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EDITORIALS

EDITORIAL
The Spectrum Of Medical Physics Publications
Perry Sprawls, Co-Editor
The various medical physics and related clinical journals
provide the network that connects the medical physics
profession around the world. This provides for the sharing of
information that enhances and enriches the practice of
medical physics in all countries. Just as there are many areas
of work in medical physics, including research, teaching,
clinical applications, radiation safety, etc. there are journals
that give emphasis to these various topics. Generally, the
various journals have different readers, depending on their
interests and access to the publications. This should be

EDITORIAL
IOMP support for the developing countries
Slavik Tabakov, Co-Editor
Two years after IOMP initiated the Medical Physics
International Journal, it has reached a large audience from all
IOMP member societies and has a steady number of readers
(about 1000 per week). A significant percentage of
colleagues from the developing countries are following the
MPI Journal as a source of information about various
educational, professional and scientific issues. The Editorial
Board of the Journal was updated recently with the Chairs of
the IOMP ETC and IOMP PRC Committees to strengthen
this trend. Also, the Journal now started links with other
Medical Physics Journals, aiming to bring more content to
our readers and in particular to supply information to
colleagues from less affluent Societies.
A major part of IOMP activities is related to helping the
professional development in such Societies and countries.

considered by authors of manuscripts so that they can reach
the greatest number of physicists and other medical
professionals who will benefit from their work.
A distinguishing feature of this journal, Medical Physics
International, is that it does not publish research papers that
would go through a normal peer review process. We
recommend and collaborate with the other journals that
provide these publishing opportunities. In each edition we
publish an article with details on these individual journals.
In this edition we are pleased to publish an article by the
editors of Physica Medica: European Journal of Medical
Physics (EJMP) describing the scope of topics covered the
history of their development and growth, and accessibility of
the journal to readers.

The recent IOMP project aiming to help medical physics in
Africa gets increasing support. Recently IOMP supported the
inclusion of more African colleagues (proposed by FAMPO)
in the ICTP College on Medical Physics 2014, and also
supported the two new activities of ICTP – the MSc in
Medical Physics and the School of Radiotherapy. IOMP also
seeks collaboration with other large member/sister societies
as IPEM, AAPM, IFMBE, IRPA in order to inform medical
physicists from the continent about possible education/
training/ professional activities organized by these. We plan
the MPI Journal to provide our readers with information
about these activities.
Another important step supporting education and training
of our member Societies is related to the planned move of
the Emitel Encyclopaedia (www.emitel2.eu) and related elearning materials EMERALD and EMIT under the IOMP.
These large educational web sites are now major references
for the profession. Their regular update will be carried by a
specific IOMP Work Group, which is being created at the
moment. Colleagues who want to contribute content to these
reference web sites are welcome to submit information to us.
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COLLABORATING JOURNALS

PHYSICA MEDICA: A LONG HISTORY OF SERVICE FOR THE
INTERNATIONAL MEDICAL PHYSICS COMMUNITY
Alberto Del Guerra1 and Paolo Russo2
1
Università di Pisa, Dipartimento di Fisica, Pisa, Italy
Università di Napoli Federico II, Dipartimento di Fisica, Napoli, Italy

2

Abstract – A short materials from the European Journal of
Medical Physics (Physica Medica) – the journal in service of
the Medical Physics community
Keywords – Physica Medica, International, European
journal, EJMP

Beginning in 2007 EJMP was published by Elsevier
B.V. with one issue per quarter. In 2013 six issues were
published and eight issues will be published in 2014. This
reflects the great increase in the number of submissions and
accepted papers. A major factor contributing to this growth
has been the efforts of EFOMP, AIFM and affiliated
Societies responding to the increasing needs of a growing
international community of medical physicists for a large,
authoritative forum for scientific and professional issues in
the field. EJMP serves an international community: in the
last five years, 61% of all corresponding authors were from
outside Europe. EJMP encourages the affiliation and the
support of national societies of Medical Physics in Europe.
For 2013, the key figures of the journal are the
following: the EJMP Impact Factor: 1.849, 5-year Impact
Factor: 1.712, Source Normalized Impact per Paper
(SNIP): 0.998, SCImago Journal Rank (SJR): 0.668. The
average number of weeks it takes for an article in EJMP
from submission to first decision is 6.8 weeks, and from
submission to final decision is 12.3 weeks. EJMP is ranked
51 out of 121 journals in the category of Radiology.
The journal is published both in printed form and online
at the website (http://www.physicamedica.com) where all
volumes from volume 21 can be accessed. Via the HINARI
Access to Research in Health Programme, Physica Medica
is freely available to local, not-for-profit institutions in
developing countries.
Physica Medica has no page charges; The journal offers
authors a choice of publishing their research on a
subscription basis or open access. We are pleased to be a
collaborating journal with Medical Physics International
and readers are warmly encouraged to consider publishing
their best research papers in EJMP!

Physica Medica: European Journal of Medical Physics
(EJMP) is an international scientific journal covering
scientific, educational and professional aspects of Medical
Physics. It is published by Elsevier B.V. for the European
Federation of Organisations for Medical Physics (EFOMP)
and Associazione Italiana di Fisica Medica (AIFM) and is
the official journal of EFOMP, AIFM, the Irish Association
of Physicists in Medicine and Société Française de
Physique Médicale.
EJMP publishes research manuscripts and reviews in
specific fields including Medical Imaging, Radiation
Therapy, Radiation Protection, Measuring Systems and
Signal Processing, Education and Training and
Professional issues in Medical Physics. Publications on
applications of Physics to Biology and Medicine cover
such fields as Molecular Imaging, Hadron Therapy, System
Biology, Nanoparticles and Nanotechnologies. Papers in
the field of Small Animal Imaging, Radiobiology,
Synchrotron Radiation diagnosis and therapy, Computer
Analysis of Medical Images are also encouraged.
EJMP is a fully international journal, with an
international Editorial Board including 24 scientists from
14 countries of 4 continents, and 12 Associate Editors.
Alberto Del Guerra (Italy) is the Honorary Editor, Fridtjof
Nuesslin (Germany) is the past (2008-2012) Editor and
Paolo Russo (Italy) is the Editor-in-Chief since 2013.
EJMP is currently publishing Volume 30. The original
journal, “Fisica Medica” was first published in 1978 as the
scientific journal of the Associazione Italiana di Fisica
Medica (at that time Associazione Italiana di Fisica
Biomedica) with papers in the Italian language only. In
1985 the name was changed to “Physica Medica” and
published in English language only. At that time it became
an international journal with Alberto Del Guerra (Italy) as
Editor-in-Chief.

Contacts of the corresponding author:
Author: Paolo Russo
Institute:. Università di Napoli Federico II, Dipartimento di Fisica
City: Napoli
Country: Italy
Email:
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A NEW MILESTONE IN THE DEVELOPMENT OF THE MEDICAL PHYSICS
PROFESSION: THE EFOMP POLICY STATEMENT ON MEDICAL PHYSICS
EDUCATION AND TRAINING IN EUROPE 2014
Caruana, C.J.
Past-Chair, Education and Training Committee, EFOMP.
EFOMP Lead for Education and Training and Role Development, ‘European Guidelines on the Medical Physics Expert’ Project.
Head, Medical Physics Department, Faculty of Health Sciences, University of Malta.

The European Federation of Organizations for Medical
Physics (EFOMP) has just published an updated policy
statement on Education and Training, the “European
Federation of Organizations for Medical Physics (EFOMP)
Policy Statement 12.1: Recommendations on Medical
Physics Education and Training in Europe 2014“. In 2010,
EFOMP had issued Policy Statement No. 12: “The present
status of Medical Physics Education and Training in
Europe. New perspectives and EFOMP recommendations”.
At the same time, new recommendations regarding
qualifications frameworks were published by the European
Parliament and Council which introduced a new European
qualifications framework - the European Qualifications
Framework (EQF) for lifelong learning. Moreover, a new
European all-encompassing directive involving the use of
ionizing radiations (including medical) was being
developed. The latter has now been realized as Council
Directive 2013/59/Euratom of 5 December 2013 and has
superseded all previous directives concerning ionizing
radiation. A European Commission financed project
“Guidelines on the Medical Physics Expert (MPE)"
(henceforth referred to as the ‘Guidelines’) was
subsequently published which took into consideration these
developments. The Guidelines are very comprehensive and
include a mission statement, key activities and qualification
framework for the MPE and curricula in the specialty areas
of Medical Physics relating to radiological devices and
protection from ionizing radiation, namely Diagnostic and
Interventional Radiology, Radiation Oncology and Nuclear
Medicine. These developments necessitated a revision of
PS12 and Policy Statement 12.1 provides the necessary
update. The new policy statement departs from previous
formats as it is more strategic with respect to role
development and provides an intimate link between the
professional role of the Medical Physicist / Medical Physics
Expert and education and training policy.

radiation (addressed in the Guidelines) but also to those
specialties involving non-radiological medical devices (such
as physiological measurement, neurology, audiology) and
protection from other physical agents (such as
electromagnetic static and RF fields, ultrasound, optical
radiation, vibration). In those states where the scope of the
roles of the Medical Physicist (MP) and Medical Physics
Expert (MPE) are presently delimited to radiological
medical devices and ionizing radiation, the policy statement
may if so desired may be amended simply by replacing
‘medical devices’ with ‘radiological medical devices’ and
‘physical agents’ by ‘ionising radiations’.
The new mission statement for medical physicists and
medical physics experts is as follows: “Medical Physicists
and Medical Physics Experts will contribute to maintaining
and improving the quality, safety and cost-effectiveness of
healthcare services through patient-oriented activities
requiring expert action, involvement or advice regarding the
specification, selection, acceptance testing, commissioning,
quality assurance/control and optimized clinical use of
medical devices and regarding patient risks from associated
physical agents including protection from such physical
agents, installation design and surveillance, and the
prevention of unintended or accidental exposures to
physical agents; all activities will be based on current best
evidence or own scientific research when the available
evidence is not sufficient. The scope includes risks to
volunteers in biomedical research and carers and
comforters”. The purpose for the formulation of this
mission statement is to make the role of the MP and MPE
more understandable to policy makers and the management
of healthcare organizations.
This mission is expressed in many aspects of medical
physics practice and the following key activities of the
Medical Physicist have been identified and defined in the
policy statement: scientific problem solving service,
dosimetry measurements (all physical agents e.g., effective
dose in ionising radiation, SAR in MRI, thermal and
mechanical indices in ultrasound), patient safety / risk
management (including volunteers in biomedical research,
carers, comforters and persons subjected to non-medical
procedures using medical devices), occupational and public
safety / risk management when there is an impact on

The main elements of the Guidelines with a direct impact
on the present EFOMP policy statement are the mission
statement, key activities, qualification framework and
curriculum framework. The new policy statement
incorporates these four elements and generalizes them to
make them applicable to all specialties of Medical Physics,
that is to not only those specialties of Medical Physics
involving radiological medical devices and ionizing
401
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medical exposure or own safety, clinical medical device
management, clinical involvement, development of service
quality and cost-effectiveness, expert consultancy,
education of healthcare professionals (including medical
physics trainees), health technology assessment (HTA) and
innovation.

MP and MPE. In addition, the KSC are classified in two
categories, Generic and Subject Specific skills as specified
in the documents of the European Higher Education Area:

The development of the qualification framework for the MP
and MPE was guided by the following principles:
1.

2.

3.

4.

All qualification frameworks in Europe should be
referred to the EQF. Henceforth the MPE is defined as
a clinically qualified MP who has reached the highest
EQF level (level 8) in his/her own specialty of clinical
Medical Physics (e.g., Diagnostic and Interventional
Radiology, Radiation Oncology, Nuclear Medicine,
Physiological Measurement, Neurology, Audiology).
The qualification framework would make it possible for
more individuals to achieve clinically qualified MP and
MPE status through its flexibility, cost-effectiveness
and lifelong learning approach.
The qualification framework would facilitate the
mobility of the clinically qualified MP and MPE in
Europe through an agreed set of minimum criteria for
achievement of such status.
Owing to the rapid expansion of medical device
technology and physical agent research publication, it is
becoming increasingly difficult for a MP and MPE to
become competent in more than one specialty of
medical physics; therefore, early specialization has
become a necessity and the MP and MPE should be
independently recognised in each specialty of medical
physics.

1.

Generic skills consist of transferable skills which
are expected of all professionals at a particular
level of the EQF.

2.

Subject specific KSC are specific to a profession.
These are further classified into sub-categories
as determined by the particular profession. In
the case of Medical Physics the sub-categories
are:
Medical Physics core KSC: these KSC are
expected of all MP/MPEs irrespective of their
specialty:
• KSC for the MP/MPE as physical
scientist: these are fundamental physics
KSC expected of all physical scientists
• KSC for the MP/MPE as healthcare
professional: these are KSC expected of
all healthcare professionals
• KSC for the MP/MPE as expert in the
clinical use of medical devices and
protection from associated physical
agents: these represent medical device and
safety KSC required by all specialties of
medical physics.
Medical Physics Specialty KSC: these KSC are
highly specific to each specialty of medical physics

A candidate seeking recognition as an MP and MPE in a
given specialty of medical physics should reach the
corresponding level (level 7+ of the EQF if a Medical
Physicist and level 8 of the EQF if Medical Physics Expert)
in the core KSC of medical physics and the KSC specific to
that particular specialty.

Explanatory notes to the qualification framework plus
associated rationales are presented.
The curriculum framework is based on the concept of
learning outcomes expressed in terms of knowledge, skills
and competence (KSC) as specified and defined in the EQF.
The curriculum framework was designed with a core
medical physics KSC and specialty KSC structure. By
emphasizing areas of commonality in the various specialties
within the core KSC the framework makes it easier for MP
and MPE in different specialties to cooperate in the interest
of the patient and also makes it possible to avoid undue
fragmentation of the profession. The new curriculum
framework is expressed as a structured inventory of
required KSC underpinning the above key activities of the

The full policy statement can be found in Physica Medica
– the European Journal of Medical Physics (Elsevier) which
is the official journal of the European Federation of
Organizations for Medical Physics (EFOMP). It can be
downloaded
freely
from
the
following
link:
http://www.physicamedica.com/article/S11201797%2814%2900103-3/fulltext
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EDUCATIONAL RESOURCES

IOMP COLLABORATION WITH CRC PRESS / TAYLOR & FRANCIS
T S Suh1, F McGowan2, K-H Ng3, R Ritenour4, S Tabakov5, J G Webster6
1
The Catholic University of Korea, Seoul 137-701, South Korea
CRC Press, Taylor and Francis Group, Abingdon, Oxfordshire OX14 4RN, UK
3
University of Malaya, 50603 Kuala Lumpur, Malaysia

2

4

Medical School, 420 Delaware St. S.E., Minneapolis, MN 55455, USA
5

IOMP Vice-President, King’s College London, SE5 9RS, UK
6

BME/UW-Madison, Madison, WI 53706-1609 USA

published. The Series Editors at that time were R F Mould
(UK), C G Orton (USA), J A E Spaan (The Netherlands)
and J G Webster (USA).
45 books in various fields of the profession have been
published since the beginning of the collaboration between
IOMP and CRC Press / Taylor & Francis. In about 30 years
the Series in Medical Physics and Biomedical Engineering
has established itself as a leading international book series
in the field. Four of the world’s leading academics in the
field – Kwan-Hoong Ng, Russell Ritenour, Slavik Tabakov
and John G. Webster – serve as current Series Editors,
curating the series and carefully selecting the highest
quality publications for inclusion. The current
Commissioning Editor from CRC Press is Francesca
McGowan.
Recent and forthcoming publications in the Series
include: Muftuler, Quantifying Morphology and
Physiology of the Human Body Using MRI; Kuiken,
Targeted Muscle Reinnervation: A Neural Interface for
Artificial Limbs; Willson et al., Medical Equipment
Management; Webster, The Physiological Measurement
Handbook;
and
Lehnert,
Radiosensitizers
and
Radiochemotherapy in the Treatment of Cancer. A full
listing of books in the series can be found at
http://www.crcpress.com/browse/series/chmephbioeng.
The books are priced in such a way as to make them
affordable to as many medical physicists and biomedical
engineers worldwide as possible (both professionals and
students). In addition, all books in the series are available
at a 25% discount to members of the IOMP. As a member
of the IOMP, simply enter code DZM10 when ordering at
www.crcpress.com to save 25%.

I. INTRODUCTION
The International Organization for Medical Physics
(IOMP) has a longstanding collaboration with the
publishing company CRC Press / Taylor & Francis. This
has been subject to several official agreements and has
been mainly related to the book series entitled the Series in
Medical Physics and Biomedical Engineering. Based on
these agreements the series has been adopted as the official
book series of the IOMP and a brief description of the role
of the IOMP appears in every book in the series. The
IOMP (Publications Committee) and its sister organisation
IFMBE (International Federation for Medical and
Biological Engineering) nominate joint Editors for the
series.
The series aims to describe the applications of physical
sciences, engineering and mathematics in medicine and
clinical research and to meet the need for up-to-date texts
in this rapidly developing field of science. Books in the
series range in level from upper-level undergraduate and
graduate textbooks to practical handbooks and advanced
expositions of current research. The authors are leading
experts in the field, often recommended by the IOMP and
IFMBE.
The book series was initiated in 1985 with
Fundamentals of Radiation Dosimetry, Second Edition by J
G Greening and the next books appeared in 1991
(Prevention of Pressure Sores: Engineering and Clinical
Aspects, Webster J G) and in 1993 (The Physics of Three
Dimensional Radiation Therapy: Conformal Radiotherapy,
Radiosurgery and Treatment Planning, Webb S). The latter
already used the distinctive red colouring on its cover. The
series intensified after 1997, when three books were
403
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We warmly welcome new book proposals, or
suggestions of valuable books, for the series. Colleagues
who are interested in writing or editing a book for the
series should contact Francesca McGowan, Editor for
Physics books (francesca.mcgowan@tandf.co.uk) or write
to any of the Series Editors. The proposal guidelines can be
accessed at http://www.crcpress.com/resources/authors.

2012, Editors: Mohammad Dawood, Xiaoyi Jiang, Klaus
Schäfers
-Physiology, Biophysics, and Biomedical Engineering
2012, Editor: Andrew W Wood
-Proton Therapy Physics
2011, Editor: Harald Paganetti
-Stem Cell Labeling for Delivery and Tracking Using
Noninvasive Imaging
2011, Editors: Dara L. Kraitchman, Joseph C. Wu

II. BOOKS AND HYPERLINKS
Books resulting from the collaboration between IOMP
and CRC Press / Taylor & Francis:

-Practical Biomedical Signal Analysis Using MATLAB®
2011, Katarzyn J. Blinowska, Jaroslaw Zygierewicz

-Statistical Computing in Nuclear Imaging
2014, Arkadiusz Sitek

-Physics for Diagnostic Radiology, Third Edition
2011, Philip Palin Dendy, Brian Heaton

-Radiosensitizers and Radiochemotherapy in the Treatment
of Cancer 2014, Shirley Lehnert

-Nuclear Medicine Physics
2010, Editors: Joao Jose De Lima

-The Physiological Measurement Handbook
2014, Editor: John G. Webster

-Handbook of Photonics for Biomedical Science
2010, Editor: Valery V. Tuchin

-Diagnostic Endoscopy
2013, Editor: Haishan Zeng

-Handbook of Anatomical Models for Radiation Dosimetry
2009, Editors: Xie George Xu, Keith F. Eckerman

-Medical Equipment Management
2013, Keith Willson, Keith Ison, Slavik Tabakov

-Handbook of Optical Sensing of Glucose in Biological
Fluids and Tissues
2008, Editor: Valery V. Tuchin

-Targeted Muscle Reinnervation: A Neural Interface for
Artificial Limbs
2013, Editors: Todd A. Kuiken, Aimee E. Schultz Feuser,
Ann K. Barlow

-Fundamentals of MRI: An Interactive Learning Approach
2008, Elizabeth Berry, Andrew J. Bulpitt

-Quantifying Morphology and Physiology of the Human
Body Using MRI
2013, Editor: L. Tugan Muftuler

-Intelligent and Adaptive Systems in Medicine
2008, Editors: Olivier C. L. Haas, Keith J. Burnham
-An Introduction to Radiation Protection in Medicine
2008, Editors: Jamie V. Trapp, Tomas Kron

-Encyclopaedia of Medical Physics
2012, Editors: Slavik Tabakov, Franco Milano, Sven-Erik
Strand, Cornelius Lewis, Perry Sprawls

-A Practical Approach to Medical Image Processing
-2007, Elizabeth Berry

-Monte Carlo Calculations in Nuclear Medicine, Second
Edition: Applications in Diagnostic Imaging
2012, Editors: Michael Ljungberg, Sven-Erik Strand,
Michael A. King

Biomolecular Action of Ionizing Radiation
-2007, Shirley Lehnert

-Vibrational Spectroscopy for Tissue Analysis
2012, Ihtesham ur Rehman, Zanyar Movasaghi, Shazza
Rehman

-An Introduction to Rehabilitation Engineering
2006, Editors: Rory A Cooper, Hisaichi Ohnabe, Douglas
A. Hobson

-Webb's Physics of Medical Imaging, Second Edition
2012, Editor: M A Flower

-The Physics of Modern Brachytherapy for Oncology
2006, Dimos Baltas, Loukas Sakelliou, Nikolaos
Zamboglou

-Correction Techniques in Emission Tomography
-Electrical Impedance Tomography: Methods, History and
Applications
404
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Contacts of the corresponding author:
Author: Francesca McGowan
Institute:. CRC Press, Taylor and Francis Group
City: Abingdon OX14 4RN
Country: UK
Email: francesca.mcgowan@tandf.co.uk

2004, Editor: David S. Holder
-Contemporary IMRT: Developing Physics and Clinical
Implementation
2004, S. Webb
-The Physical Measurement of Bone
2003, Editors: C.M. Langton, C.F. Njeh
-Therapeutic Applications of Monte Carlo Calculations in
Nuclear Medicine
2002, Editors: H. Zaidi, G Sgouros
-Minimally Invasive Medical Technology
2001, Editor: John G. Webster
-Intensity-Modulated Radiation Therapy
2001, S. Webb
-Physics for Diagnostic Radiology, Third Edition
1999, Philip Palin Dendy, Brian Heaton
-Achieving Quality in Brachytherapy
1999, B.R. Thomadsen
-Ultrasound in Medicine
1998, Editors: Francis A. Duck, A.C Baker, H.C Starritt
-Medical Physics and Biomedical Engineering
1998, B.H Brown, R.H Smallwood, D.C. Barber, P.V
Lawford, D.R Hose
-Design of Pulse Oximeters
1997, Editor: John G. Webster
-Linear Accelerators for Radiation Therapy, Second
Edition
1997, David Greene, P.C Williams
-The Physics of Conformal Radiotherapy: Advances in
Technology
1997, S. Webb
-Rehabilitation Engineering Applied to Mobility and
Manipulation
1995, Rory A Cooper
-The Physics of Three Dimensional Radiation Therapy:
Conformal Radiotherapy, Radiosurgery and Treatment
Planning
1993, S. Webb
-Prevention of Pressure Sores: Engineering and Clinical
Aspects
1991, J.G Webster
-Fundamentals of Radiation Dosimetry, Second Edition
1985, J.R Greening
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Noteworthy Books in
Medical Physics from CRC Press
Encyclopaedia of Medical Physics
Edited by Slavik Tabakov, Franco Milano, Sven-Erik Strand,
Cornelius Lewis, and Perry Sprawls
Co-published by the EMITEL consortium and supported by the IOMP,
this all-encompassing reference contains nearly 2,800 cross-referenced
entries relating to medical physics and associated technologies.
Featuring over 100 contributors who are specialists in their respective
areas, the encyclopaedia describes new and existing methods and
equipment in medical physics. It covers x-ray diagnostic radiology,
MRI, nuclear medicine, radiation protection, radiotherapy, and
ultrasound imaging. Most articles include references, further reading,
images, graphs, formulas, and examples.
December 2012 | $719.00 / £458.00 | 908pp
Catalog no: K12085 | ISBN: 978-1-4398-4652-0

Webb’s Physics of Medical
Imaging, Second Edition

Correction Techniques in
Emission Tomography

Edited by M.A. Flower

Edited by Mohammad Dawood, Xiaoyi Jiang, and
Klaus Schäfers

Since the publication of the best-selling
first edition, the technology and clinical
applications of medical imaging have
changed significantly. Gathering these
developments into one volume, this
comprehensive second edition presents the
basic physics, modern technology, and
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i.TREATSAFELY.ORG: AN OPEN ACCESS TOOL FOR PEER-TO-PEER
TRAINING AND EDUCATION IN RADIOTHERAPY
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Abstract—Limitations of current training and education
delivery models result in suboptimal clinical proficiency with
equipment, procedures, and techniques. Educational and
training opportunities offered by vendors and professional
societies are by their nature not available at point of need or
for the life of clinical systems. The objective of this work is to
leverage modern communications technology to provide peerto-peer training and education for radiotherapy professionals,
in the clinic and on demand, as they undertake their clinical
duties. We have developed an open access web site
(https://i.treatsafely.org) using Google App Engine and
datastore (NDB, GQL), Python with AJAX-RPC, and
Javascript. The site is a radiotherapy-specific hosting service
to which user-created videos illustrating clinical or physics
processes and other relevant educational material can be
uploaded. Efficient navigation to the material of interest is
provided through several radiotherapy-specific search tools.
Videos can be rated by users, thus providing comprehensive
peer review of the site content. The site also supports
multilingual narration\translation of videos, a quiz function
for competence assessment and a library function allowing
groups or institutions to define their standard operating
procedures based on the video content. The website was
launched in August 2013 and has over 890 registered users
from 50 countries as of August 29, 2014; 30.2% from the
United States, 9.2% from India, 8.6% from the United
Kingdom, 7.3% from Brazil, and 44.7% from other countries.
The users include physicists (56.1%), oncologists (10.6%),
therapists (9.7%) and dosimetrists (4.9%). There are over 75
videos on the site to date with narrations in languages
including English, Spanish, French, Portuguese, Mandarin,
and Thai. Based on the initial acceptance of the site, we
conclude that this open access web-based peer-to-peer tool is
fulfilling an important need in radiotherapy training and
education. Site functionality will expand in the future to
include document sharing and continuing education credits.

Filling these gaps is challenging because equipment and
procedures are diverse and constantly changing. There are
always new users. These include internal users such as
rotating a therapist from the treatment machine to the CT
simulator, and external users such when a new employee is
hired. There are also limits to the training provided by
vendors and professional societies. Professional societies’
training is typically delivered at meetings and vendor
training is restricted to how to use the equipment, not advice
about appropriate clinical procedures or how to treat a
patient. Furthermore, it is noteworthy that 3 of the 5 most
downloaded papers from the International Journal of
Radiation Oncology • Biology • Physics in 2012 (i.e., the
Red Journal; a major research journal for radiotherapy) [2]
were specifically related to education and training [3, 4, 5].
Those papers essentially described how to perform critical
clinical processes. In other words, if the reader followed
those papers, then they would increase their competence in
the procedure of interest. Competence (defined as the
application of knowledge, skill and attitude to the task at
hand) is increasingly recognized as an essential attribute of
healthcare practitioners. The purpose of a research journal
should not, of course, be training and education. However,
in the absence of suitable alternative vehicles this is a role
that many journals have accepted.
The overall aim of education, training and competence
development for health care professionals is to provide the
patient with safe, high quality medical care. It is also
recognized that safety and quality are both enhanced
through standardization of procedures. High reliability
industries, such as the airline industry, employ very
standardized procedures. For example, a typical commercial
flight in North America requires no fewer than 9 checklists
to be completed. Similarly in healthcare, the adoption of
standard operating procedures is recognized by the National
Patient Safety Foundation (www.npsf.org) Hierarchy of
Actions as a Strong Action for patient safety. There are
indications that standardization of practice can also lead to
quality and safety improvement for radiotherapy [6]. To
facilitate education and training that lead to standardization
in radiotherapy, we have developed a peer-to-peer education
and training web site, which is described below.

Keywords—Web-based, Learning, Standardization, Education,
Peer-to-peer.

I. INTRODUCTION
Radiotherapy is a technology-driven specialty with many
complicated steps which, in spite of our best efforts, are
prone to errors with potentially disastrous consequences for
the patient [1]. Inevitably, in the complex and rapidly
changing clinical environment of radiotherapy, there are
gaps remaining in our understanding and proficiency in
what is technologically possible and clinically realized. This
is true for both basic and advanced users.
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left by the user about the video they just watched and those
comments go directly to the video creator so the creator can
respond if desired or necessary.
Several videos can also be combined to create a
comprehensive learning module. This is useful as the videos
tend to be short, specific learning experiences. Combining
several videos into a learning module then allows the user to
create a full educational session, for example, as a
‘continuing medical education’ lecture for credit.

II. MATERIALS AND METHODS
The i.treatsafely.org site is a web-based software tool
designed to deliver effective peer-to-peer education and
training in radiotherapy, on demand, and at the point of
need. The software system leverages newer learning
models (e.g., Khan Academy) in an easy to use delivery
method (YouTube–like) to facilitate peer-to-peer
communication and educational collaborations. The peerto-peer aspect means that video and document content is
created and uploaded to the site by users and users can
comment on the site content.

Standardization and Competence Development
If they chose, groups and institutions can also adopt a
subset of the hosted videos to define their approved
standardized clinic practice. Such a video library, which
could constitute the institution’s standard operating
procedures, is only available to the institution via the user’s
email domain. The library can then be used to standardize
procedures within the clinic or across clinics for larger
organizations thus enhancing quality, safety and efficiency.
In the future, content could then be pushed to staff members
for the purpose of ensuring competency training. The
system facilitates true competence development as the
videos constitute a knowledge base and repeated
performance of a task under the “guidance” of a video
module steadily enhances skill.
Equipment life can span decades but vendor training is
usually only provided for the latest version of equipment.
The i.treatsafely system provides a repository for training
material that will be available for the lifetime of equipment.

Technical Aspects
The site was created using Google App Engine and
Google datastore (NDB, GQL). This environment allows
for flexible expansion of content and site usage
management. The web site was created using the Python
programming language with AJAX-RPC and Javascript
calls to the datastore. An advantage of the Google App
Engine is that it leverages Google’s server infrastructure so
that the site can handle rapid increases in either short- or
long-term usage in a cost effective way.
Content Management
Content in the form of videos and documents is supplied
by actual clinicians. The site has a feature where clinicians
can upload their content. Once uploaded, the content is
vetted by domain experts to qualify the submitted content
for inclusion in the site. The domain experts are looking for
any factually incorrect statements and inappropriate practice
guidance recommendations. They are not filtering for
presentation style or visual quality of the videos or
documents. Any questionable material is sent back to the
content creator to respond and modify if it is deemed
necessary.
There are two other mechanisms for site content to be
vetted. One is that users can rate the content after they have
watched a video or read a document. Another way is that
each video and document has an icon associated with it.
When used, the icon will launch a dialogue box for the user
to note a suspected inaccuracy in the video or document and
will also send an anonymous email to the site moderators
who will then follow up on the notification. Three separate
actions will be the result of the investigation: 1) the video or
document will be removed from the site, 2) the content
creator will modify the content to alleviate the inaccuracy,
or 3) the video or document will remain unedited – if
determined to be factually correct.

III. RESULTS AND DISCUSSION
The site is 100% free for general use and can be accessed
from https://i.treatsafely.org.
In order to access and
contribute content, users are asked to create an account and
to verify their account by responding to a validation email.
The site has over 890 registered users from 50 countries
(as of August 2014); 30.2% from the United States, 9.2%
from India, 8.6% from the United Kingdom, 7.3% from
Brazil, and 44.7% from other countries. The users include
physicists (56.1%), oncologists (10.6%), therapists (9.7%)
and dosimetrists (4.9%). There are over 75 videos on the
site to date with narrations in languages including English,
Spanish, French, Portuguese, Mandarin, and Thai. There are
over 2700 unique views of the videos on the site. A unique
view occurs when a user watches any video for the first
time. Multiple views of the same video by the same user are
not recorded in this number. This means that, on average,
each user watched at least 3 videos on the site.
An unedited sampling of user comments is provided in
Table 1. This gives an indication of the innovation and
impact of the i.treatsafely.org site from the users’ point of
view.

Peer-to-Peer Education and Training
Videos can be “pushed” to other colleagues and staff
members. Enhancement of competence, at the user’s pace
and in the real clinical environment, is one unique feature of
this tool. Each video can be associated with a quiz to test
the user’s understanding of the material. Comments can be
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Table 1 Unedited user comments about the i.treatsafely.org site.
User type

Physicist

Physicist

Dosimetrist

Educator
Radiation
Oncologist

IV. CONCLUSIONS

Country Comment
Found the website on Medicalphysicsweb. As
a new clinical medical physicist, I intend to
stay aware, learn, implement and share the
best safe practices in Radiation Therapy Tx,
USA
delivery, and QA. The goals of this website
seem to comply with this professional pledge
that I took as a medical physicist, and so I
joined.
I know this homepage from the
MedicalPhysicsWeb Newswire. I hope to
Germany learn practical things for my future job as a
medical physicist. Right now I'm finishing
my PhD in the same field.
Found the website searching for Continued
Education Credits. I'm glad for this resource
USA
in our very important and trusting medical
field.
Colleague at the University I work for.
USA
Intention - to provide additional instructional
material for students.
I am a trainee radiation oncologist and would
South
like to get access to practical material to help
Africa
enrich my training.

The i.treatsafely.org site has been recognized by the
American Association of Physicists in Medicine through the
2014 Award for Innovation in Medical Physics Education.
i.treatsafely.org represents a paradigm shift in education,
training and competence development in the radiation
oncology community. Standardization of procedures, with
recognized benefits for quality, safety and efficiency, can be
easily facilitated utilizing current or specially submitted
content. Uptake has been high approaching 1000 registered
users in the first year of operation.
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Abstract – ICTP (the Abdus Salam International Centre
for Theoretical Physics) is an unique institution aiming to
support the development of science knowledge in developing
countries. It has supported the medical physics profession for
more than 30 years. Many of the medical physicists from the
developing countries have undergo training in the regular
ICTP College on Medical Physics (starting from 1983). Last
year ICTP initiated a regular School of Medical Physics
(Radiotherapy) and an MSc Programme on Medical Physics.
Acknowledging this support for the profession IOMP
presented ICTP with its Plaque of Gratitude on the occasion
of the ICTP Golden Jubilee this year.

This year ICTP (the Abdus Salam International Centre
for Theoretical Physics) celebrates its Golden Anniversary.
This international research institute for physical and
mathematical sciences operates under a tripartite agreement
between the Italian Government, United Nations
Educational, Scientific and Cultural Organization
(UNESCO), and International Atomic Energy Agency
(IAEA). ICTP was founded in 1964 by Mohammad Abdus
Salam, a Nobel Laureate in Physics of Pakistani
nationality. The Centre buildings are in Trieste, Italy. The
mission of ICTP is: To foster the growth of advanced
studies and research in physical and mathematical sciences,
especially in support of excellence in developing countries;
To develop high-level scientific programmes keeping in
mind the needs of developing countries, and provide an
international forum of scientific contact for scientists from
all countries; To conduct research at the highest
international standards and maintain a conducive
environment of scientific inquiry for the entire ICTP
community. The Centre is an institution that is run by
scientists for scientists. It regularly hosts meetings with
Nobel Award winners and encourages research and
teaching in physics.

Nobel Award winners 1979, including Abdus Salam (third from right),
Godfrey Hounsfield and Alan Cormac (first and third from left) – image
courtesy to ICTP Archives

The medical physics activities in ICTP had been initiated soon
after - at the beginning of 1980-ties by Prof. Giorgio Alberi
(ICTP) and a group of medical physicists including Anna Benini,
John Cameron and Sergio Mascarenhas, and have been firmly
supported by Prof. Luciano Bertocchi, Deputy Director of ICTP.

The first medical physics activity in ICTP took place in
1982 - an International Conference on the Applications of
Physics to Medicine and Biology in 1982 (organised by
Giorgio Alberi). Another successful conference and several
workshops were organised in the following years, revealing
the need of medical physics education for the Third World
countries. On this background ICTP expanded their
training activities in medical physics. This way the first
College on Medical Physics took place in 1988. The
regular series of Colleges begun in 1992 and since this time
it runs on a regular basis (usually bi-annually).
From the beginning corner stones for the ICTP
involvement in Medical Physics were Luciano Bertocchi
(then Deputy Director of ICTP) and Anna Benini (then
IAEA Officer). Additionally, a number of prominent
professionals were engaged with the College on Medical
Physics, including John Cameron (USA), Sergio
Mascarenhas (Brazil), Perry Sprawls (USA) and Slavik
Tabakov (UK). The current Co-Directors include also
Franco Milano (Italy), George D Frey (USA) and Mario De
Denaro (Italy).

By coincidence Abdus Salam was connected with medical
physics through his Nobel Award in 1979, when he
receives the Nobel in Physics (for the electroweak theory),
together with Godfrey Hounsfield and Allan Cormack,
receiving Nobel in Medicine (for the X-ray Computed
Tomography).
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ICTP International College on Medical Physics – students and Co-Directors, September 2010

The transfer of knowledge and experience to the
developing countries is a major objective of the College.
Each participant receives a full set of lecturing materials,
including Power Point slides, e-Learning materials, access
to web sites, etc. These have triggered tens of Medical
Physics activities and courses in the developing countries
and helped hundreds of colleagues from these countries to
practice the profession. Due to this reason the College is
always one of the most over-subscribed training activities
of the ICTP. Some students from the College also take part
in research activities organised by ICTP, namely as
Associate Members and as participants in the Programme
of Research and Training in Italian Laboratories (TRIL).

physics workshops, courses and conference, mainly
related to IAEA activities. During 2005 ICTP was Coorganiser of the High-level UNESCO-led Conference in
Durban “Physics and Sustainable Development”. One of
the decisions of this Conference was to identify areas of
special interest for applied physics during the XXI century
– one of these areas was agreed as “Physics and Medicine”.
ICTP also took active part in the International projects
EMERALD, EMIT and EMITEL, developing new elearning and training materials in medical physics, as well
as the first Medical Physics Encyclopaedia EMITEL. This
way the first International Conferences for Medical Physics
Training were held in ICTP, Trieste (1998, 2003, 2008).

Alongside the College (focussing on Medical Imaging
and Radiation Protection), ICTP hosts many other medical

EMITEL Medical Physics Encyclopaedia Conference, ICTP, November 2008
(the photo includes members of EMITEL project Consortium and Network, as well as Past and Present Presidents of IOMP and 21 National Medical
Physics Societies and Regional Federations)
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Inauguration of the new MSc course in Medical Physics, February 2014
(the photo includes the students, the Course Directors and Board, the EFOMP President,
the Head of the IAEA Human Health Division, the Rector of University of Trieste and the Director of ICTP)

ICTP also Co-organised medical physics activities
outside Trieste – e.g. the Medical Physics College in
Mumbai India (2007) and the Radiotherapy School in
Guatemala (2013)
During 2013-2014 the ICTP medical physics activities
expanded by organising a dedicated Master Programme in
Medical Physics (led by Renata Longo and Renato
Padovani). This MSc operates as a joint programme (in
English) with the University of Trieste and is specially
directed to students from developing countries. From the
beginning IOMP supported this MSc programme, which
attracted significant interest (for 2014 the programme
received 440 application from developing countries).
Another new activity, initiated by Renato Padovani in
2013, is the new Radiotherapy School, headed by M
DeDenaro, G Hartmann, M R Malisan and R Padovani.
From 2015 the School will be a regular medical physics
activity in between the years of the Medical Physics
College. The School will include as Co-Directors also C
Orton (IOMP), G Hartmann (EFOMP) and Y Pipman
(AAPM).

Presenting an IOMP Plaque to ICTP Director Prof. Fernando Quevedo
at the 50th Anniversary ICTP Conference, 7 Oct 2014

From its foundation ICTP has been a pivot for the
dissemination and development of various fields of physics
in the world and in particular – in the developing countries.
The medical physics activities organised by ICTP have
helped thousands of young medical physicists from
developing countries to firmly enter the profession and
further spread the knowledge in their countries and regions.
The International Organization for Medical Physics
(IOMP) congratulates sincerely ICTP with its 50th
anniversary and expresses its high appreciation and
gratitude to the Centre as one of the strongest supporters of
the medical physics profession.
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ANNEX
Development of Radiation Protection and Medical
Imaging in Malaysia, Anis Suhana Ahmad Sabri, Noor
Zaimah Zainol Abidin

The International College on Medical Physics (2014)
included also a Poster session where students described the
professional development and education/training activities
in their countries. These Poster sessions, initiated 10 years
ago are now an important part of the College, aiming
exchange information and expertise between students, as
well as helping the focus of the international activities
supporting the global development of the profession.

Medical Physics Education in Turkey and the Statistical
Distribution of CT, MRI and Mammography Devices,
Kandemir Recep
Medical Physics in Ghana, E. K. Sosu, F. Hasford, T. B
Dery, E.W. Fiagbedzi, Y. Serfor-Armah, A W K Kyere
Advances in Medical Imaging Physics to Enhance Health
care in Developing Countries -Eritrea, T. H. Teclehaimanot

The 2014 College had a focus on Africa and included a
number of colleagues from the continent (some suggested
by FAMPO – the Federation of African Medical Physics
Organisations, a Regional Federation of IOMP). The best
posters and presentations received the Binesh Award and
an ICTP Diploma. Here below is a list of all Posters
presented. The Award-winners authors have been asked to
submit short paper for publication at the Medical Physics
International. Here we include the presentations from
Ghana and Bangladesh.

Medical Physics Education, Training and Professional
Status in Brazil, MARTINS Juliana Cristina, SANTOS
Josilene Cerqueira, REINA Thamiris
Medical Physics at Institute of Nuclear Physics in
Tashkent, Uzbekistan, JURAEVA Nozima
Medical Physics Development in Serbia, CEKLIC Sandra
Education and Clinical Training of Medical Physics in
Thailand, Kitiwat KHAMWAN, Thunyarat CHUSIN

List of Poster presentations at
ICTP College on Medical Physics (Advances in
Medical Imaging Physics to Enhance Healthcare in the
Developing Countries): 1/09/2014 – 19/09/2014

Control of Unwarranted Radiation Exposures in Medical
Applications – Sri Lanka, Gunaratna Mudiyanselage,
Nadeera Hemamali
Medical Physics Applications and Actions in Mexico,
Medel Baez Eva

Medical physics in Vietnam, Trinh Thi Mai
Medical Physics in the Philippines, Taguba Dona May
Opiniano, Margallo Victor Angelo Caballero

Status of medical Physics In The United Republic of
Tanzania, W.E. Muhogora

Advance in Medical Imaging in Zambia, Nkonde Kangwa
Alex

Overview of Medical Physics in Iran, Afsaneh Lahooti;
Hossein Aslian

Inclusion of Medical Physicists in
Venezuela, Yanez Sanchez Miguel Angel

Medical Physics in Zimbabwe, Edwin Mhukayesango

Radiology

–

Medical Physics in the Sudan: Continuous Development
and Innovation, Ahmed Murtada Ahmed

Medical Physics in Indonesia: ‘Nuclear for Welfare’, Eka
Djatnika Nugraha

Status and Progress of Ethiopia in Medical Physics,
Gebre Mesay Geletu, Yacob Alemiye Mamo

Medical Physic Profession Uganda, Musisi Alen
Medical Physics Professional Status in Nepal, Ram
Narayan Yadav

Medical Physics Development in Nigeria: Personnel and
Equipment, AKPOCHAFOR Michael Onoriode, ARAGBAYE
Adebola, EVWIERHURHOMA Omuvwie Bernard, ISIAKA
Babatunde

Academic Education, Clinical Training and Professional
Recognition of Medical Physicist in Argentina, Ruggeri
Ricardo Miguel

Awards were distributed to the Posters/Presentations
from the following countries: Bangladesh, Cuba, Ghana,
Sudan, Thailand

Present Status of Medical Physics in Bangladesh, Hasin
Anupama Azhari, M. N. Hossain
Medical Physics Status in Cuba; Current Situation and
Future Deveplopment, Haydee Maria Linares
Status of Medical Physics Education and Training in
India, Yalavarthy K. Phaneendra
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PROFESSIONAL ACTIVITIES

“2ND INTERNATIONAL CONFERENCE ON MEDICAL
PHYSICS IN RADIATION ONCOLOGY AND IMAGING
(ICMPROI-2014)” IN DHAKA, BANGLADESH
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Abstract – Review of the 2nd International Conference on
Medical Physics in Radiation Oncology and Imaging
(ICMPROI-2014) in Dhaka, Bangladesh

(BSMMU), Dhaka. The ICMPROI-2014 was supported
this time by Asia-Oceania Federation of Organizations for
Medical Physics (AFOMP), Middle East Federation of
Organizations of Medical Physics (MEFOMP) and The
Abdus Salam International Center for Theoretical Physics
(ICTP). Prof. Dr. Golam Abu Zakaria, Chairmann and
Chief Medical Physicist of Gummarsbach
Hospital,
Academic Teaching Hospital of the University of Colonge,
Germany and Dr. Hasin Anupama Azhari, Chairman
Department of Medical Physics and Biomedical
Engineering of Gono University, Bangladesh & Founder
President of Bangladesh Medical Physics Society (BMPS)
were the Organizing Chairperson and Organizing Secretary
of this conference respectively.

Keywords – ICMPROI-2014, International conference;
Dhaka, Bangladesh

I. INTRODUCTION
Medical Physics is still a new subject in Bangladesh.
The importance of Medical Physics in Bangladesh is
gaining day by day as cancer treatment is entering a new
era from conventional therapy to conformal therapy.
Bangladesh Medical Physics Society (BMPS) is a nonprofit, non-trade registered organization primarily
engaged in professional, educational and research
activities, public awareness throughout Bangladesh in
the field of medical physics including biomedical
engineering, especially the application of physics in
medical sciences. Also it organizes and or cooperates
national, regional and international conferences, meetings
or courses.
With that aim, after the 1st International Conference on
Medical Physics in Radiation Oncology and Imaging
(ICMPROI-2011) in 2011, BMPS has now organized the
2nd International Conference on Medical Physics in
Radiation Oncology & Imaging (ICMPROI-2014) jointly
with the Association of Medical Physicists of India
(AMPI) and Nepalese Association of Medical Physicists
(NAMP) from 20 to 22 August 2014 at the premier
Postgraduate Medical Institution of the country
Bangabandhu Sheikh Mujib Medical University

II. PARTICIPANTS
During this conference more than 300 participants (40
foreign participants) including many eminent scientists,
young researchers from universities, hospitals and
industries of 24 countries (Algeria, Arab Emirates,
Australia, Bangladesh, Belgium, Canada, China, Germany,
India, Iran, Italy, Japan, Lebanon, Mexico, Nepal, Oman,
Pakistan, Poland, Srilanka, South Korea, Sweden,
Switzerland, United Kingdom, USA) exchange their
knowledge, experience and buildup a network.
We were honoured to have with us President, AsiaOceania Federation of Organizations for Medical Physics
(AFOMP), Prof. Dr. Yimin Hu, President of Middle East
Federation of Organizations of Medical Physics
(MEFOMP), Dr. Ibrahim Duhaini, President of Polish
Society of Medical Physics (PSMP), Prof. Pawel
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Kokolowicz, President of Pakistan Organization of Medical
Physics (POMP) Syed Mansoor Naqvi,

Bangladesh Academy of Science & Vice-Chancellor, Gono
Bishwabidyalay (University) Prof. Mesbahuddin Ahmad
were present in the occasion as Guests of Honour and Prof.
Dr. Golam Abu Zakaria was present as Organizing
Chairperson of the conference. The session was presided
over by Vice Chancellor of BSMMU and Patron of the
Organizing Committee, ICMPROI-2014 Prof. Dr. Pran
Gopal Datta (Fig:2).

Fig: 1 Some of the Distinguished guests, ICMPROI 2104.
President of Nepalese Association of Medical Physicists
(NAMP), Mr. P. P. Chaurasia, Secretary of Association of
Medical Physicists of India (AMPI), Dr. Challapalli
Srinivas, President of Bangladesh Medical Society
(BMPS), Mr. Kumaresh Chandra Paul and International
Atomic Energy Agency (IAEA) representative Dr. Ahmed
Meghzifene.

Fig: 2 Inaugural Ceremony ICMPROI 2104.

III. SCIENTIFIC SESSIONS
According to the tradition of the previous ICMPROI
meeting the scientific program of the ICMPROI-2014 was
composed of Plenary Sessions, Invited Lectures, Oral,
Poster and Vendor Presentations which have covered a
wide range of issues related to Dosimetry, External Beam
Therapy, Brachytherapy, Treatment Planning, Diagnotic
Imaging, Nuclear Medicine, Quality Assurance,
Radiobiology, Radiation Oncology, Radiation Safety,
Biomedical Engineering and also on Education. 105 papers
were presented in the different 18 scientific sessions. On
the 1st day of the conference the Inaugural Ceremony was
followed by scientific sessions, a cultural evening and
grand dinner. On the second day, a special session and a
workshop has included in the scientific sessions. On the
third day, there were scientific sessions, poster sessions,
award ceremony and finally the closing session.

V. CULTURAL EVENING (DAY-1):
A beautiful cultural evening was presented followed by
Gala Dinner with Bangladeshi food and sweets. The
cultural programme has represented the culture & custom
of Bengali Nations by classical and traditional dances
(Fig: 3).

IV. INAUGURAL CEREMONY
The inaugural ceremony of ICMPROI-2014 was held on
Wednesday, 20 August 2014 in the Milon Hall of
Bangabandhu Sheikh Mujib Medical University
(BSMMU). Hon’ble Minister, Ministry of Foreign Affairs,
Mr. Abul Hassan Mahmood Ali, M.P, was present to grace
the occasion as the Chief Guest. The Charge d’ Affaires,
German Embassy to Bangladesh, Dr. Ferdinand von
Weyhe and Director General, Directorate General of
Health Services (DGHS) Prof. Deen Mohd. Noorul Huq
were present in this occasion as Special Guests. President,
Asia-Oceania Federation of Organizations for Medical
Physics (AFOMP), Prof. Dr. Yimin Hu and President,

Fig: 3 Cultural Evening

ICMPROI 2104.

VI. SPECIAL SESSION (DAY-2):
In a special video session entitled ‘Interdisciplinary
workshop on treatment planning and dose delivery for
radiation oncologists and medical physicists’, the whole
chain of the treatment planning and delivery for cancer
patients was discussed with experts (Radio-oncologists and
Medical Physicists) from different countries.
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VII. POSTER SESSION (DAY-3):
33 posters were displayed. The committee of judges
for poster session selected three posters for first, second
and third prizes.
The First, Second and Third posters were “Ranking of
3D Treatment Plan Variants Considering Physical and
Biological Parameters in External Beam Therapy” from
Bangladesh by Kausar A., Azhari H.A., Chaudhuri S.,
Bhuiyan M.A., Zakaria G.A., “Flexible Film Haptic
Actuator Made with Cellulose Derivative for Surgical
Simulation” from South Korea by Mohiuddin M., Kafy
A., Akhter A., Kim Huan-Chan, Jaehwan K. and
Application of Diamond Detector in Radiation Beam
Measurements in High Energy Linear Accelerator” from
Oman by Ravichandran R., Binukumar J.P., Al Amri I.,
Davis C.A. respectively.

Fig: 5 Award giving to Prof Zakaria from BMPS President and Prof
Hartmann from BMPS Secretary.
Hopefully we expect more contributions and advise
from international organizations like IAEA, IOMP,
IFOMP, DGMP, AAPM and others for the coming 3rd
ICMPROI-2017 in 2017.

ACKNOWLEDGEMENT
Our best thanks go to the contributors, abstract
reviewers, organizing committee, co-organizers, sponsors
and all other peoples, students who make this conference a
success.

VIII. WORKSHOP (DAY-2):
A workshop entitled ‘Advanced Dosimetry and
Treatment Planning’ followed by a dinner was held at the
evening of second day of the conference at Clinical
Oncology Department in the Ahsania Mission Cancer and
General Hospital (AMGCH).

Contacts of Corresponding Author:
Author: Hasin Anupama Azhari
Institute: Dept. of Medical Physics and Biomedical
University.
Street: Nolam Savar
City: Dhaka
Country: Bangladesh.
Email:ahasinanupama@gmail.com

IX. CLOSING AND AWARD CEREMONY (DAY-3):
Closing speech (Fig:4) was delivered by the Presidents
and the Secretaries of different societies/organizations
(AFOMP, MEFOMP, PSMP POMP, NAMP, AMPI,
BMPS).

Fig: 4 Closing Ceremony ICMPROI-2014
In the award ceremony BMPS has recognized Prof. Dr.
Golam Abu Zakaria as the founder of Medical Physics in
Bangladesh and honored him as “Honorary Member” for
his extraordinary contribution for the education and
development of medical physics in Bangladesh. We have
also honored Prof. Dr. Guenther Hartmann as “Honorary
Member” for his great contribution for the medical physics
education in Bangladesh (Fig:5).
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10 YEARS OF MEDICAL PHYSICS TRAINING IN GHANA: SUCCESSES,
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Abstract – Medical Physicists are an important part of
Cancer management worldwide. In Ghana, Medical Physics
education and training first started in 2004 with 6 students.
The Medical Physics Department is currently located in the
School of Nuclear and Allied Sciences, University of Ghana –
Atomic Campus which was founded by a collaboration
between the Ghana Atomic Energy Commission (GAEC) and
University of Ghana, with support from IAEA. The training
comprises of didactic lectures, clinical practicals and thesis
work. The department incorporates the latest developments of
imaging and radiotherapy in its training. It has led to
graduates who are equipped for their task.

lecture and co-supervise PhD Sandwich programmes of the
School.
III. ADMISSION REQUIREMENT
The minimum qualification for this programme is a
good first degree (at least a second class lower division) in
Physics from any approved University. A candidate who
does not satisfy the requirement in an appropriate field of
study as above but is otherwise adjudged suitable by virtue
of appropriate experience could be considered.
IV. ACADEMIC & PRACTICAL TRAINING
The MPhil programme includes two (2) semesters of
didactic academic work followed by one (1) year of
research and clinical training. Academic courses pursued in
the first year include: Radiation Physics, Research
Methodology, Radiobiology, Anatomy and Physiology,
Professional and Medical Ethics, Nuclear Medicine,
Radiation Dosimetry, Physics of Radiation Oncology,
Physics of Imaging and Diagnostic Radiology.
The two year training is followed by a one (1) year
clinical internship for local graduates. The internship
comprises 6 months radiotherapy, 3 months diagnostic
radiology and 3 months nuclear medicine. This
arrangement ensures that clinically qualified medical
physicists receive minimum of two years clinical training.
After internship, interns are certified to practice only after
passing an examination of the Allied Health Professions
Council [1]. The PhD programme compromises of one (1)
taught course and three (3) years of research work.

Keywords – medical physicist, clinical training, School of
Nuclear and Allied Sciences.

I. INTRODUCTION
In response to the need of adequately trained medical
physicist in the health delivery system of Ghana and Africa
at large, the M.Phil Medical Physics programme was
established in 2004. The programme was initially hosted by
the School of Allied Health Science (SAHS), University of
Ghana. In 2006, with support from the International
Atomic Energy Agency (IAEA), Ghana Atomic Energy
Commission (GAEC) in collaboration with University of
Ghana (UG) established the Graduate School of Nuclear
and Allied Sciences (SNAS) to promote Post Graduate
university education and training for preservation and
enhancement of nuclear knowledge in Ghana and Africa. A
department of Medical Physics was created and the
programme was moved from the SAHS to SNAS. In 2008,
PhD in Medical Physic was also introduced and currently
has a duration of four (4) years.
Over the years, the Medical Physics programme has
grown from initially admitting local students to admitting
foreign students from across Africa. Governments and the
IAEA have also sent students from across Africa to be
trained in the programme.

The training programme is accredited by the National
Accreditation Board (NAB) in of Ghana. Assessment by
NAB is carried out periodically at a frequency of once in
every three years, using the services of international
experts
and
consultants
to
ensure
neutrality.
Recommendations provided are scrupulously applied to
ensure that international standards are upheld in the
programme.

II. FACULTY
The Medical Physics department has a well-resourced
faculty comprising of Professors, Associate Professors,
Senior Lecturers and Lecturers. In addition to the faculty
members from GAEC, UG and Kwame Nkrumah
University of Science and Technology (KNUST), adjunct
professors, lecturers and scholars have been recruited from
partnership institutions and the IAEA Member States to

Graduates of the Medical Physics programme have over
the years benefitted from further training in the form of
IAEA short courses and fellowships, ICTP – College of
Medical Physics, ICTP – short courses and workshops and
ESTRO training. This has further increased capacity and
abilities in the field.
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V. ENROLMENT DATA
Table 1. MPhil and PhD enrolment statistics
M.Phil.
Year

No. of
Students

Table 2. Classification of Medical Physicists in Ghana
PhD

LOCAL IAEA
Other No. of Male Females
STUDENTS fellows Nationals Students

2004

6

6

-

-

-

6

-

2006

4

4

-

-

-

3

1

2008

3

3

-

-

1

3

-

2009

4

4

-

-

-

4

-

2010

4

4

-

-

1

4

1

2011

7

5

2

-

2

9

-

2012
2013

10
13

6
7

2
5

2
1

-

8
11

2
2

2014

10

9

-

1

-

9

1

Classification of Members

Number

Clinical
Research
Academia
TOTAL

9
6
13
28

VIII. CHALLENGES
Dedicated clinical training facilities: The School has no
dedicated clinical training facilities on school premises.
Studies and lecturers must travel to facilities before clinical
practicals can be undertaken. This sometimes serves as a
disincentive for studies especially those who are selffunding.

VI. TRAINING FACILITIES
The School collaborates with the following institutions
were practical training are undertaken:
 National Centre for Radiotherapy and Nuclear Medicine,
Korle-Bu Teaching Hospital, Accra
 Oncology Directorate, Komfo Anokye Hospital, Kumasi
 Sweden Ghana Medical Centre, Accra
 Laboratories of GAEC
 37 Military Hospital, and other diagnostic facilities
throughout the country
With the collaboration of Ghana Society for Medical
Physics (GSMP) students are placed on Internships after
completion of the programme.

Lack of advanced phantoms: Lacking is advanced
phantoms especially in diagnostic radiology and
radiotherapy for students to undergo practicals in quality
control and quality assurance. This limits the scope of
practicals to be conducted.
IX. WAY FORWARD
To position the Medical Physics programme as a centre
of excellence, IAEA support in terms of equipment for
quality control especially in diagnostic radiology is
required.
X.CONCLUSION
On this 10th anniversary of the Medical Physics
education and training in Ghana, it can be said that there
has been a success. Student enrollment has increased with
other African nationals and IAEA fellows also going
through the programme. Graduates from the training
programme are serving as medical physicists in clinical,
research and academic institutions across Africa.

VII. SUCCESSES
Regional Designated Center (RDC): Due to the demand
for Medical Physicist across the continent, the School of
Nuclear and Allied Science applied to IAEA to be
considered for RDC status. By this, the IAEA will be
positioned to send fellows from other African countries to
be trained in Ghana.
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INNOVATIONS
RADIATION DOSE OPTIMIZATION TECHNOLOGIES IN MULTIDETECTOR
COMPUTED TOMOGRAPHY: A REVIEW
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Abstract—Computed tomography (CT) is a well stablished
imaging technique that is used worldwide for diagnosis and
treatment planning. The purpose of this review is to describe
the most notable technological advances in the last decade,
with a special focus on their impact in CT dose optimization,
that is, achieving the same diagnostic image quality at a
reduced radiation dose. The review describes main
components of a CT system such as x-ray tubes, detectors,
shape filters and collimators; as well as the control of key
variables such as the tube current and tube potential. In
addition, technological advances in iterative reconstruction
and specific applications such as cardiac CT, ultra-fast
scanning with dual-source CT, and dual-energy CT, are also
presented. While the some topics discussed in this review could
be generalized to all modern CT scanners, many features are
specific for CT systems manufactured by Siemens Healthcare
and thus might not be available through other manufacturers.

mSv in 1980 to about 6.2 mSv in 2006 [8]. The same report
identified that radiation from medical procedures was the
primary reason for such increase, and that a contribution of
about 24% to the effective dose per capita was due to CT
alone [8]. These findings reflect the consolidation of CT as
an essential imaging modality for diagnosis and treatment in
modern medical practice. This consolidation is also
supported by the fact that over 70 million CT examinations
are performed per year in the US alone [9]. However, the
increased utilization of CT and the small potential risk of
cancer associated with the use of ionizing radiation [10],
require that every CT scan is both clinically justified and
performed using the CT technique optimized with respect to
radiation dose [11]. In this paper, we will focus on the latter.
While dose reduction is important, acquiring a poor non
diagnostic scan for the sake of having ultra-low dose
provides no benefit to the patient. Thus to provide good
patient care and maximize the benefits to patients, it is
crucial to perform exams that reduce radiation dose while
maintaining diagnostic image quality. Hence, we will focus
on the most recent CT technologies which aim for exam
optimization rather than a mere radiation dose reduction. To
facilitate the description of newer CT technologies it is
convenient to review the CT imaging chain (Fig. 1). It starts
with the essential components of a CT system that include
the x-ray tube (s), shape (bowtie) filters, collimators and
detectors (Section II). Next, the CT scanner has various
control systems, most notably for the x-ray tube current and
tube potential. The control of these parameters have a direct
impact both on the radiation dose used during a CT
examination and the image quality, particularly regarding
image noise and contrast-to-noise ratio (Section III). After
the acquisition and prior to image reconstruction, the CT
projection data undergoes several preprocessing steps (i.e.
beam hardening and scatter correction), usually transparent
to the end users of clinical systems. Finally, the image
reconstruction takes place using either the traditional
filtered backprojection (FBP) or iterative reconstruction
(IR) methods (Section IV). In most cases several of the
aforementioned technologies can be simultaneously
combined to optimize radiation dose and image quality or
be adapted for specific applications such as cardiac imaging,
ultra-fast acquisition, or dual-energy CT (Section V). Newly
introduced features such as dose structured reports, dose
notifications and alerts are also discussed (Section VI).

Keywords— Computed Tomography, radiation dose reduction,
image quality, radiation dose optimization.

I. INTRODUCTION
Since its introduction in the seventies [1], computed
tomography (CT) technology has improved tremendously
and has become an essential imaging modality for treatment
planning and for the diagnosis of different pathologies such
as cancer, infectious diseases, trauma, stroke, cardiovascular
diseases, among others. Some notable advances over the
first three decades after its introduction include the
development of spiral (or helical) CT [2], multi-detector CT
[3] [4], and the dual-source CT [5]. These technological
advances have led to the establishment of CT as an imaging
modality that provides isotropic and sub-millimeter spatial
resolution, fast acquisition speeds -with typical acquisition
times below 10 seconds for whole volumes of data-, and
with routine temporal resolution as low as 65 ms [6] [7] for
applications such as cardiac imaging. While the
technologies aimed to improve acquisition speed, temporal
resolution and spatial resolution continue to steadily
progress, radiation dose reduction has only recently become
a primary driver of the development of new CT
technologies. In the last decade, radiation dose from
imaging procedures that use ionizing radiation have
received increased attention and scrutiny. A report from the
National Council on Radiation Protection and
Measurements (NCRP) indicated that the average effective
dose per capita to the US population had increased from 3.6
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Fig. 1. Block diagram with some of the components of the CT system imaging chain.

rapid succession minimizing the need of cooling delays in
between scans. Typical peak tube potential values available
in modern CT scanners are from 80 to 140 kVp. Most
recently, lower tube potential settings at 70 kVp (CARE
Child, Siemens Healthcare, Forchheim, Germany) has been
introduced and are particularly well suited for scanning
children [15] or thinner structures in the body such as the
neck [16].
One limitation of the Straton and other x-ray tubes
is that it can only reach its maximum power at high tube
potentials (e.g. 120 or 140 kV), while at low tube potentials
(e.g. 80 and 100 kV) the maximum tube current (hence,
power) is significantly smaller than at 120 kV. The newest
x-ray tube (Vectron®, Siemens Healthcare) employed by
the third generation DS system overcomes this limitation
and can achieve a very high tube current up to 1300 mA,
even at low tube potential values such as 70, 80 or 90 kV.
This is a major advantage for low kV imaging that is often
limited by insufficient power reserve [17].

II. CT SYSTEM HARDWARE
X-ray tube
An x-ray tube is one of the essential components of a CT
system. The key characteristics that define the performance
of an x-ray tube include tube power reserve, heat storage
capacity, focal spot size, and the range of polychromatic
spectra that it provides (i.e. the different kilovoltage values
at which it can operate). Modern clinical CT systems
typically operate at a peak power of between 50 to 80 kW,
with higher end systems able to reach up to 120 kW per xray tube. Large power reserves of 80 kW or higher are
particularly helpful for ultra-fast scanning modes and for
scanning obese patients. In these applications, the x-ray tube
must operate near its maximum current. Therefore, unless
there’s enough tube power, some decrease of the acquisition
speed might be needed in order to be able to scan larger
patients with sufficient image quality [12]. One solution to
increase the overall tube power reserve is to use a dualsource (DS) CT system that can simultaneously and
independently operate two perpendicularly arranged x-ray
tubes. Such technology can double the power reserve up to
2 x 120 kW in the third generation DS system (SOMATOM
Force®, Siemens Healthcare), when operating both tubes at
the same kV [13].
A specific approach for the x-ray tube design is the
rotating envelope tube (Straton®, Siemens Healthcare),
which utilizes convective cooling rather than radiative
cooling as in conventional rotating anode disks [14]. This
design allows operations at a high-power with high heat
dissipation rates of 5,400 kJ/min. Because of the fast
cooling ability; rotating envelopes facilitate operation in

X-ray beam shaping filters
Considering that the cross-section of patients is well
approximated by an oval shape, special shape filters like the
“bowtie filters” are nowadays common in CT systems for
attenuating the beam at the periphery, while keeping the
intensity in the central portion of the beam. Further
adaptation of these bowtie filters can be considered for
specific scanning modes such as pediatric imaging or
cardiac imaging. For example, cardiac bowtie filters reduce
the exposure outside of the area of the heart leading to lower
dose in organs and structures outside of this area. Radiation
dose savings due to bowtie filters have been reported to be
in the range of 10 to 20% [18].
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One of the effects of adding filters to the x-ray
beam is that these filters can affect the x-ray spectra. For
example, most x-ray tubes in a CT scanner include some
added filtration such as aluminum to cut off the lower
energy photons that typically do not contribute to image
formation. Even shape filters can alter the x-ray spectra by a
small percentage [19].
Primak et al. investigated the use of additional
(flat) filters for the x-ray tube operating at high tube voltage
for dual-source dual-energy CT applications [20]. The
added filtration, of materials such as tin, increased the
spectra separation between the tubes operating at low and
high energies and was demonstrated to reduce image noise
in material-specific dual-energy images, which in turn
translated to dose reduction for dual-energy CT applications
[21]. More recently, with the introduction of the thirdgeneration DSCT (SOMATOM Force®, Siemens
Healthcare), two special acquisition modes were included,
in which a flat tin filter is added to both x-ray tubes
operating at either 100 kVp or 150 kVp. For these modes,
instead of achieving spectral separation between the low
and high energies, the entire spectrum is shifted to higher
energies. It was demonstrated that for non-contrast imaging
tasks such as discriminating soft tissue and air that, this
hardened spectra can be more dose efficient achieving a
high contrast-to-noise ratio between soft tissue and air with
less dose than traditional scan modes without the tin filter at
typical tube voltages. Applications for the 100 kV with tin
acquisition mode have already been demonstrated in
phantoms and patients undergoing low-dose non-contrast
chest CT with doses as low as 0.07 mSv, while still
maintaining the ability to detect lung nodules [22].

dependent on the pitch and scanning range [26]. The higher
reductions were observed for scans using high-pitch values
(and hence higher overscanning needed) and short scan
ranges; as often would be the case in pediatric imaging and
cardiac CT [28].
Detectors
Modern CT systems use solid-state detectors which are
made of materials such as gadolinium oxide, cadmium
tungstate or ultra-fast ceramics (UFC®, Siemens
Healthcare) [29]. While the detector itself is the component
which transduces absorbed x-rays into light, the whole
detector module (or detector cell) is also comprised of a
photodiode, which transduces light into an electric signal,
and an analog-to-digital converter (ADC) that, as the name
suggests, takes the analog electric signal produced by the
photodiode and converts it into a digital signal. To improve
radiation dose efficiency, advances in the detector material
and system electronics are needed. One of those latest
advances has been in the detector electronics by integrating
the photodiode and ADC into one application-specific
integrated circuit (ASIC). The benefit of this integration is
that it obviates analog connections of conventional detector
electronics, which are a major source of electronic noise.
Quantum noise is typically they main contributor to CT
image noise and is determined by the number of photons
collected by the detector. However, when the detected
signal has amplitude which is close to the electronic noise
floor, then the contribution of electronic noise to image
quality degradation becomes an issue. Such scenarios can
happen when doing scans at very low dose levels, which
could be the case in exams such as low dose chest CT for
lung cancer screening [30] or CT colonography [31] [32];
but also in scenarios when morbidly obese patients are
scanned [33] [34], , i.e. causing photon starvation. Fig. 2
provides an example of the noise reduction achieved with
the use of the integrated electronics detector.

Collimators
There are two basic types of collimators in CT: prepatient and post-patient. Conventional approaches for both
types of collimation are reviewed elsewhere [23] [24]. Some
of the latest advances in pre-patient collimations are the
dynamically adjustable z-axis x-ray beam collimators (e.g.
Adaptive Dose Shield, Siemens Healthcare, Forchheim,
Germany); which are used in spiral CT to reduce
unnecessary dose due to overscanning [25] [26] [27]. In
order to acquire sufficient data to reconstruct a particular
image slice, it is necessary to acquire enough projection
data before and after that slice (required for spiral
interpolation). Therefore, a full irradiation of the detector
through the slice is needed, although not all acquired data
contributes to the final image formation. Dynamically
adjustable z-axis collimation is achieved by using fast
motion collimator blades that limits this over-scanning. At
the beginning and end of each spiral CT scan, the prepatient collimator asymmetrically opens and closes with the
purpose of blocking the portions of the x-ray beam which
do not provide the projection data useful for the image
reconstruction. The use of this technology has been shown
to lead to dose reductions in the range of 5 to 50% while
maintaining image quality, with percent reductions strongly

Fig. 2. Poly ethylene phantom scanned with identical CT technique of 80
kVp and 50 mAs using both a (left) conventional CT detector and (right)
integrated-electronics detector (Stellar detector) to demonstrate noise
reduction.

A commercial implementation of this new
integrated detector electronics technology has been recently

422

MEDICAL PHYSICS INTERNATIONAL Journal, vol.2, No.2, 2014

introduced with the Stellar® and Stellar-Infinity ® detectors
(Siemens Healthcare, Forchheim, Germany). Recently
published investigations have confirmed the benefits of the
integrated detectors for reducing the image noise when
scanning obese patients or through the thicker anatomical
cross-sections such as the shoulders and pelvis [34].
In addition to better dose efficiency by reducing
electronic noise, advances in CT detectors can have a direct
influence on spatial resolution by minimizing detector to
detector crosstalk and coupling that information with more
advanced iterative reconstruction methods which model
system parameters such as focal spot blurring and detector
themselves. For example, combining use of the Stellar
detectors and iterative reconstruction lead to improvements
in spatial resolution as demonstrated for applications such
as temporal bone imaging [35] or for the depiction of
coronary stents in CT angiograms [36], with both types of
applications benefiting from the improved ability to depict
smaller structures.

[40]. For example, CAREDose4D is controlled with the
reference effective mAs, with effective mAs defined as:
Eff. mAs = [tube current x rotation time] / pitch (1).
The reference effective mAs is defined as the effective
mAs needed to produce the desirable image quality for a
given reference attenuation (e.g. 33.9 cm of water for the
abdomen (Fig. 4). If a patient has lower attenuation than the
“reference patient”, the effective mAs needed to reach the
desired image quality is then lower than the reference
effective mAs. On the contrary, larger patients will require
an increase in the effective mAs beyond the reference value
to warrant adequate image quality..

III. SYSTEM CONTROL OF CT PARAMETERS: TUBE CURRENT
AND TUBE POTENTIAL

Automatic exposure control
The automatic exposure control (AEC) of the tube
current in a CT scanner is one of the key features for
radiation dose optimization, and it has become a standard
feature in all modern CT systems. The AEC modulates the
tube current as a response to changes in patient attenuation
due to patient size, anatomy and shape [37] [38] [39]. The
tube current can be modulated angularly, such that a higher
current is applied in view angles with higher attenuation.
For example, most patients are thicker (more attenuating) in
the lateral direction relative to the anterior-posterior
direction; hence a higher tube current is applied laterally
relative to anterior-posterior. The tube current can also be
modulated longitudinally. For example, patients typically
have thicker cross-sections in the shoulders compared to the
rest of the thorax that has less tissue because of the air-filled
lungs. Hence, the longitudinal tube current modulation will
apply a higher current through the shoulders and a lower
current through the rest of the chest. One of the strategies
used to perform AEC is CAREDose4D (Siemens
Healthcare, Forchheim, Germany), which responds directly
to attenuation changes from the patient in the angular
direction (x-y plane) and also along the patient in the zdirection (Fig. 3). Furthermore, CAREDose4D has a builtin “real-time” feedback mechanism to further refine angular
tube current modulation during the scan using the patient
attenuation profile obtained from the previous 180 degrees
of projection data.
Manufacturers use one of three main strategies to control
the tube current in AEC systems: reference mAs (Siemens),
standard deviation or noise index (Toshiba, General
Electric, Hitachi), and reference image (Philips, Neusoft)

Fig. 3. Automatic exposure control of the tube current using
CAREDose4D from a patient undergoing a chest-abdomen-pelvis CT
exam. The tube current continuously changes as a function of patient’s
attenuation; hence it follows changes angularly and longitudinally, in
addition to real-time feedback (every half rotation) to fine tune the tube
current applied to the patient.

Fig. 4. Tube current-time product (mAs) adaptation as a function of
patient attenuation. The example compares the nonlinear function used by
CAREDose4D for automatic exposure control (AEC), with a fixed tube
current approach (No AEC), and to a the tube current adaptation approach
that attempts to deliver constant noise (iso-quality line).
Now, a mathematical function needs to be defined to
adapt the effective mAs as a function of patient attenuation.
One approach to that mathematical function is to linearly
adapt the effective mAs with patient attenuation changes,
such that the noise is constant. However, clinical experience
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suggests that this relationship does not need to be linear, as
higher noise can be tolerated in larger patients, due to more
body fat that increases tissue contrast. Likewise, in pediatric
applications the lack of intrinsic tissue contrast and the
small structures may require lower image noise relative to
adult patients. CAREDose4D operates under this paradigm,
and hence, the relationship between patient’s attenuation
and applied tube current is nonlinear (Fig. 4). Furthermore,
CAREDose4D allows the user to adjust the shape of the
mathematical function to adapt the tube current to the
patient attenuation. In practice, the users can define how
aggressively they want to increase (or decrease) the tube
current (i.e. effective mAs) in response to the changing
patient attenuation.

Automated Tube Potential Selection
The selection of the tube potential in a CT examination
has three main consequences. First, the tube potential
influences the radiation exposure, with a relationship
defined by [kVnew/kVold]n, where n is between 2 and 3
(depending on the patient’s size). Second, because the tube
potential affects the overall radiation exposure, the image
noise is also affected; the lower the radiation exposure the
higher the image noise. Therefore, the tube current typically
has to be adjusted to compensate for an excessive increase
in image noise when lowering the tube potential. The third
consequence of changing the tube potential is that it directly
impacts the image contrast of radiological relevant tissues
and materials such as calcium and iodine. For either of those
two materials, their contrast relative to soft tissue increases
with reduced tube potential.
Various scientific studies have been done investigating
the benefits of using lower tube potential, particularly for
applications using iodinated contrast agents [49] [50]. One
approach attempts to quantify the gain in image quality (i.e.
CNR) while at the same time establish the dose efficiency
by calculating a figure of merit, based on the square of the
CNR and the radiation output, the dose weighted CNR
(CNRD):

Organ-based tube current modulation
Organ-based tube current modulation is designed to
reduce the radiation exposure to superficial radiosensitive
organs such as the breast [41] [42], thyroid [43] or the eye
lens [44]. This technique is implemented as X-CARE
(Siemens Healthcare, Forchheim, Germany) and operates by
decreasing the tube-current when the x-ray tube is passing
anteriorly to the patient in an angular range of about 120
degrees (Fig. 5). To avoid a compromise in image quality,
the tube current is increased for the posterior angular range
such that the overall radiation exposure is comparable to a
traditional scan without X-CARE. Various investigators
have found that organ-based tube current modulation can
effectively spare radiation dose to sensitive organs like the
breast [41] [45], eye lens [44], and thyroid [43]; while
maintaining image quality in terms of image noise and CT
number accuracy. An approach previously used to reduced
exposure to radiosensitive and superficial organs were the
bismuth shields, placed over the radiosensitive organ (e.g.
on the breast), but they were found to have issues such as
increased image noise and artifacts. The usage of bismuth
shields has been controversial [46] [47] but it is now usually
discouraged since a global reduction in the tube current or
the use of technologies such as X-CARE can achieve the
same goal without sacrificing image quality [48].

Using the CNRD it is possible to demonstrate that for
imaging tasks that use iodine, typically the use of tube
potentials below 120 kVp can lead to improved dose
efficiency, that is, a higher CNR at a lower dose (Fig. 6).

Fig. 6. Dose-weighted contrast to noise ratio (CNRD) as a function of
photon energy (keV) for iodine relative to water. Since the mean energy of
a polychromatic CT spectrum decreases with kVp, optimal CNRD is often
found for lower kVp values (e.g 80 or 100 kVp) when the material’s
attenuation increases at lower energy values.
One challenge people often face when trying to
effectively implement the consistent use of reduced tube
potential is how to simultaneously adjust the tube current.
Moreover, it is also necessary to consider the patient size,
since practical issues such as the tube power limit may
prevent the use of reduced tube potential for very large
patients [49]. While many hospitals have experience with
setting the quality reference mAs for conventional 120 kVp

Fig. 5. Illustration of principle of organ-based tube current modulation
with X-CARE. With this technology it is possible to reduce the exposure to
radiosensitive organs such as the breast, thyroid or eye lens. This is
achieved by decreasing the tube current by 75% of the maximum value
while the x-ray tube is covering an anterior angular range of 120 degrees
(thinner arrow) and then increased for the remaining view angles (thicker
arrow).
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examinations with AEC; this is often not the case when
using a reduced tube potential such as 80 or 100 kVp.
Therefore, users are more uncertain about which reference
mAs should be used to maintain a desired level of image
quality. One possible solution is to create comprehensive
look-up tables or manual charts. However, this approach
could be difficult to implement in a busy clinical
environment and it could also be error prone. A more
effective approach would be the ability to automatically
select the tube potential [51]. One commercially available
solution is CARE kV (Siemens Healthcare, Forchheim,
Germany) that automatically selects the combination of tube
potential and tube current according to patient size and
diagnostic task.
The input to CARE kV consists of the patient CT
localizer radiograph (i.e. topogram) and the user selection of
an optimization setting based on the exam type (e.g. noncontrast, contrast-enhanced or angiography). Based on this
input, CARE kV calculates the patient’s attenuation and
establishes a desired CNR associated with the diagnostic
task selected. Then, CARE kV compares all combinations
of tube potential and corresponding tube current values that
reach the target CNR, and selects the combination that
achieves this task at the lowest radiation output (i.e.
CTDIvol). For smaller patients, the system would typically
select lower tube potential values, especially for contrastenhanced examinations; while for larger patients the value
often remains at 120 kVp. Furthermore, for non-contrast
examinations in obese patients, CARE kV may suggest to
increase the tube potential from 120 to 140 kVp, because
the CNR might be slightly improved at 140 kVp due to less
image noise at the same contrast.
Various studies using CARE kV have demonstrated
substantial dose reductions ranging from 20 to 60% relative
to scanning with 120 kVp. These dose reductions were
achieved while maintaining or even improving image
quality in CT applications such as CT angiography [52],
contrast-enhanced body imaging applications [53], cardiac
CT [54], and pediatric CT examinations [55].

as beam hardening or scattering [56] [24] [57].
Implementing these aforementioned aspects of IR can result
in very long reconstruction times and make IR of limited
use in a busy clinical environment. The first generation IR
methods have concentrated only on the regularization aspect
(i.e. noise reduction). One of those techniques was Iterative
Reconstruction in Image Space (IRIS, Siemens Healthcare,
Forchheim, Germany) which incorporates a noise model to
preserve spatial resolution and reduce image noise. The
second generation IR methods began to improve noise
modeling in the image space while also incorporating a
feedback loop (i.e. forward projection) in the projection
(raw) data domain to reduce artifacts caused by the nonexact (in mathematical sense) nature of FBP. This is the
case of Sinogram Affirmed Iterative Reconstruction
(SAFIRE, Siemens Healthcare, Forchheim, Germany),
which achieves both noise reduction and artifact
suppression [58]. SAFIRE has been combined with reduced
tube current and reduced tube potential acquisition to
increase the dose reduction potential [59] while maintaining
image quality (Fig. 7).

Fig. 7. Example comparing image reconstruction of the same CT
dataset using (left) standard filtered back-projection (FBP) and (right)
iterative reconstruction with SAFIRE. The dataset corresponds to a
abdomen-pelvis examination of an adult patient. The image reconstructed
with SAFIRE exhibits a lower noise, better CNR at maintained spatial
resolution compared to the same image reconstructed with standard FBP.

IV. ITERATIVE RECONSTRUCTION
Iterative reconstruction (IR) has quickly become a
standard feature on modern CT scanners, considering that
first commercial implementations started to appear by 2009.
The goal of using IR is to be able to acquire CT data with
lower radiation exposure (e.g. by reducing mAs or kV)
while maintaining image quality (e.g. image noise, spatial
resolution, low-contrast detectability, etc.) and overall
diagnostic performance similar to conventional filtered
backprojection (FBP) reconstruction from higher dose CT
data. Unlike FBP, IR can incorporate more information in
the reconstruction process by modeling the system
geometry,
imposing
smoothing
constraints
(i.e.
regularization), and by incorporating physical effects such

Most recently, third generation IR methods have
emerged, in which more detailed modeling in the projection
data domain results in less noise streaks and better artifact
suppression; while the improved three-dimensional
regularization process results in better noise reduction in the
image domain. An example of the third generation IR is the
recently
introduced
Advance
Modeled
Iterative
Reconstruction (ADMIRE, Siemens Healthcare, Forchheim,
Germany). A combination of ADMIRE with other scanner
advances has already demonstrated the potential for
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dramatic dose reductions in applications such as lung cancer
screening. For example, a recent phantom study using the
SOMATOM Force and ADMIRE showed that image
quality and CT number accuracy were maintained using a
CTDIvol of only 0.15 mGy, which is comparable to the
exposure of two-view chest radiographs [60].
A large number of publications have reported the
effectiveness of IR methods to reduce image noise of lower
dose acquisitions. This is prevalent across manufacturers
who currently offer one or more types of IR approaches.
However, due to the nonlinear nature of IR there is a greater
awareness that simple metrics of noise reduction or CNR
are insufficient to fully characterize these methods. Other
effects such as noise power spectra, spatial resolution, and
viewer conditions may affect the actual human observer
performance. Several research groups have been putting
serious efforts in the development of model observers to
attempt to better characterize the actual radiation dose
reduction potential of IR for various diagnostic tasks, most
notably for low-contrast detectability [61] [62] [63] [64].

Forchheim, Germany). With this type of ECG-based current
modulation, it is possible to reduce mean radiation dose by
up to 50% [65] relative to the acquisition without tube
current modulation.
The prospectively triggered technique typically
uses a sequential acquisition instead of spiral. Just like with
the retrospective mode, the ECG signal is used to define a
desired cardiac phase, but unlike to the retrospective mode,
the x-rays are only applied during the cardiac phase of
interest. Hence rather than decreasing the tube current to a
lower value, the x-rays are turned off during the nonselected cardiac phase range. However, this mode
traditionally works best for patients with relatively low and
stable heart rates. An implementation of this type of cardiac
CT acquisition is available as Adaptive Cardio-Sequence
(Siemens Healthcare, Forchheim, Germany). This mode
achieves more robust performance in cases with occasional
ectopic beats by using an improved arrhythmia detection
algorithm. With the use of these technologies, typical
effective doses in the range of 1 to 3 mSv have been
reported [66].

V. APPLICATION-SPECIFIC TECHNOLOGIES FOR DOSE
OPTIMIZATION

Cardiac CT
There exist two major approaches for imaging the heart
with CT: retrospective ECG-gating with a spiral CT
acquisition and prospective ECG-triggering with a
sequential CT acquisition (Fig. 8). One standard feature for
dose reduction in the retrospective mode is to modulate the
tube current to a lower value outside of a predefined cardiac
phase of interest [65]. For example, in most cardiac
examinations (heart rate ≤ 65 beats per minute) the optimal
cardiac phase is around 70% (measured between two R
peaks in the ECG signal), coinciding with mid to late
diastole, which is when the heart is moving the least. Thus,
with this technique the tube current is only maintained at its
maximum value near the 70% phase: for example in a
temporal window between 60 to 80%, while the tube current
can be decreased to a lower value (i.e. 20% of the maximum
tube current) outside this 60-80% cardiac phase range. The
cardiac phase range corresponding to the maximum tube
current window can be narrowed or widened according to
the user needs and this will directly impact the total
exposure delivered to the patient. One modern approach to
this technique is the adaptive ECG-pulsing (Siemens
Healthcare, Forchheim, Germany); in which the dose
modulation for a cardiac scan is ECG-controlled. The ECGpulsing algorithm is able to quickly react (by widening the
acquisition window) when detecting an arrhythmia or
ectopic beats so that image quality is maintained. This
technique is recommended for patients with higher and
unstable heart rates. On the other hand, a related innovation
for this type of cardiac acquisition is to reduce the tube
current outside the pre-defined acquisition window to only
4% of its maximum value (MinDose, Siemens Healthcare,

Fig. 8. Illustration of cardiac CT data acquired using adaptive ECGpulsing in spiral CT (left) and with the adaptive cardio sequence (right)
using a SOMATOM Definition dual-source CT system.
Ultra-fast scanning: Dual-source high-pitch technique
for prospectively triggered cardiac CT
This technique is enabled by the use of the dual-source
CT in which it is possible to operate the scanner with a
high-pitch value of 3.4; which doubles the maximum pitch
of 1.5-1.7, traditionally possible in conventional singlesource CT system [67]. The basic principle of the high-pitch
scan mode is that gaps in the projection data generated from
one x-ray source are filled up by the data generated from the
second x-ray source which is arranged perpendicularly to
the first in a dual-source CT system (Fig. 9). Because no
redundant data is acquired, this mode can reduce dose even
further compared to the prospective sequential mode, while
maintaining the image quality [68]. With this technique, it is
possible to image the entire heart within one heart beat with
excellent temporal resolution and often with less than 1 mSv
effective dose when used in combination with lower tube
potential such as 100 kVp [69]. The best image quality is
achieved in patients with stable heart rates ≤ 60-65 bpm
(SOMATOM Definition Flash) and ≤ 70-75 bpm
(SOMATOM Force).
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VI. STANDARD ATTRIBUTES FOR DOSE
OPTIMIZATION AND MANAGEMENT IN CT
In 2013, the national electrical manufacturers association
(NEMA) released a set of standards which are expected to
become commonplace in all CT scanners [75]. The released
standard covers 4 aspects: (1) the use of standard DICOM
structured reports to capture post-exam information
regarding the radiation exposure such that it can be included
in patient records; (2) dose check features that allow the
users to set dose notifications and alerts (Fig. 10) that are
used to inform the user that a predefined ‘maximum’
radiation output has been reached either for a given scan
(dose notification) or the entire exam (dose alert). In case of
the dose notification the scanner will inform the user that
this maximum has been reached with a message box. In case
of the dose alert a warning will also pop up but for the dose
alert, the user will have to write down the reason why the
dose is exceeded (i.e. clinically justified); (3) existance of
reference pediatric and adult protocols stored into the
scanner such that they are immediately available after
installation; and (4) automatic exposure control needs to be
available as one of the essential features for radiation dose
optimization.

Fig. 9. Principle of high-pitch dual-source CT. A high-pitch value of up to
3.4 can be reached. The projection data gaps generated from projections
recorded from exposure with one of the x-ray tubes (Tube A) are filled up
with projections acquired from exposure from the second x-ray tube (tube
B). Both x-ray tubes are arranged perpendicularly within the CT gantry.
Dashed lines indicated the field of view in which image data is
reconstructed (e.g. 33 cm in the SOMATOM Definition Flash dual-source
CT).

Dual-Energy CT
In dual-energy CT two datasets are simultaneously acquired
using two different tube potentials, most commonly 80/140
and 100/140 kVp. An advantage of using dual-energy CT
over conventional single-energy CT is that in addition to
anatomical imaging, it is possible to discriminate between
some materials. Material decomposition with dual-energy
CT is primarily based on expressing the attenuation
coefficient of a voxel as a linear combination of the
attenuation coefficients of two basis materials. This
calculation can be done in either projection space or image
space [70]. Because material decomposition allows the
identification and quantification of materials such as iodine
in the CT images, it is also possible to ‘virtually’ remove
the iodine from the images and generate the so-called
virtual-non contrast images. In multiple-phase CT studies,
such as those commonly performed for imaging the liver or
kidneys, virtual-non contrast imaging with dual-energy CT
can potentially reduce the radiation exposure by 50 or 33%,
in two- or three-phase CT studies. These radiation dose
savings are achieved by eliminating the need of the true
non-contrast CT images and replacing them with the virtualnon contrast images derived from post-contrast dual-energy
CT exam [71] [72].

Fig.

10. Screenshot of the dose configuration screen in a Siemens CT
system. This page is used to set up dose notifications and dose alerts,
among others. When set up values are reached during an examination, the
scanner will display the corresponding notifications or alerts to inform the
user that a threshold has been reached. In the case of the dose alert, the user
will need to write down an explanation why the value has been exceeded
(i.e. medical reason) in order to continue the CT examination. In the US,
the FDA suggested that the default value for dose alert be set at 1000 mGy.

Another possibility for radiation dose reduction
and image quality optimization is the use of virtual
monoenergetic (or monochromatic) images calculated from
dual-energy CT datasets [70]. Early studies demonstrated
that virtual monoenergetic images can provide improved
image quality at the same or lower dose when comparing to
single-energy CT at 120 kVp [73]. A more recent study,
using a new advanced version of monoenergetic imaging
(Monoenergetic
Plus,
Siemens
Healthcare),
has
demonstrated that it can actually provide superior CNR at
the same dose compared to scanning with reduced tube
potential at 80 kVp; and hence, can potentially reduce
radiation dose [74].

VII. CONLUSIONS
We reviewed recent technological advances impacting each
of the key components of the CT imaging chain starting
from its essential hardware components, the systems control
of key variables such as tube current and potential, and the
image reconstruction engine. These advances help to tailor
the CT examination to individual patients but also to
different diagnostic tasks. Furthermore, we reviewed how
specific technologies are modified to optimize image quality
and reduce radiation dose in advanced applications such as
cardiac CT, ultra-fast scanning, or dual-energy CT. It is
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recommended that radiologists, medical physicists, and CT
technologists become aware of these newer technologies
and make use of them to benefit patients.
These
new
technologies
provide
more
opportunities for automation in the selection of technique
parameters. This becomes increasingly important for
consistency in everyday practice, particularly in busy
environments. In addition, newer tools such as dose
structured reports, dose notifications and alerts (when
properly set up) can aid in monitoring radiation exposures
and avoiding errors.
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Abstract—Even in the world of digital imaging, fundamental
physics principles still apply. Misalignment of the x-ray tube
and image receptor can cause image distortion, grid artifacts,
and phototiming errors. A website was developed to illustrate
these principles using a multi-modality approach. In addition
to explanations of the effects of misalignment, the website also
includes videos as well as a simulator demonstrating how
stationary radiographic systems achieve alignment.

In later laboratories, residents make radiation
measurements to demonstrate the effects of radiographic
technique, automatic exposure control, and changes in
absorbers. As part of these later labs, residents are expected
to be able to correctly operate the tubestand to satisfy the
various system interlocks.
While most textbooks on radiology physics discuss
image geometry, distortion, and grid cutoff, there is little on
how equipment assists in achieving correct alignment of the
x-ray tube to the image receptor. The work described here
was an effort to develop a website which illustrates the
lessons demonstrated in our physics lab. Websites offer
flexibility in the presentation of material not possible in a
textbook. In addition to text descriptions and figures, the
website offers two additional features. The first was the
inclusion of several short video segments showing the use
of alignment tools provided by stationary radiographic
systems. The second element is a tubestand simulator
demonstrating the process of equipment positioning.

Keywords— Radiography, Grids, Artifacts

I. INTRODUCTION
Even with the many technical advances is the field of
radiographic imaging, fundamental physics principles such
as image geometry and grid alignment remain as important
as ever. Stationary radiographic systems still hold an
advantage over mobile equipment in their ability to provide
superior image quality through accurate and consistent
alignment of the x-ray tube and image receptor.
Radiology resident physics education at Georgia
Regents University begins with a series of hands-on
laboratories in an x-ray room. Since they are entering a
career in which they are likely to be involved in equipment
purchases as well as the supervision of technologists, we
felt it important for residents to understand radiographic
systems. We also felt it was important to understand the
advantages in terms of image quality and consistency
provided by stationary equipment, and how the equipment
provides these advantages.
The first physics laboratory for new radiology residents
consists of an observational tour of an imaging suite.
Included in this lab is a demonstration of the tubestand and
the way it provides alignment of the x-ray tube to the image
receptor. In addition to the obvious radiation safety
advantages of imaging in a shielded environment, the image
quality advantages of stationary radiographic equipment
over mobile units are discussed. The importance of
alignment to image quality is emphasized.

II. METHODS
Because radiology residents do not routinely spend much
time working with radiographic systems, a web site was
developed to not only describe the importance of proper
geometry to image quality but also how a stationary
radiographic system achieves this geometry.
The
importance of alignment to image quality is emphasized, as
it relates to geometric distortion as seen in figure 1.
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Fig. 3 Embedded Video Showing Tubestand Alignment Process
The site also includes a simulator demonstrating
tubestand alignment. Either tabletop or bucky mode can be
selected. The user can move the tube in the longitudinal,
lateral, and vertical while the bucky can be moved
longitudinally. When bucky exposure mode is selected, the
user cannot get a “ready” light until the lateral and vertical
detents are engaged. As is the case for actual systems,
longitudinal alignment is accomplished manually. The
simulator is shown in figure 4.

Fig. 1 Image Distortion Caused by Misalignment of the Tube and Receptor
Also described is the importance of alignment with the
use of a grid. The various types of grid misalignment and
the effect of each on the appearance of the image and on
patient dose are described using text and graphics as seen in
figure 2.

Fig. 4 Tubestand Simulator
III. DISCUSSION
Fig. 2 Graphic Illustrating Grid Misalignment Artifact
An important aspect of achieving quality is the
identification and reduction of variation in a process.
Stationary radiographic equipment provides tools allowing
the technologist to achieve a consistency in the alignment of
the x-ray tube to the image receptor that is impossible using
mobile radiographic equipment.
While mobile imaging should only be performed if a
patient cannot be transported to stationary equipment for
radiation safety or for medical reasons, this is often not the
case in practice.
It is not uncommon for mobile
examinations to be performed because hospitals do not have
transport personnel after normal work hours or for other
reasons unrelated to the medical condition of the patient.

Stationary radiographic units incorporate alignment tools
not available on mobile systems. Our web site highlights
these tools along with photos and videos showing tubestand
manipulation. An example is shown in figure 3.
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It is important for radiologists to understand how
stationary systems provide positioning consistency and the
compromises to image quality and radiation safety
associated with mobile examinations. Radiologists need to
be able to interact with technologists and administrators to
ensure mobile exams are only performed when medically
necessary and not for the sake of convenience.
Identification and understanding of the issues associated
with mobile examinations are components of the education
of radiology residents. At Georgia Regents University, this
education begins with a series of laboratories in stationary
x-ray rooms where alignment tools can be demonstrated. A
web site was developed to illustrate the physics principles
associated with misalignment such as distortion and grid
effects. The web site uses photographs, videos, and a
tubestand simulator to teach alignment principles previously
only available in laboratory classes.
The website described here can be accessed at the
following link:
http://www.gdavidasp.net/Tubestandsim/Index.html
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Abstract—Following the discovery of a “new kind of rays,”
to be named by him as x-radiation, and others as Roentgen’s
rays, Dr. Roentgen embarked on an intense investigation in a
series of innovative experiments to determine its properties
and characteristics and how it compared to other known
radiations, specifically light and cathode rays. He
demonstrated that the radiation produced fluorescence and
exposed photographic plates. The revolutionary discovery was
that it penetrated normally opaque objects and produced
shadow images of things within. It was these characteristics
alone that were the foundation of x-ray imaging that soon
changed and enhanced the practice of medicine around the
world.
For additional experiments he developed a variety of test
devices that continue to be used by physicists for evaluating
the performance of x-ray equipment and devices. These
included a pinhole camera, step wedge, and an innovative
device to become known as a penetrameter. A major focus of
his work was investigating the penetration of the radiation
through a variety of objects and materials. He demonstrated,
and often documented with photographic images, that
penetration related to both characteristics of the material
(thickness and density) and the x-ray beam itself (pressure
within the tube, the associated electrical voltage, and filtration
of the beam). Having observed the effect on electrical charges
in the vicinity of the x-ray apparatus he developed a series of
experiments to demonstrate the direct ionization in air.
Within just a few months of intense research he discovered,
evaluated, and documented virtually all of the properties and
characteristics of x-radiation as we know them today.

determine and document the properties and characteristics
of this radiation.
Through a series of innovative and carefully conducted
experiments he demonstrated most of the major properties
of x-radiation even as we know it today. The results were
published in three articles that are the source of information
and references for this article.
Here his observations and findings are quoted along with
illustrations added by the author. The illustrations represent
the author’s understanding of the experiments based on the
published descriptions.

Keywords—

Fig.1. An imaginary conversation between Dr. Roentgen and the author

Roentgen,
properties.

x-rays,

discovery,

investigate,

That was actually a question by a writer for a magazine
preparing an article on his discovery. His answer is very
significant. It illustrates his recognition that it was
necessary that he determine the properties and
characteristics of this new kind of radiation before
publishing or discussing it with others.

I. INTRODUCTION
It is well known that a “new kind of rays,” to be named
x-rays or Roentgen’s rays, were discovered by Wilhelm
Roentgen while experimenting with cathode rays on the
evening of November 8, 1895. What is less known and
appreciated within the physics community is the extensive
investigations he conducted following the discovery to
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II. THE DISCOVERY
Before the time of the discovery physicists in various
institutions were experimenting with partially evacuated
glass tubes connected to high-voltage sources of electricity.
It had been determined that streams of accelerated electrons,
or cathode rays, were produced within the tubes. If a tube
had a sufficiently thin window, some of the cathode rays
penetrated into the surrounding air. Roentgen was
experimenting with cathode rays coming from a tube when
he made the discovery. Typically the tubes would glow
because of the ionization of the air that remained in the
tube. This light was interfering with Dr. Roentgen’s
experiment of observing fluorescence produced by the
cathode rays close to the tube. To produce a dark
environment he enclosed his glowing tube with an opaque
cover. It was in this darkness that he noticed light being
emitted from a fluorescent material at some distance from
the tube--a distance much greater than the range of cathode
rays in air.

Fig. 3 An illustration of what Roentgen saw. Shown here is the
author’s hand in a recreation.
III. EXPERIMENTS
What followed these initial observations was a period of
intense experimentation to investigate and determine the
characteristics and properties of the “new kind of rays”.
Some of the major experiments are now described.
Transparency of objects to the new kind of radiation:
This appears to be one of the first characteristics that were
investigated with several experiments.
One was the
penetration of the radiation through a book.

Fig. 2. The equipment that produced the x-radiation leading to the
discovery

After associating the fluorescence with an invisible
radiation from the tube he determined it would penetrate a
variety of normally opaque materials and produce shadows.
When holding an object, perhaps a piece of metal, he saw a
shadow of the bones within his hand as illustrated below.

Fig. 4. A thick book was one object that was penetrated by the
radiation.

Propagation in straight lines (like light): In the
investigation of the characteristics of the new radiation it
would have been logical to consider how it compared to
other known radiations at that time such as light and
cathode rays or electrons. A pinhole camera was used to
verify the straight line propagation, demonstrating it shared
some properties with light.
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.
Fig. 5. Using a pinhole camera to compare characteristics to those of

Fig.7. An experiment that apparently demonstrates the formation of a
secondary radiation by different metals.

light.

Refraction of x-radiation: A logical investigation was to
determine if x-radiation undergoes refraction, a property
that would be shared with light.

The pinhole camera was used in several experiments. It
produces an image of the actual x-ray source. This is the
technique that has now been used by physicists to determine
the actual size and distribution of radiation for x-ray tube
focal spots.
Reflection (like light): The question is whether x-rays
are reflected from surfaces as light is reflected.

Fig.8. An experiment to investigate the possibility of refraction
within a material.
Experiments were conducted using a variety of materials
to determine if x-rays refracted, or changed direction, when
moving from one material to another. There was no
indication of this which suggested that x-rays could not be
focused with a lens.

Fig. 6. Reflection of x-rays from a variety of materials was not
observed.

Do x-rays have magnetic properties? This was a
continuation of experiments comparing x-radiation to
known radiations--in this case, cathode rays.

Scattering of x-radiation: In an interesting experiment
described here the observation was reported as reflections
from several metals. This appears to be scattering or the
production of secondary radiation from within the metal
objects and not reflections from the surfaces, as light would
be reflected.
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experiments to determine the characteristics of both
materials and the radiation that determined penetration.
Characteristics of the radiation that affect penetration.
To investigate what we would recognize as the spectral
characteristics of the radiation, Roentgen constructed and
used a device that was the first of what would become
known as a penetrameter.

Fig.9. Cathode rays within a tube can be deflected with a magnet, but
not x-rays emitted from a tube.

Effect of Object Thickness on Transparency: Having
already observed that a variety of materials were transparent
to x-radiation, attention was turned to investigating the
relationship to material characteristics.

Fig.11. The general design of a device developed to investigate the
spectral characteristics or quality of the radiation.
This is based on the principle that would be used years
later for measuring the KV of x-ray spectra. It was built
into a cassette and was a common test instrument used by
physicists until the development of digital electronic KV
meters. Similar devices are used in industrial radiography.
Filtration. It was observed by Roentgen that filtration
increased penetration and he used his device to measure the
effect as illustrated here.

Fig.10. The use of a step wedge to investigate the effect of thickness
on transparency.
In other experiments the effect of material density on
transparency was studied. It was observed that the product
of density and thickness was not the only factor affecting
penetration. Various substances had different attenuations
even when the product of density and thickness was the
same. This third characteristic, in addition to thickness and
density, was not specifically identified at that time. Today
we know that characteristic is the atomic number (Z) of the
material.
It was the ability to penetrate materials that made the xradiation completely different from any other known
radiations. Therefore it was the property studied in many

Fig.12. Measuring the effects of filtration on an x-ray beam spectrum.
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X-ray tube pressure or “hardness”. The pressure, or
quality of the vacuum, in these early tubes was highly
unstable and varied considerably. The pressure within a tube
also was a factor in determining the voltage that developed
across the tube. The terms “soft” and “hard” were used to
describe the range of pressures and how the tube was
operating. The glowing region within a tube varied with the
pressure and could sometimes be used to judge its degree of
“hardness”.
The major significance was that as a tube became
“harder” with reduced pressure the radiation became more
penetrating. Roentgen observed this effect on the human
hand as illustrated below.

Fig. 14. An experiment to demonstrate the effect of anode materials.
Ionization of air.
Early in his investigations Roentgen had observed that xrays were able to discharge electrified bodies. Before
publishing on this he wanted to verify that the ionization of
the air was being produced directly by the x-rays and not the
high-voltage fields and discharges around the tubes and
electrical apparatus. To isolate his experiments from the
electrical fields he conducted them inside a large metal box
into which only the x-rays could enter through a small hole.

Fig. 13. Roentgen’s observation of the effect of tube “hardness” on
penetration through a human hand. Also illustrated is the change in the
glowing region within a tube with pressure. This particular drawing is
thought to be from a source other than Roentgen.
This variation in tube pressure was a considerable
problem with the early x-ray tubes. Holding the hand in
front of a fluoroscopic screen was a common practice to
judge the degree of “hardness” and when the beam was
appropriate for an imaging procedure.
This problem, along with some other limitations, was
eliminated by the development of the hot-cathode tube.
Effect of anode material on x-ray production. Roentgen
used a dual anode tube to demonstrate the effect of anode
material on the efficiency of x-ray production. He
experimented with several electrode configurations within
tubes. His earlier tubes, such as used at the time of the
discovery, were obviously not designed as x-ray tubes with
anodes arranged for that purpose. As he learned more about
how the radiation was being produced he obtained and used
tubes that were designed for that purpose.

Fig.15. A shielded enclosure to investigate the ionization of air.
One experiment to demonstrate that the ionization was in
the air and also remained in the air for some time is
illustrated below.

439

MEDICAL PHYSICS INTERNATIONAL Journal, vol.2, No.2, 2014

Following his first paper and announcement Roentgen
received invitations from various groups, including the
German parliament, the Reichstag, to lecture and describe
his work and discovery, which he refused. The invitation
that he did accept was from his Wurzburg colleagues and
the Wurzburg Physical-Medical Society.
This was
delivered as shown below to a large audience of professors,
high-ranking government officials and military officers, and
students.

Fig.16. Verifying that the ionization was within the air.

IV. RESULTS AND CONCLUSIONS
During a period of less than three months of very intense
experimentation Roentgen discovered, evaluated, and
documented essentially every property and characteristic of
the new kind of radiation as illustrated below.
Fig. 18.

Roentgen’s public lecture and demonstration of the new

kind of radiation.

He began by stating that because of the interest that had
developed he believed it was his duty to discuss his work
but that the experiments were still in a preliminary stage.
He then referred to the work of several others, including
Hertz and Lenard, and that this had encouraged him to
conduct experiments along the same lines. He then
described his observation of fluorescence of the small
screen and that the tube was the source. He focused on the
penetrating characteristics of the radiation, which he said he
discovered by accident, and the use of photography to
demonstrate this characteristic. He then demonstrated with
several materials and objects.
Perhaps the highlight of the presentation was when he
asked His Excellency Albert von Koliker, the famous
anatomy professor, for permission to produce an x-ray
image of his hand. When the image was developed and
shown to the audience it generated tremendous applause.
Von Koliker stated that in his many years (almost half a
century) of attending medical and scientific meetings, this
was the most significant presentation he had experienced.
After leading the audience in three cheers for Roentgen he
proposed that the new kind of radiation be called
“Roentgen’s Rays” which was approved by the audience.

Fig.17. The properties of x-radiation that were investigated by
Roentgen along with a summary of the results.
V. THE PRESENTATION
He submitted his first paper (Ref.1) for publication on
December 28, 1895, less than two months after the
discovery. In addition to submitting it for publication he
sent reprints to several colleagues and distinguished
scientists at other institutions.
It was through this
distribution of reprints to persons who understood the
significance of his discovery and preliminary investigations
that it was introduced to the world.
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Introduction: Treatment planning is one of the
main steps in radiotherapy. It involves as a final
output the calculation of Monitor Units (MUs),
which describe the real quantity of ionizing
radiation delivered to the patient. As yet, it is
unclear when and how to adjust the prescribed
dose by the radiation oncologist when changes are
introduced in TPS calculations. In this study we
proposed a quantitative method to assess changes
introduced by a new calculation algorithms in
clinical use for radiation therapy. The ultimate
goal is to help the clinician to decide when and
how to alter his dose prescription.

plan (Dr) using the current algorithm and the
tested plan (Dt) using the novel algorithm. The
DICOM images including the PTV and the OAR
for each patient were exported from TPS
Eclipse®. The 2D gamma analysis was displayed
using a gamma plot and gamma pixel histogram
indicating the fraction of pixels with a gamma
index equal or below a specific value. A mean
value of gamma ≤ 1 indicates agreement between
dose distributions. In order to discriminate an
over- from an under-estimated dose using 3D
gamma, a sign was attributed to absolute values of
γ, i.e. Dt ≥ Dr had a positive sign and Dt< Dr had
a negative sign. The 3D γ maps and the
cumulative Gamma Voxels Histograms (GVH)
were generated. The GVH show each voxel
according to its gamma value and provided a
visual representation of the proportion of voxels
which respect the conventional tolerance (3mm,
3%). For this study, the gamma criterion was set
at 3% for the dose and 3 mm for the distance to
agreement. We considered that the dose
distribution using the tested algorithm agreed with
the dose distribution, calculated with the reference
algorithm, if 95% of the pixels or voxels had
gamma ≤ 1.

Method and materials: This original method is
based on dosimetric, statistical and global
analysis. The dosimetric analysis is based on the
comparison of MUs, isodose curves, cumulative
and differential dose volume histograms and
quality indices such as the conformity index,
homogeneity index, PTV conformity index and
geometrical index. The goal of the statistical
analysis is to provide the radiation oncologists
with interpretable results to help them to make a
medical decision. Thanks to its operability with
small series, the Wilcoxon signed rank test was
used to assess the statistical significance of
differences. A p-value < 0.05 was considered as
statistically significant. The global analysis is
based on 2D and 3D gamma index. To compare
the dose distribution using the CT-Scan image,
two treatment plans were generated: the reference

Clinical application: We applied this method for
the change of dose calculation algorithms and the
change of irradiation techniques (breast cancer)
and we also evaluated the impact of the
modification of CT-Scan calibration curve on
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dose using density correction methods. For
clinical comparison, 4 cancer sites were compared
including chest cancers, head and neck cancers,
brain cancers and prostate cancers.

(Wilcoxon) were validated to evaluate and
compare the difference of dose in irradiation
therapy.

Results and discussion: The comparison between
Clarkson and Pencil Beam Convolution PBC
algorithms without density correction showed that
the difference for monitor unites was 1.2% for
lung and less than 1% for head and neck, brain
and prostate (p>0.05). The dosimetric parameters
derived from dose volume histograms were higher
for organs at risks using Clarkson compared to
PBC inviting clinicians to make “safer”
prescriptions [1].
The density correction methods such as Batho
power low, Batho modified and ETAR produced
a lower number of MUs than PBC algorithm by
an average of 5% for chest cancer including 6
patients. The Wilcoxon test showed a significant
difference between PBC and density correction
methods (p<0.001). Dosimetric parameters
derived from the DVH were higher for the
planning target volumes and organs at risks using
density correction methods when compared to
PBC [2]. The quantitative analysis, of dose
distribution based on 2D and 3D gamma,
confirms the under dosage observed with density
correction methods using MUs comparison, for
chest cancer when the density correction was
done [3]. This means that the risks related to the
modification from the homogeneity plan to the
heterogeneity plan were the reduction of delivered
dose to the PTV and the increase of the dose to
the organs at risk, as shown in figure 1. For chest
tumors, according to this study, the prescribed
dose had to be increased by 5% when moving
from PBC algorithm to density correction
methods in order to obtain the same clinical
results.

b)

a)

Figure 1.a. shows a sample of 3D γ maps to
compare PBC with modified Batho algorithms.
The red and blue colorings indicate that gamma is
outside the tolerance criteria showing respectively
over- and under-estimated doses for OAR and
PTV. Graph 1.b. shows the corresponding
treatment planning picture for the parenchyma
site.
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Conclusion: Our method enables clinicians and
physicists to understand treatment modifications
associated with any changes in dose calculation
procedure: software or irradiation techniques.
According to this study the concept of 3D gamma
index and the non-parametric statistical test
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NQRZQIRUKLVSLRQHHULQJZRUNWRHVWDEOLVKWKHSULPDU\VWDQGDUGVIRUDLUNHUPDIRU&RPHGLXPHQHUJ\;UD\VDQGWKHDEVRUEHG
GRVHVWDQGDUGIRU+'5,UVRXUFHVLQ%UD]LO
&DUORVGH$OPHLGD·VFDUHHULVPDUNHGE\KLVZRUNDWWKH%UD]LOLDQ1DWLRQDO&DOLEUDWLRQ/DERUDWRU\DQGODWHURQWKHVWDIIRIWKH1DWLRQDO
&DQFHU,QVWLWXWHXQWLO$WWKH1&,KHZDVWKHPHQWRURIDPDUNHGO\VXFFHVVIXOSURJUDPWKH1DWLRQDO4XDOLW\$VVXUDQFH3URJUDP
LQ5DGLDWLRQ2QFRORJ\ZKLFKLQYROYHGSK\VLFLVWVUDGLDWLRQRQFRORJLVWVDQGWHFKQRORJLVWVIURPLQVWLWXWLRQV+HLVUHFRJQL]HGIRUKLV
SHUVLVWHQFHWRFUHDWHDQGLPSURYHHGXFDWLRQDOSURJUDPVWRHQKDQFHDZDUHQHVVRIWKHQHFHVVLW\RIZHOOGHVLJQHGTXDOLW\DVVXUDQFH
SURJUDPVDQGWRSURPRWHWKHFUHDWLRQDQGRUJDQL]DWLRQRIORFDO0HGLFDO3K\VLFV6RFLHWLHVLQWKHUHJLRQ
$VDFRQVXOWDQWWR3$+2DQG,$($KHKDVWDNHQVHYHUDOPLVVLRQVLQPDQ\FRXQWULHVLQ/$IRUVLWHHYDOXDWLRQRUWRWHDFKFRXUVHVRQ
0HGLFDO3K\VLFV

,QKHEHFDPHWKHÀUVW)XOO3URIHVVRULQ0HGLFDO3K\VLFVDW5LRGH-DQHLUR8QLYHUVLW\WKHÀUVW0HGLFDO3K\VLFV&KDLULQWKHFRXQWU\
DQG&KDLUPDQRIWKH5DGLRORJLFDO6FLHQFHV/DERUDWRU\6LQFHWKHQKHKDVFRPELQHGKLVDFDGHPLFUROHDWWKHXQLYHUVLW\ZLWKDQDFWLYH
UROHDWWKHKRVSLWDO+LVDFDGHPLFUROHKDVUHVXOWHGLQWKHHGXFDWLRQRIPRUHWKDQJUDGXDWHVWXGHQWVDPRQJZKRPDUHIURP/DWLQ
$PHULFDQFRXQWULHV
+LVOHDGHUVKLSLQSURPRWLQJWKHTXDOLW\RIPHGLFDOSK\VLFVDQGUDGLDWLRQRQFRORJ\KDVEHHQUHFRJQL]HGE\WKH5DGLDWLRQ2QFRORJ\DQG
0HGLFDO3K\VLFV6RFLHWLHV$VUHVXOWLQKHUHFHLYHGIXOOUHFRJQLWLRQE\WKH/DWLQ$PHULFDQ0HGLFDO3K\VLFV6RFLHW\DQGLQWKHVDPH
\HDUEHFDPHD)HOORZRIWKH$$30+HZDVD9LVLWLQJ6FLHQWLVWDWWKH%,30,QVWLWXW*XVWDYH5RXVV\DQG,QVWLWXW&XULH+HKDVVHUYHGDV
SUHVLGHQWRIWKH%UD]LOLDQ$VVRFLDWLRQRI0HGLFDO3K\VLFV+HLVDGLSORPDWRIWKH$PHULFDQ%RDUGRI5DGLRORJ\DQGWKH$PHULFDQ%RDUG
RI0HGLFDO3K\VLFV
+HKDVDXWKRUHGRUFRDXWKRUHGRYHUVFLHQWLÀFDUWLFOHVDQGVHYHUDOFKDSWHUVLQUDGLRWKHUDS\WH[WERRNV
,QKHZDVDZDUGHGWKH*ROG0HGDOE\WKH5DGLDWLRQ2QFRORJ\6RFLHW\,QWKH$FDGHPLH)UDQFDLVHGH/DQJXHGRFDZDUGHG
KLPWKH%HFTXHUHO3UL]H
,QFRQMXQFWLRQZLWK,203LQKHZDVWKH3UHVLGHQWRIWKH:RUOG&RQJUHVVLQ5LRGH-DQHLURWKH&KDLUPDQRIWKH(GXFDWLRQ
&RPPLWWHHIRUWZRWHUPVDQGDPHPEHURIWKH6FLHQFHDQG$ZDUGV&RPPLWWHHV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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3HWHU5$OPRQG
'U$OPRQGUHFHLYHGKLVXQGHUJUDGXDWHKRQRUVGHJUHHLQSK\VLFVIURP1RWWLQJKDP8QLYHUVLW\DQGKLVWUDLQLQJLQPHGLFDOSK\VLFVIURP
%ULVWRO8QLYHUVLW\LQWKH8QLWHG.LQJGRP,QKHPRYHGWRWKH8QLWHG6WDWHVDVDIHOORZLQ0HGLFDO3K\VLFVDWWKH8QLYHUVLW\RI
7H[DV0'$QGHUVRQ+RVSLWDODQG7XPRU,QVWLWXWHHDUQLQJKLVPDVWHU·VDQGGRFWRUDOGHJUHHVLQQXFOHDUSK\VLFVIURP5LFH8QLYHUVLW\
LQ+RXVWRQLQDQGUHVSHFWLYHO\)URPWRKHZRUNHGDW7KH8QLYHUVLW\RI7H[DV0'$QGHUVRQ&DQFHU&HQWHU
LQ+RXVWRQLQWKH3K\VLFV'HSDUWPHQWZKHUHKHVHUYHGDVWKHKHDGRIWKH5DGLDWLRQ3K\VLFVVHFWLRQDQGGLUHFWRURIWKH&\FORWURQ
8QLWDQG3URIHVVRURI%LRSK\VLFV+HZDVDPHPEHU7KH8QLYHUVLW\RI7H[DV*UDGXDWH6FKRRORI%LRPHGLFDO6FLHQFHVIURP
DQGIURPWRWKHDVD'LVWLQJXLVKHG6HQLRU/HFWXUHU)URPKHZDV9LFH&KDLUPDQRIWKH'HSDUWPHQWRI5DGLDWLRQ
2QFRORJ\DWWKH8QLYHUVLW\RI/RXLVYLOOH
'U$OPRQGKHOSHGGHYHORSFDQFHUWUHDWPHQWVZLWKYDULRXVIRUPVRIUDGLDWLRQLQFOXGLQJ
KLJKHQHUJ\SKRWRQVHOHFWURQVDQGQHXWURQV+HKDVEHHQLQVWUXPHQWDOLQGHYHORSLQJ
EDVLFPHDVXUHPHQWWHFKQLTXHVIRUWKHVHUDGLDWLRQVZULWLQJFDOLEUDWLRQSURWRFROVIRUWKH
8QLWHG6WDWHVWKH,$($DQG,&58+HKHOSHGIRXQGWKHMRXUQDO0HGLFDO3K\VLFVDQGKDV
VHUYHGDVWKH1RUWK$PHULFDQ(GLWRUIRU3K\VLFVLQ0HGLFLQHDQG%LRORJ\+HKDVVHUYHG
RQQXPHURXVQDWLRQDODQGLQWHUQDWLRQDOFRPPLWWHHVDQGFRXQFLOVLQFOXGLQJWKH1&53WKH
15&DQGRQWKH5DGLDWLRQ6WXG\6HFWLRQRIWKH1,+VHUYLQJDVFKDLUPDQIRUWZR\HDUV
+HZRUNHGRQWKHGRVLPHWU\IRUWKHDWRPLFERPEVXUYLYRUVIRUWKH1$615&

,OOXVWUDWLRQ'U$OPRQGZDVWKHIRXQGLQJHGLWRUDQG(GLWRULQ&KLHI
RIWKHHOHFWURQLF-RXUQDORI$SSOLHG&OLQLFDO0HGLFDO3K\VLFV

$FDGHPLFDOO\'U$OPRQGKDVVXSHUYLVHGRYHUPDVWHUVDQGGRFWRUDOVWXGHQWVLQ
PHGLFDOSK\VLFV+HKDVDXWKRUHGRUFRDXWKRUHGRYHUVFLHQWLÀFDUWLFOHVDQG
QXPHURXVFKDSWHUVLQUDGLRWKHUDS\WH[WERRNV+HKDVVHUYHGDVSUHVLGHQWRIWKH$PHULFDQ
$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQHDQGDVFKDLUPDQRIWKH%RDUGRI&KDQFHOORUVRIWKH
$PHULFDQ&ROOHJHRI0HGLFDO3K\VLFV'U$OPRQGLVDIHOORZRIWKH$$30$&03$&5
DQGWKH,23+HLVGLSORPDWRIWKH$PHULFDQ%RDUGRI5DGLRORJ\DQGWKH$PHULFDQ%RDUG
RI0HGLFDO3K\VLFV+HLVOLFHQVHGDVD3URIHVVLRQDO0HGLFDO3K\VLFLVWLQWKHVWDWHRI7H[DV
DQGD&KDUWHUHG3K\VLFLVW &3K\V LQWKH8QLWHG.LQJGRP+HKDVUHFHLYHGWKH&RROLGJH
$ZDUGDQGWKH0DUYLQ0':LOOLDPV3URIHVVLRQDO$FKLHYHPHQW$ZDUGIURPWKH$$30
DQGWKH$&03UHVSHFWLYHO\+HKDVWZLFHUHFHLYHGWKH)DUULQJWRQ'DQLHO$ZDUGIRUWKH
EHVWVFLHQWLÀFSDSHURQ5DGLDWLRQ'RVLPHWU\LQ0HGLFDO3K\VLFV1RZUHWLUHGKHZRUNVRQ
WKHKLVWRU\RIPHGLFDOSK\VLFV6SULQJHUKDVMXVWSXEOLVKHGKLVERRN´&REDOW%OXHV7KH6WRU\
RI/HRQDUG*ULPPHWWWKH0DQ%HKLQGWKH)LUVW&REDOW8QLWLQWKH8QLWHG6WDWHVµ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV
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)+HUEHUW$WWL[
7KHUHLVERWKJUHDWGHSWKDQGEUHDGWKWR3URIHVVRU$WWL[·VVFLHQWLÀFDFKLHYHPHQWVLQUDGLRORJLFDOSK\VLFV)HZPHGLFDORUKHDOWK
SK\VLFLVWVFDQSHUIRUPWKHLUGDLO\WDVNVZLWKRXWXVLQJVRPHUHVXOWRUH[SHULPHQWXOWLPDWHO\WUDFHDEOHWR+HUE$WWL[7KHVHHIIRUWV
VSDQQHGDFDUHHURIDOPRVW\HDUVGLYLGHGURXJKO\LQWRWKUHHSHULRGVWKH1DWLRQDO%XUHDXRI6WDQGDUGV 1%6 WKH1DYDO5HVHDUFK
/DERUDWRU\ 15/ DQGWKH8QLYHUVLW\RI:LVFRQVLQLQ0DGLVRQ
+HUE$WWL[JUDGXDWHGIURPWKH8QLYHUVLW\RI&DOLIRUQLDZLWK$% FXPODXGH LQ3K\VLFVDQGVRRQMRLQHGWKH1%6$WWKH%XUHDXKHKDG
DXQLTXHFROODERUDWLRQZLWK/96SHQFHUZKLFKUHVXOWHGLQWKHZHOONQRZQ6SHQFHU$WWL[FDYLW\WKHRU\RILRQL]DWLRQ7KHLUFDYLW\WKHRU\
VWLOOVWDQGVDVWKHPRVWFRPSUHKHQVLYHDSSURDFKWRHOHFWURQSKRWRQFDYLW\UHVSRQVH
0XFKRIWKLVUHVHDUFKZDVLQFOXGHGLQ$WWL[·V06WKHVLVIURPWKH8QLYHUVLW\RI0DU\ODQG
$WWL[ZDVDOVRDPDMRUFRQWULEXWRULQWKHGHYHORSPHQWRIWKHIUHHDLULRQL]DWLRQFKDPEHU
IRUSUHFLVHDQGDFFXUDWH[UD\PHDVXUHPHQWVDWWKH%XUHDX
$WWL[MRLQHGWKH15/LQDVKHDGRIWKHGRVLPHWU\EUDQFKDQGOHGWKHZD\ZLWK
FRPSUHKHQVLYHLQYHVWLJDWLRQVRIWKHUPROXPLQHVFHQWGRVLPHWHUV7/'UHVSRQVHWR
SKRWRQVHOHFWURQVDQGQHXWURQV7KHVHHIIRUWVOHGWRDQHZW\SHRI7/'DGRSWHGE\WKH
861DY\VHYHUDOSDWHQWVDQGSXEOLFDWLRQVDQGWKHRUJDQL]DWLRQRIWKHÀUVWLQWHUQDWLRQDO
FRQIHUHQFHVRQOXPLQHVFHQFHGRVLPHWU\:LWK1DWLRQDO&DQFHU,QVWLWXWHVSRQVRUVKLS
$WWL[OHGWKHGRVLPHWU\HIIRUWLQQHXWURQUDGLDWLRQWKHUDS\DWWKH15/+HEHFDPH
DVSRNHVPDQIRUIDVWQHXWURQGRVLPHWU\DQGFKDLUHGWKHWDVNJURXSRIWKH$$30
UHVSRQVLEOHIRUQHXWURQGRVLPHWU\LQWKH86UDGLRWKHUDS\SURJUDP
:KHQ$WWL[MRLQHGWKHIDFXOW\RIWKH8QLYHUVLW\RI:LVFRQVLQLQDVD3URIHVVRU
RI5DGLRORJ\LQWKH0HGLFDO3K\VLFV6HFWLRQKHFRQWLQXHGUHVHDUFKLQGRVLPHWU\
ZLWKSXEOLFDWLRQVLQIDVWQHXWURQFDYLW\WKHRU\WKHLQYHQWLRQRI$SODVWLFJDVDQG
FODULÀFDWLRQRIVHYHUDOGRVLPHWULFTXDQWLWLHV+HZRUNHGZLWK-RKQ&DPHURQWRIRXQGWKH
'HSDUWPHQWRI0HGLFDO3K\VLFVDW:LVFRQVLQDQGVHUYHGDVLWV&KDLUIRUWKHODVWWZR\HDUV
EHIRUHKLVUHWLUHPHQWLQ+HGLHGLQ
,OOXVWUDWLRQ3URIHVVRU$WWL[SXEOLVKHG¶,QWURGXFWLRQWR5DGLRORJLFDO3K\VLFV
DQG5DGLDWLRQ'RVLPHWU\·

3URIHVVRU$WWL[UHFHLYHGWKH'LVWLQJXLVKHG6FLHQWLÀF$FKLHYHPHQW$ZDUGRIWKH
+HDOWK3K\VLFV6RFLHW\LQDQGWKH&RROLGJH$ZDUGRIWKH$$30LQ+HKDG
DSSUR[LPDWHO\UHIHUUHGDUWLFOHVLQYLWHGOHFWXUHVDQGERRNVDQGUHSRUWV
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.HLWK%RGG\
7KHFDUHHURI3URIHVVRU.HLWK%RGG\&%(VWDUWHGLQUDGLDWLRQVDIHW\DQLQWHUHVWWKDWFRQWLQXHGIRUWKHUHVWRIKLVOLIHEXWKLVZRUN
GHYHORSHGWRHQFRPSDVVPDQ\RWKHUDUHDV'XULQJKLV\HDUVOHDGLQJPHGLFDOSK\VLFVLQ1HZFDVWOH8.KHEXLOWXSKLVJURXS
WREHRQHRIWKHOHDGLQJVXFKGHSDUWPHQWVLQWKHFRXQWU\+HZDVDOVRDPDMRUÀJXUHLQGHYHORSLQJWKHSURIHVVLRQQDWLRQDOO\DQG
LQWHUQDWLRQDOO\
$IWHUJUDGXDWLQJIURP/LYHUSRRO8QLYHUVLW\LQKHZDVDSSRLQWHG5DGLDWLRQ3URWHFWLRQ2IÀFHUDQG+HDGRI+HDOWK3K\VLFVDWWKH
$OGHUPDVWRQ&RXUW5HVHDUFK/DERUDWRU\ZKHUHKHZDVWKHÀUVWWRUHSRUWUDGLRDFWLYLW\LQUDLQIDOOIROORZLQJ5XVVLDQQXFOHDUZHDSRQV
WHVWLQJ,QKHEHFDPHDOHFWXUHUDWWKH6FRWWLVK8QLYHUVLWLHV·5HVHDUFKDQG5HDFWRU&HQWUHZKHUHKHGHYHORSHGWKHÀUVWKLJK
VHQVLWLYLW\VKDGRZVKLHOGDQGPRELOHZKROHERG\UDGLRDFWLYLW\FRXQWHUV7KHVHDQGRWKHUUHVHDUFKFRQWULEXWLRQVHDUQHGKLPD3K'
DQGD'6F
,QKHUHWXUQHGKLVQDWLYH1RUWK(DVWRQDSSRLQWPHQWDVERWK+HDG
RIWKH5HJLRQDO0HGLFDO3K\VLFV'HSDUWPHQWRIWKH WKHQ 1RUWKHUQ
5HJLRQDO+HDOWK$XWKRULW\DQG3URIHVVRUDQG+HDGRIWKH'HSDUWPHQWRI
0HGLFDO3K\VLFV1HZFDVWOH8QLYHUVLW\+HVXFFHHGHGLQWUDQVIRUPLQJD
GHSDUWPHQWRQMXVWWZRKRVSLWDOVLWHVLQ1HZFDVWOHLQWRDWUXO\UHJLRQDODQG
FRPSUHKHQVLYHPHGLFDOSK\VLFVVHUYLFHZLWKRYHUVWDIILQKRVSLWDOVRU
FHQWUHVDFURVVWKH1RUWK(DVWRI(QJODQG
+HVHUYHGRQPDQ\FRPPLWWHHVLQFOXGLQJWKH&RPPLWWHHRQ0HGLFDO$VSHFWV
RI5DGLDWLRQLQWKH(QYLURQPHQW &20$5( RIWKH8.'HSDUWPHQWRI+HDOWK
DQGWKH5DGLRDFWLYH:DVWH0DQDJHPHQW$GYLVRU\&RPPLWWHH 5:0$& RI
WKH'HSDUWPHQWRIWKH(QYLURQPHQW
3URIHVVRU%RGG\ZDVHOHFWHG3UHVLGHQWRIWKH8.+RVSLWDO3K\VLFLVWV·
$VVRFLDWLRQDQG8.,QVWLWXWHRI3K\VLFDO6FLHQFHVLQ0HGLFLQHLQ+H
7KHPRELOHZKROHERG\FRXQWHUXVHGWRPHDVXUHXSWDNHRIUDGLRDFWLYLW\LQWKHSRSXODWLRQRI
8.IROORZLQJWKH&KHUQRE\ODFFLGHQW3URIHVVRU%RGG\OHGWKHSURMHFW
ZDV3UHVLGHQWRIWKH,QWHUQDWLRQDO2UJDQLVDWLRQIRU0HGLFDO3K\VLFV ,203 
IURPWR2QHRIKLVPDQ\FRQWULEXWLRQVDV3UHVLGHQWRI,203
ZDVWRLQLWLDWHDQGDFWLYHO\SURPRWHWKHLQFOXVLRQRIPHGLFDOSK\VLFLVWDVDSURIHVVLRQLQWKH,QWHUQDWLRQDO6WDQGDUG&ODVVLÀFDWLRQRI
2FFXSDWLRQVRIWKH,QWHUQDWLRQDO/DERXU2UJDQLVDWLRQRIWKH81,QKHEHFDPH3UHVLGHQWRIWKH,QWHUQDWLRQDO8QLRQIRU3K\VLFDO
DQG(QJLQHHULQJ6FLHQFHVLQ0HGLFLQH ,83(60 DQGWKURXJKKLVWLUHOHVVHIIRUWV,83(60DFKLHYHGIXOOPHPEHUVKLSRIWKH,QWHUQDWLRQDO
&RXQFLORI6FLHQWLÀF8QLRQV ,&68 

3URIHVVRU%RGG\ZDVDZDUGHGWKH&%(RQKLVUHWLUHPHQWLQ+HGLHGLQ
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$QGHUV%UDKPH
$QGHUV%UDKPHKDVDVDVFLHQWLVWDQGHQWUHSUHQHXUFRQWULEXWHGWRWKHGHYHORSPHQWRIUDGLDWLRQWKHUDS\SK\VLFVIRUPRUHWKDQ
\HDUV+LVYLVLRQDU\LGHDVKDYHLPSURYHGUDGLDWLRQWKHUDS\ZRUOGZLGHDQGDUHSUHVHQWO\XVHGURXWLQHO\LQFOLQLFDOSUDFWLFH:HLQFOXGH
KHUHVRPHRIKLVPDMRUFRQWULEXWLRQVWRWKHÀHOGRIUDGLRWKHUDS\VSDQQLQJRYHUDZLGHDUHDIURPSODQQLQJGHOLYHULQJDQGDGDSWLQJWKH
WUHDWPHQW
7UHDWPHQWJDQWULHV²$QGHUV%UDKPH·VÀUVWLPSRUWDQWFRQWULEXWLRQVWRUDGLDWLRQ
WKHUDS\ZHUHLQRSWLPL]DWLRQRIWUHDWPHQWKHDGVDQGJDQWULHV+HGHYHORSHGPHWKRGVWR
FRQVWUXFWVFDWWHULQJIRLOVDQGDSSOLFDWRUVIRURSWLPL]LQJFOLQLFDOHOHFWURQEHDPVDVZHOODV
ÁDWWHQLQJÀOWHUVDQGRWKHUPHWKRGVVXFKDVVFDQQHGEHDPVDQGPXOWLOHDIFROOLPDWRUVIRU
RSWLPL]LQJFOLQLFDOSKRWRQEHDPV7KHVHLGHDVDUHVWLOODSSOLHGLQPRGHUQXQLWVIRUUDGLDWLRQ
WKHUDS\
,057² ,QWHQVLW\PRGXODWHGUDGLRWKHUDS\ ²,QYHUVHWUHDWPHQWSODQQLQJDQG,057
LVUHFRJQL]HGWRGD\E\WKHVFLHQWLÀFFRPPXQLW\DVEHLQJLQLWLDWHGDQGFRQFHSWXDOO\
LQYHQWHGE\$QGHUV%UDKPHDQGKLVJURXS,QWKHSDSHUE\%UDKPHHWDODQHZ
ZD\RIDSSURDFKLQJUDGLDWLRQWKHUDS\ZDVSURSRVHGZKLFKLVWRGD\XVHGDVDVWDQGDUG
PHWKRGZRUOGZLGH,057DVLWLVSHUIRUPHGWRGD\LVRIFRXUVHWKHUHVXOWRIDORQJFKDLQ
)LJXUH7KHGHYHORSPHQWIURPFODVVLFDOIRUZDUG´WULDODQGHUURUµ
WUHDWPHQWSODQQLQJWRLQYHUVHSK\VLFDOFDOFXODWLRQ ,057 DQGLQYHUVH
RIJUDGXDOGHYHORSPHQWVLQZKLFKWKHPDWKHPDWLFDODSSURDFKIRULQYHUVHSODQQLQJZHQW
ELRORJLFDOFDOFXODWLRQZLWKELRORJLFDOREMHFWLYHIXQFWLRQV
KDQGLQKDQGZLWKWHFKQRORJLFDODFKLHYHPHQWVEXWWKH\DUHDOOEDVHGRQ$QGHUV%UDKPH·V
LGHDRIPRGXODWLQJWKHÁXHQFHLQRUGHUWR
DFKLHYHDKLJKHUGHJUHHRIVSDWLDOFRQIRUPDOLW\RIWKHUHVXOWLQJGRVHGLVWULEXWLRQZLWKWKH
WXPRUWDUJHWYROXPH %UDKPH 7KHLQLWLDOLGHDZDVSXUVXHGDQGIXUWKHUGHYHORSHG
E\$QGHUV%UDKPHDQGKLVFRZRUNHUVDQGLWPDGHDPRUHWKDQVXEVWDQWLDOFRQWULEXWLRQ
WRWKHGHYHORSPHQWRILQYHUVHWUHDWPHQWSODQQLQJIRU,057
%LRORJLFDOO\2SWLPL]HG7UHDWPHQW3ODQQLQJ²7KHRSWLPL]DWLRQRIWKHGRVH
GLVWULEXWLRQEDVHGRQSK\VLFDOREMHFWLYHVZDVIXUWKHUGHYHORSHGE\WKHUHVHDUFKJURXSRI
$QGHUV%UDKPH%LRORJLFDOREMHFWLYHVZHUHLQFOXGHGLQWKHWUHDWPHQWSODQQLQJDFFRXQWLQJ
IRUWKHUDGLRELRORJLFDOUHVSRQVHRIWKHWXPRUVDQGWKHRUJDQVDWULVN%LRORJLFDO
RSWLPL]DWLRQLVFRQVLGHUHGWRGD\VWDWHRIWKHDUWLQWUHDWPHQWSODQQLQJ
/LJKWLRQVLQUDGLRWKHUDS\²$QGHUV%UDKPHKDVDOVRPDGHDPDMRUFRQWULEXWLRQWR
WKHXVHRIOLJKWLRQVLQUDGLRWKHUDS\ZLWKDVSHFLDOIRFXVRQWKHUDGLRELRORJLFDODVSHFWVRQ
WKHRSWLPDOUDGLDWLRQTXDOLW\

)LJXUH6FKHPDWLFYLHZRIWKHFRQFHSWRI%LRORJLFDOO\2SWLPL]HG'LQ
YLYRSUHGLFWLYH$VVD\EDVHGLQWHQVLW\PRGXODWHG5DGLDWLRQ7KHUDS\ %LR$UW 
ZKHUH3(7&7GHULYHGUHVSRQVLYHQHVVLQIRUPDWLRQLVH[WUDFWHGDQGXVHGWR
RSWLPL]HDQGDGDSWWKHWUHDWPHQW
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&DULGDG%RUUiV
$IWHUREWDLQLQJKHU´/LFHQFLDWXUDHQ&LHQFLDV)tVLFDVµ 06HTXLYDOHQW IURPWKH8QLYHUVLW\RI%DUFHORQD
6SDLQLQ'U%RUUiVZRUNHGIRUWZR\HDUVDVD+RVSLWDO3K\VLFLVWLQWKH'HSDUWPHQWRI2QFRORJ\DQG
1XFOHDU0HGLFLQH+RVSLWDO6DQWD&UHXL6DQW3DX%DUFHORQD7KHQZLWKWKHDLGRID)XOEULJKW6FKRODUVKLSVKH
PRYHGWRWKH86$ZKHUHVKHEHJDQJUDGXDWHUHVHDUFKDW7KRPDV-HIIHUVRQ8QLYHUVLW\3KLODGHOSKLD3$IRU
ZKLFKVKHHDUQHGD'RFWRUDWHRI6FLHQFHGHJUHHIURPWKH8QLYHUVLW\RI%DUFHORQDLQ'XULQJWKLVSHULRG
VKHZRUNHGDVDQ$VVLVWDQW3K\VLFLVWLQWKH'HSDUWPHQWRI5DGLRORJ\7KRPDV-HIIHUVRQ8QLYHUVLW\+RVSLWDO
3KLODGHOSKLD3$,Q'U%RUUiVPRYHGWRWKH:HVW&RDVW&DQFHU)RXQGDWLRQ6DQ)UDQFLVFR&$DVD
5DGLRORJLFDO3K\VLFLVWDQGIURPVKHDOVRDFWHGDV$VVRFLDWH'LUHFWRURIWKH:HVWHUQ&HQWHUIRU
5DGLRORJLFDO3K\VLFV
,Q'U%RUUiVZDVDSSRLQWHG5HJLRQDO$GYLVHULQ5DGLRORJLFDO+HDOWK3DQ$PHULFDQ+HDOWK2UJDQL]DWLRQ
:RUOG+HDOWK2UJDQL]DWLRQ 3$+2:+2 :DVKLQJWRQ'&ZKLFKSURSHOOHGKHULQWRWKHLQWHUQDWLRQDODUHQD
ZKHUHVKHKDVVSHQWWKHPRVWUHFHQW\HDUVRIKHULOOXVWULRXVFDUHHU6LQFHWKHQVKHKDVVHUYHGDV&RRUGLQDWRU
RIWKH3$+2:+23URJUDPRQ(VVHQWLDO'UXJVDQG7HFKQRORJ\:DVKLQJWRQ'&6HQLRU6FLHQWLVW'LUHFWRU
RI6SHFLDO3URJUDPV7KH,QVWLWXWHIRU5DGLRORJLFDO,PDJH6FLHQFHV,QF)UHGHULFN0'5DGLRORJLFDO3K\VLFV
&RQVXOWDQW3DQ$PHULFDQ+HDOWKDQG(GXFDWLRQ)RXQGDWLRQ/RV$ODPRV1DWLRQDO/DERUDWRU\3$+2 WKH
,$($9LHQQD$XVWULD&RQVXOWDQWRQ0HGLFDO3K\VLFV5DGLDWLRQ6DIHW\DQG+HDOWK6HUYLFHV:DVKLQJWRQ'&
DQG*XHVW5HVHDUFKHU9LVLWLQJ3URIHVVRU'2,1'(18)3(5HFLIH3HUQDPEXFR%UD]LO'XULQJWKLVSHULRG
VKHKDVZRUNHGRQWKHSUHSDUDWLRQRIRYHUSXEOLFDWLRQVDQGUHSRUWVIRU3$+2:+2DQG,$($LQFOXGLQJ
UHSRUWVRILQYHVWLJDWLRQVRIVHYHUDOUDGLDWLRQDFFLGHQWVDQGUDGLRWKHUDS\RYHUH[SRVXUHVDQGKDVRUJDQL]HG
DQGRUSDUWLFLSDWHGLQPRUHWKDQLQWHUQDWLRQDOFRXUVHVZRUNVKRSVDQGV\PSRVLD6KHKDVSOD\HGYHU\
DFWLYHUROHVLQVHYHUDOQDWLRQDODQGLQWHUQDWLRQDOVRFLHWLHVLQFOXGLQJIRUWKH,203DQGWKH,83(60&KDLURI
WKH,2036FLHQFH&RPPLWWHH IRUQLQH\HDUV DQG&KDLURIWKH,83(60+HDOWKDQG7HFKQRORJ\7DVN*URXS
6KHFXUUHQWO\VHUYHVDV&KDLURIWKH$$30:RUN*URXSRQ,PSOHPHQWDWLRQRI&RRSHUDWLYH$JUHHPHQWV
EHWZHHQWKH$$30DQGRWKHU1DWLRQDODQG,QWHUQDWLRQDO0HGLFDO3K\VLFV2UJDQL]DWLRQV
,QUHFRJQLWLRQRIKHURXWVWDQGLQJFRQWULEXWLRQV'U%RUUiVKDVEHHQKRQRUHGE\UHFHLSWRIWKH,83(60$ZDUG
RI0HULWWKH$$30(GLWK4XLPE\/LIHWLPH$FKLHYHPHQW$ZDUGDQGWKH*ROG0HGDORIWKH6RFLHGDG(VSDxROD
GH)tVLFD0pGLFD

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



-RKQ5&DPHURQ
-RKQH[SHULHQFHGÀUVWKDQGWKHKDUGVKLSVRIWKH'HSUHVVLRQ\HDUV+LVHGXFDWLRQZDVLQWHUUXSWHGE\VHUYLFHLQWKH86$UP\6LJQDO
&RUSVIURP²$IWHUWKHZDUKHHQUROOHGDWWKH8QLYHUVLW\RI&KLFDJRZKHUHKHUHFHLYHGKLV%6GHJUHHLQPDWKHPDWLFVLQ
+HUHFHLYHGKLV3K'LQSK\VLFVLQIURPWKH8QLYHUVLW\RI:LVFRQVLQ>8:@0DGLVRQ)RUWKHQH[WWZR\HDUVKHZDVDQ
$VVLVWDQW3URIHVVRUDWWKH8QLYHUVLGDGGH6mR3DXORLQ%UD]LO+HEHFDPHDQ$VVLVWDQW3URIHVVRUDWWKH8QLYHUVLW\RI3LWWVEXUJKIURP
²,QZDVDSSRLQWHGSK\VLFLVWLQWKH'HSDUWPHQWRI5DGLRORJ\DW0DGLVRQDQGDFFHSWHGDQ$VVLVWDQW3URIHVVRUSRVLWLRQ
ZLWKDMRLQWDSSRLQWPHQWLQWKH'HSDUWPHQWRI3K\VLFV
2YHUWKHQH[WWKUHHGHFDGHVWKH8:0HGLFDO3K\VLFVSURJUDPJUHZIURPD´RQHSK\VLFLVWµRSHUDWLRQWREHFRPHRQHRIWKHODUJHVW
DQGPRVWSURGXFWLYHGHSDUWPHQWVLQWKHZRUOG2YHUWKH\HDUVDSSUR[LPDWHO\LQGLYLGXDOVKDYHJUDGXDWHGIURPWKHSURJUDPVLQFHLWV
IRXQGLQJ7KHSURJUDPZDVDZDUGHGGHSDUWPHQWDOVWDWXVLQDQG-RKQVHUYHGDVGHSDUWPHQWDOFKDLUPDQXQWLOKLVUHWLUHPHQWLQ

-RKQ&DPHURQLQYHVWLJDWHGDQGDGYDQFHGWKHXVHRIWKHUPROXPLQHVFHQFHIRUGRVLPHWU\ZULWLQJRQHRIWKHÀUVWERRNVRQWKLVWRSLF
ZLWK6XQWKDUDOLQJDPDQG.HQQH\LQ$WDERXWWKHVDPHWLPHKHDOVRLQYHQWHGERQHGHQVLWRPHWU\WRGHWHUPLQHWKHPLQHUDO
FRQWHQWRIERQH6XEVHTXHQWO\PDQ\XVHIXOFOLQLFDODSSOLFDWLRQVRIKLJKO\DFFXUDWHERQHGHQVLWRPHWU\EHFDPHHYLGHQWDQGDQXPEHURI
FRPSDQLHVGHYHORSHGERQHGHQVLWRPHWHUV

-RKQDOVRZRUNHGWRGHYHORSVLPSOHTXDOLW\DVVXUDQFHWRROVDQGWHFKQLTXHVWRPHDVXUHUDGLDWLRQDQGWRHYDOXDWHWKHTXDOLW\RI[UD\
LPDJHV%DVHGXSRQWKLVZRUNKHIRXQGHG5DGLDWLRQ0HDVXUHPHQWV,QF 50, DQRWIRUSURÀWSLRQHHUPDQXIDFWXUHULQTXDOLW\DVVXUDQFH
PHDVXUHPHQWVPDWHULDOVDQGGHYLFHV+HDOVRIRXQGHG0HGLFDO3K\VLFV3XEOLVKLQJDQRQSURÀWFRUSRUDWLRQZKRVHLQLWLDOREMHFWLYHVZHUH
SULPDULO\WRSURYLGHUHSULQWVRIXVHIXOERRNV7KDWFRPSDQ\QRZSXEOLVKHVDZLGHVSHFWUXPRIRULJLQDOERRNVDQGLVDPDMRUVRXUFHRI
PDWHULDOUHODWLQJWRPHGLFDOSK\VLFV
2YHUWKH\HDUV-RKQZDVLQYROYHGLQQXPHURXVSURIHVVLRQDODFWLYLWLHVVHUYLQJPDQ\RUJDQL]DWLRQVDVDQRIÀFHUERDUGPHPEHURU
FRPPLWWHHPHPEHUDQGLQDGYLVRU\UROHV+HDOVRUHWDLQHGDOLIHORQJLQWHUHVWLQVXSSRUWLQJPHGLFDOSK\VLFVDFWLYLWLHVLQGHYHORSLQJ
FRXQWULHVHVSHFLDOO\LQ&HQWUDODQG/DWLQ$PHULFDQFRXQWULHV-RKQUHFHLYHGWKH&RROLGJH$ZDUGIURPWKH$$30LQ,QKH
ZDVRQHRIIRXUZKRUHFHLYHGWKHÀUVW DQGRQO\ 5RHQWJHQ&HQWHQQLDO$ZDUGIURP561$7KH,203DZDUGHGKLPWKH0DGDPH&XULH
$ZDUGIRUKLVDFWLYLWLHVLQ0HGLFDO3K\VLFVHGXFDWLRQLQGHYHORSLQJFRXQWULHV+HGLHGLQ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



-RKQ5 -DFN &XQQLQJKDP
'U-RKQ5REHUW&XQQLQJKDP3K')&&03)&203 NQRZQXQLYHUVDOO\DV´-DFNµ UHFHLYHGKLV%(QJLQ(QJLQHHULQJ3K\VLFVLQDQG
WKHIROORZLQJ\HDUKLV06FLQ5DGLDWLRQ3K\VLFV XQGHU'U+(-RKQV IURPWKH8QLYHUVLW\RI6DVNDWFKHZDQLQ6DVNDWRRQ+HUHFHLYHG
KLV3K'LQ3K\VLFVIURPWKH8QLYHUVLW\RI7RURQWRLQ$IWHUZRUNLQJDWWKH'HIHQVH5HVHDUFK%RDUGKHMRLQHGWKHVWDIIRIWKH
2QWDULR&DQFHU,QVWLWXWH3ULQFHVV0DUJDUHW+RVSLWDO 2&,30+ LQ7RURQWRDVD0HGLFDO5DGLDWLRQ3K\VLFLVWLQ+HEHFDPH&KLHI
&OLQLFDO3K\VLFLVWLQ
'U&XQQLQJKDPH[SHULHQFHGDQGFRQWULEXWHGWRWKHJHQHVLVRI&DQDGLDQPHGLFDOSK\VLFVDQGKLVDFKLHYHPHQWVLQUDGLRWKHUDS\SODQQLQJ
VRIWZDUHDUHZHOONQRZQ'XULQJKLVFDUHHU'U&XQQLQJKDPSXEOLVKHGPRUHWKDQVFLHQWLÀFSDSHUVSURFHHGLQJVDQGERRNFKDSWHUV
DQGFRDXWKRUHGZLWK'U+(-RKQVWKHWH[WERRN7KH3K\VLFVRI5DGLRORJ\+LVPDMRUFRQWULEXWLRQVWR0HGLFDO3K\VLFVKDYHEHHQ
FOLQLFDOGRVHFDOFXODWLRQDQGWUHDWPHQWSODQQLQJDOJRULWKPVIRUUDGLDWLRQWKHUDS\7KHPHWKRGVKHKDVGHYHORSHGFDQEHIRXQGLQPDQ\
FRPPHUFLDODVZHOODVQRQFRPPHUFLDOWUHDWPHQWSODQQLQJFRPSXWHUV\VWHPVWKURXJKRXWWKHZRUOG

'U&XQQLQJKDPKDVDOVREHHQYHU\DFWLYHLQWKHQDWLRQDOPHGLFDOSK\VLFVVFHQHLQ&DQDGD+HVHUYHGWZLFHDVWKH&KDLURIWKH'LYLVLRQ
RI0HGLFDODQG%LRORJLFDO3K\VLFVRIWKH&DQDGLDQ$VVRFLDWLRQRI3K\VLFLVWV WKHIRUHUXQQHURI&203 ,QWHUQDWLRQDOO\'U&XQQLQJKDP
VHUYHGDVWKH&DQDGLDQUHSUHVHQWDWLYHWRWKH,QWHUQDWLRQDO2UJDQL]DWLRQIRU0HGLFDO3K\VLFV ,203 DQGDVWKH3UHVLGHQWRIWKH,203
$OWKRXJK'U&XQQLQJKDPUHWLUHGIURPWKH2&,30+LQKHVWLOOUHPDLQVDFWLYHLQWKHÀHOG
&203HVWDEOLVKHGWKH-5&XQQLQJKDP<RXQJ,QYHVWLJDWRU$ZDUGVWRUHFRJQL]H'U&XQQLQJKDP·VFRQWULEXWLRQV7KHDZDUGV
DUHSUHVHQWHGWRWKHWRSWKUHHVSHDNHUVLQWKH<RXQJ,QYHVWLJDWRUV·6\PSRVLXPKHOGGXULQJWKHDQQXDOPHHWLQJRIWKH&DQDGLDQ
2UJDQL]DWLRQRI0HGLFDO3K\VLFV7KH6\PSRVLXPLVZLGHO\UHFRJQLVHGDVRQHRIWKHKLJKOLJKWVRIWKHDQQXDOPHHWLQJZLWKSUHVHQWDWLRQV
WKDWDUHRILQWHUQDWLRQDOFDOLEUH
,Q'U&XQQLQJKDPZDVDZDUGHGWKHLQDXJXUDO*ROG0HGDORIWKH&DQDGLDQ2UJDQL]DWLRQRI0HGLFDO3K\VLFLVWV &203 &203·V
KLJKHVWKRQRXU+LVFDUHHUKDVEHHQPDUNHGE\RWKHULPSRUWDQWDZDUGVLQFOXGLQJWKH.LUNE\$ZDUGRIWKH&DQDGLDQ$VVRFLDWLRQRI
3K\VLFLVWVWKH&RROLGJH$ZDUGRIWKH$PHULFDQ$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQHDQGWKHLQWHUQDWLRQDO,83(60$ZDUG7KLVOLIHWLPH
RIFRQWULEXWLRQVFXOPLQDWHGLQEHLQJQDPHG2IÀFHURIWKH2UGHURI&DQDGDLQ+HFRQWLQXHVWRVHUYHXQRIÀFLDOO\DVWKHIULHQGO\
LQWHUQDWLRQDOGLSORPDWRI&DQDGLDQPHGLFDOSK\VLFV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



'DYLG:7RZQVHQG
'DYLG:7RZQVHQG3K')5&5 +RQ '6F +RQ LVFXUUHQWO\3URIHVVRURI5DGLRORJ\DWWKH1DWLRQDO8QLYHUVLW\RI6LQJDSRUH
DQG'LUHFWRURIWKH$ 67$5186&OLQLFDO,PDJLQJ5HVHDUFK&HQWUH+HLVEHVWNQRZQDVWKHFRLQYHQWRUZLWK'U5RQDOG1XWWRIWKH
ÀUVWFRPELQHG3RVLWURQ(PLVVLRQ7RPRJUDSK\&RPSXWHG7RPRJUDSK\ 3(7&7 VFDQQHUZKLOHKHZDVSURIHVVRURIUDGLRORJ\DWWKH
8QLYHUVLW\RI3LWWVEXUJKLQ7KHSURWRW\SH3(7&7ZDVEXLOWLQFROODERUDWLRQZLWK&7,3(76\VWHPVRI.QR[YLOOH7HQQHVVHHDQG
IXQGHGE\DJUDQWIURPWKH1DWLRQDO,QVWLWXWHVRI+HDOWK7KHÀUVW3(7&7LPDJHVZHUH
DFTXLUHGLQDQGLQWKHZRUNUHFHLYHGWKH,PDJHRIWKH<HDU$ZDUGDWWKHDQQXDO
6RFLHW\RI1XFOHDU0HGLFLQH0HHWLQJLQ/RV$QJHOHV&DOLIRUQLD,Q7,0(0DJD]LQH
UHFRJQL]HGWKH3(7&7DVWKH0HGLFDO,QYHQWLRQRIWKH<HDU7KHÀUVWFRPPHUFLDO3(7
&7VFDQQHUVDSSHDUHGLQDQGZLWKLQWKUHH\HDUVDOO3(7VFDQQHUVVROGZRUOGZLGH
LQFRUSRUDWHG&77RGDWHWKHUHDUHRYHU3(7&7VFDQQHUVRSHUDWLRQDOLQPHGLFDO
LQVWLWXWLRQVWKURXJKRXWWKHZRUOGSULPDULO\IRUWKHGLDJQRVLVDQGVWDJLQJRIPDOLJQDQW
GLVHDVHDQGIRUPRQLWRULQJUHVSRQVHWRWKHUDS\
'DYLG7RZQVHQGREWDLQHGD3K'LQ3DUWLFOH3K\VLFVIURPWKH8QLYHUVLW\RI/RQGRQDQG
EHFDPHDVWDIIPHPEHUDWWKH(XURSHDQ&HQWUHIRU1XFOHDU5HVHDUFK &(51 LQ*HQHYD
+HPRYHGWRWKH8QLYHUVLW\+RVSLWDORI*HQHYDWRDSSO\WHFKQRORJ\GHYHORSHGDW&(51
WRPHGLFDOLPDJLQJDSSOLFDWLRQVDQGVSHFLÀFDOO\WR3(7,QFROODERUDWLRQZLWKFROOHDJXHV
)LJXUH7KHÀUVWSURWRW\SHFRPELQHG3(7&7VFDQQHULQVWDOOHGDWWKH
DWWKH05&&\FORWURQ8QLW+DPPHUVPLWK
8QLYHUVLW\RI3LWWVEXUJK0HGLFDO&HQWHULQ
+RVSLWDO/RQGRQDQGWKH)UHH8QLYHUVLW\
LQ%UXVVHOVKHZRUNHGRQPDNLQJ3(7DIXOO\'LPDJLQJPRGDOLW\,QKHZDVWKH
3ULQFLSDO,QYHVWLJDWRURQDJUDQWWRGHYHORSDORZFRVWURWDWLQJ3(7VFDQQHUIXQGHG
E\WKH6ZLVVJRYHUQPHQW,QKHPRYHGWRWKH8QLYHUVLW\RI3LWWVEXUJKZKHUHKH
ZDV3ULQFLSDO,QYHVWLJDWRUIRUWKHGHVLJQDQGGHYHORSPHQWRIWKH3(7&7VFDQQHU,Q
DIWHUWHQ\HDUVDWWKH8QLYHUVLW\RI3LWWVEXUJK'U7RZQVHQGEHFDPH3URIHVVRU
RI0HGLFLQHDQG5DGLRORJ\DWWKH8QLYHUVLW\RI7HQQHVVHH.QR[YLOOHDQG'LUHFWRURI
WKH0ROHFXODU,PDJLQJDQG7UDQVODWLRQDO5HVHDUFK3URJUDP+HPRYHGWRWKH1DWLRQDO
8QLYHUVLW\RI6LQJDSRUHLQ

,Q'DYLG7RZQVHQGUHFHLYHGWKH$FDGHP\RI0ROHFXODU,PDJLQJ3HWHU9DON
$FRPELQHG3(7&7VFDQRIDSDWLHQWZLWKKHDGDQGQHFN
'LVWLQJXLVKHG6FLHQWLVW$ZDUG,QKHZDVHOHFWHGD)HOORZRIWKH,(((DQGLQKH )LJXUH
FDQFHUWKDWZDVDZDUGHGWKH,PDJHRIWKH<HDUDWWKH6RFLHW\RI1XFOHDU
UHFHLYHGWKH'LVWLQJXLVKHG3LRQHHU$ZDUGIURPWKH$XVWULDQ6RFLHW\RI1XFOHDU0HGLFLQH 0HGLFLQH0HHWLQJ/RV$QJHOHV
,QKHVKDUHGZLWK'U5RQDOG1XWWWKH,(((0HGDOIRU,QQRYDWLRQVLQ+HDOWKFDUH
7HFKQRORJ\,QKHZDVHOHFWHGDQ+RQRUDU\)HOORZRIWKH5R\DO&ROOHJHRI5DGLRORJLVWVDQGKHKDVUHFHLYHGKRQRUDU\GRFWRUDWHV
IURPWKH8QLYHUVLW\RIWKH0HGLWHUUDQHDQLQ0DUVHLOOH  DQGWKH8QLYHUVLW\RI%ULVWRO  

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



'U(LLFKL7DQDND
'U(LLFKL7DQDNDLVRQHRIWKHOHDGLQJDXWKRULWLHVRI3RVLWURQ(PLVVLRQ7RPRJUDSK\ 3(7 VFDQQHUUHVHDUFKDQGGHYHORSPHQW$IWHUKH
OHGWKHGHYHORSPHQWRIWKHÀUVWHYHU3(7VFDQQHULQ-DSDQKHZHQWRQWROHDGLQWHUQDWLRQDOO\FXWWLQJHGJHUHVHDUFKDQGGHYHORSPHQW
RQWKH3(7SK\VLFVDQGWHFKQRORJ\+HJUDGXDWHGIURPWKH3K\VLFV'HSDUWPHQWRI.\RWR8QLYHUVLW\LQ+HZDVDIÀOLDWHGZLWK
1DWLRQDO,QVWLWXWHRI5DGLRORJLFDO6FLHQFHVEHJLQQLQJLQDQGKDVVHUYHGDW+DPDPDWVX3KRWRQLFV..VLQFHDVDQ$GYLVRU
DQG'LUHFWRU+HKDVDGRFWRUDWHGHJUHH
LQWKHVFLHQFHV%HWZHHQDQG
KHVHUYHGDVWKHSUHVLGHQWRI-DSDQHVH
$VVRFLDWLRQRI5DGLRORJLFDO3K\VLFLVWVWKH
DQWHFHGHQWRUJDQL]DWLRQRI-603,QDGGLWLRQ
WREHLQJDZDUGHGWKH3XUSOH5LEERQ0HGDO
1DWLRQDO+RQRULQJIRU6FLHQFH7HFKQRORJ\
DQG&XOWXUH 'U7DQDNDKDVDOVRUHFHLYHG
QXPHURXVDFDGHPLFDZDUGVDPRQJWKHPWKH
6KLPDG]X3UL]HWKH6FLHQFHDQG7HFKQRORJ\
$JHQF\'LUHFWRU*HQHUDO·V$ZDUGWKH
0DLQLFKL,QGXVWULDO7HFKQRORJ\$ZDUGWKH
(WR0HPRULDO$ZDUGDQGRWKHUV
7KHJURXSOHGE\'U7DQDNDDW1DWLRQDO
,QVWLWXWHRI5DGLRORJLFDO6FLHQFHVSXUVXHG
WKHUHVHDUFKDQGGHYHORSPHQWRIWKHGHOD\
OLQHSRVLWLRQHQFRGLQJVFKHPHIURPWKHHQG
RIWKHVWRWKHEHJLQQLQJRIWKHV
)LJXUH7KHMXPERJDPPDFDPHUD  
)LJXUH7KHÀUVW3(7VFDQQHU3RVLWRORJLFD,LQ-DSDQ  
DQGWKURXJKDMRLQWGHYHORSPHQWSURMHFW
ZLWK7RVKLEDOHGWKHZRUOGLQVXFFHVVIXO
FRPPHUFLDOL]DWLRQRIDJDPPDFDPHUDZLWKDODUJHFPÀHOGRIYLHZ )LJ 'XULQJWKHODWWHUSDUWRIWKHV'U7DQDNDGHYHORSHG
WKHÀUVW3(7VFDQQHULQ-DSDQWKH3RVLWRORJLFD, )LJ MRLQWO\ZLWKWKH+LWDFKL*URXS7KLVSLRQHHULQJHTXLSPHQWDGRSWHGWKH%*2
FU\VWDOZKLFKTXLFNO\EHFDPHWKHVWDQGDUGDFKLHYLQJWKHKLJKHVWVSDWLDOUHVROXWLRQLQWKHZRUOG7KHJURXSGHYHORSHGWKH3RVLWRORJLFD
,,DQG,,,E\WKHHDUO\VDJDLQLQFRUSRUDWLQJGHWHFWRUWHFKQRORJLHVDKHDGRIWKHUHVWRIWKHZRUOGDQGSDYLQJWKHZD\WRWKH
GHYHORSPHQWRIWKH3RVLWRORJLFD,9WKHÀUVW3(7VFDQQHULQWKHZRUOGIRUVPDOODQLPDOV
'U7DQDNDDOVRSXUVXHGUHVHDUFKRQLPDJHUHFRQVWUXFWLRQPHWKRGVIRU63(&7LPDJLQJVLQFHEHIRUHWKHLQYHQWLRQRIWKHFRPSXWHG
WRPRJUDSK\ &7 GHYLVHGDXQLTXHPHWKRGIRUWKUHHGLPHQVLRQDOLPDJHUHFRQVWUXFWLRQDQGFODULÀHGWKHIUHTXHQF\FKDUDFWHULVWLFV
RIWKH)RXULHUUHELQQLQJPHWKRGZKLFKLVHIIHFWLYHIRUSUDFWLFDOLPDJHUHFRQVWUXFWLRQRIWKUHHGLPHQVLRQDO3(7VFDQQLQJ+HDOVR
FRQWULEXWHGLWHUDWLYHLPDJHUHFRQVWUXFWLRQPHWKRGVIRU3(7'U7DQDND·VUHVHDUFKDFKLHYHPHQWVLQWKHLPDJHHQJLQHHULQJÀHOGDUHUDUH
DQGODVWLQJWKHUHE\PDNLQJVLJQLÀFDQWFRQWULEXWLRQVWRHVWDEOLVKLQJWKHIRXQGDWLRQIRUWKHDGYDQFHGLPDJHUHFRQVWUXFWLRQWHFKQRORJ\WR
EHXVHGLQFOLQLFDOVHWWLQJV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



$DURQ)HQVWHU
'U$DURQ)HQVWHU3K')&&03)&203UHFHLYHGKLV3K'LQIURPWKH8QLYHUVLW\RI7RURQWR·V'HSDUWPHQWRI0HGLFDO%LRSK\VLFVXQGHUWKHVXSHUYLVLRQRI'U+(-RKQV+HWKHQ
EHJDQKLVÀUVWDFDGHPLFDSSRLQWPHQWDWWKH'HSDUWPHQWRI5DGLRORJ\DQG0HGLFDO%LRSK\VLFVDWWKH8QLYHUVLW\RI7RURQWR
,QKHEHFDPHWKHIRXQGLQJ'LUHFWRURIWKH,PDJLQJ5HVHDUFK/DERUDWRULHVDWWKH5REDUWV5HVHDUFK,QVWLWXWHDQG3URIHVVRUDWWKH8QLYHUVLW\RI:HVWHUQ2QWDULRLQ5DGLRORJ\DQG
0HGLFDO%LRSK\VLFVLQ/RQGRQ2QWDULR+HLVD3URIHVVRULQWKH'HSDUWPHQWRI5DGLDWLRQ2QFRORJ\DQGDQDGMXQFW3URIHVVRULQ3K\VLFVDQG$VWURQRP\DQG%LRPHGLFDO(QJLQHHULQJ'U
)HQVWHUKDVEXLOWWKH5REDUWV,PDJLQJ/DERUDWRULHVLQWRDQLQWHUQDWLRQDOO\UHFRJQL]HGJURXSZKLFKLQFOXGHVVFLHQWLVWVDQGDSSUR[LPDWHO\JUDGXDWHVWXGHQWV+HKDVDXQLTXH
OHDGHUVKLSVW\OHWKDWHQFRXUDJHVFROODERUDWLRQFOLQLFDOLQYROYHPHQWDQGHQWUHSUHQHXUVKLS

)LJXUH,PDJHVVKRZLQJUHVXOWRID'XOWUDVRXQGJXLGHGSURVWDWHELRSV\
XVLQJDV\VWHPGHYHORSHGLQ)HQVWHU·VODERUDWRU\7KHSDQHOVVKRZYLHZVRI
WKHELRSV\FRUHVVXSHULPSRVHGRQWKH'XOWUDVRXQGLPDJHVDQGDJUDSKLFDO
UHSUHVHQWDWLRQVRIWKHVHJPHQWHGSURVWDWHDQGWKHFRUHORFDWLRQV

'U)HQVWHUZDVWKHIRXQGHUDQGLVWKHFXUUHQW$VVRFLDWH
'LUHFWRURIWKH*UDGXDWH3URJUDPLQ%LRPHGLFDO(QJLQHHULQJ
DW:HVWHUQFRPELQLQJWKHVWUHQJWKVRIEDVLFVFLHQWLVWV
HQJLQHHUVDQGFOLQLFLDQVFLHQWLVWVLQIDFXOWLHV 0HGLFLQH
'HQWLVWU\(QJLQHHULQJDQG+HDOWK6FLHQFHV +HLV&KDLU
RIWKH%DVLF6FLHQFH'LYLVLRQRIWKH'HSDUWPHQWRI0HGLFDO
,PDJLQJDW:HVWHUQZKLFKFRPELQHVWKHVWUHQJWKVLQLPDJLQJ
UHVHDUFKDFURVV/RQGRQ·V,QVWLWXWLRQVWRPDNHWKH/RQGRQ
PHGLFDOLPDJLQJUHVHDUFKFRPPXQLW\RQHRIWKHODUJHVWLQ
)LJXUH,PDJHVVKRZLQJLPDJHVREWDLQHGGXULQJD'XOWUDVRXQGJXLGHG
WKHZRUOGZLWKRYHUVWDIIDQGVWXGHQWVDQG0
IRFDOOLYHU5)DEODWLRQSURFHGXUH7KHLPDJHVVKRZWKHWUDMHFWRU\RIWKH5)
LQUHVHDUFKHTXLSPHQW+HLVDOVRWKH'LUHFWRURIWKH
DSSOLFDWRUWKHVHJPHQWHGWXPRXU EOXH DQGWKHDEODWLRQUHJLRQ UHG 
%LRPHGLFDO,PDJLQJ5HVHDUFK&HQWUHDW:HVWHUQ8QLYHUVLW\
DQGWKH&HQWUH'LUHFWRUIRUWKH&HQWUHIRU,PDJLQJ7HFKQRORJ\&RPPHUFLDOL]DWLRQ &,07(& D&DQDGLDQIHGHUDOO\IXQGHG
&HQWUHRI([FHOOHQFHIRU&RPPHUFLDOL]DWLRQDQG5HVHDUFK&XUUHQWO\KHKROGVD&DQDGD5HVHDUFK&KDLU7LHU+HLVWKH
ÀUVWUHFLSLHQWRIWKH3UHPLHU·V 2QWDULR 'LVFRYHU\$ZDUGIRU,QQRYDWLRQDQG/HDGHUVKLS  WKH+HOOPXWK3UL]HIRU
$FKLHYHPHQWLQ5HVHDUFKDWWKH:HVWHUQ  ,QKHZDVLQGXFWHGLQWRWKH&DQDGLDQ$FDGHP\RI+HDOWK6FLHQFHV

)ROORZLQJKLV3K''U)HQVWHUZRUNHGIRUPDQ\\HDUVLQEDVLF;UD\LPDJLQJSK\VLFVDQGFRQWLQXHVWKLVZRUNDW5REDUWV
EHFRPLQJDFRIRXQGHURI(QKDQFHG9LVLRQ6\VWHPV (96 DVXFFHVVIXOPLFUR&7FRPSDQ\WKDWZDVHYHQWXDOO\VROGWR*(+HDOWKFDUH*(VHWXSLWVPDQXIDFWXULQJEDVHLQ/RQGRQ21
)RUWKHSDVW\HDUV'U)HQVWHU·VJURXSKDVIRFXVHGRQWKHGHYHORSPHQWRI'XOWUDVRXQGLPDJLQJZLWKGLDJQRVWLFDQGVXUJLFDOWKHUDSHXWLFFDQFHUDSSOLFDWLRQVLQKXPDQVDQGPRXVH
UHVHDUFKPRGHOV:LWKKLVWHDPKHGHYHORSHGWKHZRUOG·VÀUVWVLQ'XOWUDVRXQGLPDJLQJRIWKHSURVWDWH'XOWUDVRXQGJXLGHGSURVWDWHFU\RVXUJHU\DQGEUDFK\WKHUDS\'XOWUDVRXQG
JXLGHGSURVWDWHDQGEUHDVWELRSV\IRUHDUO\GLDJQRVLVRIFDQFHUDQG'XOWUDVRXQGLPDJHVRIPRXVHWXPRXUVDQGWKHLUYDVFXODWXUH
'U)HQVWHU·VUHVHDUFKKDVUHVXOWHGLQRYHUSDWHQWVDQGWKHIRUPDWLRQRIWKUHHFRPSDQLHV /LIH,PDJLQJ6\VWHPV,QF(QKDQFHG9LVLRQ6\VWHPV,QFDQG(QDEOH7HFKQRORJLHV +HKDV
WUDLQHGRYHUJUDGXDWHVWXGHQWVDQGIHOORZVPDQ\RIZKRPDUHZHOONQRZQDVOHDGHUVLQWKH&DQDGLDQPHGLFDOSK\VLFVFRPPXQLW\DQGLVDSUROLÀFSXEOLVKHUZLWKRYHUSHHU
UHYLHZHGSDSHUVDQGFRQIHUHQFHSURFHHGLQJV+HLVUHJXODUO\LQGHPDQGDVDNH\QRWHVSHDNHUDURXQGWKHJOREH
'U)HQVWHUVHUYHGDV&KDLURIWKH&DQDGLDQ2UJDQL]DWLRQRI0HGLFDO3K\VLFLVWV &203 LQDQGDQGLQZDVDZDUGHGWKH&203*ROGPHGDO&203·VKLJKHVWDZDUG

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



0DU\HOOHQ/*LJHU
0DU\HOOHQ/*LJHUHDUQHGKHU3K'LQPHGLFDOSK\VLFVLQIURPWKH8QLYHUVLW\RI&KLFDJRDQGLVSUHVHQWO\3URIHVVRURI5DGLRORJ\WKH&RPPLWWHH
RQ0HGLFDO3K\VLFVDQGWKH&ROOHJHDWWKH8QLYHUVLW\RI&KLFDJR&KLFDJR,OOLQRLV86$6KHDOVRVHUYHVDV9LFH&KDLURI5DGLRORJ\IRU%DVLF6FLHQFH
5HVHDUFKDQG'LUHFWRURIWKH,PDJLQJ5HVHDUFK,QVWLWXWHDQGLVWKHLPPHGLDWHSDVW'LUHFWRURIWKH*UDGXDWH3URJUDPVLQ0HGLFDO3K\VLFVDQG&KDLU
RIWKH3K'GHJUHHJUDQWLQJ&RPPLWWHHRQ0HGLFDO3K\VLFVDWWKH8QLYHUVLW\
0DU\HOOHQ*LJHULVFRQVLGHUHGRQHRIWKHSLRQHHUVLQWKHGHYHORSPHQWRI&$' FRPSXWHUDLGHG
GLDJQRVLV DQGKDVDOVRH[WHQGHGDVSHFWVRI&$'WRTXDQWLWDWLYHLPDJHDQDO\VLVDQGLPDJHEDVHG
SKHQRW\SLQJZLWKJHQRPLFV)RURYHU\HDUVVKHKDVGLUHFWHGDQGPDQDJHGKHU1,+IXQGHG
8QLYHUVLW\RI&KLFDJRUHVHDUFKODEDQGKDYHDGYLVHGRYHUPHGLFDOSK\VLFVJUDGXDWHVWXGHQWV
SRVWGRFVXQGHUJUDGXDWHVDQGRWKHUV²PDQ\ZKRKDYHJRQHRQWRWKHLURZQVXFFHVVIXOFDUHHUVLQ
DFDGHPLFLQGXVWULDORUFOLQLFDOPHGLFDOSK\VLFVUHVHDUFK
,QDGGLWLRQWRKHUDFDGHPLFFDUHHUVKHKDVVHUYHG$$30VLQFHÀUVWDVDPHPEHU DQGODWHU
FKDLU RIWKH$$30&RPPLVVLRQRQ$FFUHGLWDWLRQRI(GXFDWLRQDO3URJUDPVIRU0HGLFDO3K\VLFLVWVDQG
DVDQDQQXDOPHHWLQJDEVWUDFWUHYLHZHUWKHQDVDQQXDOPHHWLQJVFLHQWLÀFSURJUDPGLUHFWRUHOHFWHG
%RDUG0HPEHUHOHFWHG7UHDVXUHUDQGXOWLPDWHO\DVHOHFWHG3UHVLGHQWDQG&KDLURIWKH%RDUG6KHKDV
DOVRVHUYHG63,(DVV\PSRVLXPFKDLUIRU0HGLFDO,PDJLQJDQGDVDQHOHFWHG%RDUG0HPEHU

)LJXUH2XWSXWIURPWKHÀUVWSURWRW\SH&$'HV\VWHPIRUVFUHHQLQJ
PDPPRJUDSK\GHYHORSHGDWWKH8QLYHUVLW\RI&KLFDJR FLUFD 

0DU\HOOHQ*LJHULVDPHPEHURIWKH1DWLRQDO$FDGHP\RI(QJLQHHULQJ 1$( RIWKH1DWLRQDO
$FDGHPLHVDQHOHFWHGIHOORZRIWKH$PHULFDQ,QVWLWXWHIRU0HGLFDODQG%LRORJLFDO(QJLQHHULQJ $,0%( 
DQGWKH$PHULFDQ$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQH $$30 DQGLVD6HQLRU0HPEHURI,(((6KH
KDVDXWKRUHGRUFRDXWKRUHGPRUHWKDQVFLHQWLÀFPDQXVFULSWV LQFOXGLQJSHHUUHYLHZHG
MRXUQDODUWLFOHV LVLQYHQWRUFRLQYHQWRURQDSSUR[LPDWHO\SDWHQWVDQGVHUYHVDVDUHYLHZHUIRU
YDULRXVQDWLRQDODQGLQWHUQDWLRQDOJUDQWLQJDJHQFLHVLQFOXGLQJWKH1,+DQGWKH86$UP\ '2' 

7KH*LJHUODEIRFXVHVRQWKHGHYHORSPHQWRIPXOWLPRGDOLW\&$' FRPSXWHUDLGHGGLDJQRVLV DQGTXDQWLWDWLYHLPDJHDQDO\VLVPHWKRGV+HUUHVHDUFK
LQWHUHVWVLQFOXGHGLJLWDOPHGLFDOLPDJLQJFRPSXWHUDLGHGGLDJQRVLVTXDQWLWDWLYHLPDJHDQDO\VLVDQGGDWDPLQLQJLQEUHDVWLPDJLQJFKHVW&7LPDJLQJ
FDUGLDFLPDJLQJDQGERQHUDGLRJUDSK\7KHORQJWHUPJRDOVRIKHUUHVHDUFKDUHWRLQYHVWLJDWHGHYHORSDQGWUDQVODWHPXOWLPRGDOLW\FRPSXWHUL]HG
LPDJHDQDO\VLVWHFKQLTXHVZKLFK\LHOGLPDJHEDVHGWXPRUVLJQDWXUHVDQGSKHQRW\SHVIRULPSURYHGGLDJQRVLVSURJQRVLVDQGSDWLHQWFDUHDVZHOODV
IRUDGYDQFHGGLVFRYHU\

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



'LHWULFK+DUGHU
)RUWKHSRVWGRFLQ5DMHZVN\·V0D[3ODQFN,QVWLWXWHRI%LRSK\VLFVLQ)UDQNIXUW0DLQ  WKH0H9EHWDWURQJURXSOHDGHUDW5|QWJHQ·VIRUPHU,QVWLWXWH
RI3K\VLFVLQ:U]EXUJ  DQGWKHGLUHFWRURIWKH,QVWLWXWHRI0HGLFDO3K\VLFVDQG%LRSK\VLFVDW*|WWLQJHQ8QLYHUVLW\  SK\VLFVDSSOLHGWR
PHGLFLQHDQGELRORJ\KDVEHHQWKHFKDOOHQJHRIKLVOLIH'LHWULFK+DUGHUQRZHPHULWXVSURIHVVRURI0HGLFDO3K\VLFVDQG%LRSK\VLFV*|WWLQJHQ*HUPDQ\
,QPHGLFDOUDGLDWLRQSK\VLFVWKHODZV
JRYHUQLQJWKHSDVVDJHRIKLJKHQHUJ\
HOHFWURQVWKRXJKWKLFNOD\HUVRIPDWWHUDQG
WKHLUYLVXDOL]DWLRQLQWKHEXEEOHFKDPEHU
WKHIRUPXODWLRQRIWLVVXHVXEVWLWXWHVWKH
DUWRILPDJLQJDQGGHFRQYROXWLRQLQFOXGLQJ
SRUWDOXOWUDVRXQGDQGSKRWRWKHUPDO
LPDJLQJDQGWKHSULQFLSOHVRISUREHW\SH
GRVLPHWU\KDYHEHHQWKHPLOHVWRQHV

,QYLWDWLRQ:RUOG&RQJUHVVRQ0HGLFDO3K\VLFVDQG%LRPHGLFDO(QJLQHHULQJ
+DPEXUJ

,QUDGLDWLRQELRSK\VLFVWKHUHFRYHU\RI
DQHQ]\PHV\VWHPDIWHUODUJHSXOVHVRI
UDGLDWLRQWKHFKURPDWLQORRSGHOHWLRQ
%XEEOHFKDPEHUSLFWXUH0H9HOHFWURQVLQOLTXLGSURSDQH
DVWKHSULPDU\OHVLRQLQLWLDWLQJWKH
IRUPDWLRQRIUDGLDWLRQLQGXFHGFKURPRVRPH
DEHUUDWLRQVDQGWKHDQWLLQÁDPPDWRU\UHDFWLRQRIWKHLPPXQHV\VWHPWRORZGRVHVRIDOSKDUDGLDWLRQ
DVWKHPROHFXODUPHFKDQLVPXQGHUO\LQJ5DGRQWKHUDS\RIUKHXPDWLFGLVHDVHVZHUHKLVDFKLHYHPHQWV
,QUDGLDWLRQSURWHFWLRQQDWLRQDOGHIHQVHPHDVXUHVDJDLQVWWKH&KHUQRE\OIDOORXWOHXNHPLDFOXVWHUVQHDU
QXFOHDUSRZHUVWDWLRQVDQGWKHVHWXSRIUDGLDWLRQZHLJWKLQJIDFWRUVUHTXLUHGKLVFRPPLWPHQW
7KHZRUOGZLGHIDPLO\RISHHUVZDVKLVREMHFWLYHDVFRSUHVLGHQWRIWKH:RUOG&RQJUHVVIRU0HGLFDO
3K\VLFVDQG%LRPHGLFDO(QJLQHHULQJLQ+DPEXUJSUHVLGHQWRIWKHUHMRLQLQJPHHWLQJRI(DVWDQG
:HVW*HUPDQPHGLFDOSK\VLFLVWVIRXQGHURIWKHMRXUQDO´=HLWVFKULIWIU0HGL]LQLVFKH3K\VLNµDQG
PHPEHUDQGFKDLUPDQRIWKHGRVLPHWU\FRPPLWWHHVRI',1,&58DQG,&1,53DVZHOODVWKH*HUPDQ
5DGLDWLRQ3URWHFWLRQ&RPPLVVLRQ%RUQLQ6WHWWLQ '( QRZ6]F]HFLQ 3/ WKHKRQRXUSUREDEO\
FORVHVWWRKLVKHDUWLVWKHKRQRUDU\PHPEHUVKLSRIWKH3ROLVK6RFLHW\RI0HGLFDO3K\VLFV

,QGXFWLRQRIFKURPDWLQORRSGHOHWLRQVWKHSULPDU\OHVLRQVIRUH[FKDQJHW\SH
FKURPRVRPHDEHUUDWLRQVE\FRUUHODWHGJURXSVRIKLJKORFDOHQHUJ\FRQFHQWUDWLRQV
DORQJSDUWLFOHWUDFNV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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:LOOLDP5+HQGHH
:LOOLDP5 %LOO +HQGHH3K'LV'LVWLQJXLVKHG3URIHVVRURI5DGLRORJ\5DGLDWLRQ2QFRORJ\%LRSK\VLFVDQG%LRHWKLFVDWWKH0HGLFDO
&ROOHJHRI:LVFRQVLQ 0&: +HLVDOVR3URIHVVRURI%LRPHGLFDO(QJLQHHULQJDW0DUTXHWWH8QLYHUVLW\$GMXQFW3URIHVVRURI(OHFWULFDO
(QJLQHHULQJDWWKH8QLYHUVLW\RI:LVFRQVLQ²0LOZDXNHHDQG$GMXQFW3URIHVVRURI5DGLRORJ\DWWKH8QLYHUVLW\RI1HZ0H[LFR
8QLYHUVLW\RI&RORUDGRDQG0D\R&OLQLF%HIRUHKLVUHWLUHPHQWIURP0&:DGPLQLVWUDWLYHSRVLWLRQVLQ'U+HQGHHZDV3UHVLGHQW
RIWKH0&:5HVHDUFK)RXQGDWLRQ6HQLRU$VVRFLDWH'HDQIRU5HVHDUFK'HDQRIWKH*UDGXDWH6FKRRORI%LRPHGLFDO6FLHQFHV9LFH
&KDLURI5DGLRORJ\DQG,QWHULP'HDQRIWKH0HGLFDO6FKRRO2YHUWKLVSHULRGWKH*UDGXDWH6FKRROJUHZIURPWRVWXGHQWVDQG
WKH&ROOHJH·VH[WUDPXUDOUHVHDUFKIXQGLQJH[SDQGHGIURP0WR0,QKHUHFHLYHG0&:·V'LVWLQJXLVKHG6HUYLFH$ZDUG
3ULRUWRMRLQLQJWKH0HGLFDO&ROOHJHRI:LVFRQVLQ'U+HQGHHZDV9LFH3UHVLGHQWIRU
6FLHQFH7HFKQRORJ\DQG3XEOLF+HDOWKDWWKH$PHULFDQ0HGLFDO$VVRFLDWLRQ $0$ 
DQG([HFXWLYH6HFUHWDU\RIWKH$0$&RXQFLORI6FLHQWLÀF$IIDLUV3UHFHGLQJKLV$0$
DSSRLQWPHQWZHUH\HDUVVSHQWDWWKH8QLYHUVLW\RI&RORUDGRLQFOXGLQJQLQH\HDUVDV
3URIHVVRUDQG&KDLURIWKH'HSDUWPHQWRI5DGLRORJ\
'U+HQGHHKDVDXWKRUHGRUHGLWHGPRUHWKDQWKLUW\ERRNVRQWRSLFVUDQJLQJIURP
WKHSK\VLFVRILPDJLQJDQGUDGLDWLRQWKHUDS\WRWH[WVHQWLWOHG7KH3HUFHSWLRQRI9LVXDO
,QIRUPDWLRQDQG7KH+HDOWKRI$GROHVFHQWV+LVERRNV0HGLFDO,PDJLQJ3K\VLFVWK
HGLWLRQDQG5DGLDWLRQ7KHUDS\3K\VLFVUGHGLWLRQ²DUHZLGHO\XVHGWH[WERRNVLQPHGLFDO
SK\VLFV+LVWZRYROXPH%LRPHGLFDO8VHVRI5DGLDWLRQ  LVDVWDQGDUGUHIHUHQFHWH[W
DQGKLV7KH+HDOWKRI$GROHVFHQWV  ZDVDSLRQHHULQJZRUN
'U+HQGHHKDVSXEOLVKHGPRUHWKDQSHHUUHYLHZHGSDSHUVIRFXVHGSULQFLSDOO\RQWKH
SK\VLFVRIPHGLFDOLPDJLQJDQGUDGLDWLRQWKHUDS\EXWDOVRRQWRSLFVVXFKDVHGXFDWLRQDQG
FHUWLÀFDWLRQLQUDGLRORJ\KHDOWKSK\VLFVSDWLHQWVDIHW\KHDOWKFDUHTXDOLW\UHVHDUFKHWKLFV
PHGLFDOLQIRUPDWLFVELRWHFKQRORJ\WHFKQRORJ\DVVHVVPHQWPHGLFDODGPLQLVWUDWLRQDQG
UHLPEXUVHPHQWDGROHVFHQWKHDOWKWHFKQRORJLHVIRUSHUVRQVZLWKGLVDELOLWLHV+,9LQIHFWLRQ
DQG$,'6DQGSK\VLFDOÀWQHVV,Q'U+HQGHHZDVDZDUGHGWKH<HDUERRN0HGDOIRU
'LVWLQJXLVKHG&RQWULEXWLRQVWRWKH0HGLFDO/LWHUDWXUH
'U+HQGHHKDVEHHQSUHVLGHQWRIWKH$PHULFDQ$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQH6RFLHW\RI1XFOHDU0HGLFLQH$PHULFDQ,QVWLWXWHRI
0HGLFDODQG%LRORJLFDO(QJLQHHULQJDQG$PHULFDQ%RDUGRI5DGLRORJ\+HKDVVHUYHGDVDVVRFLDWHHGLWRUIRUPDQ\VFLHQWLÀFMRXUQDOVDQG
KDVEHHQWKH(GLWRULQ&KLHIRI0HGLFDO3K\VLFVVLQFH
'U+HQGHHKDVUHFHLYHGPDQ\DZDUGVDQGKRQRUVLQFOXGLQJWKH&RROLGJH$ZDUGRIWKH$$30*ROG0HGDORIWKH5DGLRORJLFDO6RFLHW\
RI1RUWK$PHULFD*ROG0HGDORIWKH5RHQWJHQ5D\6RFLHW\DQG*ROG0HGDORIWKH$PHULFDQ&ROOHJHRI5DGLRORJ\

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



*RGIUH\+RXQVÀHOG
6LU*RGIUH\1HZEROG+RXQVÀHOG&%()56ZDVDQHOHFWULFDOHQJLQHHUZKRZDVDZDUGHGWKH1REHO3UL]HIRU3K\VLRORJ\RU0HGLFLQH
IRUGHYHORSLQJ;UD\FRPSXWHGWRPRJUDSK\ &7 ,WVLQWURGXFWLRQZDVDIXQGDPHQWDODGYDQFHRIWKHJUHDWHVWLPSRUWDQFHWRGLDJQRVWLF
PHGLFLQH+LVQDPHLVLPPRUWDOLVHGLQWKH+RXQVÀHOGVFDOHDPHDVXUHRIHOHFWURQGHQVLW\ZKLFKLVXVHGLQHYDOXDWLQJ&7VFDQV
,Q6HSWHPEHU+RXQVÀHOGMRLQHGWKH5$)DVDYROXQWHHUUHVHUYLVWDQGZRUNHG
DVDUDGDUPHFKDQLFLQVWUXFWRUGXULQJWKHZDU$IWHUWKHZDUKHREWDLQHGDJUDQWWR
VWXG\HOHFWULFDODQGPHFKDQLFDOHQJLQHHULQJDW)DUDGD\+RXVHLQ/RQGRQDQGWKHQ
MRLQHGWKHUHVHDUFKVWDIIRI(OHFWULFDQG0XVLFDO,QVWUXPHQWV (0, DWWKHLU&HQWUDO
5HVHDUFK/DERUDWRULHVWRZRUNRQUDGDUDQGJXLGHGZHDSRQV+HEHFDPHLQWHUHVWHG
LQFRPSXWHUVDQGOHGWKHWHDPWKDWEXLOWWKH8.·VÀUVWDOOWUDQVLVWRUFRPSXWHUWKH
(0,'(&,QWKRVHGD\VWUDQVLVWRUVZHUHPXFKVORZHUWKDQYDOYHV+RXQVÀHOG
RYHUFDPHWKLVSUREOHPE\XVLQJDPDJQHWLFFRUHWRGULYHWKHWUDQVLVWRU7KLVOHGWR
WUDQVLVWRUVEHLQJXVHGLQFRPSXWLQJHDUOLHUWKDQZRXOGRWKHUZLVHKDYHEHHQSRVVLEOH

6KRUWO\DIWHUWKLVKHEHJDQZRUNLQJ
RQSDWWHUQUHFRJQLWLRQDQG
EHFDPHLQWHUHVWHGLQGHYHORSLQJ
DFRPSXWHUWKDWFRXOGWDNH
)LJXUH+RXQVÀHOG·VVNHWFKIRUD&7VFDQQHU
PHDVXUHPHQWVIURP;UD\VDW
YDULRXVDQJOHVWREXLOGXSDWKUHHGLPHQVLRQDOSLFWXUHRIDQREMHFW+RXQVÀHOG·VÀUVW
H[SHULPHQWDOV\VWHPVXFFHVVIXOO\VFDQQHGDSLJ·VEUDLQLQ7KHVFDQQLQJSURFHVV
WRRNQLQHGD\VDQGUHTXLUHGWZRDQGDKDOIKRXUVWRSURFHVVWKHUHVXOWLQJ
PHDVXUHPHQWVRQDKLJKVSHHGFRPSXWHU5HSODFLQJWKHJDPPDUD\VRXUFHZLWKDQ
;UD\WXEHUHGXFHGWKHVFDQQLQJWLPHWRKRXUV,Q(0,SDWHQWHGWKHLQYHQWLRQ
+LVLGHDZDVDSSOLHGWRPHGLFLQHDQGEHFDPHWKH(0,6FDQQHU2Q2FWREHU
&7KHDGVFDQQLQJZDVLQWURGXFHGLQWRPHGLFDOSUDFWLFHZLWKDVXFFHVVIXOVFDQRQ
DFHUHEUDOF\VWSDWLHQWDW$WNLQVRQ0RUOH\+RVSLWDOLQ:LPEOHGRQ/RQGRQ8QLWHG
.LQJGRP7KH(0,VFDQQHUFRVWLQJDERXW ZDVDQQRXQFHGLQ,WFRXOG
)LJXUH7KHH[SHULPHQWDO&7VFDQQHU
SHUIRUPDVFDQLQIRXUPLQXWHVDQGUHQGHUDFRPSXWHULVHGLPDJHLQWKUHHVHFRQGV
,QWKHIROORZLQJ\HDUVKHGHYHORSHGDZKROHERG\VFDQQHUDQGDQQRXQFHGLWLQ
+LVFRQWULEXWLRQZDVUHFRJQLVHGZLWKPDQ\KRQRXUVDQGVKDUHGZLWK$OODQ&RUPDFNZKRKDGSXEOLVKHGWKHRUHWLFDOVWXGLHVRQWKH
PDWKHPDWLFVQHHGHGIRUWKH&7VFDQQHUWKH1REHO3UL]HIRU3K\VLRORJ\RU0HGLFLQHLQ+HZDVDOVRDZDUGHGWKH&%(DQG)56
DQGZDVNQLJKWHGLQ+HGLHGLQ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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<LPLQ+X
<LPLQ+XZDVWKHOHDGLQJSLRQHHURIPHGLFDOSK\VLFVLQ&KLQDDQGLVQRZDFNQRZOHGJHGDVRQHRIWKHSURIHVVLRQ·VPRVWVLJQLÀFDQW
FRQWULEXWRUV7RGD\DIWHUDFDUHHUVSDQQLQJDOPRVW\HDUV<LPLQ+XKDVHDUQHGWKHUHSXWDWLRQDVWKHIDWKHURIPHGLFDOUDGLDWLRQ
SK\VLFVLQ&KLQD
<LPLQ+XLVWKHFKDLUSURIHVVRUDWWKH&DQFHU,QVWLWXWH +RVSLWDO&KLQHVH$FDGHP\0HGLFDO6FLHQFHDQG3HNLQJ8QLRQ0HGLFDO
&ROOHJH+HLVFKDLUPDQRI&603SUHVLGHQWRI$)203WKH$&PHPEHURI,83(60DQGDFRXQFLOPHPEHURI,203+HLVDYLVLWLQJ
SURIHVVRUDW7VLQJKXD8QLYHUVLW\DQG8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\RI&KLQD
3URIHVVRU+XKDVEHHQHQJDJHGLQERWKFOLQLFDOSUDFWLFHDQGUHVHDUFKLQPHGLFDOUDGLDWLRQSK\VLFVVSHFLDOL]LQJLQUDGLDWLRQRQFRORJ\
SK\VLFVLQ&KLQD+HGHVLJQHGDQGVXSHUYLVHGWKHPDQXIDFWXUHRIWKHÀUVWPDQXDOFRQWUROOHGPXOWLOHDIFROOLPDWRUVIRU&RXQLWDQG
IRU%HWDWURQHOHFWURQEHDPVLQV,QWKHVKHHVWDEOLVKHG&KLQD·VÀUVWFOLQLFDOGRVLPHWU\V\VWHPDQGSURSRVHG´IRXUGRVLPHWULF
SULQFLSOHVµRIJXLGLQJWKHWUHDWPHQWSODQQLQJIRUUDGLDWLRQRQFRORJLVWDQGUDGLDWLRQSK\VLFLVW6LQFHVKHKDVIRFXVHGRQHVWDEOLVKLQJ
DQGSURPRWLQJTXDOLW\DVVXUDQFHDQGTXDOLW\FRQWUROSURJUDPVDVZHOODVWKHDGRSWLRQRIFRQWHPSRUDU\WHFKQLTXHV,QWKHHDUO\V
KHSLRQHHUHGOLQDFEDVHG;UD\VWHUHRWDFWLFLUUDGLDWLRQXVLQJLPSODQWHGJROGPDUNHUVIRULPDJHJXLGLQJ+HGHVLJQHGWKH&5($7;UD\
6WHUHRWDFWLF6\VWHPLQFOXGLQJDVVRFLDWHGWUHDWPHQWSODQQLQJV\VWHP+HDOVRGHVLJQHGSODQQLQJVRIWZDUHIRUWKHÀUVWJHQHUDWLRQ&KLQD
PDGHURWDWLRQDO NQLIH
3URIHVVRU+XZDVDSSRLQWHGDVWKHFKDLULQPHGLFDOSK\VLFVLQ&KLQDDQGKDVWUDLQHG
QXPHURXVVWXGHQWVPDQ\RIZKRPODWHUEHFDPHOHDGHUVLQWKHLUUHVSHFWLYHFOLQLFV
ZRUOGZLGH6LQFHVKHKDVEHHQSXUVXLQJWKHH[FKDQJHLGHDVDQGLQQRYDWLRQVLQ
WKHÀHOGE\GHYHORSLQJPHGLFDOUDGLDWLRQSK\VLFLVWMRLQWWUDLQLQJDFDGHPLFH[FKDQJH
SURJUDPVDQGE\FKDLULQJPXOWLSOHQDWLRQDODQGLQWHUQDWLRQDOFRQIHUHQFHV+HLVWKH
FKLHIHGLWRURIYDULRXVWH[WERRNV´5DGLDWLRQ2QFRORJ\3K\VLFVµ´5DGLDWLRQ2QFRORJ\
7HFKQRORJ\µ´5DGLDWLRQ7KHUDS\7UHDWPHQW3ODQQLQJµDQGLVWKHFRHGLWRULQFKLHIRI
´5DGLDWLRQ2QFRORJ\µDVZHOODVWKHDVVRFLDWHGHGLWRURIYDULRXVLQWHUQDWLRQDOMRXUQDOV
&XUUHQWO\3URIHVVRU+XLVIRFXVLQJRQFRPSOHWLQJWKHQH[WJHQHUDWLRQRI,057V\VWHP
ZKLFKIHDWXUHVWKUHHKHDGVGHOLYHULQJWKUHHFURVVÀULQJEHDPV7KLVGHVLJQLQWHJUDWHV
WKHFOLQLFDOIXQFWLRQVRIYDULRXVH[LVWLQJV\VWHPV&DUPEDVHG/LQHDU$FFHOHUDWRUV
7RPR7KHUDS\XQLW;UD\6566%57V\VWHPV(OHNWD NQLIH&\EHUNQLIHDQG9HURXQLW
7KLVV\VWHPLVFDSDEOHRIGRLQJFRSODQDUDQGQRQFRSODQDUUHDOWLPHLPDJLQJDQGGRVH
JXLGHG,0576%57
3URIHVVRU+XKDVKDGHQRUPRXVLQÁXHQFHRQWKHGHYHORSPHQWRIUDGLDWLRQSK\VLFVLQ
&KLQDDQGRQWKHJOREDOSK\VLFVFRPPXQLW\DVZHOOWKDWHQFRXUDJHVQRWRQO\VRXQG
FOLQLFDOSUDFWLFHVDQGWKHDGRSWLRQRIPRGHUQWHFKQLTXHVEXWDOVRHQVXUHVWKDWKLV
SDVVLRQLVSDVVHGGRZQWRDQHZJHQHUDWLRQRISURIHVVLRQDOV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



.L\RPLWVX.DZDFKL
.L\RPLWVX.DZDFKLJUDGXDWHGIURPWKH$SSOLHG3K\VLFV'HSDUWPHQWRI7RNDL8QLYHUVLW\LQZKHQKHMRLQHG1DWLRQDO,QVWLWXWHRI
5DGLRORJLFDO6FLHQFHV 1,56 DQGZDVDIÀOLDWHGZLWK'LYLVLRQRI3K\VLFV$OWKRXJKKHGLGWKHPRVWRIUHVHDUFKZRUNVDW1,56EHWZHHQ
DQGKHVSHQWDWWKH1DWLRQDO&DQFHU&HQWHURI-DSDQDQGWKH8QLYHUVLW\RI&KLFDJR,QWKHPHDQWLPHKHGHYHORSHGWKH
ZHOONQRZQWKHHOHFWURQEHDPFDOFXODWLRQPRGHOIRUWUHDWPHQWSODQQLQJ+HJRWDGRFWRUDWHGHJUHHLQPHGLFDOVFLHQFHVIURP7RKRNX
8QLYHUVLW\LQ$W1,56KHFRQWULEXWHGWRWKHGHYHORSLQJRIYDULRXVSDUWLFOHWKHUDS\V\VWHPVVXFKDVIDVWQHXWURQVSURWRQV
DQGKHDY\LRQV+HGHYHORSHGWKUHHGLPHQVLRQDOVFDQQLQJWHFKQLTXHVIRUSURWRQWKHUDS\DW1,56F\FORWURQLQKLVHDUO\GD\V+HDOVR
FRPSDUHGSRWHQWLDORIFKDUJHGSDUWLFOHVLQFOXGLQJSURWRQVFDUERQLRQVDQGWKHRWKHUKHDY\LRQVIRUFDQFHUWKHUDS\DQGFRQFOXGHGWKDW
FDUERQEHDPZDVWKHPRVWVXLWDEOHIRUGHHSVHDWHGWXPRUWKHUDS\
:LWKUHJDUGVWRKHDY\LRQWKHUDS\LQ-DSDQ.DZDFKLOHGWKHSURMHFWIURPWKH
EHJLQQLQJ,Q1,56VWDUWHGDZHOONQRZQ+,0$& +HDY\,RQ0HGLFDO
$FFHOHUDWRULQ&KLED SURMHFWDQG'LYLVLRQRI+HDY\,RQ5HVHDUFKZDV
HVWDEOLVKHGLQ+HPDQDJHGWKHSURJUHVVRIWKHSURMHFWDVD6HFWLRQ+HDG
DQGODWHUWKH'LYLVLRQ'LUHFWRULQ+,0$&ZDVFRPSOHWHGLQDQG
FDUERQLRQWKHUDS\ZKLFKZDVVHOHFWHGDW1,56DFFRUGLQJWRKLVDQDO\VLVVWDUWHG
LQ.DZDFKLZDVDSSRLQWHG'HSXW\'LUHFWRU*HQHUDORI1,56LQ
+,0$&KDVEHHQYHU\UHOLDEOHDQGHIÀFLHQWGXULQJ\HDUVRSHUDWLRQDQGVRIDU
PRUHWKDQSDWLHQWVZHUHWUHDWHGZLWKFDUERQLRQEHDP1RZFDUERQEHDP
IDFLOLWLHVDUHEHLQJFRQVWUXFWHGRUSODQQHGQRWRQO\LQ-DSDQEXWDOVRDOORYHU
WKHZRUOG7KHUHIRUHWKHFRQWULEXWLRQVRI.DZDFKLWRFDUERQLRQEHDPWKHUDS\
DUHVLJQLÀFDQWDQGPD\EHODVWLQJWRWKHIXWXUH.DZDFKLZDVUHFRPPHQGHGDQ
+RQRUDU\0HPEHURI37&2* 3DUWLFOH7KHUDS\&RRSHUDWLYH*URXS LQ
+HVHUYHGDVWKHSUHVLGHQWRI-DSDQHVH$VVRFLDWLRQRI5DGLRORJLFDO3K\VLFLVW -$53 EHWZHHQDQGDQGWKHSUHVLGHQWRI-DSDQ
6RFLHW\RI0HGLFDO3K\VLFV -603 GXULQJ,WZDVGXULQJKLVSUHVLGHQF\WKDW-$53GHYHORSHGWR-603DQDFDGHPLFRUJDQL]DWLRQ
WUXO\LQGHSHQGHQWDQGWRRSHQWRDOOH[SHUWVLQWKHÀHOGVUHODWHGWRPHGLFDOSK\VLFV$IWHU-603HVWDEOLVKPHQWWKHQXPEHURIRUGLQDU\
PHPEHUVRI-603LQFUHDVHGUDSLGO\DQGKDVEHFRPHWKUHHWLPHVFRPSDUHGWRWKDWRI-$53
$OWKRXJK.DZDFKLLQLWLDWHGWKH+,0$&SURMHFWDQGSOD\HGDGHÀQLWLYHUROHLWVVXFFHVVZDVWKHUHVXOWRIFRRSHUDWLRQRIPDQ\
SHRSOHLQFOXGLQJDGPLQLVWUDWLRQVWDIIV(VSHFLDOO\'UV<DVXR+LUDR6DWRUX<DPDGD7DWVXDNL.DQDLDQG0DVDKLUR(QGRDW1,56ZHUH
DFNQRZOHGJHGIRUWKHLUHVVHQWLDOFRQWULEXWLRQV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



&RQVWDQWLQ.DSSDV
&RQVWDQWLQ.DSSDVLV3URIHVVRURQ0HGLFDO3K\VLFVDQG+HDGRI0HGLFDO3K\VLFV'HSDUWPHQW0HGLFDO6FKRRO8QLYHUVLW\RI7KHVVDO\DQG
8QLYHUVLW\+RVSLWDORI/DULVVD+HOODV+HZDVERUQLQ$WKHQVLQDQGKLVVWXGLHVLQFOXGH%6FLQ3K\VLFV 8QLYHUVLW\RI3DWUDV+HOODV 
06FLQ0HGLFDO3K\VLFV '($&3$78QLYHUVLWp3DXO6DEDWLHU7RXORXVH 'RFWRUDWGH6SpFLDOLWpDQG'RFWRUDWG·eWDWqV6FLHQFHV
,QVWLWXW&XULH3DULV +HKDVVWXGLHGZLWK%DVLO3URLPRVDQG-HDQ&ODXGH5RVHQZDOG
)RUWKHODVW\HDUV&RQVWDQWLQ.DSSDVKDVVXFFHVVIXOO\FRPELQHGDKLJKO\UHJDUGHG
DFDGHPLFZRUNZLWKTXDOLW\PHGLFDOSK\VLFVVHUYLFHDWWKHKRVSLWDO+LVUHVHDUFK
ZDVPDLQO\IRFXVHGWRWKH5DGLRWKHUDS\3K\VLFVDQGKHLVNQRZQLQSDUWLFXODUIRU
KLVZRUNLQLQKRPRJHQHLW\FRUUHFWLRQVLQUDGLRWKHUDS\WUHDWPHQWSODQQLQJDQG
LQWKHGHYHORSPHQWRIDQHZQRQLQYDVLYHVWHUHRWDFWLFXQLW .7KHRGRURX &
.DSSDV ZKLFKZDVDOVRWKHÀUVWLQVWDOOHGLQKLVFRXQWU\+HDQGKLVFROOHDJXHVDUH
DOVRDFWLYHO\LQYROYHGLQ7UHDWPHQW3ODQQLQJ$OJRULWKPV1HWZRUNV ,QWHJUDWLRQ
3URFHGXUHVLQ5DGLRWKHUDS\0RQWH&DUOR0HWKRGVLQ5DGLRWKHUDS\+LJK)LHOG05
,PDJLQJ4XDQWLWDWLYH05,PDJLQJDQG056SHFWURVFRS\
&RQVWDQWLQ.DSSDVLVDOVRYHU\
DFWLYHLQWKHHGXFDWLRQSURFHVV
KHWHDFKHVDEURDGVSHFWUXPRI
81²,$($0LVVLRQLQ=DULD*HQHUDO+RVSLWDO1LJHULD
PHGLFDOSK\VLFVVXEMHFWVWRXQGHU
DQGSRVWJUDGXDWHVWXGHQWVWR
PHGLFDOGRFWRUVWRUDGLDWLRQSK\VLFLVWVDQGWRJHQHUDOSXEOLFDVZHOODVEHLQJDQ
DXWKRUWRVHYHUDOVFLHQWLÀFERRNV
)RUWKLVZRUNKHKDVEHHQDZDUGHGRQVHYHUDORFFDVLRQVE\GLIIHUHQWDFDGHPLF
ERGLHVDQGRUJDQL]DWLRQV+HLVDOVRDFWLYHO\LQYROYHGLQHWKLFDOPDWWHUV ZULWLQJDQG
SDUWLFLSDWLQJLQUHVSHFWLYHFRPPLWWHHV FRQFHUQLQJVFLHQWLÀFPLVFRQGXFWDQGPHGLFDO
PDOSUDFWLFH
)LUVW6WHUHRWDFWLF8QLWLQ*UHHFHGHVLJQHGDQGGHYHORSHGE\3DWUDVWHDP
)LQDOO\&RQVWDQWLQ.DSSDVLVDFWLYHO\LQYROYHGLQVRFLDOZRUNDWQDWLRQDODQG
LQWHUQDWLRQDOOHYHO+HSDUWLFLSDWHGLQVHYHUDO81²,$($DQGRWKHU2UJDQL]DWLRQV·
VFLHQWLÀFPLVVLRQVLQGHYHORSLQJFRXQWULHVIRUFRPPLVVLRQLQJRIUDGLRWKHUDS\XQLWVJLYHVOHFWXUHVDQGVXSSRUWVORFDOFOLQLFDOSURMHFWV
0RUHRYHUKHLVWKHIRXQGHURIWKH1DWLRQDO,QVWLWXWHIRU'RFXPHQWDWLRQ,QIRUPDWLRQDQG5HVHDUFKRQ&DQFHUQDPHG´*1
3DSDQLNRODRXµDVZHOODVKHLVWKHIRXQGHURIWKH1DWLRQDO,QVWLWXWH$JDLQVW1DUFRWLFVQDPHG´,.$12µ%RWKWKH,QVWLWXWHVGRQRW
RQO\KDYHDSRVLWLYHVRFLDOLPSDFWEXWWKH\DOVRDWWUDFWDQGDFWLYHO\LQYROYHPHGLFDOVWXGHQWVKHDOWKVFLHQWLVWVDQGDFDGHPLFVWDII

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



9DOHUL\.RVW\OHY
9DOHUL\.RVW\OHYJUDGXDWHGIURPWKHIDFXOW\RIH[SHULPHQWDODQGWKHRUHWLFDOSK\VLFVRIWKH0RVFRZ(QJLQHHULQJ3K\VLFV,QVWLWXWH 0(3K, 
LQ6LQFHWKHQKHKDVEHHQZRUNLQJIRUPRUHWKDQ\HDUVLQWKH11%ORNKLQ5XVVLDQ&DQFHU5HVHDUFK&HQWHU 11%ORNKLQ
5&5& DQGLQUHFHLYHGKLV3K'DQGLQKHHDUQHGWKH'RFWRUDOGHJUHHLQSK\VLFVDQGPDWKHPDWLFV7KHWKHVHVZHUHGHYRWHG
WRWKHVFLQWLJUDSKLFLPDJHVPHDVXUHPHQWDQGSURFHVVLQJRSWLPL]DWLRQ7KHODVW\HDUVKHZDVWKHKHDGRIPHGLFDOSK\VLFVGHSDUWPHQW
,Q9DOHUL\.RVW\OHYRUJDQL]HGWKH$VVRFLDWLRQRI0HGLFDO3K\VLFLVWVLQ5XVVLD $035 DQGEHFDPHLWVSUHVLGHQW1RZ$035
UHSUHVHQWVDERXWSURIHVVLRQDOVZRUNLQJLQWKHÀHOGRIIXQGDPHQWDODQGDSSOLHGPHGLFDOSK\VLFVHQJLQHHULQJKLJKPHGLFDOUDGLDWLRQ
WHFKQRORJLHVHGXFDWLRQDQGSXEOLVKLQJ,QKHZDVWKHIRXQGHUDQG(GLWRULQFKLHIRIWKH-RXUQDO´0HGLWVLQVND\D)L]LNDµZKLFKLVDQ
RIÀFLDOMRXUQDORIWKH$VVRFLDWLRQRI0HGLFDO3K\VLFLVWVLQ5XVVLD $035 
,QKHRUJDQL]HGWKH,QVWLWXWHRI0HGLFDO3K\VLFVDQG(QJLQHHULQJIRUHIÀFLHQWVFLHQWLÀFDQGHGXFDWLRQDODFWLYLWLHVLQWKHÀHOGRI
UHVHDUFKDQGHGXFDWLRQSURMHFWVDQGEHFDPHLWVGLUHFWRU

9DOHUL\.RVW\OHYZDVWKHIRXQGHU  DQGFRFKDLURIWKH5DGLDWLRQ2QFRORJ\6RFLHW\ZKLFKFRXQWVLQGLYLGXDOPHPEHUVIURP
5XVVLDDQGRWKHU&,6FRXQWULHVWRGD\7KHVDPH\HDUKHIRXQGHGDQGVHUYHGDV&RFKDLURIWKH(GLWRULDO%RDUGRIWKH-RXUQDO´5DGLDWLRQ
2QFRORJ\DQG1XFOHDU0HGLFLQHµ$\HDUODWHUKHZDVWKHIRXQGLQJUHFWRURIWKH,QWHUQDWLRQDO(GXFDWLRQDO&HQWHURQPHGLFDOSK\VLFV
UDGLDWLRQRQFRORJ\DQGQXFOHDUPHGLFLQHZKLFKSURYLGHVSRVWJUDGXDWHHGXFDWLRQLQPHGLFDOSK\VLFVIRUWKH5XVVLDQVSHDNLQJVSHFLDOLVWV
LQWKH&,6UHJLRQ
3URIHVVRU.RVW\OHYLVDOHDGLQJVSHFLDOLVWLQWKHPHGLFDOUDGLDWLRQSK\VLFVUDGLDWLRQWKHUDS\DQGQXFOHDUPHGLFLQH+H·VWKHDXWKRU
RIVFLHQWLÀFSXEOLFDWLRQVLQWKLVÀHOG+HKDVDFWHGDVVFLHQWLÀFDGYLVRUDQGFRQVXOWDQWIRUSURMHFWVRQWKHGHYHORSPHQWDQG
LPSOHPHQWDWLRQRIGRPHVWLFPHGLFDOUDGLDWLRQGHYLFHVDQGWHFKQRORJLHVIRUUDGLDWLRQWKHUDS\DQGQXFOHDUPHGLFLQHLQFOLQLFDOSUDFWLFH
LQFOXGLQJFOLQLFDOGRVLPHWHUZLWKGLDPRQGGHWHFWRU'WUHDWPHQWSODQQLQJV\VWHP´$PSKRUDµIRUH[WHUQDOEHDPUDGLDWLRQWKHUDS\DQG
WUHDWPHQWSODQQLQJV\VWHP´&RQWDFWµIRULQWUDFDYLWDU\DQGLQWHUVWLWLDOEUDFK\WKHUDS\+HLVRQHRIWKHIRXQGHUVRIWKH5XVVLDQUDGLDWLRQ
PHGLFDOSK\VLFVVFKRRODQGPHQWRUDQGJXLGHRIVHYHUDOJHQHUDWLRQVRITXDOLÀHGPHGLFDOSK\VLFLVWVLQWKH11%ORNKLQ5&5&0(3K,
+HKDVDOVRRUJDQL]HGPDQ\(XUDVLDQDQG1DWLRQDOFRQJUHVVHVFRQIHUHQFHVV\PSRVLDDQGVFKRROVRQPHGLFDOSK\VLFVDQGUDGLDWLRQ
RQFRORJ\
9DOHUL\.RVW\OHYLVDPHPEHURI([SHUW&RXQFLOVXQGHUWKH0LQLVWU\RI,QGXVWU\DQG7UDGHWKH6WDWH$WRPLF(QHUJ\&RUSRUDWLRQ
526$720WKH)HGHUDO$QWLPRQRSRO\6HUYLFHRI5XVVLDQ)HGHUDWLRQ+HLVFKDLURIWKH,QWHUQDWLRQDOZRUNLQJJURXS´0RGHUQL]DWLRQDQG
'HYHORSPHQWRI5DGLDWLRQ7KHUDS\DQG1XFOHDU0HGLFLQHµRIWKH&,6&RPPLVVLRQRQWKHXVHRIDWRPLFHQHUJ\IRUSHDFHIXOSXUSRVHV
+HLVDQ,$($H[SHUWDVVLVWLQJ0HPEHU6WDWHVLQWKHXSJUDGLQJRIUDGLDWLRQRQFRORJ\IDFLOLWLHV
3URIHVVRU.RVW\OHYKDVUHFHLYHGLQWHUQDWLRQDOUHFRJQLWLRQIRUSURPRWLQJPHGLFDOSK\VLFVLQ5XVVLDDQGWKH&,6UHJLRQ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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$QFKDOL.ULVDQDFKLQGD
3URIHVVRU.ULVDQDFKLQGDWKH)RXQGLQJ3UHVLGHQWRIWKH7KDL0HGLFDO3K\VLFLVW6RFLHW\ZDVWKH3UHVLGHQWRI6($)203IURP
WKURXJKRQHRIWKH)RXQGHUVRI$)203DQGKDVEHHQWKH$)2037UHDVXUHUVLQFH6KHZDVDPHPEHURIWKH,203(7&DQG
,$%IRU$VLD  EHFDPHWKH&KDLURI(7&  DQGMRLQHGWKH9DOLGDWLRQDQG$FFUHGLWDWLRQ&RPPLWWHHRI(7& 
 6KHZDVDPHPEHURIWKH$ZDUGVDQG+RQRUV&RPPLWWHH  DPHPEHURIWKH)LQDQFH&RPPLWWHH  DQGLV
FXUUHQWO\WKH,203+RQRUDU\7UHDVXUHU
6KHVWDUWHGKHUFDUHHULQPHGLFDOQXFOHDUSK\VLFVLQDQGEHFDPHDQ,$($QDWLRQDOFRRUGLQDWRUIRUWKHSURMHFW4XDOLW\&RQWURORI
1XFOHDU0HGLFLQH,QVWUXPHQWDWLRQLQ6KHWUDYHOOHGWRQXFOHDUPHGLFLQHFHQWHUVWRHVWDEOLVKWKHTXDOLW\FRQWUROSURFHGXUHVIRU
QXFOHDUPHGLFLQHHTXLSPHQWIURPWRDQGEHFDPHDQ,$($([SHUWWR0DOD\VLDDQG9LHWQDPLQ6KHZDVLQYROYHG
LQWKHSXEOLFDWLRQRIWKH,$($WHFKQLFDOGRFXPHQW´4XDOLW\&RQWURO$WODVIRU6FLQWLOODWLRQ&DPHUD6\VWHPVµ
6LQFHVKHKDVEHHQWKHQDWLRQDOFRRUGLQDWRURIWKH,$($3URMHFWRQ'LVWDQFH$VVLVWHG7UDLQLQJLQ1XFOHDU0HGLFLQHIRU7KDLODQGLQ
ZKLFKPRVWQXFOHDUPHGLFLQHWHFKQRORJLVWVSDUWLFLSDWHG6KHKDVDOVRWUDLQHG,$($IHOORZVIURP0\DQPDU0DOD\VLDDQG9LHWQDP
,QVKHSLRQHHUHGWKHJUDGXDWHSURJUDPLQGLDJQRVWLFUDGLRORJ\PHGLFDOSK\VLFVHGXFDWLRQZLWK,$($VXSSRUWDW&KXODORQJNRUQ
8QLYHUVLW\6KHLVDOVRD1DWLRQDO3URMHFW&RRUGLQDWRU 13& RIWKH,$($5HJLRQDO&RRSHUDWLYH$JUHHPHQW5$6SURMHFW
6WUHQJWKHQLQJRI0HGLFDO3K\VLFVWKURXJK(GXFDWLRQDQG7UDLQLQJLQ$VLDDQGWKH3DFLÀF
6KHVXSHUYLVHGWKHLQWHJUDWLRQRIWKH,$($WUDLQLQJPRGXOHVWRWKHFOLQLFDOUHVLGHQF\WUDLQLQJSURJUDPVLQUDGLDWLRQRQFRORJ\PHGLFDO
SK\VLFV 5203 LQGLDJQRVWLFUDGLRORJ\PHGLFDOSK\VLFV '503 LQDQGQXFOHDUPHGLFLQHPHGLFDOSK\VLFV 1003 LQ
)LIWHHQFOLQLFDOO\WUDLQHG5203DQG'503PHGLFDOSK\VLFLVWVKDYHJUDGXDWHGIURPWKHSLORW$VHFRQGJURXSRIUHVLGHQWVDUHFXUUHQWO\
HQUROOHGLQWKH5203WUDLQLQJSURJUDP&KXODORQJNRUQ8QLYHUVLW\LVWKHRQO\8QLYHUVLW\WKDWUHFRJQL]HVWKH,$($VWUXFWXUHGFOLQLFDO
SURJUDPDVDQDFDGHPLFSURJUDPRIIHULQJDSRVWJUDGXDWHGHJUHHVLQFH
$VDFRQVXOWDQWLQUDGLDWLRQSURWHFWLRQRISDWLHQWVVKHKDVFRQWULEXWHGWRWKH,$($7HFKQLFDO'RFXPHQWRQ2SWLPL]DWLRQRI3DWLHQW
'RVHDQG,PDJH4XDOLW\LQ*HQHUDO5DGLRORJ\&RPSXWHG7RPRJUDSK\DQG,QWHUYHQWLRQDO5DGLRORJ\E\ZD\RIDQDWLRQDOSURMHFW
'U.ULVDQDFKLQGDKDVEHHQGHGLFDWHGWRWKHSURPRWLRQRIPHGLFDOSK\VLFVERWKQDWLRQDOO\DQGLQWHUQDWLRQDOO\VHUYLQJDOLIHWLPHWRWKH
DGYDQFHPHQWRIWKHVFLHQFHIURPWKHXQLYHUVLW\WRWKH8QLWHG1DWLRQV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV
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7RPDV.URQ
7RPDVZDVERUQDQGHGXFDWHGLQ*HUPDQ\$IWHUEHLQJDZDUGHGKLVGRFWRUDWHLQELRSK\VLFVIRUZRUNRQWUDFHUNLQHWLFVWXGLHVDWWKH
8QLYHUVLW\RI)UDQNIXUWLQKHPLJUDWHGWR$XVWUDOLDZRUNLQJDVDFOLQLFDOPHGLFDOSK\VLFLVWLQ6\GQH\:ROORQJRQJDQG1HZFDVWOH
ZKHUHKHZDVFKLHISK\VLFLVW)URPWR7RPDVZRUNHGLQ&DQDGDDWWKH/RQGRQ5HJLRQDO&DQFHU&HQWUHFRPPLVVLRQLQJ
RQHRIWKHÀUVWKHOLFDOWRPRWKHUDS\XQLWV6LQFHKHLV3ULQFLSDO5HVHDUFK3K\VLFLVWDWWKH3HWHU0DF&DOOXP&DQFHU&HQWUHLQ
0HOERXUQH$XVWUDOLDDQGKROGVSURIHVVRULDODSSRLQWPHQWVDW0HOERXUQH0RQDVK50,7DQG:ROORQJRQJXQLYHUVLWLHV
7RPDVKDVUHVHDUFKLQWHUHVWVLQUDGLDWLRQGRVLPHWU\DQGLPDJLQJIRUUDGLDWLRQRQFRORJ\
GRFXPHQWHGLQPRUHWKDQLQYLWHGFRQIHUHQFHSUHVHQWDWLRQVSHHUUHYLHZHGSXEOLFDWLRQV
DQGDXWKRUVKLSRIWH[WERRNVDQGERRNFKDSWHUV7RPDVKDVSDUWLFXODULQWHUHVWLQFOLQLFDOWULDOV
DQGLVWULDOFRFKDLURIWZRPXOWLFHQWUHWULDOVZLWKWKHDLPWRGHPRQVWUDWHWKHYDOXHRIQHZ
WHFKQRORJ\LQFOLQLFDOSUDFWLFH7KLVIRFXVRQWKHLPSDFWRIWHFKQRORJ\DQGWHFKQLTXHVRQ
FDQFHUSDWLHQWVDQGVRFLHW\KDVOHGWRKLVLQYROYHPHQWLQWZRSURMHFWVIXQGHGE\WKH$XVWUDOLDQ
JRYHUQPHQWWKDWEULQJWRJHWKHUDOOSURIHVVLRQVLQYROYHGLQWKHGHOLYHU\RIUDGLDWLRQRQFRORJ\
VHUYLFHV7KHZULWLQJSUDFWLFHVWDQGDUGV
IRUUDGLDWLRQRQFRORJ\LQ$XVWUDOLDDQGWKH
GHYHORSPHQWRIDIUDPHZRUNWRIRUWKH
$VVHVVPHQWRI1HZ5DGLDWLRQ2QFRORJ\
7HFKQRORJLHVDQG7UHDWPHQWV
7RPDVZDVSUHVLGHQWRIWKH$XVWUDODVLDQ
&ROOHJHRI3K\VLFDO6FLHQWLVWVDQG(QJLQHHUV
LQ0HGLFLQH $&36(0 LQDQG
DQGLVDPHPEHURIWKH,203H[HFXWLYH
ZKHUHKHFKDLUVWKH$ZDUGVDQG+RQRXUV
FRPPLWWHH+HKDVEHHQFRQYHQRURIVHYHUDO
FRQIHUHQFHVPRVWUHFHQWO\WKH,QWHUQDWLRQDO&RQIHUHQFHRQWKH8VHRI&RPSXWHUVLQ
5DGLDWLRQ7KHUDS\ ,&&5 LQ0HOERXUQH

7RPDVZLWKD¶IULHQG·LQDIWHUEHLQJDZDUGHGDJUDQWIURPWKH-RKQ+XQWHU
&KLOGUHQ·V+RVSLWDO5HVHDUFK)RXQGDWLRQWRVWXG\GRVHGLVWULEXWLRQVLQFKLOGUHQ
XQGHUJRLQJUDGLRWKHUDS\

7RPDVKDVDORQJVWDQGLQJLQWHUHVWLQHGXFDWLRQDQGWUDLQLQJRIPHGLFDOSURIHVVLRQDOV7KLVKDVOHGWRKLVLQYROYHPHQWLQPDQ\QDWLRQDO
DQGLQWHUQDWLRQDOZRUNVKRSVDQGFRQVXOWDQFLHVIRUWKH,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\ ,$($ IRUZKLFKKHDOVRKDVGHVLJQHGWZR
VHULHVRIWHDFKLQJSUHVHQWDWLRQV 5DGLDWLRQ3URWHFWLRQLQ5DGLDWLRQ2QFRORJ\DQG7UDLQLQJIRU48$752 7RPDVLVRQWKHHGLWRULDO
ERDUGRIVHYHUDOLQWHUQDWLRQDOMRXUQDOVLQFOXGLQJFOLQLFDOMRXUQDOVVXFKDV&OLQLFDO2QFRORJ\DQG5DGLRWKHUDS\DQG2QFRORJ\+HKDV
VXSHUYLVHGPDQ\SRVWJUDGXDWHVWXGHQWVDQDFWLYLW\KHHQMR\VYHU\PXFK
7RPDVEHOLHYHVWKDWSK\VLFDOVFLHQFHVDUHHVVHQWLDOLQJUHGLHQWVLQKHDOWKFDUH+LVZRUNLVDLPHGDWRSWLPLVLQJDQGSXEOLFLVLQJWKLV
LPSDFWZLWKWKHXOWLPDWHDLPWRLPSURYHWKHORWRISDWLHQWV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV
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/DZUHQFH+/DQ]O
/DZUHQFH+/DQ]OPDMRUHGLQSK\VLFVDW1RUWKZHVWHUQ8QLYHUVLW\$IWHUJUDGXDWLRQKHMRLQHGWKH0DQKDWWDQ3URMHFWZRUNLQJÀUVWLQ
&KLFDJRDQGWKHQDW/RV$ODPRV+HUHWXUQHGIRUJUDGXDWHVWXG\LQSK\VLFVDWWKH8QLYHUVLW\RI,OOLQRLVZKHUHKHEHFDPHLQYROYHGLQ
WKHGHYHORSPHQWRIWKHEHWDWURQIRUUDGLRWKHUDS\'U/DQ]OZDVRQWKHIDFXOW\RIWKH8QLYHUVLW\RI&KLFDJRIRUPDQ\\HDUVDQGPXFK
ODWHUDW5XVK3UHVE\WHULDQ6W/XNH·V0HGLFDO&HQWHU+HZRUNHGRQWKHGHYHORSPHQWRI&RDQGOLQHDUDFFHOHUDWRUWHOHWKHUDS\DQG
GLGSLRQHHULQJZRUNLQVXFKWRSLFVDVERQHGHQVLWRPHWU\DQWKURSRPRUSKLFSKDQWRPVIRUDQGWKHKDQGOLQJRIUDGLDWLRQDFFLGHQWV,W
ZDVGXULQJWKHVDQGVWKDWKHEHFDPHLQWHUHVWHGLQRUJDQL]DWLRQDOPHGLFDOSK\VLFVDQGPDGHVHYHUDOLPSRUWDQWFRQWULEXWLRQV
UHJDUGLQJWKHSURIHVVLRQDODVSHFWVRI
PHGLFDOSK\VLFVLQFOXGLQJHGXFDWLRQ
DQGWUDLQLQJUHPXQHUDWLRQDQGVWDIÀQJ
UHTXLUHPHQWV
'U/DQ]OZDVLQVWUXPHQWDOLQWKHIRUPDWLRQ
RIJUDGXDWHPHGLFDOSK\VLFVSURJUDPVDW
ERWKWKH8QLYHUVLW\RI&KLFDJRDQG5XVK
3UHVE\WHULDQ6W/XNH·V0HGLFDO&HQWHU+H
DOVRZRUNHGD\HDUIRUWKH,QWHUQDWLRQDO
$WRPLF(QHUJ\$JHQF\DQGZDVDFWLYH
LQWKH:RUOG+HDOWK2UJDQL]DWLRQDQG
XOWLPDWHO\WKH,QWHUQDWLRQDO2UJDQL]DWLRQ
IRU0HGLFDO3K\VLFV ,203 +H
VSHDUKHDGHGWKHHVWDEOLVKPHQWRIWKH
'U/DQ]OZLWK'U/HVWHU6NDJJVDQG'RQDOG'DYLGVRQZLWKDFREDOWURWDWLRQDO
,203EXOOHWLQ0HGLFDO3K\VLFV:RUOGDQG
WKHUDS\PDFKLQH
ZDVLWVÀUVW(GLWRU+HDVVLVWHGPHGLFDO
SK\VLFLVWVLQGHYHORSPHQWRIWKHLUSURIHVVLRQLQQXPHURXVFRXQWULHVZRUOGZLGH+HDOVR
VHUYHGDVDFRQVXOWDQWRQPHGLFDOSK\VLFVLQYDULRXVFRXQWULHVDQGDV3UHVLGHQWRIWKH$$30
DQGWKH,203
$PRQJPDQ\KRQRUVEHVWRZHGXSRQKLPZDVWKH:LOOLDP'&RROLGJH$ZDUGIURPWKH
´&OLQLFDO5DGLRWKHUDS\3K\VLFVµDWH[WERRN'U/DQ]OZURWHZLWK
$$30LQ7KH/DQ]O,QVWLWXWHLQ6HDWWOHDPHGLFDOSK\VLFVUHVHDUFKLQVWLWXWLRQZDV
6XEUDPDQLD-D\DUPDQ
HVWDEOLVKHGDQGQDPHGLQKLVKRQRU$IWHUEHFRPLQJDSURIHVVRUHPHULWXVDWWKH8QLYHUVLW\
RI&KLFDJRKHFRQWLQXHGWREHDFWLYHKHDGLQJWKHPHGLFDOSK\VLFVSURJUDPDW5XVK
3UHVE\WHULDQ6W/XNH·VIRUVRPHWLPH+RZHYHULI\RXKDGDVNHGKLPZKDWKHFRQVLGHUHGWREHKLVJUHDWHVWSURIHVVLRQDODFKLHYHPHQW
KHZRXOGPRVWOLNHO\KDYHUHVSRQGHGDVKHGLGZKHQKHUHFHLYHGWKH&RROLGJH$ZDUG´WRLPSURYHSHRSOH·VKHDOWKDQGHVWDEOLVKWKH
SURIHVVLRQRIPHGLFDOSK\VLFVDQGE\GRLQJWKHVHWKLQJVWRPDNHWKHZRUOGDOLWWOHPRUHFLYLOL]HGµ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



-RKQ6/DXJKOLQ
+HUHFHLYHGKLV3K'LQ1XFOHDU3K\VLFVIURPWKH8QLYHUVLW\RI,OOLQRLVLQZKHUHKHSHUIRUPHGUHVHDUFKRQSDUWLFOHDFFHOHUDWRUV
LQSDUWLFXODURQHDUO\F\FORWURQVZLWK3URI3*.UXJHUDQG3URI'.HUVWZKRZDVDZDUGHGWKH1REHO3UL]HIRUKLVLQYHQWLRQRIWKH
EHWDWURQ7KHVH\HDUVFXOPLQDWHGLQWKHÀUVWXVHRIKLJKHQHUJ\HOHFWURQVSURGXFHGE\DEHWDWURQGHGLFDWHGWRWKHSXUSRVHRIUDGLDWLRQ
WKHUDS\,Q-RKQ/DXJKOLQEHFDPHWKHFKDLUPDQRI0HGLFDO3K\VLFVDW0HPRULDO6ORDQ.HWWHULQJDSRVLWLRQZKLFKKHKHOGXQWLO
+HLVSRVVLEO\EHVWNQRZIRUKLVSLRQHHULQJHIIRUWVLQGHYHORSLQJFOLQLFDOXVHVRIKLJKHQHUJ\HOHFWURQVDQGWKHGHYHORSPHQW
RIGRVLPHWULFDQGFDORULPHWULFPHWKRGVIRUPHDVXULQJWKHHQHUJ\ÁX[RIHOHFWURQV'XULQJKLVFDUHHUKHSLRQHHUHGGHYHORSPHQWV
LQHYHU\DUHDRIGLDJQRVWLFDQGWKHUDSHXWLFUDGLRORJLFDOSK\VLFV5HFRJQL]LQJWKHSRWHQWLDORIVKRUWOLYHGSRVLWURQHPLWWLQJQXFOLGHV
SDUWLFXODUO\&12DQG)LQKHLQVWDOOHGWKHÀUVWPHGLFDOF\FORWURQLQDKRVSLWDO DQGLQWKHKHDUWRI1HZ<RUN&LW\ 
ZKLFKUHPDLQHGRSHUDWLRQDOXQWLO
,QWKHVKLJKHQHUJ\RSWLPL]HGZKROHERG\UHFWLOLQHDUVFDQQHUV
ZHUHEXLOWDVZHOODVDODUJHÀHOGGXDOKHDGFRLQFLGHQFHJDPPDFDPHUD
IRUG\QDPLFVWXGLHV7KHVHGHYLFHVSLRQHHUHGGLJLWDOGDWDDFTXLVLWLRQDQG
FRPSXWHUSURFHVVLQJIRUGLJLWDOGLVSOD\DQGTXDQWLWDWLRQ,QDGGLWLRQWR
EHLQJ&KDLUPDQRIWKH'HSDUWPHQWRI0HGLFDO3K\VLFVRI0HPRULDO+RVSLWDO
DQG3URIHVVRURI5DGLRORJ\DW&RUQHOO8QLYHUVLW\0HGLFDO&ROOHJH-RKQ
DOVRVHUYHGDVYLFHSUHVLGHQWRIWKH6ORDQ.HWWHULQJ,QVWLWXWH>@
DQGFKLHIRIWKH,QVWLWXWH·V/DERUDWRU\RI%LRSK\VLFVIURPWR+H
ZDVHOHFWHG3UHVLGHQWRIWKH$$30>@5DGLDWLRQ5HVHDUFK6RFLHW\
>@,QWHUQDWLRQDO2UJDQL]DWLRQRI0HGLFDO3K\VLFV>@+HDOWK
3K\VLFV6RFLHW\>@DQGVHUYHGDV9LFH3UHVLGHQWRIWKH5DGLRORJLFDO
6RFLHW\RI1RUWK$PHULFD>@)RUPDQ\\HDUVKHVHUYHGRQWKH
SK\VLFVSDQHORIWKH$PHULFDQ%RDUGRI5DGLRORJ\+HZDVDZDUGHGE\WKH
$PHULFDQ$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQHDQRUJDQL]DWLRQRIZKLFKKH
ZDVDIRXQGHULWPRVWSUHVWLJLRXVSUL]HWKH:LOOLDP'&RROLGJH$ZDUGLQ
'U/DXJKOLQDQGWKHÀUVWPHGLFDOF\FORWURQLQDKRVSLWDO DQGLQWKHKHDUWRI1HZ<RUN&LW\ 
ZKLFKUHPDLQHGRSHUDWLRQDOXQWLO
+HDOVRUHFHLYHGWKH'LVWLQJXLVKHG6FLHQWLÀF$FKLHYHPHQW$ZDUGRI
WKH+HDOWK3K\VLFV6RFLHW\LQWKH$HEHUVROG$ZDUGRIWKH6RFLHW\RI
1XFOHDU0HGLFLQHLQWKHJROGPHGDORIWKH$PHULFDQ&ROOHJHRI5DGLRORJ\LQDQGWKHJROGPHGDORIWKH$PHULFDQ6RFLHW\
IRU7KHUDSHXWLF5DGLRORJ\DQG2QFRORJ\LQ+HGLHGLQ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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3DXO&/DXWHUEXU
3DXO/DXWHUEXUZDVDQ$PHULFDQFKHPLVWZKRVKDUHGWKH1REHO3UL]HLQ3K\VLRORJ\DQG0HGLFLQHLQZLWK3HWHU0DQVÀHOGIRU
ZRUNRQWKHGHYHORSPHQWRIPDJQHWLFUHVRQDQFHLPDJLQJ 05, 
+HZDVERUQQLQ6LGQH\2+DQGGLGKLVXQGHUJUDGXDWHZRUNDW&DVH,QVWLWXWHRI7HFKQRORJ\LQ&OHYHODQG+HWKHQZRUNHGDW
WKH0HOORQ,QVWLWXWHODERUDWRULHVRIWKH'RZ&RUQLQJ&RUSZLWKDWZR\HDUEUHDNWRVHUYHDWWKH$UP\&KHPLFDO&HQWHULQ0DU\ODQG
:KLOHZRUNLQJDW0HOORQKHDOVRVWXGLHGDWWKH8QLYHUVLW\RI3LWWVEXUJKJUDGXDWLQJZLWKD
3K'LQ+HWKHQEHFDPH$VVRFLDWH3URIHVVRUDWWKH6WDWH8QLYHUVLW\RI1<DW6WRQ\
%URRN'XULQJKHZRUNHGLQWKH&KHPLVWU\'HSDUWPHQWDW6WDQIRUG8QLYHUVLW\
GRLQJQXFOHDUPDJQHWLFUHVRQDQFHUHVHDUFK+HUHWXUQHGWR6WRQ\%URRNDQGFRQWLQXHG
WKHUHXQWLOZKHQKHPRYHGWRWKH8QLYHUVLW\RI,OOLQRLVDW8UEDQD
:KLOH%ORFNDQG3XUFHOOUHFHLYHGWKH1REHO3UL]HLQ3K\VLFVIRUWKHGHYHORSPHQW
RI105LWZDVQRWXQWLOWKH·VWKDW105FRXOGEHXVHGIRULPDJLQJRIWKHKXPDQ
ERG\GXHWRWKHZRUNRI/DXWHUEXUDQG0DQVÀHOG/DXWHUEXUXVHGWKHLGHDRI*DELOODUGRI
LQWURGXFLQJJUDGLHQWVLQWKHPDJQHWLFÀHOGZKLFKDOORZHGIRUGHWHUPLQLQJWKHRULJLQRIWKH
UDGLRZDYHVHPLWWHGIURPWKHQXFOHLRIWKHREMHFWVRIVWXG\7KLVVSDWLDOLQIRUPDWLRQDOORZV
WZRGLPHQVLRQDOSLFWXUHVWREHSURGXFHG
7KHEHVW105PDFKLQHDW6WRQ\%URRNDWWKDWWLPHZDVLQWKH&KHPLVWU\'HSDUWPHQW
ZKLFK/DXWHUEXUZRXOGKDYHWRYLVLWDWQLJKWWRXVHLWIRUKLVH[SHULPHQWV6RPHRIWKH
ÀUVWLPDJHVWKDWKHWRRNZHUHWKRVHRIDFODPJUHHQSHSSHUVDQGWZRWHVWWXEHVRIKHDY\
ZDWHUZLWKLQDEHDNHURIRUGLQDU\ZDWHUQRRWKHULPDJLQJWHFKQLTXHDWWKDWWLPHFRXOG
GLVWLQJXLVKEHWZHHQWKHWZRNLQGVRIZDWHU

3DXO&/DXWHUEXUUHFHLYLQJKLV1REHO3UL]HIURP+LV0DMHVW\.LQJ
&DUO;9,*XVWDIRI6ZHGHQDWWKH6WRFNKROP&RQFHUW+DOO'HFHPEHU
&RS\ULJKW7KH1REHO)RXQGDWLRQ3KRWR+DQV0HKOLQ

:KHQ/DXWHUEXUÀUVWVXEPLWWHGDSDSHUZLWKKLVGLVFRYHULHVWR1DWXUHWKHSDSHUZDV
UHMHFWHGE\WKHHGLWRUVEHFDXVHWKHLPDJHVZHUHWRRIX]]\+HUHTXHVWHGDVHFRQGUHYLHZ
DQGWKHSDSHUZDVSXEOLVKHG$WWKHWLPHRIKLVLQLWLDOUHMHFWLRQ/DXWHUEXUVWDWHG´<RX
FRXOGZULWHWKHHQWLUHKLVWRU\RIVFLHQFHLQWKHODVW\HDUVLQWHUPVRISDSHUVUHMHFWHGE\
6FLHQFHDQG1DWXUHµ:KLOH/DXWHUEXUZDVXQDEOHWRSHUVXDGH681<WRÀOHSDWHQWVRQKLV
ZRUNWRFRPPHUFLDOL]HWKHGLVFRYHU\WKH8QLYHUVLW\RI1RWWLQJKDPGLGÀOHSDWHQWVZKLFK
ODWHUPDGH0DQVÀHOGDZHDOWK\PDQ+HGLHGLQ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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&&OLIWRQ/LQJ
&&OLIWRQ/LQJZDVERUQLQ&KLQDJUHZXSLQ+RQJ.RQJDQGUHFHLYHGKLVSULPDU\DQGVHFRQGDU\HGXFDWLRQ
IURP/D6DOOH&ROOHJH+HREWDLQHGKLV3K'GHJUHHLQQXFOHDUSK\VLFVIURPWKH8QLYHUVLW\RI:DVKLQJWRQ
6HDWWOHLQ+HWKHQZDVDUHVHDUFKIHOORZLQUDGLDWLRQELRSK\VLFVDWWKH6ORDQ.HWWHULQJ,QVWLWXWH+H
KDVKHOGDFDGHPLFDSSRLQWPHQWVDWWKH0DVVDFKXVHWWV*HQHUDO+RVSLWDO+DUYDUG0HGLFDO6FKRRO*HRUJH
:DVKLQJWRQ8QLYHUVLW\DQGWKH8QLYHUVLW\RI&DOLIRUQLD6DQ)UDQFLVFR,QKHUHWXUQHGWR0HPRULDO
6ORDQ.HWWHULQJDVWKH(QLG+DXSW3URIHVVRUDQG&KDLURIWKH'HSDUWPHQWRI0HGLFDO3K\VLFVDQG3URIHVVRURI
5DGLRORJ\>3K\VLFV@DW&RUQHOO8QLYHUVLW\0HGLFDO&ROOHJH,QKHVWHSSHGGRZQDV&KDLUWRMRLQ9DULDQ
0HGLFDO6\VWHPVDV'LUHFWRURI$GYDQFHG&OLQLFDO5HVHDUFKDQGPDLQWDLQHGKLVUHVHDUFKDW06.&&

'U/LQJ·VUHVHDUFKLQWHUHVWVUDQJHIURPWKHIXQGDPHQWDOVRIFDQFHUUDGLDWLRQELRORJ\WRRSWLPL]HGUDGLDWLRQ
WUHDWPHQWSODQQLQJDQGGHOLYHU\DQGPRUHUHFHQWO\ELRORJLFDOLPDJLQJDVDSSOLHGWRFDQFHUPDQDJHPHQW+H
KDVFRQWULEXWHGWREUDFK\WKHUDS\GRVLPHWU\SDUWLFXODUO\RIVHHGV,QFROODERUDWLRQZLWKRWKHUVFLHQWLVWV
DQGFOLQLFLDQVKHKDVSDUWLFLSDWHGLQWKHGHYHORSPHQWRI'&57DQG,057DQGXVKHUHGLQWKHZLGHVSUHDGXVH
RIWKHVHDGYDQFHGWHFKQLTXHV,QELRORJLFDOUHVHDUFK'U/LQJKDVVWXGLHGR[\JHQHIIHFWGRVHUDWHHIIHFWVDQG
WKHUHSDLURIVXEOHWKDOGDPDJHK\SR[LFFHOOUDGLRVHQVLWL]DWLRQUDGLDWLRQLQGXFHGFDUFLQRJHQHVLVDQGDSRSWRVLV
DQGWKHHIIHFWVRIRQFRJHQHVRQUDGLRVHQVLWLYLW\6XEVHTXHQWO\KLVODERUDWRU\IRFXVHGRQWKHELRORJLFDOEDVLVRI
PROHFXODUDQGIXQFWLRQDOLPDJLQJ+LVSXEOLVKHGSDSHUVQXPEHURYHU
'U/LQJDFWLYHO\SDUWLFLSDWHGLQPDQ\VRFLHWLHVVXFKDVWKH$$305DGLDWLRQ5HVHDUFK$6752DQGVHUYHGRQ
WKH86$DQG&DQDGLDQ1&,SDQHOVDQGWKH1XFOHDU5DGLDWLRQ6WXGLHV%RDUGRIWKH86$1DWLRQDO$FDGHPLHV
'U/LQJKDVUHFHLYHGQXPHURXVKRQRUVDQGDZDUGVLQFOXGLQJWKH5D\%XVK9LVLWLQJ3URIHVVRUVKLSDW3ULQFHVV
0DUJDUHW+RVSLWDOWKH6XQWKDUDOLQJDP/HFWXUHVKLSRI7KRPDV-HIIHUVRQ8QLYHUVLW\6SHDNHUDWWKH5R\DO
&ROOHJHRI3K\VLFLDQVDQG6XUJHRQVRI&DQDGDWKH,UD6SLUR9LVLWLQJ3URIHVVRURI+DUYDUG0HGLFDO6FKRROWKH
)UDQ]%XVFKNH/HFWXUHURIWKH8&6)DQGWKH-DPHV3XUG\/HFWXUHURIWKH:DVKLQJWRQ8QLYHUVLW\6W/RXLV+H
UHFHLYHGWKH(6752+RQRUDU\0HPEHULQWKH$$30&RROLGJH$ZDUGLQWKH*ROG0HGDOIURP
$6752LQWKH/LIHWLPH$FKLHYHPHQWDQG&RQWULEXWLRQ$ZDUG5DGLDWLRQ2QFRORJ\6RFLHW\5HSXEOLFRI
&KLQDDQGZDVWKHWK)DLOOD/HFWXUHURI5DGLDWLRQDQG0HGLFDO3K\VLFV6RFLHW\DQG1<+HDOWK3K\VLFV
6RFLHW\LQ
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3URIHVVRU-LP0DORQH
3URIHVVRU-LP0DORQH3K'0$),3(0))5 5&6, LVV\QRQ\PRXVZLWK0HGLFDO3K\VLFVLQ,UHODQG+HLVWKH5REHUW%R\OH3URIHVVRU
(PHULWXV RI0HGLFDO3K\VLFVDW7ULQLW\&ROOHJH'XEOLQDQGLVZHOONQRZQWRFROOHDJXHVLQWKHLQWHUQDWLRQDOFRPPXQLW\KDYLQJFR
FRRUGLQDWHGRUEHHQFORVHO\LQYROYHGZLWKDERXW(&IXQGHGUHVHDUFKSURMHFWV7KHVHUHVXOWHGLQVLJQLÀFDQWFRQWULEXWLRQVWRWK\URLG
UDGLRELRORJ\DQGGRVLPHWU\GLDJQRVWLFUDGLRORJ\SK\VLFVDQGMXVWLÀFDWLRQRIGLDJQRVWLFPHGLFDOH[SRVXUHV+HHVWDEOLVKHGWKHÀUVWDQG
ODUJHVW0HGLFDO3K\VLFVDQG%LRHQJLQHHULQJ'HSDUWPHQWLQ,UHODQGDW6W-DPHV·V+RVSLWDO'XEOLQ2YHUPHGLFDOSK\VLFLVWVFOLQLFDO
HQJLQHHUVDQGWHFKQLFLDQVKDYHEHHQHGXFDWHGWUDLQHGDQGPHQWRUHGWKURXJKWKHIUDPHZRUNKHFUHDWHGPDQ\RIZKRPKDYHJRQHRQ
WREHFRPHOHDGHUVLQWKHSURIHVVLRQ0XFK,ULVKVHUYLFHDQGDFDGHPLFRXWSXWLQWKHDUHDFDQEHWUDFHGWR-LP·VLQLWLDWLYHV

-RKQ6\QJH·V´6FKURGLQJHULQWKHKDQGRI*RGµ-LPHWDO
UHVFXHGWKLVÀQHSLFWXUHIRUSRVWHULW\,WZDVORDQHGIRUDQ
H[KLELWLRQDQGVXEVHTXHQWO\ORVW6FKURGLQJHUOLYHGLQ'XEOLQ


-LPEULQJVDFXULRVLW\DERXWHYHU\WKLQJWR
KLVWKLQNLQJRQWKHUROHRIWKHVFLHQFHVLQ
PHGLFLQHDQGVRFLHW\2QFHDFDQGLGDWHIRU
)UDQFLVFDQOLIHKHUHFRQVLGHUHGDQGFKRVH
PHGLFDOSK\VLFV+HUHWDLQHGDGHHSLQWHUHVW
LQWKHKXPDQLWLHVSDUWLFXODUO\LQOLWHUDWXUH
WKHYLVXDODUWVVSLULWXDOLW\KLVWRU\DQG
SKLORVRSK\,QUHFHQW\HDUVKHWRRNDQ0$
RQSHUVRQDOVSLULWXDOWLHVZKLFKXQH[SHFWHGO\
OHGKLPWRH[SORUHHWKLFDOLVVXHVLQUDGLDWLRQ
SURWHFWLRQIURPPHGLFDOH[SRVXUHVDWRSLF
WRZKLFKKHQRZFRQWULEXWHVSURIHVVLRQDOO\
3URFHVVLRQ)URQW6TXDUH7ULQLW\&ROOHJHIRURSHQLQJRIQHZ0HGLFDO6FKRRO%XLOGLQJ
+LVEURDGYLHZFRQWULEXWHGWRKLV
 -LPWKURZIURPIURQW
DSSRLQWPHQWDVWKHÀUVWQRQPHGLFDO'HDQ
VLQFHRIWKH6FKRRORI0HGLFLQHDQG
)DFXOW\RI+HDOWK6FLHQFHVLQ7ULQLW\&ROOHJH
-LPKDVDQRQJRLQJLQWHUHVWLQWKHFDUHHURI5REHUW%R\OHVHYHQWHHQWKFHQWXU\VFLHQWLVWDQG
SRO\PDWKDQGH[FHOOHQWPRGHOIRUWKRVHVWULYLQJWREULQJPRUHVFLHQFHLQFOXGLQJSK\VLFVLQWR
PHGLFLQH

-LPKDVPDGHPDQ\QDWLRQDODQGLQWHUQDWLRQDOFRQWULEXWLRQV+HKDVEHHQD&RQVXOWDQWZLWKWKH,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\
,$($ LQ9LHQQDVLQFHDQGLVDUHJXODUFRQWULEXWRUWRWKH(XURSHDQ6FKRRORI0HGLFDO3K\VLFVLQ*HQHYD+HLV&KDLUPDQRIWKH
,(&·V ,QWHUQDWLRQDO(OHFWURWHFKQLFDO&RPPLVVLRQ 0HGLFDO,PDJLQJ&RPPLWWHHDQGKDVEHHQD%RDUGPHPEHURILQVWLWXWLRQV+HKDV
RYHUSXEOLFDWLRQVDQGZDVDZDUGHGDQ+RQRUDU\)HOORZVKLSLQ5DGLRORJ\IURPWKH5R\DO&ROOHJHRI6XUJHRQVLQ,UHODQG
-LPGLUHFWHGWZR0HUULPDQ6XPPHU6FKRROVDSUHVWLJLRXVLQFLVLYHDQGVRPHWLPHVLUUHYHUHQWDQQXDOWKLQNLQFHOHEUDWLQJDQGGLVVHFWLQJ
,ULVK/LIHDQG&XOWXUH+HLVDQDFFRPSOLVKHGVHWGDQFHUZLWKDSUHIHUHQFHIRU&ODUH5HHOVDQGDUHJXODUDWWKHDWUHVDQGFRQFHUWV
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3HWHU0DQVÀHOG
6LU3HWHU0DQVÀHOG)56ZDVDZDUGHGWKH1REHO3UL]HLQ3K\VLRORJ\RU0HGLFLQHIRUKLVZRUNLQGHYHORSLQJ
PDJQHWLFUHVRQDQFHLPDJLQJ 05, 0DQVÀHOGSURYLGHGWKHPDWKHPDWLFVQHHGHGWRSURGXFHDXVHIXOLPDJHIURP05,
UDGLRVLJQDOV+HDOVRGHYHORSHGHFKRSODQDULPDJLQJDWHFKQLTXHZKLFKPDGHIXQFWLRQDO05, I05, SRVVLEOH
+HZDVERUQLQDQGOHIWVFKRRODWÀIWHHQDIWHUEHLQJWROGE\DFDUHHUVWHDFKHUWKDWVFLHQFHZDVQ·WIRUKLP
+RZHYHUKHODWHUZHQWRQWRVWXG\SK\VLFVDW4XHHQ0DU\&ROOHJH/RQGRQJDLQLQJD3K'LQ7KLVZDVIROORZHGE\
DSRVWGRFWRUDOSHULRGLQWKH86$,QKHMRLQHGWKH'HSDUWPHQWRI3K\VLFVDWWKH8QLYHUVLW\RI1RWWLQJKDPDVD
/HFWXUHUZKHUHKHFRQWLQXHGKLVVWXGLHVLQPXOWLSOHSXOVH105+HZDVVXFFHVVLYHO\DSSRLQWHG6HQLRU/HFWXUHULQ
DQG5HDGHULQ
%\WKHHDUO\VKHZDVZRUNLQJRQWKHDSSOLFDWLRQRI1XFOHDU0DJQHWLF5HVRQDQFH
105 WRLPDJLQJUHVHDUFKWKDWOHGGLUHFWO\WRWKHGHYHORSPHQWRI05,6LU3HWHU·V
ÀUVWSDSHURQ05,ZDVSUHVHQWHGDWWKHÀUVW6SHFLDOLVHG&ROORTXH$PSHUHLQ
7KHÀUVWLPDJHRIDOLYLQJREMHFWZDVSHUIRUPHGLQ7KHRQO\WKLQJ6LU3HWHUDQG
KLVWHDPFRXOGVTXHH]HLQWRWKHWLQ\VFDQQHUZDVWKHÀQJHURIRQHRIKLVVWXGHQWV
$QGUHZ0DXGVOH\,Q6LU3HWHURIIHUHGKLPVHOIDVWKHÀUVWZKROHERG\KXPDQ
YROXQWHHU+HVXEVHTXHQWO\VKRZHGKRZIDVWLPDJLQJFRXOGEHSRVVLEOHE\GHYHORSLQJ
WKH05,SURWRFROFDOOHGHFKRSODQDULPDJLQJOHDGLQJWRIXQFWLRQDO05, I05, 
+HZDVPDGH3URIHVVRURIWKH'HSDUWPHQWRI3K\VLFVLQDSRVWKHKHOGXQWLOKLV
UHWLUHPHQWLQ

05,VFDQQHU&RS\ULJKW7KH:HOOFRPH7UXVW

)RUKLVZRUNLQWKHGHYHORSPHQWRI05,0DQVÀHOGZDVDZDUGHGD1REHO3UL]HLQ
ZKLFKKHVKDUHGZLWK3DXO/DXWHUEXURIWKH8QLWHG6WDWHV+LVZRUNKDVDOVREHHQ
UHFRJQLVHGZLWKDNQLJKWKRRGDQGDIHOORZVKLSRIWKH5R\DO6RFLHW\ )56 ,Q
WKH%ULWLVK3ULPH0LQLVWHU*RUGRQ%URZQSUHVHQWHGKLPZLWKD/LIHWLPH$FKLHYHPHQW
$ZDUG+HFRQWLQXHVWRZRUNRQWKHVDIHW\DQGDFRXVWLFVFUHHQLQJRI05,
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6|UHQ0DWWVVRQ
6|UHQ0DWWVVRQVWDUWHGKLVFDUHHUVWXG\LQJUDGLDWLRQSK\VLFVDW/XQG8QLYHUVLW\LQWKHHDUO\V$OUHDG\WKHQKHVKRZHGDQ
RXWVWDQGLQJFXULRVLW\DQGGHWHUPLQDWLRQWRIRUPXODWHVWUDWHJLHVWRVROYHSUREOHPVDQGWRÀQGDQVZHUV+LVIRUPDOVWXGLHVHQGHG
XSZLWKD3K'LQEDVHGRQDWKHVLVDERXWWUDQVIHURIUDGLRQXFOLGHVLQWKHIRRGFKDLQOLFKHQUHLQGHHUPDQ+LVSURIHVVLRQDO
FDUHHUVWDUWHGDVDPHGLFDOSK\VLFLVWLQ0DOP|DQGLQKHEHFDPHSURIHVVRUDQGKHDGRI5DGLDWLRQ3K\VLFVLQ*RWKHQEXUJ+LV
DGPLQLVWUDWLYHFDSDFLW\UHVXOWHGLQVHWWLQJXSUHVHDUFKJURXSVLQDOOÀHOGVRIPHGLFDOSK\VLFVUDLVHWKHQHFHVVDU\IXQGVDQGÀOOWKHJURXSV
ZLWKHQWKXVLDVWLFVWXGHQWV7KLVZDVUHSHDWHGDQGHYHQPRUHVXFFHVVIXOZKHQKHUHWXUQHGWR/XQG8QLYHUVLW\DW0DOP|LQDV
SURIHVVRUDQGKHDGRIDQHZGHSDUWPHQWRIUDGLDWLRQSK\VLFV+HVWD\HGWKHUHXQWLOKLVUHWLUHPHQWLQDQGVLQFHWKHQKHKDVEHHQ
6HQLRU3URIHVVRUWKHUH
+HLVNQRZQIRUKLVDQG
KLVFROOHDJXHV·ZRUNLQWKH
GHYHORSPHQWRIYDULRXVDUHDV
RIPHGLFDOSK\VLFVLQFOXGLQJ
UDGLRQXFOLGHLPDJLQJDQG
WUDFHUVWXGLHV[UD\LPDJLQJLQ
YLYRERG\FRPSRVLWLRQVWXGLHV
KHDY\PHWDOUHVHDUFKUDGLDWLRQ
WKHUDS\UDGLDWLRQGRVLPHWU\
UDGLDWLRQSURWHFWLRQDQG
HQYLURQPHQWDOUDGLRORJ\

)LJXUH6RPHRIWKHVWXGHQWVWKDW6|UHQKDVVXSHUYLVHGWRZDUGVWKHLU3K'GHJUHH
7KHSKRWRJUDSKLVIURPWKHGLQQHURIWKHV\PSRVLXPLQKRQRURIKLVFDUHHU

6|UHQ0DWWVVRQ·VFDUHHUVSDQ
PRUHWKDQ\HDUVGXULQJZKLFKDGYDQFHVLQPHGLFDOLPDJLQJUDGLRDQDO\WLFDO
WHFKQLTXHVDQGUDGLDWLRQWKHUDS\IDFLOLWDWHGKXJHLPSURYHPHQWVLQWKHGLDJQRVLV
DQGPDQDJHPHQWRIGLVHDVH+HKDVFRQWULEXWHGWRWKHGHYHORSPHQWRILQYLYR
[UD\ÁXRUHVFHQFHDQDO\VLVRIKHDY\PHWDOVQHZQXFOHDUPHGLFLQHPHWKRGVDQG
GRVLPHWU\[UD\WRPRV\QWKHVLVDVZHOODVUHWURVSHFWLYHGRVLPHWU\DQGGRVHHVWLPDWLRQV+HZDVDFWLYHLQWKHSODQQLQJRIDQDWLRQDO
6ZHGLVKSURWRQWKHUDS\DQGKDVHVWDEOLVKHGDYHU\DFWLYHFRRSHUDWLRQEHWZHHQ6ZHGLVKFROOHDJXHVDQGFROOHDJXHVLQWKH1RUGLF
FRXQWULHVLQ/LWKXDQLD8.*HUPDQ\5XVVLDDQGPDQ\RWKHUFRXQWULHV+LVOHDGHUVKLSRIWKH'HSDUWPHQWVLQ*RWKHQEXUJDQG0DOP|
FRPELQHGDQDFDGHPLFUROHLQWKHXQLYHUVLW\ZLWKDQDFWLYHUROHDVFKLHIRIWKHFOLQLFDOGHSDUWPHQWVWKHUH+HZDVKRQRUHGZLWKSULFHV
DQGDZDUGVIURPWKH6ZHGLVK6RFLHW\RI0HGLFLQHWKH1RUGLF6RFLHW\IRU5DGLDWLRQ3URWHFWLRQWKH6ZHGLVK6RFLHW\IRU5DGLDWLRQ
3K\VLFVDQGWKH6ZHGLVK6RFLHW\IRU5DGLDWLRQ%LRORJ\DVZHOODVWKH6W3HWHUVEXUJ5HVHDUFK,QVWLWXWHRI5DGLDWLRQ+\JLHQH+HZDV
DSSRLQWHGDVKRQRUDU\GRFWRUDW.DXQDV8QLYHUVLW\RI7HFKQRORJ\LQ,QWKHSHULRGWRKHZDVDQDFWLYHPHPEHURI
,&53&RPPLWWHH
)LJXUH3XOVHKHLJKWGLVWULEXWLRQUHFRUGHGDWWKHZRUOG·VÀUVWLQYLYR[UD\
ÁXRUHVFHQFHVWXG\RIOHDGLQDUHWLUHGZRUNHUIURPDPHWDOLQGXVWU\7KHOHDG
FRQFHQWUDWLRQLQWKHOHIWIRUHÀQJHUERQHZDVHVWLPDWHGWRDURXQGJJ>6FDQG-
:RUN(QY +HDOWK  @
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&KDUOHV$0LVWUHWWD
&KDUOHV$0LVWUHWWDUHFHLYHGKLV3K'IURP+DUYDUGLQDQGLQHQFRXUDJHGE\-RKQ&DPHURQEHJDQKLVFDUHHULQ0HGLFDO
3K\VLFVDWWKH8QLYHUVLW\RI:LVFRQVLQ'U0LVWUHWWDEHFDPHDIXOOSURIHVVRULQWKH'HSDUWPHQWRI5DGLRORJ\LQDQGLQZDV
GHVLJQDWHGDVWKH-RKQ5&DPHURQ3URIHVVRULQWKH'HSDUWPHQWVRI0HGLFDO3K\VLFV5DGLRORJ\DQG%LRPHGLFDO(QJLQHHULQJ
0LVWUHWWDKDVEHHQLQYROYHGLQQXPHURXVUHVHDUFKDUHDVUHODWHGWRWKHGHYHORSPHQWRIPRGHUQWLPHUHVROYHGDQJLRJUDSK\7KLVEHJDQ
ZLWKWKHGHYHORSPHQWRIGLJLWDOVXEWUDFWLRQDQJLRJUDSK\  7KHGHYHORSPHQWRIIDVWDQJLRJUDSKLFWHFKQLTXHVZDVWKHQH[WHQGHG
WRPDJQHWLFUHVRQDQFHDQJLRJUDSK\ZKHUHWKHGHYHORSPHQWRIKLJKO\XQGHUVDPSOHGDFTXLVLWLRQVXFKDV9,35DQGWKHLQWURGXFWLRQ
RIFRQVWUDLQHGUHFRQVWUXFWLRQWHFKQLTXHVOLNH+<35SHUPLWWHGYLRODWLRQVRIWKH1\TXLVWWKHRUHPE\IDFWRUVDVODUJHDV7KHVH
SULQFLSOHVZHUHH[WHQGHGWR;UD\DQJLRJUDSK\LQWKHIRUPRI'GLJLWDOVXEWUDFWLRQDQJLRJUDSK\>'6$@WKDWSURYLGHVWLPHUHVROYHG
'YROXPHVWLPHVIDVWHUWKDQWUDGLWLRQDOURWDWLRQDO''6$WHFKQLTXHV''6$LVFRPELQHGZLWK')OXRURVFRS\WKDWSURYLGHV
ÁXRURVFRSLFYLHZLQJIURPDUELWUDU\YLHZVZLWKRXWJDQWU\URWDWLRQ7KHVHWHFKQLTXHVFRPSOHWHDWKLUW\\HDUFLUFOHRIDQJLRJUDSKLF
GHYHORSPHQWWKDWSHUPLWWHGLPSURYHGOHVVLQYDVLYHGLDJQRVLVDQGVDIHULQWHUYHQWLRQV
'U0LVWUHWWDKDVWUDLQHGVRPHRIWKHPRVWSURPLQHQWLQYHVWLJDWRUVLQPHGLFDOLPDJLQJDQGKDVJUHDWO\EHQHÀWWHGIURPKLVDVVRFLDWLRQ
ZLWKWKHVHLQGLYLGXDOV+HKDVPHQWRUHG3K'VWXGHQWVDQGSRVWGRFWRUDOIHOORZV$PRQJWKHPDUH:LOOL.DOHQGHUSULPDU\
GHYHORSHURIVSLUDO&75REHUW.UXJHUFRLQYHQWRURI'6$DQGWKHUPRDFRXVWLF&76WHSKHQ5LHGHUHULQYHQWRURI05)OXRURVFRS\DQG
IDVW05,PHWKRGV2UKDQ1DOFLRJOXGHYHORSHURIFRQWUDVWHQKDQFHG05,PHWKRGVIRUEUHDVWFDQFHU%UXFH+DVHJDZDIRUGXDOPRGDOLW\
63(&7&7LPDJLQJ-DPHV'REELQV,,,GXDOHQHUJ\WRPRV\QWKHWLFFKHVWUDGLRJUDSK\DQG<L:DQJIDVWYDVFXODU05,DQGTXDQWLWDWLYH
VXVFHSWLELOLW\PHWKRGV
&KXFNSUHVHQWO\KROGVLVVXHGDQGSHQGLQJ86SDWHQWVDQGWKHLUIRUHLJQFRXQWHUSDUWV+HLVD)HOORZRIWKH$PHULFDQ$VVRFLDWLRQ
RI3K\VLFLVWVLQ0HGLFLQHDQGRIWKH$PHULFDQ,QVWLWXWHIRU0HGLFDODQG%LRORJLFDO(QJLQHHULQJ+HKDVUHFHLYHGWKH(GLWK4XLPE\
$ZDUGIRU/LIHWLPH$FKLHYHPHQWIURPWKH$$30DQGKDVEHHQDZDUGHGWKH-$OO\Q7D\ORU,QWHUQDWLRQDO3UL]HLQ0HGLFLQHDQGDQ0,7
7HFKQRORJ\$FKLHYHPHQW$ZDUG+HZDVWKH561$2XWVWDQGLQJ5HVHDUFKHUIRUDQGZDVUHFHQWO\VHOHFWHGE\WKH,QWHUQDWLRQDO
2UJDQL]DWLRQRI0HGLFDO3K\VLFVDVWKHUHFLSLHQWRIWKH0DULH&XULH6NâRGRZVND$ZDUG
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.ZDQ+RRQJ1J
3URIHVVRU.ZDQ+RRQJ1J3K'),300,3(0$%03&6FL)LQVW3$00LVDSURIHVVRUDWWKH'HSDUWPHQWRI%LRPHGLFDO,PDJLQJ8QLYHUVLW\RI0DOD\DDQGD&RQVXOWDQWRIWKH8QLYHUVLW\RI
0DOD\D0HGLFDO&HQWUH.XDOD/XPSXU0DOD\VLD
+HUHFHLYHGKLV06F 0HGLFDO3K\VLFV IURP8QLYHUVLW\RI$EHUGHHQDQG3K' 0HGLFDO3K\VLFV IURP8QLYHUVLW\RI0DOD\D+HLV$PHULFDQ%RDUGRI0HGLFDO3K\VLFVFHUWLÀHG+LVPDLQ
UHVHDUFKFRQWULEXWLRQVDUHLQUDGLRORJLFDOSURWHFWLRQUDGLDWLRQGRVLPHWU\ULVNFRPPXQLFDWLRQELRSK\VLFDOFKDUDFWHUL]DWLRQRIEUHDVWGLVHDVHVDQGTXDQWLÀFDWLRQRIEUHDVWGHQVLW\
3URI1J·VUHVHDUFKHIIRUWKDVOHGWRWKHSXEOLFDWLRQLQD
UHFHQW/DQFHW2QFRORJ\SDSHUFDOOLQJIRUVWDQGDUGL]DWLRQRI
EUHDVWGHQVLW\PHDVXUHPHQWWKDWZLOOKDYHVLJQLÀFDQWLPSDFW
RQLPSURYLQJWKHSUHGLFWDELOLW\RIEUHDVWFDQFHUULVN
3URI1JDOVRHVWDEOLVKHGWKH0DVWHURI0HGLFDO3K\VLFV
SURJUDPDWWKH8QLYHUVLW\RI0DOD\D.XDOD/XPSXULQ
ZKLFKZDVDZDUGHGWKH,QVWLWXWHRI3K\VLFVDQG(QJLQHHULQJ
,3(0 DFFUHGLWDWLRQLQ$WSUHVHQWWKLVLVWKHRQO\VXFK
DFFUHGLWHGSURJUDPRXWVLGHWKH%ULWLVK,VOHV
$SUROLÀFZULWHU3URI1JKDVDXWKRUHGFRDXWKRUHGRYHU
SDSHUVLQSHHUUHYLHZHGMRXUQDOVFRQIHUHQFHSURFHHGLQJV
SDSHUVDQGERRNFKDSWHUVDVZHOODVHGLWHGIRXU
ERRNV+HKDVDOVRRUJDQL]HGDQGGLUHFWHGVHYHUDOORFDO
LQWHUQDWLRQDOZRUNVKRSVRQUDGLRORJ\TXDOLW\DVVXUDQFHUDGLDWLRQSURWHFWLRQGLJLWDOLPDJLQJDQGVFLHQWLÀFZULWLQJ
,OOXVWUDWLRQ3URIHVVRU1JZLWK3URIHVVRU-RKQ&DPHURQ3URIHVVRU1JGHOLYHUHG
WKHWKH6HFRQG-RKQ&DPHURQ0HPRULDO/HFWXUHDW6HDFRPS·0DQLODLQ

$VWKHFRIRXQGHUDQGFRHGLWRULQFKLHIRIWKHRSHQDFFHVVHMRXUQDO%LRPHGLFDO,PDJLQJDQG,QWHUYHQWLRQ-RXUQDO ZZZELLMRUJ 
3URI1JLVSDVVLRQDWHDERXWHQFRXUDJLQJDFDGHPLFSXEOLVKLQJ3URI1JLVDOVRLQWKHHGLWRULDOERDUGDQGDGYLVRU\ERDUGRIVHYHUDO
MRXUQDOVLQFOXGLQJ(XURSHDQ-RXUQDORI0HGLFDO3K\VLFV6LQJDSRUH0HGLFDO-RXUQDO-RXUQDORI0HFKDQLFVLQ0HGLFLQHDQG%LRORJ\
,QWHUQDWLRQDO-RXUQDORI0HGLFDO3K\VLFV&OLQLFDO(QJLQHHULQJDQG5DGLDWLRQ2QFRORJ\DQG:RUOG-RXUQDORI5DGLRORJ\

,OOXVWUDWLRQ2QHRIWKHERRNVHGLWHGE\3URIHVVRU1J

3URI1JLVDQ,$($H[SHUWFRQVXOWDQWDQGKDVVHUYHGLQWKLVFDSDFLW\LQWKHGUDIWLQJFRPPLWWHHIRUVHYHUDO,$($SXEOLFDWLRQV+HLVDOVRDPHPEHURI,QWHUQDWLRQDO$GYLVRU\&RPPLWWHH
(0) RIWKH:RUOG+HDOWK2UJDQL]DWLRQDQGKDVVHUYHGDVDFRQVXOWLQJH[SHUWIRUWKH,QWHUQDWLRQDO&RPPLVVLRQRQ1RQ,RQL]LQJ5DGLDWLRQ3URWHFWLRQ ,&1,53 
3URI1JLVDFWLYHO\LQYROYHGLQUHJLRQDODQGLQWHUQDWLRQDOSURIHVVLRQDORUJDQLVDWLRQVLQFOXGLQJDVWKH)RXQGLQJ3UHVLGHQWRIWKH6RXWK(DVW$VLDQ)HGHUDWLRQRI0HGLFDO3K\VLFV 
 DQGWKH,PPHGLDWH3DVW3UHVLGHQWRIWKH$VLD2FHDQLD)HGHUDWLRQRI2UJDQL]DWLRQVIRU0HGLFDO3K\VLFV  +HZDV&KDLUPDQ,QWHUQDWLRQDO$GYLVRU\%RDUGRIWKH
,QWHUQDWLRQDO2UJDQL]DWLRQRI0HGLFDO3K\VLFV,QWKLVUROHKHHQFRXUDJHGDQGVWLPXODWHGWKHIRUPDWLRQRIWZRQHZ,203UHJLRQDOFKDSWHUV
+HDOVRVHUYHGDV&KDLUPDQ,2033XEOLFDWLRQ&RPPLWWHH
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)ULGWMRI1VVOLQ
*URZLQJXSLQQXFOHDUSK\VLFV)ULGWMRI1VVOLQFKDQJHGWRPHGLFDOSK\VLFVLQZKHQKHZDVDSSRLQWHGDVSK\VLFLVWLQWKH
UDGLRWKHUDS\FOLQLFDWWKHQHZO\HVWDEOLVKHG0HGLFDO6FKRROLQ+DQQRYHU,QKHZDVDSSRLQWHG&KDLURIWKH'HSDUWPHQWIRU0HGLFDO
3K\VLFVDWWKH8QLYHUVLW\RI7ELQJHQ+HUHWLUHGLQDQGPRYHGWRWKH7HFKQLVFKH8QLYHUVLWlW0QFKHQZKHUHKHZDVLQYLWHG
WRZRUNDV9LVLWLQJ3URIHVVRUIRU%LRPHGLFDO3K\VLFVDWWKH'HSDUWPHQWIRU5DGLRRQFRORJ\,QKHZDVDZDUGHG'LVWLQJXLVKHG
$IÀOLDWHG3URIHVVRURIWKH7HFKQLVFKH8QLYHUVLWlW0QFKHQDQG)HOORZRIWKH,QVWLWXWHRI$GYDQFHG6WXG\
2QHRIKLVPDMRUVFLHQWLÀFLQWHUHVWVZDVWREULGJHLPDJLQJDQGUDGLRWKHUDS\
WHFKQRORJLHVWRRSWLPL]HGLDJQRVLVDQGWUHDWPHQWRIFDQFHU([DPSOHVDUH
KLVSLRQHHULQJZRUNLQWKHHDUO\&7HUDXSWRWKHUHFHQWDFKLHYHPHQWVRIKLV
ZRUNLQJJURXSLQWKHDSSOLFDWLRQRIPROHFXODULPDJLQJLQUDGLRWKHUDS\WUHDWPHQW
RSWLPL]DWLRQ+LVJURXSZDVWKHÀUVWWRGHYHORSDQDOJRULWKPIRUDFRPELQHG
SK\VLFDODQGELRORJLFDOGRVHSODQQLQJRSWLPL]DWLRQ +<3(5,21 6LQFHLWVODXQFK
LQ1VVOLQKDVSOD\HGDQDFWLYHUROHLQWKHUHVHDUFKFOXVWHU0XQLFK$GYDQFHG
3KRWRQLFV 0$3 WRLQYHVWLJDWHWKHDSSOLFDWLRQRIODVHUWHFKQRORJLHVWREHXWLOL]HG
IRULPDJLQJDQGSDUWLFOHEHDPUDGLRWKHUDS\0RVWUHFHQWO\KHLVSURPRWLQJWKHQHZ
ÀHOGRIVPDOODQLPDOKLJKSUHFLVLRQLPDJHJXLGHGLUUDGLDWLRQ
1VVOLQLVDQHQWKXVLDVWLFWHDFKHULQPHGLFDOSK\VLFV7KURXJKKLVZRUOGZLGH
OHFWXULQJDFWLYLWLHVKHFRQWULEXWHGVLJQLÀFDQWO\WRWKHGHYHORSPHQWRIPHGLFDO
SK\VLFVDVDQDFDGHPLFGLVFLSOLQH8QGHUWKHDXVSLFHVRIWKH*HUPDQ5HVHDUFK
+\SHULRQ²DQRYHO0RQWH&DUOR,057WUHDWPHQWSODQQLQJSURJUDPEDVHGRQLVRHIIHFW
GRVHRSWLPL]DWLRQ )1VVOLQ0$OEHU0%LUNQHU0)LSSHO:RUOG&RQJUHVVRQ0HGLFDO
)RXQGDWLRQ ')* KHLQLWLDWHGWKH$FDGHP\RI<RXQJ6FLHQWLVWV+HLVWKHFR
3K\VLFV %LRPHGLFDO(QJLQHHULQJ6\GQH\ 
IRXQGHURIWKH(XURSHDQ6FKRROIRU0HGLFDO3K\VLFVLQ$UFKDPSV8QGHUWKH(8WK
)UDPHZRUN3URJUDPPHKHVXFFHVVIXOO\DSSOLHGIRUWKHÀUVW0DULH&XULH7UDLQLQJ
6LWHIRU0HGLFDO3K\VLFVLQ(XURSH)XUWKHUPRUHKHZDVLQYROYHGLQWKH,203VSRQVRUHGSURMHFWRIH/HDUQLQJLQ0HGLFDO(QJLQHHULQJ
DQG3K\VLFV
$GGLWLRQDOO\WRKLVVFLHQWLÀFDQGHGXFDWLRQDODFWLYLWLHV1VVOLQWRRNRYHUOHDGHUVKLSSRVLWLRQVLQPDQ\QDWLRQDODQGLQWHUQDWLRQDO
PHGLFDOSK\VLFVRUJDQL]DWLRQV+HVHUYHGDVSUHVLGHQWRIWKH'HXWVFKH*HVHOOVFKDIWIU0HGL]LQLVFKH3K\VLN '*03 DVSUHVLGHQW
RIWKH(XURSHDQ)HGHUDWLRQRI2UJDQL]DWLRQVIRU0HGLFDO3K\VLFV ()203 DQGIURPWLOODVSUHVLGHQWRIWKH,QWHUQDWLRQDO
2UJDQL]DWLRQIRU0HGLFDO3K\VLFV ,203 $VRQHRIWKHPRVWLPSRUWDQWDFKLHYHPHQWVXQGHUKLVWHUPRIRIÀFHLQ,203WKHRFFXSDWLRQ
RIWKH0HGLFDO3K\VLFLVWKDVEHHQH[SOLFLWO\LQFOXGHGLQWKH,QWHUQDWLRQDO6WDQGDUG&ODVVLÀFDWLRQRI2FFXSDWLRQV,6&2RIWKH
,QWHUQDWLRQDO/DERXU2UJDQL]DWLRQ)XUWKHUPRUHKHSURPRWHGDVWURQJHUFRRSHUDWLRQRIWKH,203ZLWKPDMRULQWHUQDWLRQDOERGLHVHJ
:+2,$($,83$3,53$DQG%,307KHIRFXVRIKLVLQWHUQDWLRQDODFWLYLWLHVLVSURPRWLRQRIPHGLFDOSK\VLFVLQGHYHORSLQJFRXQWULHVLQ
SDUWLFXODULQ$IULFDDQG/DWLQ$PHULFD
)URPWLOO1VVOLQVHUYHGDVHGLWRURIWKH(XURSHDQ-RXUQDORI0HGLFDO3K\VLFV
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&ROLQ*2UWRQ
&ROLQ*2UWRQ3K')$$30)$&03)$&5),QVW3VWDUWHGKLVFDUHHULQ0HGLFDO3K\VLFVDW6W%DUWKRORPHZ·V+RVSLWDO0HGLFDO
&ROOHJH/RQGRQ8QLYHUVLW\DVDQ,QVWUXFWRUWHDFKLQJSK\VLFVWRSUHPHGLFDOVWXGHQWVDQGUDGLDWLRQRQFRORJLVWVZKLOHZRUNLQJRQKLV
06FDQG3K'GHJUHHVLQ5DGLDWLRQ3K\VLFVXQGHUWKHJXLGDQFHRI3URIHVVRU-RVHSK5RWEODW,QKHPRYHGWRWKH86$DV&KLHI
3K\VLFLVW$VVLVWDQW3URIHVVRUDW1<80HGLFDO&HQWHUZKHUHKHVWD\HGXQWLO2QKLVVWGD\DWZRUNWKHUDGLRELRORJLVWLQWKH
GHSDUWPHQWFDPHWRKLVRIÀFHDQGDVNHGKLPLIKH·GEHZLOOLQJWRWHDFKUDGLRELRORJ\WRWKHUHVLGHQWVEHFDXVHKHSUHIHUUHGWREHLQWKH
ODEDQGGLGQ·WOLNHWR´ZDVWHWLPHµWHDFKLQJ7KLVZDVDVHPLQDOPRPHQWLQ'U2UWRQ·VFDUHHUVLQFHKHFRQWLQXHGWRWHDFKUDGLRELRORJ\
WRUHVLGHQWVWKHUDSLVWVDQGSK\VLFLVWVHYHU\\HDUIRUWKHQH[WIRXUGHFDGHV7KLVDOVROHGWRKLVOLIHORQJUHVHDUFKLQWHUHVWLQELRORJLFDO
DVSHFWVRIUDGLRWKHUDS\,WZDVGXULQJWKLV
SHULRGLQ1HZ<RUNWKDWKHEHFDPHLQYROYHG
LQ$$30DFWLYLWLHVLQFOXGLQJ3UHVLGHQWRI
5$036DQG(GLWRURIWKH4XDUWHUO\%XOOHWLQ
RIWKH$$30:KLOVW(GLWRUKHLQLWLDWHG
DVHULHVRI´0LQG%HQGHUVµDQGRQHRI
WKHVHLQYROYHGVROYLQJDUHODWLYHO\VLPSOH
16'SUREOHPZKLFKKHDOVRVHQWWRDERXW
'U2UWRQGHYLVHGWKH7LPH'RVH)DFWRU 7') 
H[SHUWVZRUOGZLGH2YHURIWKH
UHVSRQGHUVVXEPLWWHGWKHZURQJDQVZHU7KLV
OHG'U2UWRQWRGHYLVHWKH7LPH'RVH)DFWRU 7') LQRUGHUWRVLPSOLI\WKH16'

'U2UWRQZDVHGLWRURI0HGLFDO3K\VLFVIRUHLJKW\HDUV

,Q'U2UWRQZDVUHFUXLWHGWRZRUNDV&KLHI3K\VLFLVWDQG$VVRFLDWH3URIHVVRURI5DGLDWLRQ
0HGLFLQHDW5KRGH,VODQG+RVSLWDO%URZQ8QLYHUVLW\DQGLQDV&KLHI3K\VLFLVW3URIHVVRU
DWWKH5DGLDWLRQ2QFRORJ\&HQWHU:D\QH6WDWH8QLYHUVLW\'HWURLWZKHUHKHVWD\HGXQWLOKLV
UHWLUHPHQWLQ:KLOHDW:D\QH6WDWHKHZDVHOHFWHG3UHVLGHQWRIWKH$$30&KDLUPDQRIWKH
$&033UHVLGHQWRIWKH$PHULFDQ%UDFK\WKHUDS\6RFLHW\(GLWRURIWKHQHZ0HGLFDO3K\VLFV:RUOG
,2036HFUHWDU\*HQHUDODQG3UHVLGHQWDQG3UHVLGHQWRIWKH,83(60,QKHEHFDPH(GLWRU
RI0HGLFDO3K\VLFVDSRVLWLRQKHKHOGIRUHLJKW\HDUV$W:D\QH6WDWHKHGLUHFWHGWKHPHGLFDO
SK\VLFVJUDGXDWHSURJUDPIRURYHU\HDUVZLWKFORVHWR06DQG3K'JUDGXDWHV

'XULQJKLVFDUHHU'U2UWRQKDVSXEOLVKHGRYHUSDSHUVERRNFKDSWHUVDQGERRNVDQGKDVUHFHLYHGQXPHURXVKRQRUV
LQFOXGLQJWKH$$30&RROLGJH$ZDUGWKH$&030DUYLQ0':LOOLDPV$ZDUGDQGWKH,83(60$ZDUGRI0HULW

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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-RVH3HUH]&DODWD\XG
-RVH3HUH]&DODWD\XGJUDGXDWHGLQ3K\VLFVLQDW9DOHQFLD8QLYHUVLW\+HREWDLQHGKLV3K'DWWKH=DUDJR]D8QLYHUVLW\+HVWDUWHGLQ
0HGLFDO3K\VLFVLQGHGLFDWHGWR5DGLRWKHUDS\0HGLFDO3K\VLFVDQGVXEVHTXHQWO\ZDV$VVRFLDWH3URIHVVRURIWKH9DOHQFLD8QLYHUVLW\
 6LQFHKHLVWKH+HDGRIWKH5DGLRWKHUDS\3K\VLFV'HSDUWPHQWDWWKH+RVSLWDO/D)HLQ9DOHQFLD 6SDLQ DQGDPHPEHU
RIWKH0HGLFDO3K\VLFV'HSDUWPHQWDW&OLQLFD%HQLGRUP $OLFDQWH 
+LVPDLQUHVHDUFKÀHOGLV%UDFK\WKHUDS\DVSDUWRID5HVHDUFK*URXSRI7KH9DOHQFLD8QLYHUVLW\7KHPDLQJRDOVRIWKHJURXSKDYHEHHQWKH
0RQWH&DUORFKDUDFWHUL]DWLRQRIDQXPHURXVQXPEHURIEUDFK\WKHUDS\VRXUFHVWKHGHYHORSPHQWRIWKH9DOHQFLDDSSOLFDWRUVDQGODVWEXW
QRWOHDVWWUHDWPHQWSODQQLQJDVSHFWVRQ05EDVHGJ\QHFRORJLFDOEUDFK\WKHUDS\ZLWKWKHGHYHORSPHQWRIGXPPLHVFRPSDWLEOHZLWK05

+HLVFXUUHQWO\RUUHFHQWO\EHHQFKDLUPDQRIWKH6SDQLVK6RFLHW\RI0HGLFDO3K\VLFV
6()0 EUDFK\WKHUDS\JURXS6SDQLVKGHOHJDWHDWWKH*(&(6752%5$3+<46
ZRUNLQJJURXSFKDLURIWKH$$30(6752+(%' +LJK(QHUJ\%UDFK\WKHUDS\
6RXUFH'RVLPHWU\ :RUNLQJ*URXSPHPEHURIWKH$$30%UDFK\WKHUDS\
6XEFRPPLWWHHPHPEHURIWKH$$307* 7DVNJURXSRQGRVLPHWU\IRU
HORQJDWHGEUDFK\WKHUDS\
VRXUFHV PHPEHURIWKH*(&
(6752&RPPLWWHHPHPEHU
RIWKH3K\VLFV&RPPLWWHHRI
WKH$PHULFDQ%UDFK\WKHUDS\
6RFLHW\ $%6 DQGPHPEHU
RIWKH%UDFK\WKHUDS\&OLQLFDO
$SSOLFDWLRQV:RUNLQJ*URXS %&$:* RIWKH$$30
%HLQJRQHRIWKHÀJXUHKHDGVRIWKH9DOHQFLD%UDFK\WKHUDS\JURXSKHLVUHVSRQVLEOH
IRUDQLPSUHVVLYHOLVWRIKLJKTXDOLW\SXEOLFDWLRQVLQWKHEUDFK\WKHUDS\ÀHOG+H
KDVFRQWULEXWHGWRWKHGHYHORSPHQWDQGDSSOLFDWLRQRIWKH0RQWH&DUORFRGH
WREUDFK\WKHUDS\VRXUFHFDOFXODWLRQVDQGFRQVHTXHQWO\DZKROHVHWRIWUHDWPHQW
VRXUFHVKDYHEHHQFKDUDFWHUL]HG

$VPHPEHURUFKDLUDWWKHPDLQLQWHUQDWLRQDOEUDFK\WKHUDS\ZRUNLQJJURXSVKHKDVFRQWULEXWHGWRHVWDEOLVKDQLQWHUQDWLRQDOFRPPRQ
IUDPHZRUNLQEUDFK\WKHUDS\TXDOLW\FRQWUROWKDWLW·VQRZUHIHUHQFHGDOORYHUWKHZRUOG+HKDVEHHQLQYROYHGLQWKHSURFHVVRIGUDZLQJ
XSWKHUHFRPPHQGDWLRQV $$30*(&(6752 IRUHQKDQFLQJWKHTXDOLW\RIWUHDWPHQWVDQGWUDLQLQJLQEUDFK\WKHUDS\

)LQDOO\DVKDVWREHSURSHUO\PHQWLRQHGDZRUOGZLGHUHFRJQL]HGUHVHDUFKHUKDVEHKLQGKLPDQRXWVWDQGLQJZRUNLQJJURXSDQGLQWKLV
FDVHDJUDWHIXOUHFRJQLWLRQKDVWREHLQFOXGHGLQWKLVSRVWHUWR)%DOOHVWHU'*UDQHUR-9LMDQGH05LYDUG)//LVR9&DUPRQD0&
3XMDGHV7*DUFtD-5LFKDUW-9HQVHODDU5YDQGHU/DDUVH)$6LHEHUW65RGULJXH]06DQWRV\$7RUPR
8QLYHUVLW\RI9DOHQFLD+RVSLWDO/D)H&LQLFD%HQLGRUP$$30ZRUNLQJJURXSV
DQG%5$3+<46(6752JURXS 
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(UYLQ%3RGJRUVDN
'U(UYLQ%3RGJRUVDN3K')&&03)&203JUHZXSLQ6ORYHQLDZKHUHKHHDUQHGKLV'LSO,QJGHJUHHIURPWKH8QLYHUVLW\RI/MXEOMDQD
+HSXUVXHGJUDGXDWHZRUNLQPHGLFDOSK\VLFVDWWKH8QLYHUVLW\RI:LVFRQVLQUHFHLYLQJKLV3K'LQ)ROORZLQJDQLQYLWDWLRQE\'U
+DUROG-RKQVKHPRYHGWR7RURQWRDVDSRVWGRFWRUDOIHOORZDWWKH8QLYHUVLW\RI7RURQWRDQGWKHQZRUNHGDVFOLQLFDOSK\VLFLVWDWWKH
2QWDULR&DQFHU,QVWLWXWH,Q'U3RGJRUVDNMRLQHG0F*LOO8QLYHUVLW\LQ0RQWUHDODQGUHPDLQHGWKHUHXQWLOKLVUHWLUHPHQWLQ
$V'LUHFWRURIWKH0F*LOO8QLYHUVLW\0HGLFDO3K\VLFV8QLWIURPXQWLO'U3RGJRUVDNKHDGHGDOHDGLQJFOLQLFDOVHUYLFHDQG
DQDFDGHPLFSURJUDP+HEXLOWDVWURQJUHVHDUFKWHDPDW0F*LOODQGOHGWKH0F*LOOPHGLFDOSK\VLFVJUDGXDWHSURJUDPDQGWKHFOLQLFDO
UHVLGHQF\SURJUDPZKLFKZHUHWKHÀUVW&DQDGLDQSURJUDPVWREHDFFUHGLWHGE\&$03(3
7KHDXWKRURISHHUUHYLHZHGSXEOLFDWLRQVWH[WERRNVLQYLWHGERRNFKDSWHUVFRQIHUHQFHSURFHHGLQJVDQGVRPHLQYLWHG
DQGSURIIHUHGSUHVHQWDWLRQV'U3RGJRUVDNKDVEHHQLQYROYHGLQPHGLFDOSK\VLFVUHVHDUFKVXFKDVVROLGVWDWHGRVLPHWU\DQGOLQDFWDUJHW
GHVLJQDVZHOODVWKHGHYHORSPHQWRIQXPHURXVLQQRYDWLYHFDQFHUWKHUDS\WHFKQLTXHVPRVWQRWDEO\G\QDPLFVWHUHRWDFWLFUDGLRVXUJHU\
+HKDVEHHQDFWLYHZLWKLQWKH&DQDGLDQ&ROOHJHRI3K\VLFLVWVLQ0HGLFLQH &&30 VHUYLQJDV3UHVLGHQWIURPWKH$PHULFDQ
$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQH $$30 WKH$PHULFDQ&ROOHJHRI0HGLFDO3K\VLFV $&03 DQGWKH&RPPLVVLRQRQ$FFUHGLWDWLRQ
RI0HGLFDO3K\VLFV(GXFDWLRQDO3URJUDPV &$03(3 'U3RGJRUVDNZDVDOVRWKH&KDLURIWKH-RLQW$$30&203$QQXDO0HHWLQJLQ
0RQWUHDOLQ+HKDVVHUYHGRQWKH,QWHUQDWLRQDO6WHUHRWDFWLF5DGLRORJLFDO6RFLHW\DQGRQVHYHUDOFRPPLWWHHVRIWKH,QWHUQDWLRQDO
$WRPLF(QHUJ\$JHQF\DQGLVRIWHQFDOOHGXSRQE\LQWHUQDWLRQDOJUDQWLQJDJHQFLHVIRUKLVH[SHUWLVHDQGDELOLW\WRIXQFWLRQLQVHYHUDO
ODQJXDJHV

7KURXJKRXWKLVFDUHHU'U3RGJRUVDNZRUNHGWRLPSURYHKHDOWKFDUHLQ4XHEHFDQG&DQDGD+LVORQJVHUYLFHWRWKH&&30LPSURYHG
KHDOWKVHUYLFHVE\VHWWLQJVWDQGDUGVIRUHGXFDWLRQDQGFHUWLÀFDWLRQRIWKHPHGLFDOSK\VLFLVWVDFWLYHLQSDWLHQWFDUH$VWKHSK\VLFVOHDGHU
RIRQHRIWKHODUJHUUDGLDWLRQRQFRORJ\WUHDWPHQWVHUYLFHVLQ4XHEHF'U3RGJRUVDNZDVDEOHWRWULJJHUVLJQLÀFDQWLPSURYHPHQWVLQ
IXQGLQJIRUFDQFHUFHQWUHVLQWKHSURYLQFH
'U(UYLQ3RGJRUVDNLVDQRXWVWDQGLQJOHDGHUDQGFKDPSLRQRISURIHVVLRQDOLVPIRUFOLQLFDOPHGLFDOSK\VLFLVWV,QKHUHFHLYHG
WKH:LOOLDP&RROLGJH$ZDUG$$30·VKLJKHVWKRQRXUDQGLQWKH*ROG0HGDO&203·VKLJKHVWKRQRXU,QWKH&DQDGLDQ
$VVRFLDWLRQRI3K\VLFLVWV &$3 DQG&203DZDUGHG'U3RGJRUVDNWKH&$3&2033HWHU.LUNE\0HPRULDO0HGDOIRU
2XWVWDQGLQJ6HUYLFHWR&DQDGLDQ3K\VLFV7KLVDZDUGUHFRJQL]HGKLVOHDGHUVKLSLQGHYHORSLQJDQGHQKDQFLQJWKH0HGLFDO3K\VLFV
SURIHVVLRQDWWKHQDWLRQDODQGLQWHUQDWLRQDOOHYHO

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV
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$PELND6DKDL3UDGKDQ
'U$PELND6DKDL3UDGKDQLVWKH(GLWRULQ&KLHIRI-RXUQDORI0HGLFDO3K\VLFV -03 DQRIÀFLDOSXEOLFDWLRQRI$VVRFLDWLRQRI0HGLFDO
3K\VLFLVWVRI,QGLD $03, SXEOLVKHGE\:ROWHUV.XOZHU+HDOWKDQG0HGNQRZ3XEOLFDWLRQVRQOLQHVLQFH7KHMRXUQDOFDWHUVWRWKH
DFDGHPLFQHHGRIGLVVHPLQDWLRQVRIRXWFRPHRIWKHQHZHUUHVHDUFKLQDOODUHDVRIPHGLFDOSK\VLFV7KHMRXUQDOZLWKLWVLQWHUQDWLRQDO
PHPEHUVKLSRIWKH(GLWRULDO%RDUGDQGWKHWUDQVSDUHQWSHHUUHYLHZV\VWHPKDVDWWDLQHGZLGHUHFRJQLWLRQDQGDWWUDFWHGUHVHDUFKHUV
DQGUHDGHUVWRRSWWKLVMRXUQDO
'U3UDGKDQMRLQHG%KDEKD$WRPLF5HVHDUFK&HQWUH %$5& ,QGLD DSUHPLHUUHVHDUFK
LQVWLWXWHRIKLJKLQWHUQDWLRQDOUHSXWH LQDIWHUKLV06F3K\VLFVDQGHDUQHGKLV3K'
WLWOHG´7KHUPROXPLQHVFHQFHLQ5DGLDWLRQ'RVLPHWU\µDWWKH8QLYHUVLW\RI%RPED\LQ
+LVHDUO\ZRUNRQLQGLJHQRXVGHYHORSPHQWRIWKHUPROXPLQHVFHQFHGRVLPHWU\
7/' IRXQGZLGHDSSOLFDWLRQVYL]WKH7/'EDGJHV\VWHPFRQWLQXHVWREHXVHGIRU
FRXQWU\ZLGHSHUVRQQHOPRQLWRULQJLQ,QGLDIRUDOORFFXSDWLRQDOZRUNHUVLQFOXGLQJ
WKRVHLQGLDJQRVWLFDQGUDGLDWLRQWKHUDS\LQVWLWXWLRQV+LVSRVWGRFWRUDOZRUN LQFOXGLQJ
WKDWGXULQJIHOORZVKLSRI$OH[DQGHUYRQ+XPEROGW $Y+ )RXQGDWLRQRI*HUPDQ\ 
RQLQSKDQWRPSRLQWGRVLPHWU\DQGPHDVXUHPHQWRIGRVHVGXHWRORZDQGKLJK/(7
UDGLDWLRQKDVDOVRIRXQGZLGHDSSOLFDWLRQDQGFLWDWLRQ+LVFXUUHQWUHVHDUFKIRFXVHVRQ
RQOLQHGRVLPHWU\LPDJLQJDQGGRVHPDSSLQJXVLQJRSWLFDOO\VWLPXODWHGOXPLQHVFHQFH
UDGLROXPLQHVFHQFHDQGVFLQWLOODWLRQWHFKQLTXHV+HKDVSXEOLVKHGUHVHDUFKSDSHUV
LQSHHUUHYLHZHGMRXUQDOV DQGHGLWHGERRNVFRQIHUHQFHSURFHHGLQJV
'U3UDGKDQKDVEHHQDUHVHDUFKJXLGHWRPHGLFDOSK\VLFLVWVDW8QLYHUVLW\RI0XPEDL
DQGVHYHUDORIWKHPDUHOHDGLQJPHGLFDOSK\VLFLVWVERWKLQ,QGLDDQGDERDUG$03,
FRQIHUUHGRQKLPLWVDZDUG¶5DPDLDK1DLGX0HPRULDO2UDWLRQ$ZDUG·+HZDVDOVR
DZDUGHG¶.*9RKUD0HPRULDO2UDWLRQ$ZDUG·E\,QGLDQ$VVRFLDWLRQIRU5DGLDWLRQ
3URWHFWLRQ ,$53 ,QGLD+HLVD)HOORZRI0DKDUDVKWUD$FDGHP\RI6FLHQFHVDQGLVDQ
DFWLYHPHPEHURIVHYHUDORWKHUSURIHVVLRQDOERGLHVLQDGGLWLRQWR$03,+HKDGEHHQ
DPHPEHURI&RPPLWWHHRIWKH,QWHUQDWLRQDO&RPPLVVLRQRQ5DGLRORJLFDO3URWHFWLRQ ,&53 DQGFRQWLQXHVWREHDPHPEHURI
HGLWRULDOERDUGDQGERRNUHYLHZHGLWRURI5DGLDWLRQ3URWHFWLRQ'RVLPHWU\ 53' MRXUQDORI2[IRUG8QLYHUVL\3UHVV8.DQGDPHPEHU
RI6DIHW\5HYLHZ&RPPLWWHHIRU$SSOLFDWLRQVRI5DGLDWLRQ 6$5&$5 RI$WRPLF(QHUJ\5HJXODWRU\%RDUG $(5% RI,QGLD
+LVGHGLFDWLRQWRKXPDQKHDOWKFDUHFRQWLQXHVXQDEDWHG
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0DGDQ05HKDQL
'U0DGDQ05HKDQLKDVUDLVHGSDWLHQWGRVLPHWU\VNLOOVRIPHGLFDOSK\VLFLVWVLQRYHUOHVVUHVRXUFHGFRXQWULHVDQGEURXJKWWKHPWR
WKHOHYHORISXEOLVKLQJWKHLUZRUNLQLQWHUQDWLRQDOMRXUQDOVZLWKKLJKLPSDFWIDFWRU$VD5DGLDWLRQ6DIHW\6SHFLDOLVWDWWKH,$($KHKDV
GHPRQVWUDWHGLPSURYHPHQWRISDWLHQWSURWHFWLRQLQUDGLRORJ\LQPDQ\FRXQWULHVWKURXJKKLVWUDLQLQJDQGUHVHDUFKDFWLRQV7KHWUDLQLQJ
PDWHULDOGHYHORSHGE\,$($XQGHUKLVGLUHFWLRQKDVEHHQPDGHIUHHO\GRZQORDGDEOHDQGLVXVHGH[WHQVLYHO\E\PHGLFDOSK\VLFLVWVLQ
PRUHWKDQFRXQWULHV+HKDVRUJDQLVHGPRUHWKDQWUDLQLQJFRXUVHVLQ$IULFD$VLD(DVWHUQ(XURSHDQG/DWLQ$PHULFDDQG
KDVFUHDWHGWKHZHEVLWHRQUDGLDWLRQSURWHFWLRQRISDWLHQWVRIWKH,$($ZKLFKLVFXUUHQWO\DSULPHUHVRXUFHIRUUDGLDWLRQSURWHFWLRQ
LQIRUPDWLRQLQWKHZRUOG0RUHRYHUKHKDVEHHQVHUYLQJ,203DV6HFUHWDU\*HQHUDOVLQFH6HSWHPEHU
'U5HKDQLZDVHDUOLHU3URIHVVRU +HDG0HGLFDO3K\VLFV8QLWLQWKH&DQFHU
+RVSLWDORIWKH$OO,QGLD,QVWLWXWHRI0HGLFDO6FLHQFHV $,,06 1HZ'HOKL
,QGLDDQGDOVR+HDGRIWKH&ROODERUDWLQJ&HQWUHRIWKH:RUOG+HDOWK
2UJDQL]DWLRQ :+2 RQ,PDJLQJ7HFKQRORJ\ 5DGLDWLRQ3URWHFWLRQ
ZKLFKKHHVWDEOLVKHG+HLVFXUUHQWO\'LUHFWRURI5DGLDWLRQ3URWHFWLRQRI
(XURSHDQ6RFLHW\RI5DGLRORJ\DIWHUUHWLULQJIURP,$($RQVW-DQ

&RXQWULHVLQGDUNJUHHQZKHUHGLIIHUHQFHZDVPDGHWKURXJKSURMHFWVDQGGRFXPHQWHGE\
SXEOLFDWLRQVDQGOLJKWJUHHQE\XVHRILQIRUPDWLRQSURYLGHGE\KLPWKURXJKZHEVLWH

$ZDUGV+HKDVEHHQDZDUGHGWKH+RQRUDU\0HPEHUVKLSRIWKH6RFLHW\RI
3HGLDWULF5DGLRORJ\LQ7KH+DUROG-RKQV0HGDOE\WKH,203LQ
WKHPRVWSUHVWLJLRXVDZDUGRI,QGLDLQQXFOHDUVFLHQFHV+RPL%KDEKD
0HPRULDO2UDWLRQE\6RFLHW\RI1XFOHDU0HGLFLQH,QGLDLQ'U.05DL
2UDWLRQE\,QGLDQ5DGLRORJLFDO ,PDJLQJ$VVRFLDWLRQ
+HZDVIRXQGLQJ3UHVLGHQW83'(/&KDSWHURIWKH$VVRFLDWLRQRI0HGLFDO
3K\VLFLVWVRI,QGLD $03, GXULQJ3UHVLGHQW6RFLHW\RI1XFOHDU
0HGLFLQH,QGLD

3XEOLFDWLRQV+HKDVHGLWHGERRNVUHVSRQVLEOHIRU,$($SXEOLFDWLRQVSXEOLVKHGPRUHWKDQSDSHUVLQMRXUQDOVDQGFRQWULEXWHG
(GLWRULDOVLQ,QWHUQDWLRQDO-RXUQDORI&DUGLRORJ\%ULWLVK0HGLFDO-RXUQDO,QGLDQ-RXUQDORI5DGLRORJ\ ,PDJLQJ+HKDVSXEOLVKHGSDSHUV
LQ7KH/DQFHW&DWKHWHUL]DWLRQ &DUGLRYDVFXODU,QWHUYHQWLRQV6HPLQ8OWUDVRXQG&7055DGLRWKHU2QFRO-1XFOHDU0HGLFLQH
5DGLDWLRQ5HVHDUFK&OLQ5DGLRO$P-5RHQWJHQRORJ\5DGLRORJ\5DG3URW'RVLPHWU\HWF8QGHUKLVFKDLUPDQVKLS$QQDOVRI,&53KDYH
EHHQSXEOLVKHGDQGDQRWKHUZLWKKLPDVPHPEHURI7*
+HLV$VVRFLDWH(GLWRURI0HGLFDO3K\VLFVDQGRI%-5DQG$VVWW(GLWRURI$-5
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'DYLG:25RJHUV
'U'DYLG5RJHUV3K')&203HDUQHGKLV3K'LQH[SHULPHQWDOQXFOHDUSK\VLFVIURPWKH8QLYHUVLW\RI7RURQWRLQ
)ROORZLQJDSRVWGRFWRUDWHDW2[IRUGKHMRLQHGWKH1DWLRQDO5HVHDUFK&RXQFLO·V,RQL]LQJ5DGLDWLRQ6WDQGDUGV
,56 *URXSWKDWSURYLGHV&DQDGD·VQDWLRQDOFDOLEUDWLRQVHUYLFHIRULQVWUXPHQWVWKDWPHDVXUHLRQL]LQJUDGLDWLRQ+H
EHFDPHJURXSOHDGHULQDQGKHOGWKDWSRVLWLRQXQWLO'XULQJKLVWHQXUHWKH,56*URXSEHFDPHRQHRIWKH
PRVWUHVSHFWHGUDGLDWLRQVWDQGDUGVJURXSVLQWKHZRUOG:KLOHWKHUHKHEHFDPHDOPRVWV\QRQ\PRXVZLWKWKH(OHFWURQ
*DPPD6KRZHU (*6 0RQWH&DUORVLPXODWLRQFRGH7KH%($0FRGHDQG(6*QUFV\VWHPVDUHXVHGRIWHQLQUDGLRWKHUDS\
UHVHDUFKDQGGHYHORSPHQW$WPDQ\PHGLFDOSK\VLFVPHHWLQJVDVLJQLÀFDQWQXPEHURIWKHWDONVRQ0RQWH&DUORVLPXODWLRQ
DFNQRZOHGJHXVLQJ'U5RJHUV·JURXS·V%($0FRGH
'U5RJHUVFXUUHQWO\KROGVDSUHVWLJLRXV&DQDGD5HVHDUFK&KDLUDW&DUOHWRQ8QLYHUVLW\·V3K\VLFV'HSDUWPHQW+HDQG
KLVDFDGHPLFWHDPFRQWLQXHWRLPSURYHGRFXPHQWLQVWUXFWDQGXVHWKH(*60RQWH&DUORFRGHDQGVROYHSUREOHPVLQ
UDGLDWLRQVFLHQFH

3URIHVVRU5RJHUVHPSKDVL]HVFDUHIXOFRPSDULVRQRIH[SHULPHQWDOGDWDWRVLPXODWLRQVWRKHOSLPSURYHERWK%HFDXVH
RIWKHTXDOLW\SURGXFWLYLW\DQGLPSRUWDQFHRIKLVZRUNWRWKHÀHOGRIPHGLFDOSK\VLFVKLVFROOHFWLYHZRUNVDUHFLWHG
H[WHQVLYHO\
3URIHVVRU5RJHUVLVQRWRQO\DQRXWVWDQGLQJUHVHDUFKVFLHQWLVWEXWDOVRDQDFFRPSOLVKHGWHDFKHUDQGPHQWRUIRUVWXGHQWV
+HKDVJLYHQLQQXPHUDEOH(*6QUF%($0QUFZRUNVKRSVLQ2WWDZDDQGDURXQGWKHZRUOG0DQ\RIWKHWUDLQHHVKHKDV
PHQWRUHGKDYHJRQHRQWROHDGHUVKLSUROHVWKURXJKRXWWKH1RUWK$PHULFDQPHGLFDOSK\VLFVFRPPXQLW\DQGLQYDULRXV
LRQL]LQJUDGLDWLRQVWDQGDUGVODEVLQ(XURSH:LWK'U-RDQQD&\JOHUKHZDVWKH6FLHQWLÀF&RGLUHFWRUDQG3URFHHGLQJV
&RHGLWRURIWKH$$306XPPHU6FKRROLQ+HKDVDWWUDFWHGSRVWGRFWRUDOIHOORZVIURPDURXQGWKHZRUOGIRUKLV
XQLTXHPL[RI0RQWH&DUORVLPXODWLRQDQGSUHFLVHGRVLPHWU\PHWURORJ\NQRZOHGJH
'DYLGKDVEHHQDFWLYHO\LQYROYHGLQ&203VLQFHLWVEHJLQQLQJVDQGKDVSOD\HGDPDMRUUROHLQVKDSLQJWKHGLUHFWLRQRI
WKHRUJDQL]DWLRQ,QDGGLWLRQWRKLVVHUYLFHWR&203'U5RJHUVDOVRZRUNVWLUHOHVVO\IRULQWHUQDWLRQDOPHGLFDOSK\VLFV
RUJDQL]DWLRQV+HKDVEHHQRQWKH(GLWRULDO%RDUGIRU0HGLFDO3K\VLFVIRUGHFDGHVDQG'HSXW\(GLWRUIRU5DGLRWKHUDS\
IRU\HDUV,QKHZRQWKH$$30·VKLJKHVWDZDUGWKH&RROLGJH$ZDUG'U5RJHUVZDVDZDUGHGWKH&203*ROG
0HGDOLQ&203·VKLJKHVWKRQRXU

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV
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-HDQ&ODXGH5RVHQZDOG
-HDQ&ODXGH5RVHQZDOGZDVERUQLQLQ1HXLOO\FORVHWR3DULV$IWHUHDUQLQJDQHQJLQHHULQJGHJUHHLQHOHFWURQLFVQXFOHDUSK\VLFV
DQGFRPSXWLQJVFLHQFHVREWDLQHGLQ1DQF\LQKHEHJDQKLVFDUHHUDVDFRPSXWHUVFLHQWLVWGHYHORSLQJGRVHFDOFXODWLRQSURJUDPV
IRUEUDFK\WKHUDS\DWWKH,QVWLWXW*XVWDYH5RXVV\LQ9LOOHMXLIXQGHUWKHVXSHUYLVLRQRI$QGUpH'XWUHL[+HREWDLQHGKLV3K'RQWKLV
VXEMHFWLQ
+HZDVDSSRLQWHGPHGLFDOSK\VLFLVWDWWKH,QVWLWXW*XVWDYH5RXVV\IURP²DQGWKHQDIWHUDVKRUWVWD\LQ0LOZDXNHH 86$ WR
KHOSIRUWKHLPSOHPHQWDWLRQRIFRPSXWHUL]HGWUHDWPHQWSODQQLQJKHPRYHGLQWRWKH,QVWLWXW&XULHLQ3DULVDVKHDGRIWKH0HGLFDO
3K\VLFV'HSDUWPHQW$OWRJHWKHU3K'DQGPRUHWKDQPDVWHU·VVWXGHQWVKDYHXQGHUWDNHQ
UHVHDUFKSURJUDPPHVXQGHUKLVVXSHUYLVLRQ+LVQDPHLVFLWHGLQPRUHWKDQSXEOLFDWLRQVLQ
MRXUQDOVRUERRNVDQGKHKDVPDGHPRUHWKDQFRPPXQLFDWLRQVLQQDWLRQDORULQWHUQDWLRQDO
PHHWLQJV
'U5RVHQZDOGKDVDOZD\VKDGDSDUWLFXODULQWHUHVWLQWKHXVHRIFRPSXWHUVLQUDGLDWLRQ
WKHUDS\DQGWRWKHUHODWHGTXDOLW\FRQWUROSURFHGXUHV+HSDUWLFLSDWHGLQVHYHUDOLQWHUQDWLRQDO
FRQIHUHQFHVKDVEHHQDFRDXWKRURIVHYHUDOUHSRUWVRQWKLVVXEMHFW ,&58,$($(6752,&53 
+HZDVLQYROYHGLQWKHGHYHORSPHQWRIFRPPHUFLDOVROXWLRQVIRUWUHDWPHQWSODQQLQJERWKIRU
H[WHUQDOEHDPUDGLRWKHUDS\DQGEUDFK\WKHUDS\ WKH,6,6VRIWZDUHQRZVXSHUVHGHGE\WKH
,62JUD\VRIWZDUHIURPWKH'26,VRIWFRPSDQ\ +HDOVRSURPRWHGWKHXVHRISURWRQEHDPV
LQUDGLRWKHUDS\DQGSOD\HGDPDMRUUROHLQWKHGHYHORSPHQWRIWKH&HQWUHGH3URWRQWKpUDSLH
G·2UVD\QRZSDUWRIWKH,QVWLWXW&XULH
+HSDUWLFLSDWHGWRWKHHGXFDWLRQDQGWUDLQLQJRIPDQ\PHGLFDOSK\VLFLVWVDVOHFWXUHUIRUWKH0DVWHU
'HJUHHVLQ0HGLFDO3K\VLFVDQGIRUWKH)UHQFK034XDOLÀFDWLRQGHJUHH+HIDYRXUHGWKHFUHDWLRQRI
WKHPHGLFDOSK\VLFVPDVWHUGHJUHHDW3DULV6XG8QLYHUVLW\LQ+HZDVRQHRIWKHFRDXWKRUVRI
WKH+DQGERRNRI5DGLRWKHUDS\3K\VLFVSXEOLVKHGLQ
'U5RVHQZDOGZDVRQHRIWKHFRDXWKRUVRIWKH+DQGERRN
RI5DGLRWKHUDS\3K\VLFVSXEOLVKHGLQ

+HVHUYHGDVSUHVLGHQWRIWKH)UHQFK6RFLHW\IRU0HGLFDO3K\VLFV 6)30 ²DVFKDLUPDQ
RIWKH6FLHQWLÀF&RPPLWWHHRIWKH(XURSHDQ)HGHUDWLRQRI0HGLFDO3K\VLFV ()203 ²
DQGFKDLUHGWKH6FLHQWLÀF&RPPLWWHHIRU0HGLFDO3K\VLFVDWWKH,QWHUQDWLRQDO&RQIHUHQFHRI%LRHQJLQHHULQJDQG0HGLFDO3K\VLFVKHOG
LQ1LFHLQ+HZDVPHPEHURIWKHHGLWRULDOERDUGVRIVHYHUDOMRXUQDOV (XURSHDQ-RXUQDORI0HGLFDO3K\VLFV5DGLRWKHUDS\DQG
2QFRORJ\DQG&DQFHU5DGLRWKpUDSLH DQGDVVRFLDWHHGLWRURIWKH(XURSHDQ-RXUQDORI0HGLFDO3K\VLFVIURPWR
+HLVQRZUHWLUHGEXWVWLOOGRLQJVRPHWHDFKLQJDQGSUHSDULQJYDULRXVUHSRUWVIRUWKHPHGLFDOSK\VLFVFRPPXQLW\7KH6)30UHFHQWO\
DVNHGKLPWRPDQDJHDZRUNLQJJURXSWRHODERUDWHDJXLGHRQ´JRRGSUDFWLFHRIPHGLFDOSK\VLFVµ7KHJXLGHZDVSXEOLVKHGLQ
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+DQV6YHQVVRQ
+DQV6YHQVVRQZDV3URIHVVRURI0HGLFDO5DGLDWLRQ3K\VLFV8QLYHUVLW\RI8PHn6ZHGHQIURPXQWLOKLV
UHWLUHPHQWLQ+HZDVRQHRIWKHPRVWLQWHUQDWLRQDORIWKH6ZHGLVKPHGLFDOSK\VLFLVWVDQGDVDFUHDWLYH
VFLHQWLVWDQGRXWVWDQGLQJGRVLPHWU\SK\VLFLVWKHZDVDSLRQHHURIPRGHUQUDGLRWKHUDS\GRVLPHWU\SOD\LQJ
DYLWDOUROHLQSURPRWLQJTXDOLW\DVVXUDQFHLQLWVHDUO\GD\V+DQV6YHQVVRQ·VFDUHHUVSDQQHGPRUHWKDQ
\HDUVGXULQJZKLFKKHZDVIXQGDPHQWDOLQEULQJLQJWRJHWKHUWKHPHGLFDOSK\VLFVDQGVWDQGDUGODERUDWRU\
FRPPXQLWLHVDVZHOODVDNH\SOD\HULQPDQ\LQWHUQDWLRQDODQGRUJDQL]DWLRQVDQGDFWLYLWLHVZKHUHKLVSROLWLFDO
VNLOOVÁRXULVKHG
+DQV6YHQVVRQDQGKLVFROOHDJXHVLQ8PHnDQGLQ*|WHERUJZHUHYHU\DFWLYHLQWKHGHYHORSPHQWRIDQHZ
GRVLPHWU\SURWRFROIRUH[WHUQDOUDGLRWKHUDS\NQRZQDVWKH1$&3FRGHRISUDFWLFHIRUUHIHUHQFHGRVLPHWU\
DQGODWHUDGRSWHGLQWKH,$($·V756JXLGHOLQHV+HZDVDIRUHUXQQHULQFOLQLFDOUHVHDUFK7RJHWKHUZLWK
$QGHUV%UDKPHKHLQWURGXFHGWKHYHU\ÀUVW095DFHWUDFN0LFURWURQHTXLSSHGZLWKDFRPSXWHUFRQWUROOHG
PXOWLOHDIFROOLPDWRU 0/& IRUERWK09;UD\VDQGHOHFWURQVDWKLVRZQGHSDUWPHQW+HSRVVHVVHGD
JUHDWDPRXQWRIKXPDQLW\DQGFRQWULEXWHGFRQVLGHUDEOHWRDZRUOGZLGHVSUHDGRIPHGLFDOSK\VLFV+HSOD\HG
DOHDGLQJUROHLQWKH,$($GRVLPHWU\DFWLYLWLHVDQGDVZDVYHU\DFWLYHLQ(6752GXULQJPDQ\\HDUV'XULQJWKH
ÀUVW(6752PHHWLQJLQ/RQGRQKHDQG$ODQ1DKXPJDYHWKHÀUVWOHFWXUHLQSK\VLFVRQ´+RZ$FFXUDWH
FDQ$EVRUEHG'RVHWR7LVVXHEH'HWHUPLQHG"µIROORZHGE\PDQ\PRUHFRXUVHV+HZDVRQHRIWKHGULYLQJ
IRUFHVWRHVWDEOLVKDVHSDUDWHSK\VLFVPHHWLQJIRUWKRVH\HDUVZKHQWKHDQQXDO(6752PHHWLQJZDVLQFOXGHG
LQWKH(&&2PHHWLQJ7KHDFWLYLW\ZLWKLQ,$($VLJQLÀFDQWO\FRQWULEXWLQJE\VWDQGDUGLVDWLRQRISURWRFROVDQG
RUJDQLVDWLRQRIGRVLPHWU\UHYLHZVDVZHOODVGHYHORSPHQWRISURWRFROVIRUVWDQGDUGLVHGUHSRUWLQJRIWKHWDUJHW
GRVH+DQV6YHQVVRQZDVWKH&KDLUPDQRIWKHUHSRUWFRPPLWWHHRQ´(OHFWURQEHDPGRVLPHWU\µDQGDQ
DFWLYHPHPEHURI,&58FRPPLWWHHVRQ´5HSRUWLQJSKRWRQDQGHOHFWURQEHDPWKHUDS\µDQG+DQV
6YHQVVRQZDVJHQHUDOVHFUHWDU\LQ,203
$PRQJDQXPEHURIDZDUGVGXULQJKLVFDUHHUKHZDVGHVLJQDWHGDQ$$30KRQRUDU\PHPEHUVKLSD
GLVWLQFWLRQUDUHO\JLYHQDQGKHDFKLHYHGWKH(6752)RXQGLQJ0HPEHUV$ZDUGDWWKH$QQLYHUVDU\0HHWLQJLQ
/RQGRQDIHZPRQWKVEHIRUHKLVGHFHDVH
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7DH6XN6XK
'U7DH6XN6XK3URIHVVRURI0HGLFDO3K\VLFVDWWKH&DWKROLF8QLYHUVLW\RI.RUHDLVNQRZQIRUKLVZRUNZLWKKLVFROOHDJXHVRQWKH
GHYHORSPHQWRIUDGLRWKHUDS\SODQQLQJPXOWLPRGDOLW\LPDJLQJDQGLQSDUWLFXODUWKHUDGLRVXUJHU\V\VWHP
3URIHVVRU6XK·VFDUHHUKDVVSDQQHGPRUHWKDQ\HDUVDSHULRGZKLFKKDV
ZLWQHVVHGKXJHDGYDQFHVLQUDGLRVXUJHU\KDUGZDUHDQGSODQQLQJV\VWHPV+H
KDVFRQWULEXWHGJUHDWO\WRZDUGVWKHGHYHORSPHQWRIUDGLRVXUJHU\RSWLPL]DWLRQ
WHFKQLTXHVDQGLQDW.DQJQDP6W0DU\·VKRVSLWDOLQ6HRXOKHZDVWKHÀUVW
WRXQGHUWDNHÁDWWHQLQJÀOWHUIUHH ))) EHDPEDVHGUDGLRVXUJHU\LQDFOLQLFDO
VHWWLQJ+HDOVRSLRQHHUHGPDQ\RWKHUWHFKQRORJLHVLQFOXGLQJWKHGHYHORSPHQWRI
WKHUDGLDWLRQWUHDWPHQWSODQQLQJV\VWHPDQG7DFWLYHVKLHOGPDJQHWLFUHVRQDQFH
LPDJLQJ
+DYLQJHVWDEOLVKHGKLVDFDGHPLFFDUHHULQ.RUHD3URIHVVRU6XKKDVVHUYHGDVDQ
HGLWRUDQGHGLWRULDOERDUGPHPEHUIRUPDQ\LQWHUQDWLRQDOMRXUQDOVRIPHGLFDO
SK\VLFV'XULQJKLVOHDGHUVKLSRIWKH.RUHDQ6RFLHW\RI0HGLFDO3K\VLFVKHZDV
ZHOODSSUHFLDWHGIRUKLVPDQ\FRQWULEXWLRQVLQFOXGLQJKLVSURPRWLRQRIPHGLFDO
7DH6XN6XKFRQWULEXWHGJUHDWO\WRZDUGVWKHGHYHORSPHQWRI8QLYHUVLW\RI)ORULGD
SK\VLFVLQWKH$VLD
UDGLRVXUJHU\V\VWHPXVLQJXQLTXHEHDULQJV\VWHPDVRQHRI8)7HDPVGXULQJ
2FHDQLDUHJLRQDQGKH
RUJDQL]HGWKH:RUOG
&RQJUHVVRQ0HGLFDO3K\VLFVDQG%LRPHGLFDO(QJLQHHULQJLQ :&
6HRXO DQGWKH$VLD2FHDQLD&RQJUHVVRI0HGLFDO3K\VLFVWKUHHWLPHVLQ$VLD
$2&03 
,QWKH.RUHDQ0LQLVWU\RI6FLHQFHDQG7HFKQRORJ\DFNQRZOHGJHG3URIHVVRU
6XK·V5DGLDWLRQ%LRPHGLFDO(QJLQHHULQJ/DERUDWRU\ 5%(/ DWWKH&DWKROLF
8QLYHUVLW\RI.RUHDDVD1DWLRQDO5HVHDUFK/DERUDWRU\,QWKH5%(
/DERUDWRU\DQG0ROHFXODU,PDJLQJ3URJUDPDW6WDQIRUGMRLQWO\HVWDEOLVKHGWKH
$GYDQFHG5HVHDUFK&HQWHUIRU0HGLFDO3K\VLFVDVDFHQWHUIRULQWHUQDWLRQDO
UHVHDUFK,QDQGDJDLQLQ3URIHVVRU6XKZDVKRQRUHGZLWKWKH.RUHDQ
*RYHUQPHQW·V$ZDUGIRUWKH%HVW$FDGHPLF$FKLHYHPHQW

7DH6XN6XKRUJDQL]HGWKH:&LQ6HRXO.RUHDLQ 2SHQLQJFHUHPRQ\

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



'DYLG7KZDLWHV
'DYLG7KZDLWHVLVFXUUHQWO\3URIHVVRURI0HGLFDO3K\VLFVDQG'LUHFWRURIWKH,QVWLWXWHRI0HGLFDO3K\VLFVLQ6\GQH\8QLYHUVLW\$XVWUDOLDKDYLQJSUHYLRXVO\EHHQ
+HDGRIWKH'HSDUWPHQWRI0HGLFDO3K\VLFVDQG(QJLQHHULQJLQ/HHGV7HDFKLQJ+RVSLWDOVDQG3URIHVVRURI2QFRORJ\3K\VLFVDW/HHGV8QLYHUVLW\8.ZLWKSULRU
SRVWVLQWKH<RUNVKLUHDQG(GLQEXUJK&DQFHU&HQWUHV
(QGXULQJFDUHHUWKHPHVZLWKVRPHH[DPSOHVRIQDWLRQDODQGLQWHUQDWLRQDOOHYHOFRQWULEXWLRQV
LQFOXGH
L FRPELQLQJDFDGHPLFDQGFOLQLFDOVHUYLFHUROHVWKHUHE\OLQNLQJEDVLFWUDQVODWLRQDODQGFOLQLFDO
UHVHDUFKWRSUDFWLFHUHÁHFWLQJKLVVWURQJEHOLHIWKDWPHGLFDOSK\VLFVUHVHDUFKVKRXOGEHURRWHGLQ
DQGFRQWULEXWHWRVHUYLFHTXDOLW\DQGVHUYLFHGHYHORSPHQW
&DUHHUORQJUHVHDUFKLQWHUHVWVLQFOXGHUDGLDWLRQGRVLPHWU\UDGLDWLRQRQFRORJ\SK\VLFVQRYHO
UDGLRWKHUDS\WHFKQRORJLHVDQGWHFKQLTXHVLQFOXGLQJLPDJLQJDQGSDUWLFOHWKHUDS\DSSOLFDWLRQV
DQGDFFXUDF\DQGSUHFLVLRQLQUDGLRWKHUDS\7KHVHKDYHSURGXFHGPRUHWKDQVFLHQWLÀF
SXEOLFDWLRQVERRNVDQGERRNFKDSWHUVDQGDORQJWLPHSK\VLFVHGLWRUVKLSRI·5DGLRWKHUDS\DQG
2QFRORJ\·
&RQWULEXWLRQVLQFOXGHGRVLPHWU\SDUDPHWHUDQGSURWRFRO FRGHRISUDFWLFH GDWDDQG
UHFRPPHQGDWLRQVHVWDEOLVKPHQWDQGGHYHORSPHQWRIGRVLPHWU\LQWHUFRPSDULVRQDQGDXGLW
SURJUDPPHV 8.(6752,$($ GHYHORSPHQWRITXDOLW\DVVXUDQFH4XDOLW\6\VWHPDQGDXGLW
UHFRPPHQGDWLRQVVWUXFWXUHVDQGPHWKRGRORJLHVIRUUDGLDWLRQRQFRORJ\DQGPHGLFDOSK\VLFVLQ(XURSH (6752 DQGPRUHZLGHO\YLDWKH,$($HVWDEOLVKLQJ
SURGXFWLYHUHVHDUFKFROODERUDWLRQVDQGQHWZRUNVEHWZHHQXQLYHUVLWLHVKRVSLWDOVDQGLQGXVWU\UHGHYHORSLQJWHFKQRORJ\DSSOLFDWLRQVDQGSDUWLFLSDWLRQLQPDQ\
VWHHULQJDGYLVRU\JXLGHOLQHVUHFRPPHQGDWLRQVHYDOXDWLRQJURXSVHJIRUFOLQLFDOWULDOVQRYHOWHFKQRORJLHVGRVLPHWULFPHWKRGVTXDOLW\LVVXHV 8.(XURSH
$XVWUDOLD 
LL DÀUPFRPPLWPHQWWRPHGLFDOSK\VLFVHGXFDWLRQWUDLQLQJDQGSURIHVVLRQDOVWDQGDUGVLQFOXGLQJIRUGHYHORSLQJFRXQWULHV([DPSOHVDWQDWLRQDO
LQWHUQDWLRQDO (6752()203,&58,$($,203,652 OHYHOVLQFOXGHVWDIÀQJDQGRWKHUVWDQGDUGVUHFRPPHQGDWLRQVDZHOOXVHGWH[WERRNIRUWUDLQHHVDQGRWKHU
VLJQLÀFDQWV\OODEXVWHDFKLQJDQGWUDLQLQJPDWHULDOVLQWKH8.IRU(6752DQGIRUWKH,$($H[WHQVLYHLQYROYHPHQWLQGLUHFWWHDFKLQJWUDLQLQJDVVHVVPHQW
DQGDFFUHGLWDWLRQLQWKH8.(XURSHDQGIRUGHYHORSLQJFRXQWULHV YLD,$($(6752,652 DQGLQ$XVWUDOLDHJKDYLQJUHFHQWO\HVWDEOLVKHGDQDWLRQDOLQWHU
XQLYHUVLW\QHWZRUNIRUPHGLFDOSK\VLFVHGXFDWLRQDQGUHVHDUFK
LLL DVWURQJLQWHUHVWLQGHYHORSLQJDQGVXSSRUWLQJORFDOQDWLRQDODQGLQWHUQDWLRQDOFROODERUDWLRQVQHWZRUNVDQGWHDPVEHWZHHQLQWHUGLVFLSOLQDU\SURIHVVLRQDO
JURXSVLQFOXGLQJLQHGXFDWLRQEDVHGRQWKHSULQFLSOHWKDWHQVXULQJHIIHFWLYHHQJDJHPHQWRIPHGLFDOSK\VLFLVWVZLWKSDUWQHUFOLQLFLDQVDQGFOLQLFDOVHUYLFHVDQG
DIRFXVRQTXDOLW\DQGFOLQLFDOQHHGVHQVXUHVWKHEHVWRXWFRPHIRUWKHSDWLHQW7KLVDSSOLHVHTXDOO\WRVHUYLFHDFWLYLW\DVWRSURIHVVLRQDORUJDQLVDWLRQZRUN
DQGWKHVHFRQWULEXWLRQVKDYHJDLQHGUHFRJQLWLRQHJWKHÀUVWSK\VLFLVWHOHFWHGWRWKH(6752%RDUGLQIXOOPHPEHUVKLSHOHFWLRQVDZDUGHG)5&5 8.&OLQLFDO
2QFRORJLVWV&ROOHJH IRUFRQWULEXWLRQVWRHGXFDWLRQDQGSUDFWLFHRIFOLQLFDORQFRORJ\ 8. DQGUHFHQWO\SXEOLFO\DQQRXQFHGE\(6752ZLOOUHFHLYHWKH
(PPDQXHOYDQGHU6FKHXUHQDZDUGIRUVFLHQWLÀFH[FHOOHQFHDQGFRQWULEXWLRQVWRHGXFDWLRQWR(6752DQGWRUDGLDWLRQRQFRORJ\LQ(XURSH
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*LDPSLHUR7RVL
*LDPSLHUR7RVLZDVERUQLQ1RYDUDLQDQGJUDGXDWHGLQ3K\VLFVIURPWKH8QLYHUVLW\RI0LODQRLQ+LVWKHVLVZDVWLWOHG´6WXG\
RQDSRODUL]HGSURWRQVRXUFHIRUDQ$9)F\FORWURQµ+HEHFDPHHDUO\DQDVVLVWDQWSURIHVVRULQWKHVDPH8QLYHUVLW\FDUU\LQJRXWVWXGLHV
RQHOHFWURVWDWLFDFFHOHUDWRUVDWWKH5HVHDUFK1DWLRQDO&RXQFLO
,QKHEHJDQZRUNDWDSULYDWHKRVSLWDOLQ0LODQRQD0H9EHWDWURQIRUWXPRUUDGLRWKHUDS\DQGLQKHZDVLQYLWHGWRZRUN
RQD0H9EHWDWURQDQGD&REDOWXQLWDWWKH1LJXDUGD+RVSLWDOZKHUHKHKDGWKHFKDUJHRI'LUHFWRURIWKH0HGLFDO3K\VLFV
'HSDUWPHQWIURPWR
$WWKHEHJLQQLQJRI¶VKHGHYHORSHGWKHLGHDWRFUHDWHDWWKH8QLYHUVLW\RI0LODQRWKHÀUVWSRVWJUDGXDWH6FKRROLQ0HGLFDO3K\VLFV
LQ,WDO\JLYLQJDQLPSRUWDQWFRQWULEXWLRQWRLWVHVWDEOLVKPHQWLQ+HZDVOHFWXUHURIWKLV6FKRROXQWLO)ROORZLQJWKH6FKRRORI
0LODQRRWKHUSRVWJUDGXDWH6FKRROVZHUHFUHDWHGLQ,WDO\
$WWKHEHJLQQLQJRI·VKHGHVLJQHGWKHÀUVWGHGLFDWHG;UD\LUUDGLDWRURIEORRGFRPSRQHQWVWKDWZDVODUJHO\DGRSWHGQRWRQO\LQ,WDO\
DQGLQKHSURPRWHGZLWK8JR$PDOGLWKHUHDOL]DWLRQRIWKH1DWLRQDO+DGURQWKHUDS\&HQWHUHTXLSSHGZLWKDV\QFKURWURQDEOHWR
DFFHOHUDWHERWKSURWRQVDQGFDUERQLRQV,WVUHDOL]DWLRQZDVFRPSOHWHGLQDQGWKHV\QFKURWURQLVQRZWUHDWLQJVHOHFWHGSDWLHQWVLQ
WKHVRFDOOHG1DWLRQDO&HQWHUIRU2QFRORJLFDO+DGURQWKHUDS\ &1$2 LQ3DYLD
,QKHZDVFDOOHGE\8PEHUWR9HURQHVLWRGLUHFWWKH0HGLFDO3K\VLFV8QLWRIWKH(XURSHDQ,QVWLWXWHRI2QFRORJ\LQ0LODQR
ZKHUHKHZDVRQHRIWKHSURPRWHUVRIWKHHPSOR\RIGHGLFDWHGOLQHDUDFFHOHUDWRUVIRULQWUDRSHUDWLYHUDGLRWKHUDS\HVSHFLDOO\IRUWKH
WUHDWPHQWRIHDUO\EUHDVWFDQFHUV
%HWZHHQDQGKHZDV&KDLUPDQRIWKH,(&6&%RQ´'LDJQRVWLF,PDJLQJ(TXLSPHQWµSURPRWLQJWKHHODERUDWLRQRIPDQ\
WHFKQLFDOVWDQGDUGVRQWKHSHUIRUPDQFHDQGTXDOLW\FRQWUROSURFHGXUHVRIGLDJQRVWLFUDGLRORJLFDOHTXLSPHQW
9HU\UHFHQWO\KHKDVEHHQDSSRLQWHGDVDIHOORZRIWKH$FDGHP\RI6FLHQFHVRI7XULQIRUWKHGLVFLSOLQH´0HGLFDO3K\VLFVµ
1RZKHLVUHWLUHGEXWKHLVVWLOODUHIHUHQFHIRU\RXQJHVW0HGLFDO3K\VLFLVWVFDUU\LQJRXWKLVVFLHQWLÀFDFWLYLW\HVSHFLDOO\LQWHDFKLQJ
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-DFRE -DNH 9DQ'\N
3URI9DQ'\N06F)&&03K''$%03)&203REWDLQHGKLV%6FIURP0F0DVWHU8QLYHUVLW\DQGKLV06FIURPWKH8QLYHUVLW\RI:HVWHUQ2QWDULR&DQDGDLQXQGHUWKHVXSHUYLVLRQ
RI'U-&)0DF'RQDOG &203*ROG0HGDOZLQQHU +HWKHQMRLQHGWKH&OLQLFDO3K\VLFVJURXSDWWKH3ULQFHVV0DUJDUHW+RVSLWDO7RURQWRDVDYDOXDEOHPHPEHURIWKH-RKQVDQG
&XQQLQJKDP´SRZHUKRXVHµLQPHGLFDOSK\VLFV

,Q3URI9DQ'\NUHORFDWHGWRWKH/RQGRQ5HJLRQDO&DQFHU&HQWUHWREHFRPH+HDGRI
D
E
&OLQLFDO3K\VLFVDQGLQKHEHFDPHIXOO3URIHVVRUDW:HVWHUQ8QLYHUVLW\LQ/RQGRQ2QWDULR
3URI9DQ'\NEHFDPH3URIHVVRU(PHULWXVRQ2FWREHUWKFRLQFLGHQWDOO\RQWKHWK
$QQLYHUVDU\RIWKHZRUOG·VÀUVWFREDOWFDQFHUWUHDWPHQWLQ/RQGRQ2QWDULR3URI9DQ'\NKDV
ZRQDZDUGVRIH[FHOOHQFHIRUWHDFKLQJDWERWKWKH8QLYHUVLW\RI7RURQWRDQG:HVWHUQ+HKDV
SURGXFHGWKUHHYROXPHVRQ7KH0RGHUQ7HFKQRORJ\RI5DGLDWLRQ2QFRORJ\7KHVHDUHXVHGDV
PDMRUUHIHUHQFHVDURXQGWKHZRUOG
3URI9DQ'\NVHUYHGDVWKH3UHVLGHQWRIWKH&DQDGLDQ&ROOHJHRI3K\VLFLVWVLQ0HGLFLQH &&30 
IURPDQGKDVSDUWLFLSDWHGDVDQH[DPLQHUIRUWKH&&30IRURYHU\HDUV+H
)LJXUH
DOVRVHUYHGLQQXPHURXVFDSDFLWLHVIRUWKH&DQDGLDQ2UJDQL]DWLRQRI0HGLFDO3K\VLFLVWV &203 
D 7KHVHGRVHUHVSRQVHGDWDIRUUDGLDWLRQSQHXPRQLWLVZLWKVLQJOHIUDFWLRQKDOIERG\LUUDGLDWLRQZHUHSXEOLVKHG
E\9DQ'\NHWDOLQ$ORQJZLWKSQHXPRQLWLVGDWDIRUWRWDOERG\LUUDGLDWLRQWKHVHGDWDEHFDPHDJXLGH
WKH$PHULFDQ$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQH $$30 DQGUHSUHVHQWHG&DQDGLDQPHGLFDO
IRUGRVHSUHVFULSWLRQVIRUWKHPDQ\SDWLHQWVWUHDWHGZLWKWKHVHWHFKQLTXHV
SK\VLFVDWWKH,203+HKDVUHFHLYHGKRQRUDU\IHOORZVKLSVIURPERWKWKH$$30DQG&203,Q
UHFHQW\HDUVKHKDVVHUYHGDV&RQVXOWDQWWRWKH,$($OLYLQJLQ9LHQQDDQGUHDFKLQJRXWWR
E 7KHGDWDDUHVWLOOUHIHUHQFHGWRGD\LVLQGLFDWHGE\WKHÀJXUHIURP0DUNVHWDOSXEOLVKHGLQWKH
DVVLVWGHYHORSLQJQDWLRQV3URI9DQ'\NKDVDXWKRUHGRYHUSHHUUHYLHZHGSXEOLFDWLRQVDQG
UHFHQW  48DQWLWDWLYH$QDO\VLVRI1RUPDO7LVVXH(IIHFWVLQWKH&OLQLF 48$17(& UHYLHZ
SUHVHQWHGRYHULQYLWHGOHFWXUHVLQRYHUFRXQWULHV+LVFROOHFWLYHZRUNVKDYHEHHQFLWHG
H[WHQVLYHO\+HLVEHVWNQRZQIRUFOLQLFDOO\UHOHYDQWUDGLRELRORJ\UHVHDUFKRQUDGLDWLRQLQGXFHG
OXQJWR[LFLW\PXOWLSOHDVSHFWVRITXDOLW\DVVXUDQFH 4$ DQGXQFHUWDLQW\DQDO\VLVRIPRGHUQUDGLDWLRQWKHUDS\3URI9DQ'\NKROGVSDWHQWVIRUWKHGHVLJQRI4$SKDQWRPVGLVWULEXWHG
ZRUOGZLGHE\0RGXV0HGLFDO'HYLFHV+HKDVDQLQTXLVLWLYHVFLHQWLÀFPLQGDQKRQHVW\WRDGPLW
ZKHQKHGRHVQRWXQGHUVWDQGVRPHWKLQJIXOO\DWWHQWLRQWRGHWDLOOHDGHUVKLSDQGRUJDQL]DWLRQDO
TXDOLWLHVDQGDVWURQJZRUNHWKLFWKDWEULQJVNH\LVVXHVWRGHFLVLYHUHVROXWLRQV
$WWKHMRLQWPHHWLQJRI&203DQGWKH$$303URI9DQ'\NZDVKRQRXUHGZLWKWKH*ROG
0HGDO&203·VKLJKHVWKRQRXUZKLFKUHFRJQL]HGKLVPDMRUQDWLRQDODQGLQWHUQDWLRQDOFRQWULEXWLRQVWR
PHGLFDOSK\VLFVLQUHVHDUFKHGXFDWLRQDQGDGPLQLVWUDWLRQ

)LJXUH´7KH0RGHUQ7HFKQRORJ\RI5DGLDWLRQ2QFRORJ\µVHULHVKDYHEHFRPHDUHIHUHQFHDURXQG
WKHZRUOGIRUSUDFWLFLQJPHGLFDOSK\VLFLVWVDQGHVSHFLDOO\IRUPHGLFDOSK\VLFLVWVZKRDUHVLWWLQJWKHLU
FHUWLÀFDWLRQH[DPV9ROXPHZDVSXEOLVKHGLQ9ROXPHLQDQG9ROXPHLQ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
RI,203



:LOOL.DOHQGHU
:LOOL.DOHQGHU3K')%,5)$$30LV3URIHVVRUDQG&KDLUPDQRI0HGLFDO3K\VLFVDWWKH8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ5LJKWIURP
WKHEHJLQQLQJRIKLVUHVHDUFKDFWLYLWLHVKHIRFXVHGRQWKHGHYHORSPHQWDQGLPSURYHPHQWRIGLDJQRVWLFLPDJLQJLQUDGLRORJ\DWÀUVWLQ
WKHUHVHDUFKODERUDWRULHVRI6LHPHQV0HGLFDO6\VWHPV(UODQJHQ*HUPDQ\DQGVLQFHDVWKHKHDGRIWKHQHZO\HVWDEOLVKHG,QVWLWXWH
RI0HGLFDO3K\VLFVDWWKH8QLYHUVLW\RI(UODQJHQ

:LOOL·VFRQWULEXWLRQVWRWKHÀHOGDUHZHOONQRZQ+LVLQWURGXFWLRQRIYROXPHWULF
VSLUDOFRPSXWHGWRPRJUDSK\LQDWHFKQLTXHWKDWHQDEOHGWKHWUDQVLWLRQIURP
VHTXHQWLDOWZRGLPHQVLRQDO ' &7LPDJLQJWRIDVWYROXPHWULFWKUHHGLPHQVLRQDO
' LPDJLQJ ÀJ KDVOHGWRDFRPSOHWHFKDQJHRISDUDGLJPLQ&7LPDJLQJ,Q
WKHVKHIROORZHGWKLVXSE\GHYHORSLQJSKDVHFRUUHODWHGFDUGLDFLPDJLQJDQG
DWWHQXDWLRQEDVHGWXEHFXUUHQWPRGXODWLRQ ÀJ EDVHGRQVSLUDO&71RZDGD\V
VSLUDO&7KDVEHHQIXOO\LQWHJUDWHGLQWRFOLQLFDOSUDFWLFHZLWKFRQVLGHUDEOHEHQHÀWV
IRUWKHSDWLHQWE\UHGXFWLRQRIVFDQWLPHVDQGRISDWLHQWGRVH
2WKHUÀHOGVRIKLVUHVHDUFKZHUHUDGLDWLRQSURWHFWLRQDQGWKHGHYHORSPHQWRI
TXDQWLWDWLYHGLDJQRVWLFSURFHGXUHVHJIRUWKHDVVHVVPHQWRIRVWHRSRURVLVOXQJDQG
)LJXUH6SLUDO&7EHFDPHSRVVLEOHLQWKHODWHVZLWKWKHLQWURGXFWLRQRI
FDUGLDFGLVHDVHV7RSLFVRIKLVFXUUHQWUHVHDUFKSURMHFWVDUHGRVHDVVHVVPHQWDQG
FRQWLQXRXVO\URWDWLQJV\VWHPV,WDOORZVIRUIDVWDQGJDSOHVVDFTXLVLWLRQRI'GDWD
UHGXFWLRQLQ&7DQGLQSDUWLFXODUKLJKUHVROXWLRQ&7RIWKHEUHDVWDWGRVHOHYHOV
YROXPHVDWYHU\KLJKTXDOLW\
HTXLYDOHQWWRWKRVHLQVFUHHQLQJ
PDPPRJUDSK\:LOOLKDVDOZD\V
HPSKDVL]HGWKHLPSRUWDQFH
RILQWHUGLVFLSOLQDU\ZRUNDQG
FRRSHUDWHGVWURQJO\ZLWKUDGLRORJ\EXWDOVRZLWKRWKHUGLVFLSOLQHVRIPHGLFLQH
QDWXUDOVFLHQFHVDQGHQJLQHHULQJDVZHOODVLQGXVWULDOSDUWQHUV
:LOOL.DOHQGHUUHFHLYHGDODUJHQXPEHURIDZDUGVUHÁHFWLQJWKHKLJKUHFRJQLWLRQRI
KLVZRUNE\KLVSHHUVZRUOGZLGH$PRQJRWKHUVWKH(XURSHDQ6FLHQFH)RXQGDWLRQ
(6) DZDUGHGKLPWKH(XURSHDQ/DWVLV3UL]HWKH$PHULFDQ$VVRFLDWLRQRI
3K\VLFLVWVLQ0HGLFLQHKRQRXUHGKLPZLWKWKH:LOOLDP'&RROLGJH$ZDUGLQ
,QWKHVDPH\HDUKHZDVHOHFWHGDVPHPEHURIWKH*HUPDQ1DWLRQDO$FDGHP\RI
6FLHQFHV/HRSROGLQD,QKHUHFHLYHGWKH&URVVRIWKH2UGHURI0HULWRIWKH
)HGHUDO5HSXEOLFRI*HUPDQ\+LVZRUNLVUHÁHFWHGE\PRUHWKDQSXEOLFDWLRQV
DPRQJWKHVHDERXWRULJLQDODUWLFOHV

)LJXUH'RVHFDQEHRSWLPL]HGDQGUHGXFHGE\WXEHFXUUHQWPRGXODWLRQDQG
DXWRPDWLFH[SRVXUHFRQWURO6SLUDO&7DOORZVFRQWUROOLQJWKHVHLQUHDOWLPHE\XVLQJ
WKHPHDVXUHGDWWHQXDWLRQGDWD

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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:ROIJDQJ6FKOHJHO
:ROIJDQJ6FKOHJHOLVNQRZQIRUKLVSLRQHHULQJZRUNLQUDGLRWKHUDS\SK\VLFV8QGHUKLVOHDGHUVKLSQHZWHFKQRORJLHVIRUUDGLRWKHUDS\ZHUHGHYHORSHGZKLFKVLJQLÀFDQWO\
HQKDQFHGWKHSUHFLVLRQDQGHIIHFWLYHQHVVRIFDQFHUWUHDWPHQWZLWKLRQL]LQJUDGLDWLRQ:ROIJDQJ6FKOHJHOVWXGLHG3K\VLFVLQ%HUOLQDQG+HLGHOEHUJDQGZDVDJUDGXDWH
VWXGHQWDWWKH0D[3ODQFN,QVWLWXWHIRU1XFOHDU3K\VLFVLQ+HLGHOEHUJZKHUHKHJUDGXDWHGLQDQGUHFHLYHGWKH3K' 'UUHUQDW LQ
:ROIJDQJ6FKOHJHOVRFFXSDWLRQDOFDUHHUDVD0HGLFDO3K\VLFLVWVWDUWHGLQZKHQKHEHFDPHD
5HVHDUFK$VVRFLDWHDWWKH*HUPDQ&DQFHU5HVHDUFK&HQWHU '.)= LQ+HLGHOEHUJ7KH8QLYHUVLW\RI%HUOLQ
DSSRLQWHGKLPWRDSURIHVVRUVKLSLQ0HGLFDO3K\VLFVLQ,QKHEHFDPHD3URIHVVRURI0HGLFDO
3K\VLFVDWWKH8QLYHUVLW\RI+HLGHOEHUJDQGWKH+HDGRIWKH'HSDUWPHQW´0HGLFDO3K\VLFVLQ5DGLRWKHUDS\µ
DWWKH'.)=

:ROIJDQJ6FKOHJHOZLWKWKHÅ0LFUR0XOWL/HDI&ROOLPDWRUµZKLFKZDVGHYHORSHGE\KLV
JURXSIRUDSSOLFDWLRQVLQFRQIRUPDOVWHUHRWDFWLFUDGLRWKHUDS\DQGUDGLRVXUJHU\

+LVUHVHDUFKFRYHUVLPSRUWDQWÀHOGVRIUDGLRWKHUDS\SK\VLFVDQGWHFKQRORJ\VXFKDV'WUHDWPHQW
SODQQLQJVWHUHRWDFWLFUDGLRVXUJHU\'FRQIRUPDOUDGLRWKHUDS\LQWHQVLW\PRGXODWHGUDGLRWKHUDS\ ,057 
LPDJHJXLGHGUDGLRWKHUDS\ ,*57 DQGLRQWKHUDS\7KHGHYHORSPHQWVRIKLVGHSDUWPHQWLQLWLDWHGD
EUHDNWKURXJKLQUDGLRWKHUDS\FRQFHUQLQJSUHFLVLRQDQGFRQIRUPDOLW\RIGRVHGHOLYHU\%\FRPELQLQJ
EDVLFUHVHDUFKDQGWUDQVODWLRQWKH+HLGHOEHUJJURXSEHORQJVWRWKRVHJURXSVSHUIRUPLQJJURXQGEUHDNLQJ
DFKLHYHPHQWVLQ'WUHDWPHQWSODQQLQJUDGLRVXUJHU\RIEUDLQWXPRXUV'FRQIRUPDOUDGLRWKHUDS\ZLWK
0XOWL/HDI&ROOLPDWRUVDQG,0575HFHQWO\KLVGHSDUWPHQWZDVLQVWUXPHQWDOLQHVWDEOLVKLQJWKH´+HLGHOEHUJ
,RQ7KHUDS\IDFLOLW\µ +,7 DVWKHÀUVW
(XURSHDQ,RQWKHUDS\XQLW

1RWRQO\DVDUHVHDUFKHU:ROIJDQJ6FKOHJHODOVRGLVWLQJXLVKHGKLPVHOIDVDQDFDGHPLFWHDFKHUDQG
SURPRWHURIHGXFDWLRQLQ0HGLFDO3K\VLFV+HVXSHUYLVHGPRUHWKDQGLSORPDPDVWHUVDQG3K'
WKHVHVLQ0HGLFDO3K\VLFV+HHVWDEOLVKHGWKHSRVWJUDGXDWHIXUWKHUHGXFDWLRQSURJUDPPH´0HGLFDO
3K\VLFVµDWWKH8QLYHUVLW\RI+HLGHOEHUJWKHRQOLQH0DVWHUVSURJUDPPH´$GYDQFHG3K\VLFDO0HWKRGVLQ
5DGLRWKHUDS\µ $305 DQGWKH0DVWHUVSURJUDPPH´&OLQLFDO0HGLFDO3K\VLFVµZKLFKUHFHQWO\VWDUWHGDVD
FROODERUDWLRQEHWZHHQWKH3RQWHÀFD8QLYHUVLGDG&DWROLFD6DQWLDJRGH&KLOH 38& DQGWKH8QLYHUVLW\RI
+HLGHOEHUJ
:ROIJDQJ6FKOHJHOLVDZDUGHHRIQXPHURXVVFLHQWLÀFSUL]HV,QKHUHFHLYHGWKH´.DUO+HLQ]%HFNXUWV
$ZDUGµRIWKH*HUPDQ0LQLVWU\RI5HVHDUFKDQG(GXFDWLRQIRUVXFFHVVIXOWHFKQRORJ\WUDQVIHUKHZDV
QRPLQDWHGIRUWKH´)XWXUH$ZDUGRIWKH*HUPDQ3UHVLGHQWµLQKHUHFHLYHGWKH´*HUPDQ&DQFHU
$ZDUGµWKH´*ORFNHU0HGDOµRIWKH*HUPDQ0HGLFDO3K\VLFV6RFLHW\ '*03 IRUKLVOLIHORQJ
DFKLHYHPHQWVLQ0HGLFDO3K\VLFVDQGKHEHFDPHDKRQRUDU\PHPEHURIWKH*HUPDQ6RFLHW\RI5DGLDWLRQ
2QFRORJ\ '(*52 LQ

'DQG',057SODQIRUDFKRUGRPDSDWLHQW RQHRIWKHÀUVWSDWLHQWVWREHWUHDWHG
ZLWK,057DW'.)=LQ 

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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6WHYH:HEE
6WHYH:HEE3K''6FZDV3URIHVVRURI5DGLRORJLFDO3K\VLFVLQWKH8QLYHUVLW\RI/RQGRQIURPDQGLVQRZ(PHULWXV3URIHVVRU
+HZDV+HDGRIWKH-RLQW'HSDUWPHQWRI3K\VLFVDWWKH,QVWLWXWHRI&DQFHU5HVHDUFK ,&5 DQG5R\DO0DUVGHQ1+6)RXQGDWLRQ7UXVW
50+ IURP+HLVNQRZQIRUKLVZRUNLQGHYHORSLQJLQWHQVLW\PRGXODWHGUDGLDWLRQWKHUDS\ ,057 ,057WUHDWPHQWVKDYH
QRZEHHQHVWDEOLVKHGWRLPSURYHWKHTXDOLW\RIOLIHRIFDQFHUVXUYLYRUVDQGWKHLUSURJQRVLVGHSHQGLQJRQWKHFDQFHUVLWH
6WHYH·VHDUO\FDUHHULQPHGLFDOSK\VLFVVWDUWHGLQDIWHUSRVWJUDGXDWHVWXG\LQFRVPLFUD\
SK\VLFVDW,PSHULDO&ROOHJH)RUWKHÀUVW\HDUVKHFRQWULEXWHGWRDGYDQFHVLQUDGLRLVRWRSH
LPDJLQJ ORQJLWXGLQDOWRPRJUDSK\63(&7DQG3(7 [UD\&7IRUSODQQLQJEUHDVWUDGLRWKHUDS\DQG
0RQWH&DUORGRVLPHWU\$IXQGDPHQWDOVZLWFKLQVDZ6WHYHFRPPLWWKHQH[W\HDUVODUJHO\
WRUDGLDWLRQWKHUDS\SK\VLFV,QWKHODWHVKHZDVRQHRIDKDQGIXORISHRSOHZRUOGZLGHZKR
VWDUWHGWRFUHDWHWKHWHFKQLTXHVRILQWHQVLW\PRGXODWHGUDGLDWLRQWKHUDS\ ,057 :RUNLQJDW
WKHWKHRUHWLFDOHQGRIWKHUHVHDUFKIHHGLQJSLSHKHDOVRJXLGHGRWKHUVFORVHUWRSUDFWLFDOFOLQLFDO
LPSOHPHQWDWLRQ$W,&550+WKHDOPRVWXQLTXHUHVHDUFKFOLQLFDOWHDFKLQJDWPRVSKHUHWRJHWKHU
ZLWKDJDOD[\RIWDOHQWHGFROOHDJXHVZHUHWKHNH\WRVXEVWDQWLDOFKDQJHDQGSURJUHVV
3HUKDSVXQFKDUDFWHULVWLFDOO\IRUDVHQLRUVFLHQWLVWZLWKVXSHUYLVRU\DQGPDQDJHPHQWUHVSRQVLELOLWLHV
6WHYHFRQWLQXHGLQGHSHQGHQWSHUVRQDOUHVHDUFKULJKWXSWRUHWLUHPHQWDQGVRPHRIKLVSHHU
UHYLHZHGSDSHUVZHUHVLQJOHDXWKRUHG+HDOVRSXEOLVKHGÀYHVLQJOHDXWKRUWH[WERRNVDVZHOODV
HGLWLQJDPXOWLDXWKRUHGERRNRQPHGLFDOLPDJLQJ
6WHYHZDVD7UXVWHHRIWKH,QVWLWXWHRI&DQFHU
5HVHDUFKIRU\HDUVDQGLVQRZD0HPEHU+H
ZDV(GLWRULQ&KLHIRI,3(0·VMRXUQDO3K\VLFVLQ
&RYHURIRQHRIÀUVWERRNVRQ,057SXEOLVKHGLQ
0HGLFLQHDQG%LRORJ\IURP+HZDV
DZDUGHGWKH6LOYDQXV7KRPSVRQ0HGDODQGWKH
%DUFOD\0HGDORIWKH%ULWLVK,QVWLWXWHRI5DGLRORJ\DQGLVWKHWKUHFLSLHQWRIWKH
()2036LOYHU0HGDO+HKDVKHOGYLVLWLQJSURIHVVRUVKLSVLQPDQ\FDQFHUFHQWUHV
ZRUOGZLGH6WHYHOHGWKHWHDFKLQJRIUDGLDWLRQWKHUDS\SK\VLFVIRU\HDUVDWWKH
()203(6,(XURSHDQ6FKRROIRU0HGLFDO3K\VLFV $UFKDPSV 

%UHDNWKURXJKLQ,057GHPRQVWUDWLQJSHQFLOUD\VLQGLYLGXDOO\PRGXODWHGFRPLQJ
WRJHWKHUIURPGLIIHUHQWGLUHFWLRQVWRPDNHDFRQFDYHGRVHGLVWULEXWLRQ,OOXVWUDWLRQ
IURP:HEE·VÀUVWSDSHURQ,057LQ

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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3HWHU:HOOV
3HWHU:HOOV&%()56)5(QJ)0HG6FL)/6:LVUHFRJQLVHGLQWHUQDWLRQDOO\IRUKLVDFFRPSOLVKPHQWVLQPHGLFDOXOWUDVRQLFV+LVHDUOLHVW
ZRUNZDVFRQFHUQHGZLWKXOWUDVRXQGDVDVXUJLFDOWRRODQGVLQFHKHDQGKLVFROOHDJXHVKDYHSLRQHHUHGQXPHURXVWHFKQLTXHVZKLFK
KDYHEHHQFOLQLFDOO\VLJQLÀFDQWPDQ\RIZKLFKDUHLQGLDJQRVWLFXVHWRGD\3HUKDSVPRVWQRWDEOHRIWKHVHDUHWKHZRUOG·VÀUVWXOWUDVRQLF
VWDWLFVFDQQHUZLWKDUWLFXODWHGDUPVWKHÀUVWZDWHULPPHUVLRQDXWRPDWHGXOWUDVRQLFEUHDVWVFDQQHUWKHÀUVWUHDOLVDWLRQRIG\QDPLF
XOWUDVRQLFEHDPIRFXVLQJWKHÀUVWXOWUDVRQLFFKDUDFWHULVDWLRQRIWKHOLYHULQKHDOWKDQGGLVHDVHRQHRIWKHÀUVWRIWKUHHVLPXOWDQHRXV
LQGHSHQGHQWGHPRQVWUDWLRQVRISXOVHG'RSSOHUXOWUDVRXQGWKHGLVFRYHU\RIWKHXOWUDVRQLF'RSSOHUVLJQDOGXHWRPDOLJQDQWWXPRXU
QHRYDVFXODULVDWLRQDQGWKHGHYHORSPHQWRIFRQWLQXRXVZDYHXOWUDVRQLF'RSSOHUWRPRJUDSK\
+HEHJDQKLVFDUHHULQPHGLFDO
SK\VLFVLQDVDWUDLQHHDW%ULVWRO
*HQHUDO+RVSLWDOKDYLQJÀUVWVHUYHGD
VWXGHQWDSSUHQWLFHVKLSDWWKH*HQHUDO
(OHFWULF&RPSDQ\·V7HOHSKRQH:RUNV
LQ&RYHQWU\$IWHUWKLVKHZRUNHG
DVD5HVHDUFK$VVLVWDQWDWWKH8QLWHG
%ULVWRO+RVSLWDOVVXSSRUWHGIRU
\HDUVE\JUDQWVIURPWKH0HGLFDO
5HVHDUFK&RXQFLO$WWKHDJHRIKH
ZDVDSSRLQWHG3URIHVVRURI0HGLFDO
3K\VLFVDWWKH:HOVK1DWLRQDO6FKRRORI
8OWUDVRQLFVWDWLFVFDQQHUWKHGHYHORSPHQWRIWKHÀUVWZKLFKZDVEXLOWLQ
0HGLFLQHQRZ&DUGLII8QLYHUVLW\6FKRRO
8OWUDVRQLFSUREHIRUWKHVXUJLFDOWUHDWPHQWRI0HQLHUH·VGLVHDVHD
%ULVWROLQ
RI0HGLFLQH+HUHWXUQHGWR%ULVWROLQ
SURFHGXUHSLRQHHUHGLQ%ULVWROLQWKHHDUO\V
DV$UHD3K\VLFLVWWRWKH$YRQ$UHD
+HDOWK$XWKRULW\ 7HDFKLQJ DQG+HDGRI
WKH'HSDUWPHQWRI0HGLFDO3K\VLFVLQZKDWLVQRZWKH8QLYHUVLW\+RVSLWDOV%ULVWRO1+6)RXQGDWLRQ7UXVWUHWLULQJIURPWKH3URIHVVRUVKLS
RI3K\VLFVDQG(QJLQHHULQJLQ0HGLFLQHDW%ULVWRO8QLYHUVLW\LQ+HZDVDSSRLQWHG'LVWLQJXLVKHG5HVHDUFK3URIHVVRULQWKH6FKRRORI
(QJLQHHULQJDW&DUGLII8QLYHUVLW\LQZKHUHKHFRQWLQXHVWREHDFWLYHLQVFLHQWLÀFOHDGHUVKLSDQGUHVHDUFK+LVPRVWUHFHQWSDSHUKLV
WKLQSHHUUHYLHZHGMRXUQDOVKDVUHFHQWO\EHHQDFFHSWHGIRUSXEOLFDWLRQLQ3K\VLFVLQ0HGLFLQHDQG%LRORJ\
3HWHU:HOOVZDVWKHÀUVWUHFLSLHQWRIWKH()2030HGDODVZHOODVQXPHURXVRWKHUPHGDOVDZDUGVKRQRUDU\IHOORZVKLSVDQGKRQRUDU\
GHJUHHVERWKDWKRPHDQGDEURDG$OPRVWXQLTXHO\KHLVD)HOORZRIWKUHHRIWKH8.·V1DWLRQDO$FDGHPLHVWKH5R\DO6RFLHW\WKH5R\DO
$FDGHP\RI(QJLQHHULQJDQGWKH$FDGHP\RI0HGLFDO6FLHQFHVDVZHOODVWKH/HDUQHG6RFLHW\RI:DOHV

2XWVWDQGLQJ&RQWULEXWLRQV2YHUWKH/DVW<HDUV

<HDUV
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-RKQ0DOODUG
-RKQ0DOODUG2%()56(ZDV3URIHVVRURI0HGLFDO3K\VLFVDWWKH8QLYHUVLW\RI$EHUGHHQIURPXQWLOKLVUHWLUHPHQWLQ
+HLVNQRZQIRUKLVSLRQHHULQJZRUNLQWKHÀHOGRIPHGLFDOLPDJLQJDVZHOODVIRUKLVPDQ\FRQWULEXWLRQVWRWKHSURIHVVLRQ
,QWKHHDUO\·VKHEXLOWWKHÀUVW%ULWLVKWRPRJUDSKLFLPDJHUIRUWKH'LPDJLQJRIUDGLRQXFOLGH
GLVWULEXWLRQVLQWKHERG\
7KLVSUHFHGHGWKHGHYHORSPHQWRI+RXQVÀHOG·V;UD\&7VFDQQHUE\VHYHUDO\HDUV
+HZDVDÀUPEHOLHYHUWKDWSRVLWURQHPLVVLRQWRPRJUDSK\ 3(7 ZRXOGSURYHWREHDPDMRU
FOLQLFDOGLDJQRVWLFWHFKQLTXHDQGVHWXSD3(7IDFLOLW\LQ$EHUGHHQLQ

3URIHVVRU0DOODUGZLWK$EHUGHHQ·VÀUVWZKROHERG\PDJQHWLF
UHVRQDQFHLPDJHU

+LVPDMRUFRQWULEXWLRQWRPHGLFDOLPDJLQJZDVLQ0DJQHWLF5HVRQDQFH,PDJLQJ+LVJURXSZDV
UHVSRQVLEOHIRUVRPHRIWKHGLVFRYHULHVZKLFKOHGWRWKLVWHFKQLTXHEHFRPLQJDFOLQLFDOO\YLDEOH
WHFKQLTXHLQFOXGLQJWKHFRQFHSWRIVSLQZDUSLPDJLQJZKLFKDOORZHGWUXO\'05LPDJHVRI
WKHZKROHERG\WREHSURGXFHGIRUWKHÀUVWWLPH7KHSURGXFWLRQRIWKHÀUVWFOLQLFDOO\YDOXDEOH
PDJQHWLFUHVRQDQFHLPDJHVIURPSDWLHQWVLQZDVDPDMRUVFLHQWLÀFHYHQW

-RKQ·VÀQDOLGHDEHIRUHUHWLUHPHQWZDVIRUDQHZPHGLFDOLPDJLQJWHFKQLTXHNQRZQDVSURWRQHOHFWURQGRXEOHUHVRQDQFHZKLFKDLPV
WRLPDJHIUHHUDGLFDOVLQYLYR+LVLGHDRULJLQDWHGIURPDSDSHUKHÀUVWZURWHIRU1DWXUHLQEXWZRUNHGEDVHGRQWKLVLVQRZEHLQJ
FDUULHGRXWDURXQGWKHZRUOG
+HDOVRPDGHPDMRUFRQWULEXWLRQVWRWKHGHYHORSPHQWRIWKHSURIHVVLRQRI0HGLFDO3K\VLFV
+HZDVDIRXQGHU6HFUHWDU\*HQHUDORIWKH,QWHUQDWLRQDO2UJDQLVDWLRQIRU0HGLFDO3K\VLFV
DQGODWHULWV3UHVLGHQW+HZDV)RXQGHU3UHVLGHQWRIWKH,QWHUQDWLRQDO8QLRQRI3K\VLFDO
DQG(QJLQHHULQJ6FLHQFHVLQ0HGLFLQH+HZDVDOVR3UHVLGHQWRIERWKWKH+RVSLWDO3K\VLFLVWV
$VVRFLDWLRQDQGWKH%LRORJLFDO(QJLQHHULQJ6RFLHW\
+HKDVUHFHLYHGPDQ\KRQRXUVDQGSUL]HVGXULQJKLVFDUHHULQFOXGLQJWKH/DQGDXHU
0HPRULDO3ODTXHRIWKH$PHULFDQ$VVRFLDWLRQRI3K\VLFLVWVLQ0HGLFLQHWKH$FDGHPLF
(QWHUSULVH&RPSHWLWLRQ3UL]HRIWKH%ULWLVK7HFKQRORJ\*URXSWKH5R\DO6RFLHW\:HOFRPH
3UL]HDQG*ROG0HGDOWKH*HRUJH9DQ+HYHVH\0HPRULDO/HFWXUHPHGDO7KH5R\DO6RFLHW\
0XOODUGDZDUGDQGWKH5R\DO0HGDORIWKH5R\DO6RFLHW\RI(GLQEXUJK
+HZDVPDGHDQ2IÀFHURIWKH2UGHURIWKH%ULWLVK(PSLUHLQWKH4XHHQ·V%LUWKGD\
+RQRXUV/LVWLQ

7KHÀUVWFOLQLFDOO\XVHIXOPDJQHWLFUHVRQDQFHLPDJHRIWKHWUXQNWDNHQ
XVLQJWKHVSLQZDUSWHFKQLTXHRQ$XJXVWWK7KLVVHFWLRQWDNHQ
WKURXJKWKHOLYHUVKRZVPXOWLSOHKHSDWLFPHWDVWDVHVDQGDSUHYLRXVO\
XQNQRZQPHWDVWDVLVLQWKHVSLQH

