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The RADIO Collaboration

• Radio Astronomy Data-processing Inter Operability (RADIO)
• “A series of regular workshops to drive alignment of radio astronomy 

data processing systems amongst large radio astronomy facilities.”
• SKA - SKAO (UK) et al
• ASKAP - SARAO (SA)
• MeerKAT - CSIRO (AU)
• ALMA - NRAO (US)
• LOFAR - ASTRON (NL)
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• Objectives
• Document and adopt a reference architecture for future developments 

that allows defined interoperability between re-usable components.
• Develop a catalogue of quality software components that we are 

committed to supporting in the future, on new platforms, meeting new 
needs.

• Promote development alignment and delivery of shared solutions 
between members of the community through support of workshops and 
other communication channels.

• Define clear expectations that govern the quality and life-cycle of radio 
astronomy processing software components.
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• Reference 
Architecture for 
pipelines (Draft)
• Re-usable 

components for 
layered architecture

• Prepared to build on
• Task frameworks, 

specifically Dask
• Python distributed 

multi-dimensional 
data objects (Xarray)

• MSv4
Credits
- P. Wortmann (SKAO)
- J.W. Steeb (NRAO)
- H.A. Holties (ASTRON) This is a module (layer) diagram.

● Elements are types of modules (units of implementation). Such modules might for
instance be libraries or packages implemented in C++ or Python. However, they could
also be applications called via suitable interfaces, or could just be configuration data or
scripts interpreted by a framework.

As we are aiming for a generalised architecture, we assume that every box can and will
have multiple implementations / instances. In some instances, a given package might
indeed

● Connections are “used by” relationships (i.e. one type of module requires another to
function). This is typically because it calls or otherwise invokes functionality provided by
the other, but can also just be about sharing data or assumptions (e.g. about interface
definitions or conventions).

The diagram has three columns:
● The left-most side is the execution frameworks used at different layers to orchestrate

execution. Our assumption / aim is to leverage as much as possible existing
off-the-shelf/open software here. We are assuming that pipelines might use
orchestration frameworks at three levels of granularity:

a. Workflows (sequences of high-level tasks, often as directly configured and
customised by the user),

b. graphs/tasks (graphs of tasks, with the main goal to enable efficient and flexible
distribution across nodes),
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• Workflows
• Highest level definition 

of pipelines
• Targeting a scientific 

data reduction
• Well defined inputs & 

outputs - generation 
of higher level / 
advanced data 
products

• Automation at 
observatory level – 
orchestration cross 
systems allowed

• E.g. Prefect, CWL
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• Distributed
Applications
• Application level

• Steps in workflow
• Work on data in 

storage
• May run distributed 

tasks across nodes of 
a system

• Implement (e.g. Dask) 
graph of tasks

• E.g. WSClean
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• Graph Layers
• Sub-graphs for an 

application
• Typically a set of 

operations on an entire 
dataset

• Chunks of data are 
distributed across 
nodes

• Data objects (Spark 
DataFrame, Xarray) 
‘lazily’ instantiated on 
nodes

• Build heavily on 
capabilities of task 
framework (e.g. Dask)
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• Node Tasks
• Tasks executed on a 

single node
• ‘Leafs’ in task graphs
• Wrap functions & IO 

operations
• Loading of data 

chunks/frames from 
storage

• Could be application 
that is executed on 
single node

• E.g. DP3
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• Processing 
Functions
• Basic building blocks 

e.g. from libraries
• Work on data in 

memory
• No internal state 

between calls
• Optimisations at 

hardware level 
(CPU/GPU)

• Python interface (C++ 
where possible)This is a module (layer) diagram.
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• Software component 
catalogue prototype
(credit John S.)


