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1.0 Introduction

1.1 Purpose

No:
Rev:DRAFT
Date:

Thepurposeof this documentis to specify the requirementsfor the Global AcceleratorControl SystemGACS as it
is appliedto all SSCLmachines.

1.2 Scope

From this specification,software and hardwaredesignsfor controlsfor all SSCLmachineswill be developed.It is
limited in scopeto only that infrastructurewhich is common to all machines.Particularimplementationsor special
requirementsof variousmachinesarecoveredin level 4 control specifications.

This documentis also limited to specifyingcontrolsfor thosesystemswhich directly affect theacceleratedbeam,and
are, to first order, the responsibilityof the AcceleratorSystemsDivision ControlsDepartmentASD/CD. The GACS
specificallydoesnot includeEnergyManagementControl SystemsEMCS, Building AutomationSystemsBAS, or
Heating,Ventilation, and Air ConditioningHVAC systems.Also not includedis the control systeminvolved in the
physicsdetectordataacquisitionand control.

Note,that while this documentwill specifycertainhigh level softwarerequirementsand somewill be inferredby spec
ifications of systemperformance,detailedrequirementsfor softwareare coveredin the GACS Level 33 Software
RequirementsSpecification,which shouldbeusedin conjunctionwith this document.

1.3 APPLICABLE DOCUMENTS

Thefollowing documentsfomi a part of this specificationto the extentspecifiedherein.

1.3.1 SSCL DOCUMENTS
AB D-xxxxx

P40-000151

ABD-xxxxxx

GACS Level 3B SoftwareRequirementsSpecifications

SSCLStandard- Mnemonic Device NamingConvention

ASD/CDStandardfor VME Device Access

1.3.2 Non-SSCL DOCUMENTS

1.4 Definitions,Acronyms,and Abbreviations

Love!
3B

Level
4 rc

Controls Controls

Figure 1 SSCLContro’s SpecificationTree
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2.0 GENERAL DESCRIPTION

2.1 Project Overview

The SSC consistsof a seriesof six accelerators:an injector complexmadeup of a LINAC, a Low EnergyBooster
LEB, a Medium EnergyBooster MEB and High EnergyBoosterHER, as well as two storagerings together
known as the"Collider". A summaryof someof themain parametersof thesemachinesis given in Table1.

Table 1:

Parameter LINAC LEB MEB HEB Collider

EnergyRange
0ev

00.6 0.6-11 11-200 200-
2000

2000-
20000

Circumference
km

.54 3.96 10.89 87.12

CycleTime sees 0.1 0.1 3 12 3000

Numberof Signals 6000 23000 27000 58000 430000

Although controls requirementsand issuesrelated to this complex of acceleratorsarenot inherently different from
thoseof otherslargeacceleratorlaboratories,somespecialproblemsresult from the largenumberof control points
involved 544,000?,the greatdistancesbetweenthevariouscomponentsup to approximately100 kin, andthe very
highreliability required.986availability for the global control system.

2.2 Primary Functions

The primary functionof the GACS to is providean infrastructuresuch that all of thevariouscontrol systemsinvolved
with the SSCLmachinesand their componentscan be integratedinto a singleSSCLoperationsand control system.
The key componentsof suchas infrastructurearesoftware,processingandsupportequipment,timing, and communi
cations.

2.2.1 GACS SoftwareInfrastructure -

Due to thescaleof the SSCL,many processorswill berequiredfor controls>1500?.Additionally, many peoplewill
be involved in control applicationdevelopment,often independently.Thereforethe key functions that the software
infrastructuremustprovideare:

- A mechanismof developing,maintaining,and distributing a largerealtimedatabase.

- A standardsetofmethodsto allow sharingof dataamongthecontrol processors,operatorstations,compute
servers,and outsideresources.Thesemethodsmust allow any processorin the systemto communicatedatawith any
otherprocess/processorby having knowledgeof only the SSCLstandardmnemonicnamefor that data.

- A standardprogrammingenvironment.l’his includesan Application ProgrammersInterfaceAPI to allow
generationof codewith standardprogramminglanguagesandConfigurationTools for thedevelopmentof applications
usingpre-built codeblocks.

- Standardsystemsupport software.This would includecommon control functional requirementssuchas
Man-MachineInterfaces,alarmhandlers,boot services,dataarchivers,etc.
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2.2.2 Communications

In the context of this document,communicationsrefersto that systemthrough which processorscommunicatedata
betweeneachother,eitherreal-timedataor non-realtimeinformation,suchas file transfers,programdown-loads,etc.
It will be key in the developmentof theGACS, asthe systemwill havepropertiesof a SCADA system,with controls
widely distributedoverlong distances>100km,andpropertiesof a local areasystem,i.e. high bandwidthrequire
ments>2Obits/sec?.Theprimary functionalcomponentscommunicationsmustprovideare:

- A communicationbackbonecapableof the longdistancesand high bandwidthfor all the machines

- Multi-drop, standardlocal areanetworksto allow all processorsto communicatedata

- Point-to-pointprivatedatachannelsforprocessorswhich aretightly coupled

- Routersandotherinterfaceequipmentwhich allow accessto/from the backboneof the othernetworktypes

- Interfacesinto computerequipmentfor entry onto the local/point-to-pointnets

- A methodof delivering deterministicrealtimemessagesto manyprocessorssimultaneouslyfor theproper
coordinatedsequencingof machineeventsand synchronizingprocessorclocks for timestampingof data

2.2.3 Timing

Many hardwarecomponentsof the SSCLmachinesrequireprecisetiming andsynchronizationnanosecrangefor
properoperationand dataacquisition.The functional componentsto be providedby the timing systemare:

- Precisionclock generators,with messageencodingcapabilities

- Deterministicdistributionsystem

- Local timing generatorswhich producevariablelength trigger pulsesat variabledelaysfrom theprecision
clocks

2.2.4 GACS Model

In this document,the GACS will be specifiedby meansof a model shown in Figure xxx. The GACS shall provide
various componentsshownin the figure asthe GACS infrastructure.Theseitems are processingequipment,commu
nications,software,and timing. Becauserequirementson the infrastructurecomponentsvaryby wherethey residein
a control system,a six level functionalhierarchyof control will beusedand is shownas Level 1 through6.

2.3 User Characteristics

2.3.1 Control SystemDevelopmentInterface groups

Variouscontrols groupsat SSCLare responsiblefor providing control subsystemsand the GACS mustensurean
interfaceto thesegroupsand thesystemstheyprovide.

2.3.2 Operations Usersand Modes

The GACS mustmeetthe differing requirementsof a numberof groupsof usersof the control systemneeding
various views of the acceleratorand its components.Such usersinclude:

- Equipmentengineers

- Control systemengineers

- Acceleratorphysicists
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Level 7 -- SSCLComputeServices I

Level 0 -- Sensors I

No:
Rev: DRAFT
Date:

s flS

GACS
S

Level 6 -- Infonnation eXchangeServi
n

Level S -- Machine Integration

‘ . ° Level 4 -- Machine Controls

CD t C
- Level 3 -- SectorControls

raE
CD

Level 2 -- SubsystemControls

Level 1 -- Front End Controls

- - - -V

Figure2 GACS Model

- Acceleratoroperators

- Experimentalphysicists

- Maintenancepersonnel

- Laboratorymanagement

- Regulatoryagencies
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The requirementsof thesedifferent usercommunitiescorrespondroughly to the requirementslevied on the GACS
during different operatingphasesor modes,for example:

o Equipmentandsubsystemcommissioning

o Acceleratorcommissioning

oFilling

o Routineoperationfor physics

o Beamquality improvement

o Specialoperatingmodestestbeams,medicaluse, pulse-to-pulsemodulation,etc.

o Maintenance

2.4 General Constraints

2.4.1 Open System

To theextentpossible,theGACS shallbedesignedasan"OpenSystem".By opensystem,it is implied that thesystem
shallbe designedsuchthat:

- It doesnotrely on sole sourceproprietaryequipment.Thesystemshallemploy componentsavailablefrom
variouscommercialvendorssuch that the GACSdoesnot becomerelianton a singlevendorfor anykey components.

- Makesuse of standards,suchas IEEE, ISO, POSIX, commercialdefacto,etc., to 1 help avoid single
vendoravailability as mentionedabove,and2 Allow morerapid integrationof new technologyas it developsover
the 10 year developmentcycle of the SSCL.

- Doesnot rely on proprietarysoftware.This does not precludethe useof commercial software,which is
almostalways proprietary,in fact this is encouragedto reducethe amountof codereinvention.However, the GACS
software infrastructure,on which all othersoftware is built or built around,mustbe openall sourceavailableand
modifiable.While this last statementdoesnot includecomputeroperatingsystems,codewill be developedsuchthat
it avoids,to theextentpossible,makinguseof vendorspecific operatingsystemcalls,suchas in the variousflavors of
UNIX, which locks the GACS into a particularbrand of operatingsystemor compiler.

2.4.2 Standards

2.4.2.1 VME/VXI

2.4.2.2 POSIX

2.4.3 Equipment Locations

GACS equipmentis limited to placementonly in surfacebuildings sectorhouses,service bldgs, control room and
nicheswithin theHEB and collider.

Communicationfiber optics right-of-ways are limited to conduitsin tunnel floors andnichesandconduitswhich
connectthe tunnelsto surfacestructures.

2.4.4 Beam Controls vs. ProcessControls

In the requirementssection at the sectorlevel controls, a requirementwill be given that the GACS divide into two
majorsubsystems:theBeamControl SystemBCSand theProcessControl SystemPCS.This division comesabout
as a result of:

- Operationalmodes.Systemsand their controlswhich are requiredto operateonly whenbeamis presentin
the machine,suchas RE, magnetsystems,beaminstrumentation,etc. are put in the categoryof beamcontrols.These
are also systemswhich directly affect beamaccelerationand guidance.Systemsand their controlswhich potentially
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haveto operateregardlessof beam,suchascryogenics,vacuum,and watersystems,areplaced in anothercategory.
Since theselatter systemshaverequirementshighly similar to industrial processsystems,they are groupedinto the
PcS.

- Becauseof theoperationalmodes,thesesystemsare requiredto function autonomously.

- The requirementsof the BCS and PCSequipmentare different.BCS equipmentrequiresprecisiontiming
and synchronousoperationto a much higherdegreethan the PCS equipment,along with highdata communication
rates.The systemsof the PCSsystemsare relatively slow processes,thereforewould not requiremany of the high
speedcontrolmechanismsof the ECS.

- The division into two systemsallowsdesignimplementationflexibility. Themajority, if not all, of the PCS
requirementsare dealtwith by industrial, off-the-shelf,control equipmentand softwaretools.Therefore,it leavesthe
option to contractcommerciallyfor this system.System-widecontrols for the BCS are not found readily as off-the
shelfsolutions.
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3.0 REQUIREMENTS

3.1 Introduction

No:
Rev:DRAFT
Date:

In this section,eachlevel of the GACS model will be usedas the templatefor defining systemrequirements.Within
eachlevel, the requirementsfor eachof the infrastructurecomponentsprocessorsandsupportequipment,software,
communications,andtiming will be stated,along with systemperformance.

3.2 Level 6 - Information eXchangeServicesIXS

3.2.1 Introduction

No truecontrol functionsare performedat level 6. This level is ratherprovidesa pathwayfor the exchangeof infor
mationbetweentheGACS andotherdatamanagementandcomputerservicesat the SSCL,suchascentralcomputing,
office workstations,centraldatabases,etc.

This level definesdataaccessroutinesto beprovided by
softwarerequirements.

3.2.2 Processingand SupportHardware

the GACS,along with any computergatewayhardwareand

TheGACS shall provideUNIX computersto act as gatewaysbetweenotherSSCLcomputernetworksandthe SSCL
control system.

3.2.3 SoftwareInfrastructure

TheGACS shallprovidesoftwarenecessaryto acceptdatarequestsfrom outsidesystems,collect thedesireddatafrom
thecontrol system,andreturnthis datato requestors.Detailedrequirementsare given the GACS SRS.

SSCL Compute
Services

Level 7

SSCL Data Networks

Level 6

GACS

Level 6

Level S

Control Room Services Network

Control Room Data Network

Figure 3 GA.CS Level 6 - ENS
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3.2.4 Communications

Networkcommunicationmodulesshallbe providedas necessaryto interfaceto both thenetworksoutsidethe control
systemand thecontrol systemnetworks.

3.2.5 Timing
Thereareno timing requirementsat level 6.

3.2.6 SystemPerformanceRequirements

3.2.6.1 Data Connections
TheGACS IXS shall accommodatethesimultaneousconnectionof up to 200 processesacrossSSCLnetworksto the
QACS and 20 connectionrequestsfrom GACS processorsto outsideresources.

3.2.6.2 DataThroughput
The GACS IXS shallsupportdatathrougjlput from outsiderequests:

- For singlepoint realtimedata,up to 500 points with updateratesof <10 seconds.

- Forrealtimearraydata,up to 10 arraysof 25000points or less within 10 secondsof request.

- For archiveddata, TED.

8 of 24



GLOBAL ACCELERATORCONTROLSYSTEM LEVEL 3B SPECIFICATION

3.3 Level 5 - Machine Integration

3.3.1 Introduction

No:
Rev: DRAFT
Date:

At level 5. all machinesof the SSCLare integratedinto a singleunit. This level includesacentralcontrol room for
operations,with operatingstationsandsupportservices.Also, a GlobalTiming System is at this level which provides
for thesynchronizationandsequencingof all machines.

3.3.2 ProcessingandSupportHardware

3.3.2.1 Operator Stations

The GACS shallprovidean MMI to SSCL acceleratoroperatorsand supportstaff.

3.3.2.1.1 EquipmentProvisions

The GACS shall provide a minimum of 12 operatorstationslocatedat the Central Control Room CCR for the
operationof acceleratorsystems.The primarycomponentof an operatorstationshall be a UNIX workstation.The
generalrequirementsfor the workstationare:

- Mountablein a 19" rack cabinet,eitherdirectly or on a shelfmountedin the rack

- Configurablewith a minimum of three, 19" high resolution1280 x 1024 minimum bit mappeddisplays.

- Multi-media capabilityi.e. capacityto displayvideo as well as computergeneratedtext and graphics.

- Minimum 400MByteinternaldisc for UNIX systemandminimum applicationcodestorage.

- Supportsinglekeyboard,mouse,andmultiple trackball interfaces

This equipmentwill behousedin suitablelow bay 19" racksor equivalentfurnishings.While it is not required
at this time to bring backany analogsignalsfrom the variousaccelerators,the consoleshall havesufficient space
to housesomerack mountabletestequipmentandvideo systemsalong with the computerequipment.Countertop
areawill beprovidedand sufficientto supporttwo operatorsat a console.

t.avtl 6

tcYd S

cRDN RSN

ConsoleFile
Sewns

Level 5

Level 4

COlt TI CRDN

Figure 4 GACS Level 5 - Machine Integration
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3321.2 PerformanceRequirements

The consoleUNIX computershall have a minimum computeperformanceof 5OSPECmarks.The associated
graphicdisplaysshall becapableof drawing >1 million vectors/sec.

3.3.2.1.3 Interfaces

Interfacesto the operatorconsolecomputerare the threenetwork typesdescribedlater in thecommunications
Section.

3.3.2.2 Status Displays

In addition to operatorstations,the GACS shall provide status and otherdisplays which must be visible from
multiple operatorstations.

33.2.2.1 EquipmentProvisions

TBD.

3.3.2.2.2 Performance

TBD

332.2.3 Interfaces

TBD

3.3.2.3 Server Systemsand Peripherals

The GACS shall providecomputerand printerequipmentas necessaryto support:

- Resourcesrequiredby operatorstations,such as MM! displayfiles

- Databasestoresfor exchangeof data,formattedinto commercialdatabases,betweenthe GACS and other
SSCLcomputeservices

- Hardcopyof control systemdata

3.3.2.3,1 EquipmentProvisions

TheGACS shallprovideUNIX file servers.

The GACS shallprovideTED printersfor hardcopyof GACS data.

3.32.3.2 PerformanceRequirements

TBD

3.3.2.3.3 Interfaces

This equipmentshall interfaceto theControl room servicesnetworkas describedlater.

3.3.3 Software Infrastructure

At this level, the GACSshallprovidethenecessaryMMI softwarefor operatorstationsanddatacommunicationscapa
bilities as specified in the GACS SRS.
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3.3.4 Communications

3.3.4.1 Networks

3.3.4.1.1 Control RoomServices Network

This networktype is intendedfor non-realtimecontrol use,suchas file transfers,workstationbooting, datastore
transfersto otherSSCL sites,etc. It is specifiedas a separatenetworksto attemptto eliminatethis typeof traffic
from any realtimecontrol nets.

33.4.1.1.1 EquipmentProvisions

This shall bea standardcomputernetwork Ethernet,FDD1 runningon coaxcablewith appropriatecomputer
interfacemodulesprovided.

3.3.4.1.1.2 Performance

TBD

3.3.4.1.1.3 Interfaces

Thisnetwork shall interfaceto operatorconsolesin the control room,as well asfile serversandperipherals.

3.3.4.1.2 Control RoomDataNetwork

This networkshall haveaccessto all GACS realtime datafrom all levels of the GACS. It is intendedthat this
networkbe kept clearof all otherdatatraffic.

3.3.4.1.2.1 EquipmentProvisions

This shall be a standardcomputernetworks Ethernet,FDDI carried over coax cable.Suitableinterface
modulesshall be provided.

3.3.4.1.2.2 Performance

TBD

3.3.4.1.2.3 Interfaces

Thisnetworkshall interfaceto operatorstationsand machinerealtimedataroutersdiscussedin level 4.

3.3.4.1.3 RealtimeNetworkTi

In additionto thestandardcomputernetworkusedfor realtimedataspecifiedabove,theGACS shallprovidepoint-
to-point deterministicnetworksfor realtimedata.More detail on this systemis given in level 4.

3.3.4.1.3.1 EquipmentProvisions

The GACS shallprovidestandardTI telecommunicationlinks in thecontrol room overtwistedpair cable.The
GACS shall provideall necessaryTi interfacemodulesfor insertion into equipmentwhich it connects.

3.3.4.1.3.2 Performance

As definedin the telecommunicationsstandardfor Ti transceivers.

3.3.4.1.3.3 Interfaces

At this level, Ti shall interfacewith operatorstations,the timing andMBS systems.
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3.3.4.2 Global MessageBroadcastSystem

The GACS shallprovide a method to deliver time sequencedmessagedatato control processorslocatedthroughout
the SSCLacceleratorcomplexwith deterministicdeliveryand response.The function of the GMBS is to deliver high
level timedmachineeventsto the MES systemof eachmachinefor the overallcoordinationof all processesrunning
synchronizedtasks.

The GACS shallalso provide time synchronizationof all processorsfor thepurposesof timestampingdataand data
correlation.Thesecondaryfunctionof the GMBS is to providethis referencetime.

The GMBS is definedasthe top end of this system,and musthavethecapability to:

- Receiveand store eventtablesfrom othercontrolsprocessors.

- Providefor extemalselectionof eventbuffer to be executedandtransmitted

- Clock outeventsat predeterminedtimes in accordancewith thesetables.

- Maintainandtransmittime-of-day informationfor global synchronizationof processorclocks.

3.3.4.2.1 EquipmentProvisions

TheGACS shall provideall processorsandancillarymodulespackagedin and conformingto VME/VXI standards
as definedin CDS-93002,CDS-93003,and CDS-93007.Equipmentprovidedshall include:

An MBS Formatter,which shall:

- Accept messageinput from GACS processors

- Checkfor correctsyntax

- Ensuremessagerequestis within the performanceenvelopeof the system

- Ensurerequestcanbe carriedout given the priority of the messagerequested

An MBS Transmitter,which shall:

- Maintain a lists of messageto betransmitted

- Accept updatesfrom the formatter

- Reportmessagestatusand errors

- Outputeachmessageat theappropriatetime

3.3.4.2.2 Performance

MessageSize Variable,3 to 13 Bytes

Lockedto: GCLK

Minimum throughput iOoKBytes/sec

Resolution: betterthan loOusec

Accuracy: betterthan 1 msec

3.3.4.2.3 Interfaces

Fiber Optic connectionto GCLK

DSX-i electricalinterfaceto Ti
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3.3.5 Timing

Global Tuning shall provide two functions:

- Generationanddelivery of a 10Hz line lockedtriggerto the LEE RMPS System

No:
Rev: DRAFT
Date:

- Generationof a precisionclock with encodedmachineeventsfor delivery to machinetiming systemsand
variouslocal timing crates

A block diagramof thesystemis shown in Figure 5. All machinesof the SSCLare synchronizedto the LEE resonant
magnetcycle, which is 10Hz. Specifically, the synchtrigger is when 8=0 in theLEE dipoles.Therefore,the trigger
for GCLK synchronizationis normallyderivedfrom theLEE RMPSsystemor an LEB referencemagnetat0 crossing.
The GCLK generatorshall becapableof switching to the 10Hz clock from the line synchunit for commissioningor
maintenanceactivitiesof machineswhenthe LEE magnetsystemsare not operational.

3.3.5.1 EquipmentProvisions

The GACS shallprovide thenecessaryline synchunit, switchingmechanisms,andGCLK generator.TheGACS
shallprovideall processorsand ancillarymodulespackagedin and conformingto VME/VXI standardsas defined
in CDS-93002,CDS-93003,and CDS-93007.

3.3.5.2 Performance

3.3.5.2.1 Line SynchClock

Fiequency

Ii tter + Wander

AdditionalReq.

3.3.5.2.2 GCLK
LockedTo:

Time-BaseRange:

Resolution:

Jitter+Wander:

10 Hz, line locked

TBD
TED

PowerMains

60MHz +/-.1%

1/Timebase

100 nsec/rms

60Hz
AC Line

10Hz synched co line

enc
A

60MHz CCLX
w/Event Markers

* Figure5 GCLK SystemBlock Diagram
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EncodedEvents: MachineResets

3.3.5.3 Interfaces

33.5.3.1 Line Synch Unit

LEB AC powermains

RMPSSystem

33,5.3.2 GCLK Generator

Fiber Optic cable to Timing Distribution System

Ti links to GACS communications
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3.4 Level 4 - Machine Controls

No:
Rev: DRAFT
Date:

3.4.1 Introduction

MachineControlsis definedas that level at which all machinesectorcontrolsare integratedinto an SSCL machine.

3.4.2 Processingand SupportHardware

3.4.2.1 DataConcentrators

Thefunctionalrequirementsof dataconcentratorsare to:

- Collect at a central location control systemdatafrom lower level processors

- Organize/synchronizethatdatafor higher level analysis/control,suchas8PM data

- Providea singlepoint for other systemsto retrievethat data

- Performhigh level sequencesto coordinatesystemssuchasbeaminstrumentationto collect desireddata

3.4.2.1.1 EquipmentProvisions

Dataconcentratorsshallbe providedas necessaryusing the sameequipmentasspecifiedfor lOCs at level 1.

3.4.2.1.2 Performance

TED

3.4,2.1.3 Interfaces

TI connectionto ADM equipment

GCIk

Level 5

Level 4

Ti CRDN

File Servers

Level 4

Level 3

MCIk Sonet

* Figure 6 GACS Level 4 - MachineControls
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Standardcommunicationsnetwork link to machinedatarouters

3.4.2.2 Machine Sequencers

3.4.2.2.1 Equipment Provisions

3.4.2.2.2 Performance

3.4.2.2.3 Interfaces

TI connectionto ADM equipment

Standardcommunicationsnetwork link to machinedatarouters

3.4.2.3 File Servers

3.4.2.3.1 EquipmentProvisions

3.4.2.3.2 Performance

3.4.2.3.3 Interfaces

TI connectionto ADM equipment

Standardcommunicationsnetworklink to machinedatarouters

3.4.3 Software Infrastructure

3.4.4 Communications

From level 5 down throughlevel I, theGACS must supplydatacommunicationsnetworkscapableof:

- Providingpoint-to-point,deterministicconnectionsbetweenprocessorswhich will not degraderegardless
of overall networkloading whereprocessorsrequiretight coupling to perform their control tasks

- Multi-point network capabilitiessuch that any processorin the GACS cancommunicatewith any othe!
processor

- Providingthesenetworkcapabilitiesover long distances100kmor moreat high total bandwidths2Gbits/
sec

- Providingredundancyand high reliability

To provide thesefeatures,the GACS shall supply standardtelecommunicationsindustry equipmentandcomputer
network routers capableof routinebridgingfrom telecommunicationequipmentandstandardcomputernetworks.

3.4.4.1 SynchronousOptical NETwork SONET

To form the communicationsbackboneof eachmachine,theGACS shall provideSONETequipment.

3.4.4.1.1 EquipmentProvisions

The GACS shall provideall fiber optic cablesnecessaryto interconnectall servicebuildings andnicheswithin a
machine,along with SONETfiber optic driverunits.

3.4.4.1.2 Performance

Dependenton machinedataloads;this requirementwill begiven by machinein level 4 specifications.
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3.4.4.1.3 Interfaces

SONET equipment shall interface into the communicationADM equipment.

3.4.4.2 Add-Drop Multiplexors ADM

ADM equipmentshallprovidefor:

The accessof Ti links onto the SONETbackbone

The grooming of Ti links to allow subchannels to directed point-to-point betweenpredetermined control
processors.Thisgrooming capability shall range from single DSO channels to anymultiple of DSO channelswithin a
Ti link.

3.4.4.2.1 Equipment Provisions

ADM equipment shall be provided wherever control systemprocessorsare housed in the variousmachines, both
in service buildings andniches, as well as the central control room.

3.4.4.2.2 Performance

Machine dependent

3.4.4.2.3 Interfaces

Machine SONETbackbone

Ti links to individual control processors,operator stations, andfile servers

3.4.4.3 Machine Data Routers

Routersshall provide the functionof allowing communicationlinks betweenany and all processorsin the GACS.

3.4.4.3.1 Equipment Provisions

The GACS shall supply a minimum of one network router for each machine.

3.4.4.3.2 Performance

Each router shall be capableof switchinga minimum of 300,000IP packets/sec

3.4.4.3.3 Interfaces

Routers shall support Ti, Ethernet, and FDDI interfaces.

3.4.4.4 MBS

Requirementsfor the MachineMBS is identical to the GMBS specifiedat level 5.

3.4.5 Machine Timing

Theprimaryfunctionof the MachineTiming Generatoris to providehighprecisionrevolution markersto synchronize
control anddatacollection in the RE, Beam Instrumentation,kicker, and machinesynchronizationsystems.These
markersshall beencodedto allow the extractionof cycle numberinformationand first turn in a cycle information.

3.4.5.1 Performance

Thereis one timing generatorfor eachmachine.Requirementsare given in the following table.
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Table 2:

.

Signal LockedTo
Time-Base

Range
.Resolution PhaseShift

buckets
Jitter + Wander

nsecmis

LEB RF 47M1-Iz-
60MHz

liTimebase 30

MEB RF df=I8OKHz
@60MHz

liTimebase 3 Phasing:.2
Kickers: 1
Other: 10

HEB PP df=700Hz
@60MHz

1/Timebase .02 Phasing:.2
Kickers: 1
Other: 10

Top Col-
lider PP

df=lOHz
@60MHz

1/Timebase .07 @360
MHz

Phasing:.03
Kickers: .38
Other: 10

Bottom
ColliderPP

df=lOHz
@60MHz

1/Timebase .07
@360MHz

Phasing:..03
Kickers: .38

Other: 10
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3.5Level 3 - Sector Controls

3.5.1 Introduction
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Date:

"Sector" is derivedfrom the terminologyof the Collider. which is divided into ten sectorscorrelating to cryogenic
refrigeratorplantsandothersurfacefacilities. In the contextof this specification,sectorcontrolsappliesonly to the
Collider, definedas consistingof 10 sectors,and the HEB with two sectors.The wannmachinesand Test Beamsdo
nothavesectorcontrols,but ratherlevel 4 connectsdirectly to level 2.

At this level,the CIACS shallbedivided into two systems:aProcessControl SystemPCSandaBeamControl System
BCS. The ECS is defined to includeall systemsdirectly associatedwith beamoperation,which are RE PASS, all
magnetsystems,QPS,andbeamdiagnostics.The PCS includesthe systemswhich are supportsystems,specifically
cryogenics,vacuum,LCW and ICW. In the controls specificationtreeshownearlier, PCS is treatedas a machineat
level 4 of the spectree.Detailedrequirementsfor thePCS canbe foundin that document.

In the diagramof Figure 7, the PCS includesthe item labelledRouterand aR items to the left. The BCS at level 3
iicludesthe equipmentto the right. Eachsystemshall be capableof independent,stand-aloneoperation.

3.5.2.1 BCS file servers

File serversshall provide the samefunctionality andperformanceas thosedefinedat the machinelevel. They are
shownhereas sectorcontrols for theHEB andCollideras it is requiredthat eachsectorshall be capableof stand-alone
operationindependentof communicationsand otherequipmentresidingat higherlevels.

3.5.2 Processingand Support Hardware
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Eachsectorhouseshallcontaina permanentoperatorstationwith the samefunctionality of higherlevel stations,only
the requirementsfor theequipmentprovidedaredifferent.At this level,a singlemonitor workstationshall be provided,
rackmountable.No consolefurnitureneedbe provided.

3.5.3 SoftwareInfrastructure

3.5.4 Communications

3.5.4.1 Networks

3.5.4.2 MBS

3.5.5 Timing

No precisiontiming signalsare requiredat this level.

3.5.6 SystemPerformance

3.6 Level 2 - SubsystemControls

3.6.1 Introduction

This level is definedas that which logically combinesa groupof front end systemsinto a control unit. Usingthisdefi
nition, subsystemsof control are shown in Figurexxx.

MCIk

Opczator Station

i..evel 3

Level 2

Level 2

Level 1

PCSData Network

MCIIC Sonct

* FigureSGACS Level 2 - SubsystemControl
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3.6.2 Processingand Support Hardware

3.6.2.1 RMPS Supervisor

3.6.2.2 QPS Supervisor

3.6.2.3 RF Group Controller

3.6.2.4 Vacuum SubsystemControllers

3.6.2.5 Cryogenic SubsystemControllers

3.6.3 Software Infrastructure

3.6.4 Communications

3.6.4.1 Networks

3.6.4.2 MBS

3.6.5 Timing

3.6.6 SystemPerformance

3.7 Level 1 - Front End Controls

3.7.1 Introduction

The following figure showsa breakoutof Level 1 of the GACS model. Includedin this level are:

Interconnects:A systemof connectingsensorcablinginto the GACS

SignalConditioning: A methodto isolate/conditionsensorsignalsprior to connectioninto I/O modules.

I/O interface:Modules which acceptsensordataand translatethem to/from the analog/fieldbusprotocol to/from a
digital formatfor interfacing onto a computerI/O bus.

I/O Bus: The datatransfermediumbetweenthe I/O interfacemoduleand a I/O Control IOC processor.

Processor:A programmabledevicewhich performslocal control tasks

Local operatorstation: A temporaryportablecomputerthrough which maintenance/commissioningpersonnelcan
interact with the Front end processor.

3.7.2 Processingand SupportHardware

The primarycomponentsof the level 1 GACS are shown in figure xxx. Theseare an Input/OutputControllerIOC
crate,powerconditioning andoptionally, signal conditioningunits, 24VDC powersupplies,anda crossconnect
system.

3.7.2.1 IOC Hardware

The IOC shall consistof a processorand I/O modulesin a VME/VXI crate.
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Level 2

Level I
Sonet

__________________

24’VDC Power "i y

Add - Drop P2 Hrker Panel

Multiplexo

TI comms

j1,fC

C.ConneTfl

L System ri:-
4 Signal t

CondiLioning1,
Units I

Power Condidonin

Level I

Level 0 - Sensors
tyt

* Figure9 GACS Level I - Front EndControls

3.7.2.2 Crate

TheGACS shallsupportVME cratesin accordancewith specificationsset forth in Controls DepartmentStandard
for VME cratesCDS-93002.

TheGACS shall supportVXI cratesin accordancewith specificationssetforth in Controls DepartmentStandard
for VXI cratesCDS-93003.

3.7.2.3 Processor

Theprocessorshall be a singleboard computerin a VME/VXI format as listed in Front End Controls Supported
VME/VXI ModulesCDS-93006.

3.7.2.4 General110 Modules

Requirementsfor I/O moduleswill vary by application.Whereverpossible,the modulesusedshall be thoseas
listed in FrontEnd Controls SupportedVME/VXI ModulesCDS-93006.Where newmodule typesare required.
eithercommercialor custom,they shall conform to ControlsDepartmentStandardfor VME/VXI modulesCDS
93xxx and requestsmadeto ASD/CDfor driverdevelopmentand insertion into CDS-93006.

3.7.2.5 GACS Special I/O Modules

3.7.2.5.1 Beam Abort

TheGACS shallprovide a beam abort systemfor the MEB, HEB, andCollider.

3.7.2.5.2 CorrectorPowerSupply Controllers

TheGACS shall providepowersupplycontrol modulesin VME for all magnetsystemsotherthan the RMPS.
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3.7.2.6 Field Bus Support

3.7.2.7 Front End Support Equipment

3.7.2.7.1 X-ConnectSystem

The cross connectsystemservesthe function of interconnectingfield cablesfrom sensors/electro-mechanical
operatorswith the VME/VXI modules.Cross connectsystemsshallmeettherequirementsasdefinedin CDS
93004.

3.7.2.7.2 PowerConditioning

3.7.3 IOC Software

3.7.3.1 Infrastructure

TheGACSshallprovidethoseportionsof the softwareinfrastructurewhich providethe functionalityrequirements,
as describedin the SRS,for real-timesystems.This includesa real-timeoperatingsystemand real-timecontrols
kernel.Furtherrequirementsare alsoplacedon thesoftwareinfrastructurein the following sectionon "bC System
Performance".

3.7.3.2 Applications Software

The GACS shallprovide all applicationssoftware requiredby the beaminstrumentationat level 1. For all other
systems,the GACS shall providethetools and supportto developlevel 1 applications.

3.7.4 Communications

TheGACS shall providenetworkcommunicationmodulesat eachIOC asspecifiedin CDS-93xxx.

3.7.5 Timing

The timing systemshall provideclock signalsto front end equipmentin the form of SVDC triggers.Thesetriggers
shallbe adjustablein both delayand pulsewidth.

3.7.6 JOC SystemPerformance -

3.7.6.1 Processing

Due to still evolving subsystemdesigns,both hardwareand software,a key requirementis for flexibility in the
systemto apply varyingdegreesof processingpowerto meetindividual needs.Therefore,the GACS shall:

- Supportvariousprocessorboardswith minimumperformanceof a Motorola68040and higherperformance
RISC processormodules

- Softwareshallemploya POSIXcompliant,commerciallyavailablereal-timeoperatingsystemsuchthat the
software infrastructurecanbe more readily portedto higher performanceplatforms as they are introducedover
time.

3.7.6.2 Stand-aloneoperation

With all communicationsdisconnectedor otherwiseinoperative,eachbC shallbe capableof continuedstand-alone
operation.
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3.7.6.3 Local Operations

Thesystemshall be capableof stand-aloneoperationwith a portableUNIX workstation.From this local connection,
the systemshall be capableof:

- Downloading/UploadingJOCapplications/configurations

- PerformbasicMM! operations

- Parameterpages

- SystemDiagnosticpages

- Alarm pages
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