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1 Introduction

1.1 Purpose of the document

This document is submitted as fulfilment of the requirements for the delivery of the Preparatory
Phase of the Square Kilometre Array (PrepSKA) Work Package 2 (WP2) System Concept Design
Review (CoDR).

1.2 Scope of the document

The document provides an overview of the System CoDR process, outcomes and subsequent events
and planning.

2 SKA System CoDR

2.1 Overview

The system CoDR was conducted during the period 24 to 26 February 2010 at the University of
Manchester.

During the three day period members of the SKA Program Development Office (SPDO) presented the
various aspects of the system concept design to a five member review panel. The panel consisted
largely out of individuals from outside the SKA community who are involved in other radio
astronomy projects, large science projects and industry.

The review was also attended by various observers from across the SKA community.
2.2 Review Plan

To facilitate the review a plan was developed setting out:
1. The context of the review,
2. The purpose and expected outcome of the review,
3. The roles and responsibilities of the review participants, and
4. The logistics behind the review.

The plan was reviewed with the chairman of the review panel and was updated as and when
changes were encountered. The final revision of the plan was available the day before the start of
the review. This revision of the plan is attached in Appendix A.

2.3 Purpose and Expected Outcomes of the CoDR

As outlined in the plan the CoDR was conducted to evaluate:
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e The overall progress,

e  Whether the technical adequacy obtained during the concept phase is at a sufficient level of
maturity to allow the system to move into the next phase,

o Whether all system aspects of the project have been covered and where gaps exist, whether
adequate measures have been identified to address the shortcomings.

The expected outcome of the review was the establishment of the system concept baseline by
conclusion of the system level concept phase.

More specifically the Review Panel was requested to consider the following questions:

1. Is the system framework that has been created strong enough to enable the project to
move forward as a whole and is it sufficient enough to provide the necessary and clear
guidance to the lower levels of the project?

2. At the concept level, is the system presented capable of meeting the science
requirements?

3. Has sufficient evidence been presented for including candidate technologies to justify
further resources being spent on further analysis and refinement, based on current
knowledge of feasibility, cost and performance (i.e. meeting science requirements)?

4, Have all the necessary elements been considered or are there gaps and/or shortcomings?
5. Is there a sufficiently accurate estimate of risk at this stage of the project?

6. Is the plan for reducing risk credible?

7. Are the planned decision-making processes sufficient and reasonable for carrying out the

trade-offs needed to arrive at a final system design?

8. At what stage should descope options be considered?

9. Is the plan for proceeding through the subsequent project phases credible?

10. Is the schedule for proceeding to the subsequent project phases credible?

11. Are resources sufficient to carry out work subsequent to the CoDR, and commensurate

with the planned schedule? (People, Budget).
2.4 Documentation

In support of the review nineteen (19) documents and six (6) supporting documents were developed
and distributed to the review panel before the review. The documents were developed under the
leadership of the SPDO system engineer with major contributions from the SPDO project engineer
and domain specialists. Inputs and contributions were also received from organisations external to
the SPDO.
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A list of the documents and the delivery dates are shown in Appendix B.

The documents were made available to all the SKA liaison engineers, all the observers and the SKA
Science and Engineering Committee (SSEC) prior to the review.

The documents are available on the SKA wiki site at:

http://wiki.skatelescope.org/bin/view/LiaisonEngineers/CoDRDocsLE

Prior to the review several questions were received from the review panel members. These
qguestions were recorded and the answers were provided back to the panel before the review.

2.5 Review

The agenda followed during the review is shown in the Review Plan in Appendix A.

During the review several presentations, based on the documentation, were made. The
presentations aimed to represent the detail of the underlying documentation as completely as
possible.

Although the agenda allowed ample time for discussion the panel did request a change in the
sequence of presentations on the Thursday to focus on the strategy going forward. This resulted in
the session on management plans (session 5) being moved to the end of the day. Eventually time ran
out and the panel agreed that after having read the management plans beforehand, the plans were
complete and well understood.

During Friday (26 February) the panel spent the majority of the morning in a closed session
discussing and drafting the panel report. In parallel the SPDO had a round table discussion with the
observers on their views and perceptions of all the aspects of the review.

During the afternoon the panel provided their initial verbal feedback to the SPDO and the observers.
The aspects mentioned during this debriefing session are all covered in the panel report and are
therefore not presented here.

2.6 Review Panel Report

The final report from the review panel was received on 21 March 2010. The report highlighted
twenty findings and recommendations and also provided more detail on each of these aspects. The
findings and recommendations taken directly from the Review Panel Report were:

1. The Panel was impressed by the preparations for the review and the degree and
professionalism of the SKA systems engineering. The Panel appreciates the rapid response to
guestions submitted shortly before the review. The documentation provided was of a high
standard and covered all relevant aspects. This gave a lot of confidence in the SPDO led
effort.

2. The SKA team seemed to have recognized about 95% of the problems (but recognizing a
problem does not mean it is solved or that it is solvable). The Panel could only identify two
possible gaps: security of hardware at remote sites, and export controls.
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3. SKAin its present setup tries to push technology limits on pretty much all fronts. Some
parameters are pushed orders of magnitude beyond state-of-the-art. Even things that
traditionally have been minor problems are now an issue (e.g., power, computing, signal
transport & processing, ...). Given current time and cost constraints the Panel felt that the
combination of scope, timeline, and cost was in general overambitious and in several areas
unrealistic.

4. Given current timeframe and assumed funding constraints, the science covers too large a
parameter space and includes requirements which imply differing optimal design decisions,
e.g. optimizing hardware for survey vs. single object observations. This hinders further
progress in the SKA definition and converging on a conceptual design. It is an important
decision for the project to either keep to the proposed timeline and adjust the scope
accordingly, or keep the ambitious scope and adjust the timeline (and budget) accordingly.

5. The system engineering team did a great job in trying to satisfy the wide range of science
requirements. However, the Panel did not see stable requirements which would allow a
stable design for SKA. At this stage, the panel expected a higher degree of refinement
regarding the SKA concept.

6. SKA is ready to move into the definition phase. This transition is essential to support the
proposed timeline for a construction start (with a redefined scope), to arrive at an SKA
concept, and to ensure that additional resources are focused on activities that truly support
the SKA schedule.

7. The project needs to take important decisions on science and technology soon. It is
recommended to define very well the process for making choices and make it very visible
throughout the project. Entrust decision making to smaller groups wherever possible.

8. The Panel recommends prioritizing the science goals as soon as possible in order to enable
the project to move forward with a system concept definition. This is a necessary condition
to allow the definition of a SKA baseline design whose implementation would be feasible on
the chosen timeline.

9. Inorder to enable the necessary prioritization, the Panel recommends that a suitably
empowered and trusted independent Science Advisory Body should be established as soon
as possible. Ideally this Science Advisory Body would consist of science authorities in
astronomy who are independent of technology driven programs for SKA.

10. Itis the Panel’s impression that, in SKA, engineering and development goals and interests
have been weighted at least equally with science goals. The Panel recommends changing
this situation and making sure that the SKA be a primarily science-driven project.

11. The Panel recommends a two stage approach by defining a “baseline” SKA project and
future “enhancements”. The baseline SKA would be based on achieving a few top level
science goals resulting from the science prioritization process. It would accommodate a mix
of low risk and high risk technology and be feasible within the schedule and cost constraints.
At the same time, and in view of more ambitious long-term goals, a roadmap should be
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12.

13.

14.

15.

16.

17.

18.

19.

planned for the introduction of innovative (higher risk) technologies which will become
available at a later stage and enable wider science goals (“enhancements”).

The Panel recommends that a Technology Advisory Body be established to assist in reaching
the appropriate technology choices versus time in the process outline above. The TAB
should consist of neutral experts who can assist the project to make initial technology
selections and in the process of road mapping for the introduction of innovative
technologies into later stages of deployment.

The Panel believes that - in order to enable forward planning - the output of the R&D
program should be generally defined more in terms of software and hardware deliverables,
e.g. detector prototypes with demonstrated performance, reliability, cost etc., rather than
reports alone.

The Panel recommends not to underestimate the effort it will take to get from a working
prototype to industrial large scale production based on the Panel’s experience with smaller
production quantities for ALMA and the LHC, and large quantities in industrial production.
The planned time for achieving this step, currently two years for “Detailed Design,
Production Engineering and Tooling” is too short in the Panel’s assessment.

A framework for doing lifetime SKA costing seems in place. However, a detailed costing was
not given, and the panel expected a more advanced costing at this stage. Stabilising
requirements and producing a credible costing are quite urgent at this stage of the project.
The project should not underestimate or understate the cost.

SKA should ensure that the SKA R&D, design work, and alternatives analysis during the
project definition phase is driven by achieving cost reduction and satisfying the target total
cost goals as well as the science goals.

The Project Director should prepare a resource plan for completing the R&D and conceptual
design work needed to produce a high quality set of requirements and conceptual design
report. The resource plan needs to be adequate to establish a credible construction plan for
SKA including the total construction cost and sufficient information on operating costs to
inform the funding agencies of the long-term commitments needed to meet the science
goals.

The schedule for the next two years, including the preparation of a Conceptual Design
Report, should include a couple of dozen milestones with clear definitions of what it means
to satisfy the milestone and the exact dates that the milestones are expected to be
complete.

In order to achieve the schedule and resource planning goals outlined above, the project
structure needs to be strengthened. The SSEC should further empower the SPDO to carry
out the SKA central management, integration, and project administration functions. Success
depends on the participating organizations acknowledging and supporting the central role of
the SPDO. The project should start setting up the framework for institutional accountability
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now, e.g., MOU’s with high-level authorities such as Institute Directors, Division Heads, or
Department Chairs.

20. Technical effort should continue in all relevant areas: receptor design and construction of
pathfinder/conceptual prototypes; site studies; systems engineering; signal transport and
processing; and computing. These activities should emphasize understanding of the
performance/cost implications in relation to the science goals.

2.7 Response to Review Panel Report

The Review Panel Report was presented and discussed during an SSEC meeting during March 2010.
As a result of the report the SSEC made various decisions and initiated several actions in support. A
response to the report was also drafted and submitted back to the review panel on 28 May 2010.

The response to the findings and recommendations, interwoven into the Review Panel Report, is
attached in Appendix C.

3 Next Steps

Following the review of the report by the SSEC, an SSEC subcommittee was established to develop a
more focussed definition of the science and technical aspects of Phase 1 of the SKA. Work is
currently under way in this regard.

Moving forward some of the system CoDR will have to be updated to ensure alignment at system
level with this initiative. Following this update a delta CoDR will be performed and the system will
move into the Definition Phase.

The milestone WP2.1.1 is considered complete.

o

2010-06-08 Page 8 of 11



MGT-005.010.020-MR-001
Revision: A

APPENDIX A

Review Plan
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