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Questions
Question 1:

Are there other capability areas that should be considered?

Question 2:

Are these governance characteristics appropriate and are there other factors that
should be considered for optimal governance for national research infrastructure.

The principles seem fine. But what is missing is any suggestion that evidence will be examined
regarding the best ways to govern such initiatives. It may be worthwhile trying to learn from the
problems that plague other sorts of infrastructure2.
Question 3:

Should national research infrastructure investment assist with access to
international facilities?

Question 4:

What are the conditions or scenarios where access to international facilities should
be prioritised over developing national facilities?

Question 5:

Should research workforce skills be considered a research infrastructure issue?

If you define “infrastructure” appropriately as that which other things depend upon and build upon
(your current definition is very poor), then yes, of course.
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Question 6:

How can national research infrastructure assist in training and skills development?

Question 7:

What responsibility should research institutions have in supporting the development
of infrastructure ready researchers and technical specialists?

Question 8:

What principles should be applied for access to national research infrastructure, and
are there situations when these should not apply?

Although I am chief scientist for DATA61 (a CSIRO business unit), this submission is on my own behalf wearing
my ANU hat only (I speak here for neither institution, although the submission is closely aligned with the
Data61 science vision that I can speak for). I am aware that CSIRO is making a single (institutional) submission
to which I have contributed.
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The assertion made in 3.5 “Broad accessibility … maximises the value of the Government’s
investment in these facilities” does not stand up to logical analysis. Consider two classes of user (A
& B). Class A generates $2 to the economy for every $1 of infrastructure used; Class B generates
$10. If one wanted to “maximise the value…” one would disallow class A, and only allow class B.
More importantly, the principles need to reflect the empirical reality of how infrastructures are
used and evolved; see comments at the end of this submission.
Question 9:

What should the criteria and funding arrangements for defunding or
decommissioning look like?

Question 10: What financing models should the Government consider to support investment in
national research infrastructure?
Question 11: When should capabilities be expected to address standard and accreditation
requirements?
This is complex – standards can either help or hinder3. Too early adoption leads to lock-in. Too few
standards lead to lack of sharing. Central policy should focus on the end goal (interoperability4) and
encourage many small standards that are lightweight and interoperable (rather than a single
massive standard, which would like be ignored5), and particularly encourage the development of
standard “gateways” (akin to gateway technologies6).
Question 12: Are there international or global models that represent best practice for national
research infrastructure that could be considered?
I do not believe there are great models. There is lots of good scholarship on the question of
infrastructure in general7, and information infrastructure in particular8 that it would be a big
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mistake to ignore. It would be worthwhile investing in empirical (ethnographic) research to better
understand what design decisions in building research data infrastructure actually lead to wide
uptake9 to avoid a repetition of current programs whose “dirty little secret” is that “not much
sharing may be taking place”10. In particular, there is a fundamental tension between “control and
drift” in large information infrastructures, which if denied causes grief, but if embraced can assure
vibrancy11.
Question 13: In considering whole of life investment including decommissioning or defunding for
national research infrastructure are there examples domestic or international that
should be examined?
Question 14: Are there alternative financing options, including international models that the
Government could consider to support investment in national research
infrastructure?
Health and Medical Sciences
Question 15: Are the identified emerging directions and research infrastructure capabilities for
Health and Medical Sciences right? Are there any missing or additional needed?
Question 16: Are there any international research infrastructure collaborations or emerging
projects that Australia should engage in over the next ten years and beyond?
Question 17: Is there anything else that needs to be included or considered in the 2016 Roadmap
for the Health and Medical Sciences capability area?



Geoffery C. Bowker, Karen Baker, Florence Millerand and David Ribes, Toward Information
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The claim (section 5.1.5) that “all of the emerging capability directions would benefit from the
implementation of an Australia-wide research quality management system infrastructure…” is
merely stated with no proof. It could just as easily produce a net dis-benefit.
Environment and Natural Resource Management
Question 18: Are the identified emerging directions and research infrastructure capabilities for
Environment and Natural Resource Management right? Are there any missing or
additional needed?
Question 19: Are there any international research infrastructure collaborations or emerging
projects that Australia should engage in over the next ten years and beyond?
Question 20: Is there anything else that needs to be included or considered in the 2016 Roadmap
for the Environment and Natural Resource Management capability area?
Advanced Physics, Chemistry, Mathematics and Materials
Question 21: Are the identified emerging directions and research infrastructure capabilities for
Advanced Physics, Chemistry, Mathematics and Materials right? Are there any
missing or additional needed?
Question 22: Are there any international research infrastructure collaborations or emerging
projects that Australia should engage in over the next ten years and beyond?
Question 23: Is there anything else that needs to be included or considered in the 2016 Roadmap
for the Advanced Physics, Chemistry, Mathematics and Materials capability area?
Understanding Cultures and Communities
Question 24: Are the identified emerging directions and research infrastructure capabilities for
Understanding Cultures and Communities right? Are there any missing or additional
needed?
Question 25: Are there any international research infrastructure collaborations or emerging
projects that Australia should engage in over the next ten years and beyond?
Question 26: Is there anything else that needs to be included or considered in the 2016 Roadmap
for the Understanding Cultures and Communities capability area?
National Security
Question 27: Are the identified emerging directions and research infrastructure capabilities for
National Security right? Are there any missing or additional needed?
Question 28: Are there any international research infrastructure collaborations or emerging
projects that Australia should engage in over the next ten years and beyond?
Question 29: Is there anything else that needs to be included or considered in the 2016 Roadmap
for the National Security capability area?

Underpinning Research Infrastructure
Question 30: Are the identified emerging directions and research infrastructure capabilities for
Underpinning Research Infrastructure right? Are there any missing or additional
needed?
The discussion of High Performance Computing in the issues paper is silent on the rapid
commoditisation of HPC. Ed Lazowska’s analysis12 that much science that previously requested,
and got, their own specialised HPC infrastructure, is better served by the commercial cloud is
extremely pertinent in this regard. This could save substantial sums of money!
Question 31: Are there any international research infrastructure collaborations or emerging
projects that Australia should engage in over the next ten years and beyond?
Question 32: Is there anything else that needs to be included or considered in the 2016 Roadmap
for the Underpinning Research Infrastructure capability area?
Data for Research and Discoverability
Question 33 Are the identified emerging directions and research infrastructure capabilities for
Data for Research and Discoverability right? Are there any missing or additional
needed?
Question 34: Are there any international research infrastructure collaborations or emerging
projects that Australia should engage in over the next ten years and beyond?
Question 35: Is there anything else that needs to be included or considered in the 2016 Roadmap
for the Data for Research and Discoverability capability area?
The stated goal of the exercise (the first bullet point of section 2.1) combined with





the statement on page 7 “data for research and discoverability have been identified as
pervasive across the research system”;
“as you might expect, data is everywhere…” (page 12);
the table on page 55 where data infrastructure underpins every national research priority;
and the fact that sections 5, 6 and 8 listed the infrastructure needed for dealing with data
first in their list of emerging directions;

suggests strongly that infrastructure for data is indeed paramount. Data infrastructure can be
viewed as infrastructure for (other) research infrastructure. Precisely because it can be used so
widely, it is reasonable to expect the payoff for a $ invested here will be greater than a $ invested in
any other area. This needs calling out since, because of its pervasiveness, digital infrastructure can
be take for granted even more than other types – “all these funded projects have a data component,
so we do not need to separately fund an initiative in developing ground breaking data infrastructure
for scientific discovery” (paraphrase of a comment by the leader of a well-known research
12

Ed Lazowska, A Plea for Greater Attention to Data-Intensive Discovery, Greater Investment in Intellectual
and Software Infrastructure, and Greater Use of the Commercial Cloud, Remarks to the CSTB Committee on
Future Directions for NSF Advanced Computing Infrastructure to Support US Science in 2017-2020
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organisation). This problem of the “unseen labour” (the lack of understanding of how much work is
involved) behind digital infrastructure extends beyond research data infrastructure13. The funding of
this infrastructure is as a consequence particularly problematic14 - it is useful to everyone, but
nobody wants to pay. For that very reason, this would seem a most suitable area for direct central
government funding.
Improved research data infrastructure can lift the game of all research done in Australia. It is not
merely a matter of making an archive of collected data, but it can be underpinning infrastructure for
all the work that researchers do.
Infrastructure (as shared resources) is not merely data centres and large computers. As Ed Lazowska
(op cit.) argued, investment in software can be far more valuable than building physical
infrastructure.
Section 10.3.5 (geospatial data) of the issues paper says very little. It would be valuable for the
committee to consider the successful example of nationalmap, whose federated model with a focus
on no heavyweight infrastructure in the traditional sense (there is literally no back-end to
nationalmap – it is “merely” some code that is executed in the user’s browser) shows the rapid and
large impact possible by an agile software driven approach to infrastructure. This approach will
underpin the design and construction of the new data.gov.au through the NISA funding provided to
DATA61.
Re the digitisation of physical specimens, I make the obvious point that the investment should be in
the infrastructure that enables the widespread digitisation of specimens, rather than funding the
digitisation itself. That is, invest in the robotics, analytics and data management to help scientists do
the requisite digitisation.
It might be helpful to distinguish between “data” and “capta”: Rather than being given to us (“data”
comes from the Latin dare meaning “to give”), it is necessary to take the data – to actively select and
gather it, and then, of course, to do something with it. It is useful to distinguish data from “capta” 15
(from the Latin capere meaning “to take, seize, obtain, get, enjoy or reap”16). This terminology
signals that data collection is an active process, not passive. Most of the points in the paper about
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“data” are really about “capta”. The distinction is not pointless pedantry – it makes it clear that you
have to choose what capta to collect.
One other point: much infrastructure for data is built with software. Software’s incorporeality means
it can be changed much faster than any hardware. Thus any governance structures suitable for
managing hardware infrastructure are unlikely to be suitable for governing the evolution of research
data infrastructure.
Finally, and perhaps most importantly, I believe that the time is ripe for a more ambitious and more
readily executed (and more widely impactful) vision of data infrastructure for research. Rather than
individual end user areas trying to develop this in an amateurish fashion, and rather than making the
mistake of building an edifice and expecting people to come to it, something different is called for.
The vision below is being developed right now as a project lead by DATA61 (Project Mnemosyne17).
The idea is to look at the entire lifecycle of data in the scientific enterprise – from its initial capture
to ultimate use. This is certainly not a simple linear process, and is highly heterogeneous across
different disciplines, and the requisite infrastructure needs to support this. In order to achieve the
overarching goal, the following problems need to be deal with simultaneously:
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Provenance, trust and reliability – managing the provenance of both data, and the
transformations that the data undergo (including the initial ingestion into pre-defined
categories)
Management of legal rights – this needs to be all done by machine by using formal methods
of encoding legal rights, so that compositions of data (which are the norm) can have the
appropriate legal rights enforced all the way through to use
Management of uncertainty – the so-called age of big-data does not remove the problem of
uncertainty; it just makes it worse. Being able to properly propagate uncertainty through the
entire life-cycle is currently not possible (due to lack of interoperability)
Management of confidentiality – While confidentiality is but one of many legal rights, it
generates particular problems, particularly when data from multiple sources are to be
combined. Sophisticated new methods offer the possibility of being able to systematically
manage this.
Management of complex workflows, including the ability to rewind what was already done,
and the ability to more fluidly move between exploratory and production analytics, sharing
workflows across boundaries, and having the workflow capture and maintain all of the other
points listed here
Late binding ontologies – data is typically captured for one purpose and organised for that
purpose; but much value can accrue from using for other purposes. A system that allows one
to rewind all the way back to the initial data categories (the data “ontology” or schema) will
facilitate this more radical re-use.
Being able to cross organisational, jurisdictional, and technical boundaries – the only way
to build a big system is to build lots of small ones and have them talk to each other.
Inevitably this leads to boundary problems. The whole data research infrastructure needs to

Named after the goddess of memory and remembrance, who invented language and words, discovered the
uses of the power of reason, and gave a designation to every object.










be conceived of, and designed, with this fluid boundary crossing in mind. It is antithetical to
the typical commercial imperative of locking users into one fixed system.
Proper decoupling of technique from problem – Much of the current data technology is still
very technique oriented – users are invariably made aware of details of how things are being
done. An approach that more rigidly separates problem from technique by forcing a
declarative approach will also facilitate composition and delivery as a service.
The whole infrastructure being generative and user-centered18, and being able to be
developed piece-by-piece in response to user demand
Avoidance of proprietary control – Because all science depends upon data, the data
infrastructure has a particularly strong requirement to remain open and avoid being
controlled by any single entity.
Learn from lessons of the past19 - The notion of linking data, and more generally build
cyberinfrastructure for science is far from new. But many of the efforts to date have not had
the success original imagined because scientists not utilise the extant research
infrastructure20. It is thus essential to deeply understand the factors affecting the uptake and
use of research data infrastructure so that new infrastructure can be build that is used. The
evidence suggests that the best approach to this is an agile software methodology where
small components are developed on a fast clock cycle so that rapid feedback can be
obtained from users.
Deliver as a service – similar to the way much software development is now heading, it is
envisaged that all this infrastructure is delivered as a layered21 service (or micro-service)22,
rather than requiring complex software to be installed on scientist’s computers. This service
oriented model also opens the opportunity for rich market mechanisms which will likely lead
to a rich and vibrant ecosystem.

A system that delivers all of the above does not exist. But I believe it can be built by exploiting the
state of the art in technologies for data, from advanced machine learning, to provably correct
software through to cryptographic / distributed ledgers and ethnographically grounded UX design
methods. This requires substantial research to do, but every aspect above is within reach. Such
18
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research can neatly complement, and ultimately underpin the research infrastructure necessary for
a substantially better handling of data in science in all of its aspects. A significant side-effect would
be that much of the technology necessary for research data infrastructure will be able to be used for
diverse (and commercialisable) other purposes without conflicting with the necessary openness and
shared nature of infrastructure on which the scientific enterprise depends.
I believe that the tools described above should be conceived of as research infrastructure. I think
there are lots of big opportunities to leverage existing assets (such as ANDS) in this regard23.
Other comments
If you believe that there are issues not addressed in this Issues Paper or the associated questions,
please provide your comments under this heading noting the overall 20 page limit of submissions.
The definition of infrastructure at the beginning of section 2.1 is inadequate. The first sentence
implies that all parts of every research university in the country is included. A more typical definition
would explicate the notion of sharing24 and interdependency25. The second sentence makes no sense
– what is meant by ‘equally accessible’ (which is not the same as sharing)? And even if you take a
naïve view of what that means, it is hard to imagine any infrastructure equally accessible to all users.
Figuring out what it is you are talking about would seem a worthwhile goal!
The second bullet point of section 2.1 (increase collaboration) is odd. Collaboration is a means, not
an end. Promoting collaboration for its own sake has no logical basis. (Needless to say, I am not
asserting collaboration is a bad thing; it is merely instrumental though.)
The third bullet point “...arising from lack of coordination” makes me worry that the means of
coordination might be envisaged to be Soviet style central planning, rather than (the typically more
agile and effective) market mechanisms. Very few federal interventions are approved by treasury
without evidence of “market failure”. I suggest an analysis of the best (as determined by empirical
measurement) means of coordination of research infrastructures. I would be concerned if the
default was going to be some coordination committee structure.
Finally, I do have a concern that there is no member of the working group with a background in data
science and technology. While there is Robyn Owens (a capability expert with background in data
analysis), given the centrality and importance of data (as clearly recognised in the issues paper), it
seems odd to have such a paucity of expertise in what is arguably the most important area of
infrastructure for modern science.
I hope these comments (and pointers to literature) are helpful. I am happy to elucidate if needed.
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This assertion is based on a discussion with Ron Sandland (Chair of ANDS steering committee).
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