\fBR selectors 663, ... ,664 to a Line Processing Unit 661, •.. ,662 (LPU), each 

LPU generates a SONET/ATM data stream. These 8 data streams are then switched 

in common broadband platfom:i (CBP) 550. The tenn CBP as used herein refers to 

an A TM crossconnect switch, having, in this case, A TM/SO NET inputs and outputs. 

10 The treatment of VBR cells is discussed funher below. Details of the treatment of 

packets for VBR cells are provided in Section 4.4 of the Detailed Description. 

The number of NCI' links which can be terminated on one space switch 

is limited by the speed of the CWB memories and the CLP. If several SMs are 

terminated on one A TMU it is desirable to maximize the quantity; in the preferred 

15 embodiment 20 NCT links are used, but a larger number, such as 60, appears 

feasible with present technology. 

FIG. 9 illusttates the space switch 610. 48 selectors 701, ..• ,702, each 

controlled by a control memory 703, ••• ,704 are used to switch the outputs of the 

incoming NCT links to the appropriate one of the 48 virtual path memories that fonn 

20 a cell wide buffer. Each byte in each of the NCT links may go to any one of the 

48 positions in the c~ll wide buffer. In addition, selector 710, under the control of 

control memory 711, is used to steer (packetized) variable bit rate data including 

signaling and other messages to Message Layer Device 670 C:MLD) (FIG. 8). The 

:MLD convertS messages into A TM cells which are transmitted by the ·cell list 

25 processor 630 a CBR/VBRselector 663, •.• ,664 into one of the LPUs 661, ... ,662 into 

·the CBP after the CBR cells have been ttansmitted for a given 125 µs. 

FIG. 10 illusttates the cell wide buffer 620. It comprises 48 8-byte 

memories, 48 units, 621, 622, •.. ,623 each comprising an 8-bit by N byte _buffer 801 

and a control memory 802, where N represents the depth (i.e .• number of cells that 

30 can be stored) of the buffer. In accordance with well-known principles of the prior 

art. in order to preserve frame integrity, the transmit cell wide buffer is a duplex 

buffer, one part being loaded while the other is unloaded; the receive cell wide buff er 

is triplex to solve jitter and frame integrity problems. The control memory steers 

bytes from the inco~g NCT bus to the appropriate position in the buffer. In 

35 addition, the system is arranged to transmit a pseudo random code to test continuity 

of DSO channels over A TM facilities; in one embodiment, the control memory of a 
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CWB is arranged to insen and to detect the presence of the code under the control of 

the ATMU CC. Alternatively, tones from tone sources in the SM can be transmitted 

over DSO channels and detected at the far end. 

FIG. 11 illustrates the Cell List Processor (CLP) 630, Facility Shift 

5 Register (FSR) 651, andLineProcessorUnit (LPU) 661. The CLP 630 

simultaneously reads the CWB 620 while controlling the Selector 653. This causes 

one 48 byte CBR cell to be written into the SR 651. In addition. the CLP outputs the 

5 byte header into the SR at the same time. Thus a full 53 byte cell is loaded into the 

SR. The cell is now shifted into the LPU 661 via CBR/VBR selector 663. The 

10 LPU 661 transmits the cell onto the SONET facility to the CBP. 

FIG. 12 shows the Message Layer Device 620. The MLD 620 receives 

messages on NCT time slots from the Space Switch 610 into Interworking 

Units 1020.1022 •...• 1024. These messages could be inter-SM messages, SS7 

messages, or user generated messages such as CCITI X.25 messages. The IWU s 

15 determine the correct pre-provisional ATM Vinual Circuits identifier, and segments 

the message into A TM cells per CClTI' specifications using the determined VC 

identifier and other header fields as described by CCITI A TM Adaptation Layer 

specifications. These cells are subsequently shifted out of the Interworking Unit into 

the CBRNBR selector and U'U 661 shown in FIG. 11, under the control of the 

20 CLP. In the prefCII'Cd embodiment, the outputs are joined and sent to one or more of 

the CBR/VBR selectors. 

FIG. 13 shows an Interworking Unit 1020. NCT time slots are 

connected via the selector 1110 to the data link controller 1120. A Data Link 

Controller 1120 processes bit level protocol that includes flags. bit insertion, and 

25 CRC. A second controller 1140 processes SS7 or link access protocol within the 

messages. A processor 1130 detel'Dlines the Vinual Circuit to be used for the 

message, and commands the ATM Adaptation Layer (AAL) Processor 1160 to 

segment the message into A TM cells. The A TM cells are placed. under the control 

of AALP 1160, into the Cell Buffer 1170 (not to be confused with Cell Wide 

30 Buffer 620 (FIG. 8)) where they are later transmitted under control of the CLP 630 

(FIG. 11) into the CBR/VBR selector 663 (FIG. 11). High priority cells are insened 

into Cell Buffer 1170 before low priority cells. Cells from the cell buffer 1170 

(FIG. 13) constitute the VBR cells shown in FIG. 3 {th~ 125 µs frame). The cell 

buffer may have to_ be several cells deep to·take care of VBR cell bunching from the 

35 CBP. 
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The AM serves to suppon the entire SESS switch and CBP (including 

A TMtt's") OAMP needs. These inClude download and control of the CBP, craft 

graphical display, and communication via ATM with SMs. FIG. 14 shows the 

AM/CBP system architecture as comprising the following components: 
5 - A TM Management Module (AMM) including directly connected tenninai. 

This is an adjunct fault tolerant processor that connects to the existing 5ES S 

switch AM. and serves to provideli added processing throughput for new 

CBP and A TMU capabilities. 

- Ethernet® Bus to interconnect AM/AMM with Graphical User Interface 

10 (Gun, A TM Packet Handler (APH), and CBP. 

- Small Computer System Interface (SCSI, an industry standard) peripherals 

for disk, tape. and CD ROM on-line documentation: These augment the 

existing AM non-volatile peripherals. 

- GUI workstation terminals that suppons existing 5ESS switch equipment. 

15 CBP, and ATMUs. 

- ATM Packet Handler provides the AM/AMM with the ability to 

communicate via A TM over SONET to the SMs. The SMs terminate the 

APH's ATM in their ATMU MI..Ds. To communicate with SMs. the 

AM/AMM sends messages via Ethernet to the APH which performs the 

20 message to cell converSion and transmittal to CBP over SONET. 

The GUI and non-v~latile memory. are commercial components whose control 

resides in AMM softw~. The design of the AMM and APH components are 
expanded in Section S of the Detailed Description. 

FIG. 15 illustrates the path hunt which is performed by a switching 

25 module processor 511, or other processor having data about the status of PVCs from 
\ the ·connected A TMU to the destination of the call. This processor receives a path 

request (action block 1200) and determines (test 1202) if there are any available 

paths (channels) on direct active virtual CBR circuits to the destination of the path 

request. If so, then an available path is selected (action block 1204) and a message is 

30 sent to the node (typically. a processor for another ATMU) at the other end to notify 

that node that a path has been established on a particular slot of a panicular active 

CBRPVC. 

If no available paths on direct active CBR PVCs are found in rest 1202. 

then test 1202 is used to determine if there are any available paths on alternate active 

35 CBR PVCs. If so. then an available path from one of these alternate active vinual 

. circuits is selected (action block 1210) and the node at the other end is notified 

c ..... 
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(action block 1206). (An alternate active vinual circuit is an active vinual circuit 

using an.. alternate route which is a route that uses at least two links instead of the 

single link direct route.) If no paths are available on active vinual circuits for this 

path request, then a request is made to allocate an additional virtual circuit i action 

· 5 block 1212). This request is sent to the administration module 530 (FIG. 7) which 

activates an additional virtual circuit as described in FIG. 16. Eventually, the 

admimstrative module responds to SMP 511 with a success or failure indication anci. 

in the case of a success indication, the identity of the allocated virtual circuit. 

Test 1214 is used to determine that success or failure. If the allocation request has 

10 been successfully responded to (positive output of test 1214). then test 1202 is 

reentered in order to perform the process of selecting an available path. If the 

allocation process was unsuccessful (negative output of test 1214) then an all circuits 

busy treaanent is given to the call for which the path request was originally received 

in block 1200. 

15 It is assumed in this discussion that the controlling processor, such as 

the switching module processor maintains a list of active CBR virtual circuits for 

carrying traffic outgoing from its associated switching module and maintains an 

activity state for each channel of such a vinual circuit. It is. of course, also possible 

to maintain this information elsewhere such as in the administrative module, but the 

20 suggested arrangement minimizes the time required for establishing most calls. 

Further. it is possibl_e to use virtual CBR circuits with two-way channels but such an 

arrangement, while it allows for more efficient use of the virtual channels, requires 

negotiation between the two endpoints in order to prevent "glare" (i.e .• a situation 

wherein the same channel is seized concmiently by the two end nodes connected to 

25 the channel). 
FIG. 16 describes the process of activating a virtual CBR circuit. Many 

more vinua1 CBR circuits are ptovisioned (i.e., stored in memories of the network) 

than can be active at any one· time. Basically, virtual CBR circuits are provisioned to 

handle the peak traffic between any pair of nodes (in_ this case switching modules). 

30 Vinual CBR circuits are considerCd activated when they are available for carrying 

traffic. The process of activation is designed to ensure that the physical A TM 

circuits carrying the virtual CBR circuits are not overloaded ·and that no defective 

physical ATM circuits are used to cany traffic. In case of a failure, for example. all 

virtual CBR circuits that use the failed facility must be deactivated. 

ffhis Sheet Has Been Replacec 
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In this specific embodiment, the process of activating virtual CBR 

circuitsTs analogous to the process of seizing individual ttUnlcs in accordance with 

the teachings of the real time routing arrangement as described in G. R. Ash et al.: 

U.S. Patent 5,101,451, by routing additional traffic over less heavily loaded 

5 transmission facilities, in this case, SONET/ATM facilities. One special 

char~teristic of the arrangement described herein which is not analogous to a 

situation encountered in routing traffic over individual trunks is the use of split 

groups, illustrated in FIG. 5, i.e., active vinual CBR circuits a portion of whose 

channels arc used for outgoing traffic in one direction and another portion of whose 

10 channels arc used for outgoing traffic in the other direction. Such split groups are 

especially efficient for use in carrying ttaffic between two nodes for which the level 

of traffic is relatively low. Another difference is that more links may be required for 

alternate routed traffic so that the load of several links may have to be considered in 

selecting an alternate route PVC for activation. 

15 An administrative module receives an allocate request from a switching 

module processor 511 (action block 1300). The administrative module first 

determines (test 1302) if there any virtual CBR circuits carrying split traffic (i.e., 

outgoing from the two end nodes). If so, the administrative niodule determines how 

many circuits arc currently busy in each direction and checks if there is adequate 

20 margin in the split group to allow for an additional few channels to be allocated in 

the direction associated with the allocate request. The channels of split groups are 

manged so that the first n channels arc hunted in one direction and the remainder in 

the other direction and that the hunt for a channel is performed in such a way as to 

keep the middle channels available whenever possible. If middle channels are 

25 available and if the number of these available channels is sufficiently large to allow 

for a movement of the division point (positive result of test 1304) then th~ split point 

is moved (block 1306) and the two end nodes arc so informed (action block 1308). 

The requesting node is informed of a success in response to the allocate request and 

when the requesting SMP retries test 1202 and 1208, one of these will now pass. In 

30 this embodiment split groups arc checked first; simulation studies may show that the 

alternative of checking for available additional PVCs first, is more optimum. 

If no split groups are available (negative result of test 1302) or if there is 

inadequate margin in the split group(s) (negative result of test 1304) then test 1320 

determines if there is _an available idle provisioned direct virtual CBR circuit. If so, 

35 it is necessary to check whether activation of an additional CBR PVC will cause 

congestion on any link carrying that PVC. If such congestion is found. that idle 
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provisioned direct virtual CBR circuit is rejected and not activated, and test 1324 is 

tr:ied;-if no congestion is caused, that circuit is activated (action block 1322) and the 

two end nodes of that circuit are informed of this activation (action block 1308). 

Otherwise, test 1324 is used to determine if there are any alternate available vinual 

5 CBR circuits. In making the choice among available alternate CBR circuits, the 

prinrjples of real time network routing are used by preferably selecting available 

alternate vimlal CBR circuits that use relatively lightly or less heavily loaded A TM 

facilities. In making the determination of which facilities are less heavily loaded. 

since two link circuits are preferred over 3-link circuits, the loading of the potential 

l 0 2-link circuits can be ascenained by requesting the administrative module connected 

to the CBP that is connected to the destination switching module to report on the 

loading of its A TM circuits. Since each activation of a virtual CBR circuit 

represents a larger utilization of resources ( 48 channels versus 1 channel). than is the 

case for the selection of a single trUnk for real time network routing, a loading 

15 threshold limit beyond which virtual CBR circuits should not be activated should be 

applied for any facility that is used by a candidate CBR PVC. The limit is also 

affected by the amount of VBR traffic supported by the A TM facilities. Clearly, this 

limit is a parameter which should be under conttol of the network administrators, 

which may be different for diffCICnt A TM facilities, and which should be adjusted as 

20 field experience is obtained. 

Note ~t in the prefetred embodiment, all provisioned PVCs have a 

predetermined path traversing two end nodes and a variable number of intermediate 

nodes. Alternatively, partly provision~ "PVCs" could be provided having a 

variable path selected at activate time. 

25 If no available alternate CBR virtual circuits· are available for 

assignment, then the allocate system returns a failure indication to the requesting 

SMP (action block 1326). If an available alternate circuit has been chosen (action 

block 1328) (the available circuit is selected among alternate ·circuits with relatively 

low load) then the alternate circuit is activated (action block 1330) and the end node 

30 and intermediate CBP switches are notified of the activation of the CBR vinual 

circuit. 

The active CBR PVC consolidation process will now be discussed. In 

the course of normal toll call activity, it usually happens that different composite 

cells between two end nodes are not completely filled. Funhermore, it is a frequent 

35 occurrence that the ·total number of DSOs in two or more active composit~ cells is 

less than or equal to the total number of DSOs supponed by one composite cell 

'I••. 
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(48/46). In that case it is desirable to consolidate the PVCs carrying these cells to 

form one more fully utilized cell that cames the DSOs. The PVC for composite cells 

which no longer have active DSOs can then be made inactive, thus freeing bandwidth 

on one or more A TM facilities. That freed bandwidth can then be used for 

5 composite cells between other sources and, destinations. Thus, more efficient 

utilization of the network is achieved. The consolidation process is described in 

FIG. 17. 
In the discussion that follows the composite cells being consolidated 

will be discussed as being between SMs. and the processing of consolidation is 

10 performed by the SMPs of the two SMs. Alternatively, and especially for the 

architecture wherein several SMs are connected to an A TMU, since the processing of 

the composite cells is performed by the A TMU s, it is also possible that if the 

ATMUs were arranged as part of the CBP, then the AM would control the 

consolidation of composite cells instead of the SMP. However, the processing 

15 would be the same in either case, only the identity of the processor would be 

different. 

To perform consolidation, the switching module processors continually 

check active composite cells for a partial fill condition which is defined to be two 

composite cells to the same destination such that the total number of active DSOs 

20 within both cells is less than the total number of DSO in one composite cell (ie., 

48/46)~ The amount .by which the sum of the active channels in the two cells is less 

than 48/46 is a parameter which should be set as a result of simulation and 

experience. If the parameter is too low, say zero, thrashing may occur; if it is too 

high, say 10, inefficient use of facilities Will occur. For this discussion ·a cell and its 

25 corresponding PVC are used more or less interchangeably. Each active cell is under 

the control of one connected end node, the end node that originates outgoing traffic, 

or, in the case of split traffic cells, a node selected arbitrarily. When the controlling 

SMP (Le., the SMP of the controlling node) determines that a partial fill condition 

exists, it communicates a request to the destination node (typically another switching 

30 module) to consolidate the two composite cells. The request contains: 

- The identity of the two composite cells (e.g., via the Vinual Circuit 

Identifier). One cell is the consolidated cell. and one cell is the cell to be 

eliminated (since it will carry no DSOs following consolidation.) 

- A list of DSO cell re-ordering from the cell to be eliminated to the 

35 consolidated cell. 

In this embodiment. DSOs of the consolidated composite cell remain in the same cell 
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locations, and DSOs from the eliminated cell are moved to idle positions in the 

consolieated cell. 

The other node responds with an acknowledgement to consolidate. 

During the consolidation period, new calls that require rranspon between these tv.·o 

5 nodes (typically switching modules) will only use DSOs from the consolidated cell 

that are not to be filled from the cell to be eliminated. It is possible that calls could 

arrive and therefore trigger the activation of a PVC for one composite cell while 

another PVC is being eliminated. This unlikely occUITence is iri accordance with the 

invention since eventually excessive PVCs are eliminated. 

10 In order to consolidate, newly arriving DSO sigilals for the cell to be 

eliminated are sent into both the consolidated cell and the cell to be eliminated. 

Within the A TMU, the space switch transfers a DSO on an NCT link from the SM to 

two different CWB locations. 

The SMP commands the ATMU CC to perform this function. After 

15 petf orming this action, the SMP sends a message to the other node indicating that 

the aforementioned copy action has transpired. The other node must send a similar 

message to the original node. Upon reception of this message, the SMP commands 

the A TMU CC to deactivate the PVC of the eliminated cell. The A TMU CC causes 

the space switch to read DSOs from the CWB locations associated with the 

20 consolidated cell's new DSOs from the eliminated cell. The A TMU CC then 

removes this cell ~m the CLP' s active composite cell list. The eliminated 

composite cells are longer sent or processed into DSOs on the-NCT links. Since the 

DSOs are switched via the space switch to the NCI' links, there is no change of time 

slots on the NCT links to the SM TSI. The other end then also deactivates the PVC 

25 of the eliminated cell. 

A problem arises if a channel from one cell is transferred into the same 

channel in another cell; dming the period of transition, this cell would be written into 

the same channel position of two buffer locations. This problem can be overcome in 
. . 

one of three ways: 

30 - The speed of the CWB can be doubled to allow two Y-Tites to occur in one 

interval 

- the consolidation can be arranged through software to avoid such a 

transition 

- the transition can be made in two stages, first by freeing another channel of 

35 the transferred-to cell by copying a busy channel to the idle position and then 

releasing the previously busy channel. then by transferring the channel from 

'I.II•• 
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the cell being released to the newly released channel of the target cell. 

If two or more SMs are connected to one A TMU. either the SMP of one 

of the SMs conttols the PVC being deactivated or, preferably, the AM of the 

connected CBP conttols the PVC. In either case, only a single processor controls the 

5 consolidation process at the conuo~ng node. 

A flow chart for implementing the consolidation process is shown in 

FIG. 17. At some poin~ the consolidation process is staned by the processor which 

controls allocation of permanent"vimlal circuits (action block 1400). A test is made 

to determine the existence of partial fill permanent vinual circuits (test 1402). This 

10 test is performed by checking to sec if there are PVCs with a common source and 

destination node which in combination carry less traffic than can be carried by one 

PVC. Since there is normally an order to the search for PVCs to a particular 

destination. the partial fill PVCs are most likely to be found at the end of such a list. 

As each pair is checked if the partial fill condition does not exist (negative result of 

15 test 1402), a check is made to see if the process is complete (test 1404) and if so. this 

is the end of the consolidation process at this time (end block 1406). If no~ another 

pair of PVCs is checked for the partial fill condition. (In general, it is expected that 

no more than one PVC would carry bi-directional traffic. A bi-directional PVC can 

be eliminated in two steps by first· eliminating the outgoing channels from one 

20 direction and after these channels have been eliminated in the process described 

hereinafter. converting that the cell to be eliminated not to a cell of an inactive PVC 

but to a cell of a uni-directional PVC now fully controlled by the other end node~) 

If a pair of partial fill PVCs are found (positive result of test 1402), and 

it is found that the total traffic carried over the route served by these PVCs can be 

25 adequately served by one less PVC (to eliminate excessive shuttling of PVC 

activatiQn-consolidation), then the controlling node (carrying outgoing traffic for that 

PVC) consolidates channels from a cell to be eliminated into the target cell (action 

block 1410). A message is then sent to the far end node (the node with incoming 

traffic for that PVC) informing that node of the new channels to be occupied by the 

30 channels from the PVC which is to be deactivated (or, in the case of a two-way 

traffic PVC. to be converted into a one-way traffic PVC). The outgoing node al.so 

arranges to have traffic from the channels of the cell to be eliminated transmitted to 

both the cell of the PVC to be eliminated and the consolidated target cell (action 

block 1414). The outgoing side node then waits to receive a positive 

35 acknowledgment message from the incoming traffic node (action 1416). In response 

to that message, the PVC corresponding to the eliminated cells is deactivated (action 

-.,,~ .·. 
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block 1418) (or, in the case of a two-way PVC, that PVC is then convened into an 

incoming traffic only PVC). Following execution of block 1418, other PVCs are 

checked for the partial fill condition (test 1402). 

Detailed Description 

5 1~ Overview of ATM Unit (ATMU) Functions 

FIG. 7 is a block diagram of a specific embodiment of the i~vention 

based upon the SESS switch architecture. The Asynchronous Tnµisfer Mode 

Interface Unit (A TMU) provides the interface between a switching module and the 

common broadband platform (CBP). The CBP acts as a combination 

10 communication module for intereonnecting connected switching modules and as an 

A TM crossconnect for connection via A TM links to other CBPs. The SESS Switch 

Module normal format for voice and data transpon is a single byte time slot. The 

CBP format is a 53 byte cell containing 48 bytes for voice and data transport and 5 

bytes for overhead. The A TMU provides the conversion between the single byte 

15 time slots and the 53 byte ATM cells. It also provides mangements for trarismitting 

the multiple time slots required, for example, for a 384 kilobit/second channel, into 

different bytes of a single A TM cell The SESS Switch Module interfaces to the 

A TMU over Network Conttol and Tmiing (link type 2) (NCT) links and the A TMU 

interfaces to the CBP over Synchronous Digital Hierarchy (SDH) or its U.S. version, 

20 Synchronous Optical Network (SONET), links. The SDH or SONET links transpon 

ATM cells. By proyiding voice and data switching the CBP eliminates the need for 

the time multiplexed switch used in the communications module of a prior art 5ESS 

system. In this preferred embodiment, the switch module (SM) is larger than that 

described in the AT&T Technical Joumal reference to take advantage of the higher 

25 speed circuitry available today. The dimensions of the SM are discussed below, as 

appropriate. Whije in this embodiment the CBP interfaces via the A TMU with 

switching modules of one switching system. it can equally readily interface with one 

or more stand-alone switching systeins. 

The CBP also provides SM message routing to both the Administration 

30 Module (AM) (of the SESS switch), and to other SMs, thus eliminating the need for 

intra-switch message router. The ATMU convens the SM messages from Message 

Handlers and/or PSU of the SESS Switch Module to a format suitable for routing 

across the CBP. A standard A TM Adaptation Layer is used for this purpose. The 

A TMU also provides transpon for the CBP Processor Intervention (CPO function 

35 that can be used to force a restan of an SM if a situation arises that requires a reset. 
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Signaling System 7 (SS7) messages are handled by vinual circuits of the 

toll netWork. thus providing switch to switch messaging without the need for an 
intervening STP for routing messages. (An STP, at least initially, is still desirable 

for use in accessing data bases, by providing data base access to the signal 

5 transmission network 10.) The ATMU implements this function by assembling 

· packetS into A TM cells, associating a vinual path with each switch SS7 Point Code 

and then t:ransfemng the cells to the toll A TM network over the designated virtual 

path. 
The preferred embodiment described herein takes the view that the 

10 A TMU is closely associated with the SM, since that appears to be the most useful 
from the toll network point of view. An alternative wherein the A TMU is closely 

associated with the CBP is also possible. If the A TMU is closely associated with the 

CBP, then the A TMU receives its contt0l from the Common Broadband Platform's 

contt0ller and the AM. In the event that the A TMU is closely associated with the 

15 CBP. control signals are sent via CBR or VBR PVCs from the AM to the A TMU 

central contt0ller (A TMU CC). 
As shown in FIG. 7, the CBP is under maintenance control. and circuit 

control of the AM. The AM acts as the ultimate maintenance master for the Frame 

Contt0ller of the CBP, i.e., the CBP. In this embodiment, the CBP serves only as an 

20 A TM crossconnect. and provides no processing for either ...;deo broadcast, frame 

relay, or Switched Megabit Data Switch (SMDS). Alternatively, the ATM 

crossconnect can be directly contt0lled to accept A TM inputs and to switch such 

inputs to a desired destination. This azrangement is useful, for example, for 

switching such broadband signals as high definition TV (HDTV) signals, which have 

25 a bandwidth that makes direct connection to the CBP more economical. The AM or 
another special processor can be used for contt0lling the establishment of A TM 

paths for these services. 

The assumption is made herein that computers or other terminals that 
send or receive data have reserved adequate bandwidth for sending and receiving 

30 such data before making a request for a connection through a CBP. 

2. Composite Cell TYJ>eS 
A composite cell of 48 bytes is used to carry a Pat data sample from 

48 different calls, (if the service is a 64 ldlobir/second voice). The cells for each 

bundle of calls are s~nt every 125 µs to transpon 48 DSO channels, each DSO 

35 channel for transmitting 8 bit PCM samples or data 8000 times per second. 

Thi·11i111n1m1il1i1r 
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Alternatively, 46 DSO channels are carried and a two byte index is used 

to ident:ify which group of 46 DSO channels on a given vinual circuit group is carried 

in a particular cell. In this alternative, a plurality of A TM cells for one virtual circui: 

group is transmitted every 125 µs, but cells with a particular index are sent only once 

5 every 125 µs. The alternative serves to decrease the number of vinual paths a 

network must support, and saves memory in the AT.MU and CBP, since the same 

mem0ry entry can be used for switching all CBR PVCs that connect a given source 

to a given destination over a given set of links. 

3. Architecture Overview 

10 This section discusses the high level design of the Asynchronous 

Transfer Mode Unit (A TMU) that is used to perform the following two general 

functions: 
- Conversion of DSO Transpon to A TM Composite Cells 

- Conversion of Variable Length Messages to A TM Cells 

15 3.1 Overview Of DSO To Composite Cell Conversion 

This overview focuses on DSO ftow from the 5ESS switch to the A TM 

network (CBR traffic). 

3.1.1 Space Switch 
A block diagram of the A TMU is shown in FIG. 8. Network Control 

20 and Timing (NC'O links from the SM Time Slot Interchange TSI 517 are shown 

terminated on a spac~ switch within the A TMU. The purpose of the space switch is 

to fan out the NCT links to 48 (or 46) internal links, depending on which byte within 

a composite cell is used for a given call. ·These links terminate on an array of cell 

memory devices, called the Cell Wide Buffer (CWB) in FIG. 8, that store the 48/46 

25 DSO PCM samples of a composite cell. Thus, the space switch serves to route time 

slots (DSOs) to the correct composite byte location on the input of the CWB. 

3.1.2 Cell Wide Buffer 

The function of the Cell Wide Buffer (C\VB) is to assemble the bytes of 

the vinua1 path cells in a format which allows them to be simultaneously read out in 

30 a single memory read cycle. The cWB is a buffer whose width is the size of one 

A TM cell (not counting header bytes). The width is 48/46 bytes. and the depth 

equals the number of unique active vinual paths that needs to exist at a given 

momenL (For the 46 byte composite cell, each active instance of a cell having a 

particular index and vinual path is considered a unique active vinual path.) As 
·. 

35 shown in FIG. 8 each of the PCM byte positions in the cell is Written into separate 

memories each of which has independent write control cirCuitry. Each memory 

...... 
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address in these memories corresponds to a specific vinual path. (In the case of 46 
byte implementation, contiguous memory locations are used for the multiple A TM 

cells in the vinual path). Each of these byte memories has a control memory that 
maps individual 48/46 link time slots (only the PCM part) to one vinual path byte 

5 location in the CWB. Since the conttol memory for each byte memory is 
independent, each active time slot on the 48/46 links is able to go to any virtual path 
memory location in the buffer. Thus, bytes on the 48/46 links that appear at the 
same time at the input to the CWB can be stored in different vinual path memory 
locations in their respective buffer memories and thus assembled into different 

10 vinual path cells in the CWB. The control memory is able to block a write to the 
byte buffer memory if a particular DSO on an NCT link is not active i.e., not 
presently in use for a any call. 
3.1.3 Cell List Processor 

During every 125 µs interval all active DSOs are written into the 
15 assigned byte locations of their selected vinual path cell. Composite cells are read 

from the cell wide buffer every 125 µs under control of the Cell List Processor 
(CLP) 630, shown in FIG. 8. The CLP has a list of active composite cells that are 
stored in a linked list. The Hnked list stores the A TM vinua1 path address header 
bits, and the CWB address that holds the vinual path's composite cell. The CLP list 

20 only stores the vinual paths for which active DSOs exist. The CLP traverses the list 
once every 125 µ.s, ~ereby causing each composite cell to be transmitted. After the 
CBR cells are transmitted. the CLP reads VBR cells (if any are queued) from the 
Message Layer Device (MLD) 670 to use up spare time in the 125 µs interval, as 
illustrated in FIG. 3. 

25 3.1.4 Conversion to Synchronous Time Multiplex (STM) 

Since the cell wide buffer is the width (data part) of an A TM cell, an 

entire A TM cell can be read from the cell wide buffer in one access. Parallel to 
serial conversion is implemented by means of parallel-in serial-out shift 
registers 651, •.• ,652 which are selected by means of the Shift Register (SR) 

30 Selector 653, .•. ,654 under conttol of the CLP 630. The read data along with A TM: 
header data from the CLP is loaded into a shift register that connects to a SONET 
facility interface 661, •.• ,662. In the case of a 46 byte cell, the two byte index is also 
provided by the CLP 630. The SONET facility interface connects directly to the 
CBP. 

.. " . 
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3.1.S Miscellaneous 
Other areas addressed in this specification are bi-directional voice and 

data transpon, functions such as path test and monitoring, A TM congestion tests for 

determining if a given provisioned path can accept the activation of a new composite 
5 cell load. as well as control and fault tolerancy. These are discussed in detail in 

Section 4. 

3.2 ATMU Control 

The control of the ATMU is provided by the A TMU central controller 
(A TMU CC) 600. Control messages are received in the A TMU CC from dedicated 

10 time slots intercepted in the space switch and transmitted to the A TMU CC over a 
dedicated control bus (not shown). The control messages are transmitted from a 
switching module processor (S:MP) 511 of the SESS switch module (SM) 510 via a 
Message Handler 513 in the SM. The control signals from the ATMU CC are 
distributed in the ATMU over a group of control buses. The Space Switch 610 is 

IS provided with path set up and messaging control memory information. active link 

selection and active side selectlon. Link selection is used to determine which NCT 

links from the SM are active. Alternatively, the E-bits, discussed hereinafter, can be 

used to identify the active links since E-bits are only active for active paths. Link 

selection is used to determine which NCT links from the SM are active. The links 
20 can be either active or standby. The side selection determines which side of the 

ATMU is active or standby. The Cell Wide Buffer is provided with the mapping of 

the time slots to virtual paths and allocation of byte positions within the A TM cell. 

The Cell List Processor is provided with active virtual path information and provides 

the Shift Register Selector 653, .•. ,654 with shift register address information. In. this 

· 25 A TMU design, the A TMU can suppon more than one SO NET facility, and so each 
A TM cell can go to one of the possible 8 Shift Registers. The CLP is provided with 

the identity of the proper shift register for each virtual path. The Inter-Working 

Units (IWU) 1020,1022, ••• 91024 (FIG. 12) of the MLD are provided with the 

provisioned virtual path destination addresses also. The A TMU CC provides the 

30 maintenance control of the A TMU. Maintenance messages for the A TMU CC itself 

such as initialization of the A TMU CC are received over the dedicated control bus 

before· entering the space switch. 

The A TMU is controlled by the SM in the preferred embodiment. 

Alternatively, the ATMU can be controlled by the CBP. In that case the ATMU 

35 Controller receives control from the Common Broadband Platform's Controller. The 
A TMU provides SM to SM, and SM to AM message based communication services 
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for the SESS switch via interprocessor packets. 
3.3 Message Interworking 

The A TMU provides the following message based communication 
services for the SESS switch: 

5 - SM to SM, and SM to AM via interprocessor packets 
- SS7 Message Transfer Pan (MTP) packet transpon 

Both of these functions are handled in a similar manner. In FIG. 8, the Message 
Layer Device (MLD) receives messages from the SM via the space switch. Variabie 
length 5ESS switch and SS7 messages are carried in time slot channels that originate 

10 from protocol handlers (PH) in the Packet Switching Unit (PSU) or from the SM 
Message Handler. The MLD contains three types of Inter-Working Units (IWU), the 
SESS switch messaging IWU, the SS7 IWU whose function is to reconstitute 
messages from the SMP, and the inter-PSU IWU for handling user to user data 
messages. The function of these units is to: 

15 - Accept messages carried from the space switch 
- Associate a vinua1 path that connects to the destination identified in the 

message's header 
· - Perform A TM segmentation and reassembly 

- Shift data, when instructed by the CLP. 
20 The handling of SS7 is slightly different than SESS switch interprocessor messages. 

For SESS switch int~essor messages, the frame is relayed in a vinual path to the 
destination AM or SM. The messages are processed to read the destination address. 
The destination address detennines which Vinual Circuit the A TMU uses for 
segmentation to cells. 

25 In the SS7 message case, the signaling data link is terminated in the SS7 
IWU, and the MTP message is relayed on a virtual path to the destination toll office. 
The handling of cell based messages coming from the A TM network and general 
control and fault tolerancy are discussed in detail in Section 4. 

For inter-PSU messages, the messages are processed to read the 
30 destination PSU address; this destination address determines wldch vinual circuit the 

A TMU uses for segmentation into cells. 
3.4 SM I A TMU Remoting via SDH/SONET 

In this embodiment, the CBP and A TMU are connected via intra-office 
SDH/SONET (Synchronous Digital Hierarchy/Synchronous Optical NETwork) 

35 facilities that carry A TM. The SM with A TMU is not a Network Element as viewed 
by the SDH or SONET network, and does not terminate the digital co1111nunications 
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channel (DCC) section overhead. However, the intra-office facility is optic:il. so tha~ 

an S~ith A TMU can be remoted from the CBP. If the SM with ATMU connec:s 

directly to the CBP, then only fibers (and, where appropriate, repeaters) are needed 

for such remoting. 

5 In the event that an SM with A TMU is remoted via the general 

SDH/SONET network, then SDH/SONET multiplexors or crossconnects that 

suppon Synchronous Time Multiplex-I (STM-1) and multiplexed STM-1 are used in 

order to properly terminate section DCC at the SM end. In this general case the 

SONET/SDH facility at the SM end must be terminated by a SONET/SDH 

10 multiplexor in order to provide an inua-office SONET/SDH facility directly to the 

A TMU. This will make it unnecessary to develop separate SDH/SONET DCC 

Operations Adminisuation Maintenance (OAM) functions in the SM and avoid the 

possible confusion of havmg both the CBR and the SM performing SONET/SDH 

OAM processing in the same office. 

15 The above discussion applies only to the SM to CBP links (assuming 

that the ATMU is pan of an SM). The CBP terminates section DCC for interoffice 

trunks, and is viewed by the SDH/SONET netw~k as a general Network Element. 

Thus, due to the capabilities of the CBP, the SESS switch (i.e." an AM, a group of 

SMs, their associated A TMUs, and a CBP) is an SDH/SONET Network Element 

20 even though the SM by itself is not. 

Altern~tively, it is possible to associate a group of ATMUs directly with 

a CBP instead of directly with the SMs. In this case, the NCTUnks connecting the 

SMs with ATMUs are longer as in the well-known case of optically remoted SMs for 

the 5ESS switch. In that case, a SONET facility can be used to convey the A TM 
25 signals to the CBP in essentially the same way as distant A TM signals are conveyed 

thereto, or if the CBP can be so ammged, the A TM signals can be directly 

transmitted from the A TMU to the CBP. 

3.5 ATMU General Functions 

This section summarizes the functional relationship of the A TMU to the 

30 CBP and SM. The A TMU is treated by the connected SM(s) as an intelligent 

peripheral unit that receives control messages from the SMP(s) in the same way that 

other intelligent units do. The purpose of the A TMU is to provide: 

1. SM time slot to A TM composite cell conversion assuming fixed, provisioned 

vinual paths. Up to about 10,000 time slots (20 NCT links) are supponed using 

35 present technology. (An NCT link transmits 512 multiplexed DSO bit streams. and 

u·ses optic fiber transmission.) The ATMU can route any incoming time slot to any 

rnslif liU iii1111ill"ced .. -
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byte position of any connected active CBR vinual path. The active CBR vinual 
paths ate a proper subset of a large number of pre-provisioned vinual paths, most of 

which are not active at any one time. 

2. Inter-SM and SM to AM and/or SS7 variable length message to A™ ·cell vinual 

5 path conversion. using fixed provisioned VBR paths. Because of the high priority of 

SS7 messages, it is desirable to pre-allocate VBR bandwidth for the SS7 signal 

paths. The ATMU transpons inter-SM Llnk Access Procedures (type) B (LAPB) 

frames without any termination of LAPB protocol. In the case of SS7. the A TMU 
terminates the SS7 Level 2 (HDLC Pan), and transpons MTP/SCCP (Message 

10 Transfer Part/Signaling Control and Connection Pan) messages. The MTP protocol 

is not terminated at the ATMU. 

3. An SDH/SONET facility access to the CBP is provided for the vinual path cells. 

The rates are STS-3 (Synchronous Tune Signal) to STS-12 and STM-1 to STM-4 for 

SONET and SDH respectively, and a sufficient number of these facilities is provided 
15 to meet outgoing composite cell needs for an SM supporting up to 10,000 trunks. 

For more or fewer trunks, more or fewer facilities can be equipped. 

4. Handling of NCI' A-G bits (bits that are sent with each PCM sample from the SM 

to the CBP) that is as transparent as possible to the SM, including E bit (supervision 

of a time slot) functions. Time slot parity on the NCT is also terminated/generated. 

20 S. Support Central Processor Iniervention CCPn 
This is a function ~ sends special bits on the NCT link that will reset the SM' s 

processor, in case that processor loses sanity. 

6. Suppon inputs from a plurality of SMs. 

7. Support inter-PSU user to user message traffic. 

25 4. ATMU C0mponents 

This section discusses the design of the individual blocks of the A TMU 

and the duplication plan to achieve high reliability: 

- Space switch 610 

- Cell Wide Buffer 620 · 

30 - Cell List Processor 630 

- SS7 message Inter-Working Unit 1022 

- lnter·SM/AM message Inter-Working Unit 1020 

- ATMU Centtal Controller (ATMU CC) 600 

The first three blocks of the A TMU listed involve DSO to composite cell conversion. 

35 The next two blocks involve variable length message to A TM cell conversion. For 

purpose of architectural discussions, the SS7 and intra-sWitch IWU are considered to 

....... 
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be pan of the Message Layer Device. 
Discussed after the A TMU CC section are alternatives for implementing 

the CBR Processor hltervention capability of the A 1MU (with CM-A TM). 
4.1 Space Switch 

5 4.1.1 Functions ' 

The space switch interconnects NCT link DSOs from the SM Module 
Cont:rOller Time Slot Interchange (MCTSI) with NCT bus DSOs to the Cell Wide 
Buffer (CWB) and the ATM Message Lay~ Device C:MLD). The number of NCT 
buses to the CWB depends which composite cell is used, either 46 or 48 depending 

10 on whether an A TM CBR cell conveys 46 or 48 DSO signals. There also is one NCT 
bus to the MLD. By convention, NCT buses on the "SM MCTSI side" are called 
links, buses on the "CWB side" are called NCT buses. Anywhere from 2 to 20 NCT 
links (i.e., up to 10,000 trunks) (or more in a next generation SM) can be supponed 
by the space switch. The internal design of the space switch is shown in FIG. 9. The 

15 fabric is the core of the design, and consists of multiplexors that accept up to 20 
NCT links. These multiplexors have a control memory that selects one of the up to . 
20 NCT links for each of the 512 locations on the NCT link. The selected NCT 
link's time slot is then the output of the multiplexor for the given time slot period. 
The number of multiplexors is equal the number of bytes in the composite cell (i.e., . 

20 46 or 48 multiplexors) plus one more multiplexor to create the NCT bus to the MLD. 

25 

Thus there are a to~ of either 47 or 49 multiplexors depending on the composite cell 
chosen for the overall system. In this manner, any of.the 512 time slots ori any of the 
NCT links can be connected to any of the byte locations in the cell wide buffer or the 
MLD. 

The NCT links from the MCI'S! terminate on the NCT Link Interfaces 
(NLI). The NLis present a synchronized set of backplane buses to the space switch 
multiplexors so that all multiplexors are switched synchronously. The multiplexors 
.then present a set of synchronized buses to the CWB and the MLD. 

In the reverse direction (i.e., from CWB towards SM MCTSI) the space 
30 switch operates operates in exactly the same manner. Bytes from the CWB 

terminate at fabric multiplexors driven by control memories. The output of these 
multiplexors connect to NLis that then cross couple to SM MCTSI hardware'. 
4.1.2 Fault Tolerancy 

The core fabric of the space switch interfaces to the NCT links via the 
35 NLI cards. The NCT links are duplex, meaning they originate from e~ch side of the 

SM MCTSI. In order to cross couple to the SM MCTSI. the NLis themselves are 

.· ... 
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duplicated. The NLis are pan of the core fabric failure group, so that each side of a 
NLI connects with one multiplexor fabric side. The NLis are coupled to both sides 
of the SM's TSI, but attach to only one side of the space fabric. Thus. either space 
fabric side can reach either SM TSI side. The multiplexor fabric cards connect 

5 directly to the cw_Bs. The NLI, multiplexor fabric. and CWB are all in the same 
failure side. As discussed below, the Cell List Processor is also in this same failure 
group. From a system perspective, the cross coupled NCT links terminate two 
common sides of the A TMU, each of which which has a space switch plus associated 
hardware to form the A 1M cells. 

10 The NCI' buses are coupled via the space switch to the l\11..D. The MLD 
is cross coupled with the space switch, and is in its own failure group. 

The space switch (with NLI) uses the following error detection methods: 
- Parity on NCT time slots 

- Parity on control memories 
15 - Parity on control buses from the A TMU CC 

- Loss of clock and synchronization 
Errors from these detectors are send to the ATMU CC, which then executes fault 
management procedures. 
4.1.3 Space Switch Control 

20 The control memories in the multiplexors, as well as oth~ control 
registers used to select active NCT links and A TMU sides, are all under control of . . 

the A TMU Centtal Controller. The space switch hardware has no firmware or 
software; all control is provided via buses from the A TMU CC. 

·There are two operational uses of the space switch, both of which 
25 require space switch memories to be written by the A TMU CC. namely call circuit 

switching and provisioning of message DSOs from message sources in the SM to the 

MLD. For call circuit switching, when a call is set up, signals for one DSO must be 
connected to a cell wide buffer virtual path byte location. The SMP (in conjunction 
with the AM) determines the virtual path byte location to use for each DSO signal. 

30 The Sr.AP causes each DSO signal to be placed into an NCT link time slot using an 
MCTSI TSI slice, and then orders the A TMU CC to write the appropriate 
multiplexor memory to route that DSO signal to the correct CWB byte location. Cell 
wide buffer hardware then moves the DSO signal to the correct virtual path cell in the 

memory . 

. 1is Sheet Has Bee 
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The SMP provisions DSO channels to carry messages from the Message 
Handier or PSU. through an MCTSI slice to the space switch. The SMP then orders 
the A1MU CC to write an appropriate multiplexor location that routes the DSO 
channel(s) to the .MLD. ·· . .. · .. · · ' 

In the above scenarios, the duplicated space switches are written with 

identical information. 
4.2 Cell Wide Buffer (620) ·(FIG. 10) 

4.2.1 Functions 

4.2.1.1 General 

1 O One of the two output destinations of the space switch is the CWB 620. 
(FIG. 10). The width of the CWB is determined by the type of composite cell 
chosen {i0e~;.~ither 46 or 48 bytes wide). Each byte location in the CWB has a 
control memory called a Time Slot Assign (TSA) that loads the virtual path byte for 

each NCT time slot received (FIG. 10). The TSA can also be programmed to not 
15 accept a given time slot on the NCT bus. Thus, each cell wide buffer location can. 

on a per NCT slot basis, independently load a different (or identically same) vinual 
path composite cell. (The serial NCT link signals shown in FIG. 10 are convened 
into bytes prior to being stored in buffer 801). 

The unloading of the CWB towards the CBP is under control of the Cell 
20 List Processor (CLP) 630. The CLP makes requests synchronously to the CWB by 

sending an address.and a read request. An entire 48/46 byte cell is read at once in 
one memory access into a shift register. At the same time, the CLP loads the cell 
header into the shift register. ·nie shift register is shifted out to an SDH/SONET 
facility Line Processing Unit (U'U). 661, ... ,662. CLP read operations of the shift 

25 registers are interlaced with the TSA conttolled writes from the NCT links. 
In the reverse direction (from CBP to SM MCTSI) the cell header is 

unloaded from the shift register into the CLP. The CLP uses the header to determine 
the CWB location for the call. Then, the CWB is loaded from the shift register into 
the buffer. Finally, the TSA control memories in the buffer read the bytes onto the 

30 NCT buses at the correct time. 

The depth of the CWB until now has been discussed as being equal to 
the total number of (active) vinual paths so that one DSO per vinual path (in each 
direction can be stored). However, the buffer must be two or three times as deep 
(depending on direction) due to the following reasons: 

35 - The fundamental nature of A TM is that jitter of cells can occur due to random 
internal queuing within the CBP. 
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- CWB loading and unloading from the shift registers must be·synchronized with 
CLP reads and writes to/from the shift registers to avoid cells being sent that have 
DSOs from different NCT 125 µs frames. Such frame misalignment could disrupt 
the continuity of N*DSO services being transponed by the composite cell. 

5 To solve this problem, in the clirection from the SM MCTSI t~wards the 
CBP, the CWB is double deep (two partitions). This means that the space switch 
loads one half of the CWB. while the CLP reads from the other half. After one 
partition is written the CLP and space switch access the other partition. Each half 
(partition) is identical in composition (i.e., has the identical number of vinual circuit 

10 composite cells supported). In the direction from the CBP towards the SM TSI, the 
CWB is of triple depth (three partitions) in order to allow 125 µs of "buUd~QlJ.(~ .. " .. ~,. ,,, ..... 

. · ~··.· ·.~~:.c. :·1~'r.':!-,:?F?··~:.'.~.'~·:..:;_-.:.,~ ·::··~·,.· · 

Build out is used to keep the CWB from "under-nmning", and amounts to 125 µs of 
fixed delay. Under-run occurs if cell jitter occurs to the extent that no new DSO · 
exists in the CWB when the NCT bus time slOt must read that location. Thus, two of 

IS the "partitions" of the CWB provide the buffering to account for the jitter, and the 
third partition accounts for the time to read the DSOs from the CWB without 
interference from cell writes due to incoming cells. The control meniories in the 
TSA of the CWB automatically cycle through the CWB buffer partitions. The CLP 
determines into which partition an incoming cell from the CBP a cell should be 

20 written. The partition varies from virtual circuit to vinual circuit due to the fact that 
jitter can cause (e.~.) zero, one or two cells to arrive in a given 125 µs interval. If 
cells are lost, then the triple buffer CWB can wrap around (in effect an underrun). 
This is detected if the space switch and CLP ever access the same partition, and 
causes. the OJ> to read from the partition that is funhest in time from the current 

25 build-out partition. 
4.2.1.2 DSO Path MonitorinwTest 

Monitoring circuiay is provided to determine that composite cells are 
being received by the A TMU every 125 µs on average. To achieve this, the CLP 
maintains a counter for each composite cell virtual path that is active. Every time a 

30 cell arrives, the counter is incremented. The counter increments on average every 
125 µs. The counter may not increment exactly every 125 µs due to jitter of A Th1 
cells resulting from random queuing in the CBP. This jitter is a fundamental aspect 
of CBPs. The CLP determines every 10 milliseconds (ms) whether the counter has 
incremented approximately 80 times.. This will have a variation of plus or minus 3 

.. 
35 due to near term jitter, and very low probability cell loss and insertion. If the counter 

is funher from this value, the A TMU CC is notified which is able to re.W the counter 

. ' -
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to determine if vinual path loss has occurred. The counter is able to _reach 8000 plus 

or minus 4. The counter is then checked after one second to detennine if it has 

reached 8000 plus or minus 4. The 8000 count is used to determine if a high cell 

loss per second has occum:d. 

5 A direct test of circuit continuity is designed into the A TMU. A TMl: 

CWB memory devices at the source (towards the A TM network) insen a code 

(possibly multi-byte) into a byte location of a cell. This occurs before a talk path is 

connected. At the destination end of the connection, the cell wide memory devices 

read the pattern and detect a match. This byte code can be changed as part of the test 

10 to cause bits in the DSO to toggle. 'Ibis toggling can then be recognized within the 

ATMU CWB and reponed to the A TMU CC. The A TMU CC can then cause E bits 

on (path continuity bits that are internal to a SESS switch and not transmitted over 

inter-switch facilities) on the NCT link that carries the DSO signal to toggle, as well 

as send messages to the SMP that indicated that continuity has been established. 

15 (E-bit use is described in E. H. Hafer et al.: U.S. Patent 4,280,217. 

4.2.2 Fault Tolerancy 

The CWB is in the same failure group as the space switch, as discussed 

above so that failures in the cell wide buffer result in a side switch of the CWB, 

space switch and CLP and the MLD. The LPUs are cross coupled to the facility shift 

20 n=gisters (FSRs) and CWB. Thus, a CWB can receive cells from either of the 

duplicated LPU s. Which of the two LPU s is being used is under control of the 

ATMUCC. 

The primary error detection method in the CWB is parity over: 

- NCT buses from the space switch 

25 - Virtual path byte memories 

- TSA control memories 

- Control buses from the A TMU CC 

4.2.3 Control 

The CWB is controlled by the A TMU CC. There is no firmware or 

30 software in the CWB hardware. 

From an operational point of view, the CWB is used to map a given 

composite cell byte location to a particular virtual path. The SMP routes a DSO 

channel through the SM MCTSI, and then causes the A TMU CC to connect a DSO 

through the space ~tch to a given byte location on the CWB. The control memory 

· 35 in the CWB for that byte is then written with an address associated with the vinual 

path. This occurs in TSA control memories for both directions. At this point in 

·c-...... 
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time. a connection exists from an SM MCTSI DSO and a given composite byte 
(DSO}en a given vinual path. 

All other functions are likewise under control of the A TMU CC, 

including ermr detection control associated with DSO continuity test and monitoring. 
5 and LPU state control. 

4.3 CeU List Processor (FIG. 11) 

4.3.1 Functions 

4.3.1.1 General 

The CLP 630 (FIG. 11) is responsible for moving cells between the 

10 CWB 620 and the Facility Shift Registers (FSR) 651, ... ,652 {FIG. 8.) Towards the 

A TM networ~ the CLP has a linked list of records that store the CWB location for 
each active vinual path. Every 125 µs the CLP traverses thiS list and causes the 
CWB to load all active cell into the FSRs. In the other direction, the CLP has an 

address look-up function that is used to load the CWB with cells incoming from the 
15 FSR. As stated in the description of the CWB, the CLP keeps track of the CWB 

partition to be accessed for signal transmission in both directions. 

The FSRs connect to the facility Line Processing Unit (LPU) 
(661, .•. ,662) which is the actual hardware device (circuit card) that transforms bits 
for transmission to the physical media, and that performs facility related 

20 maintenance functions. Thus the LPU card suppons optics, synchronization, and 

SDH/SONET ov~~ processing circuiay such as Byte Interleaved Parity, etc. 

FIG. 11 shows the inteinai design of the CLP. The sequencer 920 reads 

service request bits from the FSR. The request bits can be inhibited if an FSR does 

not connect to an equipped or otherwise In-Service LPU. The sequencer responds to 
25 a service request bit for a given FSR by checking a list of active virtual paths that are 

provisioned to the facility associated with the FSR. The list, stored in the vinual 
path list memory 930, accessed by the sequencer, is staned at the beginning of every 

125 µs interVal, and must be completed before the start of the next 125 µs. The last 
requirement is a reflection of the fact that the bandwidth offered to a facility should 

30 not be greater than the capacity of the facility for constant bit rate services such as 

voice. Each time a service request is made, the sequencer reads a vinual path cell 
entry from the list, loads the FSR with the header information that is stored in the list 
entry, and causes the CWB to load the 48/46 bytes into the FSR. In the 46 byte 

composite cell case, the 2 byte index is considered to be part of the header and is 

35 loaded by the CLP W1th the regular (e.g., VBR) 5 byte header. 
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Active vimial paths are made inactive by removing entries from the lisi: 

of active virtual paths associated with an FSR. The A TMU CC has a buffer 921 it 

shares with the sequencer that the sequencer uses to add and delete entries from 

active lists at idle times while cells are being transferred out of the FSRs. 

5 The forgoing was described in a sequential manner. However. in reaiity. 

significant overlap of operations exist. For example, the checking of FSR request 

bits overlaps with the accessing of previously checked FSR requests. as well as with 

the sending of read orders to the CWB. 

In the direction towards the SM (from the A TM network). cells are 

10 clocked into the FSRs from the LPUs, and request bits are set. The a..P services 

these bits by first mapping the virtual path address in the composite cell header to a 

CWB location. This function is accomplished by the A TM Address Mapper 

(AAM) 940 within the sequencer which translates the A TM header address to a 

physical address in the CWB memory devices. The AAM also uses the an index 

15 associated with the FSR so that the .same ATM cell headers can be used on the 

different facilities, otherwise the headers would have to be different on all facilities. 

Then the sequencer loads the cell in the FSR into the CWB location. All FSRs are 

on a parallel bus to the CWB, so that·only one can be loaded at a time into the CWB. 

In the preferred embodiment, the AAM is implemented using a Content Addressable 

20 Memory (CAM). 

The ~sign of the sequencer 920 is based on the use of high speed logic 

(programmable logic) that runs at over 100 MHz and scans shift registers request 

bits, operates the CAM, reads the linked list, gates data between the CWB and shift 

registers, and counts the cell arrivals. Examples of such logic are the PAL logic 

25 circuit family manufactured by AMD that uses pans such as the 22Vl0 device 

provided by many manufacturers. Another component is the PLC14 by Signetics. 

Other gate array technologies exist from Texas Insmunents that can also run 

30 

100 MHz plus. 

4.3.1.2 ATM Congestion Test Function 
One function of the ATMU is to be able to determine whether or not a 

composite cell virtual path that is about to be placed into the active state will 

experience congestion, and thus prevent su(.!h congestion from occurring. 

Congestion is defined as occurring if the utilization of the path increases above some 

threshold along any_~egment. 

.... ,__ 
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Alternatively, when congestion occurs, cells are marked by one or more 
CBPs along the path. The marking concept uses congestion control bits in the ATM 
header to test the occupancy of links between the source and destination. When the 
occupancy is above a threshold. the CBP (and other intermediate CBP) will mark the 

5 cell. The A TMU must note this and repon the event to the A TMU CC, which then 
repo~s the event to the SM. In order to provide a static indication, the cells should 
all arrive marked over a period of a predetermined number of cell mivals. Upon 
reC'.eption of a cell from an FSR. that has request bits set, the CLP will transfer the 
congestion control bits and the vinual path identifier to a memory that is accessible 

10 by the ATMU CC. The ATMU reads this memory and reports the result to the SMP.· 
If congestion occurs, new CBR PVCs are not activated if they use the congested link. 

and PVC consolidation (FIG. 17) is accelerated. 
· A diagnostic to test this mark detection mechanism is as follows: The 

CLP is ordered by the A TMU CC to set the congestion bits on a link known not to 
15 be congested. Downstream CBPs will not affect already set bits, so the far end 

ATMU should detect the set bits. The ATMU CC then orders the bits to.be cleared. 
The receiving A TMU should detect that the bits are cleared. Such a test can be used 
to verify the detection circuitry of the marked ATM cells~ and the ability of the 
network to transpon these bits after they are marked. 

20 The exact use of the congestion bits has not been determined by the 
·. CCITf. In the arrangement described herein, these bits are used to verify bandwidth 

in a manner analogous to the frame marking algorithm used in Frame Relay. That 
algorithm drops frames that are marked if congestion occurs. However, A TM cells 
are not dropped since the marking threshold is below the capacity of the channel. 

25 4.3.2 Fault Tolerancy 
The CLP is part of the same failure group as the space switch and CWB. 

A fault in the CLP causes a side switch of the A TMU, under control of the 
ATMUCC. 

Parity is used on all list and sequencer driven memories. Additional 
30 hardware such as a rimer that checks for sanity and dead clock conditions are al~o 

employed. The memory driven sequencer program is downloaded by the A TMU CC 
as part of CLP initialization. 

4.3.3 Control 
The CLP is controlled by the A TMU CC. Registers exist on the CLP 

35 that cause the CLP to modify information in the linked list table and/or the A TM 
Address Mapper (AAM). In effect, the CLP simply writes ATMU CC data directly 
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to those memories, but at a time that is synchronized with other CLP activities. The 

FSR request bits are inhibited by registers accessible directly to the A TMU CC. 

Other communications such as marked cell information, or control tn mark cells is 

handled through registers 921 shared between the CLP and the AT:'\.1 lJ CC. Any 

5 complex processing that does not have to be done on a cell by cell basis is performed 

by the ATMU CC. 

In operation, after the SMP has connected a DSO .through a given SM 

MCTSI slice onto a NCT link. and has caused the A TMU central controller . 

(ATMU CC) to connect the DSO through the space switch into the correct virtual 

10 path memory in the CWB, at the time a vinual path is activated, the A TMU CC 

causes the virtual path address to be added to the list of active cells associated with 

the facility (FSR) the vinual path. At this point in time, the composite cells are 

transfe~d to the A TM network, and DSO continuity exists (at this end). The 

A TMU CC then performs various actions discussed above to test and monitor DSO 

15 continuity. 

4.4 A TM Message Laver Device (FIG. 12) 

4.4.1 MLD Functions 
The A TM Message Layer Device (MLD) .(FIG. 12) provides variable 

length message to ATM conversion for the SESS switch for the following three 

20 communication systems: 

- SM to SM, and SM to AM communications 

- SS7 Network: SM to SM communications in the toll network 

- lnter-PSU packet communications 

By providing these interworking services, the A TM network can be used for 

25 message transport, then:by simplifying inter-SM message exchange within in the 

5ESS switch, and/or eliminating the use of STPs for messaging between switches in 

the toll netw~ STPs used for point of presence for local cmiers to the 

interexchange carrier are not affected by this use or A TM. However, reduction of 

STPs brings about a savings in operations cost and.hardware costs. 

30 Further, in accordance with the teachings presented herein, in the 

preferred embodiment, the Message Switch within 5ESS switch (described, for 

example, in the AT&T Technical Journal refen:nce on pages 1418-1421) is 

eliminated from the 5ESS switch, and the CM Processor Intervention (CPI) function 

is provided as discussed below in s.ection 4.6 . 

... . 
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Contained within the MLD are the SS7 Inter-Working Unit (SS7 rwt;) 

(1020) and the SM Inter-Working Unit (intra-switch IWU) (1022), and the inter-PSl: 
Working Unit (1024) as shown in FIG. 12. A NCT bus from the space switch of the 
A TMU transpons one or more DSO based channels that contain either SM or SS7 

5 messages from the Message Handler and/or PSU to the MLD. This NCT bus is 
~uplex, having a source in each of the duplicated portions of the space switch. 
Within the MLD, the bus is fanned out (via backplane) to the SS7, SM, and inter­
PSU IWUs. 

The outputs of the MID on the A TM side are serial shift registers that 
10 are essentially in parallel with the shift registers of th~ CWB. This can be seen in 

FIG. 13 which shows a block diagram for an IWU. The CLP services requests from 
the MLD and interleaves the A TM based message cells with composite voice cells. 
The algorithm for interleaving is that composite cells are transmitted fir$t (every 125 
µ.s and then A TM based message cells. The 125 µ.s interval should not be 

15 overlapped with the next 125 µ.s interval for composite cells. The A TM based 
messages can be assumed to always have bandwidth on the facilities; facility usage 
is allocated in a way that guarantees that messaging bandwidth is always available. 
Simulations and/or field experience are required to detennine a minimum adequate 
margin for sending messages on facilities for which composite cells are also · 

20 transponed. 

In the ineOming direction from the A TM network. the CLP translates 
A TM vinual path headers, determines whether the cell is a SS7, a SM, or an inter­
PSU message based vinual path, and directs the cells to the COD'ect one of the IWU s 
within the MLD. The IWUs receive cells and commence message re-assembly. 

25 Subsequently, the re-assembled messages are transmitted in DSOs on the NCT bus to 
the space switch of the ATMU. The IWUs must be able to associate a cell from a 
given virtual path with a given DSO, or set of DSOs for N*DSO pipes. 

An alternative to the above would be to have the SM, SS7, and inter­
PSU IWU connect to the CBP directly via SDHISONET facilities. However, this 

30 would use up limited facilities on the CBP for traffic loads that are a tiny fraction of 
the facility's throughpuL For this reason the slight overhead of having the CLP 
route the cells internally is preferred. In addition, the DSOs must be multiplexed 
back into the 5ESS switch.SM. and the NCT buses and links are the most 
economical arrangement for so doing. 

.. . 
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An assumption is that at least one SM IWU is always equipped. since 

that is-£he only mechanism an S?vlP has to communicate with the AM or other SMPs. 

The SS7 IWUs are optionally equipped, so that they may or may not be present. 

depending on the application. For example, in international 5ESS switches. the SS'i 

5 links are often clustered in only one SM, and this SM may direct all of its SS7 traffic 

to one ATMU. In addition, the MLD design allows for a variable number of SS7 

Signaling Data Links (SDL). This may imply variable number of SS7 IWUs, 

depending on the number of SDLs that one SS7 IWU can handle. This flexibility 

help specialized applications such as the SESS switch's Intemational's Global SM 

10 (GSM}, (the SM which has all the SS7 wiks). The GSM which has a centralized SSi 

PSU that can generate a large number of individual SS7 SDLs, so that an ATMU that 

is able to terminate a significant number of SDLs may minimize the software impact 

on existing SESS switches. 

4.4.1.1 ATM and Protocols 

15 The following two sections after this one discuss the inn-switch. SS7, 

and inter-PSU 1WU designs within the MLD. However, the interaction of ATM and 

intra-switch and SS7 protocols is first discussed and compmed. A basic concept of 

ATM is that ATM provides ttansport level services only. To adhere to this concept. 

the SM IWU only relays intra-switch frames. It does not perform protocol 

20 processing in the usual packet switching sense. For example, retransmissions are not 

supponed by the S¥ IWU. Protocol processors (i.e., PSU Protocol Handlers and/or 

Message Handlers) process Link Access.Procedures (type) D (LAPD) protocol end­

end over the A TM network. In essence, the SM IWU identifies the SM destination 

in an High-level Data Link Conttoller (HDLC) frame, assembles cells with the 

25 correct virtual path that corresponds to the destination SM, and then transmits the 

cells into the CBP (A TM network). 

The same arrangement is used for SS7. The ATM network relays SS7 

MTP packets between SS7 Signal Processors which are in the various switches of 

the network. An SS7 implementation features a single point to point link (see 

30 CCITI' standard Q.703) that usually connects to an STP, not used herein. However, 

the SS7 network is point to multi-point, at the MTP layer. To rationalize the point to 

point A TM layer with the point to many point nature of MTP, the· A TMU terminates 

the signaling link layer, and associates MTP packets with a virtual path to a 

destination that c~sponds with the "MTP Point Code". The messages are 

35 assembled into· cells, and then relayed over the A TM networlc. At the destination, 

the MTP packet is re-assembled, and a local signaling data link layer entity is used to 

........ 
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send the SS7 packet back to the Message Handler or PSU Protocol Handler via DSOs 
on an"""-NCT bus that connects to the space switch (as was the case in the SM !WU). 

This approach helps minimize the impact of the removal of STPs on a 5ESS switch 

or other switches since the ATMU essentially emulates the behavior of an STP (as 

5 viewed from the perspective of the PSU/PH) at the SOL level. 

4.4.2SMIWU 

4.4.2.1 Functions 
The function of the SM 1WU is to associate LAPD frames with 

provisioned virtual paths, and then convert the frames to cells. As stated above, the 

1 O SM !WU does not execute procedural LAPD on the intta-switch messages. 
However, the bit oriented LAPD protocol of the intta-switch messages must be 

processed to verify message integrity via Cyclic Redundancy Check (CRC), and 

more imponantly, to remove bit stuffing from the message so as to be able to read 
the SM destination address. Only after the bit oriented protocol (BOP) is processed 

15 and the "bit stuffing" is removed can the SM destination address be read. 
To accomplish the above, the SM IWU receives inter-SM LAPD 

messages on a provisioned number of time slots (e.g., 12 DSOs or 

768 kilobit/second) on the NCI" bus from the ATMU space switch into an HDLC 
device 1120, (FIG. 13) on the SM IWU. The HDLC device stares the inter-SM 

20 frame in a buffer from which the address (and CRC check result) can be read by the 

SM IWU internal controller. The conaoller associates the destination SM address 
with the cmrect virtual path. Then the frame with LAPD headCr is assembled into 
A TM cells using the Connection Oriented Network Services (CONS) procedures in 

accordance with the A TM Adaptation Layer specified in CC11T Standard 1.363. As 

25 a brief summary,· these pn)cedmes involve the. use of: 
- A bit field that indicates first segment (i.e., cell), middle segment. and last 

segment of the message 

- A CRC that also indicates the integrity of the overall message 
- A length field that indicates the number of bytes in the message 

30 - An index that binds all the cells of a given message together. 
In the above list. the term "message" is used synonymously with LAPD frame. The 

assembly to cells is accomplished by a modifi~ direct memory access processor, the 

A TM Adaptation Layer Processor (AALP) that generates the cells, bit fields etc. 

The output of the Af\U' is connected to an LPU (FSR) that connectS to the CLP. 

35 Currently only one FSR (connected to duplex LPUs) is supported by each IWU since 

the bandwidth from one facility is far beyond that which is necessary. When a cell is 

.,. 
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ready for transfer, hardware in the CLP will transfer from the IWU FSR to the LPL". 
No ceirwide buffer is needed in the outgoing direction, due to the relatively low 

·bandwidth requirements (as compared to the composite voice case). 

In the reverse direction from the A TM network, the CLP reads the A Thi 

5 header in the FSR that connects to the LPU. That FSR receives cells for both the 

comP.osite memory (CWB) and MLD. · At cell arrival. the CLP does not know if the 

cells are message based or composite. The CLP uses its A TM Address Mapper 

(AAM) Gust as it would for couiposite voice) to determine if the cell should be sent 

to an IWU, or to the CWB (composite voice) .. For purposes of the immediately 

10 following discussion, the cells are assumed to be message based, and destined for an 

IWU. Otherwise the cells would have been loaded into the (composite cell) CWB. 

The CLP moves the cells to the SM IWU, or the SS7 IWU cell buffer 1170, 

(discussed below) or to the inter-PSU IWU. (This cell buffer 1170 is not the 

CWB 620 used for the composite voice.) 

15 The flow of signaling, control and other nmow band messages are an 

example of data ftowing from the CBP to the SM (the opposite of the direction 

illustrated in FIG. 13). The SM (inn-switch) IWU AALP copies frames from the 

its cell buffer into queues that exist on a per me$sage basis. Multiple message 

segments (cells) may be received concurrently, so that the identifiers in the cells are 

20 used to separate the cells into complete messages. After assembly, the messages are 

shipped back on DSOs on the NCT bus through the space switch in the ATMU. 

The SM IWU has a cell buffer because there must be sufficient buffering 

to be able to receive a burst of cells if "cell bunching" occtirs. This means the "A Thf 

front end" of the IWU must be able to receive cell bursts at facility rates for shon 

25 periods of time. The cell buffer 1170 is circularly organized (FIFO), and holds the 
entire A TM header plus 48 bytes of data, unlike the CWB for composite cells which 
does not store the ATM header. (In.the composite cell case, the a..P processes and 

discards the A TM header for composite cells since the header serves no logical 
function once the frame is in the CWB. In the message case, the A TM header is 

30 funherprocessed to assemble a complete message from.the ATM cells.) 

Simulation studies and/or field experience can be used to determine the 

optimum minimum depth of local cell wide buffering. ·Normally, the traffic intensity 

is minimal compared to the throughput of the SM IWU, since the SM IWU only 

processes frames for .one SM, and does not have to perform the processing to 

35 actually terminate the LAPD protocol as do its sources. the PSU Protocol Handlers 

or Message Handler. 
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4.4.2.2 SM IWU Fault Tolerancy 
The SM IWUs are spared on a simple duplication basis, since only one 

(plus its duplicate) are needed in an ATMU. This is because there are only two 

inter-SM channels from the MH to the other SMs and AM. 

S Because the bandwidth required for inter-SM signaling channels is 

small, an NCT link carrying such signaling channels can be served by a single IWli'. 

The A TMU CC determines which SM IWU is active. The MLD NCT bus fanout 

mechanism creates a cross coupling between the NCT buses from the space switch, 

so that either SM IWU can be active regardless of which space switch side is active. 

10 Faults are detected by parity checks on the NCT buses from the space 

switch, as well as the intemal error checking means normally used with processors 

and controllers, such as parity checks on memories and sanity timers. 

A separate type of fault tolerancy function regards message transpon 

impairment. Two types exist, A TM impairment, and Message Handler DSO channel 

15 impairment. . Impairment means excessive cell or message error rates. The SM IWU 

indicates message em>r conditions to the A TMU CC, such as corrupted frames from 

the MH/PSU, or corrupted messages from the A TM network, if they exceed a certain 

threshold. This is deteCted in either the A TM header, CRC-4, the CRC check in the 

LAPD frame from the PSU PH or MH. or the CRC within the message as it is 
20 transported within ATM Connection Oriented Network Service (CONS). In the 

event of high ATM error rate, the A TMU CC can switch the SM IWU to the spare 

LPU (i.e., a facility protection switch) or take actions to diagnose the hardware 

between the SM IWU and the LPU (including the SM IWU). Jn the latter case, an · 

ATMU side switch or SM IWU may be in order, depending on the coupling between 

25 the MLD and the space switch. 
4.4.2.3 SM IWU Control 

The ATMU CC communicates with the SM IWU via a control output 

bus connected from the A TMU CC to many of the units of the A TMU. In operation, 

the A TMU CC provisions vinual path destination addresses via this bus, and 

30 provisions DSOs through the space switch into the IWU. The· A TMU CC does this 
as directed by the SMP. Provisioning is also performed in the CLP to load the AAM 

with the vinual paths that carry the messages. After this is provisioned, inter-

SM/ AM intra-switch messages can be sent at will by the SMP/MH, without any 

ATMU CC intervention,·to any inter-SM/AM intra-switch destination.· 

-~ \ .. 



4.4.3 SS7 IWU 

4.4.3.-l-Functions 

-43 -

The SS7 IWU is similar to the SM IWU, and occupies a position in the 

MLD that is parallel to the SM IWU. Therefore this section will primarily highlight 

5 the differences between the SM IWU and the SS7 IWU. The major difference 

between the SM IWU and the SS7 IWU are: 

- SS7 IWU terminates SS7 link protocol, but SM !WU only processes bit level 

LAPD to be able to read SM destination address 

- SS7 IWU is variably equipped, so that, as discussed above. it may or may not be 

10 present. Funhermore. the SS7 IWU allows a variable number of Signaling Data 
Links to be supponed, in order to allow a SESS switch Global SM to be supported 

ononeATMU. 
As stated in the section on A TM and Protocols, the SS7 IWU terminates 

the SS7 link (SDL, level 2) protocol as received from the PSU Protocol Handlers or 

15 Message Handlers on the NCT bus between the space switch and the MLD. The SS7 

IWU then associates a virtual path with the M1P point code, assembles the packets 

into cells, and transfers them out to the A TM network. At the destination switch, the 

CLP routes the cells to the SS7 IWU which then assembles them back to packets, 

. inserts them into a SS7 signaling data link frame, and sends them back on the NCT 

20 bus to the space switch towards the PSU Protocol Handlers or Message Handler. 

The A TM network~ used only as a ttansport mechanism for MTP packets as was 

the case for the intra-switch messages processed by the SM IWU. 

The design of a SS7 IWU and a SM 1WU is very nearly identical. The 

NCT bus side of the IWUs are both HDLC based, and controllers that process Bit 

25 Oriented Protocol (BOP) can also process the SS7 SDL protocol. AT&T 

manufactures a controller set (2 devices, the A TI 7115 and ATI 7130) that perform 

this function for 32 channels with all channels at full utilization for SS7 SDL. The 

A TM front end and interaction with the CLP is likewise identical, and will not be 

repeated here. Primarily, the M'IP Point Code is used in place of the SM destination 

30 for purposes of vinual address association. 
In one alternative architecture, the SS7 and SM IWU are located on the 

same IWU. Throughput is not an issu~ only the number ofDSOs to be supported on 

one hardware card. Given the NCT bus size of 512 time slots, and the use of double 

size cards, more than 32 time slots may be supportable in one card, making the use 

35 of a single IWU attractive in cost. 

~,. •· 
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4.4.3.2 Fault Tolerancv 

The SS7 IWU has a fault tolerancy design different from the SM IWU. 

Because a variable number of SS7 IWUs are used in one ATMU, the SS7 IWU 

redundancy in the MLD is N+l, versus l+l as in the SM !WU. In an alternative 

S arrangement, the redundancy is N+2. 

10 

4.4.3.3 Control 

The SS7 IWU has similar control issues as does the SM IWU. The SMP 

provisions: 

- Time slots from the Message Handler or PSU Protocol Handlers through 

the space switch to the SS7 1WU 

- Maps in the SS7 1WU that associate Point Codes with vinual paths 

- Vinual paths in the CLP. 

4.4.4 Inter-PSU IWU 

The Inter-PSU IWU works in essentially the same way as the inter-SM 

15 IWU, except that it switches packets supplied by PSU 519, packets which, in 

general, originate from and terminate to users. The IWU is transparent to the user 

level protocol being used. 

4.5 ATMU Control 

4.S.1 Fundions 

20 The NCT links connect the A TMU to the SM. Therefore, the same type 

of controller that is .used in a digital trunk unit (DTIJ) or S.ONET Interface Unit 

(SIU) is used in the A1MU. 

The A TMU CC operates and maintains the A 1MU hardwan: as 

discussed in all the above sections, and therefore will not be repeated here. 

25 4.5.1.1 Fault Tolerancy 
The ATMU CC is 1+1 spared, and is in a separate failure group from the 

rest of the A TMU. Since the A 1MU CC is a modified version of the SIUJDTIJ 

controller, no further discussion of the fault tolerancy aspects of the controller is 

required. 

30 4.5.1.2 Control 
In the SESS switch, a protocol handler (message handler (MH)) is used 

to interface between the SMP and the TSI; control and signaling messages can then 

be transmitted between.the TSI and the ATMU's MLD. This Message Handler in 

the 5ESS switch is used to communicate with the A TMU CC. This communication 

35 is via rime slots that arrive on Qie links, and that carry LAPD based messages which 

ultimately originate from the SMP. The ATMU CC processes the LAPD, and 



-45 -

executes the commands. Cenain special functions such as processor reset are put 
into thc...special NCT link dme slot used to transmit control messages to the 
A TMU CC if A TMU CC sanity is lost altogether for either side. Special bits in a 
predesignated control channel are reserved on the the NCT link to implement these 

5 functions. 

As previously discussed, the ATMU can be located within the CBP,fo 

which case the A TMU CC is conttolled by a controller of the CBP. 

4.6 CBR Processor Intervention (CPI) 

The SMP Intervention capability that the AM uses to reset an insane 
10 SMP will now be discussed. In the current 5ESS switch, the AM conttols message 

switch hardware to source bits in the Control Tune Slot (CTS) of the NCT link. 

Since a goal of this design is to eliminate the Message Switch, the capability must be 
emulated by some combination of the CBP and the A TMU. This capabilicy is 
implemented as follows: 

15 - Special virtual paths from the AM to the ATMU carry cells with multi-byte 
patterned data. These are repeatedly sent to the A TMU by the AM via the 
APH 1240 to perform CPI. ATMU hardware (the Facility Shift Registers) is able to 
detect the condition, and is haid wired to the space switch, which then generates the 
CTS CPI bit pattern to reset the SM. This multi-byte pattern data can be a long 

20 pseudo random sequence that has essep.tially zero probability of ever being 
generated, within cel:ls that should never be sent except to reset a specific SM. The 
CBP is provisioned with these virtual paths between the AM and individual SMs. 
S. AM and CDP Operations, Administration. Maintenance, 

and Provisioning (OAMP) Platform 

25 The AM serves to suppon the entire 5ESS switch and CBP (including 
A TMUs) OAMP needs. These include download and control of the CBP, craft 

graphical display, and communication via A TM with SMs. FIG. 14 shows the 
AM/CBP system architecture as comprising the following components: 

- A TM Management Module (AMM} including directly connected terminal. 
30 This is an adjunct fault tolerant processor that is an extension of the existing 

SESS switch AM. and serves to· provided added processing throughput for 

new CBP and A TMU capabilities. 

- Ethernet Bus to interconnect AM/AMM with Graphic Unit Interface {GUI), 
A TM Packet Handler (APH}, and CBP. 

35 - Small Computer System Interface (SCSI, an industry standard) peripherals 
for disk, tape, and CD ROM on-line documentation: These augme-nt the 
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existing AM non-volatile peripherals . 
. - - GUI workstatkm terminals that suppons existing 5ESS switch equipment. 

CBP, and ATMUs .. 
- A™ Packet Handler provides the AMI AMM with the ability to 

S communicate via A TM over SO NET to the SMs. The SMs tenninate the 
APH's ATM in their ATMU MLD's. To communicate with SMs, the 

AM/AMM sends messages via Ethernet to the APH which performs the 
message to cell conversion and transmittal to CBP over SONET. 

The GUI and non-volatile memory are commercial components whose control 
1 O resides in AMM software. The design of the AMM and APH components are 

expanded in the following sections. 
5.1 A TM Management Module 

The AMM is a high capacity processing element of the ·AM: 

- Processors: AMM The processors are N+K redundant connected by a 
15 Future Bus(+) technology, IEEE 896 Standard. Automatic hardware and 

software fault detection, and rcstan capabilities arc built into the processor 
modules. The AMM itself is supponed by the Achninisttative Module (AM) 

which is used to create a high reliability environment for the AMM 
processors. 

20 - Memory Modules: The N+K processors share common memory modules 
that are us~ to store static and check-pointed data. Automatic hardware 
error deteetion capabilities arc built into the memory modules. The memory 
modules are redundant, with data being stored in.two memory modules; only 

the active module responds to read accesses. The memory modules connect 

25 to the processors via Future Bus(+). 
- SCSI Peripheral Interface: There are two SCSI controllers in the AM/CBP 
Platform. In addition to mim>red disks, there is a canridge tape drive for 
loading the AMM and a CD ROM is optionally equipped to store on-line 
documentation. 

30 - Ethernet Transceivers: The CBP and GUI workstations are connected 

through duplicated Ethernet interfaces to the AMM. 
- Dedicated AMM Terminal: A terminal directly to the processor complex, 
in order to access the core in the event both terminal controllers or Ethernet 

transceivers fail. This terminal does not have a GUI, and is intended for 

35 MML commands only. 
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S.2 APH 

The APH is a modified IWU from the ATMU MLD. It is shown in 

FIG. 14. The Rate Adapt and BOP controller are removed and are replaced by an 

Ethernet Controller and Transceiver. The Ethernet controller places message into che 

S buffer. The processor determines the proper A TM header (Vinual Circuit). The 

AALP performs the functions of converting the message to cells. Unlike the MLD 

IWU, the Cell Buffer connects directly to an LPU that transforms bitS to SONET 

media as soon as the segments are available. There is no CT.P to gate the 

transmission of the cell to the LPU. 

10 6. Conclusion 

It is to be understood that the above description is only of one preferred 

embodiment of the invention. Numerous other arrangementS may be devised by one 

skilled in the an without departing from the scope of. the invention. The invention is 

thus limited only as defined m the accompanying claims. 

>is 1iiii1\1ii1iii 
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APPENDIX A 

ACRONYMS AND ABBREVIATIONS 

ATM Adaptation Layer 

A TM Adaptation Layer Processor 

ATM Address Mapper 

Administtative Module 

ATM Management Module 

A TM Packet Handler 

Asynchronous Transfer Mode 

ATM Interface Unit 

A TMU Central Controller 

Bit Oriented Protocol 

Common Broadband Platform 

Constant Bit Rate (traffic) 

Consultative Committee on International Telephone 

and Telegraph Standards 

Compact Disk Read Only Memory 

Cell List Processor 

Connection Oriented Network Services 

CBP Processor Intervention 

Cyclic Redundancy Check 

Control Tune Slot 

Cell Wide Buffer 

Digital Access Crossconnect System 

Digital Communications Channel 

A 64 kilobit/second PCM single channel signal 

A signal composed of 24 DSO signals 

Digital Trunk Unit 

Embedded Operations Chaiµiel 

Facility Shift Register 

Global SM 

Graphical User Interface 

.. .. . 
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HDLC High-level Data Link Controller 

-ISON Integrated Services_ Digital Network 

IWU Inter-Working Unit 

LAPB Link Access Procedures (type) B 

5 LAPD Link Access.Procedures (type) D 

LPU Line Processing Unit 

MCTSI Module Conttoller Time Slot Interchange 

MLD Message Layer Device 

MML Man Machine Language 

10 MTP Message Transfer Part 

NCT Network Conttol and Timing (link) 
. NLI NCT Link Interface -

NNI Network Node Interface 

OAM Operations Administration Maintenance 

15 OAMP Operations Administration Maintenance Provisioning 

PCT Peripheral Conttol and Timing (link) 

PH Protocol Handler 

PSU Packet Switching Unit 

PVC Permanent Virtual Cllcuit 

20 SCCP Signaling Control and Connection Pan 

SCSI Small Computer System Interface (an Industry standard) 

SDH Synchronous Digital Hierarchy 

SOL Signaling Data Link (SS7) 

SIU SONET Interface Unit or SM Interface Unit 

25 SM Switch Module 
SMDS Switched Megabit Data Switch 

SMP Switch Module Processor 

SO NET Synchronous Optical NETwork 

SR Shift Register 

30 SS7 Signaling System (Number) 7 

STM Synchronous Tune Multiplex 

STP Signal Transfer Point 

STS Synchronous Time Signal 

.. ~ ... 
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Claims: 

1. A method of establishing circuit switched calls in a network. 

comprising the steps of: 

provisioning a multiplicity of synchronous, constant bit rate (CBR), 

5 packetized vinual circuits (PVC) among nodes of the network, each packet of such a 

PVC for carrying signals for an arbitrary plurality of calls, receivable from one or 

more pulse code modulated (PCM) signal streams terminating in a node. over a 

plurality of channels of said each PVC; 

responsive to a request to establish a circuit switched call from an 

1 O ingress node to an egress node of said network. making a first determination of 

whether any active PVC between said ingress and said egress node has an availabie 

channel for cmying said call; and 

15 

responsive to a positive first determination, establishing said call using :l 

PVC having said available channel. 

2. The method of claim 1. wherein said provisioned PVCs comprise 

active PVCs for cmying calls and inactive PVCs which can only carry calls upon 

being activated. further comprising: 

responsive to a negative first determination, making a second 

determination of whether a provisioned inactive PVC between said ingress and said 

20 egress node can be.activated; and 

responsive to a positive second determination. activating one of said 

provisioned inactive PVCs between said ingress node and said egress node and 

establishing said call over the activated provisioned PVC. 

3. The method of claim 2 wherein each channel of an active PVC is 

25 assigned a direction of calls carried over said each channel. 

4. The method of claim 3 further comprising: 

responsive to a negative first determination and prior to making said 

second determination. making a third determination of whether any active PVC has 

channels for carrying traffic in both directions, and whether assignment of direction 

30 of channels of any of said active PVC having channels for both directions can be 

changed to assign at least one more channel in a direction of said circuit switched 

call; and 

... \ 'i 
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responsive to a positive third determination. changing said assignment 

of ditcction of one of said any PVCs and assigning said circuit switched call to said 

one of said any PVCs. 

S. The method of ~!aim 3 wherein said first determination is for 

5 determining whether any active PVC has available channels for establishing a call in 

a direction of said circuit switched call. 

6. The method of claim 3 wherein ones of said active PVCs carry only 

channels for calls outgoing from a source node of the network. 

7. The method of claim 6 wherein one node is assigned responsibility for 

10 controlling activation and deactivation of each unidirectional PVC. 

15 

20 

25 

8. The method of claim 2 wherein said second determination comprises 

determining which candidate inactive PVC uses links less busy than links used by 

other candidate PVCs. 

· 9. The method of claim 2 further comprising: 

consolidating channels from two partially loaded CBR PVCs into one 

CBRPVC. 

10. The method of claim 9 wherein said consolidation comprises sending 

signals for one channel briefty over two channels while switching a channel from 

one PVC to another PVC. 

11. The method of claim 1 wherein each channel of an active PVC is 

assigned a direction of calls carried over said chanriel. 

12. The method of claims l, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 wherein said 

PVCs are PVCs of facilities for carrying Asynchronous Transfer Mode (A TM) 

signals. 

13. The method of claim 1 wherein said PVCs are PVCs of facilities for 

.. carrying Asynchronous Transfer Mode (ATM) signals, and wherein cells of said 

A TM signals comprise cells each cmrying one pulse code modulation (PCM) sample 

his Sheet Has Been ReplacedTI 
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from each of a plurality of PCM channels. 

14. A method of establishing a call connection through a 

telecommunications network, comprising: 
· provisioning a constant bit rate (CBR) packetized permanent vinual 

5 circ~it (PVC) between an ingress node of the network and an egress node of the 

network; and 

10 

15 

responsive to receiving a request to establish a communication channel 

between said ingress node and said egress node, assigning a call to an available byte 

position of each packet of said CBR PVC; 
wherein each ·byte position of a payload of each packet transmitted over 

said PVC comprises data for a different communication channel, said 

communication channels coming from a plurality of pulse code modulated (PCM) 

signal streams. 

15. A telecommunications network comprising: 

a plurality of access swiiches; 

a signal transmission network; 

ones of said access switclies interconnected by a plurality of inter-access 

switch links; 

ones of said access switches being interconnected by said signal 

20 transmission network; 

said access switches comprising means for convening synchronous 

pulse code modulation (PCM) signals to asynchronous transfer mode (A TM) signals. 

wherein ones of cells of said A TM signals periodically carry PCM data for an 

arbitrary plurality of telecommunications calls from one or more PCM signal 

25 streams over a common virtual circuit connecting two access switches; 

said signal transmission network comprising a plurality of common 

broadband platform (CBP) A TM crossconnect switches for interconnecting links, 

carrying A TM signals to access switches and to other CBP switches; 

said inter-access switch links carrying A TM signals. 

30 16. The network of claim 15 wherein ones of said access switches 

comprise a CBP sM.tch. 

17. The network of claim 16 wherein signaling data as well as 

C'.~ ••• 
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telecommunications calls are transmitted over said signal transmission network and 
said-inter-access switch links. 

18. The network of claim 16 wherein said ones of said cells carry bytes 
of PCM data for each of n calls, where n is an integer greater than 1. 

19. The network of claim 18 wherein n = 48, and each of said ones of 
said cells carries one byte per can. 

20. The network of claiin 18 wherein n = 48 - A, and each of said ones of 
said cells carries one byte per call, and an A-byte index to differentiate among a 

- plurality of virmal circuits using a common path. 

10 21. The networlc of claim 20 wherein A = 2. 

22. The network of claim 18 wherein ones of said ones ~f said cells carry 

a plurality of bytes for a call. 

23. The network of claim 22 wherein said ones of said ones of said cells 
carry a plurality of bytes for said call and a single byte for each of a plurality of other 

15 calls. 

24. In a switching system of a telecommunications network comprising a 
plurality of interconnected switching systems, apparatus comprising: 

means for converting between a plurality of synchronous pulse code 
modulated (PCM) signals, each signal for carrying a plurality of PQ.\1 channels, into 

20 one or more first output signal~ each comprising a plurality of packets transmitted 
periodically and each packet comprising bytes of said PCM signals for an arbitrary 
plurality of PCM channels from one or more of said plurality of PCM signals; 

means, connected to said means for converting, for switching packets of 
said first output signals each to one of a plurality of second output signals, said 

. 25 second output signals for transn:lission over said network to a destination switching 
system. 

25. The. apparatus of claim 24 wherein said means for converting 
comprises means for convening into said one or more first output signals, each of 

·s.• •. 
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said first output signals comprising a plurality of packets transmitted periodically at 

a ra~hich is a multiple of a period of said synchronous PCM signals. 

26. The apparatus of claim 25 wherein said multiple is one and each of 

said plurality of packets transmitted pCrl~cally comprises only a single signal for a 

5 pluµlity of PCM channels. 

27. The apparatus of claim 26 wherein said output signals carry 

Asynchronous Transfer Mode (A TM) signals and said plurality of packets 

transmitted periodically is a plurality of A TM cells. 

28. The apparatus of claim 24 wherein said first output signals comprise 

10 Asynchronous Transfer Mode (A TM) signals and said packets of said first output 

signals are cells of said A TM signals. 

29. The apparatus of claim 24 wherein said first output signals carry 

Asynchronous Transfer Mode (A TM) signals and wherein said means for converting 

further comprise means for convening received packets of data into variable bit rate 

15 (VBR) cells for transmission in an A'IM signal. 

30. ~~ apparatus of claim 29 wherein at least one of said first output 

signals cany VBR telecommunications call signaling packets and wherein said 

signaling packets are given priority over other VBR packets in transmission of said 

ATM signal. 

ZO 31. The apparatus of claim 29 wherein said plurality of packets 

transmitted periodically are A TM constant bit rate (CBR) cells and wherein said 

A TM CBR cells are given priority over said VBR cells. 

32. The apparatus of claim 24 wherein at least on~ of said means for 

converting is connected to a plurality of switching modules or systems and wherein 

25 said means for converting combines signals from two or more switching modules or 

systems into a single set of packets transmitted periodically, and wherein ones of 

said CBR PVCs cmy signals from two or more switching modules or switches. 

33. The apparatus of claim 32 wherein each of said cells for carrying a 

·c.,•.-. 
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plurality of channels carries up to 48 channels in a 48 byte payload of an A TM cell. 

· 34. The apparams of claim 33 wherein each A TM cell carries one byte 

for each of (48 - A) channels IU1d wherein A bytes are reserved for an index to pennit 
a single permanent vinua1 circuit (PVC) identification to be used for a plurality of 

5 PVCs between a common source and a common destination node using a common 

set of intermediate nodes. 

35. The apparatus of claim 34 wherein A = 2. 

36. The apparatus of claim 24 wherein said means for switching packets 

is directly connectable to a source and destination for Asynchronous Transfer Mode 
10 (A TM) signals. 

37. The apparatus of claim 36 wherein ones of said second output signals 

are funher for transmission over said network, to another of said means for 

switching packets, for switching received ATM cells to a destination user. 

38. The apparatus of claim 29 wherein said VBR packets comprise 

15 packets for transmitting messages between a processor of a switchfng system or 

module for supplying one of said synchronous PCM signals and a processor of said 

means for switching packets. 

39. The apparatus of claim 29 wherein ones of said VBR cells are for 

transmission between two switehing systems or modules each for supplying one of 
20 said synchronous PCM signals. 

40. The apparatus of claim 39 wherein said ones of said VBR cells are 
transmitted between processors of said two switching systems or modules. 

41. The apparatus of claim 24 further comprising: 

means for converting signals from telecommunications lines to channels 

25 of one of said plurality of synchronous PCM signals. 

42. The apparams of claim 24 wherein said means for converting is 

connectable to a plurality of switching systems or modules each for providing ones 

~! .-
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of said plurality of synchronous PCM signals. 

43. The apparatus of claiin 24 wherein a switching system or moduie 

provides at least two synchronous PCM signals, different ones of said .at least two 

· signals being connected to different ones of at least two means for convening. 

44. The apparatus of claim 24 funher comprising: 

means for generanng an arbitrary signal for transmission in one of said 

first output signals; and 

means for receiving and checking for said arbitrary signal in order to 

verify continuity of a path for said one of said first output signals. 

45. A telecommunications network comprising: 

a plurality of access switches; and 

a plurality of common broadband platform (CBP) Asynchronous 

Transfer Mode (A TM) crossconnect switches; 

wherein each access switch comprises means for converting a plurality 

15 of pulse code modulated (PCM) multiplexed input signals into A TM signals; 

wherein ones of said CBP switches are connected to ones of said access 

switches; 

wh~ ones of said access switches are interconnected by links 

carrying ATM signals to others of said.access switches; 

20 wherein A TM signals being switched in said access switches and said 

CBP switches comprise periodically ~smitted cells each of which canies a 

plurality of PCM channels which come from arbittary PCM channels of one or more 

of said PCM signals, said cells being carried on constant bit rate (CBR) permanent 

virtual circuits (PVCs) interconnecting two access switches at a repetition rate whose 

25 period is a multiple of a basic PCM sampling rate. 

30 

46. The apparatus of claim 45 wherein said multiple is one and said 

sampling period of said PCM signals is 125 µs and wherein each of said plurality of 

channels canied in said cells occupies one byte of a payload of the periodically 

trarismitted cells. 

47. The apparatus of claim 45 wherein each access switch comprises at 

least one node and at least one of said access switches comprises a plurality of 

'~.-
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nodes. said nodes each for converting PCM signals into A TM signals. and wherein 
said"'PVCs interconnect nodes of said access switches. 

48. A telecommunications network comprising: 
a plurality of access switches; 

5 wherein each access switch comprises means for converting a plurality 
.of pulse code modulated (PCM) multiplexed input signals into A TM signals; 

wherein ones of said access switches are interconnected by links 
carrying A TM signals to oth~ of said access switches; 

wherein ATM signals being switched in said access switches comprise 
10 periodically trarismitted cells each of which cmies a plurality of PCJ.\1 channels 

which come from arbitrary PCM channels of one or more of said PCM signals, said 
cells being carried on constant bit mte (CBR) pennanent virtual circuits (PVCs) 
interconnecting two access switches at a repetition rate whose period is a multiple of 
a basic PCM sampling rate. 

15 49. The apparatus of claim 48 whemin each access switch comprises at 

20 

2S 

least one node and at least one of said access switches comprises a plurality of 
nodes, said nodes each for converting PCM signals into A TM signals, and wherein 
said PVCs interconnect nOdes of said access switches. 

SO. A teleeommunications network comprising: 
a plurality of access switches; and 
a plurality of common broadband platfonn (CBP) Asynchronous 

Transfer Mode (A TM) crossconnect switches; 
wherein eaeh access switch comprises means for converting a plurality 

of pulse code modulated (PCM) multiplexed input signals into A TM signals; 
wherein ones of said CBP switches are connected to ones of said access 

switches; 
wherein A TM signals being switched in said access switches and said 

CBP switches comprise periodically transmitted cells each of which cmies a 
plurality of PCM channels which come from arbitrary PCM channels of one or more 

30 of said PCM signals, said cells being earned on constant bit rate (CBR) permanent 
vinual circuits (PVCs) interconnecting two access switches at a repetition rate whose 
period is a multiple of a basic PCM sampling rate. 
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Sl. The apparatus of claim 50 wherein each access switch comprises at 

least one node and at least one of said access switches comprises a plurality of 

nodes, said nodes each for converting PCM signals into A TM signals, and wherein 

said PVCs interconnect nodes of said access switches. 

5 52. In a telecommunications switching system, apparatus comprising: 

means for receiving a plurality of synchronous pulse code modulated · 

(PCM) signals, each signal for carrying a plurality of PCM channels; 

means for storing individual bytes of said PCM signals in selectable 

memory locations of a plurality of buffer memories each buffer memory for storing a 

10 plurality of said bytes; and 

means for adding header data to outputs of ones of said buffer memories 

and for forming a plurality of packets each packet comprising bytes from an arbitrary 

plurality of PCM channels from one or more of said PCM signals; and 

means far transmitting periodically ones of said plurality of packets in 

15 output signals to a unit for switching packets of said output signals. 

53. The apparatus of claim 52 wherein said means for forming comprise 

·. means for forming an Asynchronous Transfer Mode (A TM) signal and said means 

for transmitting comprise means for transmitting an A TM signal .. 

54. The apparatus of claim 53 funher comprising means for receiving 

20 and assembling data packets and for converting said packets into cells of an A TM 

signal for transmission by said means for periodically transmitting ones of said 

plurality of packets. 

SS. The apparatus of claim 52 wherein said means for periodically 

transmitting comprise means for transmitting .ones of said plurality of packets at the 

25 period of said synchronous PCM signals. 

56. The apparatus of claim 52 wherein said means for receiving further 

comprises means for receiving signals representing packetized data. 

51. Th~. apparatus of claim 56 wherein means for transmitting further 

comprises means for transmitting non-periodic packets; 
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wherein said signals representing packetized data are transmitted to 

means for assembling said packetized data; 

wherein said means for assembling packetized data comprise means for 

transmitting said assembled packetized data to said means for transmitting. 

58. The apparatu~ of claim 57 funher comprising: 

means for selecting between said assembled packetized data and said 

plurality of packets for transmiSsion to said means for transmitting. 

59. The apparatus of claim 57 wherein said packetized data comprises 

data received from users connected to switching systems for supplying said plurality 

10 of synchronous PCM signals. 

60. The apparatus of claim 52 wherein said means for storing individual 

bytes is byte organized so that a plurality of bytes forming a packet can be 

transmitted in parallel to said means for transmitting. 

6L The apparatus of claim 60 wherein said means for storing comprises 

15 means for storing two frames of PCM signals for subsequent transmission to said 

means for transmitting, wherein frame integrity is maintained by using storage for 

said frames alternaJely. 

62. The apparatus of claim 60 further comprising means for storing 

individual bytes of PCM signals for transmission to a connected switching system, 

20 said means for storing for ttansmission to said connected switching system 

comprising storage for three frames of PCM signals in order to provide frame 

integrity of said PCM signals and to overcome effects of jitter in incoming A TM 

signals. 

63. In a telecommunications switehing system or cluster comprisirlg a 

25 plurality of switching modules or switching systems, apparatus comprising: 

means for converting between a plurality of synchronous pulse code 

modulated (PCM} first output signals from_said switching modules or systems, each 

output signal for carrying a plurality of PCM channels, into one or more second 

output signals, each comprising a plurality of packets ttansmitted periodically and 

30 each packet comprising bytes of said first output signals for an arbitrary plurality of 

1is Sheet Has B 
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PCM channels from one or more of said first output signals; and 
means for switching packets of said second output signals each to one of 

a plurality of third output signals, said third output signals for transmission to the 

convening means for converting said third output signals into PCM signals for 

5 transmission to said plurality of switching modules or systems. 

64. The apparatus of claim 63 wherein said second and said third output 

signals comprise Asynchronous Tmnsfer Mode (A TM) signals and said plurality of 

periodically transmitted packets are a plurality of A TM cells. 

65. The apparatus of claim 64 wherein said plurality of A TM cells each 

10 carries a plurality of bytes, each byte representing one PCM signal of one channel, 

and wherein each of said plurality of A TM cells carries only a single byte of any 

channel. 

66. The apparatus of claim 64 wherein said first output signals further 
comprise packetized data signals, and wherein said means for convening further 

15 comprise means for converting said packetized data signals into variable bit rate 

(VBR) A 'IM cells of said second output signals. 

67. Th~ apparatus of claim 66 wherein ones of said first output signals 
comprise packetized telecommunications call signaling data signals, and wherCin 

VBR A TM cells cmresponding to said packetized signaling data signals are given 

20 priority over other VBR cells in transmission of cells to said means for switching 
packets. · 

68. The apparatus of claim 66 wherein said means for converting gives 

priority to said plurality of packets transmitted penodically over said VBR cells. 

er-.. 
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ESTABLISHING TELECOMMUNICATIONS CALL PATHS 

IN BROADBAND COMMUNICATION NETWORKS 

Abstract 

In accordance with the principles of this invention, Pulse Code 

5 Modulation (PCM) signal streams are converted into Asynchronous Transfer Mode 

(A TM) cells for switching and transmission across a telecommunications network. 

Each cell canies one PCM sample of up to 48 different voice connections, the voice 

connections selected from the PCM data streams because they have a common 

destination. The cells are transmitted over A TM virtual circuits, each circuit 

10 transmitting one cell every 125· µs. Advantageously, ATM transmission systems· 

interface with PCM systems without adding appreciable delay and without requiring 

additional buffering. Advantageously, new voice paths can be established most of 

dle time by using available slots in the cells of existing virtual paths. This invention 

can also be used for implementing a large switching system or a cluster of highly 

15 interconnected smaller systems. 
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ESL\BLISHJNG TELECOMMUNICATIONS CALL PATHS 

IN BROADBAND COMMUNICATION ~ETWORKS 

Abstract 

In accordance with the principles of this invention, Pulse Code 

5 Modulation (PCM) signal streams are converted into Asynchronous Transfer Mode 

(A TM) cells for switching and transmission across a telecommunications network. 

Each cell curies one PCM sample of up to 48 different voice connections. the voice 

connections selected from the PCM data stre~ because they have a common 

destination. The cells are transmitted over A TM vinual circuits, each circuit 

10 transmitting one cell every 125 µs. Advantageously, ATM transmission systems 

interface with PCM systems without adding appreciable delay and without requiring 

additional buffering. ~dvantageously, new voice paths can be established inost of 

the time by using available slots in the cells of existing virtual paths. This invention 

can also be used for implementing a large switching system or a cluster of highly 

15 interconnected smaller systems. 
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IN BROADBAND COMMUNICATION NETWORKS 

Technical Field 

This invention relates to a.Irangements for establishing digital 

5 telecommunications connections, and more specifically, for establishing such 

·connections using broadband networks and switching systems. 

Problem 

The provision of large quantities of telecommunication services such as 

toll t~lephone service continues to be expensive. While there have been major 

10 breakthroughs in the cost of provisioning of high capacity transmission systems 

using fiber optics, the access to such fiber optic systems and the switching of signals 

on such fiber optic systems continues io be costly. Funher, the cost of switching the 

signals from one channel to another in a toll tandem switch remains high, with the 

result that trunk groups are engineered to avoid the use of toll tandem connections as 

15 much as possible. (It is estimated that even during a peak busy day, less than 5% of 

...... , 
I 

the toll traffic switched through the AT&T network is routed via a toll tandem •'4 

switch.) A problem of the prior an is that because large toll_ networks still rely on 

the use of expensive toll switches for switching tandem calls as well as toll access 

calls to the toll network, it is generally advisable to engineer direct groups 

20 ge~erously, and therefore, less economically, in order to limit the amount of traffic 

requiring tandem sWitching in the toll network. 

A new standard has been implemented for transmitting combinations of · 

broad~and and narrower band, packet and circuit signals over broadband facilities. 

This standard, the Asynchronous Transfer Mode (A TM) standard, packs data into 

25 frames each frame comprising a plurality of cells, each cell being 53 bytes long. 

53 bytes consisting of a 5 byre header and a 48 byte payload. When an A TM 

segment is transmitted, each of the cells may be he&ded for a separate destination, 

the destination being identified in the header. No sound proposal has been made for 

the economic use of A TM for transmitting voice signals from an ingress to a 

30 network-to a multiplicity of egress nodes of the network. While the ATM standard is 

finding increasing use in broadband networks, especially those using fiber optic 

transmission facilities, no economic solution has been found to the problem of 

designing a .communications network for transmitting a large multiplicity of voice 

signals from any· of ·a multiplicity of ingress nodes of the network to any of a 

35 multiplicity of egress nodes of the network using the A TM standard. Specifically, no 
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sound proposal has been made for the economic use of A TM for transmitting voice 

signals generated as puls>: •;ode moc!ula£ed (PCM) signals and multiplexed onto 

PCM facilities and switching such signals between switching systems or modules 

and over switching networks for transmission and switching using A TM 

5 transmission facilities and switches. 

Funher, there has been an increasing need for a very large 

telecommunications switching system or its equivalent. In the past, this need has 

_ partially been met"by the use of smaller switching systems interconnected by 

moderate capacity tandem switching systems. In the case of a switching system such 

10 as AT&T's SESs® switch, a fairly large system has been devised using switching 

modules of substantial capacity interconnected by a time multiplexed switch. None 

of the available solutions, however, have resulted in an economically satisfactory 

solution to the nt:ed for a very large switching sys~ or cluster of systems for 

handling substantial quantities of telei>hone traffic~ low speed telecommunications -- ·. 

15 data traffic, and high speed telecommunications data traffic. No sound economic 

proposal has been made for the economic use of A 'IM for achieving a very high 

capacity large switching system or a large highly interconnected cluster of smaller 

switching systems. 

European patent application publication 0 225 714 discloses 

20 arrangements for assembling composite packets,· wherein each packet contains data 

for a plurality of communications to different destination nodes of a switch, and for 

disassembling and reassembling such packets in order to create packets for a single 

destination node. K. Y. Eng et al.: A Framework For National Broadband (A TMJB­
ISDN) Network; International Conference On Communications ICC '90, vol. 2, 

25 April 1990, Atlanta U.S., pages 515-520, discloses arrangements for a national 

broadband network architecture including large A 1M switches interconnected by 

broadband facilities and digital access and crossconnect systems. 

Solution 

The above problems are solved and an advance is made over the prior 

30 art in accordance with our invention wherein a plurality of communication channels 

each destined for a common egress switching system or module or group of such 

systems or modules (node) are packed into a single A TM or A 1M-like cell, wherein 

voice or narrow band data channels are transmitted using such cells transmitted at a 

repetition rate that is the same or a submultiple of the repetition rate of the pulse 

35 code modulation (PCM) sign_als that represent the voice signals; the cells are 

transmitted over constant bit rate (CBR) permanent yirtual circuits (PVC) between 

•' 
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an ingress node and an egress node of a network. Permanent vinual circuits are 

provisioned as the traffic between a particular ingress and egress node of the network 

changes, but such circuits need be activated or deactivated only when an additional 

group (the group size being determined by the number of voice channels that are 

5 transmitted in each cell) is needed or can be released. A PVC is provisioned when 

the data for switching signals of that PVC is stored in some memory of the nodes 

through which the PVC passes. A PVC is activated when this data is moved into the 

active storage for switching signals of that PVC and signals are sent through that 

PVC. In one specific embodiment of the invention. each of 46 or 48 payload bytes 
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of a cell carries a byte of a different PCM channel. For PCM ~hannels th:it c:1rry 

more than 64 kilobits/second. for eAample. 384 kilobits/second channels. ::e·:e:-:il a~· 

the bytes. in the example, 6, of a cell are used for a single channel. Advam:igeously. 

using this kind of an arrangement an ATM crossconnect system, also ref erred to 

5 hereinafter as a Common Broadband Platform (CBP), can be used at intennedi:ue 

nodes to interconnect the links of a permanent vinual circuit between an ingress and 

an egress node. A unit for carrying out the functions of a CBP is described in 

Electrical Emrineerin2, Vol. 65; No. 1, October 1991, pages 12-18. Such an ATM 

crossconnect system carries out the functions of systems such as AT&T' s Digital 

10 Access Crossconnect System (DACS) systems, on·A'IM signals. and is therefore 

very much simpler than a toll switch. Advantageously, since the permanent vinual 

paths connect an ingress switch to an egress switch, call control signals need only be 

sent between these two switches, and need not be sent to intermediate switches when 

a PVC is already activated. Activation of a PVC may require notification of 

15 intermediate CBPs if these CBPs do not already have the PVC control data in active 

memory. Advantageously, such ATM crossconnect systems can be interconnected 

using broadband transmission facilities. Advantageously, such an arrangement 

simplifies the normal process of selecting a channel for .use in establishing a 

connection for a new telecommunications call. Advantageously, the rate of 

20 activation and deactivation of PVCs in response to changes in traffic patterns is 

sufficiently low so µtat these ATM crossconnect systems can readily establish and 

tear down vinual circuit links as needed to meet traffic changes. 

When there are no tra£::fic changes, i.e., when the level of traffic between 

different ones of the ingress and egress nodes are not changing sufficiently to require 

25 the addition of a permanent vinual path between two of the nodes and a 

corresponding subtraction of other permanent vinual paths, the digital crossconnecr 

systems performs a simple function. The function is that of routing a cell of each 

time frame, 125 microseconds (µs), on an input link to the designated output link for 

each such cell This is the fundamental function of an A TM crossconnect system. 

30 Further, the rate of change of provisioned PVCs is especially low, requiring only 

very long response times to a request for provisioning additional inactive PVCs. 

The problem of achieving a high capacity large switching system or a 

large highly interconnected cluster of small~ switching systems is solved and an 

advance is made over the prior an in accordance with our invention wherein signals 

35 from a plurality of pulse code modulated (PCM) channels, each channel for one 

telecommunications call, each of the calls destined for a common switching module 
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or independent switching system are packed into a single consolidated A TM or 

ATM-like cell, and wherein voice signal~ are transmitted~ to and from a common 

broadband platform (CBP) for switching A TM cells, using such cells transmitted at a 

repetition rate that is the same or a sub-multiple of the repetition rate of the PCM 

5 signals that represent the voice signals; the cells are transmitted over constant bit rate 

(CBR) permanent vinual circuits (PVC) from an ingress switching module or system 

to the CBP. to an egress switching module or switching system. Permanent vinual 

circuits are provisioned as the traffic between a particular ingress and egress switch 

or module changes. but such circuits need to be activated or deactivated only when 

10 an additional group (the group size being determined by the number of voice 

channels that are transmitted in each cell) is needed or can be released. 

Advantageously, using this kind of an ammgement, an A TM crossconnect system, 

CBP, can be used to interconnect the links of a permanent virtual circuit between an 

ingress and an egress switching system or module. 

15 In accordance with one specific embodiment, each consolidated ATh1 

cell carries one byte of each of 46 or 48 voice communications, and the consolidated 

cells of the CBR PVCs are transmitted at a rate of one cell per 125 microseconds 

(µs). Advantageously, such an arrangement simplifies the interface to existing PCM 

systems. 

20 Economic use of A TM for transmitting PCM voice signals is achieved 

in accordance with _our invention wherein a plurality of PCM signals each destined 

for a common destination switching system or group, or switching module or group, 

are converted into A TM or A TM-like cells by a new A TM interface unit (A Th1U) 
.•· 

whose output voice signals are transmitted using such cells, each cmTying a plurality 

25 of voice channels, transmitted at a repetition rate that is the same or a submultiple of 

the repetition rate of the PCM signals that represent the voice signals; the cells are 

transmitted from the A TMU to A TM switches (Common Broadband Platforms or 

CBPs) over constant bit rate (CBR) permanent vinual circuits (PVC) between the 

A TMU and a CBP. Advantageously, such an ammgement permits standard PCM 

30 encoding and PCM multiplexing equipment to be used for interfacing with 

customers and/or local exchange facilities and permits A TM facilities and ~witches 

to be used for interconnecting the ATMUs and their connected switching modules or 

systems. 

In accordance with one embodiment, each A TM cell cmies a single 

35 byte of each channel carried by that cell. Advantageously, such an arrangement 

delivers bytes of a channel at the rate of one byte for each 125 microsecond interval; 
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this avoids a need for extra buffering and minimizes undesirable delay in delivering 

signals to two·wire telephone instruments, thus reducing echo problems. 

In accordance with one aspect of the invention, a plurality of CBR PVCs 

is provisioned, the plurality being substantially in excess of the number of PVCs that 

5 can actually be earned at any one time, but only PVCs which have been activated 

can carry the signals for telecommunications calls. Additional PVCs are activated as 

needed when all channels of PVCs between a source and a destination node are fully 

occupied, i.e., when all these PVCs have no idle channels. 

In accordance with one specific embodiment of the invention, when it is 

1 O necessary to activate an additional CBR PVC, principles analogous to the principies 

of real time network routing as described in U.S. Patent 5,101,451 are used. The 

preferred choice of an additional CBR PVC to be activated is a CBR PVC that is 

earned over a direct link between the ingress and egress node. If no such CBR PVC 

is available, then an alternate CBR PVC is selected according to the choice of links 

15 that are least heavily loaded. Advantageously, such an arrangement distributes 

additional load over the facilities that can most readily accommodate that load. 

In accordance with another aspect of the invention, the group of 

channels carried by some CBR PVCs is all one way, i.e., for cari'ying traffic from a 

particular source node to a particular destination node, except as noted in the next 

20 paragraph. Advantageously, such an arrangements permits selection of a channel by 

a source node withQut requiring negotiation or otherwise checking with the 

destination node; this reduces call set-up time and use of call processing resources. 

In accordance with another aspect of the invention, some CBR PVCs 

carry two.way traffic in pre-assigned channels. For example, in an ATM cell, half of 

25 the channels being transponed by that cell may be allocated for one direction of call 

initiation (e.g., outgoing calls from a node), the rest for the other direction (e.g., 

incoming calls to that node). Advantageously, such an arrangement reduces the 

minimum size of the number of circuits constituting a route carrying at least one call 

30 

in each direction while still eliminating the well-known problems of "glare." 

In accordance with one aspect of a preferred embodiment of the 

invention, the nodes periodically repon to their neighbors the present status of 

busyness of each link of the network. Then, the principles of real time network 

routing, as described in U.S. Patent 5,101,451 are used to select a route wherein a 

least busy route is selected between two nodes having heavily loaded direct links, by 

35 selecting that combination of two or three successive links that leads to the use of the 

·least busy links. Such an arrangement makes control of the selection of a route by an 
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ingress node straightforward. 

Brief Descriotion of the Drawing 

FIG. 1 is a block diagram showing a network of interconnected access 

switching networks; 

FIG. 2 illustrates the connections to the access switches of such a 

network; 

FIG. 3 illustrates ooe 125 µs frame of ATM cells (a glossary of 

abbreviations is found at the end of the Detailed Description); the constant bit rate 

(CBR) cells carrying voice channels are sent every 125 µs; 

10 FIG. 4 illustrates an ATM segment including a CBR cell and a variable 

bit rate (~R) cell; 

FIG. 5 illustrates a CBR cell for carrying two-way traffic; 

FIG. 6 illustrates the Synchronous Optical Network (SONET)/A TM 

signal transmission network of FIG. 1; 

15 FIG. 7 is a block diagram of an access switch of FIG. l; 

FIG. 8 is a block diagram of an Asynchronous Transfer Mode Interface 

Unit (ATMU) for interfacing between PCM signals and ATM signals; 

· FIGs. 9-13 illustrate various blocks of the A TMU; 
FIG. 14 illustrates the control complex of a common broadband 

· 20 platform (CBP} unit for switching ATM cells; and 

25 

FIGs. 15-17 are flow diagrams illustrating the processes of selecting a 
channel for a communication activating permanent vinual circuits and combining 

traffic of partially loaded permanent vinua1 circuits. 

General Description 

This General Description first presents an overview of all of the 
diagrams and is followed by a detailed description of special characteristics of 

elements of these diagrams for implementing applicants' invention. 

FIG. 1 is a block diagram showing a plurality of interconnected access 

switching systems of a network. A group of access switches 1 access a common 

30 crossconnect network 10 in accordance with the principles of :his invention. A 

crossconnect network is an A TM crossconnect network comprising a plurality of 

interconnected A TM crossconnect nodes. Each A TM crossconnect node has the 

ability to switch each incoming cell on any incoming line to any outgoing line. 

Constant bit rate (C~R) cells are used to carry PCM voice traffic, and variable bit 

35 rate (VBR) cells are used to carry packetized data. Much of the traffic carried 

through the A TM crossconnect network when used as a toll network is CBR traffic 
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wherein the individual CBR cells in each 125 µs frame are switched to a destination. 

An A1M crossconnec&. node can be used for a Ccmmon Broadband Platform IC~P' 

because of the provision of PVCs and the relatively low rate of activation and 

deactivation of these PVCs. The routing pattern for a particular permanent vinual 

5 circuit (PVC) does not change as long as the PVC is provisioned; the CBR can route 

according to a PVC as long as that PVC remains active. The dynamic portion of the 

switching of the A TM nodes is primarily associated with the switching of VBR cells 

whose headers may be different with each 125 µs frame and which must be switched 

accordingly. 

10 The term PCM as used herein refers both to voice signals transmitted by 

PCM and to data (including FAX and video) minsmitted over PCM channels. 

Node as defined herein is the entity which gathers outgoing traffic and 

which distributes incoming traffic. The Asynchronous Transfer Mode Interface Unit 

(A TMU), described further below, is one example of such a node, which may 

15 distribute traffic to a plurality of switch modules of one or more 5Ess® switches or., 

which may distribute traffic to one or more stand-alone switches. The node is the 

access to a network for interconnecting such nodes or is an intermediate switch point 

in such a network. 

FIG. 1 shows the exchange of messages required to complete the 

20 selection of a CBR PVC channel. The ingress node signals to the egress node 

(message 3) the iden~ty of the source and destination parties, and the identification 

of the PVC. The destination node returns with an acknowledgment (message 4) 

properly identifying the path. 

FIG. 1 also shows links directly interconnecting the access switches. 

25 The access switches are interconnected by interaccess switch links 5 which carry 

SONET/ATM signals and are connected to a central SONET/ATM signal 

transmission network 10 by SONET/ATM access links 6. The term SONET 

(Synchronous Optical Network) is used herein to refer to either or both of the U.S. 

standard (SONET) or the European standard SDH (Synchronous Digital Hierarchy). 

30 SONET/ATM means SO!"JET or SDH signals used to ttanspon ATM cells. 

The access switC:hes themselves are accessed by a plurality of local 

switches and, as indicated in FIG. 2, the local switches are connected to the access 

switches through digital facilities, such as the U.S. 24 channel conventional T carrier 

facilities or the European 32 channel systems for carrying PCM signals, which 

35 signals are convened in the access switches to CBR cells of A TM signals. When the 

digital facilities themselves carry packetized data, ·then this packetized data is 
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processed by a Packet Switch Unit within an SM, sent _via the TSIU of that SM to the 

ATM'l! where it is convened to VB~ A"!'M celh and transmitted over VBR PVCs tp 

the CBP. In addition, signaling channels are tteated as CBR or VBR channels and 

are transponed, accordingly, in CBR cell channels or single channel VBR cells of 

5 the type described below. Significantly, by transporting signaling channels through 

the A TM network, the necessity for a separate signaling network, using Signal 

Transfer Points (STP), is avoided. 

FIG. 3 illustrates one 125 µs frame of a typical A TM signal that appears 

at the output of an Asynchronous Transfer Mode Interface Unit (ATMU) (FIG. 8). 

10 A 125 µs frame consists of a number of CBR cells and a number of VBR cells. For 

convenience, these are shown as being grouped at the beginning and end of each 

frame, but it is also possible to intersperse VBR cells among groups of CBR cells. 

The advantage of grouping the CBR cells in this manner is that priority of CBR cells 

can be assured and the design of the cell list processor (FIG. 11, block 630) is 

15 simplified. Signals coming into an ATMU are interspersed CBR and VBR cells. 

CBR cells are transmitted from a common broadband platform (CBP) (block 550, 

FIG. 8) as soon after they az:e received as possible, thus giving them priority over 

VBR cells; the output of a CBP connected to an ATMU therefore has CBR and VBR 

cells interspersed. 

20 FIG. 4 illustrates the content of a CBR cell and a VBR cell. The content 

of a CBR cell includes signals for a plurality of channeis. Since an A TM cell 

comprises a S byte header and a 48 byte payload, one attractive arrangement is to 

have the S byte header identify the particular permanent vinual circuit represented 

by the CBR cell, and to have the CBR cell contain the individual bytes (PCM 

25 samples) of 48 voice channels (DSO signals). 

Alternatively, 46 DSOs are carried and a two byte index is used to 

identify which group of 46 DSOs on a given vinual path is carried in a particular cell.­

In this alternative. a plurality of A TM cells for one vinual path are transmitted every 

125 µs, but cells with a particular index are sent only once every 125 µs. The 

30 alternative arrangement serves to decrease the number of vinual paths a network· 

must suppon. 

The VBR cell illustrated in FIG. 4 comprises a header and a payload. 

wherein· the payload is associated with a single channel and a single destination in 

accordance with CCITT standards for A TM. In effect, a VBR cell represents part of 

35 a packet of data being ttansmitted fro1n: a source access switch ~o a de~rination access 

switch of the toll network. 
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It is, of course, also possible to have a CBR cell all of whose entire 

contents are devoted to a single communication, if the·cominunication is a 

communication such as the 1.5 megabit/sec. signal required for a compressed 

television signal. For broadband signals, such as High Definition TV (HDTV) 

5 signals, it is more convenient to connect these signals directly to the CBP. Based on 

the u~e selected for the CBR PVC as selec~ed by tbe originating access switch, the 

payload in each cell is used as selected. with the same disposition being made for all 

cells transmitted over the CBR PVC for the duration of the existence of that PVC. 

FIG. S illustrates one CBR cell carrying two-way traffic, the first n bytes 

10 carry up ton channels of outgoing traffic, and bytes (n plus 1) to 48, carry up to (48 

minus n) channels of incoming traffic. Since an egress node assigns a channel, the 

bytes for outgoing traffic are seized by one node, those for incoming traffic by the 

other node. Since assignment of idle channels is upward from 1 for outgoing traffic 

and downward from 48 for incoming traffic, if many fewer than all of the channels 

15 are active then it will generally be possible to move the dividing point, set in this 

case between channel n and channel n plus 1 in the direction of additional requests 

for channels. The two-way traffic CBR cells are particularly useful for carrying 

traffic between a source and a destination when there is relatively little such traffic 

being offered. 

20 FIG. 6 shows the composition of the SONET/ATM signal transmission 

network. This netw9rk comprises a group of CBPs 550 interconnected partly or 

fully by inter-CBP SONET/ATM links. Each CBP has an associated ATM 

management module (AJ\.ild) S3S for recording and controlling the virtual 

connections established within the connected CBP. Each of the CBPs SSO in 

25 network 10 perform only a·crossconnect function carried out under the control of the 

connected AMM. The CBPs 550 are connected to access switches 1 by access 

links 6. 

In order to take full advantage of the desirable attributes of the real time 

network routing arrangement, it may be desirable to provision virtual circuits as 1- or 

30 2-link vinual circuits, one or both of whose links may require the use of a 

permanently assigned intermediate CBP. This simplifies the process of selecting a 

near optimum provisioned circuit for activation when this becomes necessary, 

although the provisioning of active circuits may not be optimum. 

FIG. 7 is a block diagram of an access switch 1. The SEss® switch, 

35 m~ufactured by AT&T. and extensively described in AT&T Technical Journal, 

Vol. 64, No. 6, Pan 2. July-August 1985, pages 1303-1564, is the switch described 
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for use with applicants' invention. It includes a plurality of switching modules. Tne 

input from tt:e local switches 2 (FIG. 1) are terminated on switching module 510. 

This switching module comprises both circuit and packet switching units. such a 

module is described in M. W. Beckner. J. A. Davis, E. J. Gausmann, T. L. Hille:-. 

5 P. D. Olson and G. A. VanDine: "Integrated Packet Switching and Circuit Swirchinf 

System", U.S. Patent 4,592,048. This module is controlled by a switching module 

processor 511 which communicates with a message handler 513 for receiving and 

transmitting messages. Th~ T-carrier inputs from local switches 2 are terminated on 

digital interface 515 and are switched by time slot interchange 517. Since the signals 

10 arriving at the digital interface also contain packet switched signals (for example, 

signals from the D-channels of Integrated Services Digital Network (ISON) sources) 

a packet switching unit 519 is also provided. The outputs of this packet switching 

unit are sent to the rime slot interchange unit for funher switching onto output digitai 

links of the SM 510. In addition, a SONET interface unit 521 is provided for 

15 interfacing with PCM signals canied over SONET facilities from the local switches. 

The outputs of the switching module 510 are a group of network control and timing 

links (NCT 523 •••. .524) (typically, up to 20). The NCT link signals are carried over 

optic fiber links and can readily be made long enough to allow a SM to be remotely 

located. A subgroup of these 20 links is then -terminated in an Asynchronous 

20 Transfer Mode interface Unit, (ATMU) 540. Other subgroups are connected to other 

ATMUs, the latter.also being connected to CBP 550. The output of the ATMU is a 

plurality of SONET/ATM signals to the common broadband platform (CBP) 550. 

The AMM, an extension of the administrative module (AM) 530, is used to control 
.•· 

switching connections in the common broadband platform 550 and to carry out 

25 common functions for a plurality of switching modules connected to a particular 

common broadband platform (CBP) 550. The CBP is also used to switch signals 

between different switching modules 510 connected to CBP 550 in order to handle 

tandem calls between local switches 2 that are not connected to a common switch 

module. 

30 FIG. 7 shows a configuration wherein the A TMU can be separated 

physically from both the CBP and the SM; both the NCT link and the SONET/ATM 

link are manged to transmit signals over longer distances. Clearly, if the A 1MU 

abuts or is part of either the SM or the CBR, these facilities can be simplified. 

As an A TM crossconnect unit, the CBP is able to perform the function 

'35 of connecting A Tivi cells between A TM inlets and ATM outlets. To ensure th~t the 

composite CBR cells that carry voice traffic are not delayed or lost, the CBR cells 
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are given high priority. They are sent on facilities that are selected to have sufficier.! 

bandwidth ~o suppon their transport, and bufforing is alw~ys able to accomtnod:ue 

these cells. Simulations have demonstrated that the probability of a del3.y across a 

CBP in excess of 50 µs for a CBR cell, even when facilities are fully loaded. is less 

5 that 1 x 10- 11 • Narrowband VBR signaling and other priority cells are gua.rw.nteed 

transport via margins of bandwidth in the facilities that are reserved for this purpose. 

Those VBR cells use buffers that are separate from the CBR cells, even though they 

are on the same facility. Broadband connections use separate facilities coming 

directly into the CBP. These broadband signals use different buffers in the CBP that 

10 are separate from the narrowband CBR and VBR buffers. 

The CBP is connectable to a network, as illustrated in FIG. l, or can 

simply be used to interconnect a group of ATMUs and their connected SMs to form 

a single giant switching system or switching system cluster, the giant system or 

cluster being connected to other switching systems via a network connected to the 

15 SMs. During a transitional period, the existing time multiplexed switch (described 

in the AT&T Technical Journal reference, for example, on pages 1425-1426) can 

continue to carry pan of the inter-SM traffic and the A TMUs and CBP can carry the 

rest. 

While in this specific embodiment, the inputs to A TMUs are from a 

20 group of switching modules of a single switching system, such as the modules of a 

SESS switch, the ~achings of applicants' invention are equally applicable if separate 

switching systems, instead of switching module~ are connected to A TMUs. 

FIG. 8 is a block diagram of an asynchronous transfer mode interface 

unit (A TMU) 540. The A TMU is under the overall control of an A TMU Central 

25 Controller (ATMU CC). The inputs are from a time slot interchange unit 517 of one 

or more switching modules 510. The outputs are to the common broadband platform 

(CBP) 550. The ATMU is considered an ingress and egress node of the network, 

and a PVC interconnects two ATMUs. ntls allows traffic from several SMs to be 

collected for transmission over one PVC from one A TMU to one A TMU. The 

30 outputs of time slot interchange units S 17, which are groups of NCT links, enter 

space switch 610 which has 48 outputs leading to cell wide buffer 620 {CWB). Each 

NCT link cames 512 16-bit time slots every 125 µs. The 16 bits include 8 PCM or 

user data bits, 7 internal control bits, and one parity bit All but the 8 PCM bits are 

discarded before an A TM cell is formed. CWB 620 includes 48 separate byce-

35 organized memories whose outputs can then be used in parallel to form the 48-byte 

payload of an A TM cell. The space switch is used to switch the outputs of the NCT 
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links to the appropriate one of the 4~ vmual path memories 621, ...• 625. The 48-byte 

parallel output and a 5-byte output, representing a header, froI!l the cell list 

processor 630 enter one of 8 shift registers 651, ... ,652. The particular shift is 

selected by one of the select units 653, ... ,654 under the control of cell list 

5 processor 630. The output of each of these shift registers goes via one of the 

CBRfVBR selectors 663, .•.• 664 to a Line Processing Unit 661 •••.• 662 (LPU), each 

LPU generates a SONET/ATM data stream. These 8 data streams are then switched 

in common broadband platform (CBP) 550. The term. CBP as used herein refers to 
an A TM crossconnect switch, having, in this case. A TWSONET inputs and outputs. 

10 The treatment of VBR cells is discussed further below. Details of the treatment of 

packets for VBR cells are provided in Section 4.4 of the Detailed Description. 

The number of NCT links which can be terminated on one space switch 
is limited by the speed of the CWB memories and the CLP. If several SMs are 

terminated on one A TMU it is desirable to maximize the quantity; in the preferred 

15 embodiment 20 NCT links are used, but a larger number. such as 60, appears 

feasible with present technology. 

FIG. 9 illusttates the space switch 610. 48 selectors 701, ...• 702, each 

controlled by a control memory 703, ••• ,704 are used to switch the outputs of the 

incoming NCT links to the appropriate one of the 48 virtual path memories that form 
20 a cell wide buffer. Each byte in each of the NCT links may go to any one of the 

48 positions in the c~ll wide buffer. In addition, selector 710, under the control of 

control memory 7'il, is used to steer (packetized) variable bit rate data including 

signaling ml:4 other messages to :Message Layer Device 670 (~D) (FIG. 8). The 

MLD converts messages into ATM cells which are transmitted by the cell list 

25 processor 630 a CBRNBR selector 663, ••• ,664 into one of the LPUs 661, ... ,662 into 
the CBP after the CBR cells have been transmitted for a given 125 µs. 

FIG. 10 illustrates the cell wide buffer 620. It comprises 48 8-byte. 

memories, 48 units, 621, 622, ••. ,623 each comprising an 8-bit by N byte buffer 801 

and a control memory 802, where N represents the depth (i.e., number of cells that 

30 can be stored) of the buffer. In accordance with well-known principles of the prior 

. art, in order to preserve frame mtegrity, the transmit cell wide buffer is a duplex 

buffer, one part being loaded while the other is unloaded; the receive cell wide buffer 

is triplex to solve jitter and frame int~grity problems. The control memory steers 

bytes from the inco~g NCT bus to the appropriate position in the buffer. In 
35 · addition. the system is arranged to transmit a pseudo random code to test continuity 

ofDSO channels over ATM facilities; in one embodiment, the control memory of a 
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CWB is arranged to insen and to detect the presence of the code under the conrrol of 

the ATMU CC. Altemat!.v-:ly, tone~ from tone sources in the SM can be t:ansmitted 

over DSO channels and detected at the far end. 

FIG. 11 illustrates the Cell List Processor (CLP) 630, Facility Shift 

5 Register (FSR) 651. and Line Processor Unit (LPU) 661. The CLP 630 

simultaneously reads the CWB 620 while controlling the Selector 653. This causes 

one 48 byte CBR cell to be written into the SR 651. In addition, the CLP outputs the 

5 byte header into the SR at the same time. Thus a full 53 byte cell is loaded into the 

SR. The cell is now shifted into the LPU 661 via CBR/VBR selector 663. The 

10 LPU 661 transmits the cell onto the SONET facility to the CBP. 

FIG. 12 shows the Message Layer Device 620. The l\1LD 620 receives 

messages on NCT time slots from the Space Switch 610 into Interworking 

Units 1020,1022, .•. ,1024. These messages could be inter-SM messages, SS7 

messages, or user generated messages such as CCITI X.25 messages. The IWU s 

15 determine the correct pre-provisional ATM Virtual Circuits identifier, and segments .. 

the message into A TM cells per CClTI' specifications using the determined VC 

identifier and other header fields as described by CCITI A TM Adaptation Layer 

specifications. These cells are subsequently shifted out of the Interworking Unit into 

the CBR/VBR selector and LPU 661 shown in FIG. 11. under the control of the 

· 20 CLP. In the preferred embodiment, the outputs are joined and sent to one or more of 

the CBR/VBR selectors. 

FIG. 13 shows an Interworking Unit 1020. NCT time slots are 

connected via the selector 1110 to the data link controller 1120. A Data Link 

Controller 1120 processes bit level protocol that includes flags, bit insertion, and 

25 CRC. A second controller 1140 processes SS7 or link access protocol within the 

messages. A processor 1130 determines the Virtual Circuit to be used for the 

message. and commands the A TM Adaptation Layer (AAL) Processor 1160 to 

segment the message into A TM cells. The A TM cells are placed, under the control 

of AALP 1160, into the Cell Buffer 1170 (not to be confused with Cell Wide 

30 Buffer 620 (FIG. 8)) where they are later transmitted under control of the CLP 630 · 

(FIG. 11) into the CBRNBR selector 663 (FIG. 11). High priority cells are insened 

into Cell Buffer 1170 before low priority cells. Cells from the cell buffer 1170 

(FIG. 13) constitute the VBR cells shown in FIG. 3 (the 125 µs frame). The cell 

buffer may have to be several cells deep to take care of VBR cell bunching from the 

35 CBP. 
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The AM serves to suppon the entire 5ESS switch and CBP (including 
A TMUs) OAMP needs. These include download and control of the CBP. cr:iit 

graphical display, and communication via ATM with SMs. FIG. 14 shows the. 
AM/CBP system architecture as comprising the following components: 

5 - A TM Management Module (AMM) including directly connected te:minai. 
This is an adjunct fault tolerant processor that connects to the existing SES S 
switch AM, and serves to provided added processing throughput for new 
CBP and A TMU capabilities. 
- Ethernet® Bus to interconnect AM/AMM with Graphical User Interface 

10 (GUI), ATM Packet Handler (APH), and CBP. 
- Small Computer System Interface (SCSI. an industry standard) peripherals 
for disk, tape. and CD ROM on-line documentation: These augment the 
existing ~M non-volatile peripherals. 

- GUI workstation terminals that suppons existing 5ESS switch equipment. 
15 CBP, and A1MUs. 

- A TM Packet Handler provides the AMI AMM with the ability to 
communicate via A TM over SONET to the SMs. The SMs tenninate the 
APH's A TM in their ATMU MI..Ds. To communicate with SMs. the 
AM/AMM sends messages via Ethernet to the APH which performs the 

20 message to cell conversion and transmittal to CBP over SONET. 
The GUI and non-v~latile memory. are commercial components whose control 
resides in AMM software. The design of the AMM and APH components are 
expanded in Section 5 of the Detailed Description. 

FIG. 15 illustrates the path hunt which is performed by a switching 
25 module processor 511, or other processor having data about the status of PVCs from 

the connected A TMU to the destination of the call. This processor receives a path 
request (action block 1200) and determines (test 1202) if there are any available 
paths (channels) on direct active vinual CBR circuits to the destination of the path 
request. If so, then an available path is selected (action block 1204) and a message is 

30 sent to the node (typically. a processor for another A TMU). at L'1e other end to notify 
that node that a path has been established on a particular slot of a panicular active 
CBRPVC. 

If no available paths on direct aetive CBR PVCs are found in test 1202. 
then test 1202 is used to determine if there are any available paths on alternate active 

. 35 CBR PVCs. If so. then an available path from one of these alternate active virtual 
circuits is selected (action block 1210) and the node at the other end is notified 
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(action block 1206). (An alternate active vinual circuit is an a~tive vinual circuit 

using an alternate route which is a r.:>ute that uses at least two iinks instead of the 

single link direct route.) If no paths are available on active vinual circuits for this 

path request, then a request is made to allocate an additional vinual circuit iaction 

5 block 1212). This request is sent to the administration module 530 (FIG. 7) which 

activates an additional virtual circuit as described in FIG. 16. Eventually, the 

administrative module responds to SMP 511 with a success or failure indication and. 

in the case of a success indication, the identity of the allocated virtual circuit. 

Test 1214 is used to determine that success or failure. If the allocation request has 

10 been- successfully responded to (positive output of test 1214), then test 1202 is 

reentered in order to perform the process of selecting an available path. If the 

allocation process was unsuccessful (negative output of test 1214) then an all circuits 

busy treatment is given to the call for which the path request was originally received 

in block 1200. 

15 It is assumed in this discussion that the controlling processor, such as 

the switching module processor maintains a list of active CBR virtual circuits for 

carrying traffic outgoing from its associated switching module and maintains an 

activity State for each channel of such a vinual circuit. It is, of course, also possible 

to maintain this information elsewhere such as in the administrative module,· but the 

20 suggested arrangement minimizes the time required for establishing most calls. 

Further. it is possibl_e to use vinual CBR circuits with two-way channels but such an 

arrangement, while it allows for more efficient use of the vinual channels, requfres 

negotiation between the two endpoints in order to prevent "glare" (i.e., a situation 

wherein the same channel is seized concurrently by the two end nodes connected to 

25 the channel). 

FIG. 16 describes the process of activating a vinual CBR circuit. Many 

more virtual CBR circuits are provisioned (i.e •• stored in memories of the network) 

than can be active at any one· time. Basically, virtuai CBR circuits are provisioned to 

handle the peak traffic between any pair of nodes (in this case switching modules). 

30 Virtual CBR circuits are considered activated when they are available for carrying 

traffic. The process of activation is designed to ensure that the physical A TM 

circuits carrying the vinual CBR circuits are not overloaded and that no defective 

physical A TM circuits are used to carry traffic. In case of a failure, for example, all 

vinual CBR circuits that use the failed facility must be deactivated. 
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In this specific. embodiment, the process of activating vinual CBR 

circuits is analogous to the process of seizing individual trUnks in accordance with 
the teachings of the real time routing arrangement as described in G. R. Ash et al.: 

U.S. Patent 5,101,451, by routing additional traffic over less heavily loaded 

5 transmission facilities, in this case, SONET/ATM faciiities. One special 

chara~teristic of the arrangement described herein which is not analogous to a 

situation encountered in routing traffic over individual trUnks is the use of split 

groups, illustrated in FIG. 5, i.e.; active vinual CBR circuits a portion of whose 

channels are used for outgoing traffic in one direction and another portion of whose 
10 channels are used for outgoing traffic in the other direction. Such split groups are 

especially efficient for use in carrying traffic between two nodes for which the level 

of traffic is relatively low. Another difference is that more links may be required for 

alternate routed traffic so that the load of several links may have to be considered in 

selecting an alternate route PVC for activation. 

15 An administrative module receives an allocate request from a switching 

module processor 511 (action block 1300). The administrative module first 

determines (test 1302) if there any virtual CBR circuits canying split traffic (i.e •• 

outgoing from the two end nodes). If so, the administrative module determines how 

many cin:uits are currently busy in each direction and checks if there is adequate 

20 margin in the split group to allow for an additional few channels to be allocated in 

the direction associated with the allocate request. The channels of split groups are 

arranged so that the first n channels are hunted in one direction and the remainder in 

the other direction and that the hunt for a channel is P.¢ormed in such a way as to 

keep the middle channels available whenever possible. If middle channels are 

25 available and if the number of these available channels is sufficiently large to allow 
for a movement of the division point (positive result of test 1304) then the split point 
is moved (block 1306) and the two end nodes are so informed (action block 1308). 

The requesting node is informed of a success in response to the allocate request and 

when the requesting SMP retries test 1202 and 1208, one of these will now pass. In 

30 this embodiment split groups are checked first; simulation studies may show that the 

alternative of checking for available additional PVCs first, is more optimum. 

If no split groups are available (negative result of test 1302) or if there is 

inadequate margin in the split group(s) (negative result oftest 1304) then test 1320 

determines if there is .an available idle provisioned direct vinual CBR circuit. If so, 

35 it is necessary to check whether activation of an additional CBR PVC will cause 

conge~tion on any link carrying that PVC. If such congestion is found, that idle 
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provisioned direct virtual CBR circuit is rejected and not activated, and test 1324 is 

ttied· if no ocnS?:estion is C'aused, •hat circuit is activated (action block 1322) and the . -
two end nodes of that circuit are informed of this activation (action block 1308). 

Otherwise, test 1324 is used to determine if there are any alternate available vinual 

5 CBR circuits. In making the choice among available alternate CBR circuits. the 

prin~ples of real time network routing are used by preferably selecting available 

alternate virtual CBR circuits that use relatively lightly or less heavily loaded· A TM 
facilities. In making the determination of which facilities are less heavily loaded. 

since two link circuits are preferred over 3-link circuits, the loading of the potential 

10 2-link circuits can be ascenained by requesting the administrative module connected 

to me CBP that is connected to the destination sWitching module to report on the 

loading of its ATM circuits. Since each activation of a virtual CBR circuit 

represents a larger utilization of resources (48 channels versus 1 channel) than is the 

case for the selection of a single trunk for real time network routing, a loading 

15 threshold limit beyond which vh1ual CBR circuits should not be activated should be 

applied for any facility that is used by a candidate CBR PVC. The limit is also 

affected by the amount of VBR traffic supponed by the A TM facilities. Clearly, this 

limit is a parameter which should be under control of the network administrators, 

which may be different for different ATM facilities, and which should be adjusted as 

20 field experience is obtained. 

25 

Note ~t in the preferred embodiment, all provisioned PVCs have a 

predetermined path traversing two end nodes and a variable number of intermediate 

nodes. Alternatively, panly provisioned ''PVCs" could be provided having a 

variable path selected at activate time. 

If no available alternate CBR virtual circuits are available for 

assignment, then the allocate system returns a failure indication to the requesting 

SMP (action block 1326). If an available alternate circuit has been chosen (action 

block 1328) (the available circuit is selected among alternate circuits with relatively 

low load) then the alternate circuit is activated (action block 1330) and the end node 

30 and intermediate CBP switches are notified of the activation of the CBR vinual 

circuit. 

The active CBR PVC consolidation process will now be discussed. In 

the course of normal toll call activity, it usually happens that different composite 

cells between two end nodes are not completely filled. Funhermore, it is a frequent 

35 occurrence that the 'total number of DSOs in two or more active composite cells is 

·less than or equal to the total number of DSOs supponed by one composite cell 
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( 48/46). In that case it is desirable to. consolidate the PVCs carrying these cells to 

form one more fullv- utilized cell that carries the DSOs. The PVC for comoosit~ ci:ii s . . . 
which no longer have active DSOs can then be made inactive, thus freeing bandwidth 

on one or more A TM facilities. That freed bandwidth can then be used for 

5 composite cells between other sources and destinations. Thus. more efficient 

utilization of the network is achieved. The consolidation process is described in 

FIG. 17. 

In the discussion that follows the composite cefls being consolidated 

will be discussed as being between SMs, and the processing of consolidation is 

10 performed by the SMPs of the two SMs. Alternatively, and especially for the 

architecture wherein several SMs are connected to an A 1MU, since the processing of 

the composite cells is performed by the A TMU s, it is also possible that if the 

ATMUs were arranged as pan of the CBP. then the AM would control the 

consolidation of composite cells instead of the SMP. However, the processing 

15 would be the same in either case, only the identity of the processor would be 

different. 

To perform consolidation, the switching module processors continually 

check active composite cells for a partial fill condition whi~h is defined to be two 

composite cells to the same destination such that the total number of active DSOs 

20 within both cells is less than the total number ofDSO in one compoSite cell (i.e., 

48/46). The amount.by which the sum of the active channels in the two cells is less 

than 4S/46 is a parameter which should be set as a result of simulation and 

experience. If the parameter is too low, say zero, thrashing may occur; if it is too 

high, say 10, inefficient use of facilities will occur. For this discussion a cell and its 

25 corresponding PVC are used more or less interchangeably. Each active cell is under 

the control of one connected end node, the end node that originates outgoing traffic, 

or, in the case of split traffic cells, a node selected arbitrarily. When the controlling 

SMP (i.e .• the SMP of the controlling node) determines that a partial fill condition 

exists, it communicates a request to the destination node (typically another switching 

30 module) to consolidate the two composite cells. The request contains: 

- The identity of the two composite cells (e.g., via the Virtual Circuit 

Identifier). One cell is the consolidated cell, and one cell is the cell to be 

eliminated (since it will-cmy no DSOs following consolidation.) 

- A list ofDSO cell re-ordering from the cell to be eliminated to the 

35 consolidated cell. 

In this embodiment. DSOs of the consolidated composite cell remain in the same cell 
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locations, and DSOs from the eliminated cell are moved to idle positions in the 

consolidated cell. 

The other node responds with an acknowledgement to consolidate. 

During the consolidation period, new calls that require transpon between these two 

5 nodes (typically switching modules) will only use DSOs from the consolidated cell 

that are not to be filled from the cell to be eliminated. It is possible that calls could 

arrive and therefore trigger the activation of a PVC for one composite cell while 

another PVC is being eliminated. This unlikely occurrence is in accordance with the 

invention since eventually excessive PVCs are eliminated. 

10 In order to consolidate, newly arriving DSO signals for the cell to be 

eliminated are sent into both the consolidated cell and. the cell to be eliminated. 

Within the ATMU, the space switch transfers aDSO on an NCTlinkfrom the SM to 

two different CWB locations. 

The SMP commands the A TMU CC to perform this function. After 

15 performing this action, the SMP sends a message to the other node indicating that 

the aforementioned copy action has transpired. The other node must send a similar 
,, 

message to the original node. Upon reception of this message, the SMP commands 

the A TMU CC to deactivate the PVC of the eliminated cell. The A TMU CC causes 

the space switch to read DSOs from the CWB locations associated with the 

20 consolidated cell's new DSOs from the eliminated cell. The ATMU CC then 

removes this cell ~m the CLP' s active composite cell list. The eliminated 

composite cells are longer sent or processed into DSOs on the NCT links. Since the 

DSOs are switched via the space switch to the NCT links, there is no change of time 

slots on the NCT links to the SM TSI. The other end then also deactivates the PVC 

25 of the eliminated cell. 

A problem arises if a channel from one cell is transferred into the same 

channel in another cell; during the period of transition, this cell would be written into 

the same channel position of two buffer locations. This problem can be overcome in 

one of three ways: 

30 - The speed of the CWB can be doubled to allow two v.Tites to occur in one 

interval 

- the consolidation can be arranged through software to avoid such a 

transition 

- the transition can be made in two stages, first by freeing another channel of 

35 the transferred-to cell by copying a busy channel to the idle position and then 

releasing the previously busy channel. then by transferring the channel from 
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the cell being released to the newly released channel of the target cell. 

If two or more SMs are ccnnected tc one A TMU, either the SMP of one 
of the SMs controls the PVC being deactivated or, preferably, the AM of the 
connected CBP controls the PVC. In either case, only a single processor controls the 

5 consolidation process at the controlling node. 

A flow chart for implementing the consolidation process is shown in 
FIG. 17. At some point, the consolidation process is staned by the processor which 
controls allocation of permanent virtual circuits (action block 1400)._ A test is made 
to determine the existence of partial fill permanent vinual circuits (test 1402). This 

10 test is performed by checking to see if there are PVCs with a common source and 
destination node which in combination carry less traffic than can be canied by one 
PVC. Since there is normally an order to the search for PVCs to a particular 
destination, the partial fill PVCs are most likely to be found at the end of such a list. 
As each pair is checked if the partial fill condition does not exist (negative result of 

15 test 1402), a check is made to see if the process is complete (test 1404) and if so, this 
is the end of the consolidation process at this time {end block 1406). Ifnot. another 
pair of PVCs is checked for the partial fill condition. (In general, it is expected that 
no more than one PVC would carry bi-directional traffic. A bi-directional PVC can 
be eliminated in two steps by first eliminating the outgoing channels from one 

20 direction and after these channels have been eliminated in the process described 
hereinafter, converting that the cell to be eliminated not to a cell of an inactive PVC 
but to a cell of a uni-directional PVC now fully controlled by the other end node:) 

If a pair of partial fill PVCs are found (positive result of test 1402), and 
it is found that the total ttaffic canied over the route served by these PVCs can be 

25 adequately served by one less PVC (to eliminate excessive shuttling of PVC 
activation-consolidation), then the conttolling node (carrying outgoing traffic for that 
PVC) consolidates channels from a cell to be eliminated into the target cell (action . 

_block 1410). A message is then sent to the far end node (the node with incoming 
traffic for that PVC) informing that node of the new channels to be occupied by the 

30 channels from the PVC which is to be deactivated (or, in the case of a two-way 
traffic PVC, to be convened into a one-way ttaffic PVC). The outgoing node also 
arranges to have traffic from the channels of the cell to be eliminated transmitted to 
both the cell of the PVC to be eliminated and the consolidated target cell (action 
block 1414). The out~oing side node then waits to receive a positive 

. 35 acknowledgment message from the incoming traffic node (action 1416). In response 
to that message. the PVC coITesponding to the eliminated cells is deactivated (action 
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block 1418) (or, in the case of a two-way PVC. that PVC is then convened into an 

incoming traffic only PVC). Following execution of block-1418, other PVCs are 

checked for the partial fill condition (test 1402). 

Detailed Description 

5 1. Overview of ATM Unit (ATMU) Functions 

FIG. 7 is a block diagram of a specific embodiment of the invention 

based upon the SESS switch architecture. The Asynchronous Transfer Mode 

Interface Unit (A TMU) provides the interface between a switching module and the 

common broadband platform (CBP). The CBP a-cts as a combination 

10 communication module for interconnecting connected switching modules and as an 

A TM crossconnect for connection via ATM links to other CBPs. The SESS Switch 

Module normal format for voice and data ttanspon is a single byte time slot. The 

CBP format is a 53 byte cell containing 48 b)'tes for voice and data ttanspon and S 

bytes for overhead. The A TMU provides the conversion between the single byte 

15 time slots and the 53 byte ATM cells. It also provides aITangements for transmitting 

the multiple time slots required, for example. for a 384 kilobit/second channel, into 

. different bytes of a single A TM cell. The SESS Switch Module interfaces to the 

A TMU over Network Control and Tn:ning (link type 2) (NCI') links and the A TMU 

interfaces to the CBP over Synchronous Digital Hierarchy (SDH) or its U.S. version, 

20 Synchronous Optical Network (SONET), links. The SDH or SONET links transpon 

ATM cells. By proyiding voice and data switching the CBP eliminates the need for 

the time multiplexed switch used in the communications module of a prior art SESS 

system. In this preferred embodiment. the switch module (SM) is larger than that 

described in the AT&T Technical Journal reference to take advantage of the higher 

25 speed circuitry available today. The dimensions of the SM are discussed below, as 

appropriate. While in this embodiment the CBP interfaces via the A 1MU with 

switching modules of one switching system. it can equally readily interface with one 

or more stand-alone switching systems. 

The CBP also provides SM message routing to both the Administration 

30 Module (AM) (of the SESS switch), and to other SMs. thus eliminating the need for 

intra-switch message router. The A TMU convens the SM messages from Message 

Handlers and/or PSU of the 5ESS Switch Module to a format suitable for routing 

across the CBP. A standard ATM Adaptation Layer is used for this purpose. The 

A TMU also provides transpon for the CBP Processor Intervention (CPn function 

35 ~at can be used to force a restart of an SM if a situation arises that requires a reset. 
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Signaling System 7 (SS7) messages are handled by virtual circuits of the 

toll network, thus providing switch to switch messaging without the need for an 
intervening STP for routing messages. (An STP, at least initially, is still desirable 

for use in accessing data bases, by providing data base access to the signal 

5 transmission network 10.) The A TMU implements this function by assembling 

packets into ATM cells, associating a vinual path with each switch SS7 Point Code 

and then ttansfemng the cells to the toll A TM network over the designated virtual 

path. 

The preferred embodiment described herein takes the view that the 

10 ATMU is closely associated with the SM, since that appears to be the most useful 
·from the toll network point of view. An alternative wherein the A TMU is closely 

associated with the CBP is also possible. If the A TMU is closely associated with the 

CBP, then the A TMU receives its control from the Common Broadband Platform• s 

controller and the AM. 1n the event that the A TMU is closely associated with the 

15 CBP, conuol signals are sent via CBR or VBR PVCs from the AM to the ATMU 
central controller (A TMU CC). 

As shown in FIG. 7, the CBP is under maintenance control and circuit 

conttol of the AM. The AM acts as the ultimate maintenance master for the Frame 

Controller of the CBP, i.e., the CBP. In this embodiment, the CBP SeIVes only as an 

20 A TM crossconnect, and provides no processing for either video broadcast. frame 

relay, or Switched Megabit Data Switch (SMDS). Alternatively, the A TM 

crossconnect can be directly controlled to accept A TM inputs and to switch such 

inputs to a desired destination. This mangement is useful, for example, for 

switching such broadband signals as high definition TV (HDTV) signals, which have 

25 a bandwidth that makes direct connection to the CBP more economical. The AM or 

another special processor can be used for controlling the establishment of A TM 

paths for these services. 

The assumption is made herein that computers or other terminals that 

· send or receive data have reserved adequate bandwidth for sending and receiving 

30 such data before making a request for a connection through a CBP. 
2. Composite Cell Tmes 

A composite cell of 48 bytes is used to carry a PCM data sample from 

48 different calls, (if the service is a 64 kilobir/second voice). The cells for each 

bundle of calls are s~nt every 125 µs to transport 48 DSO channels, each DSO 
35 channel for transmitting 8 bit PCM samples or data 8000 times per second. 
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Alternatively, 46 DSO channels are carried and a two byte index is used 

tC' identffy "'1hich group of 46 DSO channels on a given vinual circuit group is carried 

in a particular cell. In this alternative, a plurality of A TM cells for one vinual circuit 

group is transmitted every 125 µs, but cells with a particular index are sent only once 

5 every 125 µs. The alternative serves to decrease the number of vinual paths a 

network must support, and saves memory in the A 'IMU and CBP. since the same 

mem0ry entry can be used for switching all CBR PVCs that connect a give~ source 

to a given destination over a given set of links. 

3. Architecture Overview 

10 This section discusses the high level design of the Asynchronous 

Transfer Mode Unit (A TMU) that is used to perform the following two general 

functions: 

- Conversion ofDSO Transpon to A'IM Composite Cells 

- Conversion of Variable Length Messages to A'IM Cells 

15 3.1 Overview Of DSO To Composite Cell Conversion 

This overview focuses on DSO flow from the SESS switch to the A Tiv1 

network (CBR traffic). 

3.1.1 Space Switch 

A block diagram of the A TMU is shown in FIG. 8. Network Conttol 

20 and Timing (NCI') links from the SM Time Slot Interchange TSI 517 are shown 

terminated on a spac~ switch within the A TMU. The purpose of the space switch is 

to fan out the NCI' links to 48 (or 46) internal links, depending on which byte within 

a composite cell is used for a given call. These links terminate on an array of cell 

memory devices, called the Cell Wide Buffer (CWB) in FIG. 8, that store the 48/46 

25 DSO PCM samples of a composite cell. Thus, the space switch serves to route time 

slots (DSOs) to the cOirCct composite byte location on the input of the CWB. 

3.1.2 Cell Wide Buffer 

The function of the Cell Wide Buffer (CM3) is to assemble the bytes of 

the vinual path cells in a format which allows them to be simultaneously read out in 

30 a single memory read cycle. The CWB is a buffer whose width is the size of one 

A TM cell (not counting header bytes). The width is 48/46 bytes, and the depth 

equals the number of unique active virtual paths that needs to exist at a ~ven 

moment. (For the 46 byte composite cell, each active instance of a cell having a 

particular index and virtual path is considered a unique active virtual path.) As 

35 shown in FIG. 8 each of the PCM byte positions in the cell is written into separate 

memories each of which has independent write control circuitry. Each memory 
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address in these memories correspo~ds to a specific vinual path. (In the case of 46 

byte implementation, contiguous memory locations are used for the multiple A T:M 
cells in the vinual path). Each of these byte memories has a control memory that 

maps individual 48/46 link time slots (only the PCM part) to one virtual path byte 

5 location in the CWB. Since the control memory for each byte memory is 

independent, each active time slot on the 48/46 links is able to go to any virtual path 

memory location in the buffer. Thus, bytes on the 48/46 links that appear at the 

same time at the input to the CWB can be stored in different virtual path memory 

locations in their respective buffer memories and thus assembled into different 

10 . virtual path cells in the CWB. The control memory is able to block a write to the 

byte buffer memory if a particular DSO on an NCT link is not active i.e., not 

presently in use for a any call. 

3.1.3 Cell List Processor 

During every 125 µs interval all active DSOs are written into the 

15 assigned byte locations of their selected virtual path cell. Composite cells are read 

from the cell wide buffer every 125 µs under control of the Cell List Processor 

(CLP) 630, shown in FIG. 8. The CLP has a list of active composite cells that are 

stored in a linked list. The linked list stores the A TM virtual path address header 

bits, and the CWB address that holds the vinual path's composite cell. The CLP list 

20 only stores the virtual paths for which active DSOs exist. The CLP traverses the list 

once every 125 µs, ~ereby causing each composite cell to be transmitted. After the 

CBR cells are transmitted, the CLP reads VBR cells (if any are queued) from the 

Message Layer Device (MLD) 670 to use up spare time in the 125 µs interval, as 

illustrated in FIG. 3. 

25 3.1.4 Conversion to Svnchronous Time Multiplex (STM) 
Since the cell wide buffer is the width (data pan) of an A TM cell, an 

entire A TM cell can be read from the cell wide buffer in one access. Parallel to 

serial conversion is implemented by means of parallel-in serial-out shift 

registers 651, ... ,652 which are selected by means of the Shift Register (SR) 

30 Selector 653, ... ,654 under control of the CLP 630. The read data along with A TM 

header data from the CLP is loaded into a shift register that connects to a SONET 

facility interface 661, ... ,662. In the case of a 46 byte cell, the two byte index is also 

provided by the CLP 630. Th~ SO~ facility interface connects directly to the 
CBP. 
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3.1.5 Miscellaneous 

Other areas addressed in this specification are bi-directional voice ~nd 
data transpon, functions such as path test and monitoring, A TM congestion tests for 
detennining if a given provisioned path can accept the activation of a new composite 

5 cell load. as well as control and fault tolerancy. These are discussed in detail in 

Section 4. 

3.2 ATMU Control 
The control of the ATMU is provided by the A TMU central controller 

(A TMU CC) 600. Control messages are received in the A TMU CC from dedicated 
10 time slots intercepted in the space switch and transmitted to the A TMU CC over a 

dedicated control bus (not shown). The control messages are transmitted from a 
switching module processor (SMP) 511 of the 5ESS switch module (SM) S 10 via a 
Message Handler 513 in the SM. The control signals from the ATMU CC are 
distributed in the A TMU over a group of control buses. The Space Switch 610 is 

IS provided with path set up and messaging control memory information, active link .. 
selection and active side selection. Link selection is used to determine which NCT 
links from the SM are active. Alternatively, the E-bits, discussed hereinafter, can be 
used to identify the active links since E-bits are only active for ~tive paths. Link 

selection is used to determine which NCT links from the SM are active. The links 
20 can be either active or standby. The side selection determines which side of the 

A TMU is active or standby. The Cell Wide Buffer is provided with the mapping of 
the time slots to vinual paths and allocation of byte positions within the A TM cell. 
The Cell List Processor is provided with active vinual path information and provides 
the Shift Register Selector 653, ••• ,654 with shift register address information. In this 

25 A TMU design, the A TMU can suppon more than 9ne SONET facility, and so each 
A TM cell can go to one of the possible 8 Shift Registers. The CLP is provided with 
the identity of the proper shift register for each vinual path. The Inter-Worlcing 
Units (!WU) 1020,1022, •.. ,1024 (FIG. 12) of the MLD are provided with the 
provisioned vinual path destination addresses also. The A TMU CC provides the 

30 maintenance control of the A TMU. Maintenance messages for the A TMU CC itself 
such as initialization of the A TMU CC are received over the dedicated control bus 
before entering the space switch. 

The A TMU is controlled by the SM in the preferred embodiment. 
Alternatively, the ATMU can be controlled by the CBP. In that case the ATMU 

.· 

35 Controller receives control-from the Common Broadband Platform's Controller. The 
A TMU provides SM to SM. and SM to AM message based communication services 
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for the 5ESS switch via interprocessor packets. 

3.3 Messal!e Interworking 
The A TMU provides the following message based communication 

services for the SESS switch: 
5 - SM to SM, and SM to AM via interprocessor packets 

- SS7 Message Transfer Pan (MTP) packet transpon 
Both of these functions are handled in a similar manner. In FIG. 8, the Message 
Layer Device (MLD) receives messages from the SM via the space switch. Variable 
length SESS switch and SS7 messages are carried in time slot channels that originate 

10 from protocol handlers (PH) in the Packet Switching Unit (PSU) or from the SM 
Message Handler. The MLD contains three types of Inter-Working Units (IWU), the 
5ESS switch messaging IWU, the SS7 IWU whose function is to reconstitute 
messages from tl}e SMP, and the inter-PSU !WU for handling user to user data 
messages. The function of these units is to: 

15 - Accept messages canied from the space switch 
- Associate a virtual path that connects to the destination identified in the 

message's header 

- Perform A TM segmentation and reassembly 
- Shift data. when instructed by the CLP. · 

20 The handling of SS7 is slightly different than SESS switch interprocessor messages. 
For SESS switch int~rocessor messages, the frame is relayed in a vinual path to the 
destination AM or SM; The messages are processed to read the destination address. 
The destination address determines which Vinual Circuit the A TMU uses for 
segmentation to cells. 

25 In the SS7 message case, the signaling data link is terminated in the SS7 
IWU, and the MTP message is relayed on a virtual path to the destination toll office. 
The handling of cell based messages coming from the A TM network and general 
conttol and fault tolenmcy are discussed in detail in Section 4. 

For inter-PSU messages, the messages are processed to read the 
30 destination PSU address; this destination address determines wi1Jch vinual circuit the 

A TMU uses for segmentation into cells. 

3.4 SM I ATMU Remoting via SDH/SONET 

In this embodiment, the CBP and A TMU are connected via intra-office 
SDH/SONET (Synchronous Digital Hierarchy/Synchronous Optical NETwork) 

35 facilities that carry A TM. The SM with A TMU is not a Network Element as viewed 
by the SDH or SONET network, and does not terminate the digital communications 
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channel (DCC) section overhead. However, the intra-office facility is optical. so th~: 

an S~ with A TMU can be remoted from the CBP. If the SM with A TMU con.nec:s 

directly to the CBP, then only fibers (and, where appropriate, repeaters·i are needed 

for such remoting. 

5 In the event that an SM with A TMU is remoted via the general 

SDH/SONET network, then SDH/SONET multiplexors or crossconnects that 

suppon Synchronous Time Multiplex-I (STM-1) and multiplexed STM-1 are used in 

order to properly terminate section DCC at the SM end. In this general case the 

SONET/SDH facility at the SM end must be terminated by a SONET/SDH 

10 multiplexor in order to provide an intra-office SONET/SDH facility directly to the 

A TMU. This will make it unnecessary to develop separate SDH/SONET DCC 

Operations Administration Maintenance (OAM) functions in the SM and avoid the 

possible confusion of having both the CBR and the SM performing SONET/SDH 

OAM processing in the same office. 

15 The above discussion applies only to the SM to CBP links (assuming 

that the A TMU is pan of an SM). The CBP terminates section DCC for interoffice 

trunks, and is viewed by the SDH/SONET network as a general Network Element. 

Thus, due to the capabilities of the CBP, the SESS switch (i.e •• an AM. a group of 

SMs, their associated A TMUs, and a CBP) is an SDH/SONET Network Element 

20 even though the SM by itself is not. · 

Altern~tively, it is possible to associate a group of ATMUs directly with 

a CBP instead of directly with the SMs. In this case. the NCT links connecting the 

SMs with ATMUs are longer as in the well-known case of optically remoted SMs for 

the SESS switch. In that case, a SONET facility can be used to convey the A TM 

25 signals to the CBP in essentially the same way as distant A TM signals are conveyed 

thereto, or if the CBP can be so arranged, the A TM signals can be directly 

transmitted from the A TMU to the CBP. 

3.S ATMU General Functions 

This ~ection summarizes the functional relationship of the A TMU to the 

30 CBP and SM. The ATMU is treated by the connected SM(s) as an intelligent 

peripheral unit that receives control messages from the SMP(s) in.the same way that 

other intelligent units do. The purpose of the A TMU is to provide: 

1. SM time slot to A TM composite cell conversion assuming fixed, provisioned 

virtual paths. Up to about 10.000 time slots (20 NCT links) are supponed using 

35 present technology. (An NCT link transmits 512 multiplexed DSO bit streams. and 

uses optic fiber transmission.) The ATMU can route any incoming time slot to any 

This is the replacement sheet 

Date: . 2 2 SEP m'l 



- 29 -

byte position of any connected active CBR vinual path. The active CBR vinual 
paths are a proper subset of a large number of pre-provisioned vinual paths~ most of 

which are not active at any one time. 
2. Inter-SM. and SM to AM and/or SS7 variable length message to A TM cell vinual 

5 path conversion, using fixed provisioned VBR paths. Because of the high priority of 

SS7 messages, it is desirable to pre-allocate VBR bandwidth for the SS7 signal 

paths. The ATMU transpons inter-SM Link Access Procedures (type) B (LAPB) 

frames without any termination of LAPB protoeol. In the case of SS7, the A TMU 
terminates the SS7 Level 2 (HDLC Part), and transports MTP/SCCP (Message 

10 Transfer Parr/Signaling Control and Connection Pan) messages. The MTP protocol 

is not terminated at the A TMU. 
3. An SDH/SONET facility access to the CBP is provided for the vinual path cells .. 

The rates are STS-3 (Synchronous Time Signal) to STS-12 and STM-1 to STM-4 for 

SONET and SDH respectively, and a sufficient number of these facilities is provided 

15 to meet outgoing composite cell needs for an SM supporting up to 10,000 trunks. 

For more or fewer trunks, more or fewer facilities can be equipped. 

4. Handling of NCT A-G bits (bits that are sent with each PCM sample from the SM 

to the CBP) that is as transparent as possible to the SM, including E bit (supervision 

of a time slot) functions. Time slot parity on the NCT is also terminated/generated. 

20 5. Support Central Processor Intervention (CPI) 

This is a function that sends special bits on the NCT link that will reset the SM' s 

piocessor, in case that processor loses sanity. 

6. Support inputs from a plurality of SMs. 

7. Suppon inter-PSU user to user message traffic. 
25 4. ATMU Components 

This section discusses the design of the individual blocks of the A TMU 

and the duplication plan to achieve high reliability: 
- Space switch 610 

- Cell Wide Buffer 620 

30 - Cell List Processor 630 

- SS7 message Inter-Working Unit 1022 

- Inter-SM/AM message Inter-Working Unit 1020 

- ATMU Central Controller (ATMU CC) 600 

The first three blocks of the ATMU listed involve DSO to composite cell conversion. 

35 The next two blocks involve variable length message to A TM cell conversion. For 

purpose of architectural discussions, the SS7 and intra-switch IWU are considered ro 
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be pan of the Message Layer Device. 
Discussed after the A TMU CC section are alternatives for implementing 

the CBR Processor Intervention capability of the ATMU (with CM-ATM). 

4.1 Space Switch 

5 4.1.1 Functions 
The space switch interconnects NCT link DSOs from the SM Module 

Controller Time Slot Interchange (MCTSI) with NCT bus DSOs to the Cell Wide 

Buffer (CWB) and the A TM Message Layer Device (Ml..D). The number of NCT 
buses to the CWB depends which composite cell is used, either 46 or 48 depending 

10 on whether an A TM CBR cell conveys 46 or 48 DSO signals. There also is one NCT 

bus to the MLD. By convention, NCT buses on the "SM MCTSI side" are called 

links, buses on the "CWB side" are called NCT buses. Anywhere from 2 to 20 NCT 

links (i.e., up to 10,000 trunks) (or more in a next generation SM) can be supponed 

by the space switch. The internal design of the space switch is shown in FIG. 9. The 

15 fabric is the core of the design, and consists of multiplexors that accept up to 20 

NCT links. These multiplexors have a control memory that selects one of the up to 

20 NCT links for each of the 512 locations on the NCT link. The selected NCT 

link's time slot is then the output of the multiplexor for the given time slot period. 

The number of multiplexors is equal the number of bytes in the composite cell (i.e., 

20 46 or 48 multiplexors) plus one more multiplexor to create the NCT bus to the MLD. 

25 

Thus there are a to~ of either 47 or 49 multiplexors depending on the composite cell 

chosen for the overall system. In this manner, any of the 512 time slots on any of the 

NCT links can be connected to any of the byte locations in the cell wide buffer or the 

MLD. 

The NCI' links from the MCTSI terminate on the NCT Link Interfaces 
(NLI). The NLis present a synchronized set of backplane buses to the space switch 

multiplexors so that all multiplexors are switched synchronously. The multiplexors 

then present a set of synchronized buses to the CWB and the MLD. 

In the reverse direction (i.e., from CWB towards SM MCTSI) the space 
30 switch operates operates in exactly the same manner. Bytes from the CWB 

terminate at fabric multiplexors driven by control memories. The output of these 
multiplexors connect to NLis that then cross couple to SM MCTSI hardware .. 

4.1.2 Fault Tolerancy 

The core fabric of the space switch interfaces to the NCT links via the 

35 NLI cards. The NCT links are duplex, meaning they originate from e:ich side of the 

SM MCTSI. In order to cross couple to the SM MCTSI, the NLis themselves are 
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duplicated. The NLis are part of the _core fabric failure group, so that each side of a 
NLI connects with one multiplexor fabric side. The NLis are coupled to both ~ides 
of the SM' s TSI, but attach to only one side of the space fabric. Thus, either space 

fabric side can reach either SM TSI side. The multiplexor fabric cards connect 
5 directly to the CWBs. The NLI, multiplexor fabric, and CWB are all in the same 

failure side. As discussed below, the Cell List Processor is also in this same· failure 

group. From a system perspective, the cross coupled NCT links terminate two 
common sides of the A TMU, each of which which. has a space switch plus associated 
hardware to form the A TM cells. 

10 The NCT buses are coupled via the space switch to the .MLD. The ~D 
is cross coupled with the space switch, and is in its own failure group. 

The space switch (with NL!) uses the following error detection methods: 

- Parity on NCT time slots 

- Parity on control memories 

15 - Parity on control buses from the ATMU CC 

- Loss of clock and synchronization 

Errors from these detectors are send to the ATMU CC. which then executes fault 
management procedures. 

4.1.3 Space Switch Control . 

20 The control memories in the multiplexors, as well as other control 

registers used to select active NCT links and A TMU sides, are all under control of 

the A 1MU Central Controller. The space switch hardware has no firmware or 

software; all control is provided via buses from the A TMU CC. 

There are two operational uses of the space switch, both of which 

25 require space switch memories to be written by the ATMU CC, namely call circuit 
switching and provisioning of message DSOs from message sources in the SM to the 

MLD. For call circuit switching, when a call is set up, signals for one DSO must be 
connected to a cell wide buffer virtual path byte location. The SMP (in conjunction 

with the AM) determines the virtual path byte location to use for each DSO signal. 
30 The SMP causes each DSO signal to be placed into an NCT link time slot using an 

MCTSI TSI slice, and then orders the ATMU CC to write the appropriate 
multiplexor memory to route that DSO signal to the correct CWB byte location. Cell 
wide buff er hardware then moves the pso signal to the correct virtual path cell in the 
memory. 
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The SMP provisions DSO channels to carry messages from the Message 

Handler or PSU, through an MCTS! slice t1J the space switch. The S}.-lP t..1-ien orders 

the A TMU CC to write an appropriate multiplexor location that routes the DSO 

channel(s) to the MLD. 
In the above scenarios. the duplicated space switches are written with 

identical information. 

4.2 Cell Wide Butler (620) <FIG. 10) 

4.2.1 Functions 

4.2.1.1 General 
10 One of the two output destinations of the space switch is the CWB 620 

(FIG. 10). The width of the CWB is determined by the type of composite cell 

chosen (i.e. either 46 or 48 bytes wide). Each byte location in the CWB has a 

control memory called a Time Slot Assign (TSA) that loads the vinual path byte for 

each NCT time slot received (FIG. 10). The TSA can also be programmed to not 

15 accept a given time slot on the NCI' bus. Thus, each cell wide buffer location can, 

on a per NCT slot basis, independently load a different (or identically same) virtual 

path composite cell. (The serial NCT link signals shown in FIG. 10 are convened 

into bytes prior to being stored in buffer 801). 

The unloading of the CWB towards the CBP is under conttol of the Cell 

20 List Processor (CLP) 630. The CLP makes requests synchronously to the CWB by 

sending an address.and a read request. An entire 48/46 byte cell is read at once in 

one memory access into a shift register. At the same time, the CLP loads the cell 

header into the shift register. The shift register is shifted out to an SDH/SONET 
facility Line Processing Unit (LPU) 661, ••• ,662. CLP read operations of the shift 

25 registers are interlaced with the TSA controlled writes from the NCT links. 

In the reverse direction (from CBP to SM MCTSI) the cell header is 

unloaded from the shift register into_ the CLP. The CLP uses the header to determine 

the CWB location for the call. Then, the CWB is loaded from the shift register into 

the buffer. Finally, the TSA control memories in the buffer read the bytes onto the 

30 NCT buses at the correct time. 

The depth of the CWB until now has been discussed as being equal to 

the total number of (active) vinual paths so that one DSO per vinual path (in each 

direction can be stored). However, the buffer must be two or three times as deep 

(depending on direction) due to the following reasons: 

35 - The fundamental nature of A TM is that jitter of cells can occur due to random 

internal queuing within the CBP. 
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- CWB loading and unloading from the shift registers must be synchronized with 

CLP re:ids and writes to/from the sMft registers ::o avoid cells being sent tha! have 

DSOs from different NCT 125 µs frames. Such frame misalignment could disropt 

the continuity of N*DSO services being transported by the composite cell. 

5 To solve this problem, in the direction from the SM MCTSI towards the 

CBP, the CWB is double deep (two partitions). This means that the space switch 

loads one half of the CWB. while the a..P reads from the other half. After one 

partition is written the CLP and space switch access the other partition. Each half 

(partition) is identical in composition (i.e., has the identical number of virtual circuit 

10 composite cells supported). In the direction from the CBP towards the SM TSI, the 

CWB is of triple depth (three partitions} in order to allow 125 µs of "build-out". 

Build out is used to keep the CWB from "under-running", and amounts to 125 µs of 

fixed delay. U nder-mn occurs if cell jitter occurs to the extent that no new DSO 

exists in the CWB when the NCI' bus time slot must read that location. Thus, two of 

15 the "partitions" of the CWB provide the buffering to account for the jitter, and the 

third partition accounts for the time to read the DSOs from the CWB without 

interference from cell write~ due to incoming cells. The control memories in the 

TSA of the CWB automatically cycle through the CWB buffer partitions. The o..P 

determines into which partition an incoming cell from the CBP a cell should be 

20 written. The partition varies from virtual circuit to virtual circuit due to the fact that 

jitter can cause (e.g:.) zero, one or two cells to arrive in a given 125 µs interval. If 

cells are lost, then the triple buffer CWB can wrap around (in effect an underrun). 

This is detected if the space switch and CLP ever access the same partition, and 

causes the CLP to read from the partition that is furthest in time from the current 

25 build-out partition. 

4.2.1.2 DSO Path Monitoringf!est 

Monitoring circuitry is provided to determine that composite cells are 

being received by the A TMU every 125 µs on average. To achieve this, the CLP 

maintains a counter for each composite cell vinual path that is active. Every time a 

30 cell arrives, the counter is incremented. The counter increments on average every 
125 µs. The counter may not increment exactly every 125 µs due to jitter of ATM 

cells resulting from random queuing in the C~P. This jitter is a fundamental aspect 

of CBPs. The CLP determines every 10 milliseconds (ms) whether the counter has 

incremented approximately 80 times. This will have a variation of plus or minus 3 
.. 

35 due to near term jitter, and very low probability cell loss and insertion. If the counter 

is funher from this value, the A TMU CC is notified which is able to re.W che counter 
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to detcnnine if vinual path loss has occurred. The counter is ~ble to reach 8000 plus 

or minus 4. The counter is then ch:cked after one second to determine if it has 

reached 8000 plus or minus 4. The 8000 count is used to determine if a high cell 

loss per second has occUITCd. 

5 A direct test of circuit continuity is designed into the A ThfU. A Th1U 

CWB memory devices at the source (towards the A TM network) insen a code 

(possibly multi-byte) into a byte location of a cell. This occurs before a talk path is 

connected. At the destination end of the connection, the cell wide memory devices 

read the pattem and detect a match. This byte code· can be changed as pan of the test 

10 to cause bits in the DSO to toggle. This toggling can then be recognized within the 

A TMU CWB and reponed to the ATMU CC. The ATMU CC can then cause E bits 

on (path continuii.y bits that are internal to a SESS switch and not transmitted over 

inter-switch facilities) on the NCT link that carries the DSO signal to toggle, as well 

as send messages to the SMP that indicated that continuity has been established. 

15 (E-bit use is described in E. H. Hafer et al.: U.S. Patent 4,280,217. 

4.2.2 Fault Tolerancy 

The CWB is in the same failure group as the space switch, as discussed 

above so that failures in the cell wide buffer result in a side switch of the CWB, 

space switch and CLP and the MLD. The LPUs are cross coupled to the facility shift 

20 registers (FSRs) and CWB. Thus, a CWB can receive cells from either of the 

duplicated LPUs. Which of the two LPUs is being used is under control of the 

ATMUCC. 

The primary error detection method in the CWB is parity over: 

- NCI' buses from the space switch 

25 - Vinual path byte memories 

- TSA control memories 

- Control buses from the A TM:U CC 

4.2.3 Control 

The CWB is conuolled by the A TMU CC. There is no firmware or 

30 software in the CWB hardware. 

From an operational point of view, the CWB is used to map a given 

composite cell byte location to a particular vinual path. The SMP routes a DSO 

channel through the SM MCTSI, and then causes the A TMU CC to connect a DSO 

through the space s~tch to a given byte location on the CWB. The control memory 

35 in the CWB for that byte is then written with an address associated with the vinual 

path. This occurs in TSA control memories for both directions. At this point in 
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time. a connection exists from an SM MCTSI DSO and a given composite byte 

(DSO) on a given virtu~. path. 

All Qther functions are likewise under control of the A TMU CC, 

including error detection control associated with DSO continuity test and monitoring. 

5 and LPU state control. 

4.3 Cell List ProctSor <FIG. 11) 

4.3.l Functions 

4.3.1.1 General 

The CLP 630 (FIG. 11) is responsible for moving cells between the 

10 CWB 620 and the Facility Shift Registers (FSR) 651, •.. ,652 (FIG. 8.) Towards the 

A TM network, the CLP has a linked list of records that store the CWB location for 

each active vinual path. Every 125 µs the CLP traverses this list and causes the 

CWB to load all active cell into the FSRs. In the other direction, the CLP has an 

address look-up function that is used to load the CWB with cells incoming from the 

15 FSR As stated in the description of the CWB, the CLP keeps track ofthe_ CWB 

partition to be accessed for signal transmission in both directions. 

The FSRs connect to the facility Line Processing Unit (LPU) 

(661, .•• ,662) which is the actual hardware device (circuit card) that transforms bits 

for transmission to the physical media. and tliat performs facility related 

20 maintenance functions. Thus the LPU card supports optics, synchronization, and 

SDH/SONET ov~ead processing circuitry such as Byte Interleaved Parity, etc. 

FIG. 11 shows the internal design of the CLP. The sequencer920 reads 

service request bits from the FSR. The request bits can be inhibited if an FSR does 

not connect to an equipped or otherwise In-Service LPU. The sequencer responds to 

25 a service request bit for a given FSR by checking a list of active vinual paths that are 

provisioned to the facility associated with the FSR. The list, stored in the vinual 

path list memory 930, accessed by the sequencer, is started at the beginning of every 

125 µs interval, and must be completed before the start of the next 125 µs. The last 

requirement is a reflection of the fact that the bandwidth offered to a facility should 

30 not be greater than the capacity of the facility for constant bit rate services such as 

voice. Each time a service request is made, the sequencer reads a virtual path cell 

entry from the list, loads the FSR with the header information that is stored in the list 

entry, and causes the CWB to load the 48/46 bytes into the FSR. In the 46 byte 

composite cell case, the 2 byte index is considered to be pan of the header and is 

35 loaded by the CLP with the regular (e.g., VBR) 5 byte header. 
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Active vinual paths are made inactive by removing entries from the list 

of acdve vinual paths associated ~ith an FSR. The A™U CC has a buffe1 92: it 

shares with the sequencer that the sequencer uses to add and delete entries from 

active lists at idle times while cells are being transferred out of the FSRs. 

5 The forgoing was described in a sequential manner. However. in reaiity. 

significant overlap of operations exist. For example, the checking of FSR request 

bits overlaps with the accessing of previously checked FSR requests, as well as with 

the sending of read orders to the CWB. 

In the direction towards the SM (from the A TM network), cells are 

10 clocked into the FSRs from the LPUs, and request bits are set. The CLP services 

these bits by first mapping the virtual path address in the composite cell header to a 

CWB location. This function is accomplished by the A TM Address Mapper 

(AAM) 940 within the sequencer which ttanslates the ATM header address to a 

physical address in the CWB memory devices. The AAM also uses the an index 

15 associated with the FSR so that the same ATM cell headers can be used on the 

different facilities, otherwise the headers would have to be different on all facilities. 

Then the sequencer loads the cell in the FSR into the CWB location. All FSRs are 

on a parallel bus to the CWB, so that only one can be loaded at a time into the CWB. 

In the preferred embodiment, the AAM is implemented using a Content Addressable 

20 Memory (CAM). 

The d~sign of the sequencer 920 is based on the use of high speed logic 

(programmable logic) that runs at over 100 MHz and scans shift registers request 

bits, operates the CAM, reads the linked list, gates data between the CWB and shift 

registers, and counts the cell arrivals. Examples of such logic are the PAL logic 

25 circtiit family manufactured by AMD that uses parts such as the 22V10 device 

provided by many manufacturers. Another component is the PLC14 by Signetics. 

Other gate array technologies exist from Texas Instnnnents that can also run 

30 

100 MHz plus. 

4.3.1.2 ATM Congestion Test Function 

One function of the A TMU is to be able to dete~.ine whether or not a 

composite cell vinual path that is about to be placed into the active state will 

experience congestion, and thus prevent such congestion from occurring. 

Congestion is defined as occurring if the utilization of the path increases above some 

threshold along any segment. 
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Alternatively, when congestion occurs. cells are marked by one or more 

CBPs along the path. The marking concep: uses ..:ongesri:>n control bits in the A'IM 

header to test the occupancy of links between the source and destination. When the 

occupancy is above a threshold. the CBP (and other intermediate CBP) will mark the 

5 cell. The A TMU must note this and report the event to the A TMU CC, which then 

repo:ns the event to the SM. In order to provide a static indication, the cells should 

all arrive marked over a period of a predetermined number of cell arrivals. Upon 

reception of a cell from an FSR that has request bits set, the CLP will transfer the 

congestion control bits and the virtual path identifier to a memory that is accessible 

I 0 by the A ™U CC. The A TMU reads this memory and reports the result to the SMP. 

If congestion occurs, new CBR PVCs are not activated if they use the congested link. 

and PVC consolidation (FIG.17) is accelerated. 

A diagnostic to test this mark detection mechanism is as follows: The 

CLP is ordered by the ATMU CC to set the congestion bits on a link known not to 

15 be congested. Downstream CBPs will not affect already set bits, so the far end 

A TMU should detect the set bits. The ATMU CC then orders the bits to be cleared. 

The receiving A TMU should detect that the bits are cleared. Such a test can be used 

to verify the detection circuitry of the marked A™ cells, and the ~bility of the 

network to transpon these bits after they are marked. 

20 The exact use of the congestion bits has not been determined by the 

CCITr. In the mangement described herein, these bits are used to verify bandwidth 

in a manner analogous to the frame marking algorithm used in Frame Relay. That 

algorithm drops frames that are marked if congestion occurs. However, A TM cells 

are not dropped since the marking threshold is below the capacity of the channel. 

25 4.3.2 Fault Tolerancy 

The CLP is part of the same failure group as the space switch and CWB. 

A fault in the CLP causes a side switch of the A TMU, under control of the 

ATMUCC. 

Parity is used on all list and sequencer driven memories. Additional 

30 hardware such as a timer that checks for sanity and dead clock conditions are also 

employed. The memory driven sequencer program is downloaded by the A TMU CC 

as pan of CLP initialization. 

4.3.3 Control 

The CLP is controlled by the ATMU CC. Registers exi!'t on the CLP 

35 that cause the CLP to modify information in the linked list table anwor the A TM 

Address Mapper (AAM) .. In effect, the CLP simply writes ATMU CC data directly 
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to those memories, but at a time that is synchronized with other CLP activities. The 

FSR request bits are inhibiu:d by registers accessible directly to thr. A TMU CC. 

Other communications such as marked cell information, or control tn mark cells is 

handled through registers 921 shared between the a..P and the AT~llJ CC. Any 

5 complex processing that does not have to be done on a cell by cell basis is performed 

by the ATMU CC. 
In operation, after the SMP has connected a DSO through a given SM 

MCTSI slice onto a NCT link, and has caused the A ThfU central controller 

(A TMU CC) to connect the DSO through the space switch into the correct virtual 
10 path memory in the CWB, at the time a vinual path is activated, the ATMU CC 

causes the virtual path address to be added to the list of active cells associated with 
the facility (FSR) the vinual path. At this point in time, the composite cells are 
transferred to the A TM network, and DSO continuity exists (at this end). The 

A TMU CC then performs various actions discussed above to test and monitor DSO 

15 continuity. 

4.4 ATM Message Laver Device (FIG. J.2) 
4.4.1 MLD Functions 

The A TM Message Layer Device (Ml..D) (FIG. 12) provides variable 
length message to A TM convenion for the SESS switch for the following three 

20 communication systems: . 

- SM to SM, and SM to AM communications 

- SS7 Network: SM to SM communications in the toll network 
- Inter-PSU packet communications 

By providing these interWOrking services, the ATM netw9rk can be used for 

25 message transport, thereby simplifying inter-SM message exchange within in the 

5ESS switch, and/or eliminating the use of STPs for messaging between switches in 

the toll network. STPs used for point of presence for local cani.ers to the 

interexchange carrier are not affected by this use or A TM. However, reduction of 

STPs brings about a savings in operations cost and_ hardware costs. 
30 Further, in accordance with. the teachings presented herein, in the 

preferred embodiment, the Message Switch within 5ESS switch (described, for 

example, in the AT&T Technical Journal reference on pages 1418-1421) is 

eliminated from the 5ESS switch, and the CM Processor Intervention (CPI) function 

is provided as discussed below in Section 4.6. 
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Contained within the l\.11.D are the SS7 Inter-Working Unit (SS7 I\VU} 

(1020) and the SM Inter-Working Unit (intra-sw~tch IWU) (1022), and the intet-PSU 

Working Unit (1024) as shown in FIG. 12. A NCT bus from the space switch of the 

A TMU transports one or more DSO based channels that contain either SM or SSi 

5 messages from the Message Handler and/or PSU to the MLD. This NCT bus is 

duplex, having a source in each of the duplicated portions of the space switch. 

Within the MLD, the bus is fanned out (via backplane) to the SS7, SM, and inter­

PSU IWUs. 
The outputs of the MID on the A TM side are serial shift registers that 

10 are essentially in parallel with the shift registerS of the CWB. This can be seen in 

FIG. 13 which shows a block diagram for an IWU. The CLP services requests from 
the MLD and interleaves the A TM based message cells with composite voice cells. 
The algorithm for uitcrleaving is that composite cells are transmitted first (every 125 

µs and then A TM based message cells. The 125 µs interval should not be 

15 overlapped with the next 125 µs interval for composite cells. The A TM based 

messages can be assumed to always have bandwidth on the facilities; facility usage 

is allocated in a way that guarantees that messaging bandwidth is always available. 
Simulations and/or field experience are required to determine a mjnimum adequate 

margin for sending messages on facilities for which composite cells are also 
20 transported. 

In the incoming direction from the A TM network. the O..P translates 

A TM virtual path headers. determines whether the cell is a SS7, a SM, or an inter­

PSU message based virtual path, and directs the cells to the correct one of the IWUs 

within the MLD. The IWUs receive cells and commence message re-assembly. 

25 Subsequently, the re-assembled messages arc transmitted in DSOs on the NCT bus to 

the space switch of the ATMU. The IWUs must be able to associate a cell from a 

given vinual path with a given DSO, or set of DSOs for N*DSO pipes. 

An alternative to the above would be to have the SM, SS7. and inter­

PSU IWU connect to the CBP directly via SDH/SONET facilities. However, this 

30 would use up limited facilities on the CBP for traffic loads that are a tiny fraction of 

the facility's throughput. For this reason the slight overhead of having the CLP 

route the cells internally is preferred. In addition, the DSOs must be multiplexed 

back into the SESS switch SM, and the NCT buses and links are the most 

economical arrangement for so doing. 
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An assumption is that at least one SM IWU is always equipped. since 

that is tile only mechar.ism an S:MP nas to communicate with the AM or other SMPs. 

The SS7 IWUs are optionally equipped, so that they may or may not be present. 

depending on the application. For example, in international SESS switches. the SSi 

5 links are often clustered in only one SM, and this SM may direct all of its SS7 traffic 

to one ATMU. In addition, the :MLD design allows for a variable number of SS7 

Signaling Data Links (SDL). This may imply variable number of SS7 IWUs, 

depending on the number of SDLs that one SS7 IWU can handle. This flexibility 

help specialized applications such as the SESS switch's Intemational's Global SM 
10 (GSM), (the SM which has all the SS7 links). The GSM which has a centralized SS7 

PSU that can generate a large number of individual SS7 SD Ls, so that an A TMU that 

is able to terminate a significant number of SDLs may minimize the software impact 

on existing SESS switches. 

4.4.1.1 A TM and Protocols 

15 The following two sections after this one discuss the intra-switch, SS7, 

and inter-PSU lWU designs within the MLD. However, the interaction of A TM and 

intta-switch and SS7 protocols is first discussed and compared. A basic concept of 

ATM is that ATM provides transpott level services only. To adhere to this concept. 

the SM IWU only relays intta-switch frames. It does not perform protocol · 

20 processing in the usual packet switching sense. For example, retransmissions are not 

supponed by the S:fy1 IWU. Protocol processors (i.e.~ PSU Protocol Handlers and/or 

Message Handlers) process Link Access Procedures (type) D (LAPD) protocol end­

end over the A TM network. In essence, the SM IWU identifies the SM destination 

in an High-level Data Link Controller (HDLC) frame, assembles cells with the 

25 correct vinual·path that cOITesponds to the destination SM, and then transmits the 

cells into the CBP (A TM network). 

The same arrangement is used for SS7. The A TM network relays SS7 

MI'P packets between SS7 Signal Processors which are in the various switches of 

the network. An ~S7 implementation features a single point to point link (see 

30 CCT'IT staiidard Q.703) that usually connects to an STP, not used herein. However, 

the SS7 network is point to multi-point, at the MTP layer. To rationalize the point to 

point A TM layer with the point to many point nature of MTP, the A TMU terminates 

the signaling link layer, and associates MTP packets with a virtual path to a 

destination that co~sponds with the "MTP Point Code". The messages are 

35 assembled into cells, and then relayed over the A TM network. At the destination, 

the MTP packet is re-assembled, and a local .signaling data link layer entity is used to 
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send the SS7 packet back to the Message Handler or PSU Protocol Handler via DSOs 

on an NCT bus that co~ects to the space switch (as was the case in the SM IWU). 

This approach helps minimize the impact of the removal of STPs on a 5ESS switch 

or other switches since the ATMU essentially emulates the behavior of an STP (as 

5 viewed from the perspective of the PSU/PH) at the SDL level. 

4.4.lSMIWU 
4.4.2.1 Functions 

The function of the SM IWU is to associate LAPD frames with 
provisioned vinual paths, and then convert the frames to cells. As stated above, the 

10 SM IWU does not execute procedural LAPD on the intra-switch messages. 

However, the bit oriented LAPD protocol of the intra-switch messages must be 

processed to verify message integrity via Cyclic Redundancy Check (CRC), and 

more importantly, to remove bit stuffing from_ the message so as to be able to read 

the SM destination address. Only after the bit oriented protocol (BOP) is processed 

15 and the "bit stuffing" is removed can the SM destination address be read. 

To accomplish the above, the SM IWU receives inter-SM LAPD 

messages on a provisioned number of time slots (e.g., 12 DSOs or 

768 kilobit/second) on the NCI" bus from the ATMU space switch into an HDLC 

device 1120, (FIG. 13) on the SM IWU. The HDLC device stores the inter-SM 

20 frame in a buffer from which the address (and CRC check result) can be read by the 

SM 1WU internal controller. The controller associates the destination SM address 
with the correct virtual path. Then the frame With LAPD header is assembled into 

ATM cells using the Connection Oriented Network Services (CONS) procedures in 

accordance with the ATM Adaptation Layer specified in CCllT Standard I.363. As 

25 a brief summary, these procedures involve the use of: 

- A bit field that indicates first segment (i.e., cell), middle segment, and last 

segment of the message 

- A CRC that also indicates the integrity of the overall message 
- A length field that indicates the number of bytes in the message 

30 - An index that binds all the cells of a given message together. 

In the above list, the term "message" is used synonymously with LAPD frame. The 

assembly to cells is accomplished by a modified direct memory access processor, the 

A TM Adaptation Layer Processor (AALP) that generates the cells, bit fields etc. 

The output of the AALP is connected to an LPU (FSR) that connects to the CLP. 

35 CU1Tently only one FSR (connected to duplex LPUs) is supponed by each IWU since 

the bandwidth from one facility is far beyond that which is necessary. When a cell is 
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ready for transfer, hardware in the 0..P will transfer from the IWU FSR to the LPt:. 

No cell wide buffer is needed in tl1e outgoing direction. due to the relatively !ow­

bandwidth requirements (as compared to the composite voice case). 
In the reverse direction from the A TM network, the O..P reads the A TivI 

5 header in the FSR that connects to the LPU. That FSR receives cells for both the 

comP.osite memory (CWB) and :MLD. At cell arrival. the O..P does not know if the 

cells are message based or composite. The CLP uses its A TM Address Mapper 
{AAM) (just as it would for composite voice) to determine if the cell should be sent 
to an IWU, or to the CWB (composite voice). For purposes of the immediately 

10 following discussion, the cells are assumed to be message based, and destined for an 

IWU. Otherwise the cells would have been loaded into the (composite cell) CWB. 
The CLP moves the cells to the SM IWU, or the SS7 IWU cell buffer 1170, 

{discussed below) or to the inter-PSU IWU. (This cell buffer 1170 is not the 

CWB 620 used for the composite voice.) 

15 The flow of signaling, control and other narrow band messages are an 
example of data flowing from the CBP to the SM (the opposite of the direction · 
illustrated in FIG. 13). The SM (intra-switch) lWU AALP copies frames from the 

its cell buffer into queues that exist on a per message basis. Multiple messag~ 

segments (cells) may be received concmrently, so that the identifiers in the cells are 
20 used to separate the cells into complete messages. After assembly, the messages are 

shipped back on DSOs on the NCT bus through the space switch in the A TMU. 
The SM IWU has a cell buffer because there must be sufficient buffering 

to be able to receive a burst of cells if "cell bunching" occurs. This means the "A TM 
front end" of the IWU must be able to receive cell bursts at facility rates for shon 

25 periods of time. The cell buff er 1170 is circularly organized (FIFO). and holds the 

entire A TM header plus 48 bytes of data, unlike the CWB for composite cells which 
does not store the A TM header. (In the composite cell case, the CLP processes and 

discards the A TM header for composite cells since the header serves no logical 
function once the frame is in the CWB. In the message case. the A TM header is 

30 further processed to assemble a complete message from the ATM cells.) 

Simulation studies and/or field experience can be used to determine the 

optimum minimum depth of local cell wide buffering. Normally, the traffic intensity 

is minimal compared to the throughput of the SM IWU, since the SM IWU only 

processes frames for one SM, and does not have to perfonn the processing to 

35 actually terminate.the LAPD protocol as do its sources. the PSU Protocol Handlers 

or Message Handler. 
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4.4.2.2 SM IWU Fault Tolerancy 

The SM IWUs are spared on a simple duplication basis, since only _one 

(plus its duplicate) arc needed in an ATMU. This is because there are only two 

inter-SM channels from the MH to the other SMs and AM. 

5 Because the bandwidth required for inter-SM signaling channels is 

small, an NCT link carrying such signaling channels can be served by a single IWU. 

The ATMU CC determines which SM IWU is active. The ~D NCT bus fanout 

mechanism creates a cross coupling between the NCT buses from the space switch, 

· so that either SM IWU can be active regardless of which space switch side is active. 

10 · Faults are deteeted by parity checks on the NCT buses from the space 

switch, as well as the internal error checking means normally used with processors 

and controllers, such as parity checks on memories and sanity timers. 

A separate type of fault tolenmcy function regards message transpon 

impairment. Two types exist, ATM impairment, and Message Handler DSO channel 

IS impairment. Impairment means excessive cell or message error rates. The SM IWU 

indicates message em>r conditions to the ATMU CC, such as corrupted frames from 

the MH/PSU, or corrupted messages from the A TM netwark, if they exceed a certain 

threshold. This is detected in either the ATM header, CRC-4, the CRC chcc~ in the 

LAPD frame from the PSU PH or Ma or the CRC within the message as it is 

20 transponed within ATM Connection Oriented Network Service (CONS). In the 

event of high A TM· error rate, the ATMU CC can switch the SM IWU to the spare 

LPU (i.e., a facility protection switch) or take actions to diagnose the hardware 

beiWeen the SM IWU and the LPU (including the SM !WU). In the latter case, an 

A TMU side switch or SM 1WU may be in order, depending on the coupling between 

25 the MLD and the space switch. 

4.4.2.3 SM IWU Control 

The A TMU CC communicates with the SM IWU via a control output 

bus connected from the A TMU CC to many of the units of the A TMU. In operation, 

the A TMU CC provisions vinua1 path destination addresses via this bus, and 

30 provisions DSOs through the space switch into the IWU. The· ATMU CC does this 

as directed by the SMP. Provisioning is also performed in the CLP to load the AAM 

with the vinual paths that carry the messages. After this is provisioned, inter-

SM/ AM intra-switch messages can be sent at will by the SMP/MH, without any 

A TMU CC intervention, to any inter-SM/ AM intra-switch destination. 
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The SS7 IWU is similar to the SM IWU, and occupies a position in the 

l\llLD that is parallel to the SM IWU. Therefore this section will primarily highlight 

S the differences between the SM !WU and the SS7 !WU. The major difference 

between the SM IWU and the SS7 IWU are: 
- SS7 IWU terminates SS7 link protocol, but SM IWU only processes bit level 

LAPD to be able to read SM destination address 

- SS7 IWU is variably equipped, so that. as discussed above, it may or may not be 

10 present. Funhermore, the SS7 IWU allows a variable number of Signaling Da~a 

Links to be supponed, in order to allow a SESS switch Global SM to be supponed 

ononeATMU. 

As stated in the section on A TM and Protocols, the SS7 !WU terminates 

the SS7 link (SDL, level 2) protocol as received from the PSU Protocol Handlers or 

15 Message Handlers on the NCT bus between the space switch and the MLD. The SSi ., 

IWU then associates a vinual path with the MTP point code, assembles the packets 

into cells, and transfers them out to the A TM network. At the destination switch, the 

CLP routes the cells to the SS7 IWU which then assembles them back to packets, 

inserts them into a SS7 signaling data link frame, and sends them back on the NCT 

20 bus to the space switch towards the PSU Protocol Handlers or Message Handler. 

The A TM network .is used only as a ttanspon mechanism for MTP packets as was 

the case for the intta-switch messages processed by the SM IWU. 

The design of a SS7 IWU and a SM IWU is very nearly identical. The 

NCI' bus side of the IWUs are both HDLC based. and controllers that process Bit 

25 Oriented Protocol (BOP) can also process the SS7 SDL protocol. AT&T 

manufactures a conttoller set (2 deVices, the ATT 7115 and ATT 7130) that perform 

this function for 32 channels with all channels at full utilization for SS7 SDL. The 

A TM front end and interaction with the CLP is likewise identical, and will not be 

repeated here. Primarily, the M1P Point Code is used in place of the SM destination 

30 for purposes of virtual address association. 

In one alternative architectuie, the SS7 and SM IWU are located on the 

same IWU. Throughput is not an issue, only the number ofDSOs to be supponed on 

one hardware cani. Given the NCT bus size of 512 time slots, and the use of double 

size cards, more than 32 time slots may be supponable in one card, making the use . . . 
35 of a single IWU attractive in cost. 
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4.4.3.2 Fault Tolerancv 

The SS7 IWlJ has a fault tokrancy d·:sign different from the SM IWU. 

Because a variable numbCr of SS7 IWU s are used in one A TMU, the SS7 IWU 

redundancy in the MLD is N+l, versus 1+1 as in the SM IWU. In an alternative 

S arrangement, the redundancy is N+2. 

4.4.3.J Control 

The SS7 IWU has similar control issues as does the SM IWU. The SMP 

provisions: 

- Time slots from the Message Handler or PSU Protocol Handlers through 

10 the space switch to the SS7 IWU 
• Maps in the SS7 1WU that associate Point Codes with virtual paths 

• Vinual paths in the CLP. 

4.4.4 Inter-PSU IWU 
The Inter-PSU IWU works in essentially the same way as the inter-SM 

15 IWU, except that it switches packets supplied by PSU 519, packets which, in 

general, originate from and tenninate to users. The IWU is transparent to the user 

level protocol being used. 

20 

4.5 A TMU Control 
4.5.1 Functions 

The NCT links connect the A TMU to the SM. Therefore, the same type 

of controller that is .used in a digital trunk unit (DTIJ) cir SONET Interface Unit 

(SIU) is used in the A TMU. 

The ATMU CC operates and maintains the A'IMU hardware as 

discussed in all the above sections, and therefore will not be repeated here. 

25 4.5.1.1 Fault.Tolerancv 
The A TMU CC is 1 + l spared, and is in a separate failure group from the 

rest of the A TMU. Since the A TMU CC is a modified version of the SIU/DTIJ 

controller, no funher discussion of the fault tolerancy aspects of the controller is 

required. 
30 4.5.1.2 Control 

In the 5ESS switch, a protocol handler (message handler (MH)) is used 

to intei:face between the SMP and the TSI; control and signaling messages can then 

be transmitted between the TSI and the ATMU's MLD. This Message Handler in 

the 5ESS switch is used to communicate with the A TMU CC. This communication 

35 is via time slots that amve on the ~. and that car.ry LAPD based messages which 

ultimately originate from the SMP. The ATMU CC processes the LAPD, and 
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executes the commands. Cenain special functions such as processor reset are put 

into the special NCT link time slot used to transmit control messages to thl! 

A TMU CC if A TMU CC sanity is lost altogether for either side. Special bits in a 

predesignated control channel are reserved on the the NCT link to implement these 

5 functions. 
As previously discussed, t.~e ATMU can be located within the CBP, in 

which case the A TMU CC is controlled by a controller of the CBP. 

4.6 CBR Processor Intervention (CPD 

The SMP Intervention capability that the AM uses to reset an insane 

I 0 SMP will now be discussed. In the current SESS switch, the AM controls message 

switch hardware to source bits in the Control Tune Slot (CTS) of the NCT link. 

Since a goal of this design is to eliminate the Message Switch, the capability must be 

emulated by some combination of the CBP and the A TMU. This capability is 

implemented as follows: 

15 - Special virtual paths from the AM to the ATMU carry cells with· multi-byte 

patterned data. These are repeatedly sent to the A TMU by the AM via the 

APH 1240 to perform CPI. A'fMU hardware (the Facility Shift Registers) is able to 

detect the condition, and is hard wired to the space switch, which then generates the 

CTS CPI bit panem to reset the SM. This multi-byte pattern data can be a long 

20 pseudo random sequence that has essentially zero probability of ever being 

generated, within cel:ls that should never be sent except to reset a specific SM. The 

CBP is provisioned with these vinual paths between the AM and individual SMs. 

S. AM and CDP Operations, Administration. Maintenance, 

and Provisioning (OAMP) Platform 

25 The AM serves to suppon the entire SESS switch and CBP (including 

ATMUs) OAMP needs. These include download and control of the CBP, craft 

graphical display, and communication via ATM with SMs. FIG. 14 shows the 

AM/CBP system architecture as comprising the following components: 

- A TM Management Module (AMM) inclu~g directly connected terminal. 

30 This is an adjunct fault tolerant processor that is an extension of the existing 

SESS switch AM, and serves to provided added processing throughput for 

new CBP and A TMU capabilities. 

- Ethernet Bus to interconnect AM/AMM with Graphic Unit Interface (GUI), 

A TM Packet Handler (APH), and CBP. 

35 - Small Computer System Interface (SCSI, an industry standard) peripherals 

for disk, tape, and CD ROM on-line .documentation: These augmenr the 
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existing AM non-volatile peripherals. 

- GUI workstati~m termlnals that suppons existing SESS switch equii;;m~nt. 

CBP, and ATMUs. 

- A TM Packet Handler provides the AM/ AMM with the ability to 
5 communicate via A TM over SONET to the SMs. The SMs terminate the 

APH' s A TM in their ATMU MLD's. To communicate with SMs, the 

AM/AMM sends messages via Ethernet to the APH which performs the 

message to cell conversion and transmittal to CBP over SONET. 

The GUI and non-volatile memory are commercial components whose control 

10 resides in AMM software. The design of the AMM and APH components are 
expanded in the following sections. 
5.1 A TM Management Module 

The AMM is a high capacity processing element of the AM: 

- Processors: AMM The processors are N+K redundant connected by a 
15 Future Bus(+) technology, IEEE 896 Standard. Automatic hardware and 

software fault detection, and rcstan capabilities are built into the processor 

modules. The AMM itself is supponed by the Administrative Module (AM) 

which is used to create a high reliability environment for the AMM 
processors. 

20 - Memory Modules: The N+K processors share common memory modules 

that are us~ to store static and check-pointed data. Automatic hardware 

error detection capabilities are built into the memory modules. The memory 

modules are redundant, with data being stored in two memory modules; only 

the active module responds to read accesses. The memory modules connect 

25 to the processors via Future Bus(+). 
- SCSI Peripheral Interface: There are two SCSI controllers in the AM/CBP 

Platform. In addition to mirrored disks, there is a canridge tape drive for 

loading the AMM and a CD ROM is optionally equipped to store on-line 

documentation. 

30 - Ethernet Transceivers: The CBP and GUI workstations are connected 

through duplicated Ethernet interfaces to the AMM. 

- Dedicated AMM Terminal: A terminal directly to the processor complex, 

in order to access the core in the event both terminal controllers or Ethernet 

transceivers fail. This terminal does not have a GUI, and is intended for 
35 MML commands only. 
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S.2 APH 

The APH is a modified IWU from the A TMU MLD. It is shown in 

FIG. 14. The Rate Adapt and BOP controller are removed and are replaced by an 

Ethernet Controller and Transceiver. The Ethernet conttoller places message into the 

5 buffer. The processor determines the proper ATM header (Virtual Circuit). The 

AALP performs the functions of converting the message to cells. Unlike the MI..D 

IWU, the Cell Buffer connects directly to an LPU that transforms bits to SONET 

media as soon as the segments are available. There is no CLP to gate the 

transmission of the cell to the LPU. 
10 6. Conclusion 

It is to be understood that the above description is only of one preferred 

embodiment of the invention. Numerous other mrangements may be devised by one 

skilled in the an without departing from the scope of the invention. The invention is 

thus limited only as defined in the accompanying claims. 
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APPENDIX A 

ACRONYMS AND ABBREVIATIONS 

AAL ATM Adaptation Layer 

AALP A TM Adaptation Layer Processor 

5 AAM ATM Address Mapper 

AM Administrative Module 

AMM A TM Management Module 

APH ATM Packet Handler 

ATM Asynchronous Transfer Mode 

10 ATMU ATM Inter.face Unit 

ATMUCC ATMU Central Controller 

BOP ·Bit Oriented Protocol 

CBP Common Broadband Platform 

CBR Constant Bit Rate (traffic) 

15 CCITI Consultative Committee on International Telephone 

and Telegraph Standards 

CD ROM Compact Disk Read Only Memory 

CLP Cell List Processor 

CONS Connection Oriented Network Services 

20 CPI CBP Processor Intervention 

CRC Cyclic Redundancy Check 

CTS Control Time Slot 

CWB Cell Wide Buffer 

DACS Digital Access Crossconnect System 

25 DCC Digital Communications Channel 

DSO A 64 kilobit/second PCM single channel signal 

DSl A signal composed of 24 DSU signals 

DTU Digital Trunk Unit 

EOC Embedded Operations Channel 

30 FSR Facility Shift Register 

GSM Global SM 

GUI Graphical User Interface 
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HDLC High-level Data Link Conttoller 

ISDN Integrated Services Digital Network 

IWU Inter-Working Unit 

LAPB Link Access Procedures (type) B 

5 LAPD Link Access Procedures (type) D 

LPU Line Processing Unit 

MCTSI Module Controller Time Slot Interchange 

MLD Message Layer Device 

MML Man Machine Language 

10 MTP ·Message Transfer Part 

NCT Network Control and Timing (link) 

NLI NCT Link Interface 

NNI Network Node Interface 

OAM Operations Administration Maintenance 

15 OAMP Operations Administration Maintenance Provisfoning .. 
PCT Peripheral Control and Timing (link) 

PH Protocol Hanciler 

PSU Packet Switching Unit 

PVC Permanent Vinual Cin:uit 

20 SCCP Signaling Control and Connection Part 

SCSI Small Computer System Interface (an Industry standard) 

SDH Synchronous Digital Hierarchy 

SDL Signaling Data Link (SS7) 

SIU SONET Interface Unit or SM Interface Unit 

25 SM Switch Module 

SMDS Switched Megabit Data Switch 

SMP Switch Module Processor 

SO NET Synchronous Qptical NETwork 

SR Shift Register 

30 SS7 Signaling System (Number) 7 

STM Synchronous Time Multiplex 

STP Signal Transfer Point 

STS Synchronous Time Signal 
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TSA Tune Slot Assign 
TSI Time Slot Interchange 
VBR Variable Bit Rate (traffic) 
VC Vinual Circuit 
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Claims: 

1. A method of establishing circuit switched calls in a network, 

comprising the step of: . 

in an ingress node of ~aid network, extracting signals for a call from one 

5 of a plurality of pulse code modulated signal streams for insertion into a constant bit 

rate (CBR) packetized virtual circuit (PVC) for transmission toward an egress node 

of said network, each packet of each PVC being a composite packet for carrying 

signals for a plurality of calls over a plurality of channels of said each PVC, said 

signals receivable from one or more pulse code modulated (PCM) signal streams 

10 terminating in one of said nodes, each call occupying one channel of said CBR PVC; 

CHARACfERIZED BY the steps of: 

provisioning a multiplicity of synchronous CBR PVCs between pairs of 

nodes of the network; 

responsive to a request to establish a circuit switched connection from 

15 an ingress node to an egress node of said network for a call on one of said signal 

streams, making a first detennination of whether any active PVC between said 

ingress node and said egress ncide has an available channel for canying said call; and 

responsive to a Positive first determination, establishing a connection for 

said call using a PVC having said available channel; 

20 thereafter, extracting signals for said call from said one of said signal 

streams and inserting said extracted signals into CBR packets of said PVC having 

said available channel. 

2. The method of claim 1, wherein said provisioned PVCs comprise 

active PVCs for carrying calls and inactive PVCs which can only carry calls upon 

25 being activated, funher comprising: 

responsi~e to a negative first determination, making a second 

determination of whether a provisioned inactive PVC between said ingress node and 

said egress node can be activated; and 

responsive to a positive second determination, activating one of said 

30 provisioned inactive PVCs between said ingress node and said egress node and 

establishing said connection over the activated provisioned PVC. 

3. The method of claim 2 wherein each channel of an active PVC is 

assigned a direction of sources of connections carried over said each channel. 
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4. The. metJiod of claira 3 further comprising: 

responsive· to a negative first detennination and prior to making said 

second determination, making a third determination of whether any active PVC has 

channels for carrying calls in both directions, and whether assignment of direction of 

5 channels of any of said active PVC having channels for both directions can be 

changed to assign at least one more channel in a direction of said circuit switched 

connection; and 

responsive to a positive third determination, changing said assignment 

of direction of one of said any PVCs and assigning said circuitswitched connection 

10 to said one of said any PVCs. 

S. The method of claim 3 wherein said first determination is for 

determining whether any active PVC has available channels for establishing a · 

connection in a direction of said circuit switched connection for said call. 

6. The method of claim 3 wherein ones of said active PVCs cany only 

15 channels for calls outgoing from a source node of the network. 

7. The method of claim 6 wherein one node is assigned responsibility for 

controlling activation and deactivation of each unidirectional PVC. 

8. The method of claiin 2 wherein said secpnd determination comprises 

determining which candidate inactive PVC uses links less busy than links used by 

20 other candidate inactive PVCs. 

9. The method of claim 2 further comprising: 

consolidating channels from two partially loaded CBR PVCs into one 

CBRPVc.· 

10. The method of cJaim 9 wherein said consolidation comprises sending 

25 signals for one channel briefly over two channels while switching a channel from 

one PVC to another PVC. 

11. The method of claim I wherein each channel of an active PVC is 
assigned a direction of calls carried over said each channel. 
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!?.. The method of claims i, 2, 3, 4, 5, 6, 7, 8, Q, 10, or 11 wherein said 

PVCs are PVCs of facilities for carrying Asynchronous Transfer Mode (A "Thi) 

signals. 

13. The method of claim 1 wherein said PVCs are PVCs of facilities for 

5 carrying Asynchronous Transfer Mode (A TM) signals, and wherein cells of said 

IO 

A TM signals comprise cells each canying one pulse code modulation (PCM) sample 

from each of a plurality of PCM signal streams. 

14. A telecommunications network comprising: 

a plurality of access switches (l); 

a signal transmission network (10); 

ones of said access switches being interconnected by said signal . 

transmission network; 

CHARACTERIZED IN THAT 

said access switches comprising means (540) for converting a plurality 

15 of synchronous pulse code modulation (PCM) signals to a plurality of asynchronous 

transfer m~e (A TM) signals; 

wherein each of said plurality of ATM signals comprise composite cells 

for periodically transmitting PCM data for a plurality of telecommunications calls on 

a plurality of PCM signal streams over a common virtual circuit connecting two 

20 access switches; 

said signal transmission network comprising a plurality of common 

broadband platform (CBP) (550) A TM crossconnect switches for interconnecting . 

links, said links for transmitting A TM signals to access switches and to other CBP 

switches. 

25 15. The network of claim 14 wherein ones of said access switches 

comprise a CBP switch (550). 

16. The network of claim 15 wherein signaling data as well as 

telecommunications calls are transmitted over said signal transmission network. 

17. The network of claim 14 wherein said composite cells carry bytes of 

30 . PCM data for 48 calls and each of said composite cells carries one, byte per call. 
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5 

18. The network of claim 14 wherein said comp0site cells carry bytes of 

PCM data for 48 - A calls, wherein A is an integer ~ I. S 46, and each of said 

composite cells carries one byte per call, and an A-byte index to differentiate among 

a plurality of virtual circuits using a common path. 

19. The network of claim 18 wherein A= 2. 

20. The network of claim 14 wherein ones of said composite cells carry a 

plurality of bytes for a call. 

21. The network of claim 20 wherein said composite ones of said cells 

carry a plurality of bytes for said call and a single byte for each of a plurality of other 

10 calls. 

22. The network of claim 14 further comprising: 

means, connected to said means for converting, for switching each 

packet of said plurality of ATM signals to one of another plurality of ATM signals, 

the other plurality of A TM signals comprising packets, each packet for transniission 

15 over said signal transmission network to a destination access switch. 

20 

23. The network of claim 22 wherein said means for converting 

comprises means for converting into said plurality of first output signals, each of said 

first output signals comprising a plurality of packets transmitted periodically at a rate 

which is a multiple of a period of said synchronous PCM signals. 

24. The network of claim 23 wherein said multiple is one and each of 

said plurality of packets transmitted periodically comprises only a single signal for a 

plurality of PCM channels. 

25. The network of claim 22 wherein said means for converting further 

comprise meaI'.lS for converting received packets of data received over a data 

25 transmission channel into variable bit rate (VBR) cells for transmission in an ATM 

signal. 

26. The network of claim 25 wherein at least one of said first output 

signals carry VBR telecommunications call signaling cells and wherein said 
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signaling cells are given pri•Jrity over other VBR cells in transmission of said ATM 

signal. 

27. The network of claim 22 wherein at least one of said means for 

converting is connected to a plurality of switching modules or systems and wherein 

5 . said means for converting combines signals from two or more switching modules or 

systems into a single set of packets transmitted periodically, and wherein ones of 

said single set of packets transmitted periodically cairy signals from two or more 

switching modules or switches. 

28. The network of claim 22 wherein said means for switching packets is 

10 directly connectal>le to a source and destination for A TM signals. 

15 

29. The network of claim 28 wherein ones of said other plurality of ATM 

signals are further for transmission over said signal transmission network, to another 

of.said means for switching packets, for switching received A TM cells to a 

destination user. 

30. The network of claim 25 wherein said VBR packets comprise packets 

for transmitting messages between a processor of a switching system or module for 

supplying one of said synchronous PCM signals and a processor of said means for 

switching packets. 

31. The network of claim 25 wherein ones of said VBR cells are for 

20 transmission between two switching systems or modules each for supplying at least 

one of said synchronous PCM signals. 

32. The network of claim 31 wherein said ones of said VBR cells are 

transmitted between processors of said two switching systems or modules. 

33. The network of claim 22 further comprising: 

. 25 means for converting signals from telecommunications lines to channels 

of one of said plurality of synchronous PCM signals. 

34. The network of claim 22 wherein said means for converting is 

connectable to a plurality of switching systems or modules each for providing one or 
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more of said plurality of synchronous PCM signals. 

35. The network of claim 22 wherein a switching system or module 

provides at least two synchronous PCM signals, different ones of said at least two 

signals being connected to different ones of at least two of said means for 

5 converting. 

36. The network of claim 22 funher comprising: 

means for generating an arbitrary signal for transmission in one of said 

plurality of A TM signals; and 

means for receiving and checking for said arbitrary signal in order to 

10 verify continuity of a path for said one of saici first output signals. 

37. The network of claim 14 wherein said common virtual circuits carry 

composite cells being transmitted on constant bit rate (CBR) permanent virtual 

circuits (PVCs) interconnecting two access switches, said composite cells being 

transmitted at a repetition rate whose period is a multiple of a basic PCM sampling 

15 rate. 

38. The network of claim 37 wherein said multiple is one and said 

sampling period of said PCM signals is 125 µs and wherein each of said plurality of 

channels carried in said cells occupies one byte of a payload of the periodically 

transmitted cells. 

20 39. The network of claim 37 wherein each access switch comprises at 

25 

least one node and at least one of said access switches comprises a plurality of 

.nodes, said nodes each comprising one of said means for convening PCM signals 

into ATM signals, and wherein said PVCs interconnect nodes of said access 

switches. 

40. The network of claim 14, wherein said means for converting 

comprise: 

means for receiving a plurality of synchronous pulse code modulated 

(PCM) signals, each signal for carrying a plurality of PCM channels; 
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means for storing individual bytes of said PCM signals in selectable 

memory locations of a plurality of buffer memories, each bl}ffer memory for storing 

a plurality of said bytes;_ and 

means for adding header data to outputs of ones of said buff er memories 

5 and for forming a plurality of composite packets, each composite packet comprising 

bytes from a plurality of PCM channels from a plurality of said PCM signals; and 

means for transmitting periodically ones of said plurality of composite 

packets in output signals to a unit for switching packets of said output signals; 

wherein said selectable memory locations are selected to group each of a 

l 0 plurality of bytes of channels destined for a common switching system into one of 

said C<?mposite packets. 

41. The network of claim 40 wherein said means for receiving further 

comprises means for receiving signals representing packeti7.ed data. 

42. The network of claim 41 wherein means for transmitting further 

15 compris.es means for transmitting non-periodic packets; 

20 

wherein said signals representing packetized data are transmitted to 

means for assembling said packetized data; 

wherein said means for assembling packetized data comprise means for 

transmitting said assembled packetized data to said means for transmitting. 

43. The network of claim 42 further comprising: 

means for selecting between said assembled pac.ketized data and said 

plurality of packets for transmission to said means for transmitting. 

44. The network of claim 42 wherein said packetized data comprises data 

received from users connected to switching systems for supplying said plurality of 

25 synchronous PCM- signals. 

45. The network of claim 40 wherein said means for storing individual 

bytes is byte organized so that a plurality of bytes forming a composite packet can be 

transmitted in parallel to said means for transmitting. 

46. The network of claim 45 wherein PCM signals occur in repetitive 

30 frames, and wherein said means for storing comprises means for storing two frames 
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of PCM signals for subs~quent transmission to said mear.s for transmitting to s~id 

unit for switching packets, wherein frame integrity is maintained by using storage 

for said frames alternately. 

47. The network of claim 45 further comprising means for storing 

5 individual bytes of PCM signals received from said unit for switching packets for 

transmission to a connected switching system, said means for storing for 

transmission to said connected switching system comprising storage for three frames 

of PCM signals in order to provide frame integrity of said PCM signals and to 

overcome effects of jitter in incoming A TM signals. 

10 48. The network of cl~m 14 further comprising 

a plurality of switching modules (S 10) or switching systems; 

means (550) for switching composite cells of said A TM signals each to 

one of a plurality of output signals, said output signals for transmission to one of 

said means for converting (SSO) for further converting said output signals into PCM 

15 signals for transmission to ones of said plurality of switching modules or systems; 

20 

25 

wherein said plurality of composite A TM cells each carries a plurality of 

bytes, each byte representing one PCM signal of one channel, and wherein each of 

said plurality of composite A TM cells carries only a single byte of any channel. 

49. The network of claim 14: 

a plurality of switching modules (510) or switching systems; 

means (550) for switching composite cells of said A TM signals each to 

one of a plurality of output signals, said output signals for 'transmission to one of 

said means for converting .(550) for further converting said output signals into PCM. 

signals for transmission to ones of said plurality of switching modules or systems; 

wherein data of each of the cells generated by said means for converting 

is destined for a common means for converting; and 

wherein said means for converting further comprise means for 

converting packetized data signals into variable bit rate (VBR) ATM cell~. 

SO. The network of claim 49 wherein ones of said A TM signals comprise 

30 packetized telecommunications call signaling data signals, and wherein VBR A TM 

cells corresponding to said packetized signaling data signals are given priority over 

other VBR cells in transmission of cells to said means for switching packets. 

This is the replacement sheet 

Date: 2 2 SEP 1997 · 



Hf Ill~ 1111~ 11~1111!1 II If II 
- 60 -

~ 1. The network of claim 49 wherein said me?lls for converting gives 

priority to said composite cells transmitted periodically over said VBR cells. 

52. The network of Claim 14 wherein ones of said access switches are 

interconnected by inter-access switch links canying ATM signals. 

5 53. The network of claim 14 wherein ones of said access switches are 

interconnected by at least one link (5) carrying ATM signals to others of said access 

switches. 

54. The network of claim 40, wherein ones of said access switches have 

a multiplicity of inputs and comprise a plllrality of said means for converting, 

10 wherein each of said means for converting serves a portion of inputs to an access 

switch, and wherein said selectable memory locations are further selected to group 

into ones of said packets a plurality of bytes of channels destined for a common one 

of said means for converting. 

55. The network of claim 40, wherein ones of said access switches each 

15 comprise a plurality of said means for converting, wherein each of said means for 

converting serves a portion of inputs to one of said access switches, and wherein said 

selectable memory locations are further selected to group into ones of said packets a 

plurality of bytes of channels destined for one of said means for converting in one of 

said access switches. 

20 
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ES.IABLISHING TELECOMMUNICATIONS CALL PATHS 

IN BROADBAND COMMU~ICATION N~TWORKS 

Abstract 

In accordance with the principles of this invention, Pulse Code 

5 Modulation (PCM) signal streams are converted into Asynchronous Transfer Mode 

(A TM) cells for switching and transmission across a telecommunications network. 

Each cell carries one PCM sample of up to 48 different voice connections, the voice 

connections selected from the PCM data streams because they have a common 

destination. The cells are transmitted over A TM vinual circuits, each circuit 

10 transmitting one cell eveey 125 µs. Advantageously, ATM transmission systems 

interface with PCM systems without adding appreciable delay and without requiring 

additional buffering. Advantageously, new voice paths can be established most of 

the time by using a~ailabl~ slots in the cells of existing virtual paths. This invention 

can also be used for implementing a large switching system or a cluster of highly 

15 interconnected smaller systems. 
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