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●Radio astronomy relies critically on computation
– digitization of signal at the antenna/station level: digital instrument
– replication of data streams: commensal observations
– data reduction & data analysis

●Precursors (eg. MeerKAT, MWA) and Pathfinders (eg. NenuFAR, 
LOFAR) face computing resource limitations

●SKA is expected to exceed all of these by at least one order of 
magnitude

– raw visibilities will exceed storage capabilities
– reduced data will exceed download capabilities  

Introduction
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Overall computing architecture
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PSS: Pulsar Search PST: Pulsar Timing
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Telescope availability 

from Jama specification

● Telescope operational availability > 94%
–  “Operational Capable”: A telescope is operationally capable 

when it can perform astronomical observations. It is assumed 
that the telescope will be capable if more than 95% of its 
collecting area, signal processing and data reduction 
capabilities are available. 

–

● Asynchronous nature of SDP operation
–  SKAO-SDP_REQ-486: The SDP must achieve an average 

processing- over observation-time ratio of 1 over a period of 
30 days.

–  SKAO-SDP_REQ-495: The SDP shall have an Inherent 
Availability (Ai) higher than or equal to 99.9%.

● Unavailability of SDP due to saturation of resources not 
considered in requirements analysis: will constrain scheduling 
observations

–  accounted for as part of observation commensality in “Year in 
the life of SKA telescopes”  
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SDP data view 
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from “Year in the Life of SKA telescopes”

SKA LOW data products total: 130 PB/year

from SDP CDR “SKA1 SDP high level overview”

SDP data interfaces

SKA LOW commensal observations
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(Some) SDP challenges
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●Focused yet generic
– performance & efficiency

●optimise
●specialise

– maintain & evolve over 50 years
●science & software: open relationship with the community
●IT technologies: framework contract with Bull

●Trust
– raw data will not be preserved: Observatory Data Products must 
meet user expectations

– AA2 Science verification projects by the community
●Sustainability
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SDP in operations: power
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from SKA-TEL-SKO-0000035-06 

● SDP system sizing (parametric model)
–  average: 12 PFlops 
–  max: 120 PFlops (assuming 

average/max=10%)
–  HPCG benchmarks in Nov 2025: <5.6% 

fraction of peak for top 129 TOP500 
systems

● Energy budgets
–  average: 1.3 MW Mid / 1.6 MW Low 
–  peak: 2.0 MW Mid / 2.23 MW Low 
–  single largest expense during operations 

(excluding labor)
● Green500 benchmark: max ~120 PFlops 

@ 2MW (Shaheen III GPU)
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SDP imaging pipelines
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✓✓ ✓✓✓✓ ✓✓✓✓

● All pipelines now run regularly for SKA Low
–  on development & production AWS clusters (soon deployed on Bull SDP Low node)
–  functional (by science commissioning) and performance testing (by team SCOOP)
–  on simulated SKA Low data (soon on AA1 data)
● On-going integration in end-to-end pipeline

Figure courtesy of Peter Wortmann
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Pipeline status
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●Builds on community software (mostly DP3 & WSClean)
●Minimum viable product
– still largely in (agile) development
– limited coverage of science cases
– focus on improving usability & reliability
●Preliminary quality assessment
– collaboration with commissioning scientists
– recent addition of QA metrics
– no quality criteria in SDP-SRCNet ICD
●Some focus on performance
– ensure compatibility with AA2 science verification in 2027
– significant improvements needed to scale to AA*
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Batch pre-processing benchmark
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● Pre-processes the raw visibilities
–  flag, detect and excise RFI
–  average in time and frequency
–  apply known calibration solutions
–  de-mixing (remove sources) 
● Dataset
–  40-station AA2 (780 baselines)
–  simulated visibilities: 744 GB (MSv2) for 30 min & 

13824 channels
● Benchmark on production cluster
–  5-node run at 272% of observing time
–  I/O-bound: benefits from the efficient Lustre storage 

vs. development cluster
–  very low average CPU load (short core activity bursts)
–  load balancing issues due to sequential phases
–  tracking CPU frequencies (and power consumption) 

not possible on cluster

Benchmon resource usage plots for 2 nodes
(from benchmark report)



Slide  /

SDP environmental sustainability 
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Electricity mix in South Africa
and Australia in 2025
from lowcarbonpower.org

● Scope
–  50-year lifespan
–  staged deployment (AA0.5, AA1, AA2, 

AA*, AA4)
–  maintenance & renewal

● Environmental impacts
–  embedded impacts
–  operational impacts

● power mix in South Africa & Australia
● water usage for cooling
● social impacts

–South Africa grid instabilities
–water usage for cooling

–  disposal impacts
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Life-Cycle Analysis (LCA)
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● Normed process
–  ISO-14040 & 14044 for 

environmental impacts
–  ISO-14075 for social impacts
–  European Environmental 

Footprint methodology
● Methodology (similarities with 

analytical accounting)
– define the functional unit: object 

studied, boundaries & contexts 
for each phase

– inventory: identify all ingresses 
& egresses for the different 
phases

– map to databases to estimate 
impacts/damage/global score

– analyze impacts per 
component / phase

● Bull R&D has a tool to estimate 
the embedded carbon in their 
systems

From Dos Santos IIha et al. 2024: Assessment of the environmental
impacts of the Cherenkov Telescope Array Mid-Sized Telescope
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SDP eco-design
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●Sustainability is a core value of SKAO : 
anticipate rather than remedy

●Explore design space
– carry out coarse prospective LCAs
– compare scenarios via differential analyses
– avoid impact transfers
●A systems engineering activity
– transverse

●hardware and software
●design, operations and maintenance

– complements performance / cost / risk 
trade-offs with sustainability 

– part of the design justification to 
stakeholders

The 2025 update to the Planetary boundaries
from www.stockholmresilience.org
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Perspectives
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●AA2 Low SDP is a small system
– driven by software maturity & AA2 
objectives

– quite a challenge already 
– learn and adjust software/hardware 
strategy

●Major impacts will come with AA*
– SKA Low and Mid availability
– time pressure: AA2 Mid SDP system 
currently being drafted

– sustainability
●ensure system is operational
●do not let environmental impacts be an 
afterthought 
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