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Neuer Rechner JUBL – Februar 2006

16384 Prozessoren
45.8 Teraflop/s
4.1 Terabytes

Air Flow
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Low Power
Consumption

Small
Footprint

JuBL (January 2006)
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December 2004
International Blue Gene Workshop in Jülich

January 2005
Procurement for a Blue Gene/L Testsystem (1 Frame)

July - September 2005
Assembly, Installation and Integration with JUMP cluster, 
First Users achieved 20% of Peak Performance

November 2005
Agreement with IBM to extend to 8 - Rack System

December 2005
HGF Covenant, Contract Conclusion, Delivery

January 2006
Assembly, Installation, Integration, LINPACK achieved 36,49 TFlops

February 2006
Produktion and Inauguration

JuBL Almanac
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BlueGene Design 
Fundamentals

A large number of nodes (65,536)A large number of nodes (65,536)
LowLow--power nodes for densitypower nodes for density

High floatingHigh floating--point performancepoint performance

SystemSystem--onon--aa--chip technologychip technology

Nodes interconnected as 64x32x32 Nodes interconnected as 64x32x32 
threethree--dimensional torusdimensional torus

Full routing in hardwareFull routing in hardware

Auxiliary networks for I/O and global Auxiliary networks for I/O and global 
operationsoperations

Applications consist of multiple Applications consist of multiple 
processes with MPIprocesses with MPI

Strictly one process/nodeStrictly one process/node
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3 Dimensional Torus3 Dimensional Torus
Interconnects all compute nodes (65,536)Interconnects all compute nodes (65,536)

Virtual cutVirtual cut--through hardware routingthrough hardware routing

1.4Gb/s on all 12 node links (2.1 GB/s per node)1.4Gb/s on all 12 node links (2.1 GB/s per node)

Communications backbone for computationsCommunications backbone for computations

0.7/1.4 TB/s bisection bandwidth, 67TB/s total bandwidth0.7/1.4 TB/s bisection bandwidth, 67TB/s total bandwidth

Global Collective Network (Tree)Global Collective Network (Tree)
OneOne--toto--all broadcast functionalityall broadcast functionality

Reduction operations functionalityReduction operations functionality

2.8 Gb/s of bandwidth per link; Latency of tree traversal 2.5 2.8 Gb/s of bandwidth per link; Latency of tree traversal 2.5 µµss

~23TB/s total binary tree bandwidth (64k machine)~23TB/s total binary tree bandwidth (64k machine)

Interconnects all compute and I/O nodes (1024)Interconnects all compute and I/O nodes (1024)

Low Latency Global Barrier and InterruptLow Latency Global Barrier and Interrupt
Round trip latency 1.3 Round trip latency 1.3 µµss

Control NetworkControl Network: : Boot, monitoring and diagnosticsBoot, monitoring and diagnostics

EthernetEthernet
Incorporated into every node ASICIncorporated into every node ASIC

Active in the I/O nodes (1:64)Active in the I/O nodes (1:64)

All external comm. (file I/O, control, user interaction, etc.)All external comm. (file I/O, control, user interaction, etc.)

 

 

 

 

Interconnection 
Networks
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Dual FPU Architecture 
(Hummer-2)

440 PowerPC (32 bit)
SIMD instructions over both 
register files

FMA operations over double 
precision data
More general operations available 
with cross and replicated operands

Useful for complex arithmetic, matrix 
multiply, FFT

Parallel (quadword) 
loads/stores

Fastest way to transfer data 
between processors and memory
Data needs to be 16-byte aligned 
Load/store with swap order 
available

Useful for matrix transpose
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Fused Multiply/Add
= 2 FLOPs/cycle

Double FP pipeline
= 4 FLOPs/(cycle * FPU)

2 FPUs
= 8 FLOPs/cycle

700 MHz
= 5.6 GFLOPs/chip

cache ~43 cycles latency
DRAMs ~90 cycles latency

Dual Core BG/L Prozessor
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Dual Core BlueGene
Processor
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Functional 
Gigabit 

Ethernet

Functional 
Gigabit 

Ethernet

I/O Node 0

Linux

ciod

C-Node 0

CNK

I/O Node 1023

Linux

ciod

C-Node 0

CNK

C-Node 63

CNK

C-Node 63

CNK

Control 
Ethernet
Control 
Ethernet

IDo chip

mpirun

LoadLeveler

System
Console

MMCS

JTAG

torus

tree

DB2

Front-End
Nodes

Pset 1023

Pset 0

I2C

File
Servers

fs client

fs client

Service Node

app app

appapp

Blue Gene System 
Architecture



Forschungszentrum Forschungszentrum JJüülichlich
in derin der HelmholtzHelmholtz--GemeinschaftGemeinschaft

Compute nodes (Compute nodes (CNsCNs)) dedicated to running user application, and dedicated to running user application, and 
almost nothing else almost nothing else -- simple compute node kernel (CNK)simple compute node kernel (CNK)

I/O nodes (I/O nodes (IONsIONs)) run Linux and provide a more complete range of run Linux and provide a more complete range of 
OS services OS services –– files, sockets, process management, debuggingfiles, sockets, process management, debugging

Service node (SN)Service node (SN) performs system management services performs system management services 
(e.g., heart beating, monitoring errors) (e.g., heart beating, monitoring errors) –– transparent to applicationtransparent to application

the SN is a the SN is a pSeriespSeries server running SLES9, server running SLES9, not a BG nodenot a BG node

CN

CN

CN

CN

ION

CN

CN

CN

CN

ION

CN

CN

CN

CN

ION

CN

CN

CN

CN

ION

SN

BG/L Hierarchical 
Node Organization
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BG/L Programming 
Environment

Linux (SLES 9) crossLinux (SLES 9) cross--compilation environmentcompilation environment
User accesses system through User accesses system through frontendfrontend nodes for nodes for 
compilation, job submission, debuggingcompilation, job submission, debugging

Space sharingSpace sharing
one parallel job per BG/L partitionone parallel job per BG/L partition
partitions are rebooted for each new jobpartitions are rebooted for each new job
one process per processor of the compute nodeone process per processor of the compute node

SPMD modelSPMD model
all compute nodes run the same executableall compute nodes run the same executable

XL Fortran, XL C/C++,  and  MPI message passingXL Fortran, XL C/C++,  and  MPI message passing
Virtual memory limited to physical memory (512MB/node)Virtual memory limited to physical memory (512MB/node)
Libraries statically linked, some Libraries statically linked, some syscallsyscall limitationslimitations
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JuBL Integration with 
JuMP Cluster
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JuBL Advance Booking and 
Monitoring

Advance Booking SystemAdvance Booking System
FZJ Development (Dr. M. Stephan)FZJ Development (Dr. M. Stephan)

Before Availability of LoadLevelerBefore Availability of LoadLeveler

Standard: One RackStandard: One Rack

2 Priorities2 Priorities

llview: Monitoring of Usage and Reservationllview: Monitoring of Usage and Reservation
FZJ Development (W. Frings)FZJ Development (W. Frings)

shows: BG/L shows: BG/L -- Usage, Usage, -- Queues and Queues and -- ReservationsReservations

uses information from the Service Node databaseuses information from the Service Node database

Web Web –– Interface Interface –– Access to XML Access to XML –– filefile

available for all usersavailable for all users
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IBM BG/L Software 
Evolution

Summer 2005: PreSummer 2005: Pre--production statusproduction status
Sep. 2005: First official release V1R1M0 Sep. 2005: First official release V1R1M0 
Dec. 2005: Update to V1R2M0Dec. 2005: Update to V1R2M0
Feb. 2006: Update to V1R2M1Feb. 2006: Update to V1R2M1
Sep. 2005Sep. 2005: CTRL/X Kernel (compute node) for QCD: CTRL/X Kernel (compute node) for QCD

research project together with IBM Yorktown Heightsresearch project together with IBM Yorktown Heights

performance improvements by kernel APIs and code reorganizationperformance improvements by kernel APIs and code reorganization

QCD reached 17% peak with standard BG/L QCD reached 17% peak with standard BG/L -- MPIMPI

QCD reached 20,4% peak with lowQCD reached 20,4% peak with low--level communication librarylevel communication library

QCD scaled nearly 100% on 1024 nodesQCD scaled nearly 100% on 1024 nodes

Mar 2006: ESSL, GPFS, Mar 2006: ESSL, GPFS, LoadLevelerLoadLeveler availableavailable
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GMRGMR: : GigantGigant MagnetoresistanceMagnetoresistance
today in every today in every harddiskharddisk !!

CMR: CMR: Colossal Colossal MagnetoresistanceMagnetoresistance
is now computed on is now computed on JuBLJuBL!!

HarddiskHarddisk of the Futureof the Future

1982: 1982: 1 AT/unit cell1 AT/unit cell

1988: 2 AT/unit cell1988: 2 AT/unit cell

2001: 2001: 4 AT/unit cell4 AT/unit cell

2006: 15 AT/unit cell2006: 15 AT/unit cell

Prof. Stefan Blügel et al. (FZJ) Dr. Eva Pavarini, Dr. Erik Koch
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JuBL Application: 
Material Science
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Prof. Paul Gibbon, FZJ

Petawatt - Laser
10 Billion Degree
hot Electrons

Applications
Tumor Treatment
Fusion
Particle Accelerator
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JuBL: Laser - Plasma 
- Simulation
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Prof. Harry Vereecken, FZJ
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JuBL: Groundwater 
Contamination
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JuBL: Running Applications
Variety of Applications:Variety of Applications:

Material Science, CPMD, DMFT, FZJMaterial Science, CPMD, DMFT, FZJ--IFFIFF

Biophysics, SMMP, Protein Folding, NICBiophysics, SMMP, Protein Folding, NIC--Research GroupResearch Group

Quantum Chemistry, VASP, Univ. DuisburgQuantum Chemistry, VASP, Univ. Duisburg

Elementary Particle Physics, DESYElementary Particle Physics, DESY--ZeuthenZeuthen, , WuppertalWuppertal, ZAM, ZAM

LaserLaser--PlasmaPlasma--Interaction, PEPC, ZAMInteraction, PEPC, ZAM

Astrophysics, nbody6++, HeidelbergAstrophysics, nbody6++, Heidelberg

Variety of Methods:Variety of Methods:
Molecular DynamicsMolecular Dynamics

(Quantum(Quantum--) Monte Carlo) Monte Carlo

DFT, CFDDFT, CFD
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JuBL Partitions

1-2  racks with small blocks (32, 128, 512 nodes)

Other racks used for applications  with 1024 or more nodes

Production with big applications only!  
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JuBL Conclusion
Blue Gene/L is balanced regardingBlue Gene/L is balanced regarding
processorprocessor--, memory, memory-- and communicationand communication-- performanceperformance
Applications should be balanced and scale via MPIApplications should be balanced and scale via MPI
Easy porting from p690+ clusterEasy porting from p690+ cluster
Memory restrictions not as serious as expectedMemory restrictions not as serious as expected
Some applications sensitive to mapping 3D Some applications sensitive to mapping 3D torustorus
More high scaling applications as expectedMore high scaling applications as expected
Very short installation time (8 racks in 10 days)Very short installation time (8 racks in 10 days)
Great demand, users already see long waiting timesGreat demand, users already see long waiting times
New application areasNew application areas

Price / Performance !Price / Performance !
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JuBL


