Distributed Data centres for the SKA
Building on LOFAR experiefices

Dr. Marco de Vos (devos@astron.nl)
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Large Hadron Collider
& Tier-0 (CERN):

copy of all raw data

& Tier-1 (~8-10 centers)

archive 1/n fraction of raw data
& reconstructed data

regular re-processing of the raw
data

archiving data from Tier-2
centers

provide central grid services:
grid accessible computing and
data resources

support coordination

& Tier-2 (~100 centers):

data analyses
no data archiving

Multi-tier models for'LHC & LOFAR

LOFAR

@ Tier-0 (ASTRON/RuUG): stations,
central processor

E lots of processing, limited archive
@ Tier-1 (~8-10 centers worldwide)
I specialized science support

' advanced processing of (large)
data sets

B dedicated archive, also for Tier-
2 centers

E provide central grid services:
grid accessible computing and
data resources

E  support coordination
@ Tier-2 (>100 centers):

E individual scientists

' data analyses

' no data archiving
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The future of as’rronomlcal calibration

@ Calibration

* 1G: apply calibrator corrections
* Rely on stability of telescope

® 2G: solve/correct for direction independent effects
o Assume corrections are the same over the field

® 3G: correcting for direction dependent effects
° Assume smoothness (also in changing beams)

¥ 4G: statistical analysis of resi
* Reduce processing time
* Assume bright sources
can be subtracted
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Processor desugns for ExaFlop compu’rmg (1/ 3)

LOFAR: extensive experience with BG/L and BG/P
~10 TFlops correlator; ~30 TFlops postprocessing
Evaluated several other architectures
GPUs by ATl and Nvidia, Intel i7, Cell BE
New research cluster (DAS-4)
In house FPGA experience (Uniboard)
Trend: |/O challenge is going to dominate
Low computational intensity : 1/O bound
High computational intensity : memory b/w bound
Amdahl's law
Many-core architectures are here to stay
Example: our new OctaContraCota-core machine
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Processor desugns for ExaFlop compu’rmg (2/ 3)

So what would make an ideal processor for us?
Excellent complex number support (like BG/P)
High 1/O per Flop ratio
Integer arithmetic
Reconfigurable FPU (DP vs. SP)
Vector manipulation instructions (like on Cell)
Relatively simple cores
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Processor desugns for ExaFIop compu’rmg (3/3)

System considerations:
/O

External (getting data into / out of the system)
Internal (reordering of data, MPI_Alltoall())

Power efficiency (Flops/W)
Reliability

Configurability

Durability / Maintainability

Compare lifecycle hardware correlator vs. BG/L
Graceful degradation
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Important high- lmpacT decisions

® Global facilities in a networked world

® Full central archive versus purpose-driven
distributed archives.

@ Full central scheduling (“service mode”)
versus distributed control (“services mode™).
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Processing architecture

Y Y Data stream from Stations Y Y

CEP (BLUE GENE/P)

U u U Correlated Data Copied to Offline Storage/Cluster u

SBO SB1 SB2 =** subbands spread along frequency axis SubBand N

DP? (Default Pre-Processing Pipeline): reads from storage, processes, and writes to processing nodes

U u U Data -> Preprocessed, Flagged and Compressed U

SBO SB1 sB2 =*=-* SBN
BBS (Black Board SelfCal) DISTRIBUTED + Multi-Threaded Processing

U u U Data ->Calibrated u
SBO SB1 SB2 - SB N

MWI (Master Worker Imager — Clmager) DISTRIBUTED PROCESSING
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