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The Vision of Opeiscience



Vision for-a New Era of Research Reporting

Reproducible
Research 4 Collaboration
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A Many disciplines overlap and use data
from other sciences.

A Internet can unify all literature and
data

A Go from literatureto computationto
databack toliterature.

A Information at your fingertipsg,
For everyone, everywhere
A Increase Scientific Information

Velocity

A Huge increase in Science Productivity
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OSTP Memo: Open Science and Open Access



Open Access to Scholarly Publications and Data:
2013 as the Tipping Point?

AUS OSTP Memorandum
A Global Research Council Action Plan
A G8 Science Ministers Joint Statement

AEuropean Union Parliament

26 February 2013

30 May 2013

12 June 2013

13June 2013



US White Hous&emorandum

ADirective requiring the major Federal Funding agen@iégs2 RS @S f
plan to support increased public access to the results of research funde
08 UKS CSRSNIf D2OSNYYSyYylU oé

AThememorandum defines digital data - & (0 KS RA3IA G €
material commonly accepted in the scientific community as necessary t
validate research findings including data sets used to support scholarly
publications, but does not include laboratory notebooks, preliminary
analyses, drafts of scientific papers, plans for future research, peer
review reports, communications with colleagues or physical objects,
adzOK | a fFo0o2NJFUG2NEB &aLISOAYSyYya dé

22 February 2013



The US National Library of Medicine

A TheNIH Public Access Policy . PubMed
ensures that the public has TITT  central
access to the published results of |
NIH funded research. (\ e

A Requires scientists to submit final " assae——gnes  cenomes
peerreviewed journal — #7— Genome
manuscripts that arise from NIH Taon / '\
funds to the digital archive C‘hy.ogeny‘ ; S””@MDB
PubMed Centralipon acceptance
Tor publication \ /

A Policy requires that these papers - o
are accessible to the public on qu%—" QD

PubMed Central no later than 12
months after publication

Entrezcrossdatabase search tool

U Jim Gray worked with David Lipman and his team at NCBI to

ONBIFGS | WLER2NIlIofSQ OSNBERAZ2ZY 27

U This is now deployed in Europe and elsewhere

t
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http://publicaccess.nih.gov/policy.htm
http://www.pubmedcentral.nih.gov/

USINIH OpenAccess Policy

AOnce posted to PubMed Central, results of NIHfunded researchbecome
more prominent, integratedand accessiblemakingit easierfor all scientists
to pursueb L IreQearchpriority areascompetitively

APubMedCentralmaterialsare integratedwith large NIHresearchdata bases
suchasGenbankand PubChemwhichhelpsacceleratescientificdiscovery

AThepolicyallowsNIHto monitor, mine, and developits portfolio of taxpayer
fundedresearchmore effectively,and archiveits resultsa Apgrpetuitye



U.S. Department of Energy Increases Access to Results of DOE-funded
Scientific Research

August 4, 2014 - 10:49am

Q Kl Share | WFrTweet &+]

NEWS MEDIA
CONTACT

= 202-586-4940

WASHINGTON, D.C. — The U.5. Department of Energy is introducing new measures to increase
access to scholarly publications and digital data resulting from Department-funded research.

The Energy Department has launched the Public Access Gateway for Energy and Science —
PAGES — a web-based portal that will provide free public access to accepted peer-reviewed
manuscripts or published scientific journal articles within 12 months of publication.

“Increasing access to the results of research funded by the Department of Energy will enable
researchers and entrepreneurs to capitalize on our substantial research and development
investments,” said Secretary of Energy Ernest Moniz. "These new policies set the stage for
increased innovation, commercial opportunities, and accelerated scientific breakthroughs.”

As it grows in content, PAGES will include access to DOE-funded authors’ accepted
manuscripts hosted primarily by the Energy Department’s National Labs and grantee institutions,
in addition to the public access offerings of publishers. For publisher-hosted content, the
Department is collaborating with the publisher consortium CHORUS -- the Clearinghouse for the
Open Research of the United States.

RELATED ARTICLES

Secretary Abraham Announces
Energy Department "What's Next"
Expo to be Held in Detroit Area

Access to Science Information
Expands with Science.gov 5.0 Launch

Digital Strategy




N3, DEPARTMENY.OF Office of | Office of Scientific and

E N ERGY : H Mobile | FAQs | A to Z Index | Site Map | Feedback/Contact Us
Science | Technical Information
osti.gov |[=Y
Speeding access to science information from DOE and beyond
Beta
HOME ABOUT OSTI SCIENCE SEARCH DOE PAGESB2

TOOLS PUBLIC ACCESS COMMUNICATIONS DOE STI PROGRAM

Find DOE R&D Results GO

SciTech Connect

DOE Scientific and Technical Information...and more

DEPARTMENT OF ENERGY

PAGE Sm

[ :
Public Access Gateway N
for Energy & Science \ &

rtal to journal articles and accepted manuscl, [
resulting from DOE-funded research

o

For additional information, see the OSTI Catalogue of Collections.

Accepted Manuscript Submissions for DOE PAGES®®® Officially Start October 1, 2014

U.S. Depariment of Energy Increases Access to Resuits of DOE-funded Scientific Research
News/ Blogs

Achieving Public Access: The Department of Energy Launches DOE PAGES™®
Brian Hitson Named Director of DOE OST!



New Requirements for DOE Research Data

The Energy Department's Office of Science also has issued new requirements regarding
management of digital research data by Office of Science-supported researchers. All proposals
for research funding submitted to the Office of Science will be required to include a Data
Management Plan that describes whether and how the digital research data generated in the
course of the proposed research will be shared and preserved.

The new requirements regarding management of digital research data will appear in funding
solicitations and invitations issued by the Office of Science beginning Oct. 1, 2014. A statement
of the new requirements, including quidance on the development of a Data Management Plan,
can be found on the Office of Science website. Other Energy Department research offices will
implement data management plan requirements within the next year.



FUNDING AWARDS

DISCOVERIES NEWS  PUBLICATIONS STATISTICS ABOUT NSF FASTLANE

Public Access Home

Plan

Executive Summary

Press Release

Frequently Asked
Questions (FAQs)

Search NSF Awards

NSF Public Access
Feedback

PusLic AccEss
To Results of NSF-funded Research

The National Science Foundation (NSF or Foundation) has developed a plan outlining a
framework for activities to increase public access to scientific publications and digital
scientific data resulting from research the foundation funds. The plan, entitled "Today's
Data, Tomorrow's Discoveries,” is consistent with the objectives set forth in the Office
of Science and Technology Policy's Feb. 22, 2013, memorandum, "Increasing Access to
the Results of Federally Funded Research," and with long-standing policies encouraging
data sharing and communication of research results.

As outlined in section 3.1 of the plan, NSF will require that either the version of record
or the final accepted manuscript in peer-reviewed scholarly journals and papers in
juried conference proceedings or transactions must:

Be deposited in a public access compliant repository designated by NSF;

Be available for download, reading and analysis free of charge no later than 12
months after initial publication;

Possess a minimum set of machine-readable metadata elements in a metadata
record to be made available free of charge upon initial publication;
Be managed to ensure long-term preservation; and

Be reported in annual and final reports during the period of the award with a
persistent identifier that provides links to the full text of the publication as well
as other metadata elements.

This NSF requirement will apply to new awards resulting from proposals submitted, or
due, on or after the effective date of the Proposal & Award Policies & Procedures Guide
(PAPPG) that will be issued in January 2016.



bL{¢Qa tdzofAO ! OO

1. PURPOSE

This document establishes a plan to enable public access to the results of research funded wholly or in
part by NIST; NIST’s Public Access Policy will be informed by this Public Access Plan. To the extent
feasible and consistent with law, agency mission, resource constraints, U.S. national, homeland, and
economic security, and the objectives listed below, NIST intends to make freely available to the pubilic,
in publicly accessible repositories, all peer-reviewed scholarly publications and associated data arising
from unclassified research and programs funded wholly or in part by NIST. Subject to the same
conditions and constraints listed above, NIST will also promote the deposit of scientific data arising from
unclassified research and programs, funded wholly or in part by NIST, to make it available free of charge
unless otherwise excepted, in publicly accessible databases. NIST's Public Access Plan promotes the
following objectives:

e Establish NIST‘s commitment to providing public access to scientific research results

e Support governance of and best practices for managing peer-reviewed scholarly publications
and digital scientific data across NIST

e Ensure effective access to and reliable preservation of NIST peer-reviewed scholarly publications
and digital scientific data for use in research, development, education, and scientific discovery

e Enhance innovation and competitiveness by maximizing the potential to create new business
opportunities.



NIH {©Open Access Compliance?

APMC Compliance Rate
ABefore legal mandate compliance was 19%
A Signed into law by George W. Bush in 2007
A After legal mandate compliance up to%5

ANIH have taken a further step of announcing thl&t 2 YS UG A YS Ay
they stated that they

WX gAff K2 R-cdiN@ing Schtivaydodawards if gudliations

arising from grant awards are not in compliance with the Public AccessdQlicy
A NIH now implemented their policy about continuation awards

A Compliance rate increasing %% per month

A By November 2014, compliance rate had reached 86%
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University of California approve®penAccess

AUC is the largest public research university in the world
and its faculty members receive roughly 8% of all
research funding in the U.S.

AUC produces 40,000 publications per annum
corresponding to about 2 3 % of all peereviewed
articles in world each year

AUC policy requires all 8000 faculty to deposit full text
copies of their research papers in the &&cholarship
repository unless they specifically choose to-opt

2 August2013



Open Science and Research Reproducibility



JonClaerboutand the Stanford Exploration
Project (SEP) with the oll and gas industry

AJonClaerboutis the Cecil Green Professor Emeritu§ebphysics at Stanford
University

AHe was one of the first scientists to recognize that the reproducibility of his

%eoph sics research required access not only to the text of the paper but also tc
e data being analyzed and the software uséd to do the analysis

A His 1992 Paper

_ Electronic Documents Give Reproducible Research a New Meaning
introduced an

Jon Claerbout and Martin Karrenbach
early Ve rSIOn Of an This was an Invited paper at the October 25-29, 1992 meeting of the Society of Exploration Geophysics and it appears in the program
A - A X i —as ghis e§nded alstragt A
WSESOdzu I 0°f LJF LIS NXQ
ABSTRACT

A revolution in education and technology transfer follows from the marriage of word processing and software command
scripts. In this marriage an author attaches to every figure caption a pushbutton or a name tag usable to recalculate the
figure from all its data, parameters, and programs. This provides a concrete definition of reproducibility in computationally
orlented research. Experience at the Stanford Exploration Project shows that preparing such electronic documents [s little
effort beyond our customary report writing; mainly, we need to file everything In a systematic way.



Preface to SEP report 124

2/22/2006

The electronic version of this report http://sepwww.stanford.edu/private/docs/sep124 makes the included programs and applications available to the reader. The markings
[ER], [CR], and [NR] are promises by the author about the reproducibility of each figure result. Reproducibility 1s a way of organizing computational research that allows
both the author and the reader of a publication to verify the reported results. Reproducibility facilitates the transfer of knowledge within SEP and between SEP and its
SpPONSOrs.

ER

CR

denotes Easily Reproducible and are the results of processing described in the paper. The author claims that you can reproduce such a figure from the programs,
parameters, and makefiles included in the electronic document. The data must either be included in the electronic distribution, be easily available to all researchers
(e.g., SEG-EAGE data sets), or be available in the SEP data library http://sepwww.stanford.edu/public/docs/sepdatalib/toc_html/ .

We assume you have a UNIX workstation with Fortran, Fortran90, C, X-Windows system and the software downloadable from our website (SEP makerules, SEPlib,
and the SEP latex package), or other free software such as SU. Before the publication of the electronic document, someone other than the author tests the author's
claim by destroying and rebuilding all ER figures. Some ER figures may not be reproducible by outsiders because they depend on data sets that are too large to
distribute, or data that we do not have permission to redistribute but are in the SEP data library.

denotes Conditional Reproducibility. The author certifies that the commands are in place to reproduce the figure if certain resources are available. SEP staff have
only attempted to make sure that the makefile rules exist and the source codes referenced are provided. The primary reasons for the CR designation is that the
processing requires 20 minutes or more, or commercial packages such as Matlab or Mathematica.

denotes a figure that may be viewed as a movie i the web version of the report. A movie may be either ER or CR.

denotes Non-Reproducible figures. SEP discourages authors from flagging their figures as NR except for figures that are used solely for motivation, comparison, or
illustration of the theory, such as: artist drawings, scannings, or figures taken from SEP reports not by the authors or from non-SEP publications.

Our testing is currently limited to LINUX 2.4 (using the Portland Group Fortran90 compiler), but the code should be portable to other architectures. Reader's suggestions
are welcome. For more information on reproducing SEP's electronic documents, please visit http://sepwww.stanford.edu/research/redoc/ .




Sriousproblems of research reproducibility

IN bioinformatics

AReviewof 2,047 retracted articlesindexedin PubMedin May of
2012concludedhat:
A21.3%were retracted becauseof errors,
A67.4%were retracted becauseof scientificmisconduct
A Fraudor suspectedraud (43.4%)
A Duplicatepublication(14.2%)
APlagiarisn(9.8%)
AStudy by pharma companiesBayer and Amgen concludedthat
between 60% and 70% of biomedicine studies may be non-
reproducible

AAmgenscientistswere only able to reproduce? out of 53 cancerresults
publishedin Scienceand Nature



| ANNOUNCEMENT
Reducing our
irreproducibility

ver the past year, Nature has published a string of articles that

highlight failures in the reliability and reproducibility of pub-
lished research (collected and freely available at go.nature.com/
huhbyr). The problems arise in laboratories, but journals such as
this one compound them when they fail to exert sufficient scrutiny
over the results that they publish, and when they do not publish
enough information for other researchers to assess results properly.

From next month, Nature and the Nature research journals will
introduce editorial measures to address the problem by improving
the consistency and quality of reporting in life-sciences articles.
To ease the interpretation and improve the reliability of published
results we will more systematically ensure that key methodologi-
cal details are reported, and we will give more space to methods
sections. We will examine statistics more closely and encourage
authors to be transparent, for example by including their raw data.

Central to this initiative is a checklist intended to prompt authors
to disclose technical and statistical information in their submis-
sions, and to encourage referees to consider aspects important for
research reproducibility (go.nature.com/oloeip). It was developed
after discussions with researchers on the problems that lead to
irreproducibility, including workshops organized last year by US
National Institutes of Health (NIH) institutes. It also draws on pub-
lished concerns about reporting standards (or the lack of them) and
the collective experience of editors at Nature journals.

The checklist is not exhaustive. It focuses on a few experimental
and analytical design elements that are crucial for the interpreta-
tion of research results but are often reported incompletely. For
example, authors will need to describe methodological parameters
that can introduce bias or influence robustness, and provide precise
characterization of key reagents that may be subject to biological
variability, such as cell lines and antibodies. The checklist also con-
solidates existing policies about data deposition and presentation.

We will also demand more precise descriptions of statistics, and

398 | NATURE | VOL 496 | 25 APRIL 2013

we will commission statisticians as consultants on certain papers,
at the editor’s discretion and at the referees’ suggestion.

‘We recognize that there is no single way to conduct an experi-
mental study. Exploratory investigations cannot be done with the
same level of statistical rigour as hypothesis-testing studies. Few
academic laboratories have the means to perform the level of vali-
dation required, for example, to translate a finding from the labo-
ratory to the clinic. However, that should not stand in the way of a
full report of how a study was designed, conducted and analysed
that will allow reviewers and readers to adequately interpret and
build on the results.

To allow authors to describe their experimental design and
methods in as much detail as necessary, the participating jour-
nals, including Nature, will abolish space restrictions on the
methods section.

To further increase transparency, we will encourage authors to
provide tables of the data behind graphs and figures. This builds
on our established data-deposition policy for specific experiments
and large data sets. The source data will be made available directly
from the figure legend, for easy access. We continue to encour-
age authors to share detailed methods and reagent descriptions
by depositing protocols in Protocol Exchange (www.nature.com/
protocolexchange), an open resource linked from the primary paper.

Renewed attention to reporting and transparency is a small step.
Much bigger underlying issues contribute to the problem, and are
beyond the reach of journals alone. Too few biologists receive ade-
quate training in statistics and other quantitative aspects of their
subject. Mentoring of young scientists on matters of rigour and
transparency is inconsistent at best. In academia, the ever increas-
ing pressures to publish and chase funds provide little incentive to
pursue studies and publish results that contradict or confirm previ-
ous papers. Those who document the validity or irreproducibility of
a published piece of work seldom get a welcome from journals and
funders, even as money and effort are wasted on false assumptions.

Tackling these issues is a long-term endeavour that will require
the commitment of funders, institutions, researchers and pub-
lishers. It is encouraging that NIH institutes have led community
discussions on this topic and are considering their own recommen-
dations. We urge others to take note of these and of our initiatives,
and do whatever they can to improve research reproducibility. m

© 2013 Macmillan Publishers Limited. All rights reserved



Computational Science and Reproducibllity



Computational Science: The Third Paradigm

Thousand years agpExperimental Science
A Description of natural phenomena

Last few hundred yearsTheoretical Science

ALY 0KS MPpTtTnQas t Keaao
Ken Wilson called computational science
0 KS WIKANR LI N»RAZIY 2
addzLILX SYSYGAy3I GKS2NE

A bSpsi2yQa [F6az al E6SttQa 9ljdd GA2yaKX

Last few decades Computational Science
A Simulation of complex phenomena

Todayg DataIntensive Science
A Scientists overwhelmed with data sets
from many different sources
A Data captured by instruments

A Data generated by simulations
A Data generated by sensor networks

A Need for computational scientists trained in
algorithms and numerical methods and able
to program parallel HPC clusters and
supercomputers

A Jim Gray identified the coming of age of a
WT 2 dzNI K LI NiteRsiva sciénce2 F

A Both science and industry now needs
scientists trained in managing and mining
W. A3 5F0FQ



2012 ICERM Workshop on Reproducibility In
Computational and Experimental Mathematics

AThe workshop participants noted that computational science poses a
OKIFfftSy3aS (2 (UKS dzadzZf y2G6A2ya :

AExperimental scientists are taught to maintain lab books that contain
detalls of the experimental design, procedures, equipment, raw data,
LINR OS&aaAy3a YR ylfteéeaara o6o0dzi X0

AFew computational experiments are documented so carefully:

U Typically there is no record of the workflow, no listing of the software
used to generate the data, and inadequate detalls of the computer
hardware the code ran on, the parameter settings and any compiler
flags that were set



Best Practices for Researchers Publishing
Computational Results

ADatamust be available and accessiblm this context the term "data” means the raw data
files used as a basis for the computations, that are necessary for others to regenerate
published computational findings.

ACode and methods must be available and accessiblee traditional methods section in a
typical publication does not communicate sufficient detail for a knowledgeable reader t
replicate computational results. A necessary action is maklnﬁ the complete set of
mst.rlu%tllons, typically in the form of computér scripts or workflow pipelines, convenient|
available.

ACitation. Do it. If you use data you did not collect from scratch, or code you did not write
however little, cite it. Citation standards for code and data are discussed but it is less
Important to get the citation perfect than it is to make sure the work is cited at all.

A Copyright and Publisher Agreementublishers, almost uniformly, request that authors
fransfer all ownership rights over the article to them. All they really need is the authors'
permission to publish.

ASupplemental materialsPublishers should establish style guides for supplemental
sectlt(_)ns, and authors should organize their supplemental materials following best
practices.

Fromhttp://wiki.stodden.net



http://wiki.stodden.net/Data_must_be_available_and_accessible
http://wiki.stodden.net/Code_and_methods_must_be_available_and_accessible
http://wiki.stodden.net/Citation
http://wiki.stodden.net/Copyright_and_Publisher_Agreements
http://wiki.stodden.net/Supplemental_materials
http://wiki.stodden.net/

But Sustainability of Data Links?

1500

HTTP Status Code
O 200 (oK)
B 3xx, 4xx, Sox (Broken)

2
[=]

44 % of data

links from
2001 broken in

2011
=
— B
65% 579,
0_ =

1997 1998 1999 2000 2001 2003 2004 2005 2006 2007 2008
Year of artlcle publication

Total volume of links
Z
=]
|

19%

14%
11%

Figure 1. Volume of potential data links in astronomy publications. Total volume of external
links 1n all articles published between 1997 and 2008 in the four main astronomy journals, color coded
by HTTP status code. Green bars represent accessible links (200), grey bars represent broken links. .

Pepe et al. 2012



Challenge of Numerical Reproducibility?

Wh dzY S N @ff drror M@l dizyhBrical differences are greatly magnified
as computing simulations are scaled up to run on highly parallel systems. A
result, it is increasingly difficult to determine whether a code has been
correctly ported to a new system, because computational results quickly
diverge from standard benchmark cases. And it is doubly difficult for other
researchers, using independently written codes and distinct computer
aeaiosSyasr (G2 NBLINRPRAzOS Llzof A KSR NJ

Pa

51 AR . IAfSeyYy wCz22t Ay3 dPerformanced & S a
[ 2 Y Lidzihthp y\dn&.davidhbailey.con)



http://www.davidhbailey.com/

Same Physics, Different Programs?

ADifferent programs written by different researchers can be used to
explore the physics of the same complex system

APrograms may use different algorithms and/or different numerical
methods

ACodes are different but the target physics problem is the same
ACannot insist on exact numerical agreement

U/ 2YLIzdF A2y T NBLINRPRAzOAOAT AGE& A
results for the key physical parameters of the system being explored



Big Science and the Long Tall



Big Science and the Long Tall

A Extremely large data sets

A Expensive to move

A Domain standards

A High computational needs

A Supercomputers, HPC, Grids

e.g. High Energy Physics, Astronomy

A Large data sets

A Some Standards within Domains
A Shared Datacenters & Clusters
A Research Collaborations

e.g. Genomics, Financial

Big Science

A Medium & Small data sets

A Flat Files, Excel

A Widely diverse data; Few standards
A Local Servers & PCs

e.g. Social Sciences, Humanities

Number of Researchers TheLongTall



Project Pyramids

A In most disciplines therare:
I F@g& AWINR 2SO0 4ax
AaSOSNYIf ayYS3atkée O2yaz
and then many small labs.

A Often some instrument creates need for
gigaor megaproject:
Polar station

Accelerator
Telescope
Remote sensor
Genome sequencer
Supercomputer
A Tier 1, 2, 3 facilities
to use instrument + data

al

Slide from Jim Gray (2007)



9 ELISNR YSyV (¥ SaRageS (i &

Software for
Alnstrument scheduling
Alnstrument control
AData gathering

AData reduction
ADatabase

AAnalysis

AModeling
AVisualization

Slide from Jim Gray 2007

Millions of lines o

Repeated for exp
experiment

f code
eriment after

Not much sharing or learning
CS can change this

Build generic too

S

AWorkflow scheo
ADatabases and

ulers
libraries

AAnalysis packages

AVisualizers

AX

C



Computing and Big Science

AComputational sciencein the sense of performing computer simulations
of complex systemes is only one aspect of computing in physics

AFor Big Science projects, generation and analysis of the data would not
possible without largescale computing resources

AExamples:
ANASA MODIS Satellite Data4recessing
ALSST Large Synoptic Survey Telescope
ALHC Large Hadron Collider Experiments

U New challenges for open science



NASA MODIS Satellite: Imageocessing Pipeline

A Data collection stage

A Downloads requested
input tiles from NASA ftp
sites

A Includes geospatial lookup

for non-sinusoidal tiles
that will contribute to a
reprojectedsinusoidal tile

A Reprojectiorstage

A Converts source tile(s) to
intermediate result
sinusoidal tiles

A Simple nearest neighbor
or spline algorithms

A Derivation reduction stage

A First stage visible to
scientist

A Computes ET in our initial
use

A Analysis reduction stage

A Optional second stage
visible to scientist

A Enables production of
science analysis artifacts
such as maps, tables,
virtual sensors

Source Imagery Download Sites

[ — Request
R P‘ iz Queue
. a
l lDownIoadl
Queue Source
Metadata

Data Collection Stage
= AzureMODIS

Service Web Role Portal

Scientific

\ B Results
— —— P Download

Reprojection : Science

Queue results

ReprojectionStage Derivation Reduction Stage Analysis Reduction Stage
e I A
Reduction #1 Queue Reduction #2
Queue

http://research.microsoft.com/efus/projects/azure/azuremodis.aspx

Slide thanks to Catharine van Ingen






