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The CAC
Whatis theCenterfor AdvancedComputing?

� weprovidehigh-performance,cluster-based
computingto theresearchcommunityof the
Universityof Michigan

� wedo thisby making4 clustersavailableto
researchersatU of M.
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The Hardware
OurFast-Network Cluster:morpheus

� 104nodes,208processors
� 38nodesarefacultyowned
� AMD Athlon CPUs(1.4GHz,2.0GHz)
� 200GB RAM (aggregate)
� 4.5TB scratchdiskspace(aggregate)
� 0.5TB homediskspace(sharedvia NFS)
� Myrinet connected
� RedHatLinux 7.2
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The Hardware
OurBiggestCluster:nyx

� 224nodes,448processors
� 64nodesarefacultyowned
� AMD OpteronCPUs(1.4GHz,1.8GHz)
� 628GB RAM (aggregate)
� 8.0TB scratchdiskspace(aggregate)
� 2.0TB homediskspace(sharedvia NFS)
� GigabitEthernet(Force-10)connected
� SuSELinux EnterpriseServer8.1
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The Hardware
OurAppleCluster:eliza

� 64nodes,128processors
� all purchasedby NPACI
� AppleG5CPUs(2.0GHz)
� 128GB RAM (aggregate)
� 4.5TB scratchdiskspace(aggregate)
� 3.0TB homediskspace(sharedvia NFS)
� GigabitEthernet(Force-10)connected
� MacOSX 10.3

TheUniversityof MichiganCenterfor AdvancedComputing– p.5/29



The Hardware
OurFaculty-OwnedCluster:aon

� 160nodes,320processors
� all 160nodesarefacultyowned
� AppleG5CPUs(2.0GHz)
� 160GB RAM (aggregate)
� 11TB scratchdiskspace(aggregate)
� 1.5TB homediskspace(sharedvia NFS)
� HPProCurve10/100connected
� MacOSX 10.3
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The Hardware
TheTotals

� 552nodes,1104processors
� 1.32TB RAM
� 28TB scratchdiskspace
� 7 TB homediskspacesharedvia NFS

nyx andeliza:288nodes,12 racks,756RAM, 17TB disk
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The Networking
Myrinet

� veryhigh-speednetwork; > 2Gbps
� very low-latency network; � 8� sec
� veryexpensive network
� requiresPCIcardin eachnode
� PCIcardis �bre connectedto switch
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The Networking
Force-10

� high-speednetwork; 1Gbps
� normalEthernetlatency; � 60� sec
� full line ratebetweenall ports
� usesstandardgigabit network cards
� Usinglargenetwork frames,wegetabout

940Mbpsbetweennodes
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The Networking
Other

� wehave 10/100switchesaround
� faculty-purchased,serialcodes
� HPProCurve,Linksys
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The SystemSoftware
OperatingSystems

� Linux
� for us,prettymuchbasedoncost
� wehave abiastowardsRedHat,but will

probablyuseSuSEbecauseof UM' s licensing

� MacOSX
� we'vebeenreallyhappy with it
� in clusters,it' s justUnix with lotsof

instrumentation(I2C), fastprocessors,and
reallyprettycases
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The SystemSoftware
Queuing

� PBSPro
� morestablethanOpenPBS(but wehaven't

triedTorque)
� goodeducationalpricing
� openenoughto let ususetheMaui scheduler

� Maui
� betterthanPBSPro'sscheduler
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The SystemSoftware
Compilers

� PortlandGroupcompilersonLinux (C and
Fortran)

� IBM CompilersonMacOSX (Fortran)
� gcconLinux andMac
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The SystemSoftware
ParallelLibraries

� MPI
� MessagePassingInterface
� weuseLAM andMPI/CH
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The Reason
Why dopeopleusethesesystems?

� Fastindividualprocessors
� Largeamountsof memoryin individualnodes
� Fastnetworks
� Dedicatedaccessfor daysor weeksata time
� “Fair” accessmanagedby queuingsystem
� Certainproblemscanbeparallelized
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The Reason
Whatis “parallelization”?

� The“problem” is dividedbetweenmultiplenodes
� Eachnodedoesits part,andtheansweris

gatheredtogetherat theend

Muchof engineeringandscienceis discrete
representationsof piece-wisecontinuousfunctions!
matrixmath
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The Example
Givenamatrix-vectormultiply M ~v = ~A, or

�
a b
c d

� �
e
f

�
=

�
a � e + b� f
c � e + d � f

�

It' s clearthat ~A dependsonly on the�rst row of M
and~v.
A simplisticparallelizationof amatrix multiply is to
divideM into aseriesof row vectors ~Mr andgive
eachprocessorPi thevector~v andoneof therow
vectors, ~Mr = i .
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The Usage
� Over205uniqueusersof Linux clustersin 2004

and2005(up to 2/15)
� About80%utilizationof clusters(this is

improving)
� Theaveragewait time in thequeueis about7

hours,but thisdependsonwhatyoucanaccess
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The Users: CSEM

CSEM:Centerfor SpaceEnvironmentModeling
Thegoalof CSEMis to develophigh-performance
computationalmodelsto describeandpredict
hazardousconditionsin thenear-earthspace
environment.Themodelsmustrun considerably
fasterthanrealtimeonparallelcomputers.
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The Users: Glotzer

TheGlotzerGroup(ChemE)
TheGlotzergroupis discoveringwaysto controlthe
dispersionof nanoparticlesin polymermeltsand
blendsby usingmoleculardynamics,MonteCarlo,
and�nite-dif ferenceand�nite-elementmethods,
amongothertechniques.
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The Users: Keiffer

JohnKeiffer (MSE)
My objective is to deriveananalyticalframework for
thecharacterizationof structure-propertyrelationships
in porousmaterialsusingMolecularDynamics
simulations.
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The Users: Virtual Soldier

MichiganCenterfor Biological Information
Thegoalof thisprojectis theconstructionof a
completesimulationof thehumanthoraxto provide
capabilitiesto diagnosebattle�eld injuries,
speci�cally ballisticwoundsto theheart.
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The Administration
� PXE/DHCP

� weusePXE,DHCP, andKickstart/AutoYast
to loadLinux nodes

� weuseNetBootto loadtheApplenodes

� radmin
� weuseradminonbothMacsandLinux

machinesto keepthemup to date

� Kerberos
� we run ourown Kerberosrealmto provide

authentication
� weneededthis sowecouldsupportusers

from outsideUM duringtheNPACI years
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The Executives
Thedirectionof theCAC is setby anexecutive
committeemadeupof six membersof theCollegeof
Engineering:

� Dr. KennethPowell, AerospaceEngineering,
Directorof theCAC

� Dr. DarrenDeZeeuw, ResearchScientistSpace
PhysicsResearchLab

� Dr. MichaelFalk, MaterialsScienceEngineering
� Dr. William Martin, NuclearEngineering
� Dr. KazuhiroSaitou,MechanicalEngineering
� Dr. QuentinStout,ElectricalEngineeringand

ComputerScience
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The Staff
SystemsStaff

� Andy Caird,SystemsManager
� Matthew Britt, SystemsAdministrator
� BrockPalen,StudentSystemsAdministrator

ApplicationsandProgrammingStaff
� Dr. David Woodcock
� Dr. Abhijit Bose
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The Staff

nyx , eliza , Andy, David, Matt, andBrockTheUniversityof MichiganCenterfor AdvancedComputing– p.26/29



The Reasonthis is Hard
Space

� weaverage251U nodesperrack+ 4 1U PDUs=
29U(of 42U/rack)

� 128nodes� 6 racks(computenodes+ headnode
+ storage)

Power
� weallow � 3A pernode(6 per20A PDU)
� 128nodes� 400A(20 20A circuits)

Cooling
� seepower - mostof thatgoesto heat
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The Reasonthis is Hard
Breadthof Use

� We try to supportpeoplefrom all overU of M
� Differentsoftwareneeds(FEA to genematching)
� Differenthardwareneeds(CPU,memory,

network)
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The End
For moreinformationaboutwhattheCAC does,if
andhow wecanhelpyoudoyour researchor runyour
cluster:

cac- info@umich.edu
http://cac.engin.umich.edu
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