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1 Introduction
This documents outlines WALLABY’s data processing and storage requirements for early science observa-
tions with ASKAP. This document is expected to evolve as our understanding of processing requirements 
improves. All data sizes specified in this document are based on a multiplier of 1024 (= 2¹⁰), for example 
1 GB ≡ 1024³ B, etc.

All specifications in this document were made under the assumption that ASKAP–12 will fail to meet the 
original design specification of ASKAP with respect to sensitivity (Tsys / η = 62.5 K) and instead have a 
higher Tsys / η = 90 K at a frequency of 1.4 GHz. To achieve nominal WALLABY sensitivity, we will thus re-
quire an integration time for the WALLABY early science programme of 120 h per field, resulting in a to-
tal time request of 600 h for 5 fields. We understand that the early-science time allocation will be similar 
for the WALLABY and EMU projects and note that an overall increased time allocation would be desirable 
to compensate for the effects of higher Tsys / η.

Major changes compared to version 1 of this document:

• Changed Tsys / η from 62.5 to 90 K.
• Changed survey strategy from 10 fields à 56 h to 5 fields à 120 h, changing the overall time requirement 

from 560 to 600 h.
• Removed all 20″ data products.
• Changed 90″ and 270″ data products from “required” to “desirable”.
• Moved source finding products other than catalogues from Level 5/6 to Level 7.
• Removed daily mosaicked image cubes.
• Changed stokes I, Q, U and V images to data cubes with 1 MHz channels.

2 Data storage and processing requirements

2.1 Required and desirable level 5/6 data products
A list of level 5/6 data products required/desired for WALLABY early science observations is provided in 
Table 1 below. Total data size estimates are based on the minimum required number of 5 fields. All spec-
tral-line data cubes are expected to be calibrated and continuum-subtracted.

Table 1: List of level 5/6 data products from WALLABY early science observations.

# Data product Required Qty. Size per
item[1]

(GB)

Total
size[1]

(GB)

1 Combined, mosaicked, cleaned Stokes I cube at 30″ 
resolution; size: 3600 × 3600 × 16416; pixel size: 7.5″; data type: 
32 bit floating-point

yes  5  792.6 3 963

2 Combined, mosaicked, cleaned Stokes I cube at 90″ 
resolution; size: 1200 × 1200 × 16416; pixel size: 22.5″; data 
type: 32 bit floating-point

no  5  88.1  440.5



# Data product Required Qty. Size per
item[1]

(GB)

Total
size[1]

(GB)

3 Combined, mosaicked, cleaned Stokes I cube at 270″ 
resolution; size: 400 × 400 × 16416; pixel size: 67.5″; data type: 
32 bit floating-point

no  5  9.8  49

4 Combined, mosaicked, dirty Stokes I cube at 30″ resolution; 
size: 3600 × 3600 × 16416; pixel size: 7.5″; data type: 32 bit 
floating-point

yes  5  792.6 3 963

5 Combined, mosaicked, dirty Stokes I cube at 90″ resolution; 
size: 1200 × 1200 × 16416; pixel size: 22.5″; data type: 32 bit 
floating-point

no  5  88.1  440.5

6 Combined, mosaicked, dirty Stokes I cube at 270″ 
resolution; size: 400 × 400 × 16416; pixel size: 67.5″; data type: 
32 bit floating-point

no  5  9.8  49

7 PSF image for 30″ mosaicked data cubes; size: 3600 × 3600 × 
304; pixel size: 7.5″; data type: 32 bit floating-point; assuming 
1 cube per beam (36 total) and 1 MHz intervals (Δf /f ≈ 0.1%)

yes  5  528.4 2 642

8 PSF image for 90″ mosaicked data cubes; size: 2400 × 2400 × 
304; pixel size: 22.5″; data type: 32 bit floating-point; assuming
1 cube per beam (36 total) and 1 MHz intervals (Δf /f ≈ 0.1%)

no  5  58.7  293.5

9 PSF image for 270″ mosaicked data cubes; size: 800 × 800 × 
304; pixel size: 67.5″; data type: 32 bit floating-point; assuming
1 cube per beam (36 total) and 1 MHz intervals (Δf /f ≈ 0.1%)

no  5  6.5  32.5

10 Sensitivity cube for 30″ combined, mosaicked data cubes; 
specifications as in #1

yes  5  792.6 3 963

11 Sensitivity cube for 90″ combined, mosaicked data cubes; 
specifications as in #2

no  5  88.1  440.5

12 Sensitivity cube for 270″ combined, mosaicked data cubes; 
specifications as in #3

no  5  9.8  49

13 Gain cube for 30″ combined, mosaicked data cubes; 
specifications as in #1

yes  5  792.6 3 963

14 Gain cube for 90″ combined, mosaicked data cubes; 
specifications as in #2

no  5  88.1  440.5

15 Gain cube for 270″ combined, mosaicked data cubes; 
specifications as in #3

no  5  9.8  49

16 Source catalogue for 30″ data cubes yes  5  0.0002  0.001

17 Source catalogue for 90″ data cubes no  5  0.0002  0.001

18 Source catalogue for 270″ data cubes no  5  0.0002  0.001

19 Combined, mosaicked, cleaned Stokes I, Q, U and V 
continuum cubes at 30″ resolution; size: 3600 × 3600 × 304; 
pixel size: 7.5″; channel width: 1 MHz; data type: 32 bit 
floating-point

yes  20  14.7  294

20 Measurement sets of calibrated, continuum-subtracted 
visibility data[2] (36 beams, 16416 channels, 4 polarisations, 
66 baselines + 12 autocorrelations, 30 s sample time, 72 bits 
per sample); data rate given per hour, assuming a total of 
600 h for the project

yes  600 185.4 111 256



# Data product Required Qty. Size per
item[1]

(GB)

Total
size[1]

(GB)

21 Measurement of restoring beam across field of view and 
frequency range; value of bmaj, bmin and position angle for 
each of the 36 PAF beams and each of the 16 416 channels; 
data type: 32 bit floating-point

yes  5  0.0066  0.033

Total: 132 328

Required: 130 044

Notes:

[1] All sizes refer to raw data volume only; additional storage will be required for data headers and metadata.

[2] Visibility data rates include autocorrelations (18.2% overhead on cross-correlations only).

2.2 Minimum and desirable survey area
The minimum survey area required for successful execution of the WALLABY early science programme 
amounts to 5 fields of 30 square degrees each, or 150 square degrees in total.

A larger number of 10–20 fields would be desirable to improve the expected statistical significance of H Ⅰ 
mass function measurements as a function of environment. However, due to the required integration time 
per field of 120 h this would result in a total integration time well in excess of the time currently envisaged
for the WALLABY early science programme and may therefore be infeasible.

2.3 Data volumes for level 5/6 data products
Where appropriate, the required data volumes per 30 square degree field for all individual level 5/6 data 
products are listed in Table 1 (column “Size per item”). In addition, total data volumes are listed for the 
minimum required number of 5 fields (column “Total size”).

The overall data volume of required data products amounts to approximately 130 TB (assuming 5 fields; 
hence about 26 TB per field). Including desirable products, the requirement would still be about the same,
as the size of desirable data products is negligible.

2.4 Level 7 post-processing requirements

2.4.a Expected level 7 data products

Table 2: List of expected level 7 data products from WALLABY early science observations.

# Data product Qty. Size per
item[1]

(GB)

Total
size[1]

(GB)

1 Three different velocity fields (moment 1, Gauss–Hermite polynomial and
Gaussian) from WALLABY 2D kinematics pipeline; size: 256× 256; data type:
32 bit floating-point; assuming 100 sufficiently well resolved galaxies

 100  0.00073  0.073

2 Analysis output from WALLABY 2D kinematics pipeline (pseudo-
isothermal halo rotation curve velocity field, 2D tilted-ring model velocity 
field, 6 residual velocity fields, S/N map, plots and rotation curves); 
specifications as in #1

 100  0.0042  0.42

3 Analysis output from WALLABY 3D kinematics pipeline (TiRiFiC output 
files, pipeline output files, cubes of all models); cube size: 256³; data type: 
32 bit floating-point; assuming 100 sufficiently well resolved galaxies

 100  0.063  6.3



# Data product Qty. Size per
item[1]

(GB)

Total
size[1]

(GB)

4 Source catalogue from SoFiA for 30″ cubes  5  0.00055  0.00275

5 Source catalogue from SoFiA for 90″ cubes  5  0.00055  0.00275

6 Source catalogue from SoFiA for 270″ cubes  5  0.00055  0.00275

7 Mask cube of all sources detected by SoFiA at 30″ resolution; size: 3600 × 
3600 × 16416; pixel size: 7.5″; data type: 16 bit integer

 5  396.3 1 982

8 Mask cube of all sources detected by SoFiA at 90″ resolution; size: 1200 × 
1200 × 16416; pixel size: 22.5″; data type: 16 bit integer

 5  44.1  221

9 Mask cube of all sources detected by SoFiA at 270″ resolution; size: 400 × 
400 × 16416; pixel size: 67.5″; data type: 16 bit integer

 5  4.9  24.5

10 Moment 0 and 1 maps for 30″ cube from SoFiA; images size: 3600 × 3600; 
pixel size: 7.5″; data type: 32 bit floating-point

 10  0.05  0.5

11 Moment 0 and 1 maps for 90″ cube from SoFiA; images size: 1200 × 1200 ; 
pixel size: 22.5″; data type: 32 bit floating-point

 10  0.0054  0.054

12 Moment 0 and 1 maps for 270″ cube from SoFiA; images size: 400 × 400; 
pixel size: 67.5″; data type: 32 bit floating-point

 10  0.0006  0.006

13 Small cubelets, integrated spectra, moment 0, 1, and 2 maps, and 
position–velocity diagrams for each detected source at 30″ resolution 
from SoFiA; image size: 256 × 256 × 256; pixel size: 7.5″; data type: 32 bit 
floating-point; assuming a total of 3 250 sources across 5 fields

3 250  0.063  205

14 Small cubelets, integrated spectra, moment 0, 1, and 2 maps, and 
position–velocity diagrams for each detected source at 90″ resolution 
from SoFiA; image size: 96 × 96 × 256; pixel size: 22.5″; data type: 32 bit 
floating-point; assuming a total of 3 250 sources across 5 fields

3 250  0.0089  28.9

15 Small cubelets, integrated spectra, moment 0, 1, and 2 maps, and 
position–velocity diagrams for each detected source at 270″ resolution 
from SoFiA; image size: 48 × 48 × 256; pixel size: 67.5″; data type: 32 bit 
floating-point; assuming a total of 3 250 sources across 5 fields

3 250  0.0022  7.15

Total: 2 475

Notes:

[1] All sizes refer to raw data volume only; additional storage will be required for data headers and metadata.

2.4.b Required working data storage for post-processing

SoFiA will require 4 times the size of the input data cube in memory for source finding and parameterisa-
tion. This corresponds to 3.1 TB for a 30″ cube, 0.35 TB for a 90″ cube, and 0.04 TB for a 270″ cube under 
the assumption that the entire cube is processed at once.

2.4.c Estimated amount of computing time for post-processing

The total amount of level 7 processing time for WALLABY early science is approximately 21 000 CPU 
hours under the assumption that only the required level 5/6 data products are provided. The details are 
presented below.

WALLABY 2D kinematics pipeline

Processing requirements for the WALLABY 2D kinematics pipeline are light. If we assume that the pipeline 
is run on 100 sufficiently well resolved galaxies and three different velocity fields of size 256 × 256 per gal-
axy, the pipeline will require only about 1500 CPU hours to complete, taking into account a contingency 



factor of 5 likely required for optimisation of the pipeline results and as a safeguard against pipeline fail-
ures due to technical problems.

WALLABY 3D kinematics pipeline

Initial estimates suggest that approximately 15 000 CPU hours will be required for running the WALLABY
3D kinematics pipeline on 100 sufficiently well resolved galaxies under the assumption that a sub-cube of 
size 256³ is being processed for each galaxy. This estimate again includes a contingency factor of 5 for opti-
misation of the pipeline results and as a safeguard against pipeline failures due to technical problems.

SoFiA

Tests of SoFiA with a typical set of parameter settings on a 759 MB data cube yield processing time esti-
mates of approximately 0.2 CPU hours per GB for in-core processing. This extrapolates to approximately 
160 CPU hours for source finding on a 30″ data cube as specified in Table 1, or 800 CPU hours for the full 
set of 5 cubes. Source finding on all of the 90″ and 270″ cubes combined will require another 100 CPU 
hours.

Hence, the total processing time required for source finding with SoFiA amounts to approximately 
4 500 CPU hours, taking into account a contingency factor of 5 required for optimising the results by run-
ning SoFiA multiple times with different parameter settings.

2.4.d Long-term archival storage requirements

Long-term archival storage for all level 7 data products as specified in Table 2 is requested, amounting to a 
total storage requirement of approximately 2.5 TB.

2.4.e Access to standard software packages

The WALLABY 2D kinematics pipeline requires access to the following software packages:

• GNU Compiler Collection (version ≥ 4.6)
• ANSI C standard library
• GNU Scientific Library (version ≥ 1.16)
• CFITSIO (version ≥ 3.37)
• MultiNest (version ≥ 3.9)

The WALLABY 3D kinematics pipeline will require access to the following software:

• IDL (version ≥ 7.0)
• TiRiFiC

• PGPLOT
• GNU Scientific Library (version ≥ 1.15)
• OpenMP
• GNU Compiler Collection (version > 4.2)
• GNU Readline Library
• WCSLIB
• FFTW

• SoFiA (see below for dependecies)

Access to the following software packages will be required to install and run SoFiA:

• Python (version ≥ 2.4)
• NumPy (version ≥ 1.8)
• SciPy (version ≥ 0.7)
• Astropy (version ≥ 0.2.5)
• matplotlib (version ≥ 1.1)
• GNU Compiler Collection (version ≥ 4.6)
• C++ standard library
• GNU Scientific Library (version ≥ 1.15)



2.4.f Experience in high-performance parallel processing

A few WALLABY members have gained extensive experience in data processing using the Pawsey Centre 
and other high-performance computing systems, and the WALLABY team will be able to draw on their ex-
perience for early science data processing. In addition, several other core members of the WALLABY team 
have had some experience with data processing on Pleiades, Fornax and RDSI.

2.5 Additional requirements
None.


