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MotivationMotivation

• Massive increase of amount of scientific data through• Massive increase of amount of scientific data through 
simulations and observations

• Trend continues and acceleratesTrend continues and accelerates
• The next grand challenge is not “simple search of“ but         

“discovery from“ from big data through complex queriesdiscovery from from big data through complex queries
• Finding useful information that you are not intuitively aware 

of will be the key of breakthroughsy g
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ObservationObservation

• Impressive trajectory of performance growth• Impressive trajectory of performance growth 
• CPUs, IOPS, parallelism
• 1 CPU Power3 @ 1GF in 1999• 1 CPU Power3 @ 1GF in 1999
• 1 Intel Xeon 6‐core @ 70 GF in 2011 

B d idth d l t di k• Bandwidth and latency per disk
• Scale bandwidth, but can’t decrease latency with # of disks
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Access to MemoryAccess to Memory
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Select the SystemsSelect the Systems

SGI UV NEC SX‐9

CRAY XMT2
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SGI UV 1000 (Rothorn)SGI UV‐1000 (Rothorn)

• Architecture
– 16 dual‐socket Blades
– 128 GB main memory per Blade

32 Intel Xeon E7 (Westmere EX)– 32 Intel Xeon E7 (Westmere‐EX) 
• Westmere‐EX

– 8 cores
– 2.67 GHz x 4 x 8 = 85 Gflops
– 24 MB L3‐Cache
NUMAli k 5• NUMAlink 5
– 15GB/s x 4 = 60 GB/s per blade
– 2 TB ccNUMA RAM

At CSCS since April 29th 2011– SLES11 and SGI software
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Westmere EXWestmere‐EX

8User Assembly May 2011



SGI UV 1000 NUMA BladeSGI UV 1000 NUMA Blade
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Source: www.sgi.com/pdfs/4192.pdf



4 router Topology4 router Topology

• Each router with 16• Each router with 16 
NUMAlink ports 

• 8 to the network 8 to8 to the network, 8 to 
the nodes

• Packed into groups of 4Packed into groups of 4 
routers

• Linkspeed 7.5 GB/s per p / p
direction, 15 GB/s bidir.
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Programming ModelsProgramming Models

• Sequential codes• Sequential codes
• OpenMP
• MPI• MPI
• Hybrid OpenMP / MPI

Pth d• Pthreads
• SGI UPC compiler 

conform to Version 1 2 standard– conform to Version 1.2 standard

• Java
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SGI UV 1000SGI UV‐1000

l 88total 88
drwxr-sr-x  3 root csstaff 4096 2011-05-05 14:46 cmake
drwxrwsr-x  6 tack csstaff 4096 2011-05-06 10:07 hdf5-1.8.6
lrwxrwxrwx  1 root csstaff   16 2011-05-06 10:08 intel -> ../julier/intel/
drwxrwsr-x 10 tack csstaff 4096 2011-05-06 10:09 modulefiles
d 4 t k t ff 4096 2011 05 04 16 30 i h2 1 3 2 1drwxr-sr-x  4 tack csstaff 4096 2011-05-04 16:30 mpich2-1.3.2p1
drwx--S--- 3 tack csstaff 4096 2011-05-04 09:07 mvapich-1.2rc1
drwx--S--- 4 tack csstaff 4096 2011-05-04 16:30 mvapich2-1.6
drwxrwsr-x  5 tack csstaff 4096 2011-05-06 09:00 netcdf-4.1.2
drwxr-sr-x  3 tack csstaff 4096 2011-04-29 13:47 pgi-10.9
drwxrwsr x 3 tack csstaff 4096 2011 04 29 10:27 pgi 11 4drwxrwsr-x  3 tack csstaff 4096 2011-04-29 10:27 pgi-11.4
drwxrwsr-x  3 root csstaff 4096 2011-05-05 09:20 system
thomscho@rothorn:/apps/rothorn> pwd
/apps/rothorn
thomscho@rothorn:/apps/rothorn>

 Visit /apps/rothorn
 Modules Environment

 Allows to switch between various versions of compiler and librariesAllows to switch between various versions of compiler and libraries
 Batch Scheduler SLURM

 Start with one demon for all cores
 One demon for each node
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Select the SystemsSelect the Systems

SGI UV NEC SX‐9

CRAY XMT2
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Cray XMT’s ApplicationsCray XMT s Applications

• Any application that involvesAny application that involves
– Random or indirect memory accessess
– Unbalanced subcomputations
– Unstructured dynamic and/or sparse data structuresUnstructured, dynamic, and/or sparse data structures
– Linked data structures
– Sorting or searching
– Huge data sets– Huge data sets

• Applications that need to access large amounts
f d i di t blof memory and in an unpredictable manner
– Graph Analysis
– Data Mining
– Business intelligence
– Pattern matching
– Power grid analysis
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CRAY XMT2CRAY XMT2

• World’s First Next Generation XMT Supercomputer• World s First Next Generation XMT Supercomputer
• Designed for deep analysis of large datasets
• Special Purpose Processor with 128 Hardware Threads• Special Purpose Processor with 128 Hardware Threads
• Very low power 

B ilt th C XT5 I f t t• Built on the Cray XT5 Infrastructure
• Highly scalable to 128 TB RAM per System

P i C/C C il• Propietary C/C++ Compiler
• Outstanding Performance on Graph

bl dProblems, up to  2 or 3 magnitudes
over Conventional Clusters

15User Assembly May 2011



CRAY XMT2 (Matterhorn)CRAY XMT2 (Matterhorn)

• The Cray XMT provides the programmer an illusion of a globally• The Cray XMT provides the programmer an illusion of a globally 
addressable flat memory hierarchy, thus avoiding the need for load‐
balanced data partitioning and redistribution among processors

• Architecture
– 1 Cabinet with 16 quad‐socket Compute Blades– 1 Cabinet with 16 quad‐socket Compute Blades
– 64 Cray Threadstorm CPUs with 32 GB per CPU
– 2 TB of RAM in total (NUMA)
– 3D Torus Cray Seastar2
– 8 dual‐socket AMD Opteron Service Blades 
– Login Nodes
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XMT2 Programming ModelXMT2 Programming Model

• To the programmer, a XMT processor looks like s single p g , p g
processor, except that the number of threads is increased

128 Hardware threads

Shared 
Memory

Interconnection 
Network

128 Hardware threads

128 Hardware threads
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Based on XT5Based on XT5
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Threadstorm CPU socket compatibleThreadstorm CPU socket‐compatible
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CRAY XMT2 (Matterhorn)CRAY XMT2 (Matterhorn)

• System not arrived yet but ready to be shipped• System not arrived yet, but ready to be shipped
• BM Result was submitted for the next list
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CRAY XMT2 (Matterhorn)CRAY XMT2 (Matterhorn)

• Software• Software
– Cray Linux XMT Multithreaded Compute Environment
– Cray XMT C/C++ CompilerCray XMT C/C  Compiler
– Cray PAT
– Cray Apprentice
– Lustre (10 TB)
– Cray CRMS 

GPFS client on the ser ice node– GPFS client on the service node
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CRAY XMT2CRAY XMT2
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Programming EnvironmentProgramming Environment

• C/C++ optimizing compiler• C/C++ optimizing compiler
– Aggressive automatic parallelization capability
– Support for various hierarchies of parallelization

• Reductions, linear recurrences
– Support for atomic memory operations
– Interprocedural optimizationInterprocedural optimization

• Includes capability to inline library functions

• Incremental recompilation and incremental linking
• Tightly integrated with debugging and performance analysis 

tools
• Programmer influences the compilers parallelization with• Programmer influences the compilers parallelization with 

pragmas 
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Resource Management SystemResource Management System

• No Batch Scheduler provided• No Batch Scheduler provided
• Slurm to be implemented
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Cray XMT Programming WorkshopCray XMT Programming Workshop

25User Assembly May 2011



CSCS General Parallel File System 2 1 PBCSCS General Parallel File System  ‐ 2.1 PB

GPFS 
Server

Disk

RAID 

Disk 
Enclosures

Controller

Disk 
Enclosures
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/store/store 

/scratch
/scratch* GPFS‐clientGPFS‐client

IB‐Fabric

/scratch

. . . . .  GPFS Servers

... /store : 0.7 PB
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/store/store

• Phase 1 (February‐May 2011)( y y )
– 700 TB (as part of Bernina)
– 10 GB/s
– FC for Metadata, SATA for user data
– Integrate Cray XMT and SGI UV in the storage network

Phase 2 (October 2011)• Phase 2 (October 2011)
– 1.5 PB 
– 25+ GB/s25+ GB/s
– Additional GPFS servers
– GPFS Userdata: No SATA, but SAS NL 
– GPFS Metadata: SSDs 
– Reduce power consumption 

60% d ti i f t i t– 60% reduction in foot print
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Why SSD`s for Metadata?Why SSD s for Metadata?

– Our current GPFS Server (DS5300) delivers 58 000 IOPs with FC disks– Our current GPFS Server (DS5300) delivers 58,000 IOPs with FC disks
– The new Texas Memory Systems 3U gives 400,000 IOPs with SLC flash 

drives and max. 10 GB/s bandwidth
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SSD demo cardsSSD demo cards 

• Evaluated different SSDs• Evaluated different SSDs 
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• GPFS with different type of devices for user data?
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User data store more with less powerUser data – store more with less power 

600 SAS drives housed in just 40Us of rack
Up to 1.8 PB 

31User Assembly May 2011



SummarySummary

• Two unique and powerful Analysis Systemsq p y y
– Cray XMT2 and SGI UV in the CSCS storage network
– Both with latest generation CPU technology
– Will add software as required and available

• IBM General Parallel File System 
R li bl– Reliable

– Scalable
– Latest Generation with TSM/HSM extensionLatest Generation with TSM/HSM extension
– /store is integrated in the disaster&recovery concept of CSCS

• Room for improvement and enhancements at all levelsp
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• For any question, please email me

– schoenemeyer@cscs.ch
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