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The CAC

Whatis the Centerfor AdvancedComputing?

we provide high-performanceglusterbased
computingto theresearcltommunityof the
University of Michigan

we do this by making4 clustersavailableto
researcheratU of M.




The Hardware

Our Fast-Netvork Cluster:morpheus
104nodes 208 processors
38 nodesarefacultyowned
AMD Athlon CPUs(1.4GHz,2.0GHZz)
200GB RAM (aggreate)
4.5 TB scratchdisk spacgaggr@ate)
0.5TB homedisk spacgsharedvia NFS)
Myrinet connected
RedHatLinux 7.2




The Hardware

Our BiggestCluster:nyx
224nodes448processors
64 nodesarefacultyowned
AMD OpteronCPUs(1.4GHz,1.8GHz)
628 GB RAM (aggreate)
8.0 TB scratchdisk spacgaggr@ate)
2.0 TB homedisk spacgsharedvia NFS)
Gigabit Ethernet(Force-10)connected
SUSELInux EnterpriseSener 8.1




The Hardware

Our Apple Cluster:eliza
64 nodes,128processors
all purchasedby NPACI
Apple G5 CPUs(2.0GHz)
128GB RAM (aggreate)
4.5 TB scratchdisk spacgaggr@ate)
3.0 TB homedisk spacgsharedvia NFS)
Gigabit Ethernet(Force-10)connected
MacOSX 10.3




The Hardware

Our Faculty-OwnedCluster:aon
160nodes320processors
all 160nodesarefacultyowned
Apple G5 CPUs(2.0GHz)
160GB RAM (aggreate)
11 TB scratchdisk spacgaggreate)
1.5TB homedisk spacegsharedvia NFS)
HP ProCune 10/100connected
MacOSX 10.3




The Hardware
TheTotals
552no0des 1104 processors
1.32TB RAM
28 TB scratchdisk space
/ TB homedisk spacesharedvia NFS

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




The Networking
Myrinet
very high-speedetwork; > 2Gbps
very low-lateny network; 8 sec
very expensve network
requiresPCl cardin eachnode
PClcardis bre connectedo switch




The Networking

Force-10
high-speedetwork; 1Gbps
normalEthernetlateng; 60 sec
full line ratebetweenrall ports
usesstandardyigabit network cards

Usinglarge network frames we getabout
940Mbpsbetweemodes




The Networking

Other
we have 10/100switchesaround
faculty-purchasederialcodes
HP ProCune, Linksys




The SystemSoftware

OperatingSystems

Linux
for us,prettymuchbasedon cost

we have abiastowardsRedHat but will
probablyuseSuSEbecaus®f UM'slicensing




The SystemSoftware

OperatingSystems
Linux

for us,prettymuchbasedon cost

we have abiastowardsRedHat but will
probablyuseSuSEbecaus®f UM'slicensing

Mac OS X

we've beenreally happy with it
In clustersjt' sjust Unix with lots of

instrumentatior{l°C), fastprocessorsand
really pretty cases




The SystemSoftware

Queuing
PBSPro

morestablethanOpenPB3but we haven't
tried Torque)

goodeducationapricing
openenoughto let ususethe Maui scheduler

Maui
betterthanPBSPros scheduler




The SystemSoftware

Compilers

PortlandGroupcompilerson Linux (C and
~ortran)

BM Compilerson Mac OS X (Fortran)
gccon Linux andMac




The SystemSoftware

ParallelLibraries

MPI
MessagdPassinginterface
we useLAM andMPI/CH




The Reason

Why do peopleusethesesystems?

~astindividual processors

_argeamountof memoryin individual nodes
—astnetworks

Dedicatedaccesgor daysor weeksatatime
“Fair” accessnanagedy queuingsystem
Certainproblemscanbe parallelized




The Reason
Whatis “parallelization”?

The“problem” is divided betweemultiple node:

Eachnodedoesits part,andtheanswerns
gatheredogetherattheend

Much of engineeringandsciencds discrete
representationsf piece-wisecontinuoudunctions!
matrix math




The Example
Givenamatrix-vectormultiply M ¥ = A, or

a b e ae+ bf

cd f  ce+ df

It' s clearthat A depend®nly onthe rst row of M

andv.
A simplisticparallelizationof a matrix multiply Is to

divide M into a seriesof row vectorsivt, andgive
eachprocessoP; thevectory andoneof therow

vectors,M,-;.




The Usage
Over 205 uniqueusersof Linux clustersn 2004
and2005(upto 2/15)

About 80%utilization of clusterg(thisis
Improving)

Theaveragewait time in the queueas about7
hours,but this depend®nwhatyou canaccess




The Users: CSEM

CSEM: Centerfor Space=nvironmentModeling

Thegoalof CSEMiIs to develophigh-performance
computationamodelsto describeandpredict
hazardougonditionsin the nearearthspace
ernvironment. The modelsmustrun considerably
fasterthanrealtime on parallelcomputers.



TheGlotzerGroup(ChemE)
TheGlotzergroupis discoveringwaysto controlthe
dispersiorf nanoparticlesn polymermeltsand
blendsby usingmoleculardynamics Monte Carlo,
and nite-dif ferenceand nite-elementmethods,
amongothertechnigues.




The Users: Kelffer

JohnKeiffer (MSE)

My objectve Is to derve ananalyticalframework for
thecharacterizatiowf structure-propertyelationship
In porousmaterialsusingMolecularDynamics

simulations.



The Users: Virtual Soldier

Michigan Centerfor Biological Information

Thegoalof this projectis the constructiorof a
completesimulationof the humanthoraxto provide
capablilitiesto diagnosebattle eld injuries,

speci cally ballistic woundsto the heart.



The Administration

PXE/DHCP

we usePXE, DHCP andKickstart/AutoYast
to loadLinux nodes

we useNetBootto loadthe Apple nodes
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radmin

we useradminon bothMacsandLinux
machinego keepthemup to date




The Administration

PXE/DHCP

we usePXE, DHCP andKickstart/AutoYast
to loadLinux nodes

we useNetBootto loadthe Apple nodes

radmin
we useradminon bothMacsandLinux
machinedo keepthemup to date
Kerberos

we run our own Kerberogealmto provide
authentication

we neededhis sowe couldsupportusers
from outsideUM duringthe NPACI years




The Executives

Thedirectionof the CAC is setby anexecutve
committeemadeup of six memberof the College of
Engineering:

Dr. KennethPowell, Aerospacdngineering,
Directorof the CAC

Dr. DarrenDeZeeuwResearclscientistSpace
PhysicsResearclab

Dr. Michael Falk, MaterialsScienceEngineering
Dr. William Martin, NuclearEngineering
Dr. KazuhiroSaitou,MechanicaEngineering

Dr. QuentinStout,ElectricalEngineeringand
ComputerScience




The Staff
SystemsStaf

App

Andy Caird, SystemsVanager

Matthav Britt, SystemsAdministrator
Brock Palen,StudentSystemsAdministrator
icationsandProgrammindstaf

Dr. David Woodcock

Dr. Abhijit Bose



The Staff

nyx , eliza , Andy, David, Madl, anGBrock



The Reasonthis is Hard
Space

we average25 1U nodesperrack+ 4 1U PDUs=
29U (of 42U/rack)

128nodes 6 racks(computenodest headnode
+ storage)
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weallow 3A pernode(6 per20A PDU)
128nodes 400A (20 20A circuits)



The Reasonthis is Hard
Space

we average25 1U nodesperrack+ 4 1U PDUs=
29U (of 42U/rack)

128nodes 6 racks(computenodest headnode
+ storage)

Powver

weallow 3A pernode(6 per20A PDU)

128nodes 400A (20 20A circuits)
Cooling

seepower - mostof thatgoesto heat



The Reasonthis Is Hard
Breadthof Use

We try to supportpeoplefrom all over U of M
DifferentsoftwareneedqFEA to genematching)

DifferenthardwareneedqCPU, memory
network)



The End

For moreinformationaboutwhatthe CAC does,f
andhow we canhelpyou doyourresearclor run your
cluster:

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



	The CAC
	The Hardware
	The Hardware
	The Hardware
	The Hardware
	The Hardware
	The Networking
	The Networking
	The Networking
	The System Software
	The System Software
	The System Software
	The System Software
	The Reason
	The Reason
	The Example
	The Usage
	The Users: CSEM
	The Users: Glotzer

