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Abstract

The AMS-02 detectoris scheduledo beagin to take dataon boardof the ISSin the
fall of year2006for threeconsecutie years.Requirementso the AMS GroundSystems
atJohnsorSpaceCenter(JSC),computingfacilities, eventstorageanddatatransmission
arediscussedpossiblesolutionandsystemarchitecturearepresented.



1 Intr oduction

The AMS-02 detectoris scheduledo begin to take datain the fall of year 2006 and continueto
operatethru the year 2009. Facingincreaseccompleity of the detectorand the outstandingong
run aswell aschangingthe NASA conceptof dataaccessrom the PayloadOperationand Control

CentergPOCC)[1-3] it requiresanew philosophyof AMS centers.
TheAMS data o w from ISSto groundcentergs shavn onFig 1, thecommunicatiorbetweerMSFC
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Figurel: AMS-02 DataFlow

andAMS computersn Houstonareshowvn on Fig 2.

1.1 AMS Ground Centers
Thegroundcomputingsystem[4] canconceptuallybedividedinto thefollowing functionalunits:

GroundSupportComputerd (GSCat MSFC Huntsville AL): receize monitoringandscience
datafrom POICY; buffer science houseleepingand NASA ancillary datafor transmissiorto
ScienceOperationLenter(andif necessaryo PayloadOperationsaandControl Center).

PayloadOperationsand Control Center(POCC):centerwhereAMS operationgake place,in-
cludingcommandingstorageandanalysisof houseleepingdataandpartial sciencedataanal-

ysisfor rapidquality controlandfeedback.

DGSCarchitecturds describedn [5]
2PayloadOperationsandIntegrationCenterat MSFC, Huntsville, Alabama
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Figure2: AMS-02 GroundSupportComputersat JSC

ScienceOperationgCenter(SOC):.recevesandstoresall AMS scienceandhouseleepingdata,
aswell asancillary datafrom NASA, ensuresull sciencedatareconstructiongalibrationand
alignmentkeepsdataavailablefor physicsanalysis;archvesall data.

Reagional CenterdRC) will containanalysidacilitiesto supporfphysicistdrom geographically
closeAMS universitiesandlaboratoriesRC will alsoprovide accesdo SOCdatafor visual-
ization,detectorveri cation studiesandstatusof dataprocessing.

Initially POCCand SOCwill be set-upat the AMS-02 detectorintegrationcite (CERN, Genea),

whenmove to KSC togethemwith the detectoritself for the pre- ight teststhento JSCfor thedetec-
tor activationperiodandbe movedto their nal locationonly aftersuccessfuinstallationonISSand

running-inof theexperimentfor 2-3months.In this notewe addresslatatransmissiorandoperations
issuesandidentify AMS groundcenterscomponentsiuring JSCphaseof AMS-02 1SS mission.

2 Payload Operations Control Center

2.1 POCC computing facilities

AMS computersatthe POCChave to handleall actiities relatedto the operationcontrolandmoni-
toring of AMS detectorFig. 3:
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receve datafrom POIC (andif necessarfrom GSCat MSFC);

monitordataandrun quality controlprograms;

processabout10% of datain “real-time” modeto provide fastinformationto the shift taker.

We intendto use TReK [6] workstationsfor commandingand monitoring. TReK software satis-
es the NASA computingsecurityrequirementsand beendesignedor the remotecommunication
betweenpayloadscontrolroomand POIC. Extensve testsof datatransmissiorbetweenrMSFC and
MIT/CERN usingTReK have alreadybeenmade [7]. It is importantto stresgshatcommandingand
detectorcontrolwill be doneonly from onesingle place,the POCC.However, detectormonitoring
programscanbe run by expertsfrom differentgeographicalocations. TReK workstationcon gura-

tionincludes:

dual-CPU2.8'GHz Pentium;

1 GhyteRAM,;

2xSCSilsystemdisk (operatingsystemandbackup)

RAID diskarray(only for themonitoringTReK station);
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2~ 100Mbit/s (or 1Gbit/s)network controllers;

Windows 20000peratingsystem

MS softwarepackagegAccessExel) andTReK softwarekit
19” color monitor

Two commandingvorkstationgprimaryandbackup)and2 monitoringworkstationswill beinstalled.
We assumethat AMS will have 7-10 persons(a personper suhdetector)per shift to control and
monitor the apparatus18 computerswill be neededo run sub-detectorsnonitoring, eventdisplay
andcontrolprograms.Thetypical computercon gurationwill include:

dual-CPU2.8"GHz Pentium;

1 GhyteRAM,;

SCSilsystemdisk

IDE 250+GBdisk;

2~ 100Mbit/s (or 1Gbit/s)network controllers;
Linux OS

AMS monitoringSW

19” color monitor

10 morecomputerswill be usedto run online dataprocessingandquality assuranc@rograms.This
will allow to processapproximatelyl0% of AMS datawith a delaylessthan 15 minutesafter data
arrive to the POCC.A total of 0.5 TBytesof disk spacewill be availablefor the online computing.
Theseonlinecomputingfacilitieswill befully integratedwith theof ine dataproductionandanalysis
computingsystemsat the SOC,usingthe sameoperatingsystem softwaretools andpackagesThe
sameprogramwill be usedfor dataprocessingn bothcenters.Theonline processindarmwill con-
tain 2 disk-seners,8 processingiodes(see“processinghode” and“disk-sener node”in the Science
Operationgentersection) terminalconsoleandtwo 19” monitors.

2.2 Networking (TBR?®

We assumahat POCCTReK computerswill be connectedo NASA Integration ServiceNetwork
(NISN) andwill useUDP protocolto retrieve datafrom Payload Operationdntegration Centerat
MSFCasit is speci edin ([1]). AMS commandingnill bedonefrom TReK stationsalsoconnected
to NISN. No accesss neededo POCCcomputerdrom public Internet,howvever POCCcomputers
will be alsoconnectedo the private AMS segment(Figures 3, 4) to transmitdatafrom TReK sta-
tionsto the on-line processindgacilities andto the computersn the ScienceOperationsCenter The
connectvity to NISN gatevay andall necessaryetworking equipmentwill be provided by NASA,
networking hubsandswitchesfor AMS ethernesegmentwill be providedby AMS group.

Initially (during testsand ACOP ight) we will set-upa “basic version” ( 4) of POCCat JSCand
CERN(seeTable 4). The“basicversion”will includecommandinglReK station,monitoringTReK
station, AMS workstationandLinux disk-sener.

3this sectionis TBR we arestill studyingdifferentpossibilitiesof network topologywith andwithout TCS
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Figure4: AMS-02 POCCatJSC(“basicversion”)

2.3 POCC location®
Accordingto the currentscenaricOCCwill belocatedin bdlg.30,room212(seeAddendum).

3 ScienceOperations Center (SOC)

3.1 SOCcomputing facilities

The AMS ScienceOperationCenterwill provide all facilities requiredto reconstrucAMS-02 sci-
encedata,calibrateandalign the detectorandstoreresultsof reconstruction.

In this section,we discusgherequirementsassociateavith eachof thesefunctionsduring AMS
operationsat JSC(the estimationof therequiredresourcess donein [4]).

3.1.1 AMS-02 Event Processing

The eventdataproductionis describedn moredetailsin [4]. Thetotal power of the AMS-02 pro-
cessingarm mustbe equivalentto 400x450MHzPentiumll processorsncluding 20% contingeng
andreprocessingA homogeneougarm of multi-processoPentium(AMD) basedsystemsunning
Linux is proposedasa costeffective way to provide this processingpower. Dependingon the pro-
cessoiclock speedthefarmwill contain45to 50independentodesn its nal con guration,for the

“roomassignmentis preliminaryandcanbe changedater
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Figure5: AMS-02 SOCatJSC( ight version)

JSCphasewe will set-upfarmof 20-30nodes.Therewill betwo typesof nodes, pure” processors
(processinghodes)andseners,with thefollowing typical con gurations:

“processingnode”:

— dual-CPU2.8'GHz Pentium/AMD;

— 1 Gbyte/CPURAM;

— SCSilsystemdisk

— SCSIRAID controller 6x250GB+IDE disks;

— 27 1 Gbit/snetwork controllers;

— 17 100Mbit/s (or 1Gbit/s)network controllers;
— Linux operatingsystem

“servernode”:

— dual-CPU2.8"GHz Pentium/AMD;

— 1 GbyteRAM,;

— 2 SCSildisks(systemdisk andbackup)
— 3 SCSIRAID controllers



— 24x250+GBIDE disks;

— 27 1 Gbit/snetwork controllers;

— 17 100Mbit/s (or 1Gbit/s)network controllers;
— Linux operatingsystem.

3.1.2 Data Storage”

During JSCphaseheaccesgo theraw datawill belimited andmustbe providedonly for thefollow-
ing purposes:

detectoweri cation studiestheaccessvill begrantedo theLaboratoriegparticipatedn build-
ing detectorandreadoutelectronics;

calibration(accesgo selectedlata,for exampledatafrom Tracker, TRD or ECAL);
alignment(accesgo selectedlata);
eventvisualisation(accesgo avery smallfractionof data);

Basedntheexperienceof the rst ight, thecalibrationinformationandraw datatakenduringthe
rst threemonthsshouldbe on directaccesslisksatary giventime. In addition,all EventSummary
Data(ESD)aresupposedo be kepton disksfor thesameperiodof time. All takenandreconstructed
datawill be written on LTO tapes(200GB/cartridge)nd later addedinto AMS archving system
installedat CERN.Two IBM LTO tapedriveswill be connectedo the productionfarmdisk-senrers.
Theestimationof datavolumeis givenin Table 1, it is derivedfrom [4].

DataType Total size DataOn Direct Datato be
3 months(Thyte) | Accesdisks(Tbyte) | archved(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 |

Tablel: AMS-02 datavolumes(3 months)

3.1.3 PhysicsAnalysis Facility

The mainmissionof the AMS-02 PhysicsAnalysiswill beto allow fastbatchandinteractve access
to thebulk of the AMS-02 data.Assumtionof 60 actively working physicistsaandanestimatiornof the
averageeventaccesgime leadsto a systemequialentto 10 © 2+ GHz Pentiumlll processorand
2 Tbytesof disk space.

The Analysis farm will be set-upbasedon 10 Pentiumscomputers(2 seners and 8 “processing
nodes”)with the con guration similarto the SOCProductionFarm.

®)Thede nitions usedin this sectionarepresentedn [4]



3.1.4 Web,News,E-mail sewvices,Data and Databasesewers

Onedual-CPUPentium(in disk-serer con guration) will be setupasAMS Web, News and E-mail
sener duringJSCphasegthe backupcomputemwill beoneof thesenersusedfor dataanalysis).
Onedual-CPUPentium(in disk-serercon guration)will set-upasdatasenerfor theexternalaccess
from AMS RegionalCentersDatatransmissiorirom SOCto theoutsideof JSCwill belimited during
the rst 3 monthsof AMS operations.

Two PentiumPCswith a con guration similar to the disk-sener PC usedfor the AMS Production
Farmwill beset-upasadatabasseners.

3.1.5 Networking

SOC analysisseners, “Web” and datasenerswill be connectedo Internet(“green” JIN) andto
the private AMS gigabit segment. The connectvity to JIN gatavay andall necessarnetworking
equipmenwill beprovidedby NASA, networking hubsandswitchesfor AMS ethernesegmentwill
be providedby AMS group. It is higly desirableto have connectiorbetweemrAMS privatesegments
in POCCandSOC.

3.1.6 SOCIocation ®

SOCwill belocatedin Bldg.30,room3301(seeAddendum).

3.2 “Terminal room(s)”

More than100 AMS physicistswill work at JSCduringthe rst threemonthsof the ight. Most of
them( 80%)will have notebooksandwill needconnectiorto theInternet. The specialroom(s)must
be set-upto provide connectvity to JIN. The“terminal room(s)”locationis TBD.

3.3 “AMS CSRroom”

AMS CSRis apartof payloadCSR,theplacewhereAMS Operationsoordinator(swill take shifts.
AMS CSRroomwill belocatedin Bldg.30M,room236 (seeAddendum).

AMS Computersat JSC

AMS-02 computingfacilitiesaresummarizedn Table 2 andin Table 3.

4 Maintenance

Computersand networking maintenancevill be coveredby AMS experiment,excluding NISN and
JSCnetworking gatevaysandswitches.

®roomassignmentss preliminaryandcanbe changedater
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DataAnalysis

Pentium Linux

Center Location Function Computer Qty
POCC Bldg.30,Rm.212
Commanding Pentium W2000,TReK
Telemetry PentiumW2000,TReK
Monitoring Pentium Linux
On-lineprocessing PentiumLinux
Networking Switch
Networking Hubs
19” Color Monitor
Terminalconsole
UPS
Monitoring MCC WS
SOC Bldg.30,Rm.3301 DataProcessing Pentium Linux

[ ) ) [
PNNooNvabroNdERErNMNERNNMANMBoNMEEMN

DataSener Pentium Linux
DataBasesener Pentium Linux
WebandNews Sener Pentium Linux
DataArchiving IBM LTO drive
Networking switch
Networking hub
17" Color Monitor
TerminalConsole
UPS
“TerminalRoom” tbd notebook 100
AMS CSR Bldg.30M,Rm236 Monitoring Pentium Linux
19” Color Monitor
Monitoring MCC WS

Table2: AMS-02 computingfacilitiesat JSC

5 Implementation Plan

Milestonesandcomputersnstallationplanarepresentedn Table 4.
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HW type LxHxP (cm) | Weight(kg) | Qty (POCC)| Qty (SOCC)| Qty(CSR)
Processingnd 19.8x42.2x42 10 30 27 2
Monitoring Nodes

SenerNode 21.8x66.4x47 15 2 6

DataSener 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
CERN
ECAL
GB
GSC
H&S
ISS
MSFC
NASA
0N
POCC
SOC
B
TBR
TReK
UPS
WS

: AMS Crew OperationPost

. EuropearParticle PhysicsLaboratory

: Electromagneti€alorimeterof AMS

. GigaByte

: AMS GroundSupportComputers

: HealthandStatusdata

. InternationalSpaceStation

: NASA MarshallSpace-light CenterAL
: NationalAeronartics andSpaceAgengy
: OperatingSystem

: AMS PayloadOperationgontrolCenter
: AMS ScienceDPeration<enter

: TeraByte

: ToBe Resohed

: Telescienc&esourceit SW

: Uninterrupted®ower Supply

: WorkStation
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AMS
DST
ESD
GHz
JSC
HW
KSC
LTO
NISN
PC
POIC
sSwW
TBD
TRD
TSC

: Alpha-MagneticSpectrometer

: DataSummaryTape(seeESD)

: EventSummaryData

: GigaHertz

: NASA JohnsorSpaceCenterTX

: Hardware

: NASA KennedySpaceCenterFL

: LinearTapeOpen

: NASA IntegrationServiceNetwork

: PersonaComputer

. PayloadOperationsandintegrationCenter
: Software

: ToBeDe ned

: TransitionRadiationDetectorof AMS
: Telescienc&€enter



Addendum
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Year

Responsible

Comments

Q12004

A.Klimentov
PNemeth
B.Robichaux

Identify specof AMS centersn Houston,
agreeaboutnetworking anddatatransmission
scenariosTIM@JSCto nalize thisdocument.

Q42004

N.Bornas
A.Klimentov
B.Robichaux

J.Ritakari

A.Eline

G.Carosi

Installationof AMS TReK stationprototypeat JSC
DatatransmissioriestsbetweerPOIC @ MSFCandJSC
Installationof AMS SOCdatasener prototypeat JSC
DatatransmissionestsbetweerPOIC,AMS GSCat MSFC
andJSC

Q12005

N.Bornas
P.Dennett
A.Klimentov
A.Lebede
B.Robichaux
G.Carosi

Installationof AMS TReK stationprototypeat JSC
AMS CommandingestsbetweerACOR POICandJSC

L-8 months

N.Bornas
P.Dennett
A.Klimentov
A.Lebede
B.Robichaux
J.Ritakari
G.Carosi

set-upat JSCthe“basicversion”of the POCC
testswith ACOPfor commandinganddata
transmissio{ACOR POIC,POCCatJSC)

L-6 months

A.Klimentov
K.Scholbeg
P.Dennett
A.Lebede
J.Ritakari
G.Carosi
A.Eline

set-upPOCC"basicversion”at CERN
set-upAMS monitoringstationin MIT
testswith ACOPfor commandinganddata
transmissiofACOR POIC,CERNandMIT)

L-2 month

L-1 month

A.Klimentov
B.Robichaux

V.Choutlo

A.Eline

set-upPOCC" ight con guration”

set-upSOC* ight con guration”
set-up‘terminalroom”

L-1 week

commandinganddatatransmissiorveri cation

L+2 months

A.Klimentov

set-upSOC*ight con guration” at CERN
set-upPOCC*" ight con guration” at CERN
move partof SOCcomputerdrom JSCto CERN

L+3 months

A.Klimentov
A.Eline
V.Choutlo

actvateAMS POCCat CERN

move all SOCequipmento CERN
actvateAMS SOCatCERN

set-upAMS POCC"basicversion”atJSC

L+5 months

A.Klimentov
B.Robichaux

dismountAMS POCCatJSC

Table4: Milestonesfor the Computinginfrastructurenstallation
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Figure8: JSC,Building 30M, Room236.CSR
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