CASA and DMS System Design

Scope :
e Future of the CNGI project : Interaction with DMS-Systems for design of end-to-end processing workflows
e CASA's evolution towards supporting ngVLA and ALMA-WSU : New infrastructure and software

e  Supporting current operations and stakeholders : Interoperability with current data and software

Summer 2022 : Initial discussions to define topics/timelines for analysis, before a design can be finalized.
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ngData Processing Architecture Roadmap
NRAO Internal Review

Objectives
DMS ALMA ngVLA
FY22 June 21,22 | Internal WSU Demonstrate the scale and
. implications of the data processing
Q3 Concept Review challenge.
FY22 Sept @ External WSU Y Size of Computing Memo
Q4 Concept Review ° Technical Use Cases
° Data Stores Technical
FY23 ~Nov 1 NRAO Internal Review Requirements
Q1 ° Our concept for
addressing the issues
FY23 ~Feb/March = WSU Concept Delta ~Feb/March Updated Cost * Data Processmg_
Q2 Revi Estimati Conceptual Architecture
eVIeW UL ° A prototyping plan to
] support the FY23 reviews
FY23 ~March/April = Software CDR . Derisk key
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System CDR l
FY23
Q4 DMS Systems Design Plans
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https://open-confluence.nrao.edu/display/DMS/ngData+Processing+Architecture+Development

Ongoing DMS-Systems work

Topics relevant to CASA
(prioritized)

1. Prototyping of Processing

Framework
( dask/cngi/xarray for casa7 : yes orno ? )

2. Data Quantum / Model /
Format / API

( to decide API for ongoing ngcasa dev
— interface between subsystems )

3. Algorithm & Pipeline

Architecture
( to decide algorithm feature set and granularity
of the programmer API : CASA + PIPE )

4. CASAT7 API

( to start ngcasa dev.)

5. Science Use Cases,

Metrics, Specs
(to assess feature completeness and write
functional/stakeholder/performance tests)

6. User Interaction

Requirements/Specs?
( to design user-interfaces : gui, api, nb)

Timeline

Fall 2022
(to decide..)
20237

(to design..)

Fall 2022
(ms-support : how?)
2023+

(new formats)

Fall 2022

Fall 2022

(initial version)

Fall 2022

(for compute sizing)

2023+

(for features)

2023+

CASA staff
@0.2FTE

DMS-Sys
+
~3-4 casa

DMS-Sys
~3-4 casa

DMS-Sys
+
~2 casa

CASA

DMS-Sys
~1-2 casa
& stakeholders

DMS-Sys
+

~1 casa

Status (Fall 2022)

Ongoing : Evaluation of CNGI framework against end-to-end system
requirements.

° Several questions have been identified.

. A small group is being assembled to start prototyping.

On hold : Convertors/readers for the MSv2 for interopability with casa6.

° Waiting on a choice of framework

Ongoing : Brainstorming on Algorithm Architecture
° Pipeline workflows with calibration and imaging as iterative solvers
° Identify the right level of granularity of functional building blocks

Not started : Derive a CASA7 API, based on the above building blocks.

Ongoing : Write/gather ngVLA and ALMA-WSU use-cases / specs
° Focus on bracketing use-cases that will drive the technical design.

Not started : UX concept does not exist yet.
° DMS is in conversation with stakeholders to start this thought.

DMS Projects

ngData Processing
Software Architecture

Data Model
Development

ngData Processing
Algorithms Concept

Requirement
Refinement

User Interaction
Concepts


https://open-confluence.nrao.edu/display/DMS/DMS+Planning
https://open-confluence.nrao.edu/display/DMS/DMS+Planning
https://open-confluence.nrao.edu/pages/viewpage.action?spaceKey=DMS&title=Data+Processing+Prototype
https://open-confluence.nrao.edu/pages/viewpage.action?spaceKey=DMS&title=Data+Processing+Prototype

Data Model/Format/APl and Parallelization Frameworks (pms: Data Model Development)

Data Quantum :

Shape/size of each data block
E.g. One SPW, one timestep

10”n way parallelization
— > 10”*n way partitioning.
(depends on use-case)

Data Model :

MS.v.3 (or 4?)
ASDM++

Include metadata required by
archive (atomicity,consistency, isolation,durability),
pipeline bookkeeping, processing.

Data Format (on disk) :

Requirements :
- What is the shared data format for Online
System, Data Archive and Post-Processing ?
- Compatibility with existing software ?

Example Options :
MS (casacore tables, perhaps with Adios) : Portability

ASDM:-like binary : Online systems already use it
Zarr/NetCDF : Native integration with XArray/Dask

Programming APIs/Frameworks
To/From data

- CASA tools and C++ access
- XArray

Parallelization

- MPI, OpenMP, Cuda....
- Dask (w/ Cuda)

Pipeline Operations

System Prototyping to decide framework choices ?

i.e. Continue the CNGI project, but with DMS ? ]

=> Make some initial (informed) choices for the above topics. Test & Refine.

E.g. Can we decide if we can (or not!) add new CASA methods from 2023, using MS(v2) <-> XArray
with Dask parallelization, where the XArray internally holds a list of XDSs (one per ddid) ?

Reference : DMS ng-Data Processing Architecture + Jeff/DMS ideas for an e2e System Prototype



https://open-confluence.nrao.edu/display/DMS/ngData+Processing+Architecture+Development
https://open-confluence.nrao.edu/pages/viewpage.action?spaceKey=DMS&title=Data+Processing+Prototype

Algorithm, CASA, Pipeline Architecture

(DMS: Data Processing Software Processing Arch)
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CASA library API/Specification

Goal : A consistent level of granularity across all modules.

Example....

flag_manual(data_selection_params),
flag_auto(algo_choices)

cal_solve(sol_type)
cal_apply(caltables)

make_psf(weighting_options)
make_pb(pbmodel_options)
vis_to_image(gridding_algo_choices, imshape),
model_to_vis(degridding_options)
make_mask(mask_options)

deconvolve(sky model, algo_choices,iteration_control)
restore(beam_options)

pb_correct(image, pb)

vis_average(freg_bin, time_bin)
vis_phaseshift(target_dir)
vis_doppler_correct(target_frame)

pipe_imageprecheck(), pipe_calc_some_heuristic(),....
Astropy functions for some things ?

We should (approximately) define this API, before we start writing ngCASA methods

Also, think about User-facing (telescope/pipe specific documentation) vs CASA lib docs.



Science Use Cases (DMS: Requirement Refinement)

Parameters/Metrics Data and Product Sizes Algorithms
Observing fraction Data :
Channel resolution R
Bandwidth (ratio) Number of baselines Flagging : Manual (meta-data, shadow), Autoflag
Center Frequency Number of data channels Calibration : Bandpass, Time-varying gains,
Number of corrs/pols Leakage. Delav. etc
Integration Time(s) Vis/hour (data rate), w/ bda? ge, ¥, €1C...

Observing time Imaging : Cube, (MT)MFS

Rl RS Multi-Scale, Point Source

Config/Array NV :
Angular resolution Caltable dimensions P FTEEIEN 3 Rot_atl_on, OEEEEHaE,

. . > Pointing, Full-Mueller
Largest Angular scale (includes solint needs) :

. . W-term correction
Astrometric precision L
Field-of-view Image products : Mosaics : Pointed, On-The-Fly
’ lonospheric Correction (DD-selfcal)

Dynamic Range Image size (cell and fov) . . .
(includes sensitivity) Number of image channels Transforms : Doppler, averaging, rotation, ref-frames,

Number of Stokes planes Resampling/interpolation/binning

Flux accuracy (IQUV)

Spectral Index accuracy Other... Analysis : Im/Vis Stats, Moments, Gaussian/Spec fits

Purpose : Derive bounds on numerical accuracy of functions + Information for stakeholder & performance tests to assess operational readiness.
Work is ongoing to write this for ngVLA + ALMA-WSU. Stakeholders are writing the use-cases. We are helping define the format of the info....

References : Tables 1.2.3 from the ngVLA Size of Computing Memo (including reference and envelope Science UseCases) + DSA-2000 Science-To-Data
example + VLASS Regs/Specs + ngVLA System Requirements



https://library.nrao.edu/public/memos/ngvla/NGVLAC_04.pdf
https://drive.google.com/file/d/1vprTKPXrDUJndJrPR1Yyq4VoXt3L2fgw/view?usp=sharing
https://open-confluence.nrao.edu/display/VLASS/Updated+VLASS+survey+science+requirements+and+parameters
https://ngvla.nrao.edu/download/MediaFile/277/original

Use Case

Pipeline Standard
Reduction
Non-interactive

Interactive Pipeline
Re-Processing

‘User Driven’

Development &
Commissioning

Manual Reduction

Note : This is only an example interpretation of documents/discussions. Nothing final or verified !

Operational Use Cases & User Interaction (pwms: User Interaction Concepts)

What to visualize?
What to interact with ?

Output images/cubes
Image analysis : Spectra/Moments

Output & Intermediate images/cubes
Plot calibration solutions and visibilities
Summary views/plots from pipelines

All images, interactive masks, autoflag results, caltables...

Visibility scatter/raster plots/views

Interactive clean mask drawing, interactive flagging, etc...

Meta-data based views (e.g. ant location plots)

User Interface

Workspaces
(dashboard, GUIs)

Workspaces

(dashboard, GUIs,
Jupyter notebooks )

Terminal + Scripts

(scripts, notebooks, headless
GUIs?)

References : ngVLA SysArch docs for reduction vs analysis + casagui sys design docs + Workspaces

How much of this should CASA need to do ?

Responsible ?

DMS

SSA : front end
CASA/Pipe : backend

DMS

SSA: front end
CASA/Pipe : backend

CASA
( simplified toolset

using python/scripts )
3rd party packages


https://ngvla.nrao.edu/page/projdoc
https://casagui.readthedocs.io/en/latest/design/intro.html
https://ws-test.nrao.edu/workspaces

DMS 5-vear planning —> For CASA, this is the CASAG6 to CASAY transition.

These are only initial ideas. They
will change based on DMS-wide
scheduling, staffing, stakeholder
needs, and practical feasibility...

Topic FY23 FY24 FY25 FY26 FY27 FY28
DMS - Infrastructure - Data Quantum - Data model version 1
Systems prototyping and scaling | - Pass sim data specification
demo. through skeleton ?
ngData - Data Model/Format - Regs/specs fill in
processing - Algorithm/Software use-cases and add
architecture architecture (casal/pipe metrics
design + functional API) - User-interaction
- Reqgs/specs for concept/reqs
bracketing use-cases
CASA7 - Starter cngi projects - Convertors and - Prototype apps for cube - Development against API - Development | - Development
for dev training : readers for (new?) imaging, calibration, and use-cases/metrics for against AP, against API,
ngData feather, msuvbinflag, data format simulation, flagging, VLBI, ALMA-WSU and ngVLA use-cases, use-cases,
processing imstat, - Continue starter cngi singledish - Support for pipe dev/ops metrics for metrics for
implementation holog,panel/locfit : projects for dev - Target use-cases from + ALMA un-mitigated cube ALMA-WSU ALMA-WSU
+ ngVLA prototype training current telescopes imaging and ngVLA and ngVLA

Features and

Antenna

- GPU dev with cngi

+ALMA un-mitigated cube

+ VLASS full stokes GPU

algorithms commissioning imager prototype imaging - Engage with ARDG to bring
- GPU dev training +VLASS full stokes GPU algorithms into new framework

CASA6 - Support for pipeline - Support for pipeline - Maintenance and - Maintenance and bugdfixes - Maintenance | - Maintenance
ops +ALMA Band1, ops bugfixes only only and budfixes and budfixes

Operations self-cal... + re-calibration, group only only

support for - Continue VLBI dev imaging?

current use - Interactive Clean - Continue VLBI dev

cases - Deprecate viewer



https://open-confluence.nrao.edu/pages/viewpage.action?spaceKey=DMS&title=Five+Year+Plan%3A+FY24-29

Relevance to VLBI-CASA development

These are only initial ideas.

Input from this group will be required to refine our
concept of how VLBI development should evolve.

Continue development for VLBI support : Long-term stakeholder requirements

(0]
(0]

New features/algorithms
AIPS -> CASA transition of required features.

Design efforts in FY23

(0]
(0]
(0]

Include VLBI use-cases in the CASA/DMS use-case documents
VLBI-specific methods to be included as part of the overall CASA7 functional API specification
Participation from this group : Use-case definition and review of design plans.

CASAG -> CASAY transition, starting in mid FY23 and/or FY24

(0]
(0]

CASAYT : Start adding new features directly here. Start transfer of existing methods from CASAG.
CASAG : Bug fixes and minor feature additions only

CASAG6 and CASAY7 will have to be interoperable until CASA7 has all required features.

For example, from casatasks import gaincal, applycal
from casangi import holog
gaincal(vis='xxx.ms’,...)
applycal(vis="xxx.ms’,...)
holog(vis="xxx.ms’,...)

Some points for discussion :
For new VLBI features in FY23/24, how feasible is it to develop standalone methods ?

What is most efficient to do in the casa6 code base ?
Fraction of VLBI use-cases and features that will be covered by ngVLA ?

??


https://open-confluence.nrao.edu/display/CASA/Stakeholder+Long+Term+Plans#StakeholderLongTermPlans-VLBI

Notes



