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Abstract

Intrinsic to the design of any telescope are trade-offs between cost
and scientific performance, but these will be especially complex in the
design of the Square Kilometre Array (SKA). The hybrid of detector
technologies which will be used means that there are many free param-
eters in its design, meanwhile the multi-faceted nature of its science
programme means that its perspective users place a wide range of dif-
fering requirements on its specifications. The SKA Costing and Design
Tool provides a framework in which hierarchical descriptions of tele-
scope designs can be systematically encoded and costed as a function
of input parameters and telescope performance, allowing a rapid ex-
ploration of the possible parameter space of SKA designs. This allows
these trade-offs to be probed and means that optimised designs for
the SKA can ultimately be produced. In this memo, we provide an
overview of the costing tool and show screenshots of the graphical user
interface used to drive it.
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1 Introduction

Intrinsic to the design of any telescope are trade-offs between cost and scien-
tific performance (see, e.g., Gaensler and Lazio, 2006), but in the design of
the Square Kilometre Array (SKA), these trade-offs will be unusually com-
plex. The SKA Costing Tool provides a framework in which hierarchical
telescope designs can be systematically encoded and costs, data flow, and
other resource requirements can be calculated.

The trade-offs in the design of the SKA will be especially complex for
two reasons. Firstly, its design will have an unusually large number of free
parameters: there will be many design choices to be made in addition to
the familiar considerations of sensitivity and survey speed. For example, it
will use a hybrid of detector technologies co-existing side-by-side — both the
International SKA Project Office! (ISPO) Reference Design (ISPO, 2006;
Schilizzi et al., 2007) and the SKADS Benchmark Scenario (Alexander et al.,
2007; Bolton et al., 2008) favour a three-component hybrid of phased aper-
ture arrays, dishes with wide-band feeds and either close-packed aperture
arrays or phased-array feeds (PAFs) — and the frequency coverage and col-
lecting area of each component must be decided upon. Within the back-end
processing for the aperture arrays, the choice between digital and analogue
beam-forming remains to be made; Alexander et al. (2007) argue that even
if one becomes the favoured option, the other should be developed in parallel
for the foreseeable future to provide a realistic fallback alternative. Within
the dish-based collectors, issues such as the dish size and feed type remain
to be finalised.

The second source of complexity in the SKA’s cost-performance trade-
offs is the multi-faceted nature of its science programme (see, e.g., Gaensler,
2004; Jones, 2004). Its prospective users each place different requirements
upon the SKA’s angular resolution, survey speed, sensitivity and frequency
coverage, and a compromise will have to be reached (see, e.g., Jackson, 2003,
2006).

Whilst the ISPO Reference Design and the SKADS Benchmark Sce-
nario documents have presented and discussed in detail a range of manually-
optimised skeletal designs for the SKA, it is clear that more immediate access
to cost estimates and scientific simulations of telescope designs will be essen-
tial before engineers can make significant progress in charting the available
parameter space. To this end, the SKA Costing Tool has been developed on
behalf of the SKA Program Development Office (SPDO) and in part as work
package DS3-T3 of the SKADS programme. The telescope designs which
the Tool acts upon are hierarchical in structure: large design blocks — for
example, the whole SKA — subdivide into smaller units — for example, SKA

!The International SKA Project Office is now the SKA Program Development Office
(SPDO).
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Figure 1: A simplified example of how the top of a hierarchical telescope
design might appear as a network of design blocks; this example is based
loosely upon the structure of the SKADS Benchmark Scenario (Alexander
et al., 2007). The hierarchy may extend to an arbitrarily large number of
levels below this starting point.

Stations — until eventually the hierarchy reaches components — indivisible
atomic units. This hierarchy can have an arbitrarily large number of inter-
mediate levels, and the number is likely to increase as models are refined
and increasing levels of details are added to initially simple models. One
possible view of how this hierarchy might appear is shown in Figure 1. The
tool can calculate the number of components required to build any given de-
sign block, propagate costs through this hierarchy to sum up to total cost of
any given telescope design, and provide a breakdown of the contributions of
each design block to the total cost. In addition, the tool can also propagate
other arbitrary quantities through the hierarchy, including, for example, the
power consumption of components and their data rates. The former is use-
ful for calculating the total power requirements of the SKA, meanwhile the
latter is an unusual case, where data processing steps can reduce the total
data flow to their parents.

A key feature of the Costing Tool is that the hierarchical telescope de-
signs which it acts upon are scalable; they do not represent a single telescope
built to a particular specification, but rather take a wide range of input
parameters, and within reasonable limits, can estimate what components
would be required to build a telescope to any requested specification. This
does not replace the need for specialist engineers: the calculations performed
by the tool are estimates based upon simple models, which would need to
be extensively expanded upon before they could actually be built. In the
first instance, our aim is to produce realistic models of how the cost of the
SKA will scale with design parameters, not to produce accurate absolute
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costings.

The Costing Tool builds upon the work of its predecessor, SKAcost,
which was developed by the Australia Telescope National Facility (ATNF),
with some financial support and system engineering input from the ISPO.
SKAcost, which itself used the modular approach first described in Horiuchi
et al. (2004), was also a hierarchical tool which could estimate component
costs as a function of purchase date for dish-based SKA designs (Chippen-
dale et al., 2007; Schilizzi et al., 2007). In addition, a variant version of SKA-
cost has been developed by the ATNF for their studies of the cost vs. per-
formance trade-offs for the Australian Square Kilometre Array Pathfinder
(ASKAP). SKAcost was written in Python and two user interfaces were de-
veloped for it: experienced Python programmers were encouraged to modify
parameters directly within its Python code, giving them essentially unlim-
ited scope to explore parameter space, meanwhile an online CGI-based web
interface provided a more user-friendly way to access it, although only a
selected subset of parameters could be varied using it. The tool provided
uncertainty analyses based on simple statistical modelling and reports in a
variety of financial formats, including Net Present Value summaries.

The new Costing Tool greatly improves upon the user-friendliness of
SKAcost and seeks to make its calculations as transparent as possible. It
aims to provide all of the flexibility which was available to SKAcost’s techni-
cally-minded users, in an interface which is at least as user-friendly as SKA-
cost’s web-based interface. Within the Costing Tool, the hierarchical struc-
ture of telescope designs can be interrogated in a graphical environment, as
can the cost breakdown between the various parts of the hierarchy. Tele-
scope designs can also be modified in this graphical environment, and, in
the case of simple modifications, no programming experience or knowledge
of Python is required. More complex modifications, including the writing
of entirely new telescope designs, are possible with a basic knowledge of
Python: small fragments of Python code need to be written to instruct
design blocks how to calculate their resource requirements from any given
set of inputs. Significant effort has been put into making this process as
user-friendly as possible. The development of the Costing Tool is ongoing
and will continue throughout the PrepSKA programme, during which time
it will be extended and coupled to technical simulations of the SKA.

2 The Structure of the Costing Tool

Within the Costing Tool, we maintain a sharp division between the costing
engine — the software used to calculate the numbers of components needed to
build an SKA to a particular specification — and the telescope designs which
it acts upon. This separation ensures that telescope designs can be modified
by engineers without exposure to the lower-level Python implementation of
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Figure 9: Summary information about the top-level SKA telescope design
block. On the left, the tool lists the parent design blocks which have sent
orders to it: in this case there is only one order, sent from root, that is, the
user. On the right, the tool lists the break-down of the design block’s total
cost between its various children.
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the latest telescope to be built. Also listed are the information sources from

Figure 10: A spreadsheet showing the input parameters which were used in
which each of the parameter values were drawn.
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Figure 11: The tool can display the probability distribution function (PDF)
for the cost of any component or design block, based upon random samples
drawn from it. In this case, we show the PDF for the total cost of the SKA
as measured in our ficticious currency, the SAU; the vertical axis is measured
in units of probability density per unit SAU.
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Figure 12: A parameter survey of the cost of the SKA in SAU as a function of
the desired sensitivity of the dish component, measured along the horizontal
axis in m?/K.
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The Costing Tool’s design block editor, here editing the

AAlo_Station design block. The left panel shows the design block’s defi-

Figure 13:

nition, including a list of its inputs. In the right panel, we have opened the

Bits_Per_Sample input, to show that it is measured in physical units of bits,

and that its default value is 4 bits per sample.
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