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Abstract

The AMS-02 detectoris scheduledto begin to take dataon boardof the ISS in the
fall of year2006for threeconsecutiveyears.Requirementsto theAMS GroundSystems
at JohnsonSpaceCenter(JSC),computingfacilities,eventstorageanddatatransmission
arediscussed,possiblesolutionandsystemarchitecturearepresented.



1 Intr oduction

The AMS-02 detectoris scheduledto begin to take datain the fall of year 2006 and continueto
operatethru the year2009. Facing increasedcomplexity of the detectorand the outstandinglong
run aswell aschangingthe NASA conceptof dataaccessfrom the PayloadOperationandControl
Centers(POCC)[1–3] it requiresanew philosophyof AMS centers.
TheAMS data�o w from ISSto groundcentersis shownonFig 1, thecommunicationbetweenMSFC
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Figure1: AMS-02DataFlow

andAMS computersin Houstonareshown on Fig 2.

1.1 AMS Ground Centers

Thegroundcomputingsystem[4] canconceptuallybedividedinto thefollowing functionalunits:

� GroundSupportComputers1) (GSCat MSFCHuntsvilleAL): receive monitoringandscience
datafrom POIC2); buffer science,housekeepingandNASA ancillary datafor transmissionto
ScienceOperationsCenter(andif necessaryto PayloadOperationsandControlCenter).

� PayloadOperationsandControlCenter(POCC):centerwhereAMS operationstake place,in-
cludingcommanding,storageandanalysisof housekeepingdataandpartialsciencedataanal-
ysisfor rapidquality controlandfeedback.

1)GSCarchitectureis describedin [5]
2)PayloadOperationsandIntegrationCenterat MSFC,Huntsville,Alabama
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Figure2: AMS-02GroundSupportComputersat JSC

� ScienceOperationsCenter(SOC):receivesandstoresall AMS scienceandhousekeepingdata,
aswell asancillarydatafrom NASA, ensuresfull sciencedatareconstruction,calibrationand
alignment;keepsdataavailablefor physicsanalysis;archivesall data.

� RegionalCenters(RC)will containanalysisfacilitiesto supportphysicistsfrom geographically
closeAMS universitiesandlaboratories,RC will alsoprovide accessto SOCdatafor visual-
ization,detectorveri�cation studiesandstatusof dataprocessing.

Initially POCCandSOCwill be set-upat the AMS-02 detectorintegrationcite (CERN, Geneva),
whenmove to KSC togetherwith thedetectoritself for thepre-�ight tests,thento JSCfor thedetec-
tor activationperiodandbemovedto their �nal locationonly aftersuccessfulinstallationon ISSand
running-inof theexperimentfor 2-3months.In thisnoteweaddressdatatransmissionandoperations
issuesandidentify AMS groundcenterscomponentsduringJSCphaseof AMS-02 ISSmission.

2 PayloadOperationsControl Center

2.1 POCC computing facilities

AMS computersat thePOCChave to handleall activities relatedto theoperation,controlandmoni-
toringof AMS detectorFig. 3:
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� sendcommandsto AMS detector;

� receivedatafrom POIC(andif necessaryfrom GSCatMSFC);

� monitordataandrunquality controlprograms;

� processabout10%of datain “real-time” modeto provide fastinformationto theshift taker.

We intend to useTReK [6] workstationsfor commandingandmonitoring. TReK softwaresatis-
�es the NASA computingsecurityrequirementsandbeendesignedfor the remotecommunication
betweenpayloadscontrol roomandPOIC.Extensive testsof datatransmissionbetweenMSFCand
MIT/CERN usingTReK have alreadybeenmade [7]. It is importantto stressthatcommandingand
detectorcontrolwill bedoneonly from onesingleplace,thePOCC.However, detectormonitoring
programscanberun by expertsfrom differentgeographicallocations.TReK workstationcon�gura-
tion includes:

� dual-CPU2.8+GHzPentium;

� 1 GbyteRAM;

� 2xSCSIsystemdisk (operatingsystemandbackup)

� RAID diskarray(only for themonitoringTReKstation);
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� 2 ´ 100Mbit/s (or 1Gbit/s)network controllers;

� Windows2000operatingsystem

� MS softwarepackages(Access,Exel) andTReK softwarekit

� 19” colormonitor

Two commandingworkstations(primaryandbackup)and2 monitoringworkstationswill beinstalled.
We assumethat AMS will have 7-10 persons(a personper sub.detector)per shift to control and
monitor theapparatus.18 computerswill be neededto run sub-detectorsmonitoring,eventdisplay
andcontrolprograms.Thetypical computercon�gurationwill include:

� dual-CPU2.8+GHzPentium;

� 1 GbyteRAM;

� SCSIsystemdisk

� IDE 250+GBdisk;

� 2 ´ 100Mbit/s (or 1Gbit/s)network controllers;

� Linux OS

� AMS monitoringSW

� 19” colormonitor

10 morecomputerswill beusedto run onlinedataprocessingandquality assuranceprograms.This
will allow to processapproximately10% of AMS datawith a delaylessthan15 minutesafterdata
arrive to thePOCC.A total of 0.5 TBytesof disk spacewill be availablefor theonlinecomputing.
Theseonlinecomputingfacilitieswill befully integratedwith theof�ine dataproductionandanalysis
computingsystemsat theSOC,usingthesameoperatingsystem,softwaretoolsandpackages.The
sameprogramwill beusedfor dataprocessingin bothcenters.Theonlineprocessingfarmwill con-
tain 2 disk-servers,8 processingnodes(see“processingnode”and“disk-servernode”in theScience
OperationsCentersection),terminalconsoleandtwo 19” monitors.

2.2 Networking (TBR)3)

We assumethat POCCTReK computerswill be connectedto NASA IntegrationServiceNetwork
(NISN) andwill useUDP protocol to retrieve datafrom PayloadOperationsIntegrationCenterat
MSFCasit is speci�edin ( [1]). AMS commandingwill bedonefrom TReKstationsalsoconnected
to NISN. No accessis neededto POCCcomputersfrom public Internet,however POCCcomputers
will bealsoconnectedto theprivateAMS segment(Figures 3, 4) to transmitdatafrom TReK sta-
tionsto theon-lineprocessingfacilitiesandto thecomputersin theScienceOperationsCenter. The
connectivity to NISN gateway andall necessarynetworking equipmentwill beprovidedby NASA,
networkinghubsandswitchesfor AMS ethernetsegmentwill beprovidedby AMS group.
Initially (during testsandACOP �ight) we will set-upa “basic version” ( 4) of POCCat JSCand
CERN(seeTable 4). The“basicversion”will includecommandingTReKstation,monitoringTReK
station,AMS workstationandLinux disk-server.

3)this sectionis TBR, wearestill studyingdifferentpossibilitiesof network topologywith andwithoutTCS
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2.3 POCC location4)

Accordingto thecurrentscenarioPOCCwill belocatedin bdlg.30,room212(seeAddendum).

3 ScienceOperationsCenter (SOC)

3.1 SOC computing facilities

TheAMS ScienceOperationsCenterwill provide all facilities requiredto reconstructAMS-02 sci-
encedata,calibrateandalign thedetectorandstoreresultsof reconstruction.

In this section,we discusstherequirementsassociatedwith eachof thesefunctionsduringAMS
operationsat JSC(theestimationof therequiredresourcesis donein [4]).

3.1.1 AMS-02 Event Processing

Theeventdataproductionis describedin moredetailsin [4]. The total power of theAMS-02 pro-
cessingfarmmustbeequivalentto 400x450MHzPentiumII processors,including20%contingency
andreprocessing.A homogeneousfarmof multi-processorPentium(AMD) basedsystemsrunning
Linux is proposedasa costeffective way to provide this processingpower. Dependingon thepro-
cessorclockspeed,thefarmwill contain45to 50 independentnodesin its �nal con�guration,for the

4)roomassignmentsis preliminaryandcanbechangedlater
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JSCphasewe will set-upfarmof 20-30nodes.Therewill betwo typesof nodes,“pure” processors
(processingnodes)andservers,with thefollowing typical con�gurations:

� “processingnode”:

– dual-CPU2.8+GHzPentium/AMD;

– 1 Gbyte/CPURAM;

– SCSIsystemdisk

– SCSIRAID controller, 6x250GB+IDE disks;

– 2 ´ 1 Gbit/snetwork controllers;

– 1 ´ 100Mbit/s (or 1Gbit/s)network controllers;

– Linux operatingsystem

� “servernode”:

– dual-CPU2.8+GHzPentium/AMD;

– 1 GbyteRAM;

– 2 SCSIdisks(systemdiskandbackup)

– 3 SCSIRAID controllers
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– 24x250+GBIDE disks;

– 2 ´ 1 Gbit/snetwork controllers;

– 1 ´ 100Mbit/s (or 1Gbit/s)network controllers;

– Linux operatingsystem.

3.1.2 Data Storage5)

DuringJSCphasetheaccessto theraw datawill belimited andmustbeprovidedonly for thefollow-
ing purposes:

� detectorveri�cation studies;theaccesswill begrantedto theLaboratoriesparticipatedin build-
ing detectorandreadoutelectronics;

� calibration(accessto selecteddata,for exampledatafrom Tracker, TRD or ECAL);

� alignment(accessto selecteddata);

� eventvisualisation(accessto averysmallfractionof data);

Basedontheexperienceof the�rst �ight, thecalibrationinformationandraw datatakenduringthe
�rst threemonthsshouldbeon directaccessdisksatany giventime. In addition,all EventSummary
Data(ESD)aresupposedto bekeptondisksfor thesameperiodof time. All takenandreconstructed
datawill be written on LTO tapes(200GB/cartridge)and later addedinto AMS archiving system
installedat CERN.Two IBM LTO tapedriveswill beconnectedto theproductionfarmdisk-servers.
Theestimationof datavolumeis givenin Table 1, it is derivedfrom [4].

DataType Total size DataOn Direct Datato be
3 months(Tbyte) Accessdisks(Tbyte) archived(Tbyte)

Raw Data 4-5 4-5 4-5
EventSummaryData 12-15 12-15 12-15
EventTag 0.1 0.1 0.1
HouseKeepingData 0.02 0.02 0.02
Total (TBytes) 16-20 16 - 20 16- 20

Table1: AMS-02datavolumes(3 months)

3.1.3 PhysicsAnalysisFacility

Themainmissionof theAMS-02 PhysicsAnalysiswill beto allow fastbatchandinteractiveaccess
to thebulk of theAMS-02data.Assumtionof 60actively workingphysicistsandanestimationof the
averageeventaccesstime leadsto a systemequivalentto 10 ´ 2+ GHz PentiumIII processorsand
2 Tbytesof diskspace.
The Analysis farm will be set-upbasedon 10 Pentiumscomputers(2 servers and 8 “processing
nodes”)with thecon�gurationsimilar to theSOCProductionFarm.

5)Thede�nitions usedin this sectionarepresentedin [4]
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3.1.4 Web,News,E-mail services,Data and Databaseservers

Onedual-CPUPentium(in disk-server con�guration)will besetupasAMS Web,News andE-mail
serverduringJSCphase(thebackupcomputerwill beoneof theserversusedfor dataanalysis).
Onedual-CPUPentium(in disk-servercon�guration)will set-upasdataserverfor theexternalaccess
fromAMS RegionalCenters.DatatransmissionfromSOCto theoutsideof JSCwill belimitedduring
the�rst 3 monthsof AMS operations.
Two PentiumPCswith a con�guration similar to the disk-server PC usedfor the AMS Production
Farmwill beset-upasadatabaseservers.

3.1.5 Networking

SOC analysisservers, “Web” and dataserverswill be connectedto Internet(“green” JIN) and to
the privateAMS gigabit segment. The connectivity to JIN gateway andall necessarynetworking
equipmentwill beprovidedby NASA, networkinghubsandswitchesfor AMS ethernetsegmentwill
beprovidedby AMS group. It is higly desirableto have connectionbetweenAMS privatesegments
in POCCandSOC.

3.1.6 SOC location 6)

SOCwill belocatedin Bldg.30,room3301(seeAddendum).

3.2 “Terminal room(s)”

More than100AMS physicistswill work at JSCduringthe�rst threemonthsof the �ight. Most of
them( 80%)will havenotebooksandwill needconnectionto theInternet.Thespecialroom(s)must
beset-upto provideconnectivity to JIN. The“terminal room(s)”locationis TBD.

3.3 “ AMS CSRroom”

AMS CSRis apartof payloadCSR,theplacewhereAMS Operationscoordinator(s)will takeshifts.
AMS CSRroomwill belocatedin Bldg.30M,room236(seeAddendum).

AMS Computersat JSC

AMS-02computingfacilitiesaresummarizedin Table 2 andin Table 3.

4 Maintenance

Computersandnetworking maintenancewill becoveredby AMS experiment,excludingNISN and
JSCnetworkinggatewaysandswitches.

6)roomassignmentsis preliminaryandcanbechangedlater
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Center Location Function Computer Qty
POCC Bldg.30,Rm.212

Commanding Pentium,W2000,TReK 2
Telemetry Pentium,W2000,TReK 2
Monitoring Pentium,Linux 18

On-lineprocessing PentiumLinux 10
NetworkingSwitch 2
NetworkingHubs 6
19” ColorMonitor 25
Terminalconsole 2

UPS 4
Monitoring MCC WS 2

SOC Bldg.30,Rm.3301 DataProcessing Pentium,Linux 20
DataAnalysis Pentium,Linux 10
DataServer Pentium,Linux 2

DataBaseServer Pentium,Linux 2
WebandNewsServer Pentium,Linux 1

DataArchiving IBM LTO drive 2
Networkingswitch 6
Networkinghub 4

17” ColorMonitor 5
TerminalConsole 2

UPS 6
“TerminalRoom” tbd notebook 100
AMS CSR Bldg.30M,Rm236 Monitoring Pentium,Linux 2

19” ColorMonitor 2
Monitoring MCC WS 1

Table2: AMS-02computingfacilitiesatJSC

5 Implementation Plan

Milestonesandcomputersinstallationplanarepresentedin Table 4.
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HW type LxHxP (cm) Weight(kg) Qty (POCC) Qty (SOCC) Qty(CSR)
Processingand 19.8x42.2x42 10 30 27 2
MonitoringNodes
ServerNode 21.8x66.4x47 15 2 6
DataServer 42.4x75x66.4 50 - 2
TerminalConsole 48x9x22 5 2 2
Switches 48x9x22 5 2 6
Hubs 48x5x22 3 6 4
LTO Tapedrive 20x15x33 6 - 2
UPS 17x22x43 10 4 6

Table3: DimensionsandWeights(2003/2004specs)
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Abbreviations

ACOP : AMS Crew OperationPost AMS : Alpha-MagneticSpectrometer
CERN : EuropeanParticlePhysicsLaboratory DST : DataSummaryTape(seeESD)
ECAL : ElectromagneticCalorimeterof AMS ESD : EventSummaryData
GB : GigaByte GHz : GigaHertz
GSC : AMS GroundSupportComputers JSC : NASA JohnsonSpaceCenterTX
H&S : HealthandStatusdata HW : Hardware
ISS : InternationalSpaceStation KSC : NASA KennedySpaceCenterFL
MSFC : NASA MarshallSpaceFlight CenterAL LTO : LinearTapeOpen
NASA : NationalAeronavtics andSpaceAgency NISN : NASA IntegrationServiceNetwork
OS : OperatingSystem PC : PersonalComputer
POCC : AMS PayloadOperationsControlCenter POIC : PayloadOperationsandIntegrationCenter
SOC : AMS ScienceOPerationsCenter SW : Software
TB : TeraByte TBD : To BeDe�ned
TBR : To Be Resolved TRD : TransitionRadiationDetectorof AMS
TReK : TelescienceResourceKit SW TSC : TelescienceCenter
UPS : UninterruptedPowerSupply
WS : WorkStation
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Addendum

Figure6: JSC,Building 30,Room212.POCC
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Year Responsible Comments
Q1 2004 A.Klimentov Identify specsof AMS centersin Houston,

P.Nemeth agreeaboutnetworkinganddatatransmission
B.Robichaux scenarios.TIM@JSCto �nalize thisdocument.

Q4 2004 N.Bornas Installationof AMS TReK stationprototypeat JSC
A.Klimentov DatatransmissiontestsbetweenPOIC@ MSFCandJSC
B.Robichaux Installationof AMS SOCdataserverprototypeat JSC

J.Ritakari DatatransmissiontestsbetweenPOIC,AMS GSCatMSFC
A.Eline andJSC

G.Carosi
Q1 2005 N.Bornas Installationof AMS TReK stationprototypeat JSC

P.Dennett AMS CommandingtestsbetweenACOP, POICandJSC
A.Klimentov

A.Lebedev
B.Robichaux

G.Carosi
L-8 months N.Bornas set-upat JSCthe“basicversion”of thePOCC

P.Dennett testswith ACOPfor commandinganddata
A.Klimentov transmission(ACOP, POIC,POCCatJSC)

A.Lebedev
B.Robichaux

J.Ritakari
G.Carosi

L-6 months A.Klimentov set-upPOCC“basicversion”atCERN
K.Scholberg set-upAMS monitoringstationin MIT

P.Dennett testswith ACOPfor commandinganddata
A.Lebedev transmission(ACOP, POIC,CERNandMIT)
J.Ritakari
G.Carosi
A.Eline

L-2 month A.Klimentov set-upPOCC“�ight con�guration”
B.Robichaux

L-1 month V.Choutko set-upSOC“�ight con�guration”
A.Eline set-up“terminal room”

L-1 week commandinganddatatransmissionveri�cation
L+2 months A.Klimentov set-upSOC“�ight con�guration” atCERN

set-upPOCC“�ight con�guration” atCERN
movepartof SOCcomputersfrom JSCto CERN

L+3 months A.Klimentov activateAMS POCCatCERN
A.Eline moveall SOCequipmentto CERN

V.Choutko activateAMS SOCatCERN
set-upAMS POCC“basicversion”at JSC

L+5 months A.Klimentov dismountAMS POCCatJSC
B.Robichaux

Table4: Milestonesfor theComputingInfrastructureinstallation
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Figure7: JSC,Building 30,Room3301.SOC
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Figure8: JSC,Building 30M, Room236.CSR
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