
MEMORANDUM 

To: Julio Frenk  
University President 

From: Linda L. Neider 
Chair, Faculty Senate 

Date: March 30, 2020 

Subject: Faculty Senate Legislation #2019-70(B) – Creation of an Accelerated B.S. to Ph.D. 
Track in the Department of Microbiology and Immunology (MIC) – Miller School of 
Medicine 

****************************************************************************** 

The Faculty Senate, at its March 25, 2020 meeting, had no objections to the approval of the 
Miller School of Medicine proposal to create an accelerated B.S. to Ph.D. track in the 
Department of Microbiology and Immunology.   

The accelerated B.S.to Ph.D. track in Microbiology and Immunology (B.S. to Ph.D. MIC) is not 
a new degree-awarding program; instead, it is a new track within the already existing and 
successful programs. 

The proposal is enclosed for your reference. 

This legislation is now forwarded to you for your action.  

LLN/ll/rh 

cc: Jeffrey Duerk, Executive Vice President and Provost 
Henri Ford, Dean, Miller School of Medicine 
Zhibin Chen, Associate Professor, Graduate Program Director, Miller School of Medicine 
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CAPSULE: Faculty Senate Legislation #2019-70(B) – Creation of an Accelerated B.S. to 
Ph.D. Track in the Department of Microbiology and Immunology (MIC) – Miller 
School of Medicine 

PRESIDENT’S RESPONSE 

APPROVED: ________________________     DATE: ___________  
(President’s Signature)   

OFFICE OR INDIVIDUAL TO IMPLEMENT: __________________________

EFFECTIVE DATE OF LEGISLATION: _______IMMEDIATELY_________
            (pending any additional approval by the Board of Trustees) 

NOT APPROVED AND REFERRED TO:  ______________________________

REMARKS (IF NOT APPROVED):____________________________________     

Dean Henri Ford, Miller School of Medicine

4/29/20
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University of Miami
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Change Type All Other Changes

Provide a brief 
summary of the 
change

The Department of Microbiology and Immunology (MIC) is requesting approval of an 
accelerated Ph.D. track. This is made possible within the long-standing frameworks of our 
current Undergraduate Program in Microbiology and Immunology (B.S. (MIC)) which awards 
B.S. degrees and our current Graduate Program in Microbiology and Immunology (Ph.D. (MIC)) 
which awards Ph.D. degrees.

The Accelerated B.S.to Ph.D. Track in Microbiology and Immunology (B.S. to Ph.D. MIC) is not a 
new degree-awarding program; instead, it is a new track within our already existing and 
successful programs. This educational opportunity will streamline our undergraduate and 
graduate trainings for some of the most talented students of the University of Miami. It is 
designed to be an elite track for students that are dedicated to pursuing a career in research.

The information of the new B.S.to Ph.D. (MIC) track initially will be distributed to incoming 
freshman in our undergraduate B.S. (MIC) program. After successful completion of their first 
two years in the B.S. (MIC) program, interested students may apply for the proposed B.S. to 
Ph.D. (MIC) track, using their third year to complete their undergraduate B.S. requirements 
while gaining substantial research experience in the labs of potential mentors on the Miller 
School of Medicine Campus. Applicants for this new track are selected by a B.S. to Ph.D. (MIC) 
track admission / operating committee (AOC) comprising MIC undergraduate advisors and the 
MIC graduate program steering committee. By the end of the third year of a student’s B.S. 
(MIC) training, the Ph.D. (MIC) graduate program steering committee evaluates and decides on 
a student’s application to the B.S. to Ph.D. (MIC) track based on the applicant’s academic 
performance and recommendations of research advisors. 

Evaluation and admission will follow the same process as the direct admissions of our Ph.D. 
(MIC) program, including the selection of mentors and identifying financial support for the 
student’s Ph.D. training. This direct admission process is presently in effect as one of the 
mechanisms for our current Ph.D. student recruitment into the MIC program. The proposed 
B.S. to Ph.D. (MIC) track will be highly selective for only those students who are exceptionally 
qualified and highly motivated to pursue a career in research. We anticipate that one or two 
students will be recruited into this new track each year. It should be noted that a B.S. to Ph.D. 
track is already established in the Biochemistry and Molecular Biology (BMB) program. 
However, the B.S. to Ph.D. (MIC) track differs in that this track does not commence with 
recruiting talented students from high schools. Instead, the B.S. to Ph.D. (MIC) track will serve 
as a talent retention of the undergraduate students in the MIC undergraduate program, and is 

"Consent-MSOM-new-tract-microbiology-immunology" 
03/25/2020 - FS Agenda 

Page 2 of 57



offered to highly qualified and motivated undergraduate students who have already 
determined that they desire to pursue a scientific research career.

Career Graduate

School/ College Department

Graduate Medical Microbiology/Immunology

Plan Type Major and/or Degree

Degree Type Doctorate

Degree Name Doctor of Philosophy

Proposed Plan Code

Plan Name Ph.D. in Microbiology and Immunology

Yes No

Subcomponent Type Subcomponent Name

Track Accelerated B.S. to Ph.D. Track

Effective Term Fall 2020

First Term Valid Spring 2020

Program Instruction Mode In Person

Where is the 
program offered?

Location Please provide the % of 
instruction at each location.

Medical Campus 100

Program Length (Years) 5

Total Credits 60

Academic Structure

Will there be any subcomponents within the program such as concentrations, specializations, thesis/non-
thesis options, or tracks?

Subcomponents
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To Be Published in the Academic Bulletin

Program Overview

Overview

Microbiology and Immunology is a multidisciplinary program encompassing the areas of cellular and molecular 
immunology, virology, microbial genetics, and pathogenic bacteriology.
The goals of the department’s graduate program are to provide each student with the opportunity to acquire 
the theoretical background and conceptual framework with the technical research skills necessary to attain a 
PhD. During the first year of study, a broad educational base in all disciplines together with laboratory 
rotations introduce students to the diverse array of research topics. Students then choose one area of 
concentration for their research. The varied interests of the faculty provide numerous opportunities for 
student participation and a broad choice in dissertation research.
Active research in immunology includes the areas of cytotoxicity, programmed cell death, cytokine receptor 
signaling, clinical and experimental bone marrow transplantation, stem cell biology, gene therapy for cancer 
treatment, antigen recognition, cell differentiation and communication, aging of the immune system, 
interleukins, genetic control of immunoglobulin production, gene activation,  evolution of the immune 
response activation, and immune therapy against cancer, infection and autoimmune diseases. evolution of 
the immune response. Research in other areas includes molecular biology of virus-host interaction in both 
animal and human systems, control and regulation of bacterial pathogenesis, selective tumor chemotherapy 
and radiation therapy, and therapy of parasitic infections.

Contact Information

Zhibin Chen, MD, Enrique Mesri, PhD, Graduate Program Director
Theresa Votolato, MS, Senior Program Coordinator
Office of Graduate and Postdoctoral Studies
Rosenstiel Medical Sciences Building, Suite 1128-A
1600 NW 10th Avenue, M857
Miami, FL 33136
305 243 2478
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Program Mission Statement

Mission

The mission and objectives of the Microbiology and Immunology Ph.D. Graduate Program are to train students 
who wish to attain the PhD degree by active engagement in the design and performance of basic Microbiology 
and Immunology research with a Biomedical Focus that is intended to provide each PhD student with:
A broad scientific reasoning ability and knowledge base in Microbiology and Immunology with a focus on its 
application in human health; 
Creative, technical, analytical and ethical skills required for carrying out and interpreting experiments in a 
responsible manner in the area of Microbiology and Immunology; 
The ability to successfully design, produce and publish scientific discoveries emanated from their own research 
in Microbiology and Immunology; and
The ability to respond to the increasing demands of collaborative and interdisciplinary research, presentation 
and communication skills required for presenting results in scientific talks, writing manuscripts and seeking 
funding through grants and proposals, teaching skills and experience, and professional preparation for a 
scientific career in academia, industry, health care, patent law or teaching within five years or less. 

Program Goals

GoalsGoals

The goals of the MIC Graduate Program include training and acquisition of:
A broad scientific reasoning ability and knowledge base in Microbiology and Immunology
Technical skills required for experiments in the area of specialization
Presentation skills required for teaching, scientific talks, manuscripts, and grants  
A preparation for a scientific career in academia, industry, or teaching within 5 ½ years
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Student Learning Outcomes

Student Learning Outcomes

Students in the Microbiology and Immunology graduate program will complete their training within 5 years of 
starting graduate school with mastery in “Knowledge of Discipline”, “Responsible Conduct of Research”, “Use 
of Appropriate Methodology”, “Application of Knowledge/Methodology”, Critical Thinking”, Effective Written 
Communication”, and “Effective Oral Communication”.
Students will demonstrate critical thinking skills and the application of the Scientific Method by showing the 
capability to develop hypotheses, and the ability to evaluate their hypotheses, paying attention to responsible 
conduct of research as appropriate.

Curriculum Requirements

Curriculum Requirements

Course List
Code Title Credit Hours
Biomedical Science Core 
Journal Club 1, 3 2

PIB 700 Journal Club
PIB 701 Introduction to Biomedical Sciences 3 5

PIB 702 Scientific Reasoning 3
PIB 705 Biostatistics for the Biosciences 3
PIB 731 Laboratory Research 3-6
PIB 780 Research Ethics 1
PIB 782 Professional Development: Skills for Success I 1
PIB 783 Professional Development: Skills for Success II 1
PIB 785 PIBS Bioinformatics Workshop 2 1

PIB 830 Doctoral Dissertation 1
Microbiology & Immunology Required Courses
MIC 623 Mechanisms of Microbial Virulence 2
MIC 728 Principles of Immunology 3
MIC 775 Advanced Microbiology and Immunology 3
MIC 751 Advance Topics in Microbiology and Virology 3
MIC 755 Microbiology and Immunology Research- Career Skills and Proficiencies 1-6
Research Credits 24
MIC 830 Doctoral Dissertation 1-12

"Consent-MSOM-new-tract-microbiology-immunology" 
03/25/2020 - FS Agenda 

Page 6 of 57



Code Title Credit Hours
MIC 840 Doctoral Dissertation - Post Candidacy 1-12
MIC 850 Research in Residence 1
Total Credit Hours 60-90
1Students in this program take PIB 700 twice for a total of 2 credits. Please see Plan of Study for more 

information.
2Bioinformatics Requirement: All graduate students are required to complete a bioinformatics workshop or 

course before they graduate. This requirement can be met by taking either the PIB 706 (Bioinformatics for 
the Biomedical Sciences) or HGG 660 (Bioinformatics Theory and Practice), both tentatively offered every 
Spring. Students can also take Bioinformatics Workshops that are offered periodically.

3Students accepted as Direct Admit into the Accelerated B.S. to Ph.D. track will be eligible to waive PIB 700
and PIB 701 and to replace those courses with other courses suitable for their academic background and 
training goals.

Plan of Study

Suggested Plan of Study

Plan of Study Grid
First Year
Fall Credit Hours
PIB 701 Introduction to Biomedical Sciences 5
PIB 702 Scientific Reasoning 3
PIB 731 Laboratory Research 1-2

PIB 700 Journal Club 1
PIB 780 Research Ethics 1
PIB 782 Professional Development: Skills for Success I 1

Credit Hours 12
Spring
PIB 700 Journal Club 1
PIB 731 Laboratory Research 1-2

PIB 783 Professional Development: Skills for Success II 1
EPH 601 Medical Biostatistics I 4
MIC 728 Principles of Immunology 3
MIC 623 Mechanisms of Microbial Virulence 2

Credit Hours 12
Summer
PIB 830 Doctoral Dissertation 1

Credit Hours 1
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Second Year
Fall
MIC 775 Advanced Microbiology and Immunology 3
MIC 830 Doctoral Dissertation 3

Students may elect to take additional basic science courses.
Credit Hours 6

Spring
MIC 830 Doctoral Dissertation 3

Teaching Assistant
Qualifying Examination

Credit Hours 3
Summer
MIC 840 Doctoral Dissertation - Post Candidacy 1

Credit Hours 1
Third Year
Fall
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies 1-6

MIC 840 Doctoral Dissertation - Post Candidacy 3
Students may elect to take additional basic science courses.

Credit Hours 4
Spring
MIC 751 Advance Topics in Microbiology and Virology 3.00
MIC 840 Doctoral Dissertation - Post Candidacy 3

Students may elect to take additional basic science courses.
Credit Hours 6

Summer
MIC 840 Doctoral Dissertation - Post Candidacy 1

Credit Hours 1
Fourth Year
Fall
MIC 840 Doctoral Dissertation - Post Candidacy 3

Students may elect to take additional basic science courses.
Credit Hours 3

Spring
MIC 840 Doctoral Dissertation - Post Candidacy 3

Students may elect to take additional basic science courses.
Credit Hours 3

Summer
MIC 840 Doctoral Dissertation - Post Candidacy 1

Credit Hours 1
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Fifth Year
Fall
MIC 840 Doctoral Dissertation - Post Candidacy 3

Students may elect to take additional basic science courses.
Credit Hours 3

Spring
MIC 840 Doctoral Dissertation - Post Candidacy 3

Students may elect to take additional basic science courses.
Credit Hours 3

Summer
MIC 850 Research in Residence 1

Credit Hours 1
Total Credit Hours 60

Suggested Plan of Study

Accelerated B.S. to Ph.D. Track

Plan of Study Grid
First Year
Fall Credit Hours
PIB 701 Introduction to Biomedical Sciences 1 5
PIB 702 Scientific Reasoning 3
PIB 731 Laboratory Research 2
PIB 700 Journal Club 1 1
PIB 780 Research Ethics 1
PIB 782 Professional Development: Skills for Success I 1

Credit Hours 13
Spring
PIB 705 Biostatistics for the Biosciences 3
PIB 700 Journal Club 1 1
PIB 731 Laboratory Research 1-2
PIB 783 Professional Development: Skills for Success II 1
MIC 728Principles of Immunology 3
MIC 623Mechanisms of Microbial Virulence 2

Credit Hours 11-12
Summer
PIB 830 Doctoral Dissertation 1

Credit Hours 1
Second Year
Fall
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MIC 775Advanced Microbiology and Immunology 3
MIC 830Doctoral Dissertation 3

Students may elect to take additional basic science courses.
Credit Hours 6

Spring
MIC 830Doctoral Dissertation 3
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
MIC 751Advance Topics in Microbiology and Virology 3.00

Qualifying Examination
Credit Hours 7-12

Summer
MIC 840Doctoral Dissertation - Post Candidacy 1

Credit Hours 1
Third Year
Fall
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
MIC 840Doctoral Dissertation - Post Candidacy 3

Students may elect to take additional basic science courses.
Credit Hours 8

Spring
MIC 840Doctoral Dissertation - Post Candidacy 3
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6

Students may elect to take additional basic science courses.
Credit Hours 4-9

Summer
MIC 840Doctoral Dissertation - Post Candidacy 1

Credit Hours 1
Fourth Year
Fall
MIC 840Doctoral Dissertation - Post Candidacy 3
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6

Students may elect to take additional basic science courses.
Credit Hours 4-9

Spring
MIC 840Doctoral Dissertation - Post Candidacy 3
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6

Students may elect to take additional basic science courses.
Credit Hours 4-9

Summer
MIC 840Doctoral Dissertation - Post Candidacy 1
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Credit Hours 1
Fifth Year
Fall
MIC 840Doctoral Dissertation - Post Candidacy 3
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6

Students may elect to take additional basic science courses.
Credit Hours 4-9

Spring
MIC 840Doctoral Dissertation - Post Candidacy 3
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6

Students may elect to take additional basic science courses.
Credit Hours 4-9

Summer
MIC 850Research in Residence 1

Credit Hours 1
Total Credit Hours 70-101

1Students accepted as Direct Admit into the Accelerated B.S. to Ph.D. track will be eligible to 
waive PIB 700 and PIB 701 and to replace those courses with other courses suitable for their academic 
background and training goals.
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Rationale

Admission Requirements

Admission Requirements

Applicants to biomedical programs should have a bachelor degree in a biological or related discipline (e.g., 
psychology, chemistry, engineering, physics). Although there are no prerequisite requirements, courses in 
general biology, cell/molecular biology, calculus, general physics, organic chemistry, physical chemistry, and 
biochemistry are encouraged. Applications are generally accepted from September to December for fall entry 
only. Select applicants will be offered an interview.

Competitive Candidates will have the following:

Excellent academic record
Competitive GRE exam scores
Research experience in a laboratory setting
Publications of abstract and / or papers
Co-authorship in a peer-reviewed journal is recommended
Strong letters of recommendation from research scientists who know the candidate well
Motivation to pursue state-of-the-art biomedical research

Applicants must submit the following:

Online Application
Application Fee
Official Academic Transcripts
GRE General Test
English Proficiency Exam (non-native speakers)
Statement of Purpose
Resume / CV
Full application instructions can be found here.
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Rationale

Our program has used a standard approach over the last few decades to help those undergraduate students 
that are highly motivated to pursue a research career.  This path offered research to students as early as 
freshman year (volunteer) and for-credit experiences as early as their junior year.  This resulted in a great 
amount of time, energy and financial support only to frequently recommend them to the very high-tier 
universities for their further graduate training. A student will rarely stay at UM to pursue a Ph.D. if they have 
offers from the very high-tier universities unless they have family in Miami or other compelling reasons.  This 
has been frustrating because we possess a sizable graduate faculty comprised of world-class scientists and 
educators, and in addition to our Ph.D. (MIC) program,  our program has a track record of training leaders in 
academia and industry in the field of microbiology and immunology.
Accordingly, we posit that an accelerated B.S.-Ph.D. (MIC) would benefit the most qualified and highly talented 
students who are dedicated to a research career by minimizing the time lost between their B.S. and Ph.D. 
trainings.  Typically, those exceptional students have a substantial amount of credits from AP, IB, Cambridge, 
dual enrollment and other transfer coursework. These students have the academic prowess to complete their 
B.S. curricular requirements within 3 years, including research during the summer sessions.  If a student can 
begin their Ph.D. trainings during their undergraduate career, they can seamlessly merge their B.S. and Ph.D. 
trainings in a faster, more efficient and productive fashion.  As a result, they will gain an advantage in the highly 
competitive research career path by entering as a researcher at a much younger age.  Without this new track, 
students will undoubtedly continue choosing other institutions for their Ph.D. training.

Market Demand

Relationship to Other Programs

Relationship to Undergraduate and Professional Programs

Library Resources Available and Needed to Support the Program

Laboratory Facilities, Equipment, and Space Available and Needed to Support the Program
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Curriculum

Other Resources Available or Needed to Support the Program

The B.S. to Ph.D. (MIC) track will not incur additional costs, but will likely reduce the cost to recruit new and 
highly qualified applicants.  Furthermore, these students are expected to be outstanding candidates for pre-
doctoral fellowships in NIH or other agencies which may draw additional finances to the institution, wherein 
financial support for Ph.D. training is traditionally provided by the mentors’ research grants or other resources 
customary for Ph.D. students in other programs. 

Program Curriculum

Admission
For students that wish to pursue the proposed B.S.-Ph.D. (MIC) track, official admission to the Ph.D. program 
will depend on meeting all general guidelines of the current graduate program admission at the University of 
Miami, including fulfilling all academic requirements for the B.S. degree with a minimum GPA greater than 3.0. 
Admission to the Ph.D. phase will follow one of the two options that are currently used for admission of Ph.D. 
students directly into the Ph.D. (MIC) program (rather than through the umbrella program called the Program 
in Biological Sciences (PIBS)). Direct admission is intended for students that have already decided that they 
want to pursue a Ph.D. in Microbiology and Immunology and who want to expedite their progression. For all 
direct admit students, the Ph.D. (MIC) program adjusts the first-year curriculum requirements to accelerate 
their training based on the student’s background and interests. The following are the two options:
Identifying a mentor ahead of time who agrees to take the student into his/her lab once admitted to the 
Ph.D. phase after the student complete the B.S. training. In this case, the student would not rotate through 
different labs and would start their Ph.D. training right away. This is the most streamlined process to accelerate 
the B.S.-Ph.D. training. However, this will require a well-established mentor/mentee training relationship.  For 
this admission option to apply, the Ph.D. (MIC) program will require significant prior mentor/mentee 
interactions, preferably that the student has done substantial amount of research work in the mentor’s lab.
Entering direct admit without an established mentor/mentee agreement. Students in the undergraduate MIC 
program who wish to pursue the B.S.-Ph.D. (MIC) track can select the option of direct admission to Ph.D. (MIC) 
program when they apply for graduate school during the last semester of B.S. training. The Ph.D. (MIC) direct 
admission differs from general admission by the umbrella PIBS program in that MIC program will streamline 
the admission process for the applicants. The Ph.D. (MIC) direct admission track can obtain support for up to 
two direct-admit students for their year one stipend, for the students to do rotations in the laboratories of MIC 
faculty members. The B.S.-Ph.D. (MIC) track students may take a PhD curriculum that differs from the typical 
Ph.D. curriculum. Their curriculum can be adjusted to accelerate their training toward their career goal, 
because of their advanced academic background and experience levels in the microbiology and immunology 
fields. 

"Consent-MSOM-new-tract-microbiology-immunology" 
03/25/2020 - FS Agenda 

Page 14 of 57



Cost of the proposed B.S to Ph.D. (MIC) track
The Accelerated B.S. to Ph.D. (MIC) track will not incur additional costs, but will likely reduce the cost to recruit 
new and highly qualified applicants.  Furthermore, these students are expected to be outstanding candidates 
for pre-doctoral fellowships in NIH or other agencies which may draw additional finances to the institution, 
wherein financial support for Ph.D. training is traditionally provided by the mentors’ research grants or other 
resources customary for Ph.D. students in other programs.

Sample Curriculum
The following sample curriculum for the B.S.-Ph.D. (MIC) track begins with an empirical outline of 3- year B.S. 
coursework followed by immediate transition to Ph.D. curriculum. No new coursework is proposed and a 
student may take more time to complete their B.S. degree requirement.

Plan of Study Grid
Freshman Year
Fall Credit 

Hours
MIC 201 or 319Modern Plagues and Society 2, *

or Innate Immunity
3

MIC 304 Introduction to Microbes and the Immune System (Lab) *** 2
CHM 221

& CHM 205
Organic Chemistry I

and Organic Chemistry Laboratory I
5

MTH 161 Calculus I 4
ENG 105 English Composition I 3

Credit Hours 17
Spring
MIC 301 Introduction to Microbes and the Immune System * 3
Arts and Humanities Cognate 3
CHM 222

& CHM 206
Organic Chemistry II

and Organic Chemistry Laboratory II
5

MTH 162 Calculus II 4
ENG 106 or 
107

English Composition II
or English Composition II: Science and Technology

3

Credit Hours 18
Sophomore Year
Fall
MIC 319 Innate Immunity * 3
MIC 323 Microbial Pathogenesis and Physiology 2, * 3
PHY 101

& PHY 106
College Physics I

and College Physics Laboratory I
5

BMB 401 Biochemistry for the Biomedical Sciences 4
Foreign Language 3

Credit Hours 18
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Spring
MIC 321 Immunobiology 1, * 3
MIC 436 Fundamental and Medical Virology 2, * 3
PHY 102

& PHY 108
College Physics II

and College Physics Laboratory II
5

Arts and Humanities Cognate 3
PSY 110 Introduction to Psychology (People and Society Cognate) 3

Credit Hours 17
Junior Year
Fall
MIC 451, 452, 

453, 454, 
455, or 456

Special Projects in Immunobiology **
or Special Projects in Parasitology
or Special Projects in Pathogenic Bacteriology
or Special Projects in Microbial Genetics
or Special Projects in Immunogenetics
or Special Projects in Virology

3

MIC 441 Microbiology and Immunology Colloquium 1
People and Society Cognate 3
Arts and Humanities Cognate 3
Elective 3
Elective 3

Credit Hours 16
Spring
MIC 451, 452, 

453, 454, 
455, or 456

Special Projects in Immunobiology **
or Special Projects in Parasitology
or Special Projects in Pathogenic Bacteriology
or Special Projects in Microbial Genetics
or Special Projects in Immunogenetics
or Special Projects in Virology

3

MIC 322 Medical Parasitology 2, * 3
People and Society Cognate 3
PSY 292 Introduction to Biobehavioral Statistics for Non-Majors (Statistics/Computer 

Science)
3

Elective 3
Elective 3

Credit Hours 18
Senior Year
Fall
Matriculation into Fast-Track Ph.D. Program

Credit Hours 0
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Total Credit Hours 104
* offered only in that semester
** permission of undergraduate director is needed, in addition to the following: 3.0 GPA within major, 3.0 

GPA overall and at least 17 credits completed in our department; also it can be taken from 2-6 credits 
and only 6 may count toward the major. 

***lab can be taken before, after or with MIC 301 and only needs to be taken once.
1 at least 1 course must be taken from MIC 321, 319. 
2 at least 1 course must be taken from MIC 201,322, 323, 436.
No changes in Requirements for B.S. curriculum in the Accelerated B.S. to Ph.D. (MIC) track:
The table above provides a sample curriculum for a student that would qualify for admissions consideration 
into the B.S. to Ph.D. (MIC) track.  The current B.S. (MIC) major and CHM minor to Ph.D. Fast Track, assumes 
that the student upon entering has received AP, IB, Cambridge, dual enrollment or other transfer credits for:

CHM 121, 113, and BIL 150, 151, 160, 161 (or equivalents)= 18 credits.
For the B.S., 24 credits of MIC are required to major. 
Students must take MIC 301 and 304, 319 or 321 and MIC 201 or 322 or 323 or 436. (total 11 credits)
The remaining 13 elective credits can be fulfilled with any of the approved courses.
Majors can get MIC credit for courses outside of MIC such as: BIL 255 which is recommended for Medical 
School or BIL 250, GSC 309 or MSC 465/4 toward the 13 elective credits remaining to receive the major.
MIC 441 may be taken up to two times.
BMB 401 does not count toward the 24 credits of MIC required but must be taken.
12 credits of MIC are required for the minor; students must take MIC 301 and 304, 319 or 321 and MIC 201 or 
322 or 323 or 436 and MIC 441 (total 12 credits).
120 credits are required for graduation. Your last 45 credits must be taken at the University of Miami.
Courses may be taken during the summer sessions to lighten the load in any given semester.
For any additional requirements that are not included please consult with Diana M. Lopez, Ph. D. or Roger 
Williams, M.S. Ed.
Ph.D. curriculum in the proposed B.S. to Ph.D. (MIC) track
The next sample curriculum for the B.S. to Ph.D. (MIC) track outlines a sample Ph.D. curriculum.
Students who wish to pursue the B.S. to Ph.D. (MIC) track must meet all general requirements for graduate 
admission to the University of Miami.  Graduate admission will follow one of the two direct admission options 
previously mentioned. These options are currently used to admit Ph.D. students directly into the Ph.D. (MIC) 
program (rather than through the umbrella PIBS program).
Course requirements for Ph.D. students are established by the Graduate Program.  To fulfill the course credit 
hour requirements for the Ph.D. degree, students will need a minimum of sixty credit hours of which at least 
twenty-four credits must have been taken in residency at the University of Miami with a minimum of twelve 
dissertation credits.  Students must obtain at least four advanced credits from course(s) offered by other 
programs to satisfy general electives.
Curriculum for Direct Admit Option 1: Identifying a mentor ahead of time who agrees to take the student 
into his/her lab once admitted to the Ph.D. phase after the student complete the BS training.  In this case, 
the student would not rotate through different labs and would start PhD training right away.
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Curriculum for Direct Admit Option 2: Entering directly into MIC without an established mentor / mentee 
agreement.  MIC program will streamline the admission process for the applicants whose interest closely 
matches the interest of available mentors who have immediate openings to accept new students. Students 
who pursue this 2nd MIC-track option may also be considered in PIBS general admission and may take a first-
year curriculum that differs from the standard PIBS curriculum.
The following is the current PIBS first-year curriculum. Students accepted as Direct Admit will be eligible to 
waive PIB 700 and PIB 701, and to replace those courses with other courses suitable for their academic 
background and training goals. They will also fulfill their Teaching Assistant (TA) requirement as MIC students 
beyond the second year, with proper approval.

Plan of Study Grid
Year One
Fall Credit Hours
PIB 701 Introduction to Biomedical Sciences 5
PIB 702 Scientific Reasoning 3
PIB 731 Laboratory Research (1 credit per rotation) 1
PIB 700 Journal Club 1
PIB 780 Research Ethics 1
PIB 782 Professional Development: Skills for Success I 1

Credit Hours 12
Spring
PIB 705 Biostatistics for the Biosciences 3
PIB 700 Journal Club 1
PIB 731 Laboratory Research 1-6
PIB 783 Professional Development: Skills for Success II 1
MIC 728Principles of Immunology 3
MIC 623Mechanisms of Microbial Virulence 2

Credit Hours 11-16
Summer
PIB 830 Doctoral Dissertation 1

Credit Hours 1
Year Two
Fall
MIC 775Advanced Microbiology and Immunology 3
MIC 830Doctoral Dissertation 1-12
Students may elect to take additional courses

Credit Hours 4-15
Spring
MIC 830Doctoral Dissertation 1-12
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
MIC 751Advance Topics in Microbiology and Virology 3.00
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Qualifying exam
Credit Hours 5-21

Summer
MIC 840Doctoral Dissertation - Post Candidacy 1-12

Credit Hours 1-12
Year Three
Fall
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
MIC 840Doctoral Dissertation - Post Candidacy 1-12
Students may elect to take additional courses

Credit Hours 2-18
Spring
MIC 840Doctoral Dissertation - Post Candidacy 1-12
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
Students may elect to take additional courses

Credit Hours 2-18
Summer
MIC 840Doctoral Dissertation - Post Candidacy 1-12

Credit Hours 1-12
Year Four
Fall
MIC 840Doctoral Dissertation - Post Candidacy 1-12
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
Students may elect to take additional courses

Credit Hours 2-18
Spring
MIC 840Doctoral Dissertation - Post Candidacy 1-12
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
Students may elect to take additional courses

Credit Hours 2-18
Summer
MIC 840Doctoral Dissertation - Post Candidacy 1-12

Credit Hours 1-12
Year Five
Fall
MIC 840Doctoral Dissertation - Post Candidacy 1-12
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
Students may elect to take additional courses

Credit Hours 2-18
Spring
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Upload Syllabi for Any New Courses

CIP Code

Proposed CIP Code

Faculty

Upload CV(s)

Upload CV(s) Grad

Students

MIC 840Doctoral Dissertation - Post Candidacy 1-12
MIC 755Microbiology and Immunology Research- Career Skills and Proficiencies1-6
Students may elect to take additional courses

Credit Hours 2-18
Summer
MIC 850Research in Residence 1

Credit Hours 1
Total Credit Hours 49-210

Bioinformatics Requirement: All graduate students are required to complete a bioinformatics workshop or 
course before they graduate. This requirement can be met by taking either the PIB 706 (Bioinformatics for the 
Biomedical Sciences) or HGG 660 (Bioinformatics Theory and Practice), both tentatively offered every Spring. 
Students can also take Bioinformatics Workshops that are offered periodically.

Proposed Schedule of Course Offerings for the First Three Years

Program Directors

Program Faculty
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Administration

Comparison

Documents

Attach Supporting Documentation MIC Attachments_update 03092020.pdf

Reviewer 
Comments

Patty Murphy (pxm491) (03/09/20 12:13 pm): This proposal for a new accelerated track is 
simply a new pathway for the currently approved Ph.D. in Microbiology and Immunology 
program. Consequently notification to or approval from SACSCOC is not required. 

Key: 388

Applicant Pool

Enrollment Projections

Teaching or Research Assistants

Program Administration

Peer Comparisons
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3,%6�&RXUVH�'HVFULSWLRQV��

3,%6������-RXUQDO�&OXE�6HPLQDU�
$OO�3,%6�VWXGHQWV�DUH�UHTXLUHG�WR�DWWHQG�RQH MRXUQDO�FOXE�RU�VHPLQDU�HDFK�ZHHN IRU�WKH�HQWLUH�
DFDGHPLF�\HDU��

3,%6������,QWURGXFWLRQ�WR�%LRPHGLFDO�6FLHQFHV�
7KLV�FRXUVH�VXUYH\V IXQGDPHQWDOV�RI�PROHFXODU�DQG�FHOOXODU�ELRORJ\�WKDW�XQGHUOLH DOO�PRGHUQ�
ELRPHGLFDO�UHVHDUFK��/HFWXUHV�DUH�RUJDQL]HG�LQWR�PRGXOHV WKDW�FRYHU�3URWHLQV DQG�'1$� *HQH�
([SUHVVLRQ��6LJQDOLQJ�DQG�0HPEUDQHV��&HOOV��DQG�'HYHORSPHQW��$�ILQDO PRGXOH�FRYHUV�
LPPXQRORJ\��RUJDQ�V\VWHPV� DQG�JHQHWLFV� ([SHULPHQWDO WHFKQLTXHV DUH�HPSKDVL]HG�
WKURXJKRXW� ZLWK�WKH�ILUVW ZHHN�RI�WKH�FRXUVH�GHYRWHG�WR D�ERRWFDPS�RQ�FRPPRQ�ELRPHGLFDO�
PHWKRGV��

3,%6������6FLHQWLILF�5HDVRQLQJ�
7KLV�FRXUVH�WHDFKHV�VFLHQWLILF UHDVRQLQJ�E\�FULWLFDO�UHDGLQJ�RI�SULPDU\�UHVHDUFK�SDSHUV�LQ�D�
VPDOO�JURXS�VHWWLQJ��0XOWLSOH�VPDOO�JURXSV�DUH�RIIHUHG�HYHU\�ZHHN DQG�VWXGHQWV�FDQ�FKRRVH�IURP�
GLIIHUHQW WRSLFV UHODWHG�WR�OHFWXUHV�LQ�WKH�FRPSDQLRQ�3,%6�����FRXUVH��5HVHDUFK�SDSHUV�DUH�
GLVFXVVHG�LQ�WZR���KRXU VHVVLRQV�HDFK�ZHHN��

3,%6������%LRVWDWLVWLFV IRU�%LRVFLHQFHV�
7KLV�LV DQ�LQWURGXFWRU\�FRXUVH�WKDW�FRYHUV WKH�EDVLFV�RI�DSSOLHG�VWDWLVWLFV��7KH�FRXUVH�
HPSKDVL]HV�D�SUDFWLFDO�XQGHUVWDQGLQJ�RI�VWDWLVWLFDO FRQFHSWV� WKH�JRDO�LV�WR SUHSDUH�\RX�WR�EH�
DEOH�WR�SURSHUO\�DQDO\]H�DQG�LQWHUSUHW�GDWD�IURP�\RXU�RZQ�UHVHDUFK� QRW�WR WXUQ�\RX�LQWR�D�
VWDWLVWLFLDQ��$V�VXFK� WKH�VWUXFWXUH�RI WKH�FRXUVH�LV�GHVLJQHG�WR�SURYLGH�KDQGV�RQ�H[SHULHQFH�
ZLWK�GDWD DQG�VWDWLVWLFDO�VRIWZDUH� DQG WR�WHDFK�\RX�KRZ�WR�SURFHHG�ZKHQ�\RX�HQFRXQWHU�QRYHO�
SUREOHPV�LQ�WKH�IXWXUH��H�J���GDWD�WKDW�\RX¶UH�QRW�TXLWH�VXUH�KRZ WR�DQDO\]H�� $Q�RYHUDOO�JRDO�RI�
WKH�FRXUVH�LV�WR�SUHSDUH�\RX�WR EH�DEOH�WR�LQWHOOLJHQWO\�DVVHVV WKH�VWDWLVWLFV FRPPRQO\�
HQFRXQWHUHG�LQ�MRXUQDO�DUWLFOHV�LQ�\RXU ILHOG��WR�DQG�SURYLGH�\RX�ZLWK�WKH�IRXQGDWLRQDO�VNLOOV�
UHTXLUHG�IRU�PRUH�DGYDQFHG�VWDWLVWLFDO PHWKRGV�ZKHQ�\RX�ODWHU HQFRXQWHU WKH�QHHG��
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7KH�1,+ *XLGH�IRU�*UDQWV DQG�&RQWUDFWV VWLSXODWHV�WKDW ,QVWLWXWLRQV�UHFHLYLQJ�VXSSRUW IRU�
1DWLRQDO�5HVHDUFK�6HUYLFH�$ZDUG�7UDLQLQJ�*UDQWV�DUH UHTXLUHG�WR�GHYHORS D�SURJUDP�LQ�WKH�
SULQFLSOHV�RI VFLHQWLILF�LQWHJULW\��7KLV�SURJUDP VKRXOG�EH�DQ�LQWHJUDO�SDUW�RI WKH�SURSRVHG�WUDLQLQJ�
HIIRUW��

3,%6������3URIHVVLRQDO�'HYHORSPHQW��6NLOOV�IRU�6XFFHVV�,�
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7KLV�ZRUNVKRS�ZLOO�WHDFK�VWXGHQWV�WKH�EDVLFV�RQ�KRZ�WR��PDQDJH�\RXU�FDUHHU��FKRRVH�D�URWDWLRQ�
ODE���PHQWRU��UHDG�D�VFLHQWLILF�SDSHU��ZULWH�D�ODE�UHSRUW�DQG�SUHVHQW�LQ�WKH�MRXUQDO�FOXE�DQG�ODE�
PHHWLQJV�

3,%6������3URIHVVLRQDO�'HYHORSPHQW��6NLOOV�IRU�6XFFHVV�,,
7KLV�ZRUNVKRS�ZLOO�WHDFK�VWXGHQWV�WKH EDVLFV�RQ�KRZ�WR��ZULWH�D�IHOORZVKLS�DQG�VFLHQWLILF�SDSHU�
DV�ZHOO�DV�WKH�SURSHU�DQG�HWKLFDO�KDQGOLQJ�RI�UHVHDUFK�GDWD�

3,%6������'RFWRUDO�'LVVHUWDWLRQ
5HTXLUHG�IRU�DOO�3K'�FDQGLGDWHV��)LUVW�\HDU�VWXGHQWV�JHQHUDOO\�WDNH�RQH�FUHGLW�RI�GRFWRUDO�
GLVVHUWDWLRQ�LQ�WKHLU�ILUVW�VXPPHU�VHPHVWHU�WKHQ�FRQWLQXH�LQ�SURJUDP�VSHFLILF�GLVVHUWDWLRQ�FUHGLW�
WKURXJK�JUDGXDWLRQ�

/LVW�RI�*UDGXDWH�&RXUVHV�RIIHUHG�E\�WKH�0,&�GHSDUWPHQW�

0,&�&RXUVH�'HVFULSWLRQV��

0,&������0HFKDQLVPV�RI�0LFURELDO�9LUXOHQFH
7KLV�FRXUVH�ZLOO�IRFXV�RQ�WKH�PHFKDQLVPV�HPSOR\HG�E\�EDFWHULDO�DQG�YLUDO�SDWKRJHQV�WR�SURGXFH�
GLVHDVH�LQ�DQLPDOV�DQG�KXPDQV��7KH�FRXUVH�LV�GLYLGHG�LQWR�WZR��WKUHH�ZHHN�PRGXOHV��7KH�ILUVW�
PRGXOH�ZLOO�FRYHU�EDFWHULDO�SDWKRJHQV�ZLWK�DQ�HPSKDVLV�RQ�WKH�EDFWHULD�KRVW�FHOO�LQWHUDFWLRQ�
6SHFLILF�WRSLFV�ZLOO�LQFOXGH��EDFWHULDO�DWWDFKPHQW�DQG�LQYDVLRQ�RI�HXNDU\RWLF�FHOOV��YLUXOHQFH�JHQH�
UHJXODWLRQ��VHFUHWLRQ�RI�YLUXOHQFH�IDFWRUV��EDFWHULDO�WR[LQV�DQG�REOLJDWH�LQWUDFHOOXODU�EDFWHULDO�
SDWKRJHQV��7KH�VHFRQG�PRGXOH�ZLOO�FRYHU�YLUXVHV�DQG�KXPDQ�YLUDO�GLVHDVHV�ZLWK�DQ�HPSKDVLV�
RQ�YLUDO�UHSOLFDWLRQ��JHQH�H[SUHVVLRQ��YLUXV�KRVW�FHOO�LQWHUDFWLRQV�DQG�YLUDO�RQFRORJ\��&ODVVHV�ZLOO
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FRQVLVW�RI�D�PL[WXUH�RI�OHFWXUHV�DQG�GLVFXVVLRQV�RI�UHFHQW�RU�FODVVLF�SDSHUV��7KHUH�ZLOO�EH�WZR�
H[DPV�

0,&������3ULQFLSOHV�RI�,PPXQRORJ\
7KLV�WHDP�WDXJKW�FRXUVH�ZLOO�SUHVHQW�LPPXQRORJLFDO�FRQFHSWV�DQG�UHDVRQLQJ�LQ�
LPPXQRORJLFDO�UHVHDUFK��7KH�FRXUVH�LV�GLYLGHG�LQWR���ZHHNO\�PRGXOHV��(DFK�PRGXOH�KDV�D
FRPPRQ�WKHPH�DQG�FRQVLVWV�RI���OHFWXUHV�RQ�LPPXQRORJLFDO�FRQFHSWV�DQG�RQH�VHVVLRQ�ZKHUH�
VWXGHQWV�SUHVHQW�DQG�GLVFXVV�D�UHVHDUFK�SDSHU�UHODWHG�WR�WKH�WKHPH�RI�HDFK�PRGXOH��7KH�SDSHU�
GLVFXVVLRQ�VHVVLRQ�ZLOO�LQFOXGH�XVH�RI�GLVHDVH�PRGHOV�DV�D�SRUWDO�WR�XQGHUVWDQG�WKH�IXQFWLRQ�RI�
LPPXQH�V\VWHP�LQ�KHDOWK�DQG�GLVHDVH��7KH�PRGXOH�WRSLFV�DUH������O\PSKRLG�FHOO�GHYHORSPHQW�
��� DQWLJHQ UHFRJQLWLRQ������LQLWLDWLRQ�RI�LPPXQH�UHVSRQVHV������7�O\PSKRF\WH�HIIHFWRU�
GHYHORSPHQW�W�DQG�IXQFWLRQ������7�FHOO�LPPXQLW\�YHUVXV�WROHUDQFH������%�FHOO�LPPXQLW\��DQG�����
LQQDWH�LPPXQLW\��7KHUH�ZLOO�EH�RQH�H[DP�IROORZLQJ�WKH�ILUVW�IRXU�PRGXOHV�DQG�WKH�VHFRQG�H[DP�
DIWHU�WKH�UHPDLQLQJ�WKUHH PRGXOHV�

0,&������$GYDQFHG�7RSLFV�LQ�0LFURELRORJ\�	�9LURORJ\
7KLV�DGYDQFHG�OHYHO�FRXUVH�LV�LQWHQGHG�WR�H[SORUH�FRPSOH[�LQWHUDFWLRQV�RI�PLFURELDO�SDWKRJHQV�
DQG�KRVWV�DW�WKH�V\VWHPLF��FHOOXODU��VXEFHOOXODU�DQG�PROHFXODU�OHYHOV��7KLV�FRXUVH�FRQVLVWV�RI�
WKUHH�PRGXOHV�IRFXVLQJ�RQ�WKH�IROORZLQJ�WRSLFV������8ELTXLWLQ�PROHFXOHV�DW�WKH�KRVW�SDWKRJHQ�
LQWHUIDFH�DQG�LQIODPPDVRPHV����FUHGLW�������0LFUREHV��HPHUJHQF\�KHPDWRSRLHVLV�DQG�
DXWRLPPXQLW\����FUHGLW���DQG�����7KH�UROH�RI�PLFUREHV�LQ�FDQFHU�LQLWLDWLRQ��SURJUHVVLRQ�DQG�
WKHUDS\����FUHGLW��

0,&������0LFURELRORJ\�	�,PPXQRORJ\�5HVHDUFK�� &DUHHU�6NLOOV�	�3URILFLHQFLHV
7KLV�LV�D�ORQJLWXGLQDO�WUDLQLQJ�FRXUVH�GHOLYHUHG�WKURXJKRXW�DOO�\HDUV�RI�WUDLQLQJ��6WXGHQWV�VWDUW�
WDNLQJ�LW�XSRQ�MRLQLQJ�WKH�0LFURELRORJ\�DQG�,PPXQRORJ\�3URJUDP�WR�SHUIRUP�UHVHDUFK�XQGHU�WKH�
PHQWRUVKLS�RI�SDUWLFLSDWLQJ�IDFXOW\��8S�WR�VL[�FUHGLWV�PD\�EH�DZDUGHG�FRPPHQVXUDWH�ZLWK�
DWWHQGDQFH�DQG�SDUWLFLSDWLRQ�LQ�WKH�IRXU�PRGXOHV��7KH�IRXU�PRGXOHV�LQFOXGH��7HDFKLQJ�
DVVLVWDQFH��7$��H[SHULHQFH����FUHGLWV���$WWHQGDQFH�DQG�SDUWLFLSDWLRQ�LQ�WKH�ZHHNO\�GHSDUWPHQWDO�
VHPLQDUV�DQG�FRPSOHWLQJ�ZULWWHQ�DVVLJQPHQWV�RQ�WKH�VHPLQDUV�WRSLFV����FUHGLW���$WWHQGDQFH��
SDUWLFLSDWLRQ�DQG�SUHVHQWDWLRQ�LQ�-RXUQDO�&OXEV����FUHGLW���5HVHDUFK�)RUXPV�RQ�5HVSRQVLEOH�
&RQGXFW�RI�5HVHDUFK��5&5��DQG�FDUHHU�VNLOOV����FUHGLW��

0,&������$GYDQFHG�7RSLFV�LQ�,PPXQRORJ\
7KLV�FRXUVH�ZLOO�H[SORUH�LQ�GHSWK�WKH�FXUUHQW�DQG�DGYDQFHG�FRQFHSWV�DQG�WRSLFV�LQ
VHOHFWHG�DUHDV�RI�,PPXQRORJ\��:H�ZLOO�FRYHU�UHFHQW�DGYDQFHV�DQG�FXWWLQJ�HGJH H[SHULPHQWDO�
DSSURDFKHV�LQ�FHOOXODU�DQG�PROHFXODU�LPPXQRORJ\�DQG�DOVR�H[SRVH�VWXGHQWV�WR�FRQFHSWV�DQG�
WKHPHV�WKDW�OLQN�WKH�YDULRXV�FHOO�W\SHV�LQWR�DQ�HIIHFWLYH�LPPXQH�V\VWHP��7KH�FODVVHV�ZLOO�FRQVLVW�
RI�D�PL[WXUH�RI�OHFWXUHV�DQG�GLVFXVVLRQV�RI�UHFHQW�SDSHUV�DQG�EH�GLYLGHG�LQWR�WKUHH�PRGXOHV������
&HOOXODU�DQG�PROHFXODU�QHWZRUNV�RI�,PPXQH�6\VWHP����FUHGLW�������0ROHFXODU�UHJXODWLRQ�RI�
$GDSWLYH�,PPXQLW\����FUHGLW�������,PPXQRSDWKRORJLHV�DQG�,PPXQRWKHUDSLHV����FUHGLW��

0,&������$FFHOHUDWHG�%DVLF�6FLHQFH�0HGLFDO�&XUULFXOXP
7UDQVIHU�IRU�JUDGXDWH�FUHGLW�RI�EDVLF�VFLHQFH�PHGLFDO�FRXUVH�ZRUN�IRU�LQGLYLGXDOV�
HQUROOHG�LQ�FRPELQHG�GHJUHH��L�H��0�'���3K�'���SURJUDPV�

1RWH�WKDW�IXWXUH�RI�WKHVH�FUHGLWV�LV�XQGHU�GLVFXVVLRQ�LQ�OLJKW�RI�WKH�3,%6�����ZDLYHU IRU�
FRPELQHG�GHJUHH VWXGHQWV�
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0,&�'LVVHUWDWLRQ�5HVHDUFK�&UHGLWV��XSRQ�FRPSOHWLRQ�RI�RWKHU�UHTXLUHG�FRXUVHZRUN�

0,&������5HVHDUFK�(WKLFV

7KH�1,+�*XLGH�IRU�*UDQWV�DQG�&RQWUDFWV�VWLSXODWHV�WKDW�,QVWLWXWLRQV�UHFHLYLQJ�VXSSRUW�IRU�
1DWLRQDO�5HVHDUFK�6HUYLFH�$ZDUG�7UDLQLQJ�*UDQWV�DUH�UHTXLUHG�WR�GHYHORS�D�SURJUDP�LQ�WKH�
SULQFLSOHV�RI�6FLHQWLILF�,QWHJULW\��7KLV�SURJUDP�VKRXOG�EH�DQ LQWHJUDO�SDUW�RI�WKH�SURSRVHG�WUDLQLQJ�
HIIRUW��7KH�8QLYHUVLW\�RI�0LDPL��6FKRRO�RI�0HGLFLQH�KDV�FKRVHQ�WR�UHVSRQG�WR�WKLV�UHTXLUHPHQW�
ZLWK�WKLV�FRXUVH��7KLV�FRXUVH�PXVW�EH�WDNHQ�GXULQJ�WKH�ILUVW�VHPHVWHU�LQ�WKH�'HSDUWPHQW�RU�
3URJUDP��7KLV�LV�D�VL[�KRXU�FRXUVH�DQG�LV�JLYHQ�LQ�WZR�VHVVLRQV�RI�WKUHH�KRXUV�HDFK��3HUPLVVLRQ�
RI�WKH�*UDGXDWH�$GYLVRU�UHTXLUHG�

0,&������$GYDQFHG�7RSLFV
6XEMHFW�PDWWHU�RIIHULQJV�EDVHG�XSRQ�VWXGHQW�GHPDQG�DQG�DYDLODELOLW\�RI�IDFXOW\�
6XEWLWOHV�GHVFULELQJ�WKH�WRSLFV�WR�EH�RIIHUHG�ZLOO�EH�VKRZQ�LQ�SDUHQWKHVHV�LQ�WKH�SULQWHG�FODVV�
VFKHGXOH��IROORZLQJ�WKH�WLWOH�³$GYDQFHG�7RSLFV���3HUPLVVLRQ�IURP�LQVWUXFWRU�UHTXLUHG�

0,&������0DVWHU¶V�7KHVLV
7KH�VWXGHQW�ZRUNLQJ�RQ�KLV�KHU�PDVWHU¶V�WKHVLV�HQUROOV�IRU�FUHGLW��LQ�PRVW�GHSDUWPHQWV�QRW�WR�
H[FHHG�VL[��DV�GHWHUPLQHG�E\�KLV�KHU�DGYLVRU��&UHGLW�LV�QRW�DZDUGHG�XQWLO�WKH�WKHVLV�KDV�EHHQ�
DFFHSWHG�

0,&������5HVHDUFK�LQ�5HVLGHQFH
8VHG�WR�HVWDEOLVK�UHVHDUFK�LQ�UHVLGHQFH�IRU�WKH�WKHVLV�IRU�WKH�PDVWHU¶V�GHJUHH�DIWHU�WKH�VWXGHQW�
KDV�HQUROOHG�IRU�WKH�SHUPLVVLEOH�FXPXODWLYH�WRWDO�LQ�0,&������XVXDOO\�VL[�FUHGLWV���&UHGLW�QRW�
JUDQWHG��0D\�EH�UHJDUGHG�DV�IXOO�WLPH UHVLGHQFH�

0,&������'RFWRUDO�'LVVHUWDWLRQ
5HTXLUHG�RI�DOO�FDQGLGDWHV�IRU�WKH�3K�'��7KH�VWXGHQW�ZLOO�HQUROO�IRU�FUHGLWV�DV�GHWHUPLQHG�E\�WKH�
*UDGXDWH�2IILFH��EXW�QRW�IRU�OHVV�WKDQ�D�WRWDO�RI�WZHQW\�IRXU��1R�PRUH�WKDQ�WZHOYH�KRXUV�RI�0,&�
����PD\�EH�WDNHQ�LQ�D�UHJXODU�VHPHVWHU�DQG�QR�PRUH�WKDQ�VL[�LQ�WKH�VXPPHU�

0,&������3RVW�&DQGLGDF\
5HTXLUHG�RI�DOO�FDQGLGDWHV�IRU�WKH�3K�'��7KH�VWXGHQW�ZLOO�HQUROO�IRU�FUHGLWV�DV�GHWHUPLQHG�E\�WKH�
*UDGXDWH�2IILFH��EXW�QRW�IRU�OHVV�WKDQ�D�WRWDO�RI�WZHQW\�IRXU��1R�PRUH�WKDQ�WZHOYH�KRXUV�RI�0,&�
����PD\�EH�WDNHQ�LQ�D�UHJXODU�VHPHVWHU�DQG�QR�PRUH�WKDQ�VL[�LQ WKH�VXPPHU�

0,&�����5HVHDUFK�LQ�5HVLGHQFH
8VHG�WR�HVWDEOLVK�UHVHDUFK�IRU�WKH�3K�'��FDQGLGDWH�DIWHU�WKH�VWXGHQW�KDV�EHHQ�HQUROOHG�IRU�WKH�
SHUPLVVLEOH�FXPXODWLYH�WRWDO�LQ�DSSURSULDWH�GRFWRUDO�UHVHDUFK��0D\�EH�UHJDUGHG�DV�IXOO�WLPH�
UHVLGHQFH�DV�GHWHUPLQHG�E\�WKH�'HDQ�RI�WKH�*UDGXDWH�6FKRRO�

4XDOLI\LQJ�([DPLQDWLRQ

7KH�4XDOLI\LQJ�([DPLQDWLRQ�IRU�SURVSHFWLYH�3K�'��FDQGLGDWHV�LV�DGPLQLVWHUHG�)HEUXDU\���± 0D\�
���RI�\HDU�WZR�RI�WKH�0LFURELRORJ\�	�,PPXQRORJ\�SURJUDP�

7KH�4XDOLI\LQJ�([DP�LQ�WKH�0LFURELRORJ\�DQG�,PPXQRORJ\�*UDGXDWH�3URJUDP�LV�DQ�LQWHJUDO�SDUW�
RI� WKH� RYHUDOO� HYDOXDWLRQ� RI� D� VWXGHQW¶V� DFDGHPLF� SHUIRUPDQFH� WR� GDWH� DQG UHTXLUHV� D� FXUUHQW�
FRPELQHG�*3$�RI�!������7KH�HYDOXDWLRQ�ZLOO�HQWDLO�H[DPLQDWLRQ�RI�D�VWXGHQW¶V�DELOLW\�WR�FRQFHLYH��
HIILFLHQWO\�RUJDQL]H�DQG�HYDOXDWH�LGHDV�DV�ZHOO�DV�WR�YHUEDOO\�FRPPXQLFDWH�WKHP�WR�WKH�IDFXOW\�
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,PSRUWDQWO\��VWXGHQWV�DUH�H[SHFWHG�WR�H[KLELW�WKH�FDSDFLW\�WR�WKLQN�DERXW�WKH�VLJQLILFDQFH�RI�WKH�
UHVHDUFK GHVFULEHG E\ UHODWLQJ WKH VSHFLILF DLPV RI \RXU SURMHFW WR EURDG ORQJ�WHUP REMHFWLYHV� 7KH�
4XDOLI\LQJ� ([DPLQDWLRQ� DOVR� HYDOXDWHV� SUREOHP� VROYLQJ� FDSDELOLW\� DQG� XWLOL]DWLRQ� RI� EDVLF�
NQRZOHGJH��DV�ZHOO�DV�DELOLW\�WR�FULWLFDOO\�HYDOXDWH�VFLHQWLILF�OLWHUDWXUH��7KXV��D�VXFFHVVIXO�GHIHQVH�
PXVW� LQGLFDWH� WR� WKH�0	,�*UDGXDWH�3URJUDP� WKDW� WKH�VWXGHQW�KDV�D�KLJK�DELOLW\� WR�JURZ� LQWR�D�
VXFFHVVIXO VFLHQWLVW�

7KH� 4XDOLI\LQJ� ([DPLQDWLRQ�PXVW� EH� WKH� ILUVW� IRUPDO� HQFRXQWHU� EHWZHHQ� WKH� VWXGHQW� DQG� WKH�
'LVVHUWDWLRQ &RPPLWWHH DV D ZKROH� 7KH 'LVVHUWDWLRQ &RPPLWWHH PHPEHUV HYDOXDWH WKH VWXGHQW¶V�
ZULWWHQ�SURSRVDO�DQG�WKH�RUDO�H[DPLQDWLRQ��$�PHPEHU�RI�WKH�'LVVHUWDWLRQ�&RPPLWWHH�LV�VHOHFWHG�
E\�WKH�&RPPLWWHH�WR�EH�WKH� µUHFRUGHU�¶�7KLV� LQGLYLGXDO�PXVW�EH�D�PHPEHU�RI�WKH�0	,�*UDGXDWH�
)DFXOW\ DQG WDNH UHVSRQVLELOLW\ IRU UHSRUWLQJ WKURXJKRXW WKH WHQXUH RI WKH 'LVVHUWDWLRQ &RPPLWWHH��
7KH� UHFRUGHU� VXPPDUL]HV� DQG� SUHSDUHV� D� FRQVHQVXV� VWDWHPHQW� FRQFHUQLQJ� WKH� RSLQLRQV� DQG�
UHFRPPHQGDWLRQV�RI�WKH�&RPPLWWHH�DV�D�ZKROH��6HH�0,&�*UDGXDWH�6WXGHQW�+DQGERRN�IRU�PRUH�
GHWDLOV�UHJDUGLQJ�WKH�4(�DQG�FRPPLWWHH VHOHFWLRQ�

0,&�5HVHDUFK�3URJUDP�2YHUYLHZ

0LFURELRORJ\�DQG�,PPXQRORJ\�LV�SDUWLFXODUO\�SURGXFWLYH�LQ�SUH�FOLQLFDO�UHVHDUFK�DQG�GLVFRYHU\��
:H�DUH�IRFXVHG�RQ�SDWKRJHQLF�EDFWHULD��YLUXVHV��DQG�LPPXQRORJ\��2XU�PDLQ�UHVHDUFK�WKHPHV�
DOVR� IRFXV� RQ� GHYHORSLQJ� PRUH� HIIHFWLYH� FDQFHU� LPPXQRWKHUDS\�� DQ� +,9� YDFFLQH�� FUHDWLQJ�
DQWLJHQ�VSHFLILF�LPPXQH�WROHUDQFH�DQG�RYHUFRPLQJ�WKH�DQWLELRWLF�UHVLVWDQFH�RI�EDFWHULD�

$FWLYH� UHVHDUFK� LQ� LPPXQRORJ\� LQFOXGHV� WKH� DUHDV� RI� F\WRWR[LFLW\�� SURJUDPPHG� FHOO� GHDWK��
F\WRNLQH�UHFHSWRU�VLJQDOLQJ��FOLQLFDO�DQG�H[SHULPHQWDO�ERQH�PDUURZ�WUDQVSODQWDWLRQ��VWHP�FHOO�
ELRORJ\�� JHQH� WKHUDS\� IRU� FDQFHU� WUHDWPHQW�� DQWLJHQ� UHFRJQLWLRQ�� FHOO� GLIIHUHQWLDWLRQ� DQG�
FRPPXQLFDWLRQ��DJLQJ�RI�WKH�LPPXQH�V\VWHP��LQWHUOHXNLQV��JHQHWLF�FRQWURO�RI�LPPXQRJOREXOLQ�
SURGXFWLRQ��JHQH�DFWLYDWLRQ�DQG�HYROXWLRQ�RI WKH�LPPXQH�UHVSRQVH��5HVHDUFK�LQ�RWKHU�DUHDV�
LQFOXGHV�PROHFXODU�ELRORJ\�RI�YLUXV�KRVW�LQWHUDFWLRQ�LQ�ERWK�DQLPDO�DQG�KXPDQ�V\VWHPV��FRQWURO�
DQG�UHJXODWLRQ�RI�EDFWHULDO�SDWKRJHQHVLV��VHOHFWLYH�WXPRU�FKHPRWKHUDS\�DQG�UDGLDWLRQ�WKHUDS\�
DQG�WKHUDS\�RI�SDUDVLWLF�LQIHFWLRQV�

:H� DFWLYHO\� FROODERUDWH� ZLWK� WKH� 6\OYHVWHU� &RPSUHKHQVLYH� &DQFHU� &HQWHU� DQG� WKH� 'LDEHWHV�
5HVHDUFK�,QVWLWXWH��7KHVH�LQWHUDFWLRQV�KHOS�WR�IRVWHU�WUDQVODWLQJ�RXU�GLVFRYHULHV�LQ�WKH�ODERUDWRU\�
WR� GLUHFWO\� EHQHILWWLQJ� SDWLHQWV� ZLWK� FDQFHU� DQG� W\SH� �� GLDEHWHV�� 2XU� HIIRUWV� WR� WUDQVODWH� RXU�
GLVFRYHULHV�WR�WKH�FOLQLF�DUH�DOVR�VKRZQ�LQ�RXU�ODUJH�SRUWIROLR�RI�OLFHQVLQJ�DJUHHPHQWV�DQG�VWDUW�
XS�FRPSDQLHV�
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0LFURELRORJ\�	�,PPXQRORJ\�*UDGXDWH )DFXOW\

'U��$UED�$JHU��3URIHVVRU
��������������� DDJHU#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� &KHPRWKHUDS\�RI�0DODULD�DQG�/HLVKPDQLDVLV
�7HVWLQJ�QHZ�FKHPLFDOV�IRU�DFWLYLW\�DJDLQVW�WKHVH���GLVHDVHV�DQG�HYDOXDWLQJ�GUXJ�
FRPELQDWLRQV�IRU�V\QHUJLVWLF�DFWLYLW\��(YDOXDWLQJ�WKH�LQIOXHQFH�RI�3HUIRULQ���RQ���LQWUDFHOOXODU�
SDUDVLWHV��&XWDQHRXV�DQG�9LVFHUDO�/HLVKPDQLD��7R[RSODVPD�DQG�7U\SDQRVRPD�FUX]L�

'U��$OOLVRQ�%D\HU��5HVHDUFK�$VVLVWDQW�3URIHVVRU
��������������DED\HU#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� 7KH�UHVHDUFK�3URJUDP�WKDW�,�GLUHFW�LQ�WKH�&HOO�7UDQVSODQW�&HQWHU�RI�WKH�'LDEHWHV�5HVHDUFK�,QVWLWXWH�����DW�
WKH�8QLYHUVLW\�RI�0LDPL�DLPV�DW�LGHQWLI\LQJ�D�SUHYHQWDWLYH�DQG�RU�FXUH�IRU�W\SH���GLDEHWHV��7�'���.H\�WR�DFKLHYLQJ�WKLV�JRDO�
LV�FHQWHUHG�RQ�XQGHUVWDQGLQJ�WKH�EDVLF� LPPXQRELRORJ\�RI�7UHJ�FHOOV� LQ�H[SHULPHQWDO�PRGHOV�RI� WUDQVSODQWDWLRQ�� � � � � �DQG�
DXWRLPPXQH�GLDEHWHV��,�VHHN�WR�DQVZHU�IXQGDPHQWDO� �TXHVWLRQV��DERXW��DGRSWLYH��7UHJ��WKHUDS\��DQG��WKH��PHFKDQLVPV�
UHJXODWLQJ�7UHJ�HQJUDIWPHQW�DQG�ORQJ�WHUP�SHUVLVWHQFH�E\ LQYHVWLJDWLQJ��QRYHO��LQIRUPDWLRQ��DERXW��WKH��LQ�YLYR�ELRORJLFDO�
HQYLURQPHQW�QHFHVVDU\�WR�VXSSRUW�WKH�7UHJ�FRPSDUWPHQW��7KHVH��VWXGLHV��ZLOO��OD\��WKH��IUDPHZRUN��IRU�IXWXUH�GHYHORSPHQW�
RI�QRYHO�VWUDWHJLHV��IRU��WKH��UHVWRUDWLRQ��RI��VHOI�WROHUDQFH��IRU� WKH��WUHDWPHQW��RI��DXWRLPPXQH��GLVHDVHV�OLNH�7�'��DQG�IRU�
WROHUDQFH�LQGXFWLRQ�WR�WUDQVSODQWHG�WLVVXHV�RU�FHOOV�

'U��%RQQLH�%ORPEHUJ��3URIHVVRU
��������������%%ORPEHU#PHG�PDLPL�HGX

5HVHDUFK�)RFXV��$�PDMRU�IRFXV�RI�RXU�FXUUHQW�UHVHDUFK�LV�WR�EHWWHU�GHILQH�WKH�PHFKDQLVPV���������E\�
ZKLFK�WKH�DJHG��LPPXQH��V\VWHP��LV��VXERSWLPDO��DQG��KRZ��WR��LPSURYH��LW���:H��KDYH�GLVFRYHUHG�
PROHFXODU�DQG�FHOOXODU�ELRPDUNHUV�LQ�PLFH�DQG�KXPDQV�ZKLFK�SUHGLFW�WKH�TXDOLW\�RI����WKH�KXPRUDO�
�DQWLERG\��UHVSRQVH��7KHVH�LQFOXGH�,J*�PHPRU\�%�FHOOV��WKH�HQ]\PH��DFWLYDWLRQ� LQGXFHG�F\WLGLQH�
GHDPLQDVH��$,'��DQG�LQIODPPDWRU\�F\WRNLQHV��VXFK��DV 71)�D���8WLOL]LQJ��D��PRXVH�PRGHO�ZH�DUH�
FXUUHQWO\�WHVWLQJ�PHFKDQLVPV�IRU�HIIHFWV�RI�LQIODPPDWRU\�IDW�WLVVXH�RQ�%�FHOO�VXEVHWV��IXQFWLRQ�DQG�
UHSHUWRLUH �DXWRLPPXQLW\��

$QRWKHU�PDMRU� IRFXV�RI� UHVHDUFK� LQ� WKLV� ODE�� LQ�FROODERUDWLRQ�ZLWK�'U��0LFKDHO�$QWRQL LQ�3V\FKRORJ\�� LV� WR�XQGHUVWDQG� WKH�
SRVLWLYH� UROH� RI� FRJQLWLYH� EHKDYLRUDO� VWUHVV�PDQDJHPHQW� �&%60�� RQ� UHGXFLQJ� LQIODPPDWLRQ� DQG� LPSURYLQJ� WKH� LPPXQH�
UHVSRQVH�LQ�EUHDVW�FDQFHU�SDWLHQWV��H�J��DV�PHDVXUHG�E\�WKH�LQIOXHQ]D�YDFFLQH�UHVSRQVH��$�NH\�QHZ�ILQGLQJ�LV�WKDW�WKH�&%60�
LQWHUYHQWLRQ�QRW�RQO\�LPSURYHV�WKH�LPPXQH�V\VWHP�DQG�JLYHV�OHVV�LQIODPPDWLRQ�EXW�DOVR�WKDW�RYHUDOO�VXUYLYDO�LQ�WKH�EUHDVW�
FDQFHU�SDWLHQWV�LV�LPSURYHG�

.H\ZRUGV��7�UHJXODWRU\�FHOO��$XWRLPPXQLW\��7\SH���GLDEHWHV��WUDQVSODQWDWLRQ��
7ROHUDQFH
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'U��=KLELQ�&KHQ��$VVRFLDWH 3URIHVVRU
������������� =&KHQ#PHG�PDLPL�HGX

5HVHDUFK�)RFXV� %ULGJLQJ�JHQHWLF�DQG�JHQRPLF�GLVFRYHULHV�WR�ELRORJ\�DQG�SDWKRSK\VLRORJ\�LQ�
DXWRLPPXQH�GLVHDVHV�DQG�FDQFHU�,QWHUIDFH�RI�LPPXQRORJ\��FDQFHU�ELRORJ\��QHXURVFLHQFH�

&XUUHQW�UHVHDUFK�LQWHUHVWV�

0HFKDQLVPV RI�DXWRLPPXQLW\�DV�D�GRXEOH�DJHQW�LQ�WXPRU�NLOOLQJ�DQG�FDQFHU SURPRWLRQ�
0LFURELRWD�LQ�FURVV�GLIIHUHQWLDWLRQ�RI�7�FHOO�OLQHDJHV��LPPXQH�PHPRU\�DQG�LPPXQH WROHUDQFH�
0HFKDQLVPV�RI�WLVVXH�UHSDLULQJ�DQG�UHJHQHUDWLRQ��ZRXQG KHDOLQJ�
7XPRU�HSLJHQRPH DQG�WUDQVFULSWRPH GLYHUVLILFDWLRQ�
2ULJLQ�RI�FDQFHU��WXPRULJHQLF�FHOO�GLIIHUHQWLDWLRQ�GULYHQ�E\�LQIODPPDWRU\ F\WRNLQHV�

5HFHQW�SXEOLFDWLRQV�E\�3K'�VWXGHQWV�

�� -DVRQ�0LVND��-HQ�%RQ�/XL��.HYLQ�7RRPHU��3UL\DGKDUVKLQL�'HYDUDMDQ�=KLELQ�&KHQ��,QLWLDWLRQ�RI�,QIODPPDWRU\�
7XPRULJHQHVLV�E\�&7/$��,QVXIILFLHQF\�'XH�WR�7\SH���&\WRNLQHV��-RXUQDO�RI�([SHULPHQWDO�0HGLFLQH����������������������
�1HZV� KWWS���PHG�PLDPL�HGX�QHZV�V\OYHVWHU�UHVHDUFKHUV�GLVFRYHU�QHZ�SDWKZD\�OLQNLQJ�LQIODPPDWLRQ�DQG�FDQFHU��

�� -HQ %RQ /XL� 3UL\DGKDUVKLQL 'HYDUDMDQ� 6DUDK $� 7HSOLFNL� DQG =KLELQ &KHQ� &URVV�GLIIHUHQWLDWLRQ IURP WKH &'� OLQHDJH�
WR�&'��7�FHOOV�ZLWK�RU�ZLWKRXW�PLFURELRWD��&HOO�5HSRUWV���������������30,'�����������������
�1HZV� KWWS���PHG�PLDPL�HGX�QHZV�VWXGHQWV�OHG�E\�GU��]KLELQ�FKHQ�PDNH�LPPXQRORJ\�GLVFRYHU\ �

�� 3UL\DGKDUVKLQL�'HYDUDMDQ��-DVRQ�0LVND��-HQ�%RQ�/XL��'RPLQLND�6ZLHERGD��=KLELQ�&KHQ��2SSRVLQJ�(IIHFWV�RI�&7/$��
,QVXIILFLHQF\ RQ 5HJXODWRU\ YHUVXV &RQYHQWLRQDO 7 &HOOV LQ $XWRLPPXQLW\ &RQYHUJH RQ (IIHFWRU 0HPRU\ LQ 7DUJHW 7LVVXH��
-RXUQDO�RI�,PPXQRORJ\������������������30,'�������������������&RYHU�VWRU\�
KWWS���ZZZ�MLPPXQRO�RUJ�FRQWHQW�������WRF��

�� -DVRQ�0LVND��0LGKDW�+��$EGXOUHGD��3UL\DGKDUVKLQL�'HYDUDMDQ��-HQ�%RQ�/XL��-XQ�6X]XNL��$QWRQHOOR�3LOHJJL��3HU�2ORI�
%HUJJUHQ��DQG�=KLELQ�&KHQ��5HDO�WLPH�LPPXQH�FHOO�LQWHUDFWLRQV�LQ�WDUJHW�WLVVXH�GXULQJ�DXWRLPPXQH�LQGXFHG�GDPDJH�DQG�
JUDIW�WROHUDQFH��-RXUQDO�RI�([SHULPHQWDO�0HGLFLQH����������������30,'����������� �����
�1HZV� KWWS���PHG�PLDPL�HGX�QHZV�GLDEHWHV�UHVHDUFKHUV�VKHG�QHZ�OLJKW�RQ�LPPXQH�WROHUDQFH�DQG�EHWD�FHOO�UHJHQ��

$XWRLPPXQLW\�DQG�,QIODPPDWLRQ�LQ�,PPXQH�7ROHUDQFH�
&DQFHU�DQG�,PPXQH�7KHUDSLHV��$Q�2YHUYLHZ�RI�&KHQ�/DE

'LG�\RX�KHDU�DQ\�UXPRU�ZKDW�KDSSHQHG�WR�WKH�IRUPHU�3,%6�VWXGHQWV"

.H\�ZRUGV��$XWRLPPXQLW\��,QIODPPDWLRQ��&DQFHU��'LDEHWHV

-HQ�%RQ��,�NQRZ�,
DQ� RQTXHU�GLDEHWHV�
EH DXVH�,�JRW�P\�

3K'�LQ�0,&

3UL\D��,�NQRZ�,�DP�
FDSDEOH�RI�ZRUNLQJ�RQ�
QHZ�YDFFLQH�EHFDXVH�,�
JRW�P\�3K'�LQ�0,&

-DVRQ�,�NQRZ,�DP�
FDSDEOHRI�VWXG\LQJ�

EUDLQFDQFHU�EHFDXVH�,�
JRW�P\3K'�LQ0,&

(QYLURQPHQW�
IDFWRUV�LQFOXGLQJ�

PLFURELRWD
*HQHWLF�5LVNV

,PPXQH�G\VUHJXODWLRQ

7LVVXH�UHSDLU�DQG�
5HJHQHUDWLRQ�
:RXQG�+HDOLQJ

'LDEHWHV�
,PPXQH�

GDPDJH�DQG�
SURWHFWLRQ

&DQFHU�
$XWRLPPXQH�

WXPRU�NLOOLQJ�RU�
RULJLQ�RI�FDQFHU

$XWRLPPXQLW\��PHPRU\�DQG�,QIODPPDWLRQ

$IWHU�ODQGLQJ�LQ�WKH�&KHQ�/DE��\RX�PHDQ�LW�ZDV�MXVW�D�SLHFH�RI�FDNH"

7KHQ�ZKDW�KDSSHQHG�WR�WKHP"
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'U��'DQLHOD�)UDVFD��5HVHDUFK�$VVLVWDQW�3URIHVVRU
��������������� GIUDVFD#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� 2QH��PDMRU��DVSHFW��RI��RXU��FXUUHQW��UHVHDUFK��LV��WKH�FKDUDFWHUL]DWLRQ��
RI��WKH��PROHFXODU��GHIHFWV��LQ��PRXVH��DQG��KXPDQ��%��FHOOV��DW��OHDVW��LQ�SDUW�UHVSRQVLEOH�
IRU� � WKH��UHGXFHG��UHVSRQVH��RI� �HOGHUO\�� LQGLYLGXDOV�� WR�� LQIHFWLRQV��DQG�YDFFLQHV��7KH�
GHIHFWV��LGHQWLILHG��LQ��RXU��ODE��LQFOXGH��WKH��LPSDLUPHQW��LQ��WKH��DELOLW\�RI�%�FHOOV�WR�XQGHUJR�
OJ�FODVV�VZLWFK��UHFRPELQDWLRQ��DQG��VRPDWLF��K\SHUPXWDWLRQ��ZKLFK� LV�GXH�WR�UHGXFHG�
H[SUHVVLRQ�RI�DFWLYDWLRQ�LQGXFHG�F\WLGLQH�GHDPLQDVH�DQG�RI� LWV� WUDQVFULSWLRQDO�DFWLYDWRU�
(����7KH� UHVXOWV� �RI� � WKHVH� �VWXGLHV�� �ZKLFK�KDYH�EULGJHG� WRJHWKHU� WKH�DUHDV�RI�EDVLF�
LPPXQRORJ\� DQG� � WUDQVODWLRQDO� � PHGLFLQH� LQ� WKH� HOGHUO\�� KDYH� VKHG� OLJKW� RQ� EDVLF�
PHFKDQLVWLF�SDWKZD\V��RI��WKH��KXPRUDO�LPPXQH�UHVSRQVH��ZKLFK�DUH�FULWLFDO�IRU�SURWHFWLYH�
UHVSRQVHV�DJDLQVW�LQIHFWLRQV��OPSRUWDQWO\��WKHVH�VWXGLHV��KDYH��RIIHUHG��VWUDWHJLHV��IRU��WKH��
LPSURYHPHQW��RI�%�FHOO�UHVSRQVHV�LQ�DJHG�LQGLYLGXDOV�ZKLFK�PD\�EH�DSSOLFDEOH�WR�RWKHU�
FKURQLF�LQIODPPDWRU\ VWDWHV�

:H�KDYH�UHFHQWO\�VWDUWHG�WR�LGHQWLI\�DQG�FKDUDFWHUL]H�WKH�HIIHFWV�RI��REHVLW\��RQ��DQWLERG\�
UHVSRQVHV��2EHVLW\��VLPLODU�WR�DJLQJ��DFFHOHUDWHV��DJH��GHIHFWV��LQ��%��FHOOV��DQG�DQWLERG\�
SURGXFWLRQ��DQG�LQGXFHV�V\VWHPLF�DQG�%�FHOO�LQWULQVLF�LQIODPPDWLRQ��OHDGLQJ�WR�UHGXFHG�%�
FHOO�UHVSRQVHV���:H��KDYH��VKRZQ��WKDW��VRPH��%��FHOO��VXEVHWV��DUH�PRUH�LQIODPPDWRU\�
WKDQ� �RWKHUV�� � WKDW� � WKH\� �DUH��SUH�DFWLYDWHG��DQG�� WKDW� � WKH\��VLJQDO� WKURXJK�PHWDEROLF�
SDWKZD\V��GHPRQVWUDWLQJ�IRU��WKH��ILUVW��WLPH��LQ��KXPDQ��%��FHOOV�WKH�OLQN�EHWZHHQ��DJLQJ���
LQIODPPDWLRQ��DQG��PHWDEROLVP���0RUH��UHFHQWO\���ZH��KDYH�VKRZQ�WKDW�WKH�KXPDQ�DGLSRVH�
WLVVXH�ZKLFK� LQFUHDVHV� LQ�VL]H�ZLWK�DJLQJ��FRQWULEXWHV� WR� WKH�VHFUHWLRQ�RI�DXWRLPPXQH�
DQWLERGLHV�PDQ\�RI��ZKLFK��DUH��DOVR��SUHVHQW��LQ��WKH��SODVPD��RI��HOGHUO\��LQGLYLGXDOV���:H��
KDYH��LGHQWLILHG��VHYHUDO��PROHFXOHV�DQG�PHFKDQLVPV�UHVSRQVLEOH�IRU�WKH�ORFDO�UHOHDVH�RI�
�VHOI��DQWLJHQV��LQGXFWLRQ�RI�FODVV�VZLWFK��DQG��SURGXFWLRQ��RI��DXWRLPPXQH��DQWLERGLHV���
WKH��VSHFLILFLW\�RI�ZKLFK�LV�XQGHU�FKDUDFWHUL]DWLRQ�LQ�RXU ODERUDWRU\�

$�PDMRU�JRDO��RI��RXU��UHVHDUFK��SURJUDP��LQ��WKH��QHDU��IXWXUH��ZLOO��EH��WR��REWDLQ��FUHDWLYH��
LQVLJKWV��WR��DGYDQFH��WKH��NQRZOHGJH��LQ��WKH��ILHOG��RI��LPPXQRPHWDEROLVP��DQG�XQGHUVWDQG�
KRZ�WKH��FRQVHTXHQFHV��RI��DEHUUDQW��LQWHUDFWLRQ��EHWZHHQ WKH��DGLSRVH�WLVVXH�DQG�WKH�
LPPXQH� � V\VWHP� � GULYH� � DJH�UHODWHG� � FKURQLF� � GLVHDVHV� � DQG� �PD\� EH� � IXQGDPHQWDO��
FRQWULEXWRUV��WR��WKH��HOHYDWHG��ULVN��RI��FKURQLF��GLVHDVH���GLVDELOLW\��DQG�DGYHUVH�KHDOWK�
RXWFRPHV�ZLWK�DGYDQFLQJ DJH�
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'U��(OL�*LOERD��3URIHVVRU
��������������(*LOERD#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� &DQFHU�LPPXQRWKHUDS\��,PPXQH�PRGXODWLRQ�XVLQJ�ROLJRQXFOHRWLGH�DSWDPHU�
WDUJHWHG�GHOLYHU\�RI�WKHUDSHXWLF�DJHQWV��DSWDPHUV��VL51$V��F\WRWR[LF�GUXJV��WR�WXPRU�FHOOV�RU�LPPXQH�
FHOOV�

'U��5RODQG�-XUHFLF��$VVRFLDWH�3URIHVVRU
��������������5-XUHFLF#PHG�PLDPL�HGX

5HVHDUFK� )RFXV�� 7KH� UHVHDUFK� LQ� WKH� ODE� IRFXVHV� RQ�� ���� &KDUDFWHUL]DWLRQ DQG� DWWHQXDWLRQ� RI� ORQJ�ODVWLQJ�
DGYHUVH�HIIHFWV�RI�FDQFHU�DQG�FKHPRWKHUDS\�RQ�KHPDWRSRLHWLF�DQG�LPPXQH�V\VWHP�IXQFWLRQ�LQ�FDQFHU�VXUYLYRUV��
����5HVSRQVHV�RI�WKH�+HPDWRSRLHWLF�DQG�OPPXQH�6\VWHPV�WR�FDQFHU��&DQFHU�+HPDWRSRLHVLV��LQ�WUHDWPHQW�QD�YH�
KRVWV�� ����'HYHORSPHQW�RI�QHZ� WKHUDSHXWLF�DSSURDFKHV� WR� LPSURYH�KHPDWRORJLF�DQG� LPPXQH�FRPSHWHQFH�RI�
FDQFHU� SDWLHQWV� DQG� FDQFHU� � VXUYLYRUV�� � ���� � &DQFHU� � WKHUDS\�LQGXFHG� � PDOLJQDQFLHV� � LQ� VXUYLYRUV�� DQG� ����
0ROHFXODU� DQG� FHOOXODU� SDWKZD\V� � UHJXODWLQJ� � (PHUJHQF\� +HPDWRSRLHVLV� LQ� UHVSRQVH� WR� � DFXWH� DQG� FKURQLF�
LQIHFWLRQV�DQG�WLVVXH GDPDJH�

5HVHDUFK�3URMHFWV�

�� &KDUDFWHUL]DWLRQ�DQG�DWWHQXDWLRQ�SUHYHQWLRQ�RI�DFXWH�DGYHUVH�HIIHFWV�RI�FDQFHU�RQ�WKH�IXQFWLRQ�RI�
KHPDWRSRLHWLF DQG LPPXQH V\VWHPV �&DQFHU +HPDWRSRLHVLV� LQ WUHDWPHQW�QD�YH EUHDVW FDQFHU�EHDULQJ�
PLFH�DQG�FDQFHU SDWLHQWV�

�� &KDUDFWHUL]DWLRQ�DQG�DWWHQXDWLRQ�SUHYHQWLRQ�RI�DFXWH�DQG�ORQJ�ODVWLQJ�DGYHUVH�HIIHFWV�RI�FDQFHU�DQG�
FKHPRWKHUDS\�RQ�WKH�IXQFWLRQ�RI�KHPDWRSRLHWLF�DQG�LPPXQH�V\VWHPV�LQ�EUHDVW FDQFHU�VXUYLYRU�PLFH��
FDQFHU�SDWLHQWV�DQG�FDQFHU VXUYLYRUV�

�� &HOOXODU�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�RI�FDQFHU�WKHUDS\�LQGXFHG�KHPDWRORJLF�PDOLJQDQFLHV�LQVXUYLYRUV�
�� *HQHUDWLRQ RI SHUVRQDOL]HG EUHDVW FDQFHU SDWLHQW�VSHFLILF KXPDQL]HG 3'; PRGHOV ZLWK WKH V\QJHQHLF�

KHPDWRSRLHWLF�V\VWHP�DQG�FDQFHU��RULJLQDWLQJ�IURP�WKH�VDPH SDWLHQW�
�� 7HVWLQJ�WKH�VDIHW\�DQG�HIILFDF\�RI�QRYHO�ELRDFWLYH�FRPSRXQGV�WR��D��'HVWDELOL]H�WXPRU�PLFURHQYLURQPHQW��

DWWHQXDWH�FDQFHU�SURJUHVVLRQ��DQG�DWWHQXDWH�&DQFHU�+HPDWRSRLHVLV��DQG�E��OPSURYH�WKH�HIILFDF\�RI�
FKHPRWKHUDS\�DQG�RU LPPXQRWKHUDS\�

.H\ZRUGV��&DQFHU��&KHPRWKHUDS\��&DQFHU�+HPDWRSRLHVLV��+HPDWRSRLHWLF�
DQG�LPPXQH�V\VWHPV��+HPDWRSRLHWLF�VWHP�FHOOV��(PHUJHQF\�KHPDWRSRLHVLV�
DQG�LQIHFWLRQ��&DQFHU�WKHUDS\�LQGXFHG�PDOLJQDQFLHV
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'U��:DVLI�.KDQ��3URIHVVRU
��������������ZQNKDQ#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� ,QQDWH�DQG�DGDSWLYH�IXQFWLRQV�RI�%�O\PSKRF\WHV�LQ�LPPXQH�SURWHFWLRQ��
DXWRLPPXQLW\�DQG�O\PSKRPD

2XU� JRDO� LV� WR� XQGHUVWDQG� FHOOXODU� DQG� PROHFXODU� PHFKDQLVPV� WKDW� JRYHUQ� LPPXQH� GHIHQVH��
DXWRLPPXQLW\�DQG�O\PSKRPDJHQHVLV��ZLWK�D�IRFXV�RQ�QHZO\�HPHUJLQJ�LQQDWH LPPXQH�DQG�UHJXODWRU\�
IXQFWLRQV�RI�%�FHOOV��7KHVH�DUH�LQWHJUDO�WR�WKH�RYHUDOO�LPPXQH�UHVSRQVH�WR�SDWKRJHQV�DV�ZHOO��DV��DIIHFW�
WKH�SDWKRORJLFDO�RXWFRPHV�LQFOXGLQJ�LPPXQRGHILFLHQF\��DXWRLPPXQLW\�DQG�O\PSKRPD��,GHQWLI\LQJ�DQG�
GHILQLQJ� IXQFWLRQDO� VLJQLILFDQFH� RI� FULWLFDO� PROHFXOHV� LQ� LPPXQLW\�� DXWRLPPXQLW\� DQG� O\PSKRLG�
PDOLJQDQFLHV� ZLOO� IDFLOLWDWH� WKH� GHYHORSPHQW� RI� QH[W� JHQHUDWLRQ� RI� ELRORJLFDO� DQG� PRUH� SUHFLVH�
WKHUDSHXWLFV�IRU�WKHVH PDODGLHV�

$�PDMRU�IRFXV�LV�RQ�XQGHUVWDQGLQJ�KRZ�G\VUHJXODWHG�VLJQDOLQJ�LQ�%�FHOOV�OHDGV�WR�DXWRLPPXQH�GLVHDVHV�
VXFK�DV�/XSXV�DQG�6MRJUHQ
V�6\QGURPH�DQG�DQDO\]H�WKHUDSHXWLF�DSSURDFKHV�WR�WUHDW�WKHP��$QRWKHU�
IRFXV�LV�RQ�WKH�IXQFWLRQDO�VSHFLDOL]DWLRQ�RI�%�FHOO�SRSXODWLRQV�LQWR�GLVWLQFW�W\SHV�RI�LPPXQH�UHVSRQGHUV�
EDVHG�RQ�WKH�QDWXUH RI�FKDOOHQJLQJ�SDWKRJHQ�DQG�ORFDWLRQ�RI�HQFRXQWHU�

5RWDWLRQ�SURMHFWV�

�� 'HILQH�WKH�HIIHFWV�RI�G\VUHJXODWHG�DSRSWRVLV�LQ�%�FHOOV�DORQH�E\�DOWHULQJ�7�FHOOV�DQG�LQQDWH�FHOOV�
XVLQJ�SURDSRSWRWLF�%LP�PXWDQW PLFH�
�� 'HWHUPLQH�WKH�H[WHQW�WR�ZKLFK�LQKLELWLQJ�%&5�VLJQDOLQJ�DPHOLRUDWHV�/XSXV�DQG�6MRJUHQ
V�
6\QGURPH�SDWKRORJLHV�LQ�RXU�QRYHO�PRGHO�RI�/XSXV��%�FHOO�VSHFLILF�%LP�PXWDQW�PLFH��FURVVHG�RQ�WR�
PLFH�WKDW�ODFN�%&5�VLJQDO�WUDQVGXFHU�%WN�NLQDVH�LQ�% FHOOV�
�� 'HWHUPLQH�WKH�UROH�RI�SHUIRULQ����3��� QDPHG�E\�'U��(FNKDUG�3RGDFN��LQ�0=��%��DQG�WUDQVLWLRQDO�%�
FHOO�GHYHORSPHQW�DQG�DQWL�EDFWHULDO IXQFWLRQ�
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'U��5REHUW�/HY\��3URIHVVRU
��������������5/HY\#PHG�PLDPL�HGX

5HVHDUFK )RFXV� 0\ ODERUDWRU\
V RYHUDOO REMHFWLYH LV WR GLVFRYHU VWUDWHJLHV ZKLFK FDQ IDFLOLWDWH WKH VXFFHVV RI KHPDWRSRLHWLF�
VWHP�FHOO���%RQH�0DUURZ���WUDQVSODQWV��+6&7� DV�ZHOO�DV�VROLG�WLVVXH�WUDQVSODQWV��$V�LPPXQRORJLVWV��ZH�FRQVLGHU�VHYHUDO�
LVVXHV�ZKLFK�DUH�VHSDUDWH� � EXW� LQWLPDWHO\� UHODWHG� � GXULQJ� WKH�+6&7�SURFHVV� LQYROYLQJ�KHPDWRSRLHWLF�FHOO� HQJUDIWPHQW��
LPPXQH�UHFRQVWLWXWLRQ��JUDIW�YHUVXV�KRVW GLVHDVH
�*9+'�� DQG� DQWL�WXPRU� LPPXQLW\� �*97�� LQ� WKH�
UHFLSLHQW�� 6XFFHVV� UHTXLUHV� VROYLQJ� VHYHUDO�
FRQXQGUXPV�LQFOXGLQJ��D��KRZ�FDQ�ZH�UDSLGO\�FXUH�
KHPDWRSRLHWLF�FDQFHUV��OHXNHPLD��O\PSKRPD��HWF���
LQ� UHFLSLHQWV� ZKRVH� LPPXQH� V\VWHPV� KDYH� EHHQ�
DEODWHG DQG DUH LQ QHHG RI UHFRQVWLWXWLRQ DQG E� KRZ�
FDQ�7�O\PSKRF\WHV�EH�LQFOXGHG�LQ�WKH�WUDQVSODQWHG�
FHOOV�IURP�D�KHDOWK\�GRQRU�VXFK�WKDW�WKH\�HUDGLFDWH�
GLVHDVH� DIWHU� LQIXVLRQ� EXW� GR� QRW� GDPDJH� WKH�
SDWLHQW
V� KHDOWK\� WLVVXH" 8VLQJ� ZHOO�GHILQHG� SUH�
FOLQLFDO� +6&7� PRGHOV� RXU� ODERUDWRU\� KDV�
GHYHORSHG�� ZH� JHQHUDWH� TXHVWLRQV�� GHVLJQ� DQG�
SHUIRUP� H[SHULPHQWV� ZLWK� WKH� RYHUDOO� REMHFWLYH� RI�
WUDQVODWLQJ�RXU�VWUDWHJLHV� LQWR� WKH�FOLQLF��:H�DUH�D�
KLJKO\� FROODERUDWLYH� ODERUDWRU\� ZLWK� LQWHUDFWLRQV�
DFURVV�PXOWLSOH�GLVFLSOLQHV�LQ�DFDGHPLD�DQG�LQGXVWU\�
� DGGUHVVLQJ�VHYHUDO�NH\�DUHDV�RI�7�FHOO�ELRORJ\�LQ�
WUDQVSODQWDWLRQ LQFOXGLQJ�

*HQHUDWLQJ�WUDQVODWLRQDO�UHJXODWRU\�7�FHOO�EDVHG�VWUDWHJLHV�WR�OLPLW�*9+'�DQG�SURPRWH�*9/�DQG�HQJUDIWPHQW
8QGHUVWDQGLQJ�WKH�UROH�RI�6WLPXODWRU�RI�OQWHUIHURQ�*HQHV��67O1*��LQ�DFXWH�DQG�FKURQLF�*9+'
'HILQLQJ�KRZ�HSLJHQHWLF�UHJXODWLRQ�FDQ�EH�DSSOLHG�WR�FRQWURO�WUDQVSODQW�UHODWHG�LQIODPPDWRU\�UHVSRQVHV
8VLQJ�WXPRU�YDFFLQHV�GXULQJ�HDUO\�LPPXQH�UHFRQVWLWXWLRQ�LQ�+6&7�UHFLSLHQWV�WR�HUDGLFDWH�GLVHDVH
(OXFLGDWLQJ�WKH�XQGHUO\LQJ�PHFKDQLVPV�RI�� DQG�JHQHUDWLQJ�WRSLFDO�WKHUDS\�IRU�� RFXODU�*9+'
$SSO\LQJ�WROHUDQFH�VWUDWHJLHV�WR�SUHYHQW�FRUQHD�WLVVXH�WUDQVSODQWV

�� 9HU\�/RZ�1XPEHUV�RI�&'���)R[3���7UHJV ([SDQGHG�LQ�'RQRUV�YLD�7/�$�OJ�DQG�/RZ�'RVH�O/���([KLELW�D�'LVWLQFW�$FWLYDWLRQ�)XQFWLRQDO�3URILOH�
DQG 6XSSUHVV *9+' LQ D 3UHFOLQLFDO 0RGHO� &RSVHO 6� :ROI '� .DOH %� %DUUHUDV +� /LJKW� ERXUQ &2� %DGHU &6� $OSHUVWHLQ:� $OWPDQ 1+� .RPDQGXUL�
.9��/HY\�5%��%LRO�%ORRG�0DUURZ�7UDQVSODQW�������30O'� ��������

�� 0DUNHG� LQ� 9LYR� 'RQRU� 5HJXODWRU\� 7� &HOO� ([SDQVLRQ� YLD� OQWHUOHXNLQ��� DQG� 7/�$�OJ� 6WLPXODWLRQ� $PHOLRUDWHV� *UDIW�YHUVXV�+RVW� 'LVHDVH� EXW�
3UHVHUYHV� *UDIW�YHUVXV�/HXNHPLD� LQ� 5HFLSLHQWV� DIWHU� +HPDWRSRLHWLF� 6WHP� &HOO� 7UDQVSODQWDWLRQ�� :ROI� '�� %DUUHUDV� +�� %DGHU� &6�� &RSVHO� 6��
/LJKWERXUQ &2� 3IHLIIHU %-� $OWPDQ1+� 3RGDFN (5� .RPDQGXUL .9� /HY\ 5%� %LRO %ORRG0DUURZ7UDQVSODQW� ����� �������������� 30O'� ��������

�� 1RYHO�6FRULQJ�&ULWHULD�IRU�WKH�(YDOXDWLRQ�RI�2FXODU�*UDIW�9HUVXV�+RVW�'LVHDVH�LQ�D�3UH�&OLQLFDO�$OOR�+6&7�$QLPDO�0RGHO��3HUH]�9/��%DUVDP�$��
'XIIRUW�6��8UELHWD�0��%DUUHUDV�+��/LJKWERXUQ�&��DQG�/HY\�5%��%LRO�%ORRG�0DUURZ�7UDQVSODQW�������$XJ����SLL��6����������������������30O'��
��������

�� 6XSHULRU� LPPXQH� UHFRQVWLWXWLRQ� XVLQJ� 7UHJ�H[SDQGHG� GRQRU� FHOOV� YHUVXV� 37&\� WUHDWPHQW� LQ� SUHFOLQLFDO� +6&7�PRGHOV��:ROI� '�� %DGHU� &6��
%DUUHUDV�+��&RSVHO�6��3IHLIIHU�%-��/LJKWERXUQ�&2��$OWPDQ�1+��.RPDQGXUL�.9��/HY\�5%��-&O�OQVLJKW�������2FW�����������30O'� ��������

�� 'RQRU�&'��)R[S���UHJXODWRU\�7�FHOOV�DUH�QHFHVVDU\�IRU�SRVW�WUDQVSODQWDWLRQ�F\FORSKRVSKDPLGH� PHGLDWHG�SURWHFWLRQ�DJDLQVW�*9+'�LQ�PLFH��
*DQJXO\�6��5RVV�'5��3DQRVNDOWVLV�0RUWDUL�$��%OD]DU�%5��/HY\�5%�DQG�/X]QLN�/�%ORRG�������6HS�����30O' ��������

�� &RPELQLQJ�(DUO\�+HDW�6KRFN�3URWHLQ�9DFFLQDWLRQ�ZLWK�'LUHFWHG�O/���/HDGV�WR�(IIHFWLYH�DQG�SHUVLVWHQW�DQWL�WXPRU�LPPXQLW\�LQ�UHFLSLHQWV�RI�
H[SHULPHQWDO�DXWRORJRXV�KHPDWRSRLHWLF�FHOO�WUDQVSODQWDWLRQ�1HZPDQ�5*��3RGDFN�(5�DQG�/HY\�5%��%ORRG������������������������������
30O'���������

�� $QWLJHQ DQG /\PSKRSHQLD�GULYHQ 'RQRU 7 &HOOV DUH 'LIIHUHQWLDOO\ 'LPLQLVKHG E\ 3RVW�7UDQVSODQWDWLRQ $GPLQLVWUDWLRQ RI &\FORSKRVSKDPLGH DIWHU�
+HPDWRSRLHWLF &HOO 7UDQVSODQWDWLRQ� 5RVV '� -RQHV 0� .RPDQGXUL .� /HY\ 5%� %LRO %ORRG 0DUURZ 7UDQVSODQW� ����� 30O'� ��������

�� 7KH�SURPLVH�RI�&'��)R[3���UHJXODWRU\�7�FHOO�PDQLSXODWLRQ�LQ�YLYR��DSSOLFDWLRQV�IRU�DOORJHQHLF�KHPDWRSRLHWLF�VWHP�FHOO�WUDQVSODQWDWLRQ��&RSVHO�
6��:ROI�'��.RPDQGXUL�.9��/HY\�5%��+DHPDWRORJLFD�������-XO�������������������30O'� ��������
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'U��0DWKLDV�/LFKWHQKHOG��$VVRFLDWH�3URIHVVRU
��������������POLFKWHQ#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� 5HVHDUFK�E\�RXU�ODERUDWRU\�DQG�LWV��FROODERUDWRUV KDV��HYROYHG��IURP��XQGHUVWDQGLQJ�
KRZ�&'���7�FHOOV�DQG�1.�FHOOV�FDQ�NLOO� WR�KRZ�FKURPDWLQ�VWUXFWXUHV�DQG�WUDQVFULSWLRQ�IDFWRUV�FRQWURO�
WKHLU�H[SUHVVLRQ��RI��WKH��NLOOHU��SURWHLQV���%HFDXVH��RI��WKH��FULWLFDO��UROH��RI��WKHVH��FHOOV�LQ�DQWLYLUDO�DQG�
DQWLWXPRU� LPPXQLW\��ZH�H[SDQGHG�RXU�� LQWHUHVWV�� WR��+,9�$,'6��DQG��KRZ��&'����7� FHOOV�VKRXOG�EH�
SURJUDPPHG�WR��IXQFWLRQ��RSWLPDOO\��LQ��DQWL�WXPRU��WKHUDS\���2XU��QHZ��OLQH��RI��UHVHDUFK�FKDUDFWHUL]HV�
PHFKDQLVP�E\�ZKLFK�SHUIRULQ����D�SRUH�IRUPLQJ�PROHFXOH�ZLWK VLJQLILFDQW�KRPRORJ\�WR�SHUIRULQ���� WKH�
HVVHQWLDO��NLOOHU�SURWHLQ�RI�&'���7�FHOOV�DQG�1.�FHOOV��FDQ�WDNH�D��ILUVW��VKRW��DW�YDULRXV HQHPLHV�

'U��'LDQD�/RSH]��3URIHVVRU
������������
G�ORSH]�#PHG�PLDPL�HGX

3URIHVVRU�RI�0LFURELRORJ\�DQG�,PPXQRORJ\��'LUHFWRU�RI�8QGHUJUDGXDWH�3URJUDP

.H\ZRUGV� .LOOLQJ�RI�SDWKRJHQV�DQG�SDWKRJHQ�LQIHFWHG�FHOOV�HIIHFWRU�PROHFXOHV�DQG�
WUDQVFULSWLRQ�ZLWK�DSSOLFDWLRQV�WR�FDQFHU�DQG�+,9�
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'U��7KRPDV�0DOHN��3URIHVVRU�DQG�&KDLU
��������������70DOHN#PHG�PLDPL�HGX

5HJXODWLRQ�RI�WROHUDQFH�DQG�LPPXQLW\�E\�,/��

,/���LV�D�FULWLFDO�UHJXODWRU�RI�7�FHOO�UHVSRQVHV�ZKHUH�WKH�OHYHO�RI�,/���UHFHSWRU�VLJQDOLQJ�GLVWLQFWLYHO\�FRQWUROV�WROHUDQFH�DQG�
LPPXQLW\��2QH�PDMRU�REMHFWLYH�RI�WKH�ODERUDWRU\�LV�WR�GHILQH�WKH�XQGHUO\LQJ�PHFKDQLVPV�E\�ZKLFK�,/���FRQWUROV�

LPPXQRVXSSUHVVLYH�UHJXODWRU\�7�FHOOV�YHUVXV�WKH�GHYHORSPHQW�&'�
��
7�PHPRU\�UHVSRQVHV��:H�DOVR�VHHN�WR�WUDQVODWH�WKLV

LQIRUPDWLRQ�WR�GHYHORS�QHZ�DSSURDFKHV�WR�VXSSUHVV�DXWRLPPXQH�GLVHDVHV�DQG�WR�DXJPHQW�DQWL�WXPRU�LPPXQLW\�

)RU�IXUWKHU�LQIRUPDWLRQ�

�� 'LQJ� <�� <X� $�� 7VRNRV� *�&�� 0DOHN� 7�5� &'�� DQG SURWHLQ SKRVSKDWDVH �$ FRRSHUDWH WR HQKDQFH ,/��5�
VLJQDOLQJ�LQ�KXPDQ�UHJXODWRU\�7�FHOOV��-�,PPXQRO�������������� �����

�� 7RRPHU� .�+�� /XL� -�%�� $OWPDQ� 1�+�� %DQ� <�� &KHQ� ;�0DOHN� 7�5� (VVHQWLDO DQG QRQ�RYHUODSSLQJ ,/��5D�GHSHQGHQW SURFHVVHV IRU�
WK\PLF GHYHORSPHQW�DQG�SHULSKHUDO�KRPHRVWDVLV�RI�UHJXODWRU\�7�FHOOV��1DW�&RPPXQ�����������GRL����������V�������������������
�����

�� :DUG��1�&���<X��$���0RUR��$���%DQ��<���&KHQ��;���+VLXQJ��6���.HHJDQ��-���$UEDQDV��-�0���/RXEHDX��0���7KDQNDSSDQ��$���<DPQLXN�
$�3���'DYLV��-�+���6WUXWKHUV��0���0DOHN��7�5��,/���&'����$�ORQJ�DFWLQJ�,/���EDVHG�ELRORJLF�WKDW�WDUJHWV�WKH�KLJK�DIILQLW\�,/��5�RQ�
UHJXODWRU\�7�FHOOV��-�,PPXQRO���������������� �����

�� 'Z\HU��&�-���%D\HU��$�/���)RWLQR��&���<X��/���&DEHOOR�.LQGHUODQ��&���:DUG��1�&���&KHQ��=���7RRPHU��.�+���0DOHN��7�5��$OWHUHG�
KRPHRVWDVLV�RI�UHJXODWRU\�7�FHOO�VXEVHWV�UHSUHVHQWV�DQ�,/��5�GHSHQGHQW�ULVN�IRU�GLDEHWHV�LQ�12'�PLFH��6FLHQFH�6LJQDOLQJ�'HF�
������������SLL��HDDP����� �����

�� 7RRPHU� .�+�� <XDQ� ;�� <DQJ�-�� 'HH� 0�-�� <X� $� DQG 0DOHN� 7�5� 'HYHORSPHQWDO SURJUHVVLRQ DQG LQWHU�UHODWLRQVKLS RI FHQWUDO DQG�
HIIHFWRU�UHJXODWRU\�7�FHOO�VXEVHWV��-��,PPXQRO����������������� �����

�� <X� $�� 6QRZKLWH� ,�� 9HQGUDPH� )�� 5RVHQ]ZDMJ� 0�� .ODW]PDQQ� '�� 3XJOLHVH� $�� 0DOHN� 7� 5� 6HOHFWLYH ,/�� UHVSRQVLYHQHVV RI�
UHJXODWRU\�7�FHOOV�WKURXJK�PXOWLSOH�LQWULQVLF�PHFKDQLVPV�VXSSRUW�WKH�XVH�RI�ORZ�GRVH�,/���WKHUDS\�LQ�7\SH���GLDEHWHV��'LDEHWHV�
������������� �����

�� &DVWUR� ,�� 'HH� 0�-� DQG 0DOHN� 7�5� 7UDQVLHQW HQKDQFHG ,/��5 VLJQDOLQJ HDUO\ GXULQJ SULPLQJ UDSLGO\ DQG SUHIHUHQWLDOO\ DPSOLILHV�
GHYHORSPHQW�RI�&'���7�HIIHFWRU�PHPRU\�FHOOV�-��,PPXQRO���������������� �����

�� <X� $�� =KX� /�� $OWPDQ� 1�+�� DQG 0DOHN� 7�5� $ ORZ ,/��5 VLJQDOLQJ WKUHVKROG VXSSRUWV WKH GHYHORSPHQW DQG KRPHRVWDVLV RI 7�
UHJXODWRU\�FHOOV��,PPXQLW\������������� �����

.H\ZRUGV��5HJXODWRU\�7�FHOOV��LPPXQH�PHPRU\��O/����DXWRLPPXQLW\��WXPRU�LPPXQRWKHUDS\��
W\SH���GLDEHWHV
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'U��(QULTXH�0HVUL��3URIHVVRU
��������������(0HVUL#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� 'U���0HVUL
V ODERUDWRU\��IRFXVHV��RQ��WKH��PHFKDQLVPV��RI�YLUDO�
FDUFLQRJHQHVLV�E\� � WKH� �.DSRVL
V� � VDUFRPD� �KHUSHV� �YLUXV� � �.6+9�� �RU�KXPDQ�
KHUSHV�YLUXV����.6+9�LV�WKH��HWLRORJLFDO��DJHQW��RI��.DSRVL
V��VDUFRPD��WKH�PDLQ�
W\SH�RI�FDQFHU�DVVRFLDWHG�ZLWK�$,'6��������$,'6�.6�WXPRUV�DUH�FKDUDFWHUL]HG�E\�
SUROLIHUDWLRQ� RI� VSLQGOH� FHOOV� DQG� EORRG� PLFURYHVVHOV� �DQJLRJHQHVLV�� � ��������
(OXFLGDWLRQ� � RI� � WKH� �PHFKDQLVPV� � � RI� � � YLUDO� FDUFLQRJHQHVLV� DQG� DFWLYDWLRQ� RI�
DQJLRJHQHVLV�E\�.6+9� LV� NH\� IRU� WKH� LGHQWLILFDWLRQ�RI� YLUDO� DQG�KRVW�PROHFXODU�
WKHUDSHXWLF�WDUJHWV�DQG�FRXOG�OHDG�WR�WKH�GHYHORSPHQW�RI�QRYHO�FXUHV�IRU�.6��������
'U�� 0HVUL
V� ODERUDWRU\� � KDV� LGHQWLILHG� WKH� PDMRU� DQJLRJHQLF� DFWLYDWLQJ� YLUDO�
RQFRJHQH�RI��.6+9�WKH��*�SURWHLQ�FRXSOHG�UHFHSWRU��Y*3&5���Y*3&5��LV��D��YLUDO��
JHQH FDSDEOH��RI��WXUQLQJ�QRUPDO��FHOOV��LQWR��FDQFHU��FHOOV��DQG��DFWLYDWLQJ��WKH��
VHFUHWLRQ��RI��JURZWK�IDFWRUV�WKDW�SURPRWH�EORRG�YHVVHO JURZWK

�������� 'U� 0HVUL
V ODERUDWRU\ DOVR UHFHQWO\ GHYHORSHG VHYHUDO FHOO DQG DQLPDO PRGHOV RI YLUDOO\ LQGXFHG .6�
DQ� LPSRUWDQW� VWHS� LQ� EHWWHU� XQGHUVWDQGLQJ� WKH�PHFKDQLVPV� RI� .6+9�PHGLDWHG� YLUDO� FDUFLQRJHQHVLV� DQG� WKH�
YDOLGDWLRQ�RI�YLUDO�WKHUDSHXWLF�WDUJHWV��������'U��0HVUL�LV�ZRUNLQJ�RQ�XVLQJ�GUXJV�DQG�JHQHWLF�DSSURDFKHV�WR�EORFN�
Y*3&5�DQG�LGHQWLI\LQJ�KRVW�VLJQDOLQJ�FDVFDGHV�LQYROYHG�LQ�YLUDO�FDUFLQRJHQHVLV�WKDW�FDQ�EH�WDUJHWHG�E\�)'$�
DSSURYHG�GUXJV�WR�WUHDW�.6��+LV�ODE�UHFHQWO\�LGHQWLILHG�DQG�GHILQHG�5DF��LQGXFHG�526�DQG�3'*)�VLJQDOLQJ�DV�
QRYHO�DQWL�.6�WDUJHW�IRU�.6�WKDW�FRXOG�EH�WUHDWHG�ZLWK�W\URVLQH�NLQDVH�DQG�DQWLERG\�LQKLELWRUV�������,Q�DGGLWLRQ��KH�
LV�XVLQJ�KLV�QRYHO�DQLPDO�PRGHO�WR�XQGHUVWDQG�KRZ�.6+9�DQG�KRVW�JHQHV�PHGLDWH�WKH�SDUDFULQH�PHFKDQLVPV�RI�
RQFRJHQHVLV� LQGXFHG�E\�.6+9�Y*3&5��'U��0HVUL
V� ODERUDWRU\� LV�FXUUHQWO\�ZRUNLQJ�RQ����� ,GHQWLI\LQJ� WKH�FHOO�
SURJHQLWRU�RI�.6�����1RYHO�DQWL�YLUDO�LQWHUYHQWLRQV�LQ�.6����1RYHO�XVH�RI�D�PRXVH�LQIHFWLRXV�PRGHO�IRU�D�.6+9�
OLNH�YLUXV��0+9�����WR�XQGHUVWDQG�LQ�YLYR�ELRORJ\����,GHQWLI\LQJ�QRUPDO�JHQHWLF�SRO\PRUSKLVPV�WKDW�SUHGLVSRVH�
WR�.6����8VLQJ�QH[W�JHQHUDWLRQ�VHTXHQFLQJ�WR�VWXG\�.6�SDWKRJHQHVLV�DQG�UHVSRQVH�WR�WKHUDS\����6WXG\�.6+9�
DQG�+,9�RQFRJHQLF LQWHUDFWLRQV�

�� .DSRVL
V�VDUFRPD�DQG�LWV�DVVRFLDWHG�KHUSHVYLUXV�
0HVUL�($��&HVDUPDQ�(��%RVKRII�&��1DWXUH�5HYLHZV�&DQFHU�������2FW����������������GRL����������QUF������
5HYLHZ��30,'����������

�� 0ROHFXODU�DQG�FHOOXODU�PHFKDQLVPV�RI�.6+9�RQFRJHQHVLV�RI�.DSRVL
V�VDUFRPD�DVVRFLDWHG�ZLWK�+,9�$,'6��
&DYDOOLQ�/(��*ROGVFKPLGW�&OHUPRQW�3��0HVUL�($��3/R6�3DWKRJ�������-XO����������H���������GRL�����������
MRXUQDO�SSDW����������H&ROOHFWLRQ������-XO��30,'� ��������

�� ,Q�YLYR�UHVWULFWHG�DQG�UHYHUVLEOH�PDOLJQDQF\�LQGXFHG�E\�KXPDQ�KHUSHVYLUXV���.6+9��D�FHOO�DQG�DQLPDO�
PRGHO�RI�YLUDOO\�LQGXFHG�.DSRVL
V�VDUFRPD��0XWOX�$'��&DYDOOLQ�/(��9LQFHQW�/��&KLR]]LQL�&��(UROHV�3��'XUDQ�
(0��$VJDUL�=��+RRSHU�$7��/D�3HUOH�.0��+LOVKHU�&��*DR�6-��'LWWPHU�'3��5DILL�6��0HVUL ($�
&DQFHU�&HOO�������0DU���������������(UUDWXP�LQ��&DQFHU�&HOO�������0D\������������30,'����������

�� 3URGXFWLYHO\�LQIHFWHG�PXULQH�.DSRVL
V�VDUFRPD�OLNH�WXPRUV�GHILQH�QHZ�DQLPDO�PRGHOV�IRU�VWXG\LQJ�DQG�
WDUJHWLQJ�.6+9�RQFRJHQHVLV�DQG�UHSOLFDWLRQ��$VKORFN�%0��0D�4��,VVDF�%��0HVUL ($�
3/R6�2QH�������-DQ���������H�������GRL����������MRXUQDO�SRQH����������30,'����������

�� $�UROH�IRU�YLUDOO\�LQGXFHG�UHDFWLYH�R[\JHQ�VSHFLHV�LQ�.DSRVL
V�VDUFRPD�KHUSHVYLUXV WXPRULJHQHVLV�
0D�4��&DYDOOLQ�/(��/HXQJ�+-��&KLR]]LQL�&��*ROGVFKPLGW�&OHUPRQW�3-��0HVUL�($��$QWLR[LG�5HGR[�6LJQDO�������
-DQ����������������GRL������������DUV������������(SXE������$XJ�����30,'����������
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'U��*HRUJH�0XQVRQ��$VVRFLDWH�3URIHVVRU
��������������*0XQVRQ#PLDPL�HGX

&KDUDFWHUL]DWLRQ�RI�3HUIRULQ����DQ�HIIHFWRU�RI�LQQDWH�LPPXQLW\��DQG�EDFWHULDO�DQWL�3HUIRULQ���HIIHFWRUV

�3RVW�WUDQVODWLRQDO�PRGLILFDWLRQ�V��DQG�LQWUDFHOOXODU�WUDIILFNLQJ�RI�3HUIRULQ���LQ�UHVSRQVH�WR�/36�
DQG�RWKHU 3$03V
� 6WUXFWXUH�IXQFWLRQ�RI�3HUIRULQ���DQG�PHFKDQLVP�RI�SRUH IRUPDWLRQ
�,GHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�EDFWHULDO�WR[LQV�DQG�HIIHFWRUV�WKDW�LQKLELW�3HUIRULQ��
V�
EDFWHULFLGDO DFWLYLW\
� $FWLYDWLRQ�DQG�SURWHRO\WLF�FOHDYDJH�RI�3HUIRULQ���LQ�WKH SKDJRVRPH

�� 3RGDFN (5��0XQVRQ�*3��.LOOLQJ�RI�0LFUREHV�DQG�&DQFHU�E\�WKH�,PPXQH�6\VWHP�ZLWK�7KUHH�
0DPPDOLDQ�3RUH�)RUPLQJ�.LOOHU�3URWHLQV��)URQW�,PPXQRO��������������30&,'�30&��������

�� 0F&RUPDFN�50��/\DSLFKHY�.��2OVVRQ�0/��3RGDFN�(5��0XQVRQ�*3��(QWHULF�SDWKRJHQV�GHSOR\�
FHOO�F\FOH�LQKLELWLQJ�IDFWRUV�WR�EORFN�WKH�EDFWHULFLGDO�DFWLYLW\�RI�3HUIRULQ����(OLIH�������6HS�������
30&,'� 30&��������

�� 0F&RUPDFN�50��GH�$UPDV�/5��6KLUDWVXFKL�0��)LRUHQWLQR�'*��2OVVRQ�0/��/LFKWHQKHOG�0*��
0RUDOHV�$��/\DSLFKHY�.��*RQ]DOH]�/(��6WUER�1��6XNXPDU�1��6WRMDGLQRYLF�2��3ODQR�*9��0XQVRQ�
*3��7RPLF�&DQLF�0��.LUVQHU�56��5XVVHOO�'*��3RGDFN�(5��3HUIRULQ���LV�HVVHQWLDO�IRU�LQWUDFHOOXODU�
GHIHQVH�RI�SDUHQFK\PDO�FHOOV�DQG�SKDJRF\WHV�DJDLQVW�SDWKRJHQLF�EDFWHULD��(OLIH�������6HS�������
30&,'��30&��������

�� %RGHUR�0'��0XQVRQ�*3��7KH�9LUXOHQFH�5HJXODWRU�5QV�$FWLYDWHV�WKH�([SUHVVLRQ�RI�&6�� 3LOL�
*HQHV
�%DVHO���������������30&,'��30&��������

�� %DL�)��0F&RUPDFN�50��+RZHU 6��3ODQR�*9��/LFKWHQKHOG�0*��0XQVRQ�*3��3HUIRULQ���%UHDFKHV�
WKH�(QYHORSH�RI�3KDJRF\WRVHG�%DFWHULD�$OORZLQJ�$QWLPLFURELDO�(IIHFWRUV�$FFHVV�WR�,QWUDFHOOXODU�
7DUJHWV��-�,PPXQRO�������������������������30&,'� 30&��������

.H\ZRUGV� 3HIRULQ����03(*����LQQDWH�LPPXQLW\��
EDFWHULDO�SDWKRJHQHVLV
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6XUHVK�3DOOLNNXWK��5HVHDUFK�$VVLVWDQW 3URIHVVRU
��������������� 63DOOLNNXWK#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� ,�DP�FXUUHQWO\�LQYHVWLJDWLQJ�WKH�LPPXQRORJLF�PHFKDQLVPV�WKDW�DUH�LQYROYHG��LQ�
SURWHFWLYH�LPPXQH�UHVSRQVH�WR�,QIOXHQ]D�YDFFLQHV�LQ�DJLQJ�DQG�+,9�LQIHFWLRQ��)XUWKHUPRUH��ZH�
DUH�VWXG\LQJ�WKH�PHFKDQLVPV�RI�LPPXQH�G\VIXQFWLRQ�LQ�DJLQJ�DQG�+,9�LQIHFWLRQ�XVLQJ�QRQ� KXPDQ�
SULPDWH�PRGHOV�RI�+,9� LQIHFWLRQ� LQ�FROODERUDWLRQ�ZLWK�(PRU\�8QLYHUVLW\�DQG�9DFFLQH�5HVHDUFK�
&HQWHU�DW�1,+��,Q�D�UHODWHG�VWXG\��,�DP�SHUIRUPLQJ�WUDQVFULSWRPLF�DQDO\VLV�XVLQJ�51$� VHT�DQG�
)OXLGLJP�%LRPDUN�EDVHG�DSSURDFKHV�LQ�FROODERUDWLRQ�ZLWK�&DVH�:HVWHUQ�8QLYHUVLW\�IRU�LGHQWLI\LQJ�
JHQH�VLJQDWXUHV�WKDW�DUH�SUHGLFWLYH�RI�WKH�YDFFLQDWLRQ�RXWFRPH�DQG�WKDW�FRXOG�SURYLGH�LQVLJKW�LQWR�
DSSURDFKHV�WR�LPSURYH�WKH�LPPXQRORJLF�RXWFRPHV�LQ�+,9�DQG�DJLQJ��0\�UHVHDUFK�LQWHUHVWV�DOVR�
LQFOXGH� ,/���� EDVHG� LPPXQRPRGXODWRU\� DSSURDFKHV� LQ� 6,9� LQIHFWLRQ� WR� LPSURYH� WKH� LPPXQH�
IXQFWLRQ�DQG�YDFFLQH�UHVSRQVHV�E\�PRGXODWLQJ�7�IROOLFXODU�KHOSHU��7IK��DQG�%�FHOO�IXQFWLRQ��,�DP�
DOVR�LQYROYHG�LQ�WKH�+,9�UHPLVVLRQ�UHVHDUFK�VWUDWHJLHV�LQ�ZKLFK�,�DP�LQYHVWLJDWLQJ�WKH�UROH�RI�7�
IROOLFXODU� KHOSHU� FHOOV� LQ� WKH� SHULSKHUDO� EORRG� DQG� O\PSK� QRGHV� IURP�+,9� LQIHFWHG� YLURORJLFDOO\�
VXSSUHVVHG�SDWLHQWV�RQ�F$57�LQ�FRQWULEXWLQJ�WR�+,9�SHUVLVWHQFH�DQG�YLUDO�UHVHUYRLUV��,Q�DQRWKHU�
UHODWHG� VWXG\�� ,� DP� DOVR� LQYROYHG� LQ� LGHQWLI\LQJ� WKH� FHOOXODU� UHVHUYRLUV� RI� +,9� LQIHFWLRQ� LQ� WKH�
FLUFXODWLRQ� WKDW� FRQWULEXWH� WR� YLUDO� UHERXQG� DW� SRVW�WUHDWPHQW� LQWHUUXSWLRQ� XVLQJ� SK\ORJHQHWLF�
DQDO\VLV�RI�+,9� LQ�FROODERUDWLRQ�ZLWK�'U��6WHYHQVRQ��)XUWKHUPRUH�� ,�DP�DOVR�FROODERUDWLQJ�ZLWK�
LQYHVWLJDWRUV�IURP�6&&&�WR�VWXG\�WKH�UROH�RI�LQIODPPDWLRQ�DQG�LPPXQH�G\VIXQFWLRQ�LQ�+,9�LQIHFWHG�
SDWLHQWV�GLDJQRVHG�ZLWK�DQDO�G\VSODVLD�DQG�SRO\SV��7KHVH�VWXGLHV�ZLOO�IXUWKHU�XQGHUVWDQG�WKH�UROH�
RI�HSLJHQHWLF�PHFKDQLVPV�LQ�UHJXODWLQJ�LQIODPPDWLRQ�DW�WKH�JXW�PXFRVDO�VLWHV�
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'U��*UHJRU\�3ODQR��3URIHVVRU
��������������*3ODQR#PHG�PLDPL�HGX

5HVHDUFK� )RFXV� 7KH� UHVHDUFK� LQ� P\� ODERUDWRU\� LV� IRFXVHG� RQ� PHFKDQLVPV� RI� EDFWHULDO�
SDWKRJHQHVLV��,Q�JHQHUDO��WKHVH�VWXGLHV�KDYH�EHHQ�IRFXVHG�RQ�D�YLUXOHQFH�PHFKDQLVP�WHUPHG��W\SH�
,,,�VHFUHWLRQ��7�6���*UDP�QHJDWLYH�EDFWHULDO�SDWKRJHQV�XVH�WKH�7�6�SURFHVV�WR�GLUHFWO\�LQMHFW�DQWL�
KRVW� SURWHLQV� WHUPHG� HIIHFWRU� SURWHLQV� LQWR� WDUJHWHG� HXNDU\RWLF� FHOOV�� 2QJRLQJ� UHVHDUFK� SURMHFWV�
LQFOXGH�WKH�FKDUDFWHUL]DWLRQ�RI�WKUHH�QRYHO�7�6�HIIHFWRU�SURWHLQV�HQFRGHG�LQ�WKH�JHQRPH��RI�<HUVLQLD�
SHVWLV��WKH�DJHQW�RI�SODJXH��$�VHFRQG�DFWLYH�SURMHFW�LV�FKDUDFWHUL]LQJ�WKH�UROH�RI�WKH�<��SHVWLV�$LO�RXWHU�
PHPEUDQH�SURWHLQ�LQ�WKH�LQMHFWLRQ�RI�7�6�HIIHFWRU�SURWHLQV��DWWDFKPHQW�WR�KRVW�FHOOV�DQG�LQ�UHVLVWDQFH�
WR�FRPSOHPHQW��:H�DUH�DOVR�FKDUDFWHUL]LQJ�WKH�PHFKDQLVP�E\�ZKLFK�EDFWHULDO�SDWKRJHQV�VXSSUHVV�
WKH�H[SUHVVLRQ�RI 3HUIRULQ���

'U��5LFKDUG�5LOH\��3URIHVVRU
��������������55LOH\#PHG�PLDPL�HGX

5HVHDUFK�)RFXV� 'U��5LOH\
V�ODERUDWRU\�IRFXVHV�RQ�XQGHUVWDQGLQJ�WKH�FHOOXODU�DQG�PROHFXODU��EDVLV�
RI�UHGXFHG�%�O\PSKRF\WH�IXQFWLRQ�LQ�ROG�DJH��,Q�SDUWLFXODU��KLV�ODERUDWRU\�VWXGLHV�WKH�PHFKDQLVPV�RI�
SRRU� %� O\PSKRSRLHVLV� DQG� UDPLILFDWLRQV� IRU� DOWHUHG� �UHDG�RXW�� RI� WKH� DQWLERG\� UHSHUWRLUH�� 0RUH�
UHFHQWO\��WKH�UROH�RI�D�QRYHO�%�FHOO�VXEVHW��WKH�$JH�DVVRFLDWHG�%�&HOOV��$%&��DQG�RI�LQIODPPDWLRQ�LQ�
PRGXODWLQJ�LPPXQH�V\VWHP�GHYHORSPHQW�DQG�IXQFWLRQ�LQ�ROG�DJH�DUH�EHLQJ�LQYHVWLJDWHG��'U��5LOH\�LV�
DOVR� HQJDJHG� LQ� FROODERUDWLYH� UHVHDUFK� ZLWK� 'U�� %RQQLH� %ORPEHUJ� DQG� 'U�� 'DQLHOD� )UDVFD�
�'HSDUWPHQW�RI�0LFURELRORJ\�	�,PPXQRORJ\��VWXG\LQJ�%�O\PSKRF\WH�G\VIXQFWLRQ�LQ�ROG�DJH�DQG�ZLWK�
'U�� 5RODQG� -XUHFLF� �'HSDUWPHQW� RI� � 0LFURELRORJ\� � 	� � ,PPXQRORJ\�� � VWXG\LQJ� HIIHFWV� RI� FDQFHU�
FKHPRWKHUDS\�DQG�LQIODPPDWLRQ�RQ�LPPXQH��V\VWHP��GHYHORSPHQW��DQG�IXQFWLRQV�

.H\ZRUGV� %DFWHULDO�SDWKRJHQHVLV��7\SH�WKUHH�VHFUHWLRQ��KRVW�SDWKRJHQ�
LQWHUDFWLRQ��SURWHLQ�VHFUHWLRQ��EDFWHULDO�DWWDFKPHQW��SODJXH

.H\ZRUGV��2OG�DJH��%�O\PSKRF\WHV��LQIODPPDWLRQ��%�O\PSKRSRLHVLV��3UH�%�FHOO�
UHFHSWRU
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'U��.XUW�6FKHVVHU��$VVRFLDWH�3URIHVVRU�
&R�'LUHFWRU�RI�8QGHUJUDGXDWH�3URJUDP�
��������������.6FKHVVHU#PHG�PLDPL�HGX

'U��6FKHVVHU
V�ODERUDWRU\�LV�IRFXVHG�RQ�KRVW�IDFWRUV�WKDW�LPSDFW�LQIHFWLRQ��&XUUHQW�VWXGLHV�DUH�RQ�KRVW�HQFRGHG�
+HPH�5HJXODWHG�,QKLELWRU��+5,��DQG�3HUIRULQ����3����ZKRVH�LQIHFWLRQ�VSHFLILF�DFWLYLWLHV�ZHUH�GLVFRYHUHG�LQ�WKH�
6FKHVVHU�DQG�3RGDFN�ODEV��UHVSHFWLYHO\��+5,�DQG�3��DUH�UHTXLUHG�WR�UHVWULFW�WKH�UHSOLFDWLRQ�RI�EDFWHULDO�SDWKRJHQV�
LQ�WKH�OLYHU�DQG�WKH�SODFHQWD��$W�WKH�FHOOXODU�OHYHO��+5,�UHJXODWHV�HQGRVRPDO�WUDIILFNLQJ�VXFK�WKDW�WKH�SDWKRJHQ�LV�
FRQILQHG�ZLWKLQ�WKH�LQIHFWHG�FHOO�WKXV�HQKDQFLQJ�LPPXQH�DFWLYDWLRQ��%DKQDQ�HW�DO���������3���RQ�WKH�RWKHU�KDQG��
ZDV�XQH[SHFWHGO\�IRXQG�WR�EH�D�UHJXODWRU�RI�HQGRVRPDO�S+�DQG�ZKHQ�DEVHQW�DOORZV�IRU�D�PXFK�PRUH�IDYRUDEOH�
HQYLURQPHQW� IRU� WKH�H[SUHVVLRQ�DQG�DFWLYLW\�RI�SDWKRJHQ�HQFRGHG�YLUXOHQFH� IDFWRUV� �0F&RUPDFN�HW�DO���������
&XUUHQW�VWXGLHV� LQFOXGH�GHFLSKHULQJ�KRZ�+5,��DQ�H,)�D�NLQDVH�� LPSDFWV�SRVW� WUDQVFULSWLRQDO�JHQH�H[SUHVVLRQ�
DQG� LQWUDFHOOXODU� SDWKRJHQ� WUDIILFNLQJ� DQG� LGHQWLI\LQJ�ZKDW� FHOOV� LQ� WKH� SODFHQWD�3��DFWLYLW\� LV� FULWLFDO� WR� LQKLELW�
SDWKRJHQV�IURP�LQIHFWLQJ�WKH�IHWXV��$GGLWLRQDOO\��'U��6FKHVVHU�GLUHFWV��ZLWK�GHSDUWPHQWDO�FROOHDJXHV�'UV��$UED�
$JHU�DQG�1DWDVD�6WUER��WKH�7URSLFDO�'LVHDVH�5HVHDUFK 8QLW�

5HSUHVHQWDWLYH�3XEOLFDWLRQV��*UDGXDWH�DQG�XQGHUJUDGXDWH�VWXGHQW�DXWKRUV�DUH�EROGHG�LQ�LWDOLFV�

�� *D\OH�3��)UHLWDJ�1(��6WUER�1��6FKHVVHU�.��8VLQJ�D�%DFWHULDO�3DWKRJHQ�WR�3UREH�IRU�&HOOXODU�DQG�
2UJDQLVPLF�OHYHO�+RVW�5HVSRQVHV��-RXUQDO�RI�9LVXDO�([SHULPHQWV�������)HE ���������

�� 6FKHVVHU�%DUWUD�6��/RULFD�&��4LDQ�/��*RQJ�;��%DKQDQ�:��%DUUHUDV�+�-U��+HUQDQGH]�5��/L�=��3ODQR�*9��
6FKHVVHU�.��&KURPRVRPDOO\�(QFRGHG�<HUVLQLD�SHVWLV�7\SH�,,,�6HFUHWLRQ�(IIHFWRU�3URWHLQV�3URPRWH�,QIHFWLRQ�LQ�
&HOOV�DQG�LQ�0LFH��)URQWLHUV�&HOO�DQG�,QIHFWLRQ�0LFURELRORJ\�������)HE ��������

�� %DKQDQ�:��%RXFKHU�-&��*D\OH�3��6KUHVWKD�1��5RVHQ�0��$NWDV�%��$GNLQV�%��$JHU�$��.KDQ�:1��
6FKHVVHU�.��7KH�H,)�D�.LQDVH�+HPH�5HJXODWHG�,QKLELWRU�3URWHFWV�WKH�+RVW�IURP�,QIHFWLRQ�E\�5HJXODWLQJ�
,QWUDFHOOXODU�3DWKRJHQ�7UDIILFNLQJ� ,QIHFWLRQ�DQG�,PPXQLW\�������)HE��� ������

�� 0F&RUPDFN�5��%DKQDQ�:��6KUHVWKD�1��%RXFKHU�-��%DUUHWR�0��%DUUHUD�&0��'DXHU�($��)UHLWDJ�1(��
.KDQ�:1��3RGDFN (5��6FKHVVHU�.��3HUIRULQ���3URWHFWV�+RVW�&HOOV�DQG�0LFH�E\�5HVWULFWLQJ�WKH�9DFXROH�WR�&\WRVRO�
7UDQVLWLRQLQJ�RI�D�%DFWHULDO�3DWKRJHQ��,QIHFWLRQ�DQG�,PPXQLW\�������0DU��� ���������������

�� %DKQDQ�:��%RHWWQHU�'5��:HVWHUPDUN�/��)DOOPDQ�0��6FKHVVHU�.��3DWKRJHQLF�<HUVLQLD�3URPRWHV� ,WV�
6XUYLYDO�E\�&UHDWLQJ�DQ�$FLGLF�)OXLG�$FFHVVLEOH�&RPSDUWPHQW�RQ�WKH�0DFURSKDJH�6XUIDFH��3/R6�2QH�������$XJ�
�� ������H��������

�� 6KUHVWKD�1��%RXFKHU�-��%DKQDQ�:��&ODUN�(6��5RVTYLVW�5��)LHOGV�.$��.KDQ�:1��6FKHVVHU�.��7KH�KRVW�
HQFRGHG�+HPH�5HJXODWHG�,QKLELWRU��+5,��IDFLOLWDWHV�YLUXOHQFH�DVVRFLDWHG�DFWLYLWLHV�RI�EDFWHULDO�SDWKRJHQV��3/R6�
2QH�������-XO��� �����H�����

�� 6KUHVWKD�1��%DKQDQ�:��:LOH\�'-��%DUEHU�*��)LHOGV�.$��6FKHVVHU�.��(XNDU\RWLF�LQLWLDWLRQ�IDFWRU����H,)���
VLJQDOLQJ�UHJXODWHV�SURLQIODPPDWRU\�F\WRNLQH�H[SUHVVLRQ�DQG�EDFWHULDO�LQYDVLRQ��-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\��
�����$XJ��� �����������������
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'U��3DROR�6HUDILQL��$VVLVWDQW�3URIHVVRU
��������������36HUDILQL#PHG�PLDPL�HGX

5HVHDUFK�)RFXV��2XU� ODERUDWRU\� LV� IRFXVHG� LQ�XQGHUVWDQGLQJ�WKH�UROH�RI�P\HORLG�FHOOV��DQG� LQ�SDUWLFXODU�P\HORLG�GHULYHG�
VXSSUHVVRU FHOOV� LQ SURPRWLQJ LPPXQH WROHUDQFH� ,Q FDQFHU VHWWLQJ� ZH VKRZHG WKDW WKHVH FHOOV DUH WKH WROHURJHQLF DQWLJHQ�
SUHVHQWLQJ� FHOOV� WKDW� DOORZV� WKH� WXPRU� WR� HVFDSH� LPPXQH� UHFRJQLWLRQ�� )XUWKHUPRUH�� WKHVH� FHOOV� SURPRWH� WXPRU� JURZWK��
LQYDVLRQ��DQG�PHWDVWDVHV��:H�XQGLVFORVHG�VRPH�RI�WKH�PROHFXODU�PHFKDQLVPV�WKDW�WKHVH�FHOOV�HPSOR\HG�WR�VXSSUHVV�WKH�
DQWLWXPRU�UHVSRQVH�DQG�ZH�GHVLJQHG�VRPH�LPSRUWDQW�WKHUDSHXWLF�VWUDWHJLHV�WKDW�DOORZV�WR�UHFHQWO\�FRPSOHWH�D�SKDVH�,�,,�
FOLQLFDO 7ULDO LQ +16&&� ,Q SUHFOLQLFDO VHWWLQJ� ZH KDYH GHYHORSHG IXQFWLRQDOL]HG QDQRSDUWLFOHV DQG 51$ DSWDPHUV WKDW DOORZ�
XV WR IXUWKHU GLVVHFW WKH ELRORJ\ RI WKHVH FHOOV LQ YLYR� 7KH PDLQ GLUHFWLRQV RI RXU ODERUDWRU\ LV WKXV WKH XQGHUVWDQGLQJ 0'6&�
ELRORJ\�DQG�WKHLU�UHODWLRQVKLS�ZLWK�RWKHU�OHXNRF\WH�VXEVHWV��L�H��7UHJ��&7/��%�FHOO�HWF��LQ�RUGHU�WR�GHYHORS�QHZ�WKHUDSHXWLF�
VWUDWHJ\�LQ�FDQFHU�DQG DXWRLPPXQLW\�

$QRWKHU JURZLQJ ILHOG LQ RXU ODERUDWRU\ LV WKH GHYHORSPHQW RI WDUJHWLQJ PRLHWLHV WKDW DOORZ WKH GHOLYHU\ RI WKHUDSHXWLF FDUJRV�
�L�H�� JHQH� PRGXODWLQJ� 51$V�� FKHPRWKHUDSHXWLF� DJHQWV�� LPPXQH� PRGXODWRUV�� WR� VSHFLILF� FHOOV� RU� WLVVXHV� LQ� YLYR�� )RU�
H[DPSOHV� ZH GHYHORS IXQFWLRQDOL]HG GHQGULPHU WDUJHWLQJ P\HORLG FHOOV� DSWDPHUV DEOH WR YHKLFOH FKHPRWKHUDSHXWLF DJHQWV�
RU�VL51$�VSHFLILFDOO\�WR�WKH�P\HORLG�FHOOV�LQ�WXPRU�VWURPD��RU�JHQH�DOWHULQJ�51$��L�H��VL51$�RU�VD51$��WR�KXPDQ��LQVXOLQ�
SURGXFLQJ� FHOOV�LQ�PLFH�WUDQVSODQWHG�ZLWK�KXPDQ LVOHWV�

)LQDOO\ ZH DUH XVLQJ LQ YLYR LPDJLQJ V\VWHPV WKDW DOORZ WR HYDOXDWH DW FHOOXODU OHYHO WKH LQWHUDFWLRQ EHWZHHQ LPPXQH V\VWHP�
DQG JUDIW �L�H� LVOHWV RU SDWLHQW GHULYHG WXPRU [HQRJUDIW� WKDW ZLOO DOORZ XV WR IROORZ DQG EHWWHU XQGHUVWDQG WKH G\QDPLFV RI WKH�
LPPXQH�UHVSRQVH�DV�ZHOO�DV�WKH�HIIHFW�RI�WUHDWPHQW�RQ�WXPRU�RU�DOORJUDIW UHMHFWLRQ�

3XEOLFDWLRQV�VLQFH������

�� =LOLR�6��9HOOD�-/��'H�OD�)XHQWH�$&��'DIWDULDQ�30��:HHG�'7��.DLIHU�$��0DULJR�,��/HRQH�.��%URQWH�9��6HUDILQL�3����3'�
)XQFWLRQDOL]HG�'HQGULPHUV��$�)OH[LEOH�7RRO�IRU�,Q�9LYR�*HQH�6LOHQFLQJ�RI�7XPRU�(GXFDWHG�0\HORLG�&HOOV�´�-�,PPXQRO��
�����$SU�����SLL�����������GRL����������MLPPXQRO����������-RXUQDO�RI�LPPXQRORJ\ KLJKOLJKWHG

�� =LOLR 6� 6HUDILQL 3� �1HXWURSKLOV DQG JUDQXORF\WLF 0'6&� WKH -DQXV JRG RI &DQFHU LPPXQRWKHUDS\�´ 9DFFLQHV� ���� ���
���� ��

�� =RVR $
� 6HUDILQL 3
� /DQ]RQL *� 3HL[RWR (� 0HVVLQJHU 6� 0DQWHUR $� 3DGLOOD�7HOOH] 1'� %DLGDO '$� $OHMDQGUR 5� 5LFRUGL�
&��,QYHUDUGL�/��*�&6)�DQG�([HQDWLGH PLJKW�EH�DVVRFLDWHG�ZLWK�LQFUHDVHG�/RQJ�WHUP�6XUYLYDO�RI�$OORJHQHLF�SDQFUHDWLF�
LVOHWV�JUDIW��3/26�RQH���������H���������(SXE������������
FR�ILUVW DXWKRUV

�� &DUROL�-��7DFFLROL�&��'H�/D�)XHQWH�$��6HUDILQL�3��%LFFLDWR�6��$37$1,��D�FRPSXWDWLRQDO�WRRO�WR�VHOHFW�DSWDPHUV�WKURXJK�
VHTXHQFH�VWUXFWXUH�PRWLI�DQDO\VLV�RI�+7�6(/(;�GDWD��%LRLQIRUPDWLFV��������������� �������

�� :HHG�'7��9HOOD� -/��5HLV� ,0��'H� OD�)XHQWH�$&��*RPH]�&��6DUJL�=��1D]DULDQ�5��&DOLIDQR�-��%RUUHOOR� ,��6HUDILQL�3��
³7DGDODILO�UHGXFHV�P\HORLG�GHULYHG�VXSSUHVVRU�FHOOV�DQG�UHJXODWRU\�7�FHOOV�DQG�SURPRWHV�WXPRU� LPPXQLW\� LQ�SDWLHQWV�
ZLWK�KHDG�DQG�QHFN�VTXDPRXV�FHOO�FDUFLQRPD´��&OLQ�&DQFHU�5HV��������������������)�����UHFRPPHQGHG� 7KLV�LV�WKH�
ILUVW�GHPRQVWUDWLRQ�WKDW�3'(��LQKLELWRUV�DUH�HIIHFWLYH�LPPXQRPRGXODWRUV�LQ�SDWLHQWV�ZLWK +16&&

�� &DOLIDQR�-$��.KDQ�=��1RRQDQ�.$��5XGUDUDMX�/��=KDQJ�=��:DQJ�+��*RRGPDQ�6��*RXULQ�&*��+D�3.��)DNKU\�&��
6DXQGHUV�-��/HYLQH�0��7DQJ�0��1HXQHU�*��5LFKPRQ�-'��%ODQFR�5��$JUDZDO�1��.RFK�:0��0DUXU�6��:HHG�'7��
6HUDILQL 3� %RUUHOOR ,� ³7DGDODILO DXJPHQWV WXPRU VSHFLILF LPPXQLW\ LQ SDWLHQWV ZLWK KHDG DQG QHFN VTXDPRXV FHOO�
FDUFLQRPD���&OLQ�&DQFHU�5HV������ �����������

�� 0D]]D��(��=RVR�$��0DQGUX]]DWR 0��%URQWH�9���6HUDILQL�3���,QYHUDUGL�,��%LFFLDWR��6�³*HQH�H[SUHVVLRQ�SURILOLQJ�RIKXPDQ
ILEURF\WLF�P\HORLG�GHULYHG�VXSSUHVVRU�FHOOV��I�0'6&�´�*HQRPLFV�'DWD������'HF������������

�� =RVR�$��0D]]D�(0��%LFFLDWR�6��0DQGUX]]DWR�6��%URQWH�9���6HUDILQL�3�
��,QYHUDUGL�/�
�³+XPDQ�ILEURF\WLF�P\HORLG�
GHULYHG�VXSSUHVVRU�FHOOV�H[SUHVV�,'2�DQG�SURPRWH�WROHUDQFH�YLD�7UHJ�FHOO�H[SDQVLRQ´��(XU�-�,PPXQRO�������
��������������� &RYHU� 
&R�VHQLRU DXWKRUV� 7KLV LV WKH ILUVW FHOOXODU� PROHFXODU DQG IXQFWLRQDO FKDUDFWHUL]DWLRQ RI D QHZ�
VXEVHWV�RI�KXPDQ 0'6&V�
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'U��1RXOD�6KHPEDGH��$VVRFLDWH 3URIHVVRU
��������������16KHPEDGH#PHG�PLDPL�HGX

3URMHFW� ,�� 8QFRQWUROOHG� DFWLYDWLRQ� RI� LQQDWH� LPPXQH� UHFHSWRUV� E\� SDWKRJHQV� FDQ� FDXVH� FKURQLF� LQIODPPDWLRQ� DQG�
DXWRLPPXQH�GLVHDVH��0\�ODERUDWRU\�IRFXVHV�RQ�XQGHUVWDQGLQJ�WKH�PHFKDQLVPV�RI�QHJDWLYH�UHJXODWLRQ�RI�WKH�WUDQVFULSWLRQ�
IDFWRU 1)�.% DFWLYDWHG E\ WKH LQQDWH LPPXQH UHFHSWRUV� $FWLYDWLRQ RI 1)�.% LV FULWLFDO WR HOLPLQDWH SDWKRJHQV DQG WR PDLQWDLQ�
WLVVXH�KRPHRVWDVLV��1)�.%�DFWLYDWLRQ�QHHGV� WR�EH� WLJKWO\� UHJXODWHG�DIWHU� WKH�GDQJHU� LV� HOLPLQDWHG��7KH�XELTXLWLQ�HGLWLQJ�
HQ]\PH�$���FRPSOH[�WLJKWO\�UHJXODWHV�1)�.%�DFWLYDWLRQ��7KH�PHFKDQLVPV�RI� WKH�XELTXLWLQ�HGLWLQJ�HQ]\PH�$���FRPSOH[�
DFWLYDWLRQ� DUH� QRW� NQRZQ�� 7KXV�� ZH� ZLVK� WR� XQGHUVWDQG� WKH� PHFKDQLVPV� WKDW� DFWLYDWH� WKH� $��� FRPSOH[� DQG� OHDG� WR�
WHUPLQDWLRQ�RI�1)�.%�DFWLYDWLRQ�DQG�PDLQWHQDQFH�RI�WLVVXH KRPHRVWDVLV�

3URMHFW ,,� &KURQLF DFWLYDWLRQ RI 1)�.% LV HVVHQWLDO IRU WKH VXUYLYDO RI OHXNHPLD DQG O\PSKRPD FDXVHG E\ RQFRJHQLF YLUXVHV��
VXFK�DV�(%9��.6+9��DQG�+7/9���LQIHFWHG�FHOOV��9LUDO�RQFRJHQHV��/03���RI�(%9��Y)/,3�DQG�Y*3&5�RI�.6+9�DQG�7D[���RI�
+7/9����DUH�KLMDFNLQJ�DQG�SRVW�WUDQVODWLRQDOO\�PRGLI\LQJ�KRVW�IDFWRUV�WR�PDLQWDLQ�FKURQLF�1)�.%�DFWLYDWLRQ�LQ�OHXNHPLDV�DQG
O\PSKRPDV� +RZHYHU� WKH KRVW IDFWRUV WKDW DUH SRVW�WUDQVODWLRQDOO\ PRGLILHG DUH QRW IXOO\ NQRZQ� 7KXV DQRWKHU IRFXV RI�P\�
ODERUDWRU\�LV�WR�LGHQWLI\�WKH�PHFKDQLVPV�DQG�KRVW�IDFWRUV�WKDW�SRVW�WUDQVODWLRQDOO\�PRGLILHG�E\�WKH�YLUDO�RQFRJHQHV�WR�PDLQWDLQ�
FKURQLF�1)�.%�DFWLYDWLRQ�LQ�OHXNHPLDV�DQG O\PSKRPDV�

3URMHFW�,,,��7\SH�,�LQWHUIHURQV��,)1�D�DQG�,)1� ��DQG�W\SH�,,�LQWHUIHURQ��,)1�\��DUH�LQGXFHG�LQ�UHVSRQVH�WR�LQIHFWLRQV�ZLWK�
YLUXVHV� RU� EDFWHULD�� ,)1V� ELQG� WR� WKHLU� FRJQDWH� UHFHSWRU�� ZKLFK� SOD\� LPSRUWDQW� UROHV� LQ� KRVW� GHIHQVH� DJDLQVW� LQYDGLQJ�
SDWKRJHQV� 7\SH , LQWHUIHURQV SURYLGH SURWHFWLRQ DJDLQVW PDQ\ YLUDO LQIHFWLRQV� ZKHUHDV W\SH ,, LQWHUIHURQ LV HVVHQWLDO IRU KRVW�
GHIHQVH�DJDLQVW�VRPH�EDFWHULDO�DQG�SDUDVLWLF�SDWKRJHQV��,QWHUHVWLQJO\��QXPHURXV�VWXGLHV�KDYH�DOVR�IRXQG�WKDW�IXQFWLRQDO�
G\VUHJXODWLRQ�RI�HLWKHU�LQWHUIHURQ�UHVSRQVH�FDQ�OHDGV�WR�FKURQLF�SDWKRORJLFDO�FRQGLWLRQV�DVVRFLDWHG�ZLWK�QXPHURXV�KXPDQ�
GLVHDVHV��LQFOXGLQJ�WLVVXH�GDPDJH�DQG�DXWRLPPXQLW\��7\SH�,�DQG�,,�,)1�VLJQDOLQJ�SDWKZD\V�DUH�G\VUHJXODWHG�LQ�RQFRJHQLF�
YLUXV�LQIHFWHG�FHOOV�WR�PDLQWDLQ�FKURQLF�LQIODPPDWLRQ�DQG�LQLWLDWH�DQG�GHYHORS�WXPRUV��+RZHYHU��WKH�PROHFXODU�PHFKDQLVPV�
DQG�WKH�KRVW�IDFWRUV�WKDW�DUH�LQYROYHG�LQ�UHJXODWLQJ�LQWHUIHURQ�UHFHSWRUV�DUH�SRRUO\�XQGHUVWRRG��7KH�RYHUDOO�REMHFWLYH�RI�WKLV�
SURSRVDO LV WR GHWHUPLQH WKH PROHFXODU PHFKDQLVPV RI DFWLRQ RI D KRVW SURWHLQ� 3�� �DOVR NQRZQ DV 03(*���� RQ 7\SH , DQG�
,,�,)1�VLJQDOLQJ�SDWKZD\V�DQG�RQFRJHQLF�YLUXV�LQIHFWHG FHOOV�

�� 3XMDUL�5��+XQWH�5��7KRPDV�5��YDQ�GHU�:H\GHQ�/��5DXFK�'��5DWQHU�/��1\ERUJ�-.��5DPRV�-&��7DNDL�<��6KHPEDGH�1��
3/R6�3DWKRJ�������0DU��� ������H��������

�� 6KHPEDGH 1� 3XMDUL 5� +DUKDM 16� $EERWW ':� +DUKDM (:� 7KH NLQDVH ,..D LQKLELWV DFWLYDWLRQ RI WKH WUDQVFULSWLRQ IDFWRU�
1)�.% E\ SKRVSKRU\ODWLQJ WKH UHJXODWRU\ PROHFXOH 7$;�%3�� 1DWXUH ,PPXQRORJ\� ���� -XO �� ������������

�� 6KHPEDGH�1��0D�$��+DUKDM (:�� ,QKLELWLRQ� RI�1)�NDSSD%� VLJQDOLQJ� E\�$��� WKURXJK� GLVUXSWLRQ� RI� XELTXLWLQ� HQ]\PH�
FRPSOH[HV��6FLHQFH�������)HE��� ����������������

�� 6KHPEDGH� 1�� +DUKDM� 16�� 3DUYDWL\DU� .�� &RSHODQG� 1*�� -HQNLQV� 1$�� 0DWHVLF� /(�� +DUKDM� (:�� 7KH� (�� OLJDVH� ,WFK�
QHJDWLYHO\�UHJXODWHV�LQIODPPDWRU\�VLJQDOLQJ�SDWKZD\V�E\�FRQWUROOLQJ�WKH�IXQFWLRQ�RI�WKH�XELTXLWLQ�HGLWLQJ�HQ]\PH�$���
1DWXUH�,PPXQRORJ\� �����0DU �����������

.H\ZRUGV� 1)�.%��$����8ELTXLWLQDWLRQ��,QIODPPDWLRQ��DQG�OHXNHPLD�DQG�O\PSKRPD
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'U��1DWDVKD�6WUER��0�'�'�6F���$VVLVWDQW�3URIHVVRU
��������������QVWUER#PHG�PLDPL�HGX

7KH�PDLQ�JRDO�RI�P\�FXUUHQW�UHVHDUFK�LV�WR�GHYLVH�D�QRYHO�VWUDWHJ\�IRU�DFKLHYLQJ�DV�FRPSOHWH�D�SURWHFWLRQ�DV�SRVVLEOH��WKH�
XOWLPDWH� JRDO� EHLQJ� WKH� IXWXUH�GHYHORSPHQW�RI� DQ�HIILFDFLRXV�YDFFLQH� DJDLQVW�+,9�DQG�PDODULD�� ,Q�DGGLWLRQ��ZH�ZDQW� WR�
XQGHUVWDQGLQJ� WKH� G\QDPLF� LQWHUDFWLRQ� RI� LQQDWH� LPPXQH� UHVSRQVHV� DQG� SDWKRJHQV� DW�PXFRVDO� EDUULHUV� VXFK DV�� VNLQ��
UHSURGXFWLYH� WUDFW� DQG� JXW�� 7KHVH� VWXGLHV�PD\� SURYLGH�PDMRU� LQVLJKWV� LQWR� WKH� XOWLPDWH� GHYHORSPHQW� RI� KLJKO\� HIIHFWLYH�
PXFRVDO�YDFFLQHV�

'U��(PPDQXHO�7KRPDV��$VVRFLDWH�3URIHVVRU�
��������������(7KRPDV�#PHG�PLDPL�HGX

'HSDUWPHQW� RI�0LFURELRORJ\�DQG� ,PPXQRORJ\�9LUDO�2QFRORJ\�3URJUDP��6\OYHVWHU�&RPSUHKHQVLYH�&DQFHU�&HQWHU�0LDPL�
&)$5�6$5�&R�'LUHFWRU��/LYHU�5HODWHG�&R�PRUELGLWLHV��6FKLII�&HQWHU�IRU�/LYHU�'LVHDVHV��0LDPL�&76,�./��6FKRODU

5HVHDUFK )RFXV� +HSDWRFHOOXODU &DUFLQRPD �+&&� LV RQH RI WKH IHZ FDQFHUV ZKRVH LQFLGHQFH LV RQ WKH ULVH DQG WKLV FDQFHU�
LV�SUHGLFWHG WR�FRQWLQXH�WR�LQFUHDVH�LQ�LQFLGHQFH��7KH�ELJJHVW�GULYHU�RI�WKLV�XQIRUWXQDWH�WUHQG�LV�WKDW�IDFW�WKDW�FKURQLF�OLYHU�
GLVHDVH UHVXOWLQJ IURP +HSDWLWLV % DQG & YLUXV LQIHFWLRQ� ��� PLOOLRQ LQIHFWHG JOREDOO\� FDXVHV D ODUJH SHUFHQWDJH RI DOO FDVHV�
RI�+&&��7KHUH�DUH�RYHU���PLOOLRQ�LQGLYLGXDOV�LQ�WKH�8QLWHG�6WDWHV�ZLWK�+&9�LQIHFWLRQ�PDNLQJ�LW�WKH�PRVW�FRPPRQ�FKURQLF�
EORRG�ERUQH�LQIHFWLRQ��9LUXVHV�WKDW�FDXVH�KHSDWLWLV�DUH�SDUWLFXODUO\�GLIILFXOW�WR�VWXG\�LQ�YLWUR�KRZHYHU��UHVHDUFK�IRFXVHG�RQ�
WKHVH YLUXVHV DUH \LHOGLQJ WUHPHQGRXV LQVLJKW LQWR KRZ YLUXVHV FDXVH FDQFHU DQG LQ KRVW GHIHQVH PHFKDQLVPV IRXQG LQ WKH�
OLYHU��0\�ODE�KDV�GHYHORSHG�FHOOXODU�PRGHOV�WR�VWXG\�WKHVH�YLUXVHV�DQG�WKHLU�UROH�LQ�FDQFHU�GHYHORSPHQW��,Q�DGGLWLRQ��ZH�
KDYH�HVWDEOLVKHG�QHZ�H[FLWLQJ�PRGHOV�WR�VWXG\�WKH�UROH�WKDW�+,9�FRLQIHFWLRQ�SOD\V�LQ�DFFHOHUDWLQJ�OLYHU�GLVHDVH�SURJUHVVLRQ�
DQG�LQ�WKH�GHYHORSPHQW�RI�+&&�

5HIHUHQFHV�
�� +HSDWLWLV % 9LUXV DQG '1$ 6WLPXODWLRQ 7ULJJHU D 5DSLG ,QQDWH ,PPXQH 5HVSRQVH WKURXJK 1)�.%� <RQHGD 0� +\XQ -�

-DNXEVNL�6��6DLWR�6��1DNDMLPD�$��6FKLII�(5��7KRPDV�(��-�,PPXQRO�������-XO�������������������GRL��
��������MLPPXQRO����������(SXE������-XQ ���

�� ([SHULPHQWDO PRGHOV RI KHSDWLWLV % DQG & � QHZ LQVLJKWV DQG SURJUHVV�7KRPDV (� /LDQJ 7-�1DW 5HY *DVWURHQWHURO�
+HSDWRO�������-XQ���������������GRL����������QUJDVWUR����������(SXE������$SU���� 5HYLHZ�

�� 9LUDO KHSDWLWLV� SDVW DQG IXWXUH RI +%9 DQG +'9�7KRPDV�(� <RQHGD 0� 6FKLII (5�&ROG 6SULQJ +DUE 3HUVSHFW 0HG��
�����)HE��������D��������GRL����������FVKSHUVSHFW�D��������5HYLHZ�30,'���������6LPLODU DUWLFOHV

.H\ZRUGV� �����&HOOXODU�DQG�PROHFXODU�PHFKDQLVP�RI�VHFUHWHG�KHDW�VKRFN�IXVLRQ�
SURWHLQ��JS���,J�DQG�GHYHORSPHQW�RI�VHFUHWHG�JS���,J�YDFFLQH�DJDLQVW�LQIHFWLRXV�
GLVHDVHV�������7KH�UROH�RI�3HUIRULQ���DW�PXFRVDO�EDUULHUV��VNLQ��UHSURGXFWLYH�WUDFW�DQG�
JXW�������'HYHORSPHQW�RI�KXPDQL]HG�PRXVH�PRGHO�������0XFRVDO�,PPXQH�V\VWHP�LQ�
IHPDOH�UHSURGXFWLYH�WUDFW�

.H\ZRUGV� YLURORJ\��FHOO�ELRORJ\��LQQDWH�LPPXQLW\��+,9��FDQFHU��YLUDO�KHSDWLWLV��OLYHU
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�� 'LIIHUHQWLDO�UHVSRQVHV�RI�SODVPDF\WRLG�GHQGULWLF�FHOOV�WR�LQIOXHQ]D�YLUXV�DQG�GLVWLQFW�YLUDO�SDWKRJHQV�7KRPDV�-0��3RV�
=� 5HLQERWK -� :DQJ 5<� :DQJ (� )UDQN *0� /XVVR 3� 7ULQFKLHUL *� $OWHU�+-� 0DULQFROD )0� 7KRPDV (� - 9LURO� �����
6HS������������������GRL����������-9,�����������(SXE������-XO ��

�� ,QWHJUDWLYH IXQFWLRQDO JHQRPLFV RI KHSDWLWLV & YLUXV LQIHFWLRQ LGHQWLILHV KRVW GHSHQGHQFLHV LQ FRPSOHWH YLUDO UHSOLFDWLRQ�
F\FOH� /L�4��=KDQJ�<<��&KLX�6��+X�=��/DQ�.+��&KD�+��6RGURVNL�&��=KDQJ�)��+VX�&6��7KRPDV�(��/LDQJ�7-��3/R6�
3DWKRJ�������0D\����������H���������GRL����������MRXUQDO�SSDW����������H&ROOHFWLRQ������0D\��30,'� ��������

�� +&9�LQIHFWLRQ�LQGXFHV�D�XQLTXH�KHSDWLF�LQQDWH�LPPXQH�UHVSRQVH�DVVRFLDWHG�ZLWK�UREXVW�SURGXFWLRQ�RI�W\SH�,,,�
LQWHUIHURQV� 7KRPDV (� *RQ]DOH] 9'� /L 4� 0RGL $$� &KHQ :� 1RXUHGGLQ 0� 5RWPDQ <� /LDQJ 7-� *DVWURHQWHURORJ\��
�����$SU����������������GRL����������M�JDVWUR��������������(SXE������-DQ���� 30,'���������

0LFURELRORJ\�	�,PPXQRORJ\�6HFRQGDU\)DFXOW\

'U��(GZDUG�$EUDKDP��([HFXWLYH�9LFH�3UHVLGHQW�IRU�+HDOWK�$IIDLUV��
&KLHI�([HFXWLYH�2IILFHU��8+HDOWK��3URIHVVRU�RI�0HGLFLQH
��������������HDEUDKDP#PHG�PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

'U��0LGKDW�$EGXOUHGD��$VVLVWDQW�3URIHVVRU
��������������� PDEGXOUHGD#PHG�PLDPL�HGX
'LDEHWHV�5HVDUFK�,QVWLWXWH��'5,�
'HSDUWPHQW�RI�6XUJHU\

'U��0DULD�$EUHX��3URIHVVRU�RI�0HGLFLQH�
��������������PDEUHX�#PHG�PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

&KLHI�RI�WKH�'LYLVLRQ�RI�*DVWURHQWHURORJ\
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'U��'UDJDQD�$MGLF��$VVRFLDWH�3URIHVVRU�RI�'HUPDWRORJ\�
DQG�&XWDQHRXV�6XUJHU\
��������������GDMGLF#PHG�PLDPL�HGX
'HSDUWPHQW�RI�'HUPDWRORJ\�DQG�&XWDQHRXV�6XUJHU\

'U��1RUPDQ�$OWPDQ��3URIHVVRU�RI�3DWKRORJ\�
��������������1$OWPDQ#PHG�PLDPL�HGX
'HSDUWPHQW�RI�3DWKRORJ\

'LUHFWRU�RI�WKH�'LYLVLRQ�RI�&RPSDUDWLYH�3DWKRORJ\

'U��6DPLWD�$QGUHDQVN\��5HVHDUFK�$VVLVWDQW�3URIHVVRU�RI�3HGLDWULFV
��������������VDQGUHDQVN\#PHG�PLDPL�HGX
'HSDUWPHQW�RI�3HGLDWULFV

'U��*OHQ�%DUEHU��3URIHVVRU�DQG�&KDLUPDQ�RI�&HOO�%LRORJ\�
��������������*%DUEHU#PHG�PLDPL�HGX
'HSDUWPHQW�RI�&HOO�%LRORJ\
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'U��&DURO\Q�&UD\��3URIHVVRU�RI�&OLQLFDO�3DWKRORJ\�DQG�
/DERUDWRU\�0HGLFLQH
��������������&&UD\#PHG�PLDPL�HGX
'HSDUWPHQW�RI�3DWKRORJ\�DQG�/DERUDWRU\�0HGLFLQH

'U��'HUHN�'\N[KRRUQ��$VVRFLDWH�3URIHVVRU��'U��-RKQ�7��
0DFGRQDOG�)RXQGDWLRQ�'HSDUWPHQW�RI�+XPDQ�*HQHWLFV�
��������������''\M[KRRUQ#PHG�PLDPL�HGX
'HSDUWPHQW�RI�+XPDQ�*HQHWLFV

'U��(ULF�*UHLGLQJHU��$VVRFLDWH�3URIHVVRU
��������������� HJUHLGLQJHU#PHG�PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH�� 5KHXPDWRORJ\

'U��'PLWU\�9��,YDQRY��5HVHDUFK�$VVRFLDWH�3URIHVVRU�RI�2SKWKDOPRORJ\�
��������������',YDQRY#PHG�PLDPL�HGX
'HSDUWPHQW�RI�2SKWKDOPRORJ\
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'U��5REHUW�:��.HDQH��3URIHVVRU�
��������������UNHDQH#PLDPL�HGX
'HSDUWPHQWV�RI�3K\VLRORJ\�	�%LRSK\VLFV�DQG�1HXURORJLFDO�6XUJHU\

'U��1LFKROH�.ODWW��9LFH�&KDLU�RI�5HVHDUFK
$VVRFLDWH�3URIHVVRU
��������������QNODWW#PHG�PLDPL�HGX
'HSDUWPHQW�RI�3HGLDWULFV

'U��1RUPD�6XH�.HQ\RQ��3URIHVVRU�DQG�'LUHFWRU�
��������������1.HQ\RQ#PHG�PLDPL�HGX
'HSDUWPHQW�RI�6XUJHU\
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'U��0LFKDHO�.ROEHU��3URIHVVRU�RI�0HGLFLQH�
��������������PNROEHU#PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

$VVRFLDWH�&KLHI�RI�,QIHFWLRXV�'LVHDVHV��'LUHFWRU�RI�$GXOW�+,9�6HUYLFHV��'LUHFWRU�RI�
&RPSUHKHQVLYH�$,'6�3URJUDP

'U��.ULVKQD�.RPDQGXUL��3URIHVVRU�RI�0HGLFLQH�
��������������..RPDQGXUL#PHG�PDLPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

0HGLFDO�'LUHFWRU�RI�WKH�$GXOW�6WHP�&HOO�7UDQVSODQW�3URJUDP

'U��:HL�/L��$VVLVWDQW�3URIHVVRU�RI�2SKWKDOPRORJ\�
��������������ZOL#PHG�PDLPL�HGX
'HSDUWPHQW�RI�2SKWKDOPRORJ\

2FWDYLR�9��0DUWLQH]��5HVHDUFK�$VVRFLDWH�3URIHVVRU�
��������������RPDUWLQH]#PHG�PLDPL�HGX
7LVVXH�%DQN
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'U��0LFKHOLQH�0F&DUWK\��3URIHVVRU
��������������00F&DUWK#PHG�PDLPL�HGX
'HSDUWPHQW�RI�1HXURORJ\

'DUOHQH�0LOOHU��'�+�6F���0�3�+���&�,�&�
5HVDUFK�$VVRFLDWH�3URIHVVRU��2SKWKDOPRORJ\
����������������GPLOOHU#PHG�PLDPL�HGX

6FLHQWLILF�'LUHFWRU��2FXODU�0LFURELRORJ\�/DERUDWRU\

'U��5LFDUGR�3DVWRUL��5HVHDUFK�3URIHVVRU�RI�0HGLFLQH�
��������������USDVWRUL#PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

'LUHFWRU�RI�WKH�0ROHFXODU�%LRORJ\�/DERUDWRU\�DW�WKH�'LDEHWHV�5HVHDUFK�,QVWLWXWH

"Consent-MSOM-new-tract-microbiology-immunology" 
03/25/2020 - FS Agenda 

Page 55 of 57



'U��$VKD�%��3LOODL��$VVRFLDWH�3URIHVVRU�RI�3HGLDWULFV�DQG�
0LFURELRORJ\�	�,PPXQRORJ\
��������������DVKD�SLOODL#PHG�PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

'HSXW\�'LUHFWRU�RI�7UDQVODWLRQDO�5HVHDUFK��'HSDUWPHQW�RI 3HGLDWULFV
&R�'LUHFWRU��)2&,6�&HQWHU�RI�([FHOOHQFH�LQ�+XPDQ�,PPXQRORJ\��80+&�
0HPEHU��6\OYHVWHU�&RPSUHKHQVLYH�&DQFHU�&HQWHU��80
$WWHQGLQJ��'LYLVLRQ�RI�3HGLDWULF�+HPDWRORJ\�2QFRORJ\�%07

'U��$OEHUWR�3XJOLHVH��3URIHVVRU�RI�0HGLFLQH�
��������������DSXJOLHV#PHG�PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

+HDG�RI�WKH�,PPXQRJHQHWLFV�3URJUDP�DW�WKH�'LDEHWHV�5HVHDUFK�,QVWLWXWH

'U��&DPLOOR�5LFRUGL��3URIHVVRU�RI�6XUJHU\�DQG�0HGLFLQH�
��������������FULFRUGL#PLDPL�HGX
'HSDUWPHQW�RI�6XUJHU\

&KLHI�RI�WKH�'LYLVLRQ�RI�&HOOXODU�7UDQVSODQWDWLRQ
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'U��-RVHSK�5RVHQEODWW��3URIHVVRU�RI�0HGLFLQH�
��������������MURVHQEODWW#PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

:LOOLDP�-��+DUULQJWRQ�&KDLU�LQ�+HPDWRORJ\��'LYLVLRQ�&KLHI�RI�+HPDWRORJ\�2QFRORJ\

'U��6DELWD�5R\��3URIHVVRU
��������������V[U���#PLDPL�HGX
'HSDUWPHQW�RI�6XUJHU\

'U��0DULR�6WHYHQVRQ��3URIHVVRU�RI�0HGLFLQH�
��������������06WHYHQVRQ#PHG�PLDPL�HGX
'HSDUWPHQW�RI�0HGLFLQH

&KLHI�'LYLVLRQ�RI�,QIHFWLRQ�'LVHDVHV�

5HVHDUFK�)RFXV� 5HVHDUFK�LQ�WKH�6WHYHQVRQ�ODE�LV�DLPHG�DW�XQGHUVWDQGLQJ�KRZ�+,9���SHUVLVWV�LQ�WKH�IDFH�RI�DQWLUHWURYLUDO�
VXSSUHVVLRQ� :KLOH DQWLYLUDOV FDQ FRQWURO YLUDO UHSOLFDWLRQ� WKH\ GRQ
W HOLPLQDWH WKH YLUXV DQG LGHQWLI\LQJ KRZ WKH YLUXV SHUVLVWV�
LV�NH\�WR�GHYHORSLQJ�VWUDWHJLHV�WR�FXUH�WKH�LQIHFWLRQ��7KH�ODE�LV�DOVR�WU\LQJ�WR�KDUQHVV�WKH�DQWLYLUDO�DFWLYLW\�RI�FHOOXODU�IDFWRUV�
NQRZQ DV DQWLYLUDO UHVWULFWLRQV� 6HYHUDO KRVW SURWHLQV KDYH EHHQ LGHQWLILHG WKDW SRWHQWO\ VXSSUHVV +,9�� UHSOLFDWLRQ� +RZHYHU��
WKH�YLUXV�KDV�HYROYHG�FRXQWHU�GHIHQVHV�WKDW�QHXWUDOL]H�WKHVH�DQWLYLUDO�UHVWULFWLRQV��:H�DUH�GHYHORSLQJ�VPDOO�PROHFXOHV�WKDW�
QHXWUDOL]H�YLUDO�GHIHQVHV�VR�DV�WR�DOORZ�WKH�DQWLYLUDO�UHVWULFWLRQV�WR�QHXWUDOL]H�WKH�YLUXV��:H�KDYH�UHFHQWO\�EHJXQ�WR�GHYHORS�
GLDJQRVWLF�SODWIRUPV�WR�GHWHFW�HPHUJLQJ�DQG�UHVLVWDQW�RUJDQLVPV��+,9��=LND��7%��LQ�UHVRXUFH�OLPLWHG VHWWLQJV�

.H\ZRUGV� �+,9�$,'6��YLUDO�SHUVLVWHQFH��DQWLYLUDO�UHVWULFWLRQV�
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