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Science Data Processor (SDP)
● Purpose

– receive visibilities & pulsar data from CSP: ~0.5 TB/s
– close control & feedback loops for observation: streaming processing
– elaborate image cubes, pulsar candidates & timing: batch processing
– distribute data products to SRCNet: ~10 GB/s 

● Requirements
– streaming processing: latency requirements for control loops (~15 s)
– batch processing: process 24h of data in 24h, ~50x data reduction

● Likely the weak point in the data chain with a possible impact on observing
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Schedule
● Hardware procurement of AA2 

SDPs is on-going
– contract to be awarded by February 

2025 
● SDP pipelines development and 

integration

From PI23 Business 
Context presentation, 
Robert Laing

From Solution Intent SDP 
roadmap



  

AA2 and current status
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AA2 milestone
● Comparable to largest aperture 

arrays (LOFAR, MeerKAT)
● Carry out science commissioning
● AA2-AA* stage:

– Low: 1 year, Mid: 1.5 year
– number of baselines: Low x5, Mid x23

● Assess readiness for scaling

Estimated SDP Scaling: AA1 AA4→
(~50x! Qualitative only, underestimates the AA2 situation, 
graph by P. Wortmann)

~ 40 PB storage
~ 4 TB/s I/O
(per site)

~ 10 Pflop/s (effective, per 
site)
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AA2 processing
challenge

● Objective
– use a (simulated) visibility set at full length (~4 hours), time 

and frequency resolution
– do all relevant calibrations - gains and especially ionosphere
– iterate on the sky model
– produce a residual image at full resolution
– skip (not relevant for scaling)

● RFI detection and flagging
● instrumental calibration scans
● dedicated data preparation

● AA2 pipelines inspired by Rapthor (Low) and based on DP3 and 
WSClean
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AA2 processing
challenge

From PI23 DP Architecture 
presentation, Peter 
Wortmann
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PI23 status evaluation (I)
● Results are produced by extrapolation

– performance does not allow benchmarking at scale (time and 
computing resources)

– test data: LOFAR-HBA for Low, simulated data for Mid
– pipelines are incomplete (4 out of 7 iterations for Low, 1 iteration for 

Mid) and profile is known to change between iterations
– extrapolation logic is poorly justified, not calibrated and baseline length, 

frequency coverage, number of channels, dump time are not corrected
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PI23 status evaluation (II)
● Runs on a single or a few nodes only

– Dask workers deployed for embarrassingly parallel processing by DP3 
(time, frequency chunks)

– MPI-based parallelisation only just starting to work
– small data sets and small number of nodes are not realistic 

communication-wise 
● Focus

– characterising execution: monitoring, trace collection
– bug fixes/generic improvements (threading, MPI, replicated I/O)
– no evaluation of hardware / software match
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PI23 status evaluation (Low)
● 4 iterations
● Run on 3 nodes (DAS6)
● With bright source 

extraction for iterations 3 
& 4

● Large memory usage 
(>128 GB)

● Extrapolated runtime: 46h
● Low CPU usage

From Team Schaap’s 
August 2024 benchmarking
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PI23 status evaluation (Mid)
● 1 iteration
● Run on 3 nodes (DAS6)
● Runtime: 34:05:55 (no 

extrapolation)

From Team Schaap’s 
August 2024 benchmarking



  

Co-design work
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WSClean resource allocation
● DUCC’s wgridder corresponds to 41% of CPU time
● Seeking efficient parallelisation of gridding

– with parallel-gridding argument
– with j argument to set the number of threads
– gridder’s behaviour

● allowed to use                               threads
● j modulo parallel-gridding cores are left idle

– need to also equate parallel-gridding and the number of facets: extra 
gridders will leave cores idle

j
parallel-gridding
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Calibrate steps with DP3
● Ask for N threads

– get an extra 3-8 threads associated to 
dysco (with low activity),

– multiple idle threads (1 generates 16 idle)
● Scaling study on the first iteration 

(simple sky model)
– 10 channels has slightly fewer instructions
– number of instructions is stable
– predict scales (poorly) but not the rest
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Monitoring core activity (I)
40 threads & 10 channels

40 threads & 10 channels

1 thread & 1 channel
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Monitoring core activity (II)
2 threads & 1 channel

8 threads & 1 channel

16 threads & 10 channels



Shan Mignot — Swiss SKA days 2024 — 02/09/2024 18 

Exploiting execution traces (I)
8 threads & 1 channel
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aocommon:RecursiveFor aocommon:StaticFor
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Exploiting execution traces (II)
32 threads & 10 channels
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mutexes:
locks & waits



Shan Mignot — Swiss SKA days 2024 — 02/09/2024 20 

Overview of Calibrate on Intel Broadwell
Calibrate 1 14:06

Calibrate 2 42:05

Calibrate 2 60:03
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Conclusion
● AA2 scaling challenge has significant technical risks

– performance
● understand and improve single node scaling
● multi-node operation needed but very preliminary

– need to improve Software/Hardware match
● for performance and scaling
● to reduce TCO

– exploring alternatives to DP3/WSClean: DDF-pipeline
● Benchmark suite

– ease deployment, performance regression testing, automate characterisation and 
reporting

– application to SDP and SRC 
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