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LOFARLOFAR

System OverviewSystem Overview

LOFAR Technical ConceptLOFAR Technical Concept

LOFAR is a very largeLOFAR is a very large

distributed distributed radiotelescoperadiotelescope::

•• 13,000 small antennas13,000 small antennas

•• in 77 stationsin 77 stations

•• >20 >20 TbitTbit/sec raw data/sec raw data

•• >40 >40 TflopTflop supercomputer supercomputer

•• innovative software systemsinnovative software systems

•• dataminingdatamining and visualisation and visualisation

Full and exclusive control viaFull and exclusive control via

the Internetthe Internet

Instantaneous view of the fullInstantaneous view of the full

sky, several simultaneoussky, several simultaneous

users.users.

Pathfinder for the SKA in manyPathfinder for the SKA in many

respectsrespects
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LOFAR: LOFAR: Top LevelTop Level  ArchitectureArchitecture

Transatlantic connections

European Géant netw ork

LOFAR Station Field

LBA antenna
High band

compound

antenna

4x4 array

Station

Processin

g

To Central Processor

Geant network

international connections

Science Operations Center

Legend

Surfnet 6 network

GeometryGeometry view view

77 stations in the 77 stations in the NetherlandsNetherlands

32 in Compact 32 in Compact CoreCore

45 45 Remote StationsRemote Stations

LogaritmicLogaritmic  distributiondistribution

NetworksNetworks

5 5 ““armsarms””  –– maximum baselines: 100 km maximum baselines: 100 km

Exloo Exloo –– Groningen  Groningen connectionconnection ( (maxmax 800  800 GbpsGbps))

GRIDGRID
•• SOCsSOCs  onon Surfnet6 Surfnet6

•• Géant etc.Géant etc.

AdditionalAdditional  EuropeanEuropean stations  stations onon Géant  Géant networknetwork
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ConfigurationConfiguration

32 Core Stations32 Core Stations

3x2 km3x2 km

DataflowDataflow View View



4

OperationsOperations View View

Catalogues

Modeling

Specification
and

Scheduling

Control
and

Monitoring

Graphical
Interface

Graphical
Interface

Data Taking

Calibration
Pre

Processing

Correlation /
Beamforming

Fringe

Calibration

RFI
Mitigation

Storage

Archive

Export

Operator
Science Operation
Centers

preparation

analysis

visualisation

Calibration

product
creation

Schedule

Central Processing

Raw data
Calibrated data
Data products
Meta data

World Wide data AccessSensor fields

Internet & GRID

Archive

LOFAR System OverviewLOFAR System Overview
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StationsStations

Remote Station ArchitectureRemote Station Architecture

120-240 MHz

30-80 MHz

Optional
10- 30 MHz

digital
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Low Band Antenna (30-80 MHz)Low Band Antenna (30-80 MHz)

High Band AntennaHigh Band Antenna

(120-240 MHz)(120-240 MHz)

to receiver

1..16
on/off delaystep

on/off delaystep
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ReceiverReceiver

Receiver BandsReceiver Bands
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Station Clock GenerationStation Clock Generation

Top Level Digital ProcessingTop Level Digital Processing

Functions at Station LevelFunctions at Station Level

Input

Filtering

Station Beam 

Forming

Station Cross

Correlation

Transient

Data 

Forwarding

CEP

LCU

RCU

TBB
TDS

sync
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Remote Station ProcessingRemote Station Processing

BoardBoard

• 90 nm technology

• 192, 18x18 multipliers

• 2.6 Mbit RAM

• 1020 “balls” on chip

Remote Station HardwareRemote Station Hardware

NumbersNumbers

9696 dual polarization low band antennas dual polarization low band antennas

9696 dual polarization high band tiles dual polarization high band tiles

192 receiver boards192 receiver boards

24 digital signal processing boards24 digital signal processing boards

12 transient buffer boards12 transient buffer boards

6 backplanes6 backplanes

6 clock boards6 clock boards



10

Key NumbersKey Numbers

Description Unity

160 MHz 200 MHz

Subband width 156 195 kHz

Number of beamlets 206 165

Value for fs of

Description Value Unity

# subbands 512

Max. number of beams (B = 4 MHz) 8

Min. number of beams (B = 32 MHz) 1

A/D converter resolution 12 bit

Sample frequency 200 / 160 MHz

Number of polarizations 2

Output word width (complex) 16+16 bit

Aggregate output bandwidth 32 MHz

Output data rate 2048 Mbit/s

Transient buffer storage period 1 s

Remote Station CabinetsRemote Station Cabinets
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Pre-Production/PrototypesPre-Production/Prototypes
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Network Network & Central& Central

ProcessorProcessor

Wide Area NetworkWide Area Network

Data transport from stations and central core to centralData transport from stations and central core to central
processor facilityprocessor facility

Dedicated fiber connection between core and centralDedicated fiber connection between core and central
processorprocessor

Central Processing
Facility

Central Core

up to 800 Gbps bandwidth

10 GbE CWDM

8 channels

length ~70 km

Remote station
connections:

10 GbE technology

data rate 2 Gbps from
antennas + monitoring

+ other sensors
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CEP Implementation ModelCEP Implementation Model
Multiple sub-clusters with task-optimisedMultiple sub-clusters with task-optimised
hardwarehardware

BlueGene insideBlueGene inside

Streaming Data

Data Handling
Filter and

Correlator Storage

Export

Calibration

Imaging

end products

Dynamic models

Input SectionInput Section

Receive data streams from remote stationsReceive data streams from remote stations

Connections to WAN:  raw 1 Connections to WAN:  raw 1 GbEthernetGbEthernet

Input buffering and SynchronisationInput buffering and Synchronisation

Embedded frequency separation filterEmbedded frequency separation filter

Routing / TransposeRouting / Transpose

320 Gbps All-to-All connection scheme320 Gbps All-to-All connection scheme

e.g. on Infinibande.g. on Infiniband
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Auxiliary processingAuxiliary processing

Control / tune processing pipelinesControl / tune processing pipelines

Fringe stoppingFringe stopping

Typical analysis applicationsTypical analysis applications

RFI detection & mitigationRFI detection & mitigation

Ionosphere calibrationIonosphere calibration

On-line On-line modelingmodeling & analysis & analysis

e.g. Transient detectione.g. Transient detection

Resource pool, is scalableResource pool, is scalable
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Storage systemStorage system

Collect data streams into data setsCollect data streams into data sets

Temporary storage of datasets (typically 2Temporary storage of datasets (typically 2
days)days)

Data input fromData input from

processing linesprocessing lines

off-line processing applicationsoff-line processing applications

Data output toData output to

off-line processing tasksoff-line processing tasks

Data export & archivingData export & archiving
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Off-line processingOff-line processing
General purpose resourcesGeneral purpose resources

Typical tasks:Typical tasks:

calibrationcalibration

ImagingImaging

interpretationinterpretation

product generationproduct generation

Optimised resources for Selfcal andOptimised resources for Selfcal and

Imaging possibleImaging possible
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General purpose Infiniband
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On-line pipeline processingOn-line pipeline processing

Issues:Issues:

power/heat, volume, memory etc.power/heat, volume, memory etc.

limited programming environmentlimited programming environment

MassiveMassive processing power for processing power for

8 bits complex multiplication and addition8 bits complex multiplication and addition

Simple applications schemeSimple applications scheme

pipes-and-filters stylepipes-and-filters style

operate in slave modeoperate in slave mode

Simple data transformationsSimple data transformations

correlatorcorrelator

beamformerbeamformer
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SubsystemsSubsystems: Blue Gene/L: Blue Gene/L
6 6 racksracks

128 IO 128 IO nodesnodes and 1024  and 1024 computecompute  nodes per racknodes per rack

InternalInternal Tree and Torus (175 MB/s * 6  Tree and Torus (175 MB/s * 6 directionsdirections))

ComputeCompute node node

•• DualDual  corecore

•• 512 MB RAM512 MB RAM

IO nodeIO node

•• 1 1 GbEGbE  connectionconnection

•• ConnectedConnected  toto 8  8 computecompute  nodesnodes

DisklessDiskless

1 Service Node (p650 + DB2)1 Service Node (p650 + DB2)

8 8 Front-EndFront-End  nodesnodes  forfor  developmentdevelopment

Compute
Node

IO

Node

Sockets on
GbE

MPI on
Torus

Sockets on
Tree

TCP/IP
UDP/IP

MPI

Blue Gene/L installationBlue Gene/L installation

April 2005April 2005
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Compute CardCompute Card

Node BoardNode Board
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BlueGeneBlueGene (half) Rack (half) Rack

SoftwareSoftware & Operations & Operations
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SimplifiedSimplified processing steps processing steps

Processing split in Processing split in on-lineon-line and  and off-lineoff-line

OnlyOnly  mainmain processing steps are  processing steps are shownshown

SchedulingScheduling  onon  subsystemssubsystems
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Model calculations on theModel calculations on the

other 2 BG racksother 2 BG racks

Multiple observations run concurrently

Applications have different lifetimes

service providers (green)

observation specific (yellow)

On-line and Off-line applications scheduled independently

The The CalibrationCalibration Challenge Challenge

25 25 TByteTByte of data of data
10101313 samples samples

Models ofModels of
InstrumentInstrument

IonosphereIonosphere

SkySky  sourcessources

VaryVary in time,  in time, freqfreq., ., ……

~100 000 parameters~100 000 parameters

CorrectlyCorrectly model  model physicsphysics
Image Image planeplane  effectseffects

Instrument Instrument behaviourbehaviour etc. etc.

Complex Complex minimalisationminimalisation
problemproblem!!
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Major Observing ModesMajor Observing Modes

Synthesis Mode - imaging - data cubesSynthesis Mode - imaging - data cubes
like like Westerbork, VLA, GMRTWesterbork, VLA, GMRT

long baseline modelong baseline mode

core-only mode (EOR, All-sky monitor)core-only mode (EOR, All-sky monitor)

Tied Array Mode - pulsars - time seriesTied Array Mode - pulsars - time series

Transient ModesTransient Modes
Raw time series - antenna data streamRaw time series - antenna data stream

Beamformed data - selected sub-bandsBeamformed data - selected sub-bands

The The nextnext  deliverabledeliverable: CS1: CS1

Hardware of 1 stationHardware of 1 station

DistributedDistributed over 4  over 4 stationstation  locationslocations

12 12 GbpsGbps  connectionconnection  toto Groningen Groningen

DownscaledDownscaled CEP  CEP installationinstallation
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CS1 central processorCS1 central processor

12 12 dualdual processor input  processor input nodesnodes

1 BGL 1 BGL rackrack

15 TB 15 TB storagestorage cluster cluster

20 20 nodesnodes cluster  cluster forfor  calibrationcalibration and  and imagingimaging

CS-1 Imaging PipelineCS-1 Imaging Pipeline
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Initial CS-1 ExperimentsInitial CS-1 Experiments

1.1. Correlate and integrate data with 1kHz, 10 secCorrelate and integrate data with 1kHz, 10 sec
resolution of all microstations (LBA) and storeresolution of all microstations (LBA) and store
UV dataUV data

2.2. Create non-calibrated images on 10 sec timeCreate non-calibrated images on 10 sec time
scales and copy them to an archivescales and copy them to an archive

3.3. Switch on On-line calibration pipeline on CEPSwitch on On-line calibration pipeline on CEP

4.4. Copy UV data to a GRIDCopy UV data to a GRID

TimelineTimeline

CS1 hardware: CS1 hardware: JuneJune 2006 2006

CS1 CS1 comissioningcomissioning  June-JulyJune-July 2006 2006

CS1 CS1 operationoperation  fromfrom  JuneJune  onwardsonwards

 CS1 software  CS1 software secondsecond release September release September

IncreasedIncreased  usageusage of  of StellaStella  systemsystem ( (upup  toto 4  4 racksracks))

RolloutRollout of  of CoreCore stations  stations fromfrom end 2006  end 2006 onwardsonwards

StellaStella  usageusage  growsgrows  toto 4  4 rackrack  steadysteady; 6 ; 6 racksracks
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Project ScheduleProject Schedule

April 2006: CS-1 Roll-Out ReviewApril 2006: CS-1 Roll-Out Review

Station infrastructure, EMC, Power, CoolingStation infrastructure, EMC, Power, Cooling

October 2006: System Critical Design ReviewOctober 2006: System Critical Design Review

Q1 2007: Completion of First Core StationsQ1 2007: Completion of First Core Stations

Mid 2008: Core Beamformer UpgradeMid 2008: Core Beamformer Upgrade

Q1 2008: Completion of First Remote StationsQ1 2008: Completion of First Remote Stations

Q4 2008: Roll-Out CompletedQ4 2008: Roll-Out Completed


