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Figure10.18 Possible AM "Line Card'

Sucha line cards essentially a uniprocessor application, so the use of the transputer serial links
for multiprocessing is not required. Howeyvire serial links are very useful in other ways; for
program download and debugging, test and diagnostics.

Puttingsoftware in ROM on the line card is undesirable from an upgrade and maintenance point
of view. It would be better to be able to download code from some central point within the ex
change.This could be achieved either by sending code via the switch fabric (possibly using a
smallboot ROM for coldtstarts only) or by sending it down the transputer serial links (perform
ing cold starts via thboot+fromzlink capability).

If the serial links are brought to the edge of the line card they can be used for testing in one of
two ways. First, they can be used as part of the production test of the card by integrating them
with an ATE system. &st code can be downloaded into the transputer (via the links) which runs
entirelyin the internal RAM. This code caxercise, at full speed, the external interfaces of the
transputeas part of the test functions of thEEAsystem. Secondlif the serial links are accessi

ble while the card is irservice in the exchange, it is a useful “entry point' for a test engineer to
interrogatehe system. Better yet, if the serial links are internally interconnected, the switch con
trol computer itself can use them to interrogate the system.

Switching Fabric

In a lage public switch the data rates and requirements of the switching fabric are such that
is most likely to be builout of dedicated hardware and will in itself be a very complex subsystem.
It is not appropriate to consider the use of the C104 for this fabric directlyo consider that

the (nontmaintenance)TM traffic could be carried via transputers. HoweVike thenetwork
interfacesthere is considerableenefit in embedding processors within the hardware to provide
intelligent control of the fabric. Maintenance and statistical measurebecarnovided, routing
tablesupdated (if applicable) and the fabric monitored and reconfigured under fault or congestion
conditions.



To [5| 579 | | controL
— lsciafg —"
L P FUNCTIONS

SWITCH FABRIC

DS CONTROL
/ PROCESSORS

/ /!
Tx T 4 / Tx
i X Tx /
4 |/
Tx Ax

/! Vd
Tx / Tx

: sy
n Tx T n
! /!
Tx Tx

Figure 10.19 Embedded Switch Fabric Control

If desired, the links available from the control transputers can themselves be interconnected via
a C104 network to provide a distributed control plane which is quite independent of the main
ATM switch fabric, as illustrated in figure 10.20.

Thereare many other possibilities for mixed processor/hardware intelligent switching fabrics
thatremain to be investigateand it is hoped that further ideas will be presented in future papers.
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10.3.2 Private Switching Systems
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Figure 10.20 Distributed Control Plane

All of the preceding discussion on publitMswitches also applies to private systems. However
thereare some important d@rences:+

the machines are not asgar
the bandwidth requirements are likely to be lower
they are far more cost sensitive.

The natureof theCustomer Premises Equipment (CPE)arket is also likely to require much
fasterdesign cycles for the equipment, probabh?2 years as the technology becomes estab
lished.The dynamics of the market are likétyplace manufacturers under pressure to provide
modular flexible designs which can be upgraded, either in terms of performance, services or
numberof connections. Greater emphasis than in the past will be placed on network reliability
sothe faultttolerance aspects of the equipment will come under closer and closer.scrutiny

A Generic Private ATM Switch

Themain diference from the point of view of applying the transputer architecture is that in pri
vatesystems itis now possible to consider toafthe C104/DS-Link as the basis for an inexpen

sive switching fabric. Many current ‘campusTi switches have been derived from existing
bridge/routetechnology and are based on shared bus interconnect schemes. These do not provide
scalableperformance, as the common bus quickly becomes a bandwidth bottldoacker,

usingthe communications architecture of the transputecaveconstruct a scalab&eneric

ATM Switchfor private applications [6].



Figure 10.21 Generic Private AM Switch

At its simplest, this switch may be considered to be a no more than a “blackuitiptocessor
computerrunning an AM program. Ithas interfaces around the periphery to allow it to talk to
the transmission network outside, batessence it exploits the architectural similarity of mes
sagezpassing/fasttpackettswitchimgchines discussed earliergure 10.21 showidlustrates
severalays in which AM interfaces can be built for such a switch, depending on cost/perfor
mancetradezofs required.

Thereare some important features of the DS-Link/C104 communications architecture which ap
ply in its use as a fast packet switch:+

DS-Links arecheap
The C104 can be used to busdalablenetworks

TheinzbuiltFlow Controlmechanisms at theKen layer of the DS-Link protocol mean
thatthe fabric id.osslessthat is, no data packets/cells are ever lost internally duefto buf
eroverflow within the fabric itself. Béiér dimensioning/overflow issues are moved out
sidethe switch fabric to the network interfaces at the edge.

DS-Links may beGroupedto provide high bandwidth connections within the fabric.
This can be used to:+

minimize congestion for a given desired bandwidth
carry hightbandwidth tr&€ (for example, to 622 Mbit/s TM).

provide redundant paths in the fabric for faultttolerance reasons



Link grouping on input can be used to avdehd+OftLine Blockingcongestion at the
inputto the switch fabric) by statisticaligcreasing the chances of accessing the fabric
(thisis illustrated in the previous diagram)

Universal(randomized) Routing can be used to avoidtibétspot' congestion which
cansometimes occur witbertain systematic trfad patterns (for a full examination of
this see Chapter 7).

Traffic of any packet lengthmay be carried by the C104 fabric. Only fiafntended
directly for the (current) T9000 needs to $sgmented into 32tbyte packets, although
longerpackets may &ct the congestion characteristics of the fabric.

Sincethe C104 fabric is simply an interconnect mechanism for a multizprocessor cqntputer
is trivial to add further processors to this architecture to perform the Management and Control
functions.As many as necessary can be attached to the switching fabric and they can eommuni
catewith the “line cards' directly using the same fabric.
Multiple switching planes could also be used to provide either:x

Separate control/data tfiafplanes

Different planes to handle téfent trafic priorities

Redundant Fault+tolerance within the overall switching fabric

Figure 10.22 Multiple Switching Planes
Generic Internetworking Unit
Oneof the attractive aspects of this architecture is that interfaces to other networks, for example

ethernetfoken ring, FDDI, frame relagtc., can be added very easily and so provi@ereeric
Internetworking architecture:+



Figure 10.23 Generic Internetworking Architecture

Sincewe have simply built a computer (and one which is scalable in performance at that) we can
addadditional computing performance where requiredpdol" of processors can be added to
thissystem to provide highzperformance protocol processing between the various networks. In
deed, "Parallel Protocol Processingtechniques may be applied. For example, a farm' of
T9000 processors may be made available to perform framezbytframe AAL conversion from
etherneto ATM.

ATM Concentrator

We can extend the internal serial interconnect beyond the confines of our “blackhvbrofn
puterto provide dow=cost, lower speed entry point from aiM\terminal into the network, a
sortof broadband serial concentratBy using appropriate physical drivers, we can use the DS-
Links directly to carry AM cells asynchronously over local distances into the switch. Apart from
costadvantages (since the DS-Links are inexpensive and the complication of fufr&hivig

is notrequired) the DS-Links also provide an intbtldivtcontrol mechanisnwhich would
providean automatic means of “throttling' the fiaflow back to the source. This is something
whichis currently missing from theTM standards (GFC bits notwithstanding) and which could
be addedwithout requiring any alterations to th@ ¥ standards by using the DS-Links. The
availability of flow control to the source would considerably ease thetwd/performance de
signissues within the local swit@s well as reducing the hardware/software costs associated with
headerpolicing on input.



Figure10.24 Low Cost AM Concentrator

Issuesandtechniques for using DS-Links at a distance have been covered in Chapter 4 and such
aninterconnect could probably provide a vew cost entry+point into anTM network for end
userterminal equipment.

Private ATM Network Interface

Thebasicissue concerning the network interfaces for our private C104+ddesdviich is how

to get ATM cellsfrom the transmission system onto the DS-Links. Later in this Chapter a-discus
sionis presented of the variougWM+DS-Link mappings that are possible and the performance
issueghat arise. Here, we consider the functional aspects of such interfacing for the moment.

The ATM line card must perform:+

1 Rate adaption:

The need for rate adaption will vary depending on the speed and number of DS-Links
providedat the line interface. In any case, some FIFQebuig will be needed to cope

with slight rate mismatches caused by cell header processiniglogecexotic methods
maybe added if the DS-Links ate run at a substantially égfrent rate to the M line.
Rateadaption between the DS-Link network andvAcan be provided by supporting
oneor more of the following:*

FIFO's to cope with trdic bursts

Insertinganddeleting AM “lIdle cells' (null cells for bandwidth padding) into
afulltrate 155 Mbit/s AM cell stream

Allowing the ATM clock rate to be varied (for example 1.5/2/34/45/155 Mbits/s.
This may be allowable for private networks, but not on the public side).



2 ATM Cell Header Processing:
HEC checking and generation for th€M\ header
Policing functions
Header translation

3 Packetisation:

Encapsulatiorof ATM cells into DS-Link packets for transmission via the DS-Links to
the switching/processor network

4 STM/ATM Interfacing:

Interfacingthe ATM cell output stream to the synchronoluamed transmission system,
whererequired on the public network. This will typically be done in hardware.

5 Management and Contol:
HEC error counts
Policing parameters/algorithms
Translation table updates, etc.

Thereis a hardware/software “threshold' to be determined here viditie subject of further
investigationSome functions are obviously suited for hardware implementation, others for soft
ware.There is a grey area in between for functions such as policing and header translation, where
theexact split between hardware and software could ¥asymple block diagram ofroposed
networkline card is given in the diagram belolte dotted line indicates where scope exists for

a semixcustom integration of the card onto a single device in future.

Figure 10.25 Simple AAMzDS-Link Network Interface Card.

10.3.3 ATM Terminal Adapters

CurrentPC's and workstations typically provide a fairly "dumb’ interface to a network in the form
of a simple card to memory map eitnernet or token ring chip set into the hosts address space.



All interface control and higher layer protocol processing then falls on the host machime. Itis
comingincreasingly attractive to add a fairly powerful processor directly onto the network adapt
er cards in ordeto offload more of the protocol processing overhead from the host machine. As
the bittrate of the physical layer hmereased in recent years, so the performance bottleneck in
networkaccess has moved to the higher layers of the protocol stack, which are more software/pro
cessomperformance bound than the lower layers.

As 32xbit micro costs fall, we can apply many of tlguarents for intelligent AM line cards

to an ATM Terminal Adapter anit becomes sensible to consider “smart' rather than "dumb'’
adaptersHowevey instead of providing an interface to a switching fabric (proprietary or DS-
Link) we need a shared memory interface to one of the standard PC/worksiagenA terminal
adaptewill also have to run one or more of the AAL standards and this is another reason for hav
ing a fast micraon the card + the AAL layer can be quite complex, the standards are changing
andit may be necessary to run multiple AAlto support, saynultimedia applications. This
tendgo mitigate againstlaardwarezonly implementation and, like the line card, a hardware/soft
ware threshold’ needs to be determined. Also, aivAerminal adapter may not need to run at
asustained 155 Mbits/s rate, so it may be possible to sacrifice some performzndee to save
costby using software functions. In the end, the application requirements will decide.

A simple block diagram for a sharedtmemory PC Adapter candvgn belowA suitable AM/

PHY interface chip is assumed (these are now becoming available) and some appropriate system
interfacinglogic to load and storelM cells in memoryAgain, the dotted linshows the integra

tion possibilities.

Figure 10.26 ATM+PC Terminal Adapter Card

In this example it is assumed that the AAL layer is handled in software by the tran&muater
sionof the AAL3 is currently being written for the transputer at INMOS in aileraluate per
formancetradexofs and whether a softwarexonly implementation is fast enough for modest ap
plications.Details of this will form the basis of future papers.

An alternative formof Terminal Adapter can be envisaged for the control functions in a public
or private switch. If a T9000 or multiple T908Gare being used for the control then it may be
necessaryo interface the DS-Links of the T9000 straight VA A relatively simple ASIC



would be required in order to do this and which would perform the rate adapiidn;el tim-
ing, packetisation and HEC functions described above. All other functions could potdygially
performedin software, since the Maintenance and Control cell rate is very low

Figure 10.27 ATM=DS-Link Adapter Application

10.4 Mapping ATM onto DS-Links

In this section the issues associated with carryifilgl Aaffic over a DS-Link are considered.

The DS-Link and the C104 do not require packets to be of a specified size, althopeghftire

mance of the C104 chip has been optimized for use with small patketeptimization is for
parametersuch as the amount of liefing on the chip and saariations in packet length will
affectthe blocking characteristics, although no packet data will ever be lost becauséetse buf
cannotactually overflow The current T9000 implementation, howedes place a constraint

on packet length, presently of 32tbytes, and this means there are at least two ways of carrying
ATM cells using DS*Links, depending on whether a T9000 is in the data path or not (this
constraintcould disappear in later T9000 versions if commercial issues justify a variant).

10.4.1 ATM on a DS=+Link

In this section we consider the raw bandwidth the DStLink can provieler to carry AM
cells. We can consider 2 possible ways of using the DSxLinks:+

In a "T9000" system with a full T9000 packet layer protocol implementation ke. ac
knowledgedpackets of 32+byte maximum length

In a “hardware' system (built with no T9080h the data path) where the packet layer
protocolimplementation may be d#rent, i.e. diferent packet length (and possibly
without support for packet acknowledges).

A general performance model of the DS-Link is given in Chapter 6.ddssribes the data
throughpubf the DS-Link, given a specified message and packet size. It takes account of packet
overheadsflow control and unidirectional and bidirectional use of the links. This basic model
isextended here to show the throughput of the DS-Link carryiihg @ells, both with and with

outthe full T9000 packet layer protocol. That is:+

One ATM cell in single packet:+

One 53+byte packet on the DS*Link



