
• Data volumes have increased dramatic 
• The SKA will produce 1 PB of archivable data
   per day
• Near data processing using remote pipelines
   will be a necessity
• Need both batch and interactive processing
• Current CASA based remote pipelines 
  (e.g. Alma, MeerAKTHI) lack interactivity
• Embedding CASA in Jupyter notebooks 
   allows remote interactive pipelines to be created
• Pipelines embedded in Jupyter notebooks are
   self-documenting and fully repeatable
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Ef�icient	remote	interactive	pipelines	using	CASA	and	Jupyter
Aard Keimpema, Mark Kettenis, Des Small, Arpad Szomoru (JIVE),

and Tammo Jan Dijkema (ASTRON)

Annual	data	volumes	for		a	
number	of	instruments

Remote	data	processing

Jupyter	notebooks

• Multi-language web-based interactive documents
   which can contain live code, text, and images.
• Successor to the iPython project
• Support for over 40 programming languages
• Python kernel has MATPLOTLIB integration
• Documentation at https://jupyter.org/
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User	interacts	with	notebook	server	through	

web	interface,	all	language	speci�ics	are	

contained	inside	the	kernel

Common	Astronomy	Software	Applications	package
(CASA)

CASA	iPython	interpreter

Jupyter	CASA	kernel	feature	highlights

Kernel	embeds	output	from	GUI	programs
directly	into	the	notebook

Diagnostic	output	is	embedded	into	the	
notebook	through	a	toggle	button

Integrated	help	for	all	CASA	tasks

Implementation

• Open service in which users can run a 
   tutorial CASA notebook on real data.
• Multi-user service implemented
   using JupyterHub.
• Users connect to http proxy which then 
   spawns a new DOCKER container 
   for that user
• Both tutorial dataset and Jupyter CASA 
   server are contained in the DOCKER image
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Important	links
Jupyter-CASA kernel and documentation
https://github.com/aardk/jupyter-casa

Docker image
docker pull penngwyn/jupytercasa 

Singularity image
singularity pull shub://aardk/jupyter-casa:docker

Demonstration service
http://jupyter.jive.eu

• CASA tasks are written in C++ but have python bindings
• Many CASA tasks spawn a GUI which is implemented using the Qt widget library
• The Jupyter-CASA kernel is based on Jupyter's python kernel
• CASA GUI tasks are wrapped such that they don't open a GUI but output to a file
   instead, the kernel embeds the results in the notebook
• Tasks wrappers are implemented as decorators which preserve call signatures 
   and docstring of tasks
• Requires custom build of CASA which is distributes as DOCKER and SINGULARITY 
   images
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• Running pipelines is an iterative process
• When inputs to pipeline change often only a subset of tasks needs
   to be re-executed
• The minimal re-computation framework automates this process by
   tracking the inputs and dependencies between tasks and only 
   re-executes the tasks which are necessary
• Implemented by efficiently caching intermediate results using 
   ZFS copy-on-write
• Implemented in separate Jupyter-CASA branch
    Mock	pipeline,	consisting	of	a

number	of	tasks	which	take	a
set	of	parameters	P1,	P2,	..,

A	parameter	to	the	SelfCal	task
is	altered

Minimal	re-computation	framework
only	re-executes	the	SelfCal	and	Imager
tasks

Minimal	re-computation	framework

Bojan	Nikolic	(U.	Cambridge),	Des	Small,		and	Mark	Kettenis	(JIVE)
Astronomy	and	Computing,	25,	133,	2018	(arXiv:1711.06124	)

JupyterHub	architecture Demonstration	service
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• The de facto standard data reduction package
   for radio astronomy
• Core libraries split of in separate CASACORE 
   package; LOFAR pipeline is based on CASACORE
• CASA is the standard data reduction package 
   for ALMA, and the VLA.
• SKA pipeline will likely be based on 
   CASA / CASACORE
• Mostly implemented in C++ but contains
   python bindings to all tasks
• CASA user interface is through customized 
   iPython interpreter

http://jupyter.jive.eu

Demonstration	service


