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Figure 10.10 ATM VCIt£VPI Relationships

Virtual Paths may be considered to be "bundle¥idftial Channels and may therefore be used
to route a common group of cells togethfan analogy would be that the VPI represents a virtual
‘leasedine' between two sites, with the VGlbeing used to carry individual calés shown in
Figure10.11 below

Figure 10.1 ATM Cell Routing

TheHeader Error Correction (HECyte isan error detection/correction mechanism for the cell
headercontents only to avoid mistrouting of cells. The definition of the HEC code and its
intendeduse is actually part of the PHY layer standards, but is included here briefly for conve
nience Protection of the data field is left to higher lapestocols. The HEC byte can detect and
correctsinglexbit errors in the header and detect (only) multizbit errors. It is up to the network
to decide what to do with multitbit errors, although the most likely course of action is to discard
the cell and report the erroAnother use of the HEC byte is fGell Delineation The HEC is



continuallyevaluated on a bittby+bit basisorder to provide a synchronization mechanism at
thereceiver + an AM cell HEC has been identified when the HEC output is 0, stotdaion
of the rest of the cell can be easily determined.

TheGeneric Flow Control (GFChits are not, currentlyully defined but ar@rovided in order
to support future flow control mechanisms within the network.

The Priority bit is used to indicate whethtire cell can be discarded by the network in times of
extremecongestion. For example, discarding a cell containing video data may result in a brief
butacceptablsparkle on a monitpwhereas discarding maintenance and call setxup information
may result in (an unacceptable) loss of service

The PHY Layer

This layer defines how cells are transported from terntmaktwork, between switching nodes
within the network and then from the network to the destination terminal. The medium used
public networks is most likely to be optical fibre 85 Mbits/s and above. As mentioned-pre
viously, ATM cells can be transmitted in a framed, synchronous format or in an unframedasynch
ronousformat. For the public networks, a synchronous mechanism has been definedrbased
thebit rates defined in th€ CITT Synchronous Data Hierarchy (SDHand theSONET (Syn
chronousOptical NEwork) frame structure developed in the US. This mechanism allows the
packingof ATM cells into the SONET/SDH 2+D frame format, rather like bricks or tiles (the use
of a synchronous transmission medium is sometimes referre8ynesronous Tansfer Mode
(ST™M))

Figure10.12 Transmission variations forTM Cells



Variousproposals have been made for PHY layer standards for private networks, including the
useof FibreChannel. In private networks, howetkere is an incentive to use existing, installed
twistedpair cable wherpossible and this is likely to constrain the data rate available. Cost issues
atthe user terminal end are aldeely to work against a full SONET/SDH implementation, at
leastinitially. AT INMOS in Bristol we have been using transputer links as a physical medium
for carryingATM cells in our demonstrators, since they come free with every transyMoidr

is in progress to develop drivers f06-Links to copper and fibre, since theyafa chea@and
attractivephysical interconneetnd could form the basis for lowxcodtM connections over dis
tanceof 10+100 metres, or even furthiera local AM switch (further information on physical
driversfor DS-Links can be found in Chapter 4 of this book and some of the issues surrounding
their use to carry AM cells are discussed later in this Chapter).

10.3 ATM Systems

In describing theise of DS-Links, routers and transputers in the constructiomMfsstems
we need to consider the types of equipment needed to buildmatwork. \e make here a
relatively naive split betweeRublic Switching Equipmen®rivate Switching Equipment and
Terminal Equipmentas shown in the diagram beloand then describe ways of applying the
communicationgnd processor architecture of the transputer to this equipment.

Figure 10.13 Possible AM Network Equipment Environment

Thefirst efforts in ATM date back to the early 198@&ind until about 1991 the budlkATM devel
opmentwas focused oRublic Switchingsystems, particularly in Europe. Field trials of public
switching equipment have already started in some areasdstipublic activity is expected to
beginin late 1993/1994 with more widespread field trials of CCITT compliant equipment in the
US, Europe and Japan. How long it will take for the general availability of 155 Mbits/s services
on the public network is anyoreguess. As with any major infrastructumgestment like this

it must be expected to be a 10+20 year program. During this period, the develdgingtivork



mustcoexist with existing networks [5], hence the requiremeninterworking Units (IWU)
betweerthe two.

Sincelate 1991/1992, there has been an enormogs sfimterest in AM for private use, mainly
drivenby computer manufacturers and users predominantly in the US. The coéatienAr M
Forum' andthe release of draft standards by Bellcore/Apple/Sun/Xerox for the uSevbas
asort of local area network has spurred interest considefidigyinitial use of AM in this area

is clearly as an interconnect fabric for existing ethernet/token ring/FDDI networks (there is con
siderabladebateas to whether this interconnection will be done by "puféiAr a MAN, such
as|EEE 802.6). This would requiraternetworking equipment capable of converting from
LANs/MANSs to ATM and then connecting into the public network. Ultimgtdte possibility

of building small, cheap, hightbandwidRhvate ATM Switchesfor use in an dice or building
extendghe idea closer to the user anféos the possibility of a seamless communication system,
with the distinction between Local andd¥ Area Networks finally disappearing.

If the cost of providing a physical’M connection cabe driven low enough, it becomes attrac

tive to take A'M right to the desktop. An AM Terminal Adapterin each workstation or PC
wouldprovide a fast communicationgeedium capable of supporting voice, video and datiactraf
andwould form the basis for widespread multimedia applications. Coupled with ciidap A
switchesmixed data could be sent or received from anywhere opidinet extremely quickly
Firstgeneration adapters would be board+level solutions, but there is plenty of scope to integrate
thisinto a singlexchip AM terminal adapter latewhen standards are firmer and the silicon
technologymore mature.

It seems reasonable to suppose that not all of these private terminals would necessarily require
afull 155 Mbits/s A'M connection. Lower speeds between the terminals and the local switch
wouldbe suficient, at least in the early years of use, andBv £oncentratorcould be provided

to make dicient use of the connections to the local public switch. Operating at lower speeds, say
sub+50 Mbits/s, also opens up the possibility of using existing cabling plant within buildings and
offices.

So, having considered a possible environment foMAequipment, let us now consider where
the communications and processing architecturtheftransputer can make a contribution to
wardsrealizing this network.

10.3.1 Public Switching Systems

Variousfast packet switching architectures suitable for the implementatioil Mf Svitches
havebeen described. Indeed, this has been and still is the basis for an enormous ameunt of re
searcland development activity around the world. Martyn De Pryckers book [2] gives a thorough
descriptionof most (if not all) of these architectures,well as providing an excellent introeuc

tion to ATM principles and concepts.

Fast Packet Switch Model

In [4] a generic model of a fast packet switch is presented and we make use of such a simple model
in order to illustrate where the DSxLink communications architecture and the trapspoésr
sorfamily contribute.



Figure10.14 Generic Fast Packet Switching Architecture.
This basic architectural model has three main components:+

CentralControl functions (for signalling, control of the switch fabric and operations and
maintenance)

Input/outputports to and from the network
A switching fabric

In a real switch each of these components will be a complex subsystem in its own right and each
will require varying degrees of embedded computing and control. The usefulness of the trans
puterarchitecture is in providing the basis for tentrol of these complex subsystems and in
particularas adistributed control systerfor the exchange as a whole.

Central Control Functions

Probablythe most computationally intensive areas of the switch amatleontrol computer

and thebilling (or call accounting computer which form the central control and maintenance
functionswithin the switch. The call control computer handle®athe signalling, call setzup/
clearanceand resource allocation for the exchange. It is a realttime function which, ge a lar
exchangehas to handle hundreds of thousands or even millions of transactions pérdues
without saying that it needs to be reliable, since the allowable downtime for a main exchange is
2 hours every 40 years 60. Diferent manufacturers have féifent preferences as to whether
acentralizedor distributed architecture is used, but increasing processing requirements and the
developmenbf modularswitches means that even centralized architectures are usually multix
processoin nature.

Thebilling computer tracks the use of the system by individual users in aatarally to pre
videbilling information to the network operatdtis is also a demanding task if millions of trans
actionsper hourare involved and requires considerable processing power to handlegthe lar
transactiorateand database requirements. There is probably more emphasis on the faultttoler
antaspects of this part of the exchange than anywhere ekbe t@twork operatplosing the

billing computer means losing money!



Both the billing and call+control computer represent the major software investment in a public
switch. The software maintenanedort is huge; hundreds, even thousands, of software engi
neersare needed to maintain the software on these systems in each of the major manufacturers.
At a colloquiumat the Royal Society in London callec&tl@communications Beyond 2000', one

of the senior executives aTAT in the US pointed out that they have 6 million lines of code on
their main switch, which grows at about 1/2 million lines a y8apporting this sort of invest
mentand adding new features and functionality for new services becomes increasfhglyt,
especiallywhen in time a mature, singletprocessor or shared+memory multiprocessor computer
approachethe limits of its processing performance.

Theadvantage of the transputer architecture here is purelgcadadle, multiprocessing com

puter, which is capable of being used in machines wfito many thousands of processors. The
communicationsirchitecturef the T9000, for instance, is designed to provide a means of build
ing such lage computers free of the performance constraints experienced by sharedtmemory
machinesThis same architecture also supports various redundancy models economically (via
the serial links), sdaultttolerant computer systems can be built in a straightforward fashion.

Onexisting (non+AM) switches it should be possible to migrate towards such a parallel archi
tecturefor these computers, rathitran outright replacement of existing machines, in order to
preserveas much as possible of this existing software investment. A network of transputers could
be provided as aacceleratorto an existingilling computey for example, to take some of the
moreintensive load dfthe existing machine. On neWw M switches, howevethere is an opper

tunity to build a new architecture for these functions right from the beginning, one which-is capa
ble of growing with the demands of the application.

Figure 10.15 Billing/Call Control Application

If a transputertbased multiprocessor is usethfocallcontrol functions, it will be necessary

for it to communicate with the M traffic carrying the signalling and maintenance information
aroundthe network. This tréit is transmitted using AWM cells (naturally)with reserved values

for the cell headeso that they can be detected, decoded and acted upon by the control functions
in the exchange. This maintenanceficahte is actually quite low (less than 5% of the toVA



bandwidth)so carrying it around directly on the DS-Links within tle&trol computer is no preb
lem, even if the actual AM traffic rates rise to 622 Mbits/s and beyond. A simple ASIC to4inter
facebetween DS-Links and th&'M cell stream is all that would be required, with an AAL func
tion provided in software on the transputer to extract the signalling data.

Figure 10.16 Interfacing to AM Maintenance faffic

ATM ’line cards' on a public switch need to be fast and reasonably intelligavitcdlls arrive
attheline card about every 3 and header translation, policing functions and error checks all
needto be made on each cell on the ftysn't possible to do all of this in software (certainkyt
economically)and a full hardware solution is expensive and inflexibhe combination of a fast,
inexpensivamicro like the transputer and some dedicated hardware functions is a good-compro
misethat provides a balance between performance and flexiliitigycontext switch time of the

T4 transputer of 600+950 ns means that some useful processing time is still available even if it
is interrupted on every celhlthough in most instances the hardware could be designed to inter
ruptthe processor on exceptionmsly. It would be possible, for example, to perform the header
translationoperation using a direct table look+up, but use hardware for the HEC verification.
However the real value in having a fast but inexpensive micrthercard is the ability to track
statisticainformation for use bthe operations and maintenance functions, report faults and take
recoveryaction where necessary



Figure 10.17 Transputers as Embedde@M Interface Controllers

Network Interfaces

Thesedine cards will typically consist of a hardware interface to thI/STM line, some logic

to handle HEC checking, etc., an internal interface to the switching fabric and access tothe trans
puter via interrupts and memariRAM will be required for program and data (translation look+
uptables, etc.). The basic idsashown below in Figure 10.18. The dotted line indicates where
futureintegration is possible using semitcustom technology



