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EL‘ Takeaway messages
TN
e Community input on JWST data-analysis tools is welcome at
all levels from prioritization to open-source code
collaboration

* Jupyter notebooks will play a big role in our data-analysis
support

* We are changing visualization technology to enhance re-use
between desktop, notebooks, and remote workflows
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The high-level strategy remains the same...

Modular, open-source packages in python
Community collaboration in development via Astropy and JDADF

Scriptable libraries
Jupyter notebooks with worked examples and embedded visualization

Visualization tools
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Jupyter Notebooks

Browser based.
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B o i s et s o i s e e e = _»  * Can be rendered online as static
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Image Alignment from Spectral Cubes Based on Image tutorials
Alignment
. - U d load & i
B B o s sers can download & customize
Two steps wil happen in here. First, al images ae reprojected onto Sequence 1 (using the WCS information stored in the fia). Then,
he images are aligned using a few diflerent techniques. . ® < e 2 °
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Note: This s a modécation of the original image Algrmant from Spectral Cubes based on a discussion wih David Law. This wil e, le
In the MIF images to derve the ofisets. The ofisets wil then be appied 1o the IFU data. Sum Images from Each Method
We appiied ™o ofisets rom the imager 10 the IFU data, and & brought the IFU cata into agnment. And trally, now that we have Sequences 2, 3 and 4 reprojected oo 1 and then aligned using several aigonthms in the image-
he sum of the 4 mnmmmwm-mmww
In (1) from astropy.ie isport fits 0o aignment. The L EN2 and fractonal
from astropy.wes wes
ispore suspy as np I (361 pu tigure(2, fignize=[10,8])
isport Illllﬁlll-mlﬁ s plit it.elf()

from spectral_cube ismport SpectralCube

from reproject import reproject interp

from scipy import signal, mdimage

from image_registratioa isport cross correlatics_shifts, chil shifts, register isages

Renders text, equations, code & graphics
Built-in widget capability

Can be automatically tested to ensure
consistency with code dependencies

plt.ecbplot (221, projection=iful_wce)
ahow(iful_data ¢ iful u.u unm) ifu)_data_reproj + ifué_data_reproj,
Reprojected Oaly’

plt.subplot (222, projections=iful_wes)
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‘Reprojected CC Reg’)

pit.subplot(22), projection=iful_wos)
show(iful_data + ifu2 data reproj chil + iful data_reproj_chi2 + ifué data_reproj chi2,
‘Reprojected Chiz Reg')

plt.subplot (224, projection=iful_wes)
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But we are changing the underlying visualization technology...

Fueled by data science, there has been rapid development of interactive
visualization libraries
* Python < JavaScript & Jupyter platform

Many astronomy projects are creating JupyterLab environments and Jupyter Hubs
to support users
 LSST, NOAO, SciServer/HESARCH, PanGEO, ESAC/CADC, IPAC, DKIST, MAST,...

Technology is uniform throughout:
e There are advantages to having visualization technology that can be embedded in
notebooks, in web browsers, or in desktop tools

This strategy enables re-use:
* Enhanced MAST tools can be based on the same architecture as the data-analysis tools
* Widgets and GUIs can be re-used in notebooks, desktop apps, JupyterLab and archive

This is a forward-looking strategy, but consequently has more risk
* Proposed development strategy mitigates the risks
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EL‘ Top 5 Questions addressed in the past quarter
TN

Is the visualization performance acceptable, for JWST-sized data sets? Qual:;tatlvelv
speaking
2  How much front-end development will we need to invest in to reach parity with Some More than
the desktop (Qt-based) tools? ;Oortcjct:abrl:/t
a. Will we need to write a lot of javascript (or typescript)? -
3  Arethe core dependencies (libraries & frameworks) mature enough? Almost Details on
a. Are they likely to survive & grow over the next few years? Some later slides...
b. Will it be hard to add new functionality if needed? .
4  Can we get the notebook workflow and App/quicklook workflow to work together . -
well enough that it makes sense to build them together?
5 How easy and reliable is it to configure the Ul layout/styling/colors/fonts? Moderately :JEta”T gn
ater slides...

STScI | SeicEmsmmre



L;A Demos (possibilities)

* Cubeviz prototype in a notebook with a little bit of science workflow
* Cubeviz prototype in a web browser

* Cubeviz prototype as a desktop App

* Cubeviz prototype as a MAST App
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Ld Development strategy affected on a subset of the packages

N

Maturity Maturity

Package Purpose NG 2020

Astropy A community python library for astronomy f% f;ﬁ

glue Multidimensional linked-dataset exploration; visualization toolkit ‘ ® 3’,,(‘

ginga Image viewer toolkit o0 TBD
Photutils Source detection and photometry 6, -.f.;-\
astroimtools Convenience tools for working with astronomical images e | &

] Simple image examination and plotting, similar functionality to 4 £

HUGKan IRAF's imexamine | Sem

specutils Spectroscopic utilities and data containers Foe :&

: Interactive 1D spectral analysis tool with similar functionality to & | £

SpecViz IRAF's splot %. i

MOSViz Quick-look analysis for multi-object spectroscopy *’ 'ﬁ
CubeViz & . . £

N ) &7

spectral_cube 3D spectroscopic analysis .* -

ASDF Advanced Scientific Data Format - next-generation interchange \ P A

format for scientific data (FITS replacement) 0 e R

Nee Generalized world coordinate system tools for dealing with image ! N

g and spectral geometries Vo |

Synthetic photometry toolkit for building model spectra and ’ o

Hynphot estimating count rates Y| Sepm

/

Ginga questions are:

» Were does it stand in priority for resources?
*  What do Astronomers want for the Ul?

*  Will they demand ds9?

Maturity

These take a step backwards, although
we will re-use a lot of existing ‘viz code.

We could probably get them up to
parity with the Qt tools and working for
cloud+desktop+notebook+MAST
applications in 6 months if that were
the main focus, but we argue for a
different balance of resources, which
will stretch this out.
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EL‘ Different layers in the Data Analysis Software Stack
N

Notebooks collection —Jupyter notebooks illustrating a particular workflow. 36
identified so far.

Viz Application collection — GUI based tools that link visualization and analysis. Work
in browsers, as a desktop application, embedded as windows in

JupyterLab, embedded as cells in a Jupyter notebook, or embedded on a MAST
website.

Widget collection - Modular building blocks of the Viz libraries. They typically have no
menu, or only a very simple menu.

Core Viz libraries — Support the widgets and visualization tools.

Core numerical and astronomy libraries — Responsible for numerical computation
and i/o. All the real scientific calculations happen here. All I/0 to and from disk
passes through these libraries to ensure consistency of data formats.
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Visualization of current status the software stack

High STScl
involvement

GUI
Applications @ @ @ @
mosviz cubeviz

infrastructure ~ (¢)
ipyvuetify ipysheet glue-Jupyter

Circles give a rough
indication of the size &
maturity of the code

Linki
inking data _ ® Q Circle area « lines of code (roughly)
and tools imexam glue

Solid line boundary « lines of code

Core at version 1 (rough guess) A-1.5
specutils spectral-cube photutils —

© o e [ ()
reproject gwcs asdf astropy

libraries

Low STScl
involvement

STScI | SeicEmsmmre



Development strategy

PR

Principles:

Agile approach — iterative development with close involvement of astronomers
(mostly from INS)

Get useful tools to the community fast and incrementally, even if the functionality
in each increment is fairly limited.

Get feedback on the tools
Use JWST workflows to drive development

Multiple workflows will be developed in parallel. We will thus have to phase
releases of the underlying libraries to support the set of notebooks planned for
the next releases.
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Notebooks-first approach

PR

e Sketch out a JWST workflow in a notebook
* which may or may not work or be pretty in the first iteration
e Test & debate algorithms based on working notebooks.

» If visualizations are needed at this stage, make them simple and probably static. Or
sketches/descriptions of desired visualization & interactive functionality.

Implement the algorithm in the core library
e This strategy encourages developing user-friendly APIs early

Redo the notebook calling the library

Augment the notebook with interactive visualizations where sensible

Guided by this, prioritize viz development:
* New widget visualization capabilities

e Exposing additional analysis tasks via menus
* Work on core viz-libraries to enable something we haven’t already thought of



JWST workflows

TN

Descriptions of post-pipeline analysis for different science
use cases. Most written in 2014, by mix of STScl, GTO, and
other Astronomers. More welcome.

e Consist of
* Narrative
* List of inputs
*  Flow diagram
* |dentification of existing tools
* Wishlist of tools or features

Images for each
filter/field

https://outerspace.stsci.edu/display/JWSTDATF/Data+Analysis+Tools+Use+Cases

Native Resolution
Data
Resolution Matched
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https://outerspace.stsci.edu/display/JWSTDATF/Data+Analysis+Tools+Use+Cases

Documentation Strategy

JDox
* A lightweight entry point for JWST users pointing to the documentation

Readthedocs.io hosts the documentation

Built and maintained in the same repository as the code

Examples in documentation can be tested as the documents are built
» Helps uncover inconsistencies between documentation & code

Built using sphinx, which is the de-facto standard for Python
» Familiar to python users
» Better rendering of code than Jdox

Styling still evolving

Jupyter notebooks

* Open-source web application for documents that contain live code, equations, visualizations
and narrative text.

* Excellent for tutorials
- Documentation for complex workflows is interleaved with the actual executable steps
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Page Contents
Working with Spectrum1Ds

Working with Spectrum1Ds

r— \specutils.readthedocs.io
specutils v0.6,dev1462 » Working with Spectrum1Ds = previous | next »

* Basic Spectrum Creation
* Reading from a Fike
® Including Uncertainties
Defining WCS
* Providing a FITS-style WCS
* Multi-dimensional Data Sets
* Reference/AP|
* Classes
e« Class Inheritance Diagram

As described in more detail in Overview of How Specutils Represents Spectra, the core data class in Sea rchea b | e
specutils for a single spectrum is Spectrum1D. This object can represent either one or many spectra
all with the same spectral_axis . This section describes some of the basic features of this class. |

Basic Spectrum Creation

The simplest (and most powerful) way to create a SpectrumlD is to create it explicitly from amrays or
Quantity objects:
>>> ‘.’o“ numpy as np

Integrated text, code, graphics
e Code tested as docs are built

>>> from specutils import SpectrumlD

>>> flux = np.random.randn(200)*u.Jy

>>> wavelength = np.arange(5100, 5300)*u.An

>>> gpecld = SpectrumlD(spectral axis~wavelength, flux~flux)

>>> ax = plt.subplots()(1] # doctest: +SKIP

>>> ax.plot(specld,spectral axis, specld.flux) # doctest: +5KIp
>>> ax.get_xlabel("Dispersion”) # doctest: +SKIP

>>> ax.set_ylabel(“Flux*) # doctest: +SKIP

Downloadable source code

(Source code)

' Documentation automatically
o tagged to code versions

-1

Pux

-2

-3
5100 5125 5150 5175 5200 5225 5250 S5 5300

s API documentation pulled from
i Roreaiis (i) source code docstrings (helps
anacutila takes advantane of tha Astronv 10 machinany and allows loading and writing to filas. ensure Cons|stency)
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4" Resource allocations

DEVELOPMENT RESOURCE FRACTIONS

Core 1/0 library

Notebooks

Core computation

library Platform Interface

Viz Applications

Core visualization
library
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240 Timeline

TN
Dependencies ih & glue ipyvuetify
Yy ipygoldenlayout
ipysheets Responsive widgets
Interactive tables & dashboard
STScl-led JWST datamodels
asdf specutils
File format, I/O — 1D spectral analysis
Metadata schemas gWcCs _ toolbox
Geometric distortions
Build A Build B
June 2019 Sept Jan 2020 March
AAS
CFP release CFP deadline

Events
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Timeline
—
‘Dependencies
voila spectral-cube
App builder 3D spectral analysis toolbox
STScl-led  specviz notebooks
imexam Interactive 1D spectral analysis Data Analysis tutorials
Interactive mosviz reproject .
image analysis | | MOs quicklook Rectification & combination imviz
) Image display in notebook
photutils cubeviz
detection : Interactive 3D spectral analysis
ohotometry | Build C P Y Build D
June 2020 Sept Jan 2021 March
AAS AAS | Launch
Training workshops Virtual training
Events



Q)
¥ Offramp for non-Python users

e File format
e JWST files from MAST are FITS with ASDF is just in an extension
 Document the headers & file formats (in progress)
* Facilitate using ASDF (in progress)
* Better schema documentation

* ASDF.info() and similar tools for inspecting & editing headers
* ASDF image viewer (starting with ds9 & ginga)

*  Work with community to build reader/writers in other languages (C++ started)

*  Work with community to build reader/writer for IDL or interface python to it (no effort yet)

e ds9 support
« Stage 1 image loading via XPA, with helper for browsing file (started experimenting)
e Stage 2: Add polynomial approximation to FITS WCS to improve ds9 distortion handling
e Stage 3: Embedded python asdf support in ds9
e Stage 4: ASDF read-only supportin C
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“ don’t like python...give me simple tools like IRAF/pyraf”

Some of this stems from impatience with boilerplate:
* Import statements
* Filel/O
« 1T __name_ =* main__ ”:
Strategies to satisfy this user base
* Training
e Pre-configured imports (reduces common imports to one line)
» Custom configs of shell environments (ipython/jupyter, xonsh or others)

File-based workflows

* Helper packages that roll together common worfklows

* Simple wrappers around memory-oriented tools to do the I/O before & after
e Unix command-line file-based interfaces
* using fire, begins, docopt, or similar libraries

Chain tasks into common higher-level workflows

This all comes downstream from building the python modules, functions & classes

STScI | ST wormore


https://www.reddit.com/r/Python/comments/4mng7l/xonsh_using_python_as_your_shell/
https://github.com/google/python-fire
https://begins.readthedocs.io/en/latest/api.html
http://docopt.org/

Image displays

Desktop tools:

* ds9 will likely still be the most popular for the first few cycles
e Support through stage 2 looks feasible in time for cycle 1

* Ginga is more easily extensible and will have better support for gWCS & ASDF
* Main use case is inspecting sources in individual dithers
* Ds9 with SIP coefficients is probably good enough for this use case

Jupyter-compatible tools:
e Basic ginga already works in the browser (& Jupyter notebooks & with glue)

e Other options exist (e.g. bgplot image viewer)
* Add functionality — especially for blinking & locking images



Risks

TN
High impact, low probability High impact, high probability
Glue development/maintenance stops Missing simulated data in pipeline output formats

(can’t test all use cases)

Community abandons Python or Jupyter for the next Loss of expert developers (mitigate by cross-training)

shiny thing

Low impact, low probability Low impact, high probability

Community develops tools with same functionality A software stack item becomes a dead end (mitigate
(great...but try to avoid surprises here) by abstracting interfaces where practical)

FTE shortfalls (prioritize)

STScI | SeicEmsmmre
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E! Contingency
PR

e Qt visualization tools aren’t going anywhere
e Specviz,MOSViz, & Cubeviz
* They are currently available to the community to use

* Via astroconda
* Providing user support via helpdesk, github, etc

e Core functionality goes into the underlying non-viz libraries
regardless of visualization technology

* We can revive development of the Qt tools without much
problem a year hence if needed.
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Takeaway messages

e Community input on JWST data-analysis tools is welcome at

all levels from prioritization to open-source code
contributions

* Jupyter notebooks will play a big role in our data-analysis
support

* We are changing visualization technology to enhance re-use
between desktop, notebooks, and remote workflows



