Towards System Agnostic
Reduction/Synthesis Pipelines




CONTATNER TECHNOLOGY

e Wrap applications in a complete and isolated filesystem
o Along with libraries and system tool

e Runs on any system with a linux kernel
o Cloud, Cluster, Laptop, VM
Lighter than a VM

Requires root privileges App 1
o Potential security risks Bins/Libs
o Ongoing efforts to remedy this
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DO(KER Build Ship Run

e Uses containers to provide isolated environments for
developing, building, and distributing applications

e Docker Images (Build Component):
o Container templates. Containers created from these
o Hosted freely on an online registry (docker hub)

MeqTrees Docker Image
FROM radiocastro/base:8.2

% Overcome bad coding practices of astronomers MAINTAINER gijsmolenaar@gmail.com
% Robust (runs on all systems with linux kernel)
> Cloud, cluster, laptop o A L
> Repeatable, scalable e i
o . . . meqtrees=1.3.3-3trusty
% Seamlessly ship pipelines across platforms e
&& N\

rm -rf /var/lib/apt/lists/* /Stmp/* Svar/tmp/*

CMD susr/bin/meqtree-pipeliner.py




DOCKER HUB
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L radio-astro / simms @Unwatch~ 3  #Star 0  YFork 1

<> Code (1) Issues 1 Il Pull requests 1 = Wiki #- Pulse |ili Graphs [} Settings

Creates empty measurement sets using the the CASA simulate tool. — Edit

) 92 commits ¥ 2 branches 5 3 releases 2 contributors
Branch: master = | |- pull request . New file Findfile = SSH~ git@github.com:radio-astr [ Download ZIP

. SpheMakh Build simms image with latest casa 18 lines |:12 SlDC} 324 E-‘_y’tES

| simms Update version number. Prepare for new release -

FROM radioastro/casa
B tests fix test
E) .gitignore project cleanup, prepare for 0.6.0 MAINTAINER gij smolenaa r@gmail . COm
E .travis.yml project cleanup, prepare for 0.6.0

RUN apt-get update && \
El CHANGES.md Create CHANGES.md =

apt-get install -y M\
[E) Dockerfile Build simms image with latest casa 7 PYt hon- plp LY
E) LICENSE add licence E python-casacore A
thon-numpy
E MANIFEST.in project cleanup, prepare for 0.6.0 Py Py
1 & N

B Makefile Afidigacker e 11 rm -rT /var/lib/apt/lists/* /tmp/* fvar/tmp/*

ADD . /tmp/simms
RUN cd /tmp/simms && python setup.py install

CMD fusr/local/bin/simms




e Uses Docker to provide a system independent® package for
synthesizing radio interferometry data.

e Designed to handle large image cubes

e Easy to install/deploy

*May have I/0 issues with Mac 0S
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DEPLOYMENT

$ git clone https://github.com/SpheMakh/HI-Inator.git

S cd HI-Inator

$ make build # Download Docker -+images

REPOSTTORY

e src : Source code (simulation and imaging scripts)
e 1input : Place input sky model here
e output : All output will be dumped here


https://github.com/SpheMakh/HI-Inator.git

RUN

e Configure simulation parameters (json file)

"sim_id" :"example_sim", "direction":"J2080, 0deq, -30deqg",
"sky_model™: "example.fits", "scanlength": 4,
"component_model": null, "synthesis": 38,

"gbservatory" :"meerkat", "dtime": 10,

"npix": 10824,

e Run
o $ make run config=<config file>

e Output products
o Visibility datasets (CASA tables)
o FITS images



EXAMPLE

Telescope Simulation

Telescope: MeerKAT
Synthesis: 4000 Hrs

Freq: @ 840MHz, 50kHz BW

Moment zero map of model.
Courtesy of Ed Elson



STACKED STGNAL FROM STMULATION
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THE BIGGER PTCTURE: STIMELA

e Framework for System agnostic data reduction and
synthesis
e Python interface to legacy and novel software
o Don’t worry about installing/building them
e High level of reproducibility

o Remembers the docker images used for given recipe

o Re-run recipe from log file using logged docker 1images.
e Easy to identify/fix broken recipe steps

o Each software package runs in 1its own environment

e FLEXIBLE



Output

MODULES (CABS

simms: Create empty MS . .
P configuration

simulator: Simulate visibilities (parametric model) file

predict: Simulate visibilities (FITS -image)

autoflagger: Automatic flagger

flagms: Manual flagger

librator: Self-Cal visibilities (DI + DD) AN i NS
: - +

calibrator: Se al visibilities nlabel® : null,

) ) "tel” @ "meerkat",

imager: Image MS (casa, lwimager, wsclean) "pos™ PﬁeerKATﬁd_AMTENNAS“,
"pos_type" : "casa",

sourcery: Source finding and characterization (continuum) "ra" : "ghemes"
"dec"™ : "-3B8d@m@s",

Tt "synthesis" : 4,



SAMPLE SCRIPT: DATA SYNTH

from stimela import Recipe

INPUT = "input"
OUTPUT = "output"
MSDIR = "msdir"

MS = "meerkat_simulation_example.ms"
LSM = "nvssideg.lsm.html"

# start oterera instance

pipeline = Recipe("Simulation Example", ms_dir=MSDIR)

&

## 1: Make empty

simms_dict = {}

simms_dict["msname"] = M5

simms_dict["telescope"] = "meerkat"

simms_dict["synthesis"] = 1

simms_dict["direction"] = "J20800, 98deq, -45deg"

simms_dict["dtime"] = 18

simms_dict["freq@"] = "758MHz"

simms_dict["dfregq"] = "1MHz"

simms_dict["nchan"] = 1@

pipeline.add("cab/simms", “simms_example", simms_dict, input=INPUT, output=0UTPUT,
label="Creating MS")

#%# 2: Simulate visil
simulator_dict = {}
simulator_dict["msname"] = MS

simulator_dict["addnoise"] = True

simulator_dict["sefd"] = 831

simulator_dict["skymodel"] = LSM

pipeline.add("cab/simulator"”, "simulator_example", simulator_dict, input=INPUT, output=0UTPUT,

label="Simulating visibilities")

# Mak
imager_dict = {}

imager_dict["weight"] = "briggs"
imager_dict["clean_iterations"] = 1800
briggs_robust = 2, @, -2

prefix = "stimela-example"

ing by imaging with different weights

for i, robust in enumerate(briggs_robust):
imager_dict["msname"] = MS
imager_dict["robust"] = robust
imager_dict["imageprefix"] = "%s_robust-%d"%(prefix, i)

pipeline.add("cab/lwimager"”, "imager_example %d"%i, imager_dict, input=INPUT, output=0UTPUT,

label="Imaging MS, robust=¥f"¥%robust)

pipeline.run()



SUMMARY

e Docker 1is very powerful tech
e Ensures that your application runs on the same
environment it was developed and tested 1in

e Stimela offers a system agnostic scripting framework

o Seamlessly combine various packages
o Easy to plug in custom tasks (docker 1images)

e Combine with cloud computing => World domination
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