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1.0 SCOPE
The global controls communicationsspecificationcoversthe systemsusedto link computerequipment

controlling the acceleratorsystemsatthe SuperconductingSuperCollider LaboratorySSCL.

2.0 REQUIREMENTS

The controlsystemof theSSCLis differentfrom manyexistinghigh-energyfacilitiesin bothsizeandcom
plexity of the systemsusedto control the acceleratorequipment.

The controlsystemis requiredto be availableto commissionandoperateeachmachine,andto coordinate
individual machinesinto acomplexthatoperatesatmaximumperformance,in termsof availabilityandquali
ty of beamto experiments.

The systemmustpassdataand controlmessagesbetweenany of its 2000 real-timeprocessorsand 100
Unix workstations.

2.1 ResponseTime

Responsetime of the communicationsystemis definedas the time for a control or datamessageto pass
from auserapplicationin onemachineto anotheruserapplicationin anothermachine.Responsetimesvary
by machineandsystem,from - 1 msfor thequenchprotectionandmagnetpowersupplysystemsto - 1 s for
processcontrol equipment.Theseresponsetimes are"worst case."

2.2 Throughput

Total throughputof the systemsis - 1 Gbyte/s.

2.3 Video

Thesystemmustbeableto transmitreal-timevideo signalsfrom any location in thecomplexto anyother.
Total capacitywouldbeless than100 channels.Thesesignalsareprimarily usedfor surveillancemonitoring
in thetunnels.

2.4 Audio

The control communicationssystemwill not transmitaudiosignals.

2.5 DataAcquisition

Data from systemssuchas beampositionmonitors haveto be transportedfor usein feedbacksystems.
analysis,andarchival.

2.6 ControlSignals

Control signalshaveto be transferredbetweensystems.

2.7 Synchronization

Requirementsfor synchronization,which vary amongmachinesandsystemswill be satisfiedby three
overlappingsystems:generalcomms,wheresynchronizationis requiredto an accuracyof not betterthan
10 ms;messagebroadcast,wheresynchronizationis requiredto anaccuracyof notbetterthan lOOjzs;andthe
fasttiming system,wheresynchronizationis requiredto an accuracyof not betterthat 10 gs.



3.0 CHOICE OF COMMUNICATIONS ARCHITECTURE

Due to the requirementsfora very fastdeterministicresponsetimeandadesirefor a single network infra
structureto link all systems,it was decidedto install aTime Division Multiplexing network infrastructure.

The communicationsystemthereforeconsistsof a numberof layers:

* Messages

* Ti

* SONET

* Single Mode Fiber-OpticCable.

3.1 Single ModeFiber-OpticCable

Fiberhasbeenselectedbecauseofits highbandwidthcapacity,compactsize,immunityto electro-magnet
ic interference,andlow cost.

3.1.1 Advantagesof Fiber over Copper

Optical fibers offer severaladvantagesoverconventionalcopperwire facilitiesandmicrowavetransmis
sionsystems.Theseadvantagesarediscussedbelow.

3.1.1.1 Bandwidthcapacity.BandwidthcapacityTable 1 of fiber-optic cableis muchgreaterthanthatof
copper.

Table 1. Bandwidth Capacity.

Media Level Data Rates Voice Circuits

Copper DSO 64 kb/s 1

DS1 1544 kb/s 24

DS2 6312kb/s 96

DS3 44.736 Mb/s 672

Fiber OC-1 51.84 Mb/s 672

OC-3 155.52 Mb/s 2016

OC-12 622.08 Mb/s 8064

OC-24 1244.16 Mb/s 16128

QC-48 2488.32 Mb/s 32256

3.1.1.2 Low signalattenuation. Little loss of signalduring transmissionallows longerdistancesbetween
repeaters.

Copper-lossincreaseswith frequency,whichlimits the practicaldistancebetweenrepeaters.

Fiber-opticalfiber exhibits low inherentattenuationat the lightwave region of the spectrum.With low
attenuation,anacceptablesignallevel canbe maintainedoverlongerdistanceswithoutthe useof repeatersto
regeneratethe signalsat variouslocationsalongthe cable.Thus highertransmissionratescan be achieved.

3.1.1.3 High dataintegrity. Dataintegrity is a measureof performancebasedon the rateofundetecteder
rors.A typicalfiber-optic transmissionsystemhasabit-errorrateof betterthan10-il, whereasthe bit-error
rateusuallyfoundin metalliccabling is about 10-9.Thus fiber-opticsystemsdo not requiretheextensiveuse
of error checkingprotocol.This offers two benefits:
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1. Much of the error-checkingoverheadmaybe eliminated,resultingin evenhigherdata
transmissionrates.

2. The numberof retransmissionsis reduced,improvingoverall systemperformance.

3.1.1.4 Immunity to interference.Electro-magneticinterferenceEMI andradio frequencyinterference
RH are principalcausesof dataerrorsin transmissionsovermetallic cablesystems.Optical fibersarealso
immuneto the effectsof adverseweatherconditionsthat plaguemicrowavetransmissions.Such immunity
simplifies distribution, since fiber-optic cablesneednot be reroutedaroundelevators,machinery,auxiliary
powergenerators,fluorescentlighting, andotherpotentiallydisruptive sourcesof EMI andRFI. This also
makesfiber moreeconomicalto install,sincethereis no needto build specialconduitsto shieldfiber from the
externalenvironment.And becauseoptical fibers do not emit electro-magneticradiation,which can cause
crosstalk,multiple fibersmaybe bundledinto a singlecable.

3.1.1.5 High security.Optical fibersdo not radiatesignals,so theyareamore securetransmissionmedium
thanunshieldedmetallic cableor microwave.Radiatedsignalscan be collectedthrougha variety of means,
but sinceoptical fibers do not use electro-magneticor radio frequencyenergy,thereis nothing to collect.
Therefore,othermeansof tappingmustbeused,which entail physicallybreakingthe coreandfusinga con
nectionto it. Suchmeansareroutinely usedto addnodesto the fiber cable.Butduring theprocedure,no light
canbe transmittedpastthatpoint, whichwould makeunauthorizedaccesseasyto detect.Moreover,the in
creasedsignal loss from the tap could be detected.

3.1.1.6 Greaterdurability. A crosssectionof an optical fiber revealsfour segments:

* The core,which transmitsthe light signal

* The cladding,whichkeepsthe light signalwithin the core

* The coating,which protectsthe glassfrom abrasion

* The strengtheningmember,whichprovidesthe cable with strength.
Optical fiber hasthe sametensile strengthas steelwire of the samediameter.Cablescontainingoptical

fibers are typically reinforcedwith both a strengtheningmemberinside the cable anda protectivejacket
aroundthe outsideof the cable.This gives optical fiber the necessarydurability to withstandbeingpulled
throughwalls, floors, andundergroundconduitswithout beingdamaged.In addition, fiber can withstand
greatertemperaturesthancopper,making it betterable to survivepotentiallydisastrousfires. Fiberis also
moreresistantto corrosionthancopperwire and,consequently,hasa longeruseful life.

3.1.1.7 Easeof Splicing.Newadvancesin splicinghavemadeaccuratesplicingof opticalfiber afairly rou
tine matter.Today,thereare few if any disadvantagesassociatedwith usingoptical fiber ratherthancopper
wiring, exceptfor the higherinstallationcost.

3.1.1.8 OtherAdvantagesof Fiber.Additional advantagesto usingoptical fiber include:

* Betteroperatingenvironment.Absenceof electricalcurrentminimizesthe risk of fire from
ashort circuit.

* No needfor acommonground,permittinggreaterrouting flexibility.

* Sizeandweightadvantagesovermetallic cable,which simplifies shipping,handling, and
storage.

3.1.2 Fiber-OpticConduitLayout

Fibercable has to be pulled to eachnichein the Collider andHigh EnergyBoosterHEB, andto each
surfaceequipmentbuilding. Thefiber is passedthroughPVC schedule40 conduitandburiedunderthe con
creteof the tunnel floor. The concreteprovidesshieldingfrom beamradiation.
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At eachequipmentnicheevery450m in theCollider,apull box isplacedto allow accessto the fibercable
in orderto routesomeof the fiber into the niche.Fromthispull box, fiber is routedto afiber distributionrack
atthe backof the niche.

At each sectorbuilding, fiber is passedup the utility shaft, in order that SONETmultiplexing equipment
for thesectorcanbe locatedin an areathatcan be accessedwhile the beamis on.

3.2 SONET

SONETSynchronousOptical NETwork is the setof standardsfor passingTDM Time Division Multi
plexing dataover afiber-optic network atratesof 55 Mbits andabove. It is presentlydefinedat ratesfrom
55 Mbits/s OCI up to 10 Gbits/s OC192. Multiplexers are presentlyavailable from OC1 to 0C48
2.5 Gbits/s.

SONEThasbeenchosenas the datatransportstandardat the SSCfor the Control System.It is a widely
acceptedinternationalstandard.Many vendorsmakeSONETdevicesandtest equipment.The standardsin
cludesmanybuilt-in diagnosticandnetworkmanagementfeatures.It cantransportmanytypesof data,from
64 Kbit/s digitized voiceor dataup to FDDI.

Many of thesedatatypescan betransportedon the samefiber, evenatdifferentrates.SONETis upgrade-
able, anddoesnot havean upperbandwidthlimit. It will havea long lifetime, andis expectedto form the
fabric of the telephonesystemfor at leastthe next25 years.

SONETwasoriginallyproposedby Belcoreforafamily of interfacesfor usein OperatingTelephoneCom
pany opticalnetwork. With single-modefiber becomingthe mediumof choicefor high-speeddigital trans
port, thelack of signalstandardsfor opticalnetworksinevitably led to aproliferationof proprietaryinterfaces.
Thus,the fiber-optic transmissionsystemsof onemanufacturercannotoptically interconnectwith thoseof
any othermanufacturer,andthe ability to mix andmatchdifferentequipmentis restricted.SONETdefmes
standardopticalsignals,asynchronousframestructurefor the multiplexeddigital traffic, andoperationspro
cedures.

3.2.1 SONETSignalHierarchy

Thebasic buildingblock andfirst level of the SONETsignalhierarchyis calledSynchronousTransport
Signal-Level 1 STS-1.The STS-1 hasabit rate of 51.84Mb/s andis assumedto be synchronouswith an
appropriatenetwork synchronizationsource.The STS-l frame structurecan be drawnas 90 columnsand9
rows of 8-bit byte. The orderof transmissionof thebytes is row by row, from left to right, with oneentire
framebeingtransmittedevery125s. The first threecolumnsof theSTS-1 containsectionandline overhead
bytes.The remaining87 columnsand 9 rows areusedto carry the STS-1 SynchronousPayloadEnvelope
SPE.The SPEis usedto carrySONETpayloads,including9 bytesof pathoverhead.TheSTS-I cancarry a
clearchannelDS3 signal44.736Mb/sor, alternatively,a variety of lower-ratesignal suchas DS 1, DS1C,
andDS2.

The OpticalCarrier-Level1 OC-1 is obtainedfrom the STS-1after scramblingto avoid long stringsof
onesandzerosandto allow clockrecoveryatreceiversandelectrical-to-opticalconversion.TheOC-1 is the
lowest-levelopticalsignal to be usedat SONETequipmentandnetwork interface.

3.2.2 SONETOverheadChannel

TheSONEToverheadis divided into section,line, andpathlayers.Thesectionlayercontainsthoseover
headchannelsthat are processedby all SONETequipment,including regenerators.The sectionoverhead
channelsforan STS-l includetwo framingbytesthatshow thestartof eachSTS-1 frame,anSTS-1 identifica
tion byte,an8-bit Bit-InterleavedParity BIP-8 checkfor sectionerrormonitoring,anorderwirechannelfor
craft networkmaintenancepersonnelcommunication,achannelfor unspecifiednetworkuseroperatorap
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plications,andthreebytesfor a section-leveldatacommunicationschannelto carry maintenanceandprovi
sioning information.

The line overheadis processedat all SONET equipmentexceptthe regenerator.It includesthe STS-l
pointerbytes, an additional BIP-8 for line-error monitoring, a two-byte Automatic ProtectionSwitching
APS messagechannel,a9-byte line-datacommunicationchannel,byte reservedfor future growth,anda
line orderwirechannel.

The pathoverheadbytesareprocessedatSONETSTS-1payloadterminatingequipment;that is, the path
overheadis partoftheSONETSTS-1 payloadandtravelswith it. ThepathoverheadincludesapathBIP-8 for
end-to-endpayloaderrormonitoring, a signal labelbyte to identify thetype ofpayloadbeingcarried,a path
statusbyteto carry maintenancesignal, a multiframealignmentbyteto show DSO signalingbit phase,and
others.

3.2.3 Multiplexing

Higher rate SONET signalsare obtainedby first byte-interleavingN frame-alignedSTS-is to form an
STS-N. To transportpayloadsrequiring lessthanan STS-1payloadcapacity,the STS-1 SPEis divided into
payloadstructurescalledvirtual thbutariesVTs. Thereare four sizesof VTs: VTI .5, VT2, VT3, andVT6,
whereeachVT hasenoughbandwidthto carryDS1, CEPT-1 2.048Mb/s, DS1C, andDS2 signal, respec
tively. EachVT occupiesseveral9-row columnswithin the SPE.TheVT1.5 is carriedin 3 columns27 by
tes,theVT2 in 4 columns36bytes,theVT3 in 6 columns54 bytes,andVT6 in 12 columns108bytes.

A VT group is defmedto be a 9-row-by-12-columnpayloadstructurethat can carry four VTi.4s, three
VT2s, two VT3s, or oneVT6. SevenVT groups84 columns,onepathoverheadcolumn,andtwo unused
columnsarebyte-interleavedto fully occupythe STS-1 SPE.VT groupscarryingdifferentVT typescanbe
mixed within oneSTS-i.

Two differentmodeshavebeenadoptedfor transportingpayloadswithin a VT. The VT operatingin the
"floating" mode improvesthe transportandcross-connectionof a VT payload.A floating VT is socalled
becauseaVT pointeris usedto showthestartingbytepositionofthe VT SPEwithin the VT payloadstructure.
In this sense,the operationof the VT pointeris directly analogousto that of the STS-1 pointer,andhasthe
sameadvantageofminimizing payloadbuffersandassociateddelaywhenmappingsignalsinto theVT. The
otherVT modeis the "locked" mode.The lockedVT doesnotusetheVT pointer,but insteadlocks the VT
payloadstructuredirectly to theSTS-1 SPE.Thelockedmodeimprovesthetransportandcross-connectionof
DSO signalsby maintainingthe relativephaseandfrequencyof DSO signalscarriedin multiple lockedVTs.
WhenVT-organized,eachSTS-1 SPEcarrieseither all floating or lockedVTs.

Morethanone specificpayloadmappingis possiblewith eachoftheVT modesdescribedabove.Asynch
ronousmappingsareused for clearchanneltransportof nominallyasynchronoussignalsusingthe floating
modeof operation;conventionalpositive bit-stuffing is usedto multiplex thesesignalsinto the VT SPE.
"Byte synchronous"mappinghasbeendefinedin both the lockedand floating modesfor the efficient, syn
chronoustransportof DSO signalsandtheir associatedsignaling;conventionalfixed-positionmappingsare
usedto carrytheDSOsin theVT SPEfloatingmodeorVT lockedmode."Bit synchronous"mappingsare
usedin both thelockedandfloating modesfor the clear-channeltransportof unframed,synchronoussignals.

3.3 The SONETBackbone

We considertheSSCacceleratorcomplexas consistingof 14 sectors10 sectorsfor theCollider,onesector
for theHEB,andonesectorforeachoftheothermachines-linearacceleratorLINAC; Low EnergyBooster
LEB; andMedium EnergyBoosterMEB. Eachsectorusesonepair of 155 Mb/s SONETOC-3single-
modefiber cablesto providefull duplexcommunicationfor the machinecontrol.The communicationacross
thesectionboundariesis establishedby addingoneAdd-Dropmultiplexeratboth endsof the sections.There
areseveraladvantagesto this architecture:
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* Lower Cost.The SONETOC-3 Add-Drop-Multiplexeris availablenow at approximately
$25 000 per unit, andtherearemanydifferentcommercialsystemson the market.The
higher-level systemsOC-l2, OC-48 areseveraltimes moreexpensivethanthe OC-3
ADM, andthereare very few commercialsystemson the marketnow.

* Easeof design.The very high speeddigital links OC-l2, OC-48 areprimarily usedby
telephonecompaniesto carry traffic acrossthe nation.The links will demultiplex to lower
speedat the local centraloffice anddistributeto the enduser.The SSC acceleratorniches
aresimilar to the endusers,andeachsection is similar to the local centraloffice of the
telephonecompany.We do havealot of dataexchangebetweenthe control room and
niche,but do not havemuchcommunicationbetweenniches.It is quite simple to groupa
whole sectionas aunit andto communicatewith the control room.If we usea two-level
hierarchy, it requiresmultiplex anddemultiplexat eachsector.

* Minimum timedelay.The multiplex anddemultiplexprocesswill introducetime delay.
The maximumnodesin this schemeare limited to 17 17 nichesper sector;thereforethe
maximumtime delaywill be 16 timesthe propagationdelayper ADM. If we usemore
thanaone-layerhierarchicaldesign,we haveto addthe propagationdelayat everymulti
plex anddemultiplexbetweenhigh-speedandlow-speedsystems.It may be a nightmare
for the synchronousapplicationsuchas the broadcastsystem.

* Feasibletechnology.In the control room,we can process155 Mb/s 20 Mbyte/sdataus
ing existingtechnologyVME, Futurebuswithout too muchdifficulty. But processing
Gigabitdatawithout demultiplex is extremelydifficult usingexistingtechnology.

* Increasedreliability and maintainability.Eachsectionhasamaximumof 17 nodes,so it is
mucheasierto isolatethe fault thanwith a 200-nodering structure.The completecommu
nicationfailureratein this schemeshouldbe ten timesbetterthanusingone largering
structure.Putting Gigabitequipmentin the hazardousenvironmentwould decreaseMTBF
andfurthercausereliability problems.

* Reducedoperationcost.We stockjust onekind of spareTDM equipmentin this architec
ture, therebyreducingthe operationcost.

3.4 Ti

Ti is astandardthat defmesTDM datatransportat arate of 1.554Mbits/s. It is the standardusedfor data
transportofWide AreaNetworksWANs. It consistsof aserialbytestreamarrangedon a 125-psboundary.
Within this 125-pstime slot arepassed24 bytesofdataandone synchronizationbit. The24 bytesofdatacan
be individual channelseachof 64 kbits/s or a singlechannel.Ti is a point-to-point network. Standard
SONETmultiplexers haveinterfacesavailableto transportmanyTi streams,andmanyhavethe ability to
rearrangegroomdatastreamsdown to the 64-kbit/s level.

Ti was chosenfor the SSCcontrolscommunicationfor the following reasons.It is deterministic-thatis,
datais transportedataknowndatarateandresponsetime,andtheloadon onechanneldoesnot affect theload
on otherchannels.The appropriatenumberof 64-kbit channelscan be allocatedfor anydevice.It doesnot
haveaminimumdatalength. Computerinterfacesare availablefrom industry. Other datastreamssuchas
19.2kbaudcanbe transportedusingstandardcommercialhardware.It is amaturetechnologythat hasaprov
en reliability record.

Ti is thedigital, two-waytransmissionof voice,data,or videooverasingle high-speedcircuit.Ti refersto
theequipmentusedto transmitthesesignals.The transmissionrateof thatsignalis basedon thebandwidthof
onevoicesignal in digital form. This onevoicesignal, calledDS-0,consumes64kbits/s.WhenTi technology
was first introduced,it wasbasedon sending24 voicefrequencychannelsovertwo pairsof twistedcable.The
Ti transmissionratewas calculatedby multiplying the 24 channelstimesG4kbits/sfor atotal of 1 536 000
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bits/s. A necessary"control" bit was addedto keepTi multiplexerssynchronized.This control bit takesup
another8000 bits/s, for a total of 1 544 000 bits/s.This is the transmissionspeedof TI.

3.5 Framing

In order for the receivingmultiplexerto recognizebits as they comein, the bits haveto be organizedin
someway.This is accomplishedwith framing,whichseparatesthetransmittedbits into identifiablegroupsby
sendingthe24 channels8 bits at a time. Each8-bit datawordoccupiesa time slot in the frame.The frames
repeatat a rate of 8000 timesper second.So one time slot equals64 Kb/s.

All 24 channelsgroupedtogetherform a frameconsistingof 192 bits 8 x 24,with theadditionofa con
trol bit. The 192 bits and the 193rdcontrolbit addup to a combinedspeedof i.544Mb/s.

ModernTi equipmentusesoneof two line codingschemes:super-frameSF formator extendedsuper-
frameESFformat.In theSFformat,eachsuper-frameconsistsof 12frames.The 193rdbit alternatelyactsas
a framingbit knownas"Ft" bit in odd-numberframesanda signalingbit knownas"Fs"bit in even-number
framesthat providemulti-frame alignment information.

The SFformatdoeshaveonelimitation. It cannotmeasuretheerrorrateon aTi circuit while that circuit is
in operation.

ESFprocessesthe i 93rd bit differently thanthe SF formatdoes.Insteadof using 12 frames,it extendsthe
super-frameboundariesto include24 frames.In addition,moreefficientdigital processingtechniquesallow
framesynchronizationto be performedin only 25%of the 8000-bitbandwidthrequiredby SF for synchro
nization.ESFusesonly one2000-bit channelfor framingknownas "FPS" bit. Another2 Kb/s is used for
errorchecking,andtheremsEing4 Kb/s, calledtheFacility DataLink FDL, canbe usedto controldiagnos
tics andtransmitperformancecharacteristics.

In Ti, datais transmittedin an alternatemarkinversionAMI format, whichallows clocksignalsto be
derivedfrom data,eliminatingtheneedfor separateclocktransmission.Theclocksignalis expectedfromthe
AMI waveformusingphase-lockedloopsorLC tankcircuitry. Clockextractioncircuitry requiresaminimum
densityof "l’s" to operatecorrectly.To meetthisdensityrequirementnetworkscannottransmitacodecon
sistingsolely of zero,existingT-carrierequipmentchangesbit 7 of anychannelconsistingsolelyof "0’s" to
1. Bit 7 stuffing doesnot affect the quality of voicetransmission,but it doescorruptdatasignificantly. An
alternativeto bit 7 stuffing isbipolareightzerosubstitutionB8ZS.whichreplacesanytransmittedzerooctet
with aB8ZScodeword. If the last"1" transmittedwaspositive,theinsertedword is 000+-0-+.If the last"1"
transmittedwas negative,the codeword insertedis 000-÷0+-. Bipolar violations occur in the fourth and
seventhbit position; the receivesidedetectsthe codewordandreplacesit with all zeros.

3.6 Messages

Passingon theseTi links will be theinformationnecessaryto control the SSCacceleratorcomplex.This
informationis brokendown into anumberof messagetypes:ControlMessages,DataMessages,Diagnostic
Messages,andBroadcastMessages.

3.6.1 ControlMessages

ControlMessagesarethe commandsthat aresentto andbetweenacceleratorequipmentmodules,andthe
responsesthat return.The commandswill be of a fixed format. Responsewould normally be at leastan ac
knowledgement,but might include error statusor information.For instance,a commandto readan ADC
channelonetime might return the ADC value.
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3.6.2 DataMessages

DataMessagesare thenormalway ofpassingchanneldatato supervisorycomputers.Thiswouldnormally
bearrangedsothat eachchannelwould haveadedicatedtime sloton theTDM for its data.This would elimi
nateanychanceof congestion.At the receiverof thischannel,datacanbe storedin aFIFO or circularbuffer.
As theTDM systemis deterministic,datacollectedatthe sametime within the front-endelectronicscan be
madeto be coherentat the supervisorycomputers.

3.6.3 DiagnosticMessages

DiagnosticMessagesinclude unsolicited error reporting, down-loading,and debuggingof programs.
Some of thesemaywell usethe TCP/IP protocol,as this is supportedby many debuggers.

3.6.4 BroadcastMessages

BroadcastMessagesaremessagesthat are intendedfor manydestinationsand/orare repetitivein nature.
Eachbroadcastmessageis from 2 to 13 bytes long. Some messagessignify the state of a machine; for
instance,the next Linac pulse is intendedfor the medical facility. Othersdenotean event; for instance,a
quenchhasoccurredin the HEB. Othersarefor regularsynchronization;for instance,720-Hztick message.
Yet otherscarry datasuchas the presentmagnetfield or currentvalue.

Someofthesemessagetypeswill be ableto sharethe sameTi links in certaincircumstances.Most Data
Messageswill befrom the equipmentto the supervisorycomputers,andBroadcastMessageswill be in the
otherdirection. Also commandsmight be transmittedin the idle time betweenBroadcastMessages.See
BroadcastMessagesystemdocumentation.

3.7 Control RoomCommunications

CommunicationbetweenUNIX computersin the control room will be AsynchronousTransferMode
ATM networks,runningTCP/IPprotocols.ATM is afastpacketswitchingtechnologyusingshort 53-byte
packets.Interface to the TDM network for accessandcontrol of real-timesystemswill be via commercial
routers.

Control functionsexist primarilyat themain control roomarea,atthe sectorservicebuildings,andat al
coves strategicallylocatedadjacentto the tunnel.

Thecentralcomputersystemresidesnearthe maincontrolroomandcontainsthecompletedatabasefor the
entire acceleratorcomplex.It is connectedto control consoles,terminals,personalcomputingequipment,
workstations,andthewide-arearing networkthat communicateswith the sectorandinjection complexcon
trol computers;it is alsoconnectedto alink dedicatedto the transmissionof high-bandwidthbeamdiagnostic
primarily BPM information.This informationwill beneededatthe controlroomareabut will follow asepa
ratepathfrom that of the lower ratedata.

At eachof the ten sector/clusterservicebuildingsthe controlfunctionsarecomplex,involving theopera
tion of a largerefrigeratorandtwo thain buspowersuppliesin addition to communicationwith all of the tun
nel devicesof that sector.

Eachnichecontainsa numberof relay rackscontainingcontrol systemandacceleratorsubsystemequip
ment.Thecontrolsequipmentattheselocationsconsistsof themoresophisticatedsubsystemssuchasquench
protection,beamposition,andvacuum.Also presentis the low-level hardwarefor the lessinvolved subsys
tems-powersupplycontrol,AID, timing.
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Therearethreetypesof dataandcontrol flows:

* point-to-point betweenthe maincontrol room andeachof the sectorservicebuildings
* ring-wide, with connectionsat the sectorservicebuildings

* sector-wide,for the information that will be transmittedto the servicebuilding from each
niche.

4.0 HIGHER LEVEL PROTOCOLS
Many softwaresystems,including theEPICSsoftwareusedin thecontrolsystemandcommercialdebug

gers,usetheTCP/IPprotocolto communicatebetweenequipmentnodes.This leadsto arequirementfor the
AcceleratorControl Communicationssystemto transporttheseprotocolsovertheTDM channelsthatcom
prise the communicationsinfrastructure.

ThePoint to PointProtocolPPP,a partofthe Internetsuiteofprotocols,defmesa systemfor establishing
communicationsover aserialpoint-to-pointlink. This protocolis widely supportedby commercialrouters.It
enablesthe transportof IP packetsover seriallinks.

Althoughbroadcastis not supportedoverPPPlinks, weusethe capabilitiesof theSONETadd-dropmulti
plexersto broadcast,usingdropandcontinuetechnology,on a separateserial1DM channelthat canbe trans
mitted to manycrates.

For more informationseedocumentationon the Point to PointProtocoldriver that hasbeenwritten.
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