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ABSTRACT

A sometimes under-emphasized element in the dewelopof new observing facilities tools

is the software. While often representing 5 to 2f%he cost of a new system, it can easily
be taken for granted in the planning and constaatintil relatively late in the development

program. This talk will review the role and chaexoof interferometer software required to
vet the hardware, meet the needs of the user coityramd in shaping the character of the
science that a new facility can achieve. The teilk be illustrated with the experience of

RHESSI (which does Fourier transform solar imagmdard x-rays and gamma-rays), and
the plans for FASR (the Frequency-Agile Solar Redéscope), and will attempt to relate
these experiences to the BDA.

INTRODUCTION

The purpose of this talk is to review the role ahdracter of interferometer software in vetting
the hardware, in meeting the needs of the user eaomtynand in shaping the character of the science
that a new facility can achieve. | will begin wibme general software considerations as they relate
solar facilities, illustrate these considerationshwRHESSI and FASR and then suggest how they
might be relevant to the BDA. The treatment willvagy general, and much of what | will say is quite
mundane, and for this | apologize in advance. dfyéver, there are bits that are controversial, then
perhaps this will provide the basis for useful d&gions.

GENERAL CONSIDERATIONS

Software provides the interface between an intenfieter’'s hardware and its users. As such the
software and hardware have comparable impactsenltimate success of a facility. It represents a
growing fraction of the cost of modern faciliti@gten more than 20% of the total facility cost. pits
this, software is sometimes taken for granted englanning and implementation of a program and not
given much attention in planning until relativeatd.

The role of software has some additional impliaaioits development provides an excellent
way to involve students; its development can prevah effective vehicle for involving remote
collaborators. In the longer term, upgrading thiénsre provides a powerful and cost-effective way t
upgrade the performance and capabilities of amunmnt.
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BROAD FACTORSAFFECTING SOFTWARE DESIGN

In designing the software for a solar interferometbere are several rather basic questions
which much be considered.

“What are the goals of the facility?” There are manossibilities here: to support technology
development, either locally or globally; to providdool for educating students; to act a protofipe
a future facility; to provide observational supptwtother instrumentation; to provide a significant
advance in capability of previous similar instrutgerto provide synoptic data in support of solar
activity forecasting or nowcasting; to be an exalory instrument operating in a previously
unexploited observational domain. The relative ingmace of these and other possible goals for a
given facility has profound effects on how its gafte should be designed.

What type of operation is planned for the interfeeter? Will it be operated for a few times or
for many years to come? Will it be user-controléth a series of custom observing programs or in a
standardized way? Will there be professional opesatby the users themselves or is it fully-
automated?

Who are the users? Are they students (perhapseénexgged, but eager to learn and contribute)?
Are they hands-on scientists with broad experiendee field? Are they scientists in closely-relt
fields with interest in the data but limited tingeléarn the observing or data reduction techniqées?
they members of other science communities, whindeeested in only the final results?

There are many ‘customers’ who will be using théveare, each with their own needs and
preferences. For example the operators, who iriterigt the control software need real-time feedback
on broad aspects of array performance and in s@wes¢in the current state of solar activity. The
engineering staff needs to have effective accesdata for failure identication and to evaluate
guantitative aspects of array performance. Thenseistaff needs to be able to effectively edit and
calibrate the data, evaluate the more subtle aspefctarray performance and generate the data
products upon which the subsequent science is baBeel external community not only needs access
to the final calibrated data products (e.g. liginves, images and/or spectra), but also to thedatta
that serves as an index to what is available. fierdommunity, convenience is critical.

For the data analysis software, the anticipated dalume and processing requirements are of
course fundamental factors. The anticipated RFirenment and atmospheric attenuation can also be
important. Less obvious is the question of whetheranalysis will be done by full-time or ‘guest’
analysts and what is the ‘style’ of the analysisisTcan range from case-by-case custom reduction to
routine procedures to fully-automated pipelines.

What are the programming resources available? Xperence and language-familiarity of the
software team is obviously a factor here as isanfrge, the available time, budget and computing
hardware. Also relevant is whether the softwaneetigmment is to be subcontracted to a commercial
concern, or be done by in-house software profeatdpby done by scientists or by students.

Almost all of the possibilities suggested abovel@dde illustrated by one or more existing or
planned facilities. I'll illustrate this with twoucrent examples of solar facilities.

RHESSI

The Reuven Ramaty High Energy Solar Spectroscapigér (RHESSI) is a NASA small
explorer mission launched in 2002, that provideth Ispatial and spectral resolution observations of
rays and gamma-rays in solar flares. Why is itvahe to an interferometer workshop? First, like the
solar program of the BDA, its observation progrardirected to transient phenomena rather than a
variety of fixed targets. Like an interferometdruses indirect imaging techniques (as opposed to
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pixelated detectors in a focal plane) and so reguimage reconstruction. In fact its image
reconstruction is the precise mathematical anatothat required to convert interferometer data to
images.

RHESSI is an exploratory instrument, doing thet fim&aging spectroscopy at x-ray energies and
the first solar gamma-ray imaging. As such, manpafameters of its targets (e.g. size scales) and
some of its current uses (e.g. a search for aximesg not foreseen. Although there are many in the
solar community who are keenly interested in thi,ddnere was and is a very limited population of
those that combine knowledge of both high-energlarsa-rays and the image reconstruction
techniques.

RHESSI's data volume was moderate by current stdsdd.8 GBytes/day) but its handling
still required some consideration since over 6+ yé¢his has built to ~4 Terabytes. The character of
the data provided both special problems and oppibids. The transmitted data was based on the
arrival time and energy of each detected photoris fmovided the opportunity to choose the
‘exposure time’, field of view, imaging parameteesergy range and resolution when the data were
analyzed in response to the event and objectivésrsiudy rather than at the design phase. Whae th
flexibility has magnified the effectiveness of tit@a, it has provided users with an unfamiliaryaot
decisions. It also implied that almost all scierrelyses start from level-0 (raw) data, rather than
from higher-level data products. Figure 1 showsaberall operations and data flow.

RHESSI Operations and _RHESSI |+

Data Flow ¥
Telemetry files Daily Command Generation
{semi-automated)
Restricted Access (1pass)
""" R
Other Solar Levrel-O Files Weekly
Databases (1 orbit ~120 MB) Operations/Science
i + Meeting
Analysis Software (IDL-based) ‘ i
¥ ¥ l
Graphical User Command Line Catalog Products
Interface Interface (Light curves, flare lists,
I I a few images, etc)
‘ IDL session ‘ ‘ Browser ‘
] | I
‘ Any User ‘ ‘ Tohban

Fig. 1 - RHESSI Data Flow.



G.Hurford

FASR

FASR is a proposed interferometer that representmtgm step forward in terms of its
combination of radio imaging and frequency coverdtgeparameters are shown in Table 1.

The primary challenges here are threefold — fistwith RHESSI, the majority of the user
community has little experience with the techniqueguired to analyze the data; second the RFI
environment is an important factor, and third, da¢a volume and processing requirements are rather
substantial. For example the output of the coroelst~500 Mbytes/second (~25 Thytes/day) which is
to be reduced to an archival data volume of ~50t€dfglay. Figure 2 illustrates the current approach
towards addressing this task.

Table 1 — FASR Parameters

Angular resolution

20/, arcsec

Frequency range

50 MHz - 21 GHz

Number data channels

2 (RCP + LCP)

Total instantaneous BW

2 X 500 MHz

Frequency resolution

1% or 5 MHz

Time resolution

A (2-21 GHz): 3s
[snapshot 1 s]

B (0.3-2.8 GHz): 1 s

C (50-350 MHz): 0.2’ s

Polarization parameters

IQ/UV

Number antennas

A (2-21 GHz): 45
B (0.3-3 GHz): 15
C (50-350 MHz): 15

Antennas correlated
per integration cycle

30

Size antennas

A (2-21 GHz): 2 m
B (0.3-3GHz): 6 m
C (50-350 MHz): LPDA

Array size 2.9 km EW x 3.8 km NS
Absolute positions 1 arcsec
Absolute flux calibration <10%
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Fig. 2 - FASR Data Flow.

APPLICATION TO THE BDA

To illustrate how these considerations might bdiegiple to the BDA, let me take the risky step
of reviewing some of the BDA’s potential impactdl. dsk your forgiveness in advance for my mis-
state the case.
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At the national (Brazilian) level, the BDA is praumg an excellent vehicle for developing
technology infrastructure. It also provides a riglsource for student training and involvement in
engineering, astronomy and software. As this mgeliustrates, it encourages international scfenti
and technical collaboration. Through the joint stofispecific events, it will also provide the =agor
effective access to internationally sources of iosioéar data

On a worldwide level, the BDA will provide high-s&tivity radio coverage of solar activity in a
distinct (and under-represented) longitude rangecah provide burst positions and flux values
valuable for joint interpretation with other da@ontinuous operation would provide a new synoptic
database for solar activity.

SOFTWARE IMPLICATIONSFOR THE BDA

What do such potential impacts have to do withvearfe design?

Maximizing the impact on technology developmentuiesg effective, quantitative feedback on
array performance (e.g. phase stability). Maxingzits impact in the broader technical and general
communities can be helped by the BDA website angdublic outreach programs.

Student involvement, for example in software desigmuires choosing software approaches
that encourage contributions and adaptation, rathan the direct adoption of existing legacy
packages which, in some cases, can present a fbhaitarrier to modification.

The exploitation of the BDA’s longitude advantageuld be aided if plans called for daily
operation. That in turn has implications for thesidbility of automation of both the control and
analysis software.

Possible application to synoptic monitoring of saativity, would also require a program of
daily observations, but it would also place demaadsthe robustness and speed of routine data
product generation.

To exploit its capability for burst position measuonents, considerable effort in phase stability
and calibration protocols are required.

Finally, to exploit its role in the internationallar community, it is a fact of life that any moder
facility must provide access to calibrated datadpots to non-specialists that is both conveniedt an
timely.
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