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One ofthe most important trends intelecommunications is the opportunity
toexploit the vastly increased bandwidth thatfiber optics makes available.
Fiber, together with Synchronous Digital Hierarchy/Synchronous Optical
Network transmission, will alter network topologies and necessitate new
methods ofbandwidth management. The 5ESS-2000® Switching Module­
2000 makes the most ofthis bandwidth byproviding both multi-megabit
data switching and a high-bandwidth, intraswitch message network to inter­
connect SM-20oos. The SM-2000 hardware:
- Implements a duplex switching fabric thatcan be engineered to 33,792

time slots,
- Supports optical and electrical links toperipheral interface units,
- Provides wideband circuit switching ofmultiple 64 kbits/s data streams

as one stream,
- Supports increased SM-2000 processor capacity, enhanced significantly

through processor technology upgrades and wider-bandwidth busses, and
- Supports substantially increased message protocol-handling capabilities.
While continuing to support traditional switching applications, the 5ESS­
2000 Switch will make possible a hostofnew wideband services. These
include video conferencing, high-speed data transfer, and integrated
switched and non-switched networking.
Introduction

Forovera decade, digital switching
has beenevolving to meetchanging sub­
scriberneeds. Recently, integrated services
digital network (ISDN) and message-based
interoffice signaling systems have ledto a
wide variety ofintelligent network (IN) ser­
vices including, mostrecently, wireless Glo­
balSystem for Mobile (GSM) Communica­
tions. In the near future, digital switches must
provide an ever-increasing numberofser­
vices, including wideband andbroadband
switched services.

Switching manufacturers will have to
satisfy future telecommunications needsby
gracefully evolving today's in-service switches
to provide the platform forfuture services.
These services requireenhanced processing
capacity, performance, reliability, and

systems-for operations, administration,
maintenance, andprovisioning.

Thispaperaddresses the evolution of
the keycomponent ofthe 5ESS® Switch, the
switching module (SM-2000), andhow it pro­
vides an enhanced platform forwideband
switching. Anoverview ofthe SM-2000 hard­
ware and software architecture is provided, as
well as an introduction to the types ofwide­
bandservice applications made possible by
the newplatform.

Switching Evolution
Introduced in 1982, the 5ESS Switch

wasdesigned from the beginning with the
flexibility to meetthe demands oftelecommu­
nication service providers worldwide. This
flexibility wasachieved with an innovative
modular architecture that tookadvantage of
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only remaining roadblock to deploying thesevaluable
services is the convenience ofbeingableto dial-up these
"wideband" services throughthe public switched tele­
phone network-just likean ordinary phone call. This
roadblock is overcome with the 5Ess.2000.

Panel 1. Acronyms andTenns Used In ThisPaper

AM - Administrative module
ATM - Asynchronous transfer mode
Broadband - Rates of45/53Mbits/s, andhigher

----------------------1 CCfIT - International Telephone andTelegraph Con­
sultative Committee

CM - Communication module
CM2 - Communication module model 2
DNU-S - Digital Networking Unit-SONEr
DSP - Digital signal processor
El- European primary rate of2.048 Mbits/s
GSM - Global System for Mobile Communications
IN - Intelligent network
ISDN - Integrated services digital network
LAN - Local area network
MH - Message handler
MPEG - Motion Pictures Experts Group
OA&M - Operations, administration, andmaintenance
OC - Optical carrierrate ofNx 53Mbits/s
PSU - Packetswitch unit
QGP - Quad gateway processor
QU - Quad link interface
QLPS - Quad link packetswitch
QPH - QLPS protocol handler
RAM - Random accessmemory
SDH - Synchronous digital hierarchy, CCfIT optical

transmission standard
SM - Switching module
SMP - Switching module processor
SONEr - Synchronous optical network, Bellcore opti-

caltransmission standard
STS - Synchronous transfersystem
STM - Synchronous transfermode
Tl-Terrestrial (North American) primary rateof

1.544 Mbits/s
TMS - Tune multiplexed switch, space-division switch

between SMs/SM-2000s
TSI - Tuneslotinterchange, time-division switch in

eachSM/SM-2000
VC - Virtual container
vr- Virtual tributary
Wideband - Datarates of1.522/2.048 Mbits/s

the then emerging microprocessors, as well as fiber
optics (see Figure 1).The building blocks ofthe 5ESS
Switch are the:
- Switching modules (SMs)-Each SM contains its own

switching fabric, terminating up to 5,000 linesor 500
trunks,anda call processor basedon the Motorola
68000 microprocessor family,

- Communication module (CM)-Interconnects the
SMs overfiber-optic links, andthe

- Administrative module (AM)-Provides system-wide
functions, such as the maintenance interfaces andbil­
ling datacollection.

Three advantages offered bythis architecture
are flexible modular growth, remoting capabilities, and
the ability to adoptnew features. Byflexibly configuring
the SMs, a mixture oflocal, toll, operator position, inter­
national gateway, andcellular applications canbe sup­
portedon one switch. Although periodic upgrades have
been madeto the SMs to keeppacewith advances in
microelectronics, the 5ESS Switch has neverrequired
the major reconstruction andchange-out ofequipment
that other switching systems have experienced.

Since the 5ESS Switch wasintroduced, there has
beenan accelerating changein network design, sub­
scriberservices, standards, andswitching technology
itself, including the transition from analog to digital. This
transition, nearing completion, has introduced a newset
ofchallenges andopportunities to digital switching.
These challenges are notunique to switching, andAT&T
has articulated Service Net-20oo as its unified platform
fornetwork andservice evolution. Oneofthe principles
ofService Net-2000, taking advantage ofthe bandwidth
made available bythe increasing use ofoptical facilities,
wasthe major goalin introducing the SM-2000.

Firstseen in the trunk network, fiber is now also
beingapplied in subscriber-access networks around the
world. Once the fiber is in place, newcircuits canbe
added, andadditional bandwidth canbe offered to sub­
scribersat a low incremental cost. Oneobvious areaof
opportunity is new switched-wideband services, flexibly
extending the current64kbits/s switched services up to
El/Tl rates of2.048 Mbits/s and 1.544 Mbits/s.These
services include video conferencing, multimedia calls,
andon-demand local area network (LAN) interconnect.
Standards suchas CCfIT H.261 forvideo-conferencing,
and Motion Pictures Experts Group (MPEG) forvideo
retrieval, already allow non-proprietary applications. The
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Platform for Higher Bandwidth
The 5ESS Switch is evolving into a powerful

telecommunications platform, called the 5ESS-2ooo,
capable ofproviding the services described above. The
architecture and new additions to the 5ESS Switch are
shown in Figure 1.

The workhorse in the new architecture is the
SM-2000 switching module, which provides an enhanced
fabric forwideband switching. This new fabric allows an
increased number oftimeslots-the basic package of
information in the switch module-to be managed ina
flexible fashion to allocate bandwidth to new services. A
new intraswitch messaging network, named the quad
linkpacket switch (QLPS) , wasintroduced to handle the

network without beingdemultiplexed down to 64kbits/s
circuits. Atits lowest level, the VC12 andVfl.5 will,
respectively, carrythe 2.048 Mbit/s (32-ehannel) and
1.544 Mbit/s (24-ehannel) primary rates.

Although the falling costoftransmission andthe
new management capabilities ofSDH/SONET will open up
many new opportunities in the network, theyalso will
place newdemands on digital exchanges. The virtual
containers will notbe "opened" until justbefore reaching
the switch. Transmission facilities will be lessandless
filled, as bandwidth becomes moreaffordable, andas
smaller remoteaccessunits are deployed. New flexibility
also will be required to handle the ever-growing number
ofnon-switched services. The standardization ofhigh­
speedtransmission, however, offers the opportunity to
minimize equipment andoperations expenses if band­
width management is integrated directly inthe switch. A
single~1 (53 Mbits/s) would replace 28T1s, anda STM­
1/0C-3 (155 Mbits/s) would replace 63 E1sor 84T1s.

Inaddition to addressing the trendsabove, the
new SM-2ooo incorporates many recentadvances intech­
nology. Call processing capacity canbe increased, pro­
viding both moreterminations per SM, andsupporting
new protocols, such as TR-303 for ISDN andother ser­
vices, V5 forintegrated access, andGSM forwireless ser­
vices. In addition to meeting these new demands, the
5ESS Switch mustmaintain its reputation ofnot requir­
ingmajor replacements ofequipment in order to provide
new services. With over2,000 5ESS Switch exchanges
worldwide, and50million linesinservice, itwasessential
that the SM-2ooo be easily added to existing in-service
5ESS Switches.

Subscriber
lines

- - Interprocessor messages
- Voice/data traffic

Subscriber SUbscriber
lines lines

Subscriber r-;;I
lines ~

The abundance ofbandwidth alsois driving new
network topologies. Hand-in-hand with the falling costof
bandwidth has come a newset ofstandards formanaging
it.These include Synchronous Digital Hierarchy (SDH),
which is beingimplemented in Europe andother coun­
tries, andSynchronous Optical Network (SONET), which
is beingimplemented in North America andothercoun­
tries. Besides standardizing high-speed rates overoptical
facilities, SDH/SONET will simplify the management of
bandwidth services. SDH/SONET will allow datastreams,
called virtual containers (YCs) in Europe andvirtual trib­
utaries (Vls) in North America, to pass throughthe

Interoffice
trunks ,....-....L...-...,

Interoffice Interoffice
trunks trunks

Rgure 1. The 5ESSSwitch has evolved Into the 5ESS-2000
Switch. In addition to the current Switching Modules
(SMs), the switch supports the Switching Module 2000
(SM-2000), which has an enlarged switching fabric,
enhanced peripheral Interfaces, and N x 64 kblts/s
switching. The Communication Module (CM) has the quad
link packet switch (QLPS), which handles an Increased
volume of call-processlng messages between switch pro­
cessors. The new quad gateway processor (QGP) provides
an access point In the QLPS network for messages des­
tined to and from the AM or SMs.
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increased volume ofcall-processing messages thatare
anticipated between switch processors due to the large
SM-2000 capacity, the proliferation ofintelligent network,
andSignaling System 7 services.

The software in the 5ES5-2000 Switch wasre­
engineered to accomodate an increasing volume ofter­
minations andtraffic throughput. This new 5ES5-2000
Switch platform allows the graceful addition ofhigher
bandwidth andoptical peripherals, while expanding the
5ES5-2000 Switch's circuit-switching capabilities. The
modular architecture ofthe 5ES5-2000 Switch also per­
mits additional switching technologies, suchas Asyn­
chronous Transfer Mode (ATM) switching fabrics, to
be integrated with the 5ES5-2000 Switch platform in
the future.

The S..2000 Swltchl", Module. The SM-2000
switching module allows the 5ES5-2000 Switch to meet
the increasing demands ofthe network:
- With an enlarged switching/abric, the SM-2000 can

terminate multiple high-speed facilities at the STM-l
or STS-l rates.

- With the enhanced peripheral interface, the SM-2000
supports bothexisting peripherals, with the current
register-based control interface, and new higher­
bandwidth peripheral units with message-based
control.

- Through wideband ( Nx 64 kbits/s) switching, the
SM-2000 maintains time-slot integrity with virtually
noblocking.

- With efficient management 0/64 kbits/s circuits, the
SM-2000 supports largerwire centers terminating an
increasing numberofE1 (2.048 Mbit/s) or OS1
(1.544 Mbit/s) facilities.

- With remote capabilities, the SM-2000 is ableto host
remote SMs.

- With/lexible provisioning, the SM-2000 switching fab­
ric, andthe numberofterminations, will growwith
the needsofthe network applications.

N.w Intrawltch M......... NetwOl'k~. Future
services in the network will include a proliferation of
intelligent network offerings, andlargercall volumes,
which will increase the messaging within the 5ES5-2000
Switch. Inanticipation ofthis increase, the quadlink
packet switch (QLPS)-the newhigh-eapacity, high­
bandwidth, low-latency message transport network-can
be engineered into the 5ES5-2000 Switch. The QLPS pro­
vides the intraswitch messaging linkage between the

SM-2000s, the CM, andSignaling System 7 or other
external signaling networks.

Softw...... D.u SCali.... To meetan increased
number ofline terminations onequipment, andthe
largervolume ofcall traffic, the expanded capacity ofthe
SM-2000 required a re-engineering ofthe software and
datastructuresin the 5ES5-2000 Switch. Aflexible inter­
nalnaming scheme, forthe equipment andcircuit pack
databases, allows the software to easily support the intro­
duction ofnew equipment andservices. Inaddition, the
increased capacity required software extensions, called
scaling, forgenerating andstoring measurement, billing,
andotherdatarecords. Maintenance software algo­
rithmsweremodified to handle the complexities of
increased equipment andlargercapacities.

H....., Bendwldth 8IId OptIc8I P.rI........I.. The
5ES5-2000 Switch provides the hardware andsoftware
platform required forthe introduction ofhigherband­
width and optical peripherals. Thisswitch makes possi­
blecost-effective implementations ofNx OS1, 0S3 dial­
tone, anddirectconnections to optical facilities.

5M-2ooo Components
The design ofthe SM-2000 corehardware,

shown in Figure 2, resultsin lesspower consumption
and space (footprint) than the currentSM. Both the time
slotinterchange (1'51) unitandthe switching module pro­
cessor (SMP) unitcontain two shelves. To ensurereli­
ableoperation, the SM-2000 uses the duplex service
groupstrategy found in the SM: oneservice group will
be active while the other is ina standby state, ready to be
put into operation ifanyfaults are detected in the active
service group. Service circuits are contained ina single
shelf, andoperate independently, with service requests
distributed evenly acrossthe service circuits.

COIIImunlc8tlon Module Interfllce. The SM-2000
uses multiple pairsoffiber-optic cables forthe connec­
tion to the Communication Module Model 2 (CM2).
These fiber-optic connections transport voice, data, and
messaging traffic between the SM-2000 andthe rest ofthe
switch. Eachfiber-optic cable operates at a 65Mbits/s
datarate,andcarriesa maximum of512 64-kbits/s voice
channels, plus512 signal channels, between the SM-2000
andthe CM2. To provide flexibility in equipment, cross­
connect, reliability, and independence from the fabric,
the circuitry forthe CM2 interface is contained on
paddle-boards-small circuit packs located on the
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FIgure 2. The Switching Modul.20oo (SM­
2000) core hardware requires less power and
space than the current SM. The time slot Inter­
face (TSI) unit terminates TSlllnks to the Com­
munication Module (CM), peripheral Interface
hardware, and the processor message bus. Each
TSI link can be used for connecting to either the
CM Model 2 Interface circuitry or to the peri­
pheral Interface circuitry. This flexibility allows
engineering of the relative number of CM2and
peripheral connections.

backplanes ofthe 1'51 unit. This CM2 interface provides
the highbandwidth neededamong SM-2000s to support
newservices, while providing an evolutionary design for
interfacing with the existing CM design.

Byusingpaddle-boards to combine two existing
256 time-slot linksto createthe 512 time-slot streams,
the existing CM design is unaltered. Atthe SM-2000 end,
different paddle-boards convert the 512-time-slot format
to that needed bythe 1'51. In somecases,the paired links
canbe handled by the software as a single entity. When
that is inappropriate, theyare treated likeseparate 256­
time-slot links, as in SMs, reducing both the design effort
andcustomer retraining foroperations, administration,
andmaintenance (OA&M).

nme Slot Intercllll.... Unit. To provide flexibility in
size, the 1'51 unitforSM-2000 is built around a new
switching architecture. It canbe engineered up to a total
of33,792 timeslotsto meeta variety ofcustomerneeds.
1'51 growth is accommodated byadding packs that lin­
early increase the total 1'51 sizein increments of3,072
time-slots. The1'51 alsocollects andfilters signaling-bit
activity, which indicates the stateofa lineor trunk. To
ensure reliable operation, the 1'51 unitincludes two
redundant service groups, which operate inan
active/hot-standby configuration. The 1'51 unitis under
the control ofthe SM-2000 processor, via the 1'51 unit
control bus.

Anew chipset incorporates state-of-the-art tech­
niques forbuilt-in self-testing at the device, circuit pack,
and1'51 unitlevels. The testability aidsmanufacturing, as

well as in-system diagnostics andmaintenance, and
assuresquick andaccurate fault resolution.

The 1'51 unitterminates the 1'51 links to the CM2
and peripheral interface hardware, as well as the proces­
sor message bus to the SM-2000 processor. Each 1'51 link
is used to transport voice channels, signaling information
forthe voice channels, and maintenance information.
Each1'51 linkin the 1'51 unitcanbe usedforconnecting to
either the CM2 interface circuitry or to the peripheral
interface circuitry (See Figure 2).Thisflexibility allows
engineering ofthe relative numberofCM2 andperipheral
connections. Links to the periphery canterminate up to
768 voice channels per optical 1'51 link.

The1'51 unitalso provides selective double
buffering, a mechanism thatguarantees byteordering
andframe integrity ofthe E1 or DS1 channels thatare
usedforNx 64-kbits/s wideband services. Double buffer­
ingre-buffers "early" timeslotsamples, allowing themto
be transmitted in the sameframe as "later" time slot
samples. The 1'51 unithardware cancomplete an intra­
SM-2000 connection without usingor blocking a CM2
connection. The 1'51 unitprovides an abundant pool of
time slotsthat canbe flexibly provisioned between the
CM2 and peripheral units, as shown inFigure 3.This now
makesit possible to economically introduce consolida­
tion, nail-up, andseparation functions in the switching
fabric itself.
- Consolidation: 1'51 time-slot consolidation, the reorder­

ingofcustomer datasamples from onetimeslotto
another, enables the SM-2000 to economically
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Figure 3. The Switching Module-2000 (SM­
2000) can be engineered to have up to 33,792
time slots, of which 12,288 can be used to con­
nect to the Communication Module (CM), and
the remainder used for switched and non­
switched connections. Consolidation permits
the time slot Interchanger (lSI) to reorder custo­
mer data samples from one time slot to another,
enabling the SM-2000 to economically ter­
minate partially filled facilities from remote loca­
tions. Nall-up permits the lSI to permanently
connect leased lines by the month or year,
without consuming other switch resources.
Separation permits the separation of switched
and leased-llne circuits that were multiplexed at
remote locations onto the same Incoming facil­
Ity. Switched circuits are routed to the switched
network, and leased circuits are routed to the
private-line network.

Nail-up
time slots

Peripheral
time slots

Switched Leased
and lines

non-swltched
lines and

trunks

Switched
Nx64

lines and
trunks

12.288CM
time slots

Partially
filled

facilities

Peripheral
time slots

SM·2000

14-------- 33,792 time slots ----r=~:::=~1

terminate partially filled facilities from remoteloca­
tions. Flexible time-slot allocation enablesthe TSI to
consolidate this traffic before passing it on to other
partsofthe 5ES5-2000 Switch. Traffic engineering is
greatly simplified byhaving 33,792 timeslotsper
SM-2000.

- Nail-up.' The combination ofthis TSI time-slot alloca­
tion capability, and the sizeofthe TSI fabric, makeit
economical to nail up,or permanently connect by the
monthor year, leasedlinesdirectly through the SM­
2000. In this case,TSI timeslotscould be allocated
directly from one lineor trunk unit to another, without
consuming other switch resources.

- Separation: In somecases,a single remotenodemight
mixboth switched and leasedcircuits on a single facil­
ity. In this case,the SM-2000 canprovide a separation
function. Switched circuits would be routednormally,
while leasedlineswould be separated, within the SM­
2000, and routed to the private linenetwork.

With consolidation, nail-up, and separation func­
tions, the SM-2000 becomes, inessence,a 64-kbits/s dig­
italcross-connect. Without manual recabling, the leased­
lineservices canbe provisioned morequickly, with fewer
errors,and with reducedadministrative expenses. In
addition, these circuits can now take full advantage ofthe

administrative andmaintenance capabilities ofthe 5ESS­
2000 Switch.

To maximize the compatibility with the existing
5ESS Switch, the SM-2000 datainterfaces are basically
unchanged. While the control interface changed to sup­
portthe increased numberoftime slotsandadditional
capabilities (e.g. double buffering) ofthe SM-2000 TSI.
the basicmechanism forTSI control remains unchanged.
Registers and control random-access memories (RAMs)
are mapped intothe processor's addressspace. The lay­
ered structureofthe 5ESS-2000 Switch software allows
these alterations without wholesale software rewrites;
only the low-level hardware manipulations needchang­
ing. These include operational control, maintenance, and
initialization functions. Moreover, somesoftware
complexities- such as increased signaling detection in
the TSI, and indirect addressing for time-slot control
access-were eliminated with the newhardware.

Periphel1lllnterfece. The SM-2000 is designed to
supportboth optical and electrical interfaces to periph­
eralunits (e.g., lineand trunk units). Electrical interfaces
provide backward compatibility with peripheral units that
are offered on the current SM. Optical interfaces, using
circuitry that is similar to the CM2 interface, provide a
newhigh-speed peripheral interface that combines data
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Rgure 4. In the SM-2ooo architecture, a new
switching module processor (SMP) distributes
processor power between the core circuit pack
and the message-handler (MH) circuit packs.
Multiple processor busses Increase the amount
of parallel processing that can be achieved. The
message-handler pack processes both Inter-5M­
2000 message traffic and, In a future release,
message traffic between the SMPunit and new
peripheral units. Memory within the SMP also Is
modular.

andcontrol. This 768-time-slot interface is firstusedby
a new peripheral, the Digital Networking Unit-Sonet
(DNU-S), and allows fordirectswitch termination of
SONIT transmission facilities at the srs1 rates.The DNU-S
is a high-eapacity digital trunk termination vehicle that
cansupport up to 12~1 interfaces or 336 TIs. The
DNU-S is envisioned to support TR-303 interfaces at an
OC-3 rate.With either type ofperipheral interface, the
numberofcircuit packsinan SM-2000 1'51 is determined
byboth the CM2 configuration andthe numberandtypes
ofperipheral unitsthat it hosts.

Swltchl", Module Proce..... Unit. The SM-2000
architecture includes a newswitching module processor
(SMP) , shown in Figure 4, in which the processor power
is distributed between the corecircuit packandthe
message-handler (MH) circuit packs. Multiple processor
busses increase the amount ofparallel processing that
canbe achieved, as well as allowing busses to be opti­
mized to the services required. Eachprocessing element
inan SMP service groupis equipped with an update bus,
which connects to its corresponding element in the other
service group. These update bussesare used to ensure
reliable duplex operation ofthe SM-2000.

The message-handler packprocesses bothinter­
SM-2000 message traffic and, ina future release, mes­
sagetraffic between the SMP unitand newperipheral
units. Each SMP service groupinan SM-2000 canbe
equipped with onecore-processor packand multiple
message-handler circuit packs. Since increased SMP
capacity is neededto support the increased numberof
peripheral terminations, the initial SM-2000 release

incorporates MC68040 processors on both the corepro­
cessorandmessage-handler packs.

Memory within the SMP also is modular. The
initial SM-2000 releasemakesavailable a 32-MByte mem­
orypack, which allows up to 128 MBytes per SMP ser­
vice group. Memory packs also incorporate built-in self­
test capabilities.

like the 1'51, the SMP hardware-software inter­
face reusesexisting concepts and registerdefinitions to
reducethe impact on existing code. The performance of
the SM-2000 is increased byhighclock speedsand
burst-memory accessto main memory with error correc­
tion. Burstmemory, the ability to requestseveral words
ofmemory butgive only oneaddress, is usedprimarily
to fill cachememory quickly. The major techniques used
to achieve these increases include wider busses (16 bits
now evolved to 64bits-all with parity) andfaster proces­
sors andclocks (from 9 MHz MC68000s to 33MHz
MC68040s). Additional processor power is gained byoff­
loading jobsintootherentities, suchas the message­
handerpacks, while maintaining the existing designs.

5ervIce Circuits. The SM-2000 architecture also
includes a newdigital service-eircuit packthat uses
state-of-the-art digital signal-processing (DSP) technol­
ogy. Thiscircuit packis capable offlexibly providing
local service-eircuits, suchas tonegeneration anddigit
reception, overbi-directional channels via electrical inter­
faces. EachSM-2000 canbe equipped with bothlocal
service-eircuit packsandglobal service-eircuit packs.
The numberofpacksis expandable, with adequate space
provided to allow forfuture service-eircuit functions
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FIgure 5. The quad link packet switch (QLPS)
sUbsystem consists of three new hardware
subunits. The QLPSboard performs the functions
of a high-speed message router, based on a
proprietary protocol. Since QLPS Is optional In a
5ES5-2000 Switch, Interprocessor messages
can use the existing communication links or
QLPS links. The quad gateway processor (QGP)
provides an access point In the QLPS network for
messages destined to and from the AM or SMs.
QGPs also are optional, and Interprocessor mes­
sages will automatically use the QGP, If It Is so
equipped. The message handler resides In the
SM-2000 and provides the termination point for
Interprocesslng messages

covering the range, from simpler signal-monitoring func­
tions to moreadvanced voice-processing features. The
service-circuit hardware provides flexibility bymeansof
a software-downloadable architecture, which permits not
only downloading control functions, but signal­
processing functions as well- including selective map­
pingofprocessing task typesto different DSPs.

Asthe basic set ofdigital services have not
changed, the generalsoftware control is little altered
from the currentSMs. This similarity is enhanced bythe
use ofexisting interfaces forbothcontrol and data­
channel connections.

Qued Unk Packet Switch. The QLPS subsystem is a
major newcomponent that significantly increases the
interprocessor messaging capacity required by the SM­
20008. The QLPS subsystem consists ofthree newhard­
ware subunits, which provide a high-speed, low-latency
messaging anddatanetwork internal to the 5ESS-2000
Switch, as shown in Figure 5.These three subunits pro­
vide the coreplatform for the QLPS subsystem. Each sub­
unitcanbe grown into the existing 5ESS Switch architec­
ture as an integrated system component, as capacity is
needed. In addition, the dual-duplex hardware architec­
ture,andsupporting maintenance software, are designed
to provide a highlevel ofreliability andavailability.

The keyhardware subunit resides in the time
multiplexed switch (TMS) ofthe CM2. It occupies the
samephysical locations as the currentquadlink interface
(QLI) board, which terminates SM links. This new sub­
unitis referred to as the QLPS board. It performs the func­
tions ofa high-speed message router, and is based ona
proprietary protocol. The hardware andsoftware inter­
face to the QLPS boardis similar to the quadlink inter­
face. Since QLPS is optional ina 5ES5-2000 Switch, inter­
processor messages canuse the existing communication
linksor QLPS links.

Residing in the message switch ofthe CM2, the
second subunit, the quad gateway processor (QGP) pro­
vides an accesspoint in the QLPS network formessages
destined to andfrom the AM or SMs. Message commu­
nication from the AM's andthe SMs'points ofview is
unchanged by QLPS. The processor circuit ofthe quad
gateway processor reusesan existing pack, making it
compatible with the existing message switch. QGPs also
are optional, and interprocessor messages will automati­
cally use the QGP if it is so equipped.

Located in the SM-2000, the thirdsubunit, the
message handler, residesin the SM-2000 andprovides the
termination point forinterprocessing messages destined
forthe SM-2000. Each SM-2000 musthave at leastone
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message handler, because it is usedfor allinterproces­
sor messages overthe existing communication linksand
the QLPS.

The QLPS subsystem canbe expanded to provide
other accesspoints in the 5E5S-2000 Switch architecture.
The QLPS protocol handler (QPH) , which is a subunitin
the packet switch unit (psu), is an accesspoint used in
the International 5ESS Switch architecture fortransport­
ingSignaling System 7 messages. The QLPS protocol han­
dler is an existing circuit boardwith newresidentsoft­
ware. In future releases, the protocol handlermay also
be used to transportISDN packet-switched data, adjunct­
processor data, or other for applications that require
high-eapacity, low-latency datatransport.

Service Provider Application.
In addition to continuing to supportexisting

5ESS Switch applications, such as ISDN and international
gateways to other networks, the SM-2000's newTSI cre­
ates opportunities fordeploying newwideband services
with Nx 64-kbits/s switching. Because an SM-2000 can
co-exist and interwork with existing SM's, it is easily
incorporated intoan in-service 5ESS Switch. This pre­
servesthe service provider's investment in the embed­
ded baseof5ESS Switches.

Video conferencln" Oneofthe major drivers for
Nx 64kbits/s switching is video conferencing, which
appears poised for rapid service expansion. Amajor bar­
rier to fastergrowth is the needforeasieraccessand
greater convenience in placing a video conference call.

Traditionally, video conferencing callshave
required leasedlines, which are often uneconomical
exceptforlargebusinesssubscribers. The SM-2000's TSI
allows Nx 64-kbits/s calls to be switched throughthe
SM-2000 on a per-eall basis, togetherwith other basic
telephone services and ISDN calls. This allows sub­
scribersto economically place a video call throughthe
public network, rather than throughthe leased-line facili­
ties. Furthermore, the largesizeofthe TSI meansthat
these calls are virtually non-blocking. In tum, equipment
purchases fornetwork providers are minimized, since
the Nx 64-kbits/s calls are switched concurrently with
other 5ES5-2000 Switch callsthrough the sameSM-2000.

HI........... D8ta Transfer. Nx 64kbits/s alsowill
facilitate newhigh-speed dataservices, such as LAN inter­
connect and multimedia services, on eithera per-eall or
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dedicated basis. Using the SM-2000 forwideband switch­
ingis an economical method ofdeploying bandwidth ser­
vices today. The 5E5S-2000 architecture will ultimately
accomodate both SDH/SONET andATM in the same
switch, therebysupporting a graceful transition.

Bendwldth M._ement. The SM-2000's TSI
enables network providers to moreflexibly manage
bandwidth byallowing the TSI's timeslotsto bevariably
allocated between the lineandtrunk unitsandthe
remainder ofthe switch. This allows leasedlinesto be
nailed up throughthe SM-2000, with virtually no impact
on the 5ES5-2000 Switch's busy-hour capacity.

AllY....... These andother newcapabilities
allow network providers to economically integrate
switched and non-switched networks on the samedigital
switch. This eliminates back-to-back multiplexers, thus
speeding up network provisioning and rearrangement.

With the SM-2000, network providers will notbe
requiredto makemajor investments inequipment to
deploy newwideband services and manage bandwidth
moreefficiently. Network providers cannow offer new
services-economically-in timeto meetthe needsof
their end-eustomers.

Summery
Futuretelecommunication networks will provide

information-age services that requirehigh-bandwidth
switching. Customers wantresponsiveness, flexibility,
and reliability in their services, and network providers
want simpler control overtheir equipment. Wehave
examined the SM-2000 technology as an example ofthe
evolution ofan existing switching product intoa platform
forfuture services.
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