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Welcome 

On	behalf	 of	 the	organizing	 committee,	 it	 is	 a	 pleasure	 to	welcome	 you	 to	Aix-en-
Provence	or	Ais	de	Prouvènço	 to	attend	ProteoAix	2023.	The	 town	was	 founded	 in	
122	 BC	 by	 the	 Roman	 Republic	 Consul	 Caius	 Sextius	 Calvinus	 under	 the	 name	 of	
Aquae	 Sextiae	 (the	 water	 of	 Sextius).	 Aix-en-Provence	 subsequently	 became	 the	
capital	of	Provence.	This	explains	why	this	town	has	an	important	cultural	heritage.	It	
is	 still	 known	 as	 the	 city	 of	 a	 hundred	 fountains.	 You	will	 have	 the	 opportunity	 to	
admire	this	city,	home	to	the	famous	Post-Impressionist	painter	Paul	Cezanne.	
		
This	 congress	 will	 be	 the	 third	 joint	 meeting	 of	 Spanish,	 Portuguese	 and	 French	
Proteomics	Societies.	The	meeting	was	organized	to	cover	all	aspects	of	proteomics.	
For	 this,	 we	 have	 invited	 8	 plenary	 speakers	 who	 will	 share	 their	 work	 and	
experiences,	 bringing	 the	 opportunity	 to	 discuss	 and	 share	 opinions.	 We	 will	 also	
have	 around	 30	 oral	 communications,	 14	 flash	 communications	 and	more	 than	 60	
posters.	In	addition,	there	will	be	numerous	oral	communications	from	sponsors	and	
11	booths.	
		
We	are	very	happy	with	 the	high	number	of	 registrations	 (more	 than	160)	and	we	
would	 like	 to	 thank	 you	 for	 your	 participation.	 The	 scientific	 level	 of	 the	
communications	received	was	very	high,	and	this	complicated	the	task	of	selection	by	
the	scientific	committee.	
		
We	would	also	like	to	thank	all	of	the	invited	speakers	and	the	support	of	all	sponsors	
and	partners.	This	conference	would	not	be	possible	without	them.	
		
Now	we	wish	you	to	enjoy	ProteoAix	and	make	this	conference	a	success.	
		
We	look	forward	to	welcoming	you	to	Aix-en-Provence.	
		
		
Luc	Camoin	
Chair	ProteoAix	Organizing	committee	
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Welcome	address	by	the	President	of	the	French	Proteomics	Society	

Dear	colleagues,	

It	is	a	pleasure	for	the	French	Proteomics	Society	to	co-organize	this	third	edition	of	the	joint	
meeting	with	our	friends	of	the	Spanish	Proteomics	Society	(SEProt)	and	of	the	Portuguese	
Proteomics	 Society	 (Rede	 ProCura).	 The	 event	 will	 occur	 in	 our	 beautiful	 city	 of	 Aix-en-
Provence,	a	city	that	can	be	reached	in	few	hours	by	plane	from	the	main	cities	in	Spain	and	
Portugal.	 Last	 year,	 ProteoVilamoura	was	 a	 great	 success	 and	we	 tried	 to	 keep	 the	 same	
format,	 giving	 a	 maximum	 exposure	 to	 our	 younger	 colleagues.	 Once	 again,	 sponsors	
reacted	very	positively	to	this	trinational	event	and	EuPA	offered	several	travel	grants.	Our	
three	societies	are	very	active	in	the	field	of	proteomics	and	it	should	be	a	great	moment	of	
science	with	a	high	quality	program.	We	wish	you	many	fruitful	exchanges	and	many	new	
collaborations.	

Sincerely	yours,	

Franck	Vandermoere	-	President	of	the	French	Proteomics	Society,	FPS	
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Welcome	address	by	the	President	of	the	Spanish	Proteomics	Society	(SEProt)	

From	 the	 Spanish	 Society	 of	 Proteomics	 (SEProt)	 we	 want	 to	 welcome	 you	 to	 the	 third	
edition	 of	 the	 Joint	Meeting	with	 the	 proteomics	 societies	 of	 France	 and	 Portugal	 that	 is	
hosted	this	time	in	the	beautiful	setting	of	Aix-en-Provence.			

We're	really	excited	about	the	opportunity	this	conference	presents.	It's	a	great	chance	for	
us	to	share	ideas,	learn	from	one	another,	and	continue	pushing	the	boundaries	of	what	we	
know	about	proteomics.	It's	through	our	combined	efforts	that	the	field	continues	to	evolve	
and	grow.			

Big	thanks	to	our	guest	speakers.	We	appreciate	you	taking	the	time	to	come	and	share	your	
knowledge	with	us.	We	can't	wait	to	learn	from	you.	We	would	also	like	to	acknowledge	the	
organizers	for	all	their	hard	work	in	putting	this	conference	together.	And	of	course,	let's	not	
forget	 everyone	who's	made	 it	 to	 the	 conference.	 Your	work,	 your	 curiosity,	 your	 ideas	 -	
these	are	what	will	make	this	conference	a	success.	We're	really	glad	you're	here.		

See	you	in	ProteoAix	and	enjoy	the	congress!	"	

Cheers	

Montserrat		Carrascal	– President	of	SeProt	

	
Welcome	address	by	the	President	of	the	Portuguese	Proteomics	Society	(ProCura	Omics)	

Traditions	are	built	in	small	steps	and	over	time.	

It	is	a	pleasure	to	collaborate	on	the	organization	of	the	third	joint	meeting	with	our	friends	
from	 the	 French	 and	 Spanish	 proteomics	 societies.	 A	 special	 thanks	 to	 the	 French	
Proteomics	Society,	which	this	year	was	responsible	for	organizing	this	event.	The	dynamism	
of	 science	 requires	knowledge	sharing,	peer	collaboration	and	 the	pleasure	of	doing	what	
we	love	most.	See	you	at	Aix-en-Provence	in	what	we	all	hope	will	be	enriching	for	each	of	
us	and	memorable	for	all.	

Sincerely	yours	

Francisco	Amado	-	President	of	PROCURA	

	



Organizing  and Local Commitees 

• Organizing	Commitee	
•  Samuel	Granjeaud,	CRCM	
•  Patrick	Fourquet,	CRCM	
•  Pascal	Mansuelle,	IMM	
•  Luc	Camoin,	CRCM	

•  Local	Commitee	
•  Stéphane	Audebert,	CRCM	
•  Alexia	Fataka,	CRCM	
•  Yves	Toiron,	CRCM	
•  Emilie	Baudelet,	CRCM	
•  Sofia	Bekdouche,	CRCM,	IMM,	MCT	
•  Théo-Bob	Muller,	MCT	
• Maya	Belghazi,	IMM	
•  Christophe	Verthuy,	IMM	
• Manel	Khelil-Berbar,	IMM	
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Scientific Commitee 

• Francisco	Amado	University	of	Aveiro,	Portugal	
• Ana	Varela	Coelho	ITQB	NOVA,	Lisboa,	Portugal	
• Bruno	 Manadas	 Center	 for	 Neuroscience	 and	
Cell	Biology	–	University	of	Coimbra,	Portugal 		
• Montserrat	 Carrascal	 Institute	 of	 Biomedical	
Research	of	Barcelona	-	CSIC,	Barcelona,	Spain	
• Felix	Elortza	Proteomics	Platform,	CIC	bioGUNE,	
CIBERehd,	 ProteoRed-ISCIII,	 Bizkaia	 Science	 and	
Technology	Park,	Derio,	Spain	
• Carmen	Duran	Ruiz	University	of	Cádiz,	Spain	
• Mariette	Matondo	Institut	Pasteur,	Paris,	France	
• Nicolas	 Desbenoit	 Centre	 de	 Génomique	
Fonctionnelle	 de	 Bordeaux	 (CGFB),	 Bordeaux,	
France	
• Franck	 Vandermoere	 Institut	 de	 Genomique	
Fonctionnelle,	Montpellier,	France	
• Daniel	Lafitte	Aix	Marseille	université,	Marseille,	
France	
• Régine	 Lebrun	 Institut	 de	 Microbiologie	 de	 la	
Méditerranée	FR	3479,	Marseille,	France	
•  Luc	 Camoin	 Centre	 de	 Recherche	 en	
Cancérologie	de	Marseille,	Marseille,	France	
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Sponsors 
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Exhibition map 
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THEMES																													
Clinical	and	disease	proteomics,	Cancer
Bioinformatics
Post-translational	modifications
Proteomics	of	model	organisms,	microbial	proteomics
Interactomics	and	protein	structure
Structural	proteomics
Proteomics	in	cell	biology;	cellular	and	functional	proteomics
Mass	spectrometry	imaging

Tuesday	20	June	2023

9:30	-	14:30 Registration
13:00	-14:30 Coffee	and	refresments	welcome
14:30	-	15:00 Opening	Ceremony	-	Aix-en-Provence	Convention	Center Audit

Moderator:	Franck	Vandermoere Audit
15:00	-	15:30 FPS	Thesis	Prize

15:00 Charlotte	Brun	-	Development	of	quantitative	analytical	strategies	for	the	study	of	
proteins,	their	phosphorylation	and	glycation

15:30	-	17:00 Plenary	Lectures	1-2 Audit
Moderator:	Daniel	Lafitte

15:30 Charles	Pineau	-					Imaging	mass	spectrometry	in	drug	development	and	
environmental	toxicology

PL1

Moderator:	Montserrat	Carrascal	Perez
16:15 Javier	Munoz	Peralta	-	Spatial	Proteomics	re-defines	precise	cargoes	of	extra-cellular	

vesicles
PL2

Moderator:	Pascal	Mansuelle
17:00 Exhibitor	Lecture	1:	Covaris	-	Nicolas	Autret	-	Scalable	Sample	Preparation	Methods	

for	LC-MS	Assays
SP1

17:30 Exhibitor	Lecture	2:	Thermo	Fisher	Scientific	-	Shakir	Shakir	-	Pushing	Frontiers	of	
High-throughput	High-resolution	Analysis:	Orbitrap	Technology	Unites	with	a	New	
Star

SP2

18:00 Welcome	cocktail Hall

19:30 END
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Wednesday	21	June	2023

8:30	-	9:15 Plenary	Lecture	3 Audit
Moderator:	Régine	Lebrun
Julien	Marcoux	-	Structural	MS	of	proteasome	complexes:	a	test-case	study PL3

9:15	-	9:40 Flash	Posters	1
Moderators:	Bastien	Arnaud	and	Adrien	Brown

9:15 Alice	Capuz	-	Immunoglobulins	expression	by	non	immune	cells FL1
9:18 Hugo	Gizardin-Fredon	-	Going	against	the	grain:	development	of	denaturing	mass	

photometry	for	fine-tuning	of	protein-protein	cross-linking	reactions
FL2

9:21 Anne	Gonzalez	de	Peredo		-	Deciphering	the	signaling	mechanisms	of	the	C-type	lectin	
receptor	Dectin-1	in
myeloid	cells	using	high	throughput	proteomicss

FL3

9:24 Manuelle	Ducoux-Petit	-	Characterization	of	abundant	periprostatic	adipose	tissue	
(PPAT)	in	prostate	cancer	cells:	from	inflammation-free	expansion	to	over-secretion	of	
endotrophin

FL4

9:27 Madisson	Chabas	-	Flash	MS/MS	identification	of	microbial	isolates FL5
9:30 Alexandre	Burel	-	Pathway	Grabber:	Exploring	proteomics	data	with	KEGG	pathways FL6
9:33 Marta	Rojas	Torres	-	Comparison	of	tissue	homogenization	protocols	for	optimization	

of	quantitative	proteomics	and	phosphoproteomic	analysis
FL7

9:36 Exhibitor	Lecture	3:	PreOmics	-	Quentin	Enjalbert	-	Solution	to	move	to	proteomics	
sample	prep	standardization	for	routine	analysis

SP3

9:45	-	10:45 SESSION	1 Audit
Moderator:	Mariette	Matondo

9:45 Bertrand	Fabre	-	In	Depth	Exploration	of	the	Alternative	Proteome	of	Drosophila	
melanogaster

OL1

10:00 Léo	Schlosser-Perrin	-	Constitutive	proteins	of	lumpy	skin	disease	virion	assessed	by	
next-generation	proteomics

OL2

10:15 Anne-Aurélie	Raymond	-	Spatial	characterization	of	beta-catenin-mutated	
hepatocellular	adenomas	subtypes	by	proteomic	profiling	of	the	tumor	rim.

OL3

10:30 Blandine	Chazarin	-	LF-SCardioP:	Label-Free	approach	for	the	analysis	of	Single	
Cardiomyocyte	Proteome

OL4

10:45 Coffee	break Hall

11:30	-	12:15 Plenary	Lecture	4
Moderator:	Felix	Elortza
Juri	Rappsilber	-		Chemical	microscopy:	at	the	frontier	of	proteomics PL4

12:15 Exhibitor	Lecture	4:	Bruker	-	Pierre	Olivier	Schmit	-	The	4D-ProteomicsTM	ecosystem	
:	enabling	large-scale	personalized	medicine	research

SP4

12:45 Lunch	Break	 Hall
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14:15	-	15:15 Session	Posters Hall

15:15	-	16:30 SESSION	2 Audit
Moderator:	Ana	Varela	Coelho

15:15 Rajesh	Durairaj	-	Sequence	analyses	and	structural	annotation	of	gustatory	receptors	
from	Aedes	aegypti

OL5

15:30 Cartas	Cejudo	Paz	-	Early	and	progressive	neuropathological-stage	dependent	
proteomic	alterations	at	the	level	of	the	olfactory	tract	in	human	Alzheimer's	disease

OL6

15:45 Laurine	Lagache	-	New	method	machine	process	to	unravel	tissue	biomarkers	and	
validate	it	by	multiplex	MALDI	IHC

OL7

16:00 Tristan	Cardon	-	Extending	the	vision	of	the	proteome:	the	Ghost	proteome OL8
16:15 Elisabete	Morais	-	Integration	of	proteomics	and	metabolic	modelling	to	study	the	pH-

dependent	response	of	pathogenic	and	commensal	Staphylococcus	epidermidis	
strains

OL9

16:30 Coffee	break Hall

17:15	-	18:30 SESSION	3 Audit
Moderator:	Delphine	Pflieger

17:15 Thibaut	Leger	-	Deciphering	the	hepatotoxic	mechanisms	induced	by	chlordecone	and	
its	metabolite	chlordecol	by	multi-omics

OL10

17:30 Avais	Daulat	-	Proteomic	approach	to	characterize	and	target	MINK1-PRICKLE1	
signaling	pathway	in	triple	negative	breast	cancer

OL11

17:45 Franck	Vandermoere	-	Nanobody-based	APMS	analysis	of	endogenous	metabotropic	
glutamate	receptor	2	interactome	from	mice	brain

OL12

18:00 Emmanuelle	Com	-	Parallel	accumulation	-	serial	fragmentation	combined	with	data-
independent	acquisition	for	the	successful	identification	of	plasma	proteins	correlated	
with	entry	into	sexual	maturation	in	the	rainbow	trout

OL13

18:15 Exhibitor	Lecture	5:	Evosep	-	Stoyan	Stoychev	-	Enabling	high-throughput	and	
standardised	proteomics	using	Evosep	One	and	end-to-end,	automated	sample	
preparation

SP5

18:30 Annual	General	Meeting	FPS Audit

19:30 END
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Thursday	22	June	2023

8:30	-	9:15 Plenary	Lecture	5 Audit
Moderator:	Luc	Camoin
Vadim	Demichev		-	DIA	proteomics:	advances	in	technology	and	data	processing	
towards	sensitivity	and	speed

PL5

9:15	-	9:40 Flash	Posters	2
Moderators:	Maryam	Aboutiman	and	Mehdi	Cherkaoui

9:15 Sarahi	Jaramillo	Ortiz	-	A	novel	DIA	label-free	proteomics	workflow	to	study	protein	
glycation	in	plasma	samples

FL8

9:18 Vera	Mendes	-	Identification	of	potential	biomarkers	related	to	Aβ	deposition	through	
proteomic	profiling	in	patients	with	Mild	Cognitive	Impairment

FL9

9:21 Pauline	Perdu-Alloy	-	Optimization	of	sample	preparation	and	nanoLC-MS/MS	
methods	for	single	cell	proteomic	analysis

FL10

9:24 Rui	Vitorino	-	Promising	Salivary	Protein	Markers	for	Head	and	Neck	Squamous	Cell	
Carcinoma	Prognosis

FL11

9:27 Bastien	Arnaud	-	LC-MS/MS	analysis	of	penguin	tissues	and	customization	of	protein	
database	to	identify	novel	antimicrobial	peptides

FL12

9:30 Yasmine	Boughanmi	-	Short	modified	peptides	or	dimeric	peptide	isolated	from	
animal	venoms:	Are	LC-MS-MS,	Edman	sequencing	enough	to	determine	their	
sequences?

FL13

9:33 Sarah	Alilat	-	Comparison	of	Bacillus	thuringiensis	virulence	potential	on	human	Caco-
2	intestinal	cells	using	multi-omics	investigation

FL14

9:36 Exhibitor	Lecture	6:	Cell	Signalling	Technology	-	Maxime	Jacquet	-	Improved	
immunoaffinity	enrichment	methods	for	arginine	methylation

SP6

9:45	-	10:45 SESSION	4 Audit
Moderator:	Franck	Vandermoere

9:45 Marie	Locard-Paulet	-	Pitfalls	of	gene-level	annotation	applied	to	functional	analysis	
of	protein	groups

OL14

10:00 Madalena	Monteiro	-	Proteome	profiling	of	tissue-derived	extracellular	vesicles	and	
soluble	secretome	reveals	non-invasive	candidate	markers	involved	in	colorectal	
cancer	proliferation	and	progression

OL15

10:15 Inês	Caramelo	-	Proteomics	characterization	of	neurons	upon	oxygen	and	glucose	
deprivation	–	neuronal	modulation	induced	by	the	secretome	of	physiologically	
primed	MSCs

OL16

10:30 Florencia	Cristina	Picchi	Figueira	-	MACHINE	learning	approach	for	the	stratification	of	
rheumatoid	arthritis	patients	based	on	circulating	proteomic	signatures	associated	
with	their	synovial	pathotype

OL17

10:45 Coffee	break Hall

11:30	-	12:15 Plenary	Lecture	6 Audit
Moderator:	Francisco	Amado
Ana	Varela	Coelho	-	Commensalism	vs	pathogenicity	in	Staphylococcus	epidermidis	-	
uncovered	by	an	integrated	omics	approach

PL6

12:15 Exhibitor	Lecture	7:	Affinisep	-	Florine	Hallez	-	New	kits	for	proteomics	sample	
purification

SP7

12:45 Lunch	Break Hall
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14:15	-	15:15 Session	Posters

15:15	-	16:30 SESSION	5 Audit
Moderator:	Bruno	Manadas

15:15 Chiara	Guerrera	-	Pushing	DIA	proteomics	analyses	of	neat	plasma	to	1000	protein	groups	
ID/h

OL18

15:30 Tsung-Heng	Tsai	-	Statistical	inference	of	protein	turnover	CANCELLED OL19
15:45 Océane	Girard	-	Multi-OMICS	integration	analysis	for	assessing	human	stem	cell	models	

of	human	peri-implantation	development
OL20

16:00 Aurélie	Hirschler	-	Boosting	immunopeptidomics	identification	using	an	optimized	
workflow

OL21

16:15 Exhibitor	Lecture	8:	Sciex	-	Heather	Chassaing	-	Comprehensive		peptide	mapping	of	
proteins	using	a	complementary	approach	of	electron	activated	dissociation	(EAD)	and	
Collision	Induced	Dissociation	(CID)	fragmentation	techniques

SP8

16:30 Coffee	break Hall

17:15	-	18:30 SESSION	6 Audit
Moderator:	Montserrat	Carrascal	Perez

17:15 Bruno	Manadas	-	Unmasking	hidden	systemic	effects	of	neurodegenerative	diseases OL22
17:30 Sara	Ceccacci	-	High-sensitivity	phosphoproteomics	with	dia-PASEF OL23
17:45 Noelia	De	Lama	-	Development	of	an	orthogonal	method	for	host	cell	protein	

characterization	via	immunoaffinity	enrichment	and	ms	analysis
OL24

18:00 Sandrine	Frelon	-	Tree	frogs	living	in	Chernobyl	Exclusion	Zone	exhibit	different	protein	
expression	patterns	than	in	the	control	areas

OL25

18:15 Exhibitor	Lecture	9:	Resyn	Biosciences	-	Stoyan	Stoychev	-	Mag-Net:	deep	plasma	
profiling	using	streamlined	and	single-shot	membrane	vesicle	enrichment	enabled	by	
MagReSyn®	hyper-porous	magnetic	microparticles

SP9

18:30 END

18:30	-	20:00 Guided	tour	of	the	city	of	Aix-en-Provence

20:00 ProteoAix	Dinner	at	AQUABELLA	HOTEL
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Friday	23	June	2023

8:30	-	9:15 Plenary	Lecture	7 Audit
Moderator:	Maria	Carmen	Duran	Ruiz
Ana	Martinez	Del	Val		-	Hybrid-DIA:	Intelligent	Data	Acquisition	for	Online	Targeted	
and	Discovery	Proteomics	Applied	to	Phosphoprotein	signaling	in	Colorectal	Cancer

PL7

9:15 Exhibitor	Lecture	10:	CELLENION	-	Fabiana	Izaguirre	-	cellenONE	for	multiplexed	and	
label-free	single	cell	proteomics	sample	preparation

SP10

9:45	-	10:45 SESSION	7 Audit
Moderator:	Francisco	Amado

9:45 Baptiste	Mouysset	-	Deciphering	the	molecular	mechanism	of	action	of	repurposed	
drugs	using	Thermal	Proteome	Profiling

OL26

10:00 Jean	Armengaud	-	Taxonomical	exploration	of	complex	samples	by	proteomics-
derived	proteotyping

OL27

10:15 Lucia	Grenga	-	Deep	proteomic	profiling	reveals	the	dynamics	of	the	host-	microbiota	
interactions	from	cystic	fibrosis	sputum	samples

OL28

10:30 Alexandra	Moreira	Pais	-	Exploring	prostate	carcinogenesis	progression	through	urine	
proteome	profiling:	an	animal	model	study

OL29

10:45 Coffee	break Hall

11:30	-	12:15 Plenary	Lecture	8 Audit
Moderator:	Daniel	Lafitte
Albert	Heck	-	What	do	we	know	about	(your)	antibodies?	Novel	insights	from	novel	
techniques	in	mass	spectrometry

PL8

12:15 Exhibitor	Lecture	11:	MS	Vision	-	Steven	Daly	-	Teaching	an	old	dog	new	tricks:	
Extending	the	utility	of	your	mass	spectrometer

SP11

12:45	-	13:15 CLOSING	SESSION	/	AWARDS Audit
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Development of quantitative analytical strategies for the study of proteins, 
their phosphorylation and glycation 

Charlotte Brun, CEA DAM, Bruyères-le-Chatel, France 
 

Proteomic analysis using mass spectrometry enables the study of complex biological systems 
by identifying and quantifying proteins while characterizing their structure. This approach is also 
applicable to investigating post-translational modifications (PTMs) of proteins, which add another 
layer of complexity to the proteome. My thesis focused on developing analytical methods to analyze 
two specific PTMs: phosphorylations and glycations. 

Firstly, a quantitative method was developed to analyze phosphorylations in bear muscle 
tissue. A complete semi-automated approach was established to efficiently analyze phosphorylations 
on a large scale. This involved optimizing the various steps of proteomic analysis, including sample 
preparation, LC-MS/MS analysis, and data processing. By implementing automated hpH RP 
fractionation, IMAC enrichment, HCD fragmentation, and the use of MaxQuant software, a robust 
identification and quantification of numerous phosphopeptides was achieved. This method was 
subsequently applied to studying muscle regulations during bear hibernation. To enhance the 
biological interpretation of results in non-model species, tools were set up to search for homologous 
human phosphorylation sites and leverage information from functional databases. 

The second focus of my thesis was the study of glycations, a complex family of PTMs that have 
been underexplored in label-free proteomic analysis of biological fluids. An LC-MS method was 
developed to analyze glycations in plasma and zebra finch hemolysate, enabling the determination of 
glycation rates on major proteins. Additionally, a SEC-MS method was implemented to analyze the 
structure of the haemoglobin complex. These techniques pave the way for future analysis of plasma 
and hemolysates from various bird species, as well as bats. The ultimate goal is to explore the extent 
of glycation phenomenon in these flying species, which maintain high blood sugar concentrations 
without experiencing the typical consequences observed in mammals, such as diabetes. However, 
analyzing whole proteins provides only a limited view of the modified proteome, offering insight into 
only a few major glycated proteins without pinpointing the exact glycation events on protein 
sequences. Consequently, a label-free quantitative proteomic analysis method was developed as a 
second step. It involved automated cartridge-based BAC enrichment and peptide fractionation 
protocols for analyzing glycations in plasma. Although automated BAC enrichment proved ineffective 
with prototype cartridges on plasma samples, better performance is anticipated with larger capacity 
cartridges. Moreover, the addition of hpH RP peptide fractionation prior to BAC enrichment of plasma 
peptides improved method repeatability and now allows for high-throughput studies of glycations in 
the complex plasma fluid.  

Throughout this thesis, automated methods were developed for global proteome or modified 
peptide analysis. Considering the benefits of automation, such as repeatability and throughput, it is 
evident that automated sample preparation will be essential in the future. This work also emphasized 
that no universal sample preparation protocol exists, highlighting the importance of adapting the 
different preparation steps to the sample type, available quantity, and desired analysis approach 
(global or targeted on specific protein families or modifications). 
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Imaging	mass	spectrometry	in	drug	development	and	environmental	
toxicology	

Charles	Pineau	1,2	

1	Inserm	UMR_S1085,	IRSET,	Univ	Rennes,	35000	Rennes,	France	
2	Protim	Core	Facility,	BIOSIT	-	UAR	3480	CNRS	-	US18	Inserm,	Univ	Rennes,	35000	Rennes,	

France	

 
:: charles.pineau@inserm.fr 

 
Among	the	numerous	applications	of	mass	spectrometry,	MALDI	imaging	mass	spectrometry	(IMS)	is	

a	truly	blooming	field	in	biological	research.	IMS	is	widely	recognized	as	a	valuable	tool	for	identifying	

a	 variety	 of	 compounds	 including	 metabolites,	 lipids	 and	 proteins	 from	 tissue	 sections,	 as	 it	 also	

provides	 spatial	 and	 quantitative	 information	 about	 the	 analytes	 in	 situ.	 Hence,	 IMS	 has	 naturally	

emerged	 as	 a	 robust	 and	 versatile	 technique	 for	 drug	 development	 pharmacokinetics	 and	

toxicological	studies.	It	is	particularly	powerful	for	distribution	studies	as	it	offers	several	advantages	

over	 conventionally	 used	 LC-MS	 and	 whole-body	 autoradiography	 (QWBA).	 Indeed,	 IMS	 does	 not	

require	 radioactive	 labeling	 and	 can	 be	 used	 for	 the	 simultaneous	 monitoring	 of	 a	 drug	 and	 its	

metabolites	directly	in	tissue	sections,	thereby	preserving	the	crucially	needed	spatial	information.	

	

Despite	 the	 increasing	 improvements	 of	 IMS,	 the	 low	 detection	 sensitivity	 of	 some	 compounds	

remains	 an	 important	 challenge	 to	 overcome.	We	will	 discuss	 our	 developments	 ranging	 from	on-

tissue	chemical	derivatization	(OTCD)	that	consists	in	modifying	the	chemical	structure	of	analytes	in	

order	to	improve	their	ionization	yields	to	the	use	and	benefits	of	three-dimensional	IMS.	Examples	

will	 be	 given	 on	 the	 use	 of	 the	 technology	 for	 the	 development	 of	 pharmaceutical	 drugs	 and	 for	

understanding	the	mechanisms	that	underlie	the	toxicity	of	environmental	pollutants.	



PL02 Javier Munoz 

22	

SPATIAL PROTEOMICS RE-DEFINES PRECISE CARGOES OF EXTRA-CELLULAR VESICLES 
 

Javier Muñoz1,2 
 

1Cell Signaling and Clinical Proteomics Group. Biocruces Bizkaia Health Research Institute. 
48903, Barakaldo, Spain 

2 Ikerbasque, Basque foundation for science, 48011 Bilbao, Spain. 

 

Virtually all cells secrete extra-cellular vesicles (EVs) containing a wide range of intracellular 
biomolecular material with key regulatory functions in cell-cell communication processes. 
The encapsulated content of EVs seems to reflect the cell of origin and, consequently, EVs 
have a huge potential as biomarkers for cancer and many other diseases. However, current 
approaches for purification of EVs possess inherent limitations and technical biases, resulting 
in heterogeneous preparations contaminated by other EVs subtypes and non-vesicular 
nanoparticles. This is especially problematic when specific regulatory functions are attributed 
to EVs subtypes. 

Here, we report on the development of a spatial proteomic strategy enabling the deconvolution 
of the protein cargo of small EVs from non-vesicular particles. Crude EVs pellets (purified by 
differential ultra-centrifugation) are separated in a density gradient, analysed by LC-MS/MS 
and unambiguously assigned to different compartments by protein correlation profiling. Using 
this approach, we have systematically analyzed a panel of 14 cancer cell lines providing a 
highly curated catalogue of pan-human and ubiquitous proteins present in these vesicular 
entities. Our results have significant implications in the field of EVs, including the mechanisms 
of cargo selection. In addition, we demonstrate the applicability of our approach to analyze 
dynamic cellular responses and also to identify biomarkers in EVs purified from human 
biofluids. 
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Structural MS of proteasome complexes: a test-case study 

Julien Marcoux, IPBS, Toulouse, France 

 

Structural Mass Spectrometry (MS) approaches are now important tools for integrative 
structural biology. They give access to a wide range of information, from protein primary to 
quaternary structure, dynamics and interactions. Top-Down MS [1-2] provides a thorough 
description of proteoforms present in the sample. Native MS [3] and Mass Photometry [4] of 
entire complexes inform about their stoichiometry as well as ligand binding. Cross-linking MS 
[5] can identify new binding partners and provides distance restraints that can be further used 
for molecular modeling. Finally, Hydrogen-Deuterium eXchange MS (HDX-MS) investigates 
solvent accessibility, providing information on dynamics and highlighting binding interfaces or 
long-range allosteric changes [6].  

This talk will take advantage of the wide diversity of proteasome complexes to 
illustrate how these innovative techniques can be applied, complementarily to shotgun 
proteomics and high-resolution structural methods, to gather precious and orthogonal 
structural information. 

References: 

[1] Živković D, Sanchez Dafun A, Menneteau T, Schahl A, Lise S, Kervarrec C, Toste Rêgo A, da 
Fonseca PCA, Chavent M, Pineau C, Burlet-Schiltz O, Marcoux J*, Bousquet MP* (2022) “Proteasome 
complexes experience profound structural and functional rearrangements throughout mammalian 
spermatogenesis” PNAS 119(15):e2116826119. 

[2] Dafun AS, Živković D, Leon-Icaza SA, Möller S, Froment C, Bonnet D, Almeida de Jesus A, Alric 
L, Quaranta-Nicaise M, Ferrand A, Cougoule C, Meunier E, Burlet-Schiltz O, Ebstein F, Goldbach-
Mansky R, Krüger E, Bousquet Dubouch MP*, Marcoux J* (2023) “Establishing 20S proteasome 
genetic, translational and post-translational status from precious biological and patient samples with 
Top-Down MS” Cells 12, 844 

[3] Moscovitz O, Ben-Nissan G, Fainer I, Pollack D, Mizrachi L, Sharon M (2015) “The Parkinson's-
associated protein DJ-1 regulates the 20S proteasome” Nat Commun. 6:6609. 

[4] Sonn-Segev A, Belacic K, Bodrug T, Young G, VanderLinden RT, Schulman BA, Schimpf J, 
Friedrich T, Dip PV, Schwartz TU, Bauer B, Peters JM, Struwe WB, Benesch JLP, Brown NG, 
Haselbach D, Kukura P (2020) “Quantifying the heterogeneity of macromolecular machines by mass 
photometry” Nat Commun. 11(1):1772. 

[5] Wang X, Chemmama IE, Yu C, Huszagh A, Xu Y, Viner R, Block SA, Cimermancic P, Rychnovsky 
SD, Ye Y, Sali A, Huang L. (2017) “The proteasome-interacting Ecm29 protein disassembles the 26S 
proteasome in response to oxidative stress” JBC. 292(39):16310-16320. 

[6] Lesne J*, Locard-Paulet M*, Parra J, Zivković D, Menneteau T, Bousquet MP, Burlet-Schiltz O, 
Marcoux J (2020) “Conformational maps of human 20S proteasomes reveal PA28- and immuno-
dependant inter-ring crosstalks” Nat Commun. 11(1):6140. 
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Chemical	microscopy:	at	the	frontier	of	proteomics	

Juri	Rappsilber,	Technische	Universität,	Insitute	für	Biotechnologie,	Berlin	

	

Accurately	modelling	 the	 structures	 of	 proteins	 and	 their	 complexes	 using	 artificial	 intelligence	 is	

revolutionizing	 molecular	 biology.	 Remaining	 challenges	 result	 from	 the	 limited	 information	

available	 on	 specific	 protein	 states	 including	 protein-protein	 interactions.	 We	 present	 how	

proteomics	data	enable	systematically	modelling	novel	protein	assemblies	and	how	proteomics	data	

can	 inject	 information	 about	 in-cell	 states	 of	 proteins	 into	 the	 modelling	 workflow.	 Taking	 a	

decisively	 in-cell	 approach	 allows	 discovering	 aspects	 of	 biology	 that	 are	 lost	 when	 lysing	 cells.	

Indeed,	we	propose	novel	structural	models	of	153	dimeric	and	14	trimeric	protein	assemblies	in	the	

model	 organism	Bacillus	 subtilis.	 We	 report	 and	 validate	 novel	 interactors	 of	 central	 cellular	

machineries	 that	 include	 the	 ribosome,	 RNA	 polymerase,	 and	 pyruvate	 dehydrogenase,	 assigning	

function	 to	 several	 uncharacterized	 proteins.	 Our	 approach	 uncovers	 protein-protein	 interactions	

inside	 intact	 cells,	 provides	 structural	 insight	 into	 their	 interaction	 interfaces,	 and	 is	 applicable	 to	

genetically	intractable	organisms,	including	pathogenic	bacteria.	Facile	generation	of	pseudo-atomic	

models	of	PPIs	provides	a	plausible	shortcut	to	the	improved	functional	understanding	of	the	many	

currently	uncharacterised	proteins.	
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DIA	proteomics:	advances	in	technology	and	data	processing	towards	
sensitivity	and	speed	

Vadim	Demichev,	Charité	–	Universitätsmedizin,	Insitute	of	Biochemistry,	Berlin	

	

	

Recently,	data-independent	acquisition	(DIA)	proteomics	has	gained	significant	popularity	for	a	wide	
range	of	 applications.	 The	 strengths	 of	DIA	 include	high	proteomic	 depth,	 data	 completeness	 and	
quantitative	accuracy.	Novel	DIA-based	technologies	are	being	actively	developed,	addressing	many	
of	 the	 historical	 shortcomings	 of	 DIA.	 In	 this	 talk,	 I	 will	 discuss	 the	 factors	 that	 determine	 the	
performance	 of	 DIA	 methods	 and	 their	 optimisation	 for	 the	 specific	 experiment,	 as	 well	 as	 how	
recent	progress	in	technologies	and	computational	data	analysis	can	boost	the	performance	of	DIA	
proteomics	and	enable	new	applications.	
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Commensalism vs pathogenicity in Staphylococcus epidermidis - uncovered by an integrated 
omics approach 
 
LG Gonçalves1, E Morais1, F Magalhães1, S Santos1, LP Gomes1, J Armengaud2, M Zimmermann-Kogadeeva3, A 
Gil4, M Miragaia1, AV Coelho1 
1ITQB NOVA, Oeiras, Portugal, 2SPI, Université Paris-Saclay, CEA, INRAE, Bagnols-sur-Cèze, France, 3EMBL, 
Heidelberg, DE, 4Univ Aveiro, Portugal 

 
SE is part of skin microbiota and contributes to its homeostasis and protection against 

pathogens. However, it is the most frequent cause of medical device-associated infections. Skin 
isolates belonging to clonal complex 2 (CC2) lineage are the major colonizers sharing their 
ecological niche with other minor genetic backgrounds (non-CC2). From genomic and proteomic 
data it was possible to identify relevant differences between the metabolic and biological 
processes of both lineages. Additionally, the intracellular metabolome and proteome associated 
with both lineages under pH environmental changes, mimicking the transition from the skin (pH 
5.5) to blood (pH 7.4) were evaluated and showed specific responses [1]. The CC2 strain seems 
more prepared to survive in blood and to promote adhesion to medical-devices. The obtained 
results were complemented with time-course exometabolomic data during bacterial growth, 
which were also integrated in genome-scale metabolic models. Following a proteogenomic 
approach, obtained proteomics data are being used to refine the annotation of both strains 
genomes.  
[1] L G Gonçalves, S Santos, L P Gomes, J Armengaud, M Miragaia, A V Coelho “Skin-to-blood pH shift triggers 
metabolome and proteome global remodelling in Staphylococcus epidermidis” Front Microbiol., 2022, 13:1000737. doi: 
10.3389/fmicb.2022.1000737 
 
This work was partially supported by project PTDC/CVTCVT/ 29510/2017 funded by Fundação para a Ciência a Tecnologia; 
Projects LISBOA-01-0145-FEDER-007660 (Microbiologia Molecular, Estrutural e Celular) and UID/Multi/04378/2019) funded 
by FEDER funds through COMPETE2020 - Programa Operacional Competitividade e Internacionalização (POCI); by ONEIDA 
project (LISBOA-01-0145-FEDER- 016417) co-funded by FEEI - “Fundos Europeus Estruturais e de Investimento” from 
“Programa Operacional Regional Lisboa2020”; by national funds through FCT; by Transnational Cooperation Portugal/France 
– Pessoa Program, supported by FCT/Campusfrance; and by SymbNet Project (IGC-UE-Horizon 2020-952537). LGG was 
financed by an FCT contract according to DL57/2016, (SFRH/BPD/111100/2015). 
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Hybrid-DIA: Intelligent Data Acquisition for Online Targeted and Discovery 
Proteomics Applied to Phosphoprotein signaling in Colorectal Cancer 

Ana Martinez Del Val, University of Copenhagen, Danemark 

Achieving sufficient coverage of regulatory phosphorylation sites by mass spectrometry (MS)-based 
phosphoproteomics for signaling pathway reconstitution is challenging, especially when analyzing tiny 
sample amounts. To address this, we present an innovative hybrid data-independent acquisition (DIA) 
strategy (hybrid-DIA) that combines targeted and discovery proteomics through an Application 
Programming Interface (API) to dynamically intercalate DIA scans with accurate triggering of 
multiplexed tandem mass spectrometry (MSx) scans of predefined (phospho)peptide targets. By 
spiking-in heavy stable isotope labeled phosphopeptide standards covering seven major signaling 
pathways, we benchmarked hybrid-DIA against state-of-the-art targeted MS methods (i.e. SureQuant) 
using EGF-stimulated HeLa cells and found the quantitative accuracy and sensitivity to be comparable 
while hybrid-DIA also profiled the global phosphoproteome. To demonstrate the robustness, 
sensitivity and biomedical potential of hybrid-DIA, we profiled chemotherapeutic agents in single 
colon carcinoma multicellular spheroids and evaluated the phospho-signaling difference of cancer 
cells in 2D vs 3D culture. Finally, we show the applicability of this methodology to find novel kinase 
targets in clinical samples. 
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What do we know about (your) antibodies? 
Novel insights from novel techniques in mass spectrometry 

 
Albert J. R. Heck 1,2 

 
1 Biomolecular Mass Spectrometry and Proteomics, Bijvoet Center for Biomolecular Research 
and Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Padualaan 8, 3584 CH 
Utrecht, The Netherlands. 
2 Netherlands Proteomics Centre, Padualaan 8, 3584 CH Utrecht, The Netherlands. 
 
 
In our body we produce every day huge amounts of an6bodies, of which many end up in circula6on. 
It has been es6mated that humans can make about 1015 dis6nct an6body clones, all exhibi6ng a 
slightly different sequence. This huge number has so far refrained many from char6ng whole serum 
an6body, or immunoglobulin (Ig), repertoires. We recently developed an LC-MS based an6body 
repertoire profiling method for studying immunoglobulins in a quan6ta6ve manner.  We analyzed a 
variety of samples from both healthy as well as diseased donors and made some paradigm-shiLing 
observa6ons. Firstly, circula6ng Ig repertoires are much simpler than an6cipated, dominated by a few 
hundred clones. Second, the clonal repertoires are en6rely unique for each donor, both for IgG1 and 
IgA1 we found virtually no overlap between individuals. Conversely, longitudinal samples from the 
same (healthy) donor showed a far-reaching overlap even when samples were taken months apart. In 
the repertoires of severely ill pa6ents, more plas6city was observed. Char6ng the Ig repertoires in 
diseased donors allowed the selec6on of Ig clones of interest, i.e., those emerging aLer the onset of 
disease. We demonstrate that these laPer serum clones can be fully de novo sequenced by combining 
top-down and boPom-up analysis and itera6ve soLware algorithms to connect these layers of data. In 
this manner an6gen-directed an6bodies could be iden6fied and developed into novel therapeu6cs. 
 
All (sub)classes of immunoglobulins have unique structural features. In our work we also investigate 
the structures of IgA1 and IgM, and reveal that they are not always as described in text-books. I will 
present work through which we redefine the molecular composition of circulatory IgM. Using single-
particle charge-detection mass spectrometry, mass photometry, proteomics, and immunochemical 
assays, we reveal that circulatory IgM is (re)defined by the universal presence of an additional protein 
component. We study the covalent attachment of this protein and evaluate its effect on the binding 
of IgM to several receptors. Lastly, our data reveal the distinctiveness of the circulatory and secretory 
IgM. 
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OL1	
$EVWUDFW�����

:ULWHU���'U�%HUWUDQG�)$%5(��EHUWUDQG�IDEUH#XQLY�WOVH��IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

,Q�'HSWK�([SORUDWLRQ�RI�WKH�$OWHUQDWLYH�3URWHRPH�RI�'URVRSKLOD�PHODQRJDVWHU
%HUWUDQG�)$%5(D��6HEDVWLHQ�&+27($8E��&DULQH�'8%2�F��&DUROH�3,&+(5($8;G��$XGUH\�0217,*1<F�
'DJPDUD�.2521$H��0LFKDHO�'((5<I��0\OªQH�&$086G��&KULVWLQH�%581E��2GLOH�%85/(7�6&+,/7=G��6WHYHQ�5866(//H�
-HDQ�3KLOLSSH�&20%,(5F��.DWKU\Q�/,//(<I��6HUJH�3/$=$F

D�/DERUDWRLUH�GH�5HFKHUFKH�HQ�6FLHQFHV�9«J«WDOHV��8QLYHUVLW«�GH�7RXORXVH��E�7XULQJ�&HQWUH�IRU�/LYLQJ�6\VWHPV��0DUVHLOOH�
)5$1&(��F�/DERUDWRLUH�GH�5HFKHUFKH�HQ�6FLHQFHV�9«J«WDOHV��8QLYHUVLW«�GH�7RXORXVH��$X]HYLOOH�7RORVDQH��)5$1&(��G
,QVWLWXW�GH�3KDUPDFRORJLH�HW�GH�%LRORJLH�6WUXFWXUDOH��8QLYHUVLW«�GH�7RXORXVH��7RXORXVH��)5$1&(��H�&DPEULGJH�6\VWHPV
%LRORJ\�&HQWUH�DQG�'HSDUWPHQW�RI�*HQHWLFV��8QLYHUVLW\�RI�&DPEULGJH��&DPEULGJH��8.��I�&DPEULGJH�&HQWUH�IRU�3URWHRPLFV�
&DPEULGJH�6\VWHPV�%LRORJ\�&HQWUH�DQG�'HSDUWPHQW�RI�%LRFKHPLVWU\��8QLYHUVLW\�RI�&DPEULGJH��&DPEULGJH��8.

5HFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�KXQGUHGV�RI�VPDOO�SURWHLQV�ZHUH�RFFXOWHG�ZKHQ�SURWHLQ�FRGLQJ�JHQHV�ZHUH
DQQRWDWHG��7KHVH�SURWHLQV��FDOOHG�DOWHUQDWLYH�SURWHLQV��KDYH�IDLOHG�WR�EH�DQQRWDWHG�QRWDEO\�GXH�WR�WKH�VKRUW�OHQJWK
RI�WKHLU�RSHQ�UHDGLQJ�IUDPH��OHVV�WKDQ�����FRGRQV��RU�WKH�HQIRUFHG�UXOH�HVWDEOLVKLQJ�WKDW�PHVVHQJHU�51$V
�P51$V��DUH�PRQRFLVWURQLF��6HYHUDO�DOWHUQDWLYH�SURWHLQV�ZHUH�VKRZQ�WR�EH�ELRORJLFDOO\�DFWLYH�PROHFXOHV�DQG
VHHP�WR�EH�LQYROYHG�LQ�D�ZLGH�UDQJH�RI�ELRORJLFDO�IXQFWLRQV��+RZHYHU��JHQRPH�ZLGH�H[SORUDWLRQ�RI�WKH�DOWHUQDWLYH
SURWHRPH�LV�VWLOO�OLPLWHG�WR�D�IHZ�VSHFLHV��:H�UHFHQWO\�SHUIRUPHG�D�GHHS�DQDO\VLV�RI�WKH�DOWHUQDWLYH�SURWHRPH�RI
'URVRSKLOD�PHODQRJDVWHU �ZKLFK�HQDEOHG�WKH�LGHQWLILFDWLRQ�RI�����DOWHUQDWLYH�SURWHLQV��6XEFHOOXODU�ORFDOL]DWLRQ�
SURWHLQ�GRPDLQV��DQG�VKRUW�OLQHDU�PRWLIV�ZHUH�SUHGLFWHG�IRU�����RI�WKH�DOWHUQDWLYH�SURWHLQV�LGHQWLILHG�DQG�SRLQW
WRZDUG�VSHFLILF�IXQFWLRQV�RI�WKHVH�VPDOO�SURWHLQV��6HYHUDO�DOWHUQDWLYH�SURWHLQV�KDG�DSSUR[LPDWHG�DEXQGDQFHV
KLJKHU�WKDQ�WKHLU�FDQRQLFDO�FRXQWHUSDUWV��VXJJHVWLQJ�WKDW�WKHVH�DOWHUQDWLYH�SURWHLQV�DUH�DFWXDOO\�WKH�PDLQ�SURGXFWV
RI�WKHLU�FRUUHVSRQGLQJ�JHQHV��)LQDOO\��ZH�REVHUYHG����DOWHUQDWLYH�SURWHLQV�ZLWK�GHYHORSPHQWDOO\�UHJXODWHG
H[SUHVVLRQ�SDWWHUQV�DQG����LQGXFHG�XSRQ�WKH�KHDW�VKRFN�WUHDWPHQW�RI�HPEU\RV��GHPRQVWUDWLQJ�VWDJH�RU
VWUHVV�VSHFLILF�SURGXFWLRQ�RI�DOWHUQDWLYH�SURWHLQV�
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$EVWUDFW�����

:ULWHU���O«R�6&+/266(5��3(55,1��OHR�MXOHV�WLPRWH#JPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������6WUXFWXUDO�SURWHRPLFV

&RQVWLWXWLYH�SURWHLQV�RI�OXPS\�VNLQ�GLVHDVH�YLULRQ�DVVHVVHG�E\�QH[W�JHQHUDWLRQ
SURWHRPLFV
/«R�6&+/266(5��3(55,1D��3KLOLSSH�+2/=08//(5D��3KLOLSSH�&$8)285D��%HUQDUG�)(51$1'(=D�
*X\ODLQH�0,27(//2E��-HDQ�$50(1*$8'E��6W«SKDQH�%(57$*12/,F��$\PHULF�1(<5(7G��1RXUHGGLQH�'$+0$1,D

D�805�$675(��&,5$'��,15$(��E�'«SDUWHPHQW�0«GLFDPHQWV�HW�7HFKQRORJLHV�SRXU�OD�6DQW«��'076���8QLYHUVLW«�3DULV
6DFOD\��&($��,15$(��F�,+$3��8QLYHUVLW«�GH�7RXORXVH��,15$(��(197��G�&(0,3$,��8QLYHUVLW\�RI�0RQWSHOOLHU

/XPS\�VNLQ�GLVHDVH�YLUXV��/6'9��LV�WKH�FDXVDWLYH�DJHQW�RI�DQ�HFRQRPLFDOO\�LPSRUWDQW�FDWWOH�GLVHDVH�ZKLFK�LV
QRWLILDEOH�WR�WKH�:RUOG�2UJDQL]DWLRQ�IRU�$QLPDO�+HDOWK��2YHU�SDVW�GHFDGHV��WKH�GLVHDVH�KDV�VSUHDG�DW�DQ�DODUPLQJ
UDWH�WKURXJKRXW�WKH�$IULFDQ�FRQWLQHQW��WKH�0LGGOH�(DVW��(DVWHUQ�(XURSH��WKH�5XVVLDQ�)HGHUDWLRQ�DQG�PDQ\�$VLDQ
FRXQWULHV��:KLOH�PXOWLSOH�/'69�ZKROH�JHQRPHV�KDYH�PDGH�IXUWKHU�JHQHWLF�FRPSDUDWLYH�DQDO\VHV�SRVVLEOH�
NQRZOHGJH�RQ�WKH�SURWHLQ�FRPSRVLWLRQ�RI�WKH�/6'9�SDUWLFOH�UHPDLQV�ODFNLQJ��)XUWKHUPRUH��WKLV�ILUVW�LQFXUVLRQ
ZLWKLQ�WKH �&DSULSR[YLUXV �JHQXV�SURWHRPH�UHSUHVHQWV�RQH�RI�YHU\�IHZ�SURWHRPLF�VWXGLHV�EH\RQG�WKH�VROH
2UWKRSR[YLUXV �JHQXV��IRU�ZKLFK�PRVW�RI�WKH�SURWHRPLF�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�RQ�9DFFLQLD�9LUXV�

7KH�ODUJH�DQG�FRPSOH[�HQYHORSHG�/6'�YLUXV��/6'9��SDUWLFOH�HQFORVHV�D�GRXEOH�VWUDQGHG�OLQHDU�'1$�JHQRPH�RI
����NES��FRPSULVLQJ�����SUHGLFWHG�25)V��WRJHWKHU�ZLWK�D�YDULHW\�RI�SURWHLQV�WKDW�DUH�QRW�\HW�LGHQWLILHG��,Q�SDUDOOHO
ZLWK�D�UHFHQW�ZLGHVSUHDG�H[SDQVLRQ�RI�/6'��PDQ\�/6'9�ZKROH�JHQRPHV�KDYH�EHHQ�VHTXHQFHG�EXW�NQRZOHGJH
RQ�SURWHLQ�FRPSRVLWLRQ�RI�WKH�/6'9�SDUWLFOH�UHPDLQV�PLVVLQJ��,Q�WKLV�VWXG\��/6'�PDWXUH�YLULRQV��09��IURP�VWUDLQ
.6*3������ZHUH�SXULILHG�WKURXJK�D�PXOWLVWHS�XOWUDFHQWULIXJDWLRQ�SURFHVV��7KH�SURWHLQ�FRPSRVLWLRQ�RI�/6'�YLULRQV
ZDV�WKHQ�DQDO\VHG�XVLQJ�ODEHO�IUHH�VKRWJXQ�SURWHRPLFV��EDVHG�XSRQ�QDQR�OLTXLG�FKURPDWRJUDSK\�DQG�WDQGHP
PDVV�VSHFWURPHWU\��7KLV�SURFHGXUH�UHVXOWHG�LQ�WKH�LGHQWLILFDWLRQ�RI�D�WRWDO�RI�����/6'9�SURWHLQV�DQG�������KRVW
SURWHLQV��&RQVLGHULQJ�WKDW�WKLV�ILUVW�09�SURWHRPH�H[WHQGHG�EH\RQG�SDFNDJHG�SURWHLQV�LQWR�WKH�ILHOG�RI
FRQWDPLQDQWV��DQ�DQDO\WLFDO�PHWKRGRORJ\�ZDV�GHYHORSHG�DQG�PDGH�LW�SRVVLEOH�WR�VHOHFW����YLUDO�SURWHLQV�DQG���
KRVW�SURWHLQV�DV�FDQGLGDWHV�IRU�SDFNDJLQJ�LQWR�09��7KHVH�YLUDO�DQG�KRVW�SURWHLQV�ZHUH�DQDO\VHG�FRPSDUDWLYHO\
ZLWK�SURWHLQV�SUHYLRXVO\�GHPRQVWUDWHG�WR�EH�FRQVWLWXWLYH�RI�WKH�9DFFLQLD�YLUXV�09�SDUWLFOH��2IIHULQJ�IRU�WKH�ILUVW
WLPH�D�FRPSUHKHQVLYH�SURWHRPLF�DQDO\VLV�RI�D�/6'9�VWUDLQ��WKLV�VWXG\�FRQWULEXWHV�WR�RXU�XQGHUVWDQGLQJ�RI�WKH
VWUXFWXUDO�IHDWXUHV�RI�LQIHFWLRXV�/6'9�09�SDUWLFOHV�DQG�SDYHV�WKH�ZD\�IRU�IXUWKHU�V\VWHPDWLF�SURWHRPLF
FKDUDFWHUL]DWLRQ�RI�RWKHU�/6'9�VWUDLQV�
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$EVWUDFW�����

:ULWHU���'U�$QQH�$XU«OLH�5$<021'��DQQH�DXUHOLH�UD\PRQG#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

6SDWLDO�FKDUDFWHUL]DWLRQ�RI�EHWD�FDWHQLQ�PXWDWHG�KHSDWRFHOOXODU�DGHQRPDV
VXEW\SHV�E\�SURWHRPLF�SURILOLQJ�RI�WKH�WXPRU�ULP�
6\OYDLQH�',�7200$62D��&\ULO�'2857+(D��-HDQ�:LOOLDP�'838<E��1DWKDOLH�'8*27�6(1$17F��'DYLG�&$33(//(1G�
+«OªQH�&$=,(5H��9DOHULH�3$5$',6H��-HDQ�)U«G«ULF�%/$1&I��%ULJLWWH�/(�%$,/J��&KDUOHV�%$/$%$8'K�
3DXOHWWH�%,28/$&�6$*(K��)UHGHULF�6$/7(/D��$QQH�$XU«OLH�5$<021'D

D�8QLY�%RUGHDX[��,QVHUP�805�����%R5GHDX[�,QVWLWXWH�RI�RQ&RORJ\��%5,&���)�������%RUGHDX[��)UDQFH�$1'�2QFRSURW
3ODWIRUP��7%0�&RUH�86������)�������%RUGHDX[��)UDQFH��E�8QLY�%RUGHDX[��3URWHRPLFV�3ODWIRUP��)�������%RUGHDX[�
)UDQFH��F�+LVWRORJ\�3ODWIRUP��7%0�&RUH�86������)�������%RUGHDX[��)UDQFH��G�8QLY�%RUGHDX[��,QVHUP�805�����%R5GHDX[
,QVWLWXWH�RI�RQ&RORJ\��%5,&���)�������%RUGHDX[��)UDQFH�$1'�%RUGHDX[�8QLYHUVLW\�+RVSLWDO�&HQWHU��7XPRU�%DQN�DQG�7XPRU
%LRORJ\�/DERUDWRU\��)�������3HVVDF��)UDQFH��H�3DWKRORJ\�'HSDUWPHQW��+¶SLWDO�+HQUL�0RQGRU��&U«WHLO��)UDQFH��I
8QLY�%RUGHDX[��,QVHUP�805�����%R5GHDX[�,QVWLWXWH�RI�RQ&RORJ\��%5,&���)�������%RUGHDX[��)UDQFH�$1'�'HSDUWPHQW�RI
+HSDWRORJ\�DQG�2QFRORJ\��%RUGHDX[�8QLYHUVLW\�+RVSLWDO��,16(50�&,&������)�������%RUGHDX[��)UDQFH��J�8QLY�%RUGHDX[�
,QVHUP�805�����%R5GHDX[�,QVWLWXWH�RI�RQ&RORJ\��%5,&���)�������%RUGHDX[��)UDQFH�$1'�'HSDUWPHQW�RI�3DWKRORJ\�
%RUGHDX[�8QLYHUVLW\�+RVSLWDO��)�������%RUGHDX[��)UDQFH��K�8QLY�%RUGHDX[��,QVHUP�805�����%R5GHDX[�,QVWLWXWH�RI
RQ&RORJ\��%5,&���)�������%RUGHDX[��)UDQFH

%DFNJURXQG�DQG�DLPV� �+HSDWRFHOOXODU�DGHQRPDV��+&$��DUH�UDUH�OLYHU�EHQLJQ�WXPRUV�FODVVLILHG�DW�WKH
FOLQLFR�SDWKRORJLFDO��JHQHWLF�DQG�SURWHRPLF�OHYHOV��7KH�E�FDWHQLQ�DFWLYDWHG��E�+&$��VXEW\SHV�KDYH�VHYHUDO�W\SHV
RI�PXWDWLRQV�LQ�WKH�¡�FDWHQLQ�JHQH�� &711%� ��DVVRFLDWHG�ZLWK�GLIIHUHQW�ULVNV�RI�PDOLJQDQW�WUDQVIRUPDWLRQ�RU
EOHHGLQJ��*OXWDPLQH�V\QWKHWDVH��*6��LV�D�VXUURJDWH�PDUNHU�RI�¡�FDWHQLQ�SDWKZD\�DFWLYDWLRQ�OLQNHG�WR�WKH�ULVN�RI
PDOLJQDQW�WUDQVIRUPDWLRQ��5HFHQWO\�ZH�UHYHDOHG�WKH�*6�RYHUH[SUHVVLRQ�LQ�WKH�ULP�RI�E�+&$�H[RQ��6���DQG
E�+&$�H[RQ����FRPSDUHG�WR�WKH�UHVW�RI�WKH�WXPRU��$�GLIIHUHQFH�LQ�YDVFXODUL]DWLRQ�ZDV�DVVRFLDWHG�ZLWK�WKLV�ULP�
UHYHDOHG�E\�D�GLIIXVH�&'���ODEHOLQJ�RQO\�DW�WKH�FHQWHU�RI�WKH�WXPRU�

,Q�WKLV�VWXG\��ZH�VRXJKW�WR�FKDUDFWHUL]H�WKLV�WXPRU�KHWHURJHQHLW\�LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�LWV
SK\VLR�SDWKRORJLFDO�LQYROYHPHQW�

0HWKRGV� �8VLQJ�0DVV�6SHFWURPHWU\��06��LPDJLQJ��JHQHWLF�DQG�SURWHRPLF�DQDO\VHV�FRPELQHG�ZLWK�ODVHU
FDSWXUH��ZH�FRPSDUHG�WKH�FHQWHU�ZLWK�WKH�WXPRU�ULP�DQG�ZLWK�WKH�DGMDFHQW�QRQ�WXPRU�DUHD�

5HVXOWV� �)LUVW��WKH�WXPRU�ULP�GLVSOD\HG�WKH�VDPH�PXWDWLRQ�DV�WKH�WXPRU�FHQWHU�DQG�ZDV�WKHUHIRUH�SDUW�RI�LW��06
,PDJLQJ�VKRZHG�GLIIHUHQWLDO�VSHFWUDO�SURILOHV�EHWZHHQ�WKH�ULP�DQG�WKH�UHVW�RI�WKH�WXPRU��3URWHRPLF�SURILOLQJ
UHYHDOHG����SURWHLQV�VLJQLILFDQWO\�GLIIHUHQWLDOO\�H[SUHVVHG�EHWZHHQ�WKH�ULP�DQG�WKH�FHQWHU�RI�WKH�WXPRU��$�ODUJH
PDMRULW\�RI�WKHVH�SURWHLQV�ZHUH�DVVRFLDWHG�ZLWK�PHWDEROLVP�ZLWK�GHUHJXODWLRQV�FRPSDUDEOH�WR�D�SHULYHQRXV
H[SUHVVLRQ�SURILOH�LQ�D�QRUPDO�KHSDWRF\WH�FRQWH[W�

&RQFOXVLRQV��7KH�GLIIHUHQWLDO�SKHQRW\SH�RI�WKH�WXPRU�ULP�RI�E�+&$�H[RQ��6���DQG�H[RQ����GRQ
W�GHSHQG�RQ�WKH
PXWDWLRQDO�VWDWXV�RI�&711%���,Q�D�FRQWH[W�RI�VLQXVRLGDO�DUWHULDO�SDWKRORJ\��WKLV�WXPRU�KHWHURJHQHLW\�DW�WKH�ULP�KDV
SHULYHQRXV�FKDUDFWHULVWLFV��DQG�PLJKW�EH�UDWKHU�GXH�WR�D�IXQFWLRQDO�SHULSKHUDO�YHQRXV�GUDLQDJH�
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OL4	
$EVWUDFW�����

:ULWHU���'U�%ODQGLQH�&+$=$5,1��EODQGLQH�FKD]DULQ#JPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

/)�6&DUGLR3��/DEHO�)UHH�DSSURDFK�IRU�WKH�DQDO\VLV�RI�6LQJOH�&DUGLRP\RF\WH
3URWHRPH
'U�%ODQGLQH�&+$=$5,1D��$OHNVDQGUD�%,1(.D��6LPLRQ�.5(,0(5D��$OH[DQGUH�+87721E��-RQDWKDQ�.5,(*(5F�
-RVKXD�&$17/21G��-HVVH�0(<(5E��$QMD�.$5/67$('7H��-HQQLIHU�9$1�(<.D

D�$&%5,��&HGDUV�6LQDL�0HGLFDO�&HQWHU��E�&HGDUV�6LQDL�0HGLFDO�&HQWHU��F�%UXNHU�'DOWRQLFV��G�6FLHQLRQ��H�.DUOVWDHGW�ODE�
&HGDUV�6LQDL�0HGLFDO�&HQWHU

�,QWURGXFWLRQ�

6LQJOH�FHOO�WUDQVFULSWRPLFV�LV�D�ZHOO�HVWDEOLVKHG�PHWKRG�KHOSLQJ�WR�GHFLSKHU�FHOO�WR�FHOO�KHWHURJHQHLW\��1RZDGD\V�
VLQJOH�FHOO�SURWHRPH�DQDO\VLV�LV�HPHUJLQJ�DV�D�SRZHUIXO�WRRO�WR�LGHQWLI\�SRWHQWLDO�VXESRSXODWLRQV�RI�FHOOV�LQWR�WKH
VDPH�FHOO�W\SH��7KLV�DSSURDFK�ZDV�DOORZHG�E\�WKH�WHFKQRORJLFDO�GHYHORSPHQWV�IRU�WKH�FHOO�LVRODWLRQ��WKH�VDPSOH
SUHSDUDWLRQ��DQG�WKH�VHQVLWLYLW\�RI�WKH�PDVV�VSHFWURPHWHUV�

�0DWHULDO�DQG�PHWKRG�

:H�DUH�SUHVHQWLQJ�D�VWXG\�LQ�ZKLFK�ZH�VXFFHVVIXOO\�TXDQWLI\�WKH�SURWHRPH�RI�����VLQJOH�FDUGLRP\RF\WHV�REWDLQHG
IURP���LQGLYLGXDO�ZLOG�W\SH�PLFH��7KH�FHOO�LVRODWLRQ�DQG�WKH�VDPSOH�SUHSDUDWLRQ�ZHUH�SHUIRUPHG�RQ�&HOOHQ21(
SODWIRUP��6FLHQLRQ��HQVXULQJ�D�XQLTXH�TXDOLW\�FRQWURO�EDVHG�RQ�WKH�SLFWXUHV�RI�WKH�LVRODWHG�FHOOV�DQG�OLPLWLQJ�WKH
PDQLSXODWLRQ�RI�WKH�VDPSOHV��$IWHU�GLJHVWLRQ��WKH�SHSWLGHV�ZHUH�UHVXVSHQGHG�E\�8�����+3/&�V\VWHP��7KHUPR�
FRXSOHG�WR�D�WLPV72)�VFS�PDVV�VSHFWURPHWHU��%UXNHU�'DOWRQLFV��IRU�WKH�ODEHO�IUHH�TXDQWLILFDWLRQ�RI�WKH�SHSWLGHV�
7KH�VWDELOLW\�RI�WKH�/&�06�SODWIRUP�ZDV�PRQLWRUHG�LQ�UHDO�WLPH�ZLWK�UHSHDWHG�LQMHFWLRQV�RI�+H/D�GLJHVW��'DWD
DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�QRYHO�',$11�3$6(5�VRIWZDUH��%UXNHU���'DWD�LQWHUSUHWDWLRQ�ZDV�REWDLQHG�E\
XVLQJ�ZLGHO\�DFFHSWHG�GDWDEDVHV�DV�.(**�3DWKZD\�DQG�*HQH�2QWRORJ\��7R�GHFLSKHU�SRWHQWLDO�VXE�SRSXODWLRQV
RI�FDUGLRP\RF\WHV��DIWHU�ILOWHULQJ��80$3�DQDO\VLV�ZDV�SHUIRUPHG�DQG�SURWHRPH�VLJQDWXUHV�RI���SRWHQWLDO
VXE�SRSXODWLRQV�ZDV�FKDUDFWHUL]HG�

�5HVXOWV�DQG�,QWHUSUHWDWLRQ�

:H�ZHUH�DEOH�WR�HVWDEOLVK�HIILFLHQW�TXDOLW\�FRQWUROV�XVLQJ�WKH�SLFWXUHV�FROOHFWHG�E\�&HOOHQ21(�SODWIRUP�DQG�EDVHG
RQ�WKH�TXDQWLILHG�SURWHRPH�IURP�LQGLYLGXDO�FHOOV��)LQDOO\��ZH�ZHUH�DEOH�WR�TXDQWLI\�WKH�SURWHRPH�RI�����VLQJOH
FDUGLRP\RF\WHV��0RVW�RI�WKH�SURWHLQV�DUH�DVVRFLDWHG�ZLWK�0LWRFKRQGULRQ��0HPEUDQH��&\WRVRO�DQG�YHU\�IHZ�ZLWK
1XFOHDU�0DWUL[��*2�WHUPV���7KLV�UHVXOW�LV�LQ�OLQH�ZLWK�WKH�FHOO�ELRORJ\�RI�FDUGLRP\RF\WHV�L�H��D�ODUJH�F\WRVRO
FRQWDLQLQJ�DQ�ODUJH�QXPEHU�RI�PLWRFKRQGULD�WR�SURGXFH�DQG�WR�SURFHVV�$73�IRU�KHDUW�PXVFOH�FRQWUDFWLRQ��$OVR��ZH
QRWLFHG�WKDW�DPRQJ�WKH�PRVW�UHSUHVHQWHG�%LRORJLFDO�3URFHVVHV��*2�WHUPV��D�PDMRULW\�ZDV�DVVRFLDWHG�WR�$73
SURGXFWLRQ�SURFHVVLQJ��)XUWKHUPRUH��ZH�REWDLQHG�UHSUHVHQWDWLRQ�RI�1HJDWLYH�5HJXODWLRQ�RI�$SRSWRWLF�3URFHVV
FRPIRUWLQJ�XV�WKDW�ZH�FDSWXUH�WKH�SURWHRPH�RI�OLYH�FDUGLRP\RF\WHV�

&RPSDULQJ�WKH���FHOO�FOXVWHUV��WKH�GLVWULEXWLRQ�RI�WKH�PHWDEROLF�SDWKZD\V��.(**�3DWKZD\��KLJKOLJKWV�GLIIHUHQFHV
EHWZHHQ�FOXVWHUV�ZLWK�D�KLJKHU�UHSUHVHQWDWLRQ�RI�SURWHLQV�LQYROYHG�LQ�2[LGDWLYH�3KRVSKRU\ODWLRQ�PHWDEROLVP�LQ
RQH�FHOO�FOXVWHU�DQG�D�PHWDEROLVP�GULYHQ�E\�7&$�F\FOH�DQG�&DUERQ�PHWDEROLVP�IRU�WKH���RWKHU�FHOO�FOXVWHUV�
)XUWKHUPRUH��ZH�ZHUH�DEOH�WR�HVWDEOLVK�PDMRU�FKDQJH�LQ�FRQWUDFWLOH�SURWHLQV�SOD\LQJ�D�NH\�UROH�LQ�FDUGLRORJ\�

7KLV�PHWKRG�ZDV�DSSOLHG�WR�WKH�DQDO\VLV�RI�+XPDQ�&DUGLRP\RF\WHV�REWDLQHG�IURP�KHDOWK\�WUDQVSODQWV��7KH�GDWD
LQWHUSUHWDWLRQ�LV�FXUUHQWO\�RQJRLQJ�

�&RQFOXVLRQ�

:H�ZHUH�DEOH�WR�HVWDEOLVK�D�UREXVW�PHWKRG�IRU�WKH�DQDO\VLV�RI�6LQJOH�&DUGLRP\RF\WH�3URWHRPH�DQDO\VLV�DEOH�WR
SRLQW�XS���SRWHQWLDO�VXE�SRSXODWLRQV�ZLWK�SURWHRPH�DQG�PHWDEROLF�VLJQDWXUHV�
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OL5	
$EVWUDFW�����

:ULWHU���'U�5DMHVK�'85$,5$-��U�GXUDLUDM#JURXS�LUVHD�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������6WUXFWXUDO�SURWHRPLFV

6HTXHQFH�DQDO\VHV�DQG�VWUXFWXUDO�DQQRWDWLRQ�RI�JXVWDWRU\�UHFHSWRUV�IURP
$HGHV�DHJ\SWL
6DPLD�/$,%D��5DMHVK�'85$,5$-E��$XURUH�/$0<E��&«FLOH�%,(1%2,5(�)526,1,F��3DWULFN�3$*($7G

D�'HSDUWPHQW�RI�%LRLQIRUPDWLFV�DQG�&KHPLFDO�&RPPXQLFDWLRQ��'�%,&&���5HVHDUFK�,QVWLWXWH�LQ�6HPLRFKHPLVWU\�DQG�$SSOLHG
(WKRORJ\��,56($���4XDUWLHU�6DOLJQDQ��E�'HSDUWPHQW�RI�%LRLQIRUPDWLFV�DQG�&KHPLFDO�&RPPXQLFDWLRQ��'�%,&&���5HVHDUFK
,QVWLWXWH�LQ�6HPLRFKHPLVWU\�DQG�$SSOLHG�(WKRORJ\��,56($���4XDUWLHU�6DOLJQDQ��$SW��)5$1&(��F�'HSDUWPHQW�RI�0ROHFXODU
%LRORJ\�DQG�&KHPLFDO�&RPPXQLFDWLRQ��'�%0&&���5HVHDUFK�,QVWLWXWH�LQ�6HPLRFKHPLVWU\�DQG�$SSOLHG�(WKRORJ\��,56($��
4XDUWLHU�6DOLJQDQ��$SW��)5$1&(��G�5HVHDUFK�DQG�(GXFDWLRQ�%RDUG��5HVHDUFK�,QVWLWXWH�LQ�6HPLRFKHPLVWU\�DQG�$SSOLHG
(WKRORJ\��,56($���4XDUWLHU�6DOLJQDQ��$SW��)5$1&(

7KH�KHPDWRSKDJRXV�IHPDOH �$HGHV�DHJ\SWL ��$DHJ��PRVTXLWRHV�WUDQVPLW�D�ZLGH�UDQJH�RI�SDWKRJHQV�UHVSRQVLEOH
IRU�GLVHDVHV�VXFK�DV�GHQJXH�IHYHU��7KH�PRVTXLWRHV�DUH�DWWUDFWHG�WR�FRPSRXQGV�UHOHDVHG�E\�PDPPDOLDQ�KRVWV�
LQFOXGLQJ�KXPDQV�DQG�KRUVHV��$PRQJ�DWWUDFWLYH�VHPLRFKHPLFDO�VLJQDOV��&2��DFWLYDWHV�JXVWDWRU\�UHFHSWRUV��*U
V�
H[SUHVVHG�LQ�WKH�PRVTXLWR�FS$�QHXURQV�LQ�VHQVLOOD��0RVTXLWRHV�GHWHFW�&2��DQG�RWKHU�KRVW�VHHNLQJ�EHKDYLRXUV
YLD�*U
V��*U���������ZKLFK�DUH�VHYHQ�WUDQVPHPEUDQHV���70��*3&5�SURWHLQV��+RZHYHU��WKH�VHTXHQFH�DQDO\VLV
DQG�WKH�H[SHULPHQWDO�VWUXFWXUHV�RI�*U
V�DUH�QRW�\HW�UHSRUWHG��:H�HPSOR\HG�D�FRPSXWDWLRQDO�VWUDWHJ\�WR�H[DPLQH
*U�VHTXHQFHV��RUWKRORJXHV��DQG�HYROXWLRQDU\�GLYHUVLW\�XVLQJ�&OXVWDO2��%/$67S��DQG�0(*$�WRROV�UHVSHFWLYHO\�
7KH�PHPEUDQH�WRSRORJ\�DQG�VLJQDO�SHSWLGHV�ZHUH�SUHGLFWHG�XVLQJ�YDULRXV�VHUYHUV��VXFK�DV�7RSFRQV��70+00�
HWF��:H�DQDO\VHG�WKH�VLPLODULW\�WHPSODWHV�IURP�L7DVVHU��DQG�++SUHG�IRU�FRQILUPLQJ�WKH�FRPSDUDWLYH�VWUXFWXUDO
PRGHO�RI�$DHJ*U
V�FRQVWUXFWHG�E\�&RODE)ROG��$GGLWLRQDOO\��ZH�HYDOXDWHG�WKH�PRGHO�TXDOLW\�XVLQJ�3UR)XQF��DQG�LWV
VWDELOLW\�XVLQJ�*520$&6�PROHFXODU�G\QDPLFV�VLPXODWLRQV��0'6��ZLWKLQ�D�VXLWDEOH�PHPEUDQH��7KH�UHVXOWV
UHYHDOHG�D�KLJK�VHTXHQFH�LGHQWLW\��!�����RI�PRVTXLWR�*U
V�WRZDUGV�LQWUD��DQG�LQWHU�VSHFLHV��VXFK�DV�IOLHV��ZRUPV�
DQG�LQVHFWV��RUWKRORJV��7KH�SK\ORJHQHWLF�WUHH�VKRZHG���GHYLDWHG�FODGHV�IRU�$DHJ*U
V�DQG�ZH�LGHQWLILHG�KLJKO\
FRQVHUYHG�VLWHV�EHWZHHQ�WKH�VLPLODU�RUWKRORJV�DPRQJ����VSHFLHV��0RVW�RI�WKH�VHOHFWHG�*U
V�VKRZHG��70�LQWHUQDO
�,1��1�WHUPLQDO�WRSRORJ\�DQG�ZHUH�PRGHOOHG�SURSHUO\�ZLWK�&RODE)ROG��7KH�$DHJ*U�������KDYH�PRUH�WKDQ�����RI
UHVLGXHV�WKDW�DSSHDUHG�LQ�WKH�PL[WXUH�RI�IDYRXUHG�DQG�DOORZHG�UHJLRQV�LQ�WKH�5DPDFKDQGUDQ�SORW��1HYHUWKHOHVV�
WKH�G\QDPLFV�RI�$DHJ*U�VWUXFWXUHV�VKRZHG�YHU\�VWDEOH�FRQIRUPDWLRQV�DURXQG����QV�WR����QV�DQG�IHZ�IOXFWXDWLRQV
ZHUH�REVHUYHG�LQ�WKH��70�UHJLRQV��7KHUHIRUH��WKHVH�$DHJ*U�PRQRPHU�PRGHOV�DUH�XVHIXO�IRU�EXLOGLQJ�DFFXUDWH
KHWHURGLPHUV�WR�VWXG\�GLPHU�LQWHUIDFH�SURSHUWLHV�DQG�UHFHSWRU�OLJDQG�LQWHUDFWLRQV�
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$EVWUDFW�����

:ULWHU���&DUWDV�&HMXGR�3$=��SFDUWDVF#QDYDUUD�HV�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

(DUO\�DQG�SURJUHVVLYH�QHXURSDWKRORJLFDO�VWDJH�GHSHQGHQW�SURWHRPLF
DOWHUDWLRQV�DW�WKH�OHYHO�RI�WKH�ROIDFWRU\�WUDFW�LQ�KXPDQ�$O]KHLPHU
V�GLVHDVH
&DUWDV�&HMXGR�3$=D��/DFK«Q�0RQWHV�0(5&('(6D��&RUW«V�$'5,$1$D��)HUUHU�,6,'5(E��)HUQ£QGH]�,ULJR\HQ�-2$48�1D�
6DQWDPDU¯D�(15,48(D

D�&OLQLFDO�1HXURSURWHRPLFV�8QLW��1DYDUUDELRPHG��+81��831$��,GL61$��E�'HSDUWPHQW�RI�3DWKRORJ\�DQG�([SHULPHQWDO
7KHUDSHXWLFV��8%��,',%(//��&,%(51('�,6&,,,��%DUFHORQD��6SDLQ

,QWURGXFWLRQ��6PHOO�LPSDLUPHQW�LV�RQH�RI�WKH�HDUOLHVW�IHDWXUHV�LQ�$O]KHLPHU
V�GLVHDVH��$'���/DWH�$'�LV�DVVRFLDWHG
ZLWK�D�ODUJH�DPRXQW�RI�DP\ORLG�EHWD�DQG�QHXURILEULOODU\�WDQJOHV�FRPSRVHG�E\�K\SHUSKRVSKRU\ODWHG�7DX
DJJUHJDWHV��1)7V��LQ�WKH�ROIDFWRU\�WUDFW��27���+RZHYHU��WKH�PROHFXODU�PHFKDQLVPV�DVVRFLDWHG�ZLWK�WKH�ROIDFWRU\
G\VIXQFWLRQ�LQ�HDUO\�QHXURSDWKRORJLFDO�VWDJHV�DUH�XQNQRZQ�

0HWKRGV ��:H�DSSOLHG�VHTXHQWLDO�ZLQGRZ�DFTXLVLWLRQ�RI�DOO�WKHRUHWLFDO�IUDJPHQW�LRQ�VSHFWUD�PDVV�VSHFWURPHWU\
�6:$7+�06��LQ����SRVWPRUWHP�27V�GHULYHG�IURP�QRQ�GHPHQWHG��Q ����DQG�$'��Q ����VXEMHFWV��FODVVLILHG
DFFRUGLQJ�WR�WKH�GHJUHH�RI�SDWKRORJ\��%UDDN�,�,,��ZLWK�QR�GLVFHUQLEOH�RI�D�IHZ�LVRODWHG�1)7V���Q ����%UDDN�,,,�,9
�ZLWK�ORZ�PRGHUDWH�QXPEHUV�RI�1)7V���Q ���DQG�%UDDN�9�9,��ZLWK�D�KXJH�TXDQWLW\�RI�1)7V���Q ����'DWD�DQDO\VLV
ZDV�SHUIRUPHG�XVLQJ�3HUVHXV�DQG�56WXGLR�VRIWZDUH��$O]'DWD��0HWDVFDSH�DQG�,QJHQXLW\�3DWKZD\�$QDO\VLV�ZHUH
FRQVLGHUHG�IRU�GDWD�LQWHUSUHWDWLRQ�

5HVXOWV ��$URXQG�����RI�WKH�TXDQWLILHG�SURWHLQV�ZHUH�GLIIHUHQWLDOO\�H[SUHVVHG��$�SURJUHVVLYH�SURWHRPLF
LPSDLUPHQW�ZDV�REVHUYHG�DFURVV�%UDDN�VWDJHV�����������DQG�����GLIIHUHQWLDO�H[SUHVVHG�SURWHLQV��'(3V��ZHUH
H[FOXVLYHO\�GHWHFWHG�LQ�%UDDN�,�,,��%UDDN�,,,�,9�DQG�%UDDN�9�9,�VWDJHV��UHVSHFWLYHO\��)&������S�YDOXH�������
,QWHUHVWLQJO\��D�VWDJH�GHSHQGHQW�GHUHJXODWLRQ�RI�VSHFLILF�SDWKZD\V�ZDV�REVHUYHG��UHYHDOLQJ�DEHUUDQW�SURWHRVWDVLV
LQYROYHG�LQ�V\QDSWLF�WUDQVPLVVLRQ��D[RQ�JXLGDQFH��DQG�PHWDEROLVP�RI�DPLQR�DFLGV�DQG�OLSLGV�DV�SDUW�RI�WKH
IXQFWLRQDO�PRGXOHV�WKDW�DUH�GLVUXSWHG�DFURVV�$'�JUDGLQJ��0RUHRYHU��RXU�SUHOLPLQDU\�GDWD�SRLQW�RXW
QHXURSDWKRORJLFDO�VWDJH�GHSHQGHQW�FRPPRQDOLWLHV�DQG�GLIIHUHQFHV�LQ�WHUPV�RI�ROIDFWRU\�SURWHRVWDVLV��SDWKZD\
PRGXODWLRQ�DQG�SURWHLQ�QHWZRUNV��2XU�ZRUNIORZ�LV�DOVR�FXUUHQWO\�EHLQJ�FRPSOHPHQWHG�ZLWK�VHFUHWDELOLW\�DQDO\VLV�LQ
RUGHU�WR�LQFUHDVH�RXU�NQRZOHGJH�DERXW�WKH�$'�SURJUHVVLRQ�DW�WKH�ROIDFWRU\�OHYHO��3DUW�RI�WKH�GLIIHUHQWLDO�GDWDVHWV
VKRZHG�D�JHQH�H[SUHVVLRQ�FRUUHODWLRQ�ZLWK�$'�SDWKRORJ\�LQ�DP\ORLG�EHWD�DQG�RU�7DX�OLQH�$'�PRXVH�PRGHOV�

&RQFOXVLRQV ��(DUO\�$'�GHSHQGHQW�SURWHLQ�LPEDODQFH�ZDV�HYLGHQFHG�DW�WKH�27�OHYHO��7KLV�SURWHRPLF
G\VKRPHRVWDVLV�ZDV�PRUH�VHYHUH�LQ�DGYDQFHG�VWDJHV�RI�WKH�GLVHDVH��6RPH�'(3V�DUH�GLIIHUHQWLDO�IHDWXUHV�LQ�$'
PRXVH�PRGHOV�EHIRUH�$'�SDWKRORJ\��VXJJHVWLQJ�D�UHOHYDQW�UROH�GXULQJ�WKH�LQLWLDO�VWDJHV�RI�QHXURGHJHQHUDWLYH
SURFHVV�

.H\ZRUGV��$O]KHLPHU
V�GLVHDVH��2OIDFWRU\�WUDFW��1HXURSDWKRORJLFDO�VWDJHV��6:$7+�06��6\VWHPV�ELRORJ\�

OL6	
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OL7	
$EVWUDFW�����

:ULWHU���/DXULQH�/$*$&+(��ODXULQH�ODJDFKH#XQLY�OLOOH�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������0DVV�VSHFWURPHWU\�LPDJLQJ

1HZ�PHWKRG�PDFKLQH�SURFHVV�WR�XQUDYHO�WLVVXH�ELRPDUNHUV�DQG�YDOLGDWH�LW�E\
PXOWLSOH[�0$/',�,+&
/DXULQH�/$*$&+(D��<DQLV�=,5(0D��$OH[DQGUH�*2266(1D��=ROWDQ�7$.$76D��,VDEHOOH�)2851,(5D��0LFKHO�6$/=(7D

D�35,60���,16(50�8����

,QWHJUDWLQJ�PDFKLQH�OHDUQLQJ�WXPRXU�KHWHURJHQHLW\�LQ�WKH�FDQFHU�GLDJQRVLV�SURFHVV�LV�DQ�HVVHQWLDO�LVVXH�WR�WDFNOH
WKH�FRPSOH[LW\�RI�WKH�SDWKRORJ\�ZLWK�SUHFLVLRQ�DQG�HIILFLHQF\��6SHFLILF�RPLF�PROHFXOHV�LGHQWLILFDWLRQV�IRU�HDFK
KHWHURJHQHRXV�WXPRXU�VXESRSXODWLRQV�DUH�HVSHFLDOO\�LPSRUWDQW�LQ�RUGHU�WR�FKDUDFWHUL]H�WKHP�LQ�GHSWK��,Q�WKLV�ZD\�
GLVWLQJXLVKLQJ�DQG�GHWHFWLQJ�RQH�FORQH�IURP�DQRWKHU��ZKDWHYHU�WKH�PROHFXOHV�DQDO\]HG��LV�DQ�HDV\�DQG�IDVW
SURFHVV�ZKLFK�FDQ�EH�FDUULHG�RXW�GXULQJ�WKH�GLDJQRVLV��0RUHRYHU��SURWHLQ�LQIRUPDWLRQ�IURP�HDFK�VXESRSXODWLRQV
DUH�SDUWLFXODUO\�LQWHUHVWLQJ�IRU�GUXJ�GLVFRYHU\�WR�WDLORU�RSWLPL]HG�WKHUDS\�WR�WKH�KHWHURJHQHRXV�WXPRXU�

)RU�WKLV�SXUSRVH��WKH�LPSOHPHQWDWLRQ�RI�WKH�FRQFHSW�ZDV�ILUVW�RSWLPL]HG�RQ�UDW�EUDLQ��5%���/LSLG��SURWHLQ�DQG
SHSWLGH�0$/',�PDVV�VSHFWURPHWU\�LPDJLQJ��06,��ZHUH�SHUIRUPHG�RQ���FHUHEHOOXP�DUHD�UDW�EUDLQ�UHSOLFDWHV��$
ILUVW�0DW/DE�VFULSW�ZDV�GHYHORSHG�WR�SURFHVV�LPDJLQJ�GDWD��SURYLGLQJ�XQVXSHUYLVHG�FOXVWHULQJ��LQGHSHQGHQWO\�IRU
HDFK�GDWD�VHW����FOXVWHUV�ZHUH�LGHQWLILHG�ZLWK�WKH�VDPH�VSDWLDO�ORFDWLRQ�IRU�HDFK�LPDJHV��ZKDWHYHU�WKH�PROHFXOH
DQDO\VHG��FRUUHVSRQGLQJ�WR�WKH�*UDQXODU�/D\HU��*/���0ROHFXODU�/D\HU��0/��DQG�WKH�:KLWH�0DWWHU��:0��UHJLRQ�RI
WKH�FHUHEHOOXP�5%��$�VHFRQG�3\WKRQ�VFULSW�SURYLGHG�WKH�OLSLG��SURWHLQ�DQG�SHSWLGH�GLVFULPLQDQW�FOXVWHU�LRQV�
0LFURSURWHRPLF�DQDO\VLV��DQG�%DFN�VLGH�DQDO\VLV�XVLQJ�63,'(5PDVV�WHFKQRORJ\��ZHUH�SHUIRUPHG�WR�LGHQWLI\�WKH
SURWHLQ�LRQV�SUHYLRXVO\�OLVWHG��06�06�DQDO\VLV�ZHUH�DOVR�SHUIRUPHG�ZLWK�63,'(5PDVV�WR�LGHQWLI\�WKH�GLVFULPLQDQW
OLSLGV��)LQDOO\��WKH�PXOWL�06,�PDGH�LW�SRVVLEOH�WR�GHPRQVWUDWH�WKH�SUHVHQFH�RI�YDULRXV�KHWHURJHQHRXV
VXESRSXODWLRQV��HDFK�SUHVHQWLQJ�D�VSHFLILF�ORFDOL]HG�OLSLG�DQG�SURWHLQ�QHWZRUN��7KLV�LQIRUPDWLRQ�ZLOO�PDNH�LW
SRVVLEOH�WR�SURGXFH�D�FRPSXWHU�SUHGLFWLRQ�PRGHO��ZKLFK�ZLOO�PDNH�LW�SRVVLEOH�WR�LGHQWLI\�WKH�SUHVHQFH�RI�DQ\
FOXVWHU�RQ�DQ\�WLVVXH�DFFRUGLQJ�WKHLU�VSHFLILF�PROHFXODU�ILQJHUSULQW��DQG�YDOLGDWH�LW�E\�PDFKLQH�OHDUQLQJ�

,Q�RUGHU�WR�YDOLGDWH�WKH�LGHQWLILFDWLRQ�RI�D�VXESRSXODWLRQ��D�PXOWLSOH[�LPPXQRKLVWRFKHPLFDO��,+&��0$/',�06,
WHFKQLTXH��XVLQJ�7$*�PDVV�WHFKQRORJ\��LV�EHLQJ�GHYHORSHG�WR�LGHQWLI\�VSHFLILF�ELRPDUNHUV�RI�WKH�ODWWHU�RQ�WLVVXH�
7R�GR�VR��DQWLERGLHV��WDUJHWLQJ�WKH�GLVFULPLQDWLQJ�SURWHLQV�RI�LQWHUHVW��DUH�PRGLILHG�WR�DGG�D�SKRWR�FOHDYDEOH�JURXS
DV�ZHOO�DV�UHSRUWHUV��YLD�D�FOLFN�FKHPLVWU\�UHDFWLRQ��$IWHU�UHFRJQLWLRQ�RI�WKH�WDUJHW�E\�HDFK�SUREH��WKH�FRPSOH[�LV
SODFHG�XQGHU�89�UDGLDWLRQ�LQ�RUGHU�WR�UHOHDVH�SKRWR�FOHDYDEOH�WDJV�ZKRVH�PDVV�WR�FKDUJH�UDWLR�DUH�NQRZQ��7KXV�
WKH\�FDQ�EH�HDVLO\�GHWHFWHG�DQG�DVVD\HG�E\�0$/',�06,�LQ�SODFH�RI�WKH�SUREH��7KLV�GLDJQRVWLF�WRRO�DLPV�WR�EH
IDVW��YHU\�VHQVLWLYH�DQG�VSHFLILF��ZLWK�WKH�SRVVLELOLW\�RI�SRVVLELOLW\�RI�VLPXOWDQHRXV�GHWHFWLRQ�RI�VHYHUDO�PDUNHUV�E\
06��DOORZLQJ�WKH�LGHQWLILFDWLRQ�RI�VHYHUDO�FOXVWHU�DW�WKH�VDPH�WLPH�
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OL8	
$EVWUDFW�����

:ULWHU���'U�7ULVWDQ�&$5'21��WULVWDQ�FDUGRQ#XQLY�OLOOH�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������,QWHUDFWRPLFV�DQG�SURWHLQ�VWUXFWXUH

([WHQGLQJ�WKH�YLVLRQ�RI�WKH�SURWHRPH��WKH�*KRVW�SURWHRPH
'U�7ULVWDQ�&$5'21D��'LHJR�)HUQDQGR�*$5&,$�'(/�5,2D��,VDEHOOH�)2851,(5D��0LFKHO�6$/=(7D

D�35,60�,QVHUP�8����

)RU�VHYHUDO�\HDUV�ZH�KDYH�EHHQ�ZRUNLQJ�RQ�WKH�LGHQWLILFDWLRQ�RI�DQ�H[WHQGHG�SURWHRPH��,QGHHG��PRVW�SURWHRPLF
VWXGLHV�FRQVLGHU�D�SURWHRPH�UHGXFHG�WR�WKH�SURWHLQV�UHIHUHQFHG��5HI3URW��LQ�WKH�GDWDEDVHV�DOORZLQJ�WKH�DQDO\VLV
RI�GDWD�IURP��ERWWRP�XS��DSSURDFKHV��+RZHYHU��WKHUH�LV�DQRWKHU�YLVLRQ�RI�WKH�SURWHRPH��WKH��QRQ�UHIHUHQFHG�RU
*KRVW�SURWHRPH��RQH��ZKLFK�FRQWDLQV�SURWHLQV�FDOOHG��$OWHUQDWLYH�SURWHLQV���$OW3URW���7KHVH�SURWHLQV�DUH�GHULYHG
IURP�UHJLRQV�GHVFULEHG�DV�QRQ�FRGLQJ�LQ�WKH�DQQRWDWLRQ�RI�WUDQVFULSWV�VXFK�DV�WKH��
�	��
�875�UHJLRQV��D�VKLIW�LQ
���RU����RI�WKH�UHDGLQJ�IUDPH�EXW�DOVR�LQ�QF51$V��QF���OQF���FLUF51$���1RW�UHIHUHQFHG�LQ�FODVVLFDO�GDWDEDVHV��WKH\
DUH�WKHUHIRUH�YHU\�GLIILFXOW�WR�LGHQWLI\�DQG�WKHLU�IXQFWLRQ�LV�VWLOO�SRRUO\�XQGHUVWRRG�

,Q�RUGHU�WR�KLJKOLJKW�WKLV�*KRVW�SURWHRPH��ZH�KDYH�GHYHORSHG�D�PHWKRGRORJLFDO�SLSHOLQH�DOORZLQJ��%RWWRP�XS�
DSSURDFKHV�LQWHJUDWLQJ�$OW3URW�SUHGLFWLRQ�GDWDEDVHV��2SHQ3URW��LQ�FRPELQDWLRQ�ZLWK�WKH�FODVVLF�8QLSURW.%
GDWDEDVH��,Q�RUGHU�WR�REWDLQ�DV�PXFK�LQIRUPDWLRQ�DV�SRVVLEOH�RQ�QHZ�$OW3URW��WKH�QRQ�WDUJHWHG�SURWHLQ�SURWHLQ
LQWHUDFWLRQV��33,V��LGHQWLILFDWLRQ�VWUDWHJ\��FURVVOLQN�06��;/�06��ZDV�XVHG��7KLV�PHWKRG�IRUPV�FKHPLFDO�EULGJHV
EHWZHHQ�SURWHLQV�FORVH�RI���WR������WKLV�KLJKOLJKW�33,V�EHWZHHQ�$OW3URW�DQG�5HI3URW��7KHVH�LQWHUDFWLRQV�DOORZ�XV
WR�OLQN�IRU�WKH�ILUVW�WLPH�DQG�ZLWKRXW�DSULRULW\�$OW3URW�WR�VLJQDOLQJ�SDWKZD\V�YLD�WKH�DSSOLFDWLRQ�RI�D�*HQH�2QWRORJ\
HQULFKPHQW�RI�WKH�UHIHUHQFHG�LQWHUDFWLRQ�SDUWQHUV��,Q�RUGHU�WR�LPSURYH�WKH�GHWHFWLRQ�RI�FURVVOLQNHG�SHSWLGHV�LQ�WKH
VDPSOHV�ZH�DOVR�FRPELQHG�WKH�;/�06�DSSURDFK�ZLWK�VXEFHOOXODU�IUDFWLRQDWLRQ�RI�WKH�FHOO��DOORZLQJ�WR�NLOO�WZR�ELUGV
ZLWK�RQH�VWRQH��LPSURYLQJ�WKH�GHWHFWLRQ�RI�FURVVOLQNHG�SHSWLGHV�E\�D�GH�FRPSOH[LILFDWLRQ�RI�WKH�VDPSOH�DQG
DVVLJQLQJ�D�VXEFHOOXODU�ORFDOL]DWLRQ�IRU�WKH�LGHQWLILHG�$OW3URWV��7KLV�DSSURDFK�DOORZHG�XV�WR�LGHQWLI\�����$OW3URWV
DQG�WKH�GHWHFWLRQ�RI�����33,V�LQ�WKH�FHOO�LQFOXGLQJ����LQYROYLQJ�DQ�$OW3URW�ZLWK�D�5HI3URW��,Q�WKH�DEVHQFH�RI
ELRPROHFXODU�WRROV��DQWLERGLHV��HWF���DOORZLQJ�WDUJHWHG�VWXGLHV��WKH�SUREDELOLW\�RI�LQWHUDFWLRQ�REVHUYHG�E\�;/�06
ZDV�PRGHOHG�E\��'�FRQVWUXFWLRQ�RI�WKH�SURWHLQV�FRXSOHG�WR�D�GRFNLQJ�RI�WKH�$OW3URW�RQ�WKH�5HI3URW��DOORZLQJ�WR
FRQILUP�WKH�SRVVLELOLW\�RI�LQWHUDFWLRQ��ZKLOH�KDYLQJ�D�FRKHUHQW�GLVWDQFH�>��WR����@�EHWZHHQ�WKH�DPLQR�DFLGV
REVHUYHG�LQ�LQWHUDFWLRQ�GXULQJ�WKH�;/�06�DQDO\VLV��7KLV�DQDO\VLV�VKRZHG�WKH�SRVVLELOLW\�RI�LQWHUDFWLRQ�ZLWK�0+&
FODVV�,��WKURXJK�WKH�LGHQWLILFDWLRQ�RI�D�FURVVOLQN�LQWHUDFWLRQ�EHWZHHQ�+/$�%�DQG�DQ�$OW3URW�IURP�WKH��
875�UHJLRQ
RI�WKH�)$0���%�JHQH�WUDQVFULSW��LQ�SODFH�RI�WKH�%�0�SDUWQHU�RI�0+&�

&DUGRQ�7��*DUFLD�GHO�5LR�')��(\FNHUPDQ�6��)RXUQLHU�,��%RQQHIRQG�$��*HYDHUW�.��6DO]HW�0��(PSOR\LQJ
QRQ�WDUJHWHG�LQWHUDFWRPLFV�DSSURDFK�DQG�VXEFHOOXODU�IUDFWLRQDWLRQ�WR�LQFUHDVH�RXU�XQGHUVWDQGLQJ�RI�WKH�JKRVW
SURWHRPH��L6FLHQFH��(OVHYLHU�������)HE�����������������
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OL9	
$EVWUDFW�����

:ULWHU���(OLVDEHWH�025$,6��HOLVDEHWH�PRUDLV#LWTE�XQO�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

,QWHJUDWLRQ�RI�SURWHRPLFV�DQG�PHWDEROLF�PRGHOOLQJ�WR�VWXG\�WKH�S+�GHSHQGHQW
UHVSRQVH�RI�SDWKRJHQLF�DQG�FRPPHQVDO�6WDSK\ORFRFFXV�HSLGHUPLGLV�VWUDLQV
(OLVDEHWH�025$,6D��6XVDQD�6$1726D��(OHQD�0$79(,6+,1$E��(YD�0DULD�*(,66(1E��-HDQ�$50(1*$8'F�
0DULD�0,5$*$,$D��0DULD�=,00(50$11�.2*$'((9$E��/X¯V�*�*21�$/9(6D��$QD�9�&2(/+2D

D�,QVWLWXWR�GH�7HFQRORJLD�4X¯PLFD�H�%LROµJLFD�$QWµQLR�;DYLHU��8QLYHUVLGDGH�1RYD�GH�/LVERD��2HLUDV��3RUWXJDO��E�(XURSHDQ
0ROHFXODU�%LRORJ\�/DERUDWRU\��+HLGHOEHUJ��*HUPDQ\��F�'«SDUWHPHQW�0«GLFDPHQWV�HW�7HFKQRORJLHV�SRXU�OD�6DQW«��8QLYHUVLW«
3DULV�6DFOD\��%DJQROV�VXU�&ª]H��)UDQFH

6WDSK\ORFRFFXV�HSLGHUPLGLV ��6(���D�FRPPRQ�FRORQL]HU�RI�WKH�KXPDQ�VNLQ��LV�RIWHQ�WKH�FDXVH�RI�LQIHFWLRQV
DVVRFLDWHG�ZLWK�PHGLFDO�GHYLFHV�LQ�LPPXQRFRPSURPLVHG�SDWLHQWV��6WUDLQV�WKDW�UHWDLQ�SDWKRJHQLF�DQG�FRPPHQVDO
SRWHQWLDO�FRH[LVW�LQ�KXPDQ�VNLQ�EHORQJLQJ�WR�FORQDO�FRPSOH[����&&���DQG�QRQ�&&���UHVSHFWLYHO\ � ��,PSURYHG
NQRZOHGJH�RI�WKH�SDWKRJHQLFLW\�PHFKDQLVPV�RI�6(�LV�QHHGHG�WR�GHVLJQ�PRUH�HIIHFWLYH�SUHYHQWLRQ�DQG�WUHDWPHQW
VWUDWHJLHV��:H�DLP�WR�XVH�RXU�SURWHRPLF�GDWD�DV�IOX[�FRQVWUDLQWV�WR�EXLOG�VWUDLQ�VSHFLILF�JHQRPH�VFDOH�PHWDEROLF
PRGHOV��*(0��WR�XQGHUVWDQG�6(�PHWDEROLF�UHVSRQVHV�WR�UHOHYDQW�ELRORJLF�S+�VWDWHV��VXFK�DV�WKRVH�IRXQG�LQ�VNLQ
FRORQL]DWLRQ�DQG�EORRG�LQIHFWLRQ��S+�����DQG�S+������UHVSHFWLYHO\��

6SHFLILF�*(0V�IRU�UHSUHVHQWDWLYH�&&��DQG�QRQ�&&��6(�VWUDLQV�ZHUH�EXLOW�XVLQJ�DV�WHPSODWH�D�PDQXDOO\�FXUDWHG
*(0�RI�D�UHIHUHQFH�6(�VWUDLQ��53��$ ����0DQXDO�FXUDWLRQ�ZDV�SHUIRUPHG�EDVHG�RQ�WKH�%HVW�%LGLUHFWLRQDO�+LWV
�%%+��IRU�%ODVWS�UHVXOWV�RI�HDFK�UHSUHVHQWDWLYH�VWUDLQ�DJDLQVW�WKH�UHIHUHQFH�VWUDLQ�DQQRWDWHG�JHQRPH����
HQ]\PDWLF�UHDFWLRQV�ZHUH�PDLQWDLQHG�LI�WKH�SURWHLQ�ZDV�IRXQG�LQ�WKH�%%+�UHVXOWV�����DGGLWLRQDO�HQ]\PDWLF
UHDFWLRQV�ZHUH�DGGHG�EDVHG�RQ�VWUDLQ�VSHFLILF�SURWHLQ�FDSDFLW\�WR�FDWDO\VH�D�NQRZQ�UHDFWLRQ�����H[FKDQJH
UHDFWLRQV�ZHUH�XSGDWHG�WR�LQFOXGH�WKH�WUDQVORFDWLRQ�RI�PHWDEROLWHV��SUHYLRXVO\�PHDVXUHG�LQ�WKH�H[WUDFHOOXODU
PHGLXP��XQSXEOLVKHG�UHVXOWV���DFURVV�WKH�PHPEUDQH��,QWUDFHOOXODU�SURWHRPLF�GDWD�XQGHU�GLIIHUHQW�S+�FRQGLWLRQV �
ZLOO�EH�IXUWKHU�XVHG�WR�FRQVWUDLQ�WKH�PHWDEROLF�IOX[HV�RI�HDFK�VWUDLQ�VSHFLILF�*(0��)LUVW��XQGHWHFWHG�SURWHLQV�ZLOO
EH�LQDFWLYDWHG�LQ�WKH�*(0��DVVXPLQJ�WKDW�WKHLU�DVVRFLDWHG�SURFHVVHV�DUH�QRW�DFWLYH�LQ�HDFK�H[SHULPHQWDO
FRQGLWLRQ�XQGHU�VWXG\��6HFRQG��IRU�WKH�GLIIHUHQWLDOO\�DEXQGDQW�SURWHLQV�WKHLU�IROG�FKDQJH�ZLOO�EH�XVHG�WR�IXUWKHU
FRQVWUDLQ�WKH�UHDFWLRQ�IOX[HV��7R�VLPXODWH�WKH�PHWDEROLVP�RI�WKH�WZR�VWUDLQV�DW�GLIIHUHQW�S+��ZH�ZLOO�SHUIRUP�D�IOX[
EDODQFH�DQDO\VLV�XVLQJ�ELRPDVV�SURGXFWLRQ�DV�WKH�RSWLPLVDWLRQ�SDUDPHWHU��7KLV�LQWHJUDWLYH�DSSURDFK�RI�RPLFV
GDWD�ZLWK�PHWDEROLF�PRGHOOLQJ�JHQHUDWHV�PRUH�UHOLDEOH�*(0V�LQ�UHOHYDQW�ELRORJLFDO�FRQGLWLRQV�SHU�VWUDLQ�EHFRPLQJ
D�SRZHUIXO�WRRO�WR�LQWHUSUHW�RWKHU�RPLFV�GDWDVHWV�

5HIHUHQFHV����'��(VSDGLQKD�HW�DO���)URQW��0LFURELRO����������������������7��'��&DOYR�HW�DO���0HWDEROLWHV���������
�����������/��*��*RQ©DOYHV�DQG�6��6DQWRV�HW�DO���)URQW��0LFURELRO������������������

$FNQRZOHGJPHQWV� �)XQGLQJ�SURMHFWV��21(,'$��/,6%2$���������)('(5���������
/,6%2$���������)('(5���������02670,&52���7UDQVQDWLRQDO�&RRSHUDWLRQ�3RUWXJDO�)UDQFH���3HVVRD
3URJUDP�������,GHQWLILFDWLRQ�RI�SXWDWLYH�EDFWHULDO�WDUJHWV�IRU�WKH�GHYHORSPHQW�RI�SUHFLVLRQ�DQWLPLFURELDOV�DJDLQVW
SDWKRJHQLF �6��HSLGHUPLGLV ���D�VWUDWHJ\�WR�SUHYHQW�PHGLFDO�GHYLFH�DVVRFLDWHG�LQIHFWLRQV���)&7�&DPSXVIUDQFH�
$$&����6$,&7��������3'�%'��������������6\PE1(7�*HQRPLFV�DQG�0HWDERORPLFV�LQ�D�+RVW�0LFUREH
6\PELRVLV�1HWZRUN�
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OL10	
$EVWUDFW�����

:ULWHU���'U�7KLEDXW�/(*(5��WKLEDXW�OHJHU#DQVHV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

'HFLSKHULQJ�WKH�KHSDWRWR[LF�PHFKDQLVPV�LQGXFHG�E\�FKORUGHFRQH�DQG�LWV
PHWDEROLWH�FKORUGHFRO�E\�PXOWL�RPLFV
'U�7KLEDXW�/�*(5D��6DUDK�$/,/$7E��/«RQLH�'(&E��.HYLQ�+2*(9((1E��3LHUUH�-HDQ�)(5521F��6\OYLH�+8(7E�
<RDQQ�'(95,(1'7�5(1$8/7G��-XOLHQ�3$5,1(7G��9DO«ULH�)(66$5'E��/XGRYLF�/(�+�*$5$7E

D�$16(6��7R[LFRORJ\�RI�&RQWDPLQDQWV�8QLW��E�$16(6��7R[LFRORJ\�RI�&RQWDPLQDQWV�8QLW��)RXJªUHV��)5$1&(��F�8QLY�5HQQHV�
,16(50��,15$(��&+8�5HQQHV��1X0H&DQ�LQVWLWXWH��5HQQHV��)5$1&(��G�$16(6��3HVWLFLGHV�DQG�0DULQH�%LRWR[LQV��3%0�
XQLW��0DLVRQ�$OIRUW��)5$1&(

&KORUGHFRQH��&/'��LV�D�SHVWLFLGH�XVHG�WR�FRQWURO�WKH�EDQDQD�ZHHYLOO�LQ�WKH�)UHQFK�:HVW�,QGLHV�IURP������WR
������'HVSLWH�LWV�EDQ�LQ�WKH���V��WKH�KLJKO\�SHUVLVWHQFH�RI�&/'�DQG�FRQWDPLQDWLRQ�RI�WKH�IRRG�ZHEV�UDLVHG
WUHPHQGRXV�FRQFHUQ�IRU�SXEOLF�KHDOWK�>�@��&/'�FDQ�LQGXFH�UHSURWR[LF��QHXURWR[LF�DQG�KHSDWRWR[LF�HIIHFWV�LQ
KXPDQV�DQG�LV�LQYROYHG�LQ�SURVWDWH�FDQFHU�>�@�DQG�OLYHU�ILEURVLV�SRWHQWLDWLRQ�>�@��,Q�OLYHU��DOWKRXJK�&/'�LV
PHWDEROL]HG�LQWR�WKH�SKDVH�,�PHWDEROLWH�FKORUGHFRO��&/'�2+���LW�LV�KLJKO\�ELRSHUVLVWHQW��&/'�KDV�EHHQ�GHVFULEHG
DV�DQ�HVWURJHQ�UHFHSWRU�DJRQLVW�DQG�DQ�LQKLELWRU�RI�PLWRFKRQGULDO�0J �� �$73DVHV��1HYHUWKHOHVV��WKH�FHOOXODU
KHSDWLF�HIIHFWV�RI�WKHVH���FRPSRXQGV�KDYH�EHHQ�SRRUO\�GHVFULEHG��7KHUHIRUH��ZH�DSSOLHG�DQ�RULJLQDO�DSSURDFK
FRXSOLQJ�PHWDERORPLFV�DQG�SURWHRPLFV�WR�LQYHVWLJDWH�LQ�YLWUR�WR[LFLW\�UHVSRQVHV�RI�&/'�DQG�&/'�2+�LQ�OLYHU�FHOO
PRGHOV��+HSD5*�FHOO�OLQH�DQG�SULPDU\�KXPDQ�KHSDWRF\WHV��3++V��

$�FRQFHQWUDWLRQ�UHVSRQVH�VWXG\�DIWHU�D���K�WUHDWPHQW�DQG�D�NLQHWLF�UHVSRQVH�VWXG\�EHWZHHQ���DQG���K�KDYH
EHHQ�SHUIRUPHG�LQ�GLIIHUHQWLDWHG�+HSD5*�FHOOV�H[SRVHG�WR�VHOHFWHG�FRQFHQWUDWLRQV�RI�&/'�������w0��DQG
&/'�2+�����������w0���$V�ZHOO��3++V�ZHUH�H[SRVHG�WR�&/'����w0��DQG�&/'�2+�����w0��GXULQJ����KRXUV��&HOO
FXOWXUH�PHGLD�DQG�FHOO�O\VDWHV�ZHUH�DQDO\VHG�XVLQJ�PHWDERORPLFV�DQG�SURWHRPLFV�DSSURDFKHV�>�@�

+HSD5*�FHOOV�DQG�3++V�ZHUH�PRUH�VHQVLWLYH�WR�&/'�WKDQ�&/'�2+��0HWDERORPLFV�VKRZHG�WKDW�&/'�ZDV�YHU\
OLWWOH�PHWDEROL]HG�LQWR�D�JOXFXURQLGH�IRUP�XQOLNH�&/'2+��7KLV�PHWDEROLWH�ZDV�WKXV�PRUH�H[FUHWHG�DQG�&/'�PRUH
VHTXHVWHUHG�LQ�KHSDWRF\WHV��3HUWXUEDWLRQV�RI�PLWRFKRQGULDO�DFWLYLWLHV�ZHUH�REVHUYHG�E\�SURWHRPLFV�DQG�$73
OHYHOV�ZHUH�VOLJKWO\�GHFUHDVHG�VLPLODUO\�IRU�ERWK�FRPSRXQGV�LQ�+HSD5*�FHOOV�EXW�UHVWRUHG�DW����KRXUV�LQGLFDWLQJ
WKH�H[LVWHQFH�RI�D�WR[LFLW\�PHFKDQLVP�LQGHSHQGHQW�RI�$73DVHV�LQKLELWLRQ��7KH�PDLQ�ILQGLQJ�ZDV�D�GHFUHDVH�RI
VHSWLQ�DEXQGDQFHV�E\�&/'�WUHDWPHQW��LQ�ERWK�+HSD5*�FHOOV�DQG�3++V��WKDW�ZDV�QRW�REVHUYHG�ZLWK�&/'�2+�
7KHVH�NH\�F\WRVNHOHWRQ�SURWHLQV�DUH�LPSOLFDWHG�LQ�QXPHURXV�FHOOXODU�IXQFWLRQV��VXFK�DV�LQWUDFHOOXODU�YHVLFXODU
WUDIILFNLQJ��DQG�PRGLILFDWLRQ�RI�WKHLU�H[SUHVVLRQV�LV�DVVRFLDWHG�ZLWK�KXPDQ�OLYHU�GLVHDVHV��'RFNLQJ�LQYHVWLJDWLRQ
SRLQWHG�RXW�WKDW�&/'�DQG�&/'�2+�VKRZ�D�JRRG�ELQGLQJ�DIILQLW\�IRU�VHSWLQV��0RUHRYHU��ZH�GHPRQVWUDWHG�WKDW
VHSWLQV�ZHUH�GHJUDGHG�E\�WKH�SURWHDVRPH��%HVLGHV��&/'�LQGXFHG�WKH�GLVWXUEDQFH�RI�OLSLG�GURSOHW�ORFDOL]DWLRQ�DQG
ELOH�DFLG�VHFUHWLRQ�DQG�IDYRUHG�ORQJ�FKDLQ�GLFDUER[\OLF�IDWW\�DFLGV�SURGXFWLRQ��NH\�HYHQWV�LQ�1$)/'�SURJUHVVLRQ�
,Q�FRQFOXVLRQ��RXU�RULJLQDO�VWXG\�KLJKOLJKWHG�WKDW�&/'�H[SRVXUH�SURPRWH�KHSDWRWR[LFLW\�DQG�VWHDWRKHSDWLWLV�E\
WDUJHWLQJ�VHSWLQV�DQG�WKDW�WKHVH�HIIHFWV�FDQ�EH�VLJQLILFDQWO\�RYHUFRPH�ZKHQ�&/'�LV�FRQYHUWHG�WR�&/'�2+�

5«I«UHQFHV�

5HVLHUH��'���HW�DO����������&KORUGHFRQH��.HSRQH��SRLVRQLQJ�LQ�WKH�)UHQFK�7HUULWRULHV�LQ�WKH�$PHULFDV��/DQFHW�����
����

0XOWLJQHU�/���HW�DO����������&KORUGHFRQH�H[SRVXUH�DQG�ULVN�RI�SURVWDWH�FDQFHU��-�&OLQ�2QFRO���������������

7DEHW�(���HW�DO����������&KORUGHFRQH�SRWHQWLDWHV�KHSDWLF�ILEURVLV�LQ�FKURQLF�OLYHU�LQMXU\�LQGXFHG�E\�FDUERQ
WHWUDFKORULGH�LQ�PLFH��7R[LFRO�/HWW�����������

/HJHU�7��HW�DO����������)DWH�DQG�33$5JDPPD�DQG�67$7V�GULYHQ�HIIHFWV�RI�WKH�PLWRFKRQGULDO�FRPSOH[�,�LQKLELWRU
WHEXIHQS\UDG�LQ�OLYHU�FHOOV�UHYHDOHG�ZLWK�PXOWL�RPLFV��-�+D]DUG�0DWHU�������������
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OL11	
$EVWUDFW�����

:ULWHU���'U�$YDLV�'$8/$7��DYDLV�GDXODW#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

3URWHRPLF�DSSURDFK�WR�FKDUDFWHUL]H�DQG�WDUJHW�0,1.��35,&./(��VLJQDOLQJ
SDWKZD\�LQ�WULSOH�QHJDWLYH�EUHDVW�FDQFHU
'U�$YDLV�'$8/$7D��*LXOLD�'(/$&2857D��-HDQ�/<D��6W«SKDQH�$8'(%(57D��/XF�&$02,1D��3DWULFH�'8%5(8,/D�
-HDQ�3DXO�%25*D

D�&5&0

7ULSOH�QHJDWLYH�EUHDVW�FDQFHU��71%&��LV�WKH�PRVW�DJJUHVVLYH�FDQFHU�DPRQJ�EUHDVW�FDQFHU��,W�LV�FKDUDFWHUL]HG�E\
PROHFXODU�KHWHURJHQHLW\��UHVLVWDQFH�WR�VWDQGDUG�WUHDWPHQW�DQG�ODFN�RI�DYDLODEOH�WDUJHWHG�WKHUDSLHV��8SUHJXODWLRQ
RI�:QW�3&3�FRPSRQHQWV�LV�REVHUYHG�LQ�PDQ\�FDQFHUV�DQG�LV�DVVRFLDWHG�ZLWK�FDQFHU�GHYHORSPHQW�DW�HDUO\�DQG
ODWH�VWDJHV��:H�UHFHQWO\�VKRZHG�WKDW�35,&./(���D�FRUH�:QW�3&3�FRPSRQHQW��LV�RYHUH[SUHVVHG�LQ�WULSOH�QHJDWLYH
EUHDVW�FDQFHU��71%&��DQG�DVVRFLDWHG�ZLWK�SRRU�SURJQRVLV��35,&./(��LV�D�VFDIIROG�SURWHLQ��0,1.��LV�D
VHULQH�WKUHRQLQH�NLQDVH�ZKLFK�SKRVSKRU\ODWHV�35,&./(���8VLQJ�LQWHUDFWRPLF�DSSURDFK��ZH�LGHQWLILHG�VHYHUDO
35,&./(��DVVRFLDWHG�SURWHLQV��:H�WKHQ�FURVV�DQDO\]HG�RXU�GDWDVHW�ZLWK�GDWD�JHQHUDWHG�IURP�D
SKRVSKRSURWHRPLF�DSSURDFK�GHVLJQHG�WR�LGHQWLI\�SXWDWLYH�0,1.��VXEVWUDWHV��$PRQJ�WKH�SXWDWLYH�VXEVWUDWHV��ZH
FKDUDFWHUL]HG�//�ͅ�ZKLFK�LV�UHTXLUHG�IRU�IRFDO�DGKHVLRQ�GLVDVVHPEO\�DQG�FHOO�PLJUDWLRQ��//�ͅ�LV�DVVRFLDWHG�ZLWK
35,&./(���$W�WKH�PROHFXODU�OHYHO��ZH�GHPRQVWUDWHG�WKDW�35,&./(��LV�D�NLQDVH�VXEVWUDWH�DGDSWRU�DQG�0,1.�
SKRVSKRU\ODWHV�VHTXHQWLDOO\�35,&./(��DQG�//�ͅ��$QDO\VLV�RI�JHQH�H[SUHVVLRQ�GDWDEDVH�VKRZHG�WKDW�WKH
FRQFRPLWDQW�XS�UHJXODWLRQ�RI�35,&./(��DQG�//�ͅ�P51$�OHYHOV�HQFRGLQJ�0,1.��VXEVWUDWHV�LV�DVVRFLDWHG�ZLWK�D
SRRU�PHWDVWDVLV�IUHH�VXUYLYDO�IRU�71%&�SDWLHQWV��$OWRJHWKHU��RXU�UHVXOWV�VXJJHVW�WKDW�0,1.��PD\�UHSUHVHQW�D
SRWHQWLDO�WDUJHW�LQ�71%&��:H�DUH�FXUUHQWO\�FKDUDFWHUL]LQJ�D�SRWHQWLDO�0,1.��LQKLELWRU�DQG�GHYHORSLQJ�DQWLERGLHV
WDUJHWLQJ�LGHQWLILHG�0,1.��SKRVSKRU\ODWLRQ�VLWH�WR�JHQHUDWH�DQ�DFXWH�WRRO�WR�PHDVXUH�0,1.��DFWLYLW\�LQ�FHOOXOR�DQG
LQ�YLYR �
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OL12	
$EVWUDFW�����

:ULWHU���'U�)UDQFN�9$1'(502(5(��IUDQFN�YDQGHUPRHUH#LJI�FQUV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������,QWHUDFWRPLFV�DQG�SURWHLQ�VWUXFWXUH

1DQRERG\�EDVHG�$306�DQDO\VLV�RI�HQGRJHQRXV�PHWDERWURSLF�JOXWDPDWH
UHFHSWRU���LQWHUDFWRPH�IURP�PLFH�EUDLQ
'U�)UDQFN�9$1'(502(5(D��&O«PHQWLQH�(YD�3+,/,%(57D��&DQGLFH�',6',(5D��3LHUUH�$QGU«�/$)21D�
0DWKLHX�2267(5/$.(1D��$QQH�3,==2&&$52D��-XOLH�.1,$=())D��-HDQ�3KLOLSSH�3,1D��3KLOLSSH�521'$5'D�
3KLOLSSH�0$5,1D

D�,QVWLWXW�GH�*«QRPLTXH�)RQFWLRQQHOOH��8QLY�0RQWSHOOLHU��,16(50��&156

1DQRERGLHV�DUH�/DPD�VLQJOH�FKDLQ�DQWLERGLHV�ZKRVH�VPDOO�VL]H�LV�ZHOO�VXLWHG�IRU�DFFHVVLQJ�VPDOO�DQG
K\GURSKRELF�SRFNHWV�LQ�SURWHLQV��7KLV�WHFKQRORJ\�LV�JURZLQJ�IDVW�LQ�WKH�ILHOG�RI�VHYHQ�WUDQVPHPEUDQH�GRPDLQ
UHFHSWRUV��*3&5V���WKH�ODUJHVW�IDPLO\�RI�SURWHLQV�H[SUHVVHG�DW�WKH�FHOO�VXUIDFH�WDUJHWHG�E\�QHDUO\�����RI
SUHVFULEHG�GUXJV��7\SH���PHWDERWURSLF�JOXWDPDWH�UHFHSWRUV��P*OX���DUH�*3&5V�WDUJHWHG�E\�D�QHZ�JHQHUDWLRQ�RI
DQWLSV\FKRWLFV�WKDW�VKRZ�XQSUHFHGHQW�HIILFDF\�DJDLQVW�QHJDWLYH�DQG�FRJQLWLYH�V\PSWRPV�RI�VFKL]RSKUHQLD�
'HVSLWH�D�FOHDU�DGYDQWDJH�RQ�DFWXDO�DQWLSV\FKRWLFV��VLJQDOOLQJ�WULJJHUHG�E\�P*OX��DFWLYDWRUV�LQ�WKH�EUDLQ�UHPDLQV
SRRUO\�FKDUDFWHUL]HG��7KDW�LV�WKH�UHDVRQ�ZK\�ZH�SHUIRUPHG�DQ�DIILQLW\�SXULILFDWLRQ�PDVV�VSHFWURPHWU\��$306�
DQDO\VLV�RI�WKH�LQWHUDFWRPH�RI�WKH�HQGRJHQRXV�P*OX��LQ�WKH�SUHIURQWDO�FRUWH[�RI�:LOG�W\SH�PRXVH��7KLV�$306
VWUDWHJ\�WRRN�DGYDQWDJH�RI�DQ�LQ�KRXVH�GHYHORSHG�QDQRERG\�KLJKO\�VSHFLILF�IRU�P*OX��ZLWK�VXE�QDQRPRODU
DIILQLW\�

)URP���LQGHSHQGHQW�H[SHULPHQWV�RQ�WKUHH�GLIIHUHQW�PLFH�FRUWH[��VWDWLVWLFDO�DQDO\VLV�RI�06��ODEHO�IUHH�TXDQWLWDWLYH
GDWD�VKRZHG�D�VLJQLILFDQW�HQULFKPHQW�RI�����SURWHLQV�LQ�SXOO�GRZQ�ZLWK�P*OX��QDQRERG\�YV�FRQWURO�SXOO�GRZQ�ZLWK
QRQ�UHOHYDQW�QDQRERG\��6WULQJ�DQDO\VLV�RI�WKH�OLVW�RI�SRWHQWLDO�LQWHUDFWRUV�KLJKOLJKWHG�D�KLJKO\�FRQQHFWHG�QHWZRUN
DQG�DQ�HQULFKPHQW�LQ�JHQH�RQWRORJ\�WHUPV�VXFK�DV�౹JOXWDPDWH�UHFHSWRU�VLJQDOOLQJ�SDWKZD\౺��౹DGHQ\ODWH
F\FODVH�LQKLELWLQJ�*�SURWHLQ�FRXSOHG�JOXWDPDWH�UHFHSWRU�VLJQDOOLQJ�SDWKZD\౺��౹UHJXODWLRQ�RI�V\QDSWLF�WUDQVPLVVLRQ�
JOXWDPDWHUJLF౺�RU��SUHV\QDSWLF�DFWLYH�]RQH��

2QH�RI�WKH�FDQGLGDWHV�SDUWLFXODUO\�DWWUDFWHG�RXU�DWWHQWLRQ�DV�LW�LV�D�UHFHSWRU�ZHOO�NQRZQ�WR�UHJXODWH�WKH
SK\VLRORJLFDO�PHFKDQLVPV�DIIHFWHG�GXULQJ�QHJDWLYH�DQG�FRJQLWLYH�V\PSWRPV�RI�VFKL]RSKUHQLD��3UR[LPLW\�OLJDWLRQ
DVVD\V��3/$��DQG�%LROXPLQHVFHQFH�5HVRQDQFH�(QHUJ\�7UDQVIHU��%5(7��DVVD\V�FRQILUPHG�D�FORVH��LI�QRW�GLUHFW�
DQG�VSHFLILF�LQWHUDFWLRQ�EHWZHHQ�WKH�WZR�UHFHSWRUV�LQ�YLYR��LQ�SULPDU\�FXOWXUH�RI�QHXURQV�DQG�LQ�WUDQVIHFWHG�FHOOV�
$FWLYLW\�UHDGRXWV�LQGLFDWHG�D�UHFLSURFDO�SRVLWLYH�FURVV�WDON�EHWZHHQ�WKH�WZR�UHFHSWRUV��)LQDOO\��EHKDYLRXUDO�VWXGLHV
RQ�D�SUHFOLQLFDO�PLFH�PRGHO�IRU�VFKL]RSKUHQLD�LQGLFDWHG�WKDW�DQWDJRQLVW�RI�WKH�LQWHUDFWLQJ�UHFHSWRU�VWURQJO\�LQKLELWV
WKH�HIIHFW�RI�JOXWDPDWHUJLF�DQWLSV\FKRWLFV�LQ�WDVNV�UHODWHG�WR�QHJDWLYH�DQG�FRJQLWLYH�V\PSWRPV�

,Q�FRQFOXVLRQ��WKH�DELOLW\�RI�QDQRERGLHV�WR�UHFRJQL]H�VPDOO�DQG�K\GURSKRELF�HSLWRSHV�LQYLVLEOH�WR�FODVVLFDO
DQWLERGLHV�LV�DQ�LPSRUWDQW�DGYDQWDJH�WR�WDUJHW�*3&5V��7KH\�FDQ�XVHG�LQ�DIILQLW\�SXULILFDWLRQ�RI�HQGRJHQRXV
*3&5V�DW�D�VFDOH�FRPSDWLEOH�ZLWK�PDVV�VSHFWURPHWU\�DQDO\VLV�RI�LQ�YLYR�LQWHUDFWRPH��8VLQJ�WKLV�VWUDWHJ\��ZH
LGHQWLILHG�D�ODUJH�QXPEHU�RI�P*OX��UHFHSWRU�LQWHUDFWLQJ�SURWHLQV�WKDW�DUH�UHOHYDQW�WR�WKH�EUDLQ�DQG�WKDW�PLJKW�EH
NH\�WR�WKH�DFWLYLW\�RI�QH[W�JHQHUDWLRQ�DQWLSV\FKRWLFV�
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OL13	
$EVWUDFW�����

:ULWHU���'U�(PPDQXHOOH�&20��HPPDQXHOOH�FRP#XQYL�UHQQHV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

3DUDOOHO�DFFXPXODWLRQ���VHULDO�IUDJPHQWDWLRQ�FRPELQHG�ZLWK�GDWD�LQGHSHQGHQW
DFTXLVLWLRQ�IRU�WKH�VXFFHVVIXO�LGHQWLILFDWLRQ�RI�SODVPD�SURWHLQV�FRUUHODWHG�ZLWK
HQWU\�LQWR�VH[XDO�PDWXUDWLRQ�LQ�WKH�UDLQERZ�WURXW
5«JLV�/$9,*1(D��$XU«OLHQ�%5,211(E��(PPDQXHOOH�&20D��&KDUOLQH�'$17+8E��%ODQGLQH�*8�9(/D�
-HDQ�-DFTXHV�/$5(<5(E��&KDUOHV�3,1($8D

D�8QLY�5HQQHV��,QVHUP��(+(63��,UVHW��,QVWLWXW�GH�UHFKHUFKH�HQ�VDQW«ʤ��HQYLURQQHPHQW�HW�WUDYDLO����805B6�������)������
5HQQHV�FHGH[��)UDQFH��8QLY�5HQQHV��&156��,QVHUP��%LRVLW�8$5������86B6������3URWLP�FRUH�IDFLOLW\��)�������5HQQHV�
)UDQFH��E�,15$(�/3*3��/DERUDWRLUH�GH�3K\VLRORJLH�HW�*«QRPLTXH�GHV�3RLVVRQV���)�������5HQQHV�FHGH[��)UDQFH

,Q�ILVK�IDUPV��SUHFRFLRXV�VH[XDO�PDWXUDWLRQ�FDQ�RFFXU�LQ�RQH��RU�WZR�\HDU�ROG�PDOH�UDLQERZ�WURXW�PXFK�EHIRUH�ILVK
UHDFK�FRPPHUFLDO�ZHLJKW�WKDW�LV�RWKHUZLVH�DWWDLQHG�DW���\HDU�ROG��8QIRUWXQDWHO\��VH[XDO�PDWXUDWLRQ�LQ�VDOPRQLGV
UHGXFHV�JURZWK��DOWHUV�IOHVK�TXDOLW\�DQG�LQFUHDVHV�DQLPDO�VXVFHSWLELOLW\�WR�GLVHDVHV��7KH�SUHVHQW�VWXG\�DLPHG�WR
LGHQWLI\�SODVPD�SURWHLQV�FRUUHODWHG�ZLWK�VH[XDO�PDWXUDWLRQ�WKDW�FRXOG�EH�XVHG�WR�GHYHORS�VWHULOH�ILVK�DQG�RU
QRQ�LQYDVLYH�VFUHHQLQJ�WHVWV�IRU�WKH�GHWHFWLRQ�RI�HDUO\�SXEHUW\��:H�FRPELQH�3DUDOOHO�$FFXPXODWLRQ�6HULDO
)UDJPHQWDWLRQ�ZLWK�D�',$�DSSURDFK��GLD3$6()��IRU�DQ�LQ�GHSWK�LGHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ�RI�SODVPD
SURWHLQV�ZKRVH�H[SUHVVLRQ�SURILOH�LV�FRUUHODWHG�ZLWK�VH[XDO�PDWXUDWLRQ�LQ�UDLQERZ�WURXW�

:H�FRPSDUHG�LQ�VROXWLRQ�DQG�VWDFNLQJ�JHO�SURWHLQ�GLJHVWLRQ�ZLWK�WU\SVLQ�/\V&��EXW�DOVR�WKH�SHUIRUPDQFH�RI
GLIIHUHQW�GLD3$6()�PHWKRGV��XVHG�WR�LGHQWLI\�DQG�TXDQWLI\�GLJHVW�RI�+H/D��DQG�LQGLYLGXDO�WURXW�SODVPD�SURWHLQ
VDPSOHV��)RU�+H/D�SURWHLQV�GLJHVW��ZH�JHQHUDWHG�D�VSHFWUDO�OLEUDU\�IURP�D�SUHYLRXVO\�SXEOLVKHG�GDWDVHW��0HLHU�HW
DO���1DW�0HWKRGV����������IUDFWLRQV���)RU�WKH�WURXW�SURWHLQ�VDPSOHV��ZH�JHQHUDWHG�D�VSHFWUDO�OLEUDU\�IURP���SRROV
RI�LQGLYLGXDO�WURXW�SODVPD�EDVHG�RQ�WKH�GLIIHUHQW�SRSXODWLRQ�W\SHV��LPPDWXUH�IHPDOHV��LPPDWXUH�PDOHV��VH[XDOO\
PDWXULQJ�PDOHV�DQG�VSHUPLDWLQJ�PDOHV��DQG�VHSDUDWHG�RQ�D��'�JHO�HOHFWURSKRUHVLV��7KH�VHSDUDWHG�SURWHLQ�ODQHV
����GLIIHUHQW�IUDFWLRQV��ZHUH�DFTXLUHG�ZLWK�''$�3$6()�WHFKQRORJ\��$OO�''$�DQG�GLD3$6()�DQDO\VLV�ZHUH
SHUIRUPHG�RQ�D�QDQR(OXWH�OLTXLG�FKURPDWRJUDSK\�V\VWHP��DQG�D�WLPV72)�3UR�PDVV�VSHFWURPHWHU��%UXNHU
'DOWRQLFV���,QVWUXPHQW
V�PHWKRGV�ZHUH�DGDSWHG�WR�SHUIRUP�GDWD�LQGHSHQGHQW�LVRODWLRQ�RI�PXOWLSOH�SUHFXUVRU
ZLQGRZV�ZLWKLQ�D�VLQJOH����PV�7,06�VHSDUDWLRQ��:H�WHVWHG�PXOWLSOH�VFKHPHV�IRU�SUHFXUVRU�VHOHFWLRQ�ZLQGRZ
VL]H�DQG�SODFHPHQW�LQ�WKH�P�]�LRQ�PRELOLW\�SODQH��'DWD�ZHUH�DQDO\]HG�XVLQJ�D�OLEUDU\�EDVHG�ZRUNIORZ�ZLWK
6SHFWURQDXW����VRIWZDUH��%LRJQRV\V��FRPSDUHG�WR�D�',$�GLUHFW�DSSURDFK�����VDPSOHV�ZHUH�WKHQ�VXFFHVVIXOO\
DQDO\]HG�UHTXLULQJ�FORVH�PRQLWRULQJ�XVLQJ�TXDOLW\�FRQWUROV�DQG�L57V�

8VLQJ�D�VLPSOH�VWDFNLQJ�JHO�SURWHLQ�GLJHVWLRQ�DQG�D�GLD3$6()�PHWKRG�GHILQHG�ZLWK����',$�ZLQGRZV��LRQ�PRELOLW\
SODQH�ZLWK�QDUURZ����P�]�SUHFXUVRU�ZLQGRZV��DQG�WZR�ZLQGRZV�LQ�HDFK����PV�GLD3$6()��ZH�FRXOG�LGHQWLI\
������SHSWLGHV�ZKLFK�VHJUHJDWHG�LQWR������SURWHLQ�JURXSV��3*�������RI�WKRVH�3*�ZHUH�HQFRGHG�E\�D�VLQJOH
JHQH��:H�FRPSOHWHG�WKH�DQQRWDWLRQ�RI�WKH�3*�E\�VHDUFKLQJ�DQQRWDWHG�RUWKRORJRXV�JHQHV�LQ�RWKHU�ILVK�VSHFLHV�
7KLV�DSSURDFK�HQDEOHG�XV�WR�LQFUHDVH�WKH�QXPEHU�RI�DQQRWDWHG�3*�IURP������WR������RXW�RI������3*��)LQDOO\��ZH
LGHQWLILHG�����GLIIHUHQWLDOO\�H[SUHVVHG�3*�RXW�RI�������LQ�DW�OHDVW�RQH�RI�WKH�WHVWHG�FRQGLWLRQV�

:H�GHWHFWHG�D�ODUJH�QXPEHU�RI�SURWHLQV�ZKRVH�UHODWLYH�DEXQGDQFH�YDULHV�GXULQJ�WKH�GLIIHUHQW�VWDJHV�RI�VH[XDO
PDWXUDWLRQ�RI�PDOHV�RU�IHPDOHV��$QDO\VLV�RI�*2�WHUPV�LQ�PDOHV�KLJKOLJKWHG�VLJQLILFDQW�FKDQJHV�RFFXUULQJ�DW
SXEHUW\�DQG�PRGLI\LQJ�WKH�UHODWLYH�DEXQGDQFH�RI�FHUWDLQ�SURWHLQV�SUHYLRXVO\�LPSOLFDWHG�LQ�UHSURGXFWLYH�IXQFWLRQ�
PXVFOH�DQG�VNHOHWDO�JURZWK��KXPRUDO�DQG�FHOOXODU�LPPXQLW\��UHQDO�IXQFWLRQ��DQG�YLVLRQ��3*�GLIIHUHQWLDOO\�H[SUHVVHG
EHWZHHQ�VH[XDOO\�LPPDWXUH�PDOHV�DQG�IHPDOHV�ZHUH�DOVR�LGHQWLILHG��6LJQLILFDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�ZLWK
*2�WHUPV�UHODWHG�WR�DOFRKRO�PHWDEROLVP��YLWDPLQ�PHWDEROLVP��YLVLRQ��UHQDO�IXQFWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�SULPDU\
VH[XDO�WUDLWV��LQ�SDUWLFXODU�JRQDGDO�VH[�GLIIHUHQWLDWLRQ�

%DVHG�RQ�SUHYLRXVO\�UHOHDVHG�WUDQVFULSWRPLF�GDWD��ZH�LGHQWLILHG�3*�VKRZLQJ�JRQDG�VSHFLILF�JHQH�H[SUHVVLRQ
SURILOHV��7KH�ELRORJLFDO�UHOHYDQFH�RI�WKHVH�SODVPD�SURWHLQV�ZKLFK�OLNHO\�RULJLQDWH�IURP�WKH�JRQDGV�ZLOO�EH
SUHVHQWHG�WKDQNV�WR�D�WLVVXH�VSHFLILFLW\�LQGH[�WR�LGHQWLI\�XELTXLWRXVO\�RU�VSHFLILFDOO\�H[SUHVVHG�JHQHV�LQ�PDOH�RU
IHPDOH�JRQDGV�

,Q�FRQFOXVLRQ�WKH�SRZHU�RI�WKH�GLD3$6()�DSSURDFK�KDV�DOORZHG�WKH�LGHQWLILFDWLRQ�RI�
● QHZ�IDFWRUV�RI�JRQDGDO�RULJLQ�LQ�SODVPD�ZLWK�KRUPRQDO�DFWLYLW\�
● FDQGLGDWH�SODVPD�PDUNHUV�IRU�VH[�JHQRW\SLQJ�
● FDQGLGDWH�SODVPD�PDUNHUV�IRU�WKH�GHWHFWLRQ�RI�SXEHUW\�RQVHW�LQ�PRVW�IDUPHG�VDOPRQLGV�
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OL14	
$EVWUDFW�����

:ULWHU���'U�0DULH�/2&$5'�3$8/(7��PDULH�ORFDUG�SDXOHW#LSEV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������%LRLQIRUPDWLFV

3LWIDOOV�RI�JHQH�OHYHO�DQQRWDWLRQ�DSSOLHG�WR�IXQFWLRQDO�DQDO\VLV�RI�SURWHLQ�JURXSV
'U�0DULH�/2&$5'�3$8/(7D��1DGH]KGD�7��'21&+(9$E��/DUV�-XKO�-(16(1E

D�,QVWLWXW�GH�3KDUPDFRORJLH�HW�GH�%LRORJLH�6WUXFWXUDOH��,3%6���8QLYHUVLW«�GH�7RXORXVH��&156��8QLYHUVLW«�7RXORXVH�,,,3DXO
6DEDWLHU��836���E�1RYR�1RUGLVN�)RXQGDWLRQ�&HQWHU�IRU�3URWHLQ�5HVHDUFK��8QLYHUVLW\�RI�&RSHQKDJHQ��&RSHQKDJHQ��'HQPDUN

1RZDGD\V��SURWHLQ�UHODWLYH�TXDQWLWLHV�FDQ�URXWLQHO\�EH�PHDVXUHG�DFURVV�VDPSOHV�XVLQJ�KLJK�WKURXJKSXW�PDVV
VSHFWURPHWU\��06���&ODVVLFDOO\��SURWHLQV�DUH�GLJHVWHG�LQWR�SHSWLGHV�EHIRUH�06�DQDO\VLV��VR�WKH�VHW�RI�TXDQWLILHG
SHSWLGHV�PD\�QRW�LQFOXGH�DOO�QHFHVVDU\�JHQH�VSHFLILF�SHSWLGHV�WR�UHSRUW�DOO�VLQJOH�JHQH�SURGXFWV��7KLV�LV�ZK\�06
UHODWLYH�TXDQWLWLHV�DUH�UHSRUWHG�SHU�SURWHLQ�JURXSV�WKDW�JDWKHU�DOO�WKH�JHQH�SURGXFWV�WKDW�FDQQRW�EH�GLVWLQJXLVKHG
EDVHG�RQ�WKH�VHW�RI�GHWHFWHG�SHSWLGHV�LQ�D�JLYHQ�H[SHULPHQW��<HW��IXQFWLRQDO�DQQRWDWLRQ�LV�SHUIRUPHG�DW�JHQH�OHYHO
DQG�IXQFWLRQDO�DQDO\VLV�UHTXLUHV�VLQJOH�JHQH�LQIRUPDWLRQ��7KH�SUHVHQFH�RI�PXOWLSOH�JHQH�SURGXFWV�LQ�D�VLQJOH
SURWHLQ�JURXS�VKRXOG�WKHQ�EH�KDQGOHG�FDUHIXOO\�GXULQJ�GDWD�DQDO\VLV��+RZHYHU��WKHUH�LV�QR�DJUHHPHQW�RU�EHVW
SUDFWLFH�RQ�KRZ�WR�GHDO�ZLWK�SURWHLQ�JURXSV�IRU�IXQFWLRQDO�HQULFKPHQW��SURWHLQ�SURWHLQ�LQWHUDFWLRQ�QHWZRUNV�RU
NQRZOHGJH�JUDSKV�

+HUH��ZH�LQYHVWLJDWH�WKH�FRPSRVLWLRQ�RI�WKH�SURWHLQ�JURXSV�LGHQWLILHG�LQ����SXEOLVKHG�SURWHRPLFV�GDWD�VHWV
UHVXOWLQJ�IURP�GLIIHUHQW�W\SHV�RI�SURWHRPLFV�GDWD��LQFOXGLQJ�GHHS�SURWHRPHV��SKRVSKRSURWHRPLFV��VLQJOH�FHOO
DQDO\VLV�DQG�SXOO�GRZQV�IURP�GLIIHUHQW�VSHFLHV��6HQVLWLYLW\�VWURQJO\�LPSDFWV�SURWHLQ�JURXS�FRPSRVLWLRQ��PRUH
LGHQWLILHG�SHSWLGHV�OHDG�WR�PRUH�JHQH�VSHFLILF�SHSWLGHV��DQG�WKXV�PRUH�VLQJOH�JHQH�SURWHLQ�JURXSV��7KXV�
H[SHULPHQWV�ZLWK�OLPLWHG�LQSXW�PDWHULDO��VXFK�DV�VLQJOH�FHOO�SURWHRPLFV��UHVXOW�LQ�D�KLJKHU�SURSRUWLRQ�RI
PXOWLSOH�JHQH�SURWHLQ�JURXSV��$QRWKHU�IDFWRU�LV�WKH�VHW�RI�VHTXHQFHV�� L��H� �WKH�SURWHRPH��XVHG�IRU�VHDUFKLQJ�06
GDWD��D�ZHOO�FXUDWHG�SURWHRPH�VXFK�DV�WKH�8QL3URW�6ZLVV3URW�KXPDQ�SURWHRPH�FDQ�UHVXOW�LQ�D�KLJK�SURSRUWLRQ�RI
VLQJOH�JHQH�SURWHLQ�JURXSV��ZKHUHDV�OHVV�ZHOO�VWXGLHG�SURWHRPHV�FRQWDLQLQJ�SURWHLQ�DFFHVVLRQV�ZLWK�VLPLODU
VHTXHQFHV�UHVXOW�LQ�ODUJHU�SURWHLQ�JURXSV��PXOWLSOH�JHQHV�SHU�JURXS��

:H�VKRZ�WKDW�IXQFWLRQDO�DQDO\VLV�VXFK�DV�*HQH�2QWRORJ\��*2��HQULFKPHQW�DQG�QHWZRUN�DQDO\VLV�FDQ�EH�DIIHFWHG
E\�ZKLFK�VLQJOH�JHQH�SHU�JURXS�LV�VHOHFWHG�IRU�GRZQVWUHDP�DQDO\VLV��DQG�WKDW�WKLV�JHQH�VHOHFWLRQ�VKRXOG�QRW�EH
RYHUORRNHG��:H�GLVFXVV�VHYHUDO�VWUDWHJLHV�RI�*2�WHUP�HQULFKPHQW�DQG�H[SORUH�QHZ�DYHQXHV�IRU�QHWZRUN�DQDO\VLV
WKDW�ZRXOG�WDNH�LQWR�DFFRXQW�DOO�WKH�JHQHV�FRQWDLQHG�LQ�SURWHLQ�JURXSV�RI�06�EDVHG�GDWD�VHWV�
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$EVWUDFW�����

:ULWHU���0DGDOHQD�0217(,52��P�QXQHVPRQWHLUR#DPVWHUGDPXPF�QO�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

3URWHRPH�SURILOLQJ�RI�WLVVXH�GHULYHG�H[WUDFHOOXODU�YHVLFOHV�DQG�VROXEOH
VHFUHWRPH�UHYHDOV�QRQ�LQYDVLYH�FDQGLGDWH�PDUNHUV�LQYROYHG�LQ�FRORUHFWDO
FDQFHU�SUROLIHUDWLRQ�DQG�SURJUHVVLRQ
0DGDOHQD�0217(,52D��&DWDULQD�$/0(,'$�0$548(6D��/RJDQ�%,6+23�&855(<D��9DOHULH�'866(/6253D�
%HDWUL]�(6&8'(52D��6DQGHU�3,(560$D��7KDQJ�3+$0D��-DFR�.12/D��+DQLHK�6$'(*+,D��*HUULW�0(,-(5E�
5HPRQG�),-1(0$1E��0HLNH�'(�:,7E��,UHQH�%,-16'253F��&RQQLH�-,0(1(=D

D�'HSDUWPHQW�RI�0HGLFDO�2QFRORJ\��$PVWHUGDP�8QLYHUVLW\�0HGLFDO�&HQWHU��$PVWHUGDP��1HWKHUODQGV��E�'HSDUWPHQW�RI
3DWKRORJ\��7KH�1HWKHUODQGV�&DQFHU�,QVWLWXWH��$PVWHUGDP��1HWKHUODQGV��F�'HSDUWPHQW�RI�8URORJ\��$PVWHUGDP�8QLYHUVLW\
0HGLFDO�&HQWHU��$PVWHUGDP��1HWKHUODQGV

6HFUHWHG�SURWHLQV�VLJQLILFDQWO\�LPSDFW�FDQFHU�SURJUHVVLRQ�E\�LQFUHDVLQJ�SUROLIHUDWLRQ��DFWLYDWLQJ�DQJLRJHQHVLV�
IDFLOLWDWLQJ�LQYDVLRQ��HQDEOLQJ�PHWDVWDVLV��DYRLGLQJ�LPPXQH�GHVWUXFWLRQ��DQG�VXVWDLQLQJ�LQIODPPDWLRQ��3URWHLQV�LQ
WKH�VHFUHWRPH�DUH�HLWKHU�VHFUHWHG�YLD�WKH�FODVVLFDO�VHFUHWRU\�SDWKZD\��ZKLFK�UHTXLUHV�DQ�1�WHUPLQDO�VLJQDO
SHSWLGH��RU�WKURXJK�WKH�XQFRQYHQWLRQDO�SDWKZD\V�LQYROYLQJ�YHVLFOHV�RU�PHPEUDQH�WUDQVSRUWHUV�DQG�FKDQQHOV��%RWK
VROXEOH�VHFUHWRPH��66��DQG�H[WUDFHOOXODU�YHVLFOHV��(9��DUH�GHWHFWDEOH�LQ�ELRIOXLGV��WKXV�EHLQJ�RI�KLJK�LQWHUHVW�IRU
QRQ�LQYDVLYH�LQVLJKWV�LQWR�WXPRU�ELRORJ\�DQG�ELRPDUNHU�GLVFRYHU\��3URILOLQJ�WKH�SURWHLQ�FRPSRQHQWV�RI�WKH�FDQFHU
WLVVXH�VHFUHWRPH�LQ�DQ�XQELDVHG�PDQQHU�E\�PDVV�VSHFWURPHWU\�LV�H[SHFWHG�WR�IXUWKHU�RXU�XQGHUVWDQGLQJ�RI�KRZ
FDQFHU�FHOOV�DOWHU�WKH�WXPRU�PLFURHQYLURQPHQW��6R�IDU�PRVW�VWXGLHV�KDYH�QRW�DGGUHVVHG�VHFUHWRPH�SURWHRPLFV
XVLQJ�SDWLHQW�WLVVXHV�

7XPRU�DQG�DGMDFHQW�QRUPDO�WLVVXH�VHFUHWRPH�ZHUH�FROOHFWHG �H[�YLYR �IURP����SDWLHQWV�ZLWK�FRORUHFWDO�FDQFHU
�&5&��DQG���SDWLHQWV�ZLWK�DGHQRPD��0DVV�VSHFWURPHWU\�EDVHG�SURWHRPLFV�ZDV�SHUIRUPHG�RQ�WLVVXH��66�DQG�(9
IUDFWLRQV�LVRODWHG�XVLQJ�9Q���SHSWLGH�IROORZHG�E\�SURWHLQ�IUDFWLRQDWLRQ�E\�JHO�HOHFWURSKRUHVLV�DQG�LQ�GHSWK
QDQR/&�06�06�DQDO\VLV��ILYH����PLQ�UXQV��VDPSOH��RQ�D�4([DFWLYH�+)�LQVWUXPHQW��6WDWLVWLFV�ZDV�SHUIRUPHG
XVLQJ�EHWD�ELQRPLDO�WHVW�DQG�6SHDUPDQ�FRUUHODWLRQ��%LRORJLFDO�DQQRWDWLRQV�ZHUH�SHUIRUPHG�XVLQJ�VLQJOH�VDPSOH
*HQH�6HW�(QULFKPHQW�$QDO\VLV��VV*6($���*HQH�2QWRORJ\�PLQLQJ��6WULQJ�QHWZRUN�FRQQHFWLYLW\�DQG�&\WRVFDSH�
DQG�2XW&\WH�GDWDEDVH�

7KH�PXOWL�FRPSDUWPHQW�&5&�GDWDVHW�FRPSULVHG������WLVVXH�������(9�DQG������66�SURWHLQV��8QVXSHUYLVHG
FOXVWHULQJ��DOPRVW��FRPSOHWHO\�VHSDUDWHG�WXPRXU�DQG�QRUPDO�VDPSOHV�LQ�DOO���FRPSDUWPHQWV��HPSKDVLVLQJ
FRPSOHPHQWDU\�YLHZV�RI�FDQFHU�SKHQRW\SH��$QDO\VLV�XVLQJ�VV*6($�UHYHDOHG�GLVWLQFW�HQULFKPHQW�SDWWHUQV�RI
FDQFHU�KDOOPDUNV�LQ�HDFK�IUDFWLRQ��EXW�D�FRQFHUWHG�G\VUHJXODWLRQ�LQ�FDQFHU��6SHFLILFDOO\��SUROLIHUDWLRQ�DQG�'1$
GDPDJH�ZHUH�VLJQLILFDQWO\�XS�UHJXODWHG�LQ�WXPRXU�VDPSOHV��ZKLOH�SURFHVVHV�UHODWHG�WR�PHWDEROLVP��LPPXQH��DQG
GHYHORSPHQW�ZHUH�GRZQ�UHJXODWHG��&RUUHODWLRQ�RI�WLVVXH�SURWHLQ�H[SUHVVLRQ�WR�(9�RU�66�DEXQGDQFH�DQG
KLHUDUFKLFDO�FOXVWHULQJ�UHYHDOHG�VHSDUDWLRQ�EHWZHHQ�WXPRU�DQG�FRQWURO�JURXSV�ZLWK�WLVVXH�(9�FRUUHODWHG�SURWHLQV
UHODWHG�WR�'1$�UHSOLFDWLRQ��WUDQVFULSWLRQ��H[WUDFHOOXODU�PDWUL[��DQG�PHPEUDQH�WUDIILFNLQJ�ZKLOH�WLVVXH�66�SURWHLQV
ZHUH�UHODWHG�WR�H[WUDFHOOXODU�PDWUL[�DQG�LURQ�WUDQVSRUW�DQG�VWRUDJH��&RPSDUDWLYH�DQDO\VLV�UHYHDOHG�ZLGH�VSUHDG
UHJXODWLRQ�RI�SURWHLQ�DEXQGDQFH��S!������_)&_!���������RI�7LVVXH������RI�(9��DQG�����RI�66�SURWHRPHV��
,QWHUHVWLQJO\��SURWHLQV�XS�UHJXODWHG�LQ�FDQFHU�ZHUH�SUHGRPLQDQWO\�DQQRWDWHG�DV�XQFRQYHQWLRQDOO\�VHFUHWHG��DQG
GRZQ�UHJXODWHG�SURWHLQV�SUHGRPLQDQWO\�DQQRWDWHG�DV�FODVVLFDOO\�VHFUHWHG��7KHVH�FDQFHU�DVVRFLDWHG�(9�DQG�66
SURWHLQV�KDYH�IXQFWLRQV�LQ�SURWHLQ�WUDQVODWLRQ��'1$�UHSOLFDWLRQ��VWUHVV�JUDQXOH�DVVHPEO\��XQIROGHG�SURWHLQ
UHVSRQVH��DQG�FHOO�DGKHVLRQ��)LQDOO\��XVLQJ�VWULQJHQW�ILOWHUV��S�������_)&_!���KLJKO\�GLVFULPLQDWRU\�(9�DQG�66
SURWHLQV�ZLWK�D�WUHQG�SURILOH�VHOHFWHG�DV�SURWHLQV�RI�LQWHUHVW�IRU�QRQ�LQYDVLYH�GLDJQRVWLF�DSSOLFDWLRQV��$�VXEVHW�ZDV
YDOLGDWHG�LQ�D�SXEOLVKHG�JHQHWLF�PRXVH�PRGHO�VHFUHWRPH�DQG�FOLQLFDO�WLVVXH�SURWHRPH�GDWDVHWV��9DOLGDWHG
SURWHLQV�ZLWK�(/,6$�DVVD\V�ZLOO�EH�IROORZHG�XS�LQ�SODVPD�RI�SDWLHQWV�ZLWK�GLIIHUHQW�VWDJHV�RI�&5&�DQG�FRQWUROV�

$OWRJHWKHU��ZH�UHSRUW�D�XQLTXH�PXOWL�FRPSDUWPHQW�FOLQLFDO�SURWHRPLFV�GDWDVHW�RI�&5&�DQG�PDWFKHG�QRUPDO�WLVVXH
DQG�VHFUHWHG�SURWHLQV��:H�IRXQG�FRQFHUWHG�G\VUHJXODWLRQ�RI�FDQFHU�KDOOPDUNV�ZLWK�GLVWLQFW�FRQWULEXWLRQV�IURP
VSHFLILF�SURWHLQV�DQG�VLJQDOOLQJ�SDWKZD\V�XQLTXH�WR�WLVVXH��(9V��RU�66�DQG�LGHQWLILHG�QRYHO�FDQGLGDWH�QRQ�LQYDVLYH
&5&�ELRPDUNHUV�IRU�IXUWKHU�GHYHORSPHQW�
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OL16	
$EVWUDFW�����

:ULWHU���,Q¬V�&$5$0(/2��LQHV�FDUDPHOR��#JPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

3URWHRPLFV�FKDUDFWHUL]DWLRQ�RI�QHXURQV�XSRQ�R[\JHQ�DQG�JOXFRVH�GHSULYDWLRQ࠾�
QHXURQDO�PRGXODWLRQ�LQGXFHG�E\�WKH�VHFUHWRPH�RI�SK\VLRORJLFDOO\�SULPHG�06&V
,Q¬V�&$5$0(/2D��9HUD�0��0(1'(6E��,YDQ�/��6$/$=$5D��&DWDULQD�'20,1*8(6D��$QD�&DUROLQD�6$172�0(1'(6F�
0DUJDULGD�*(5$/'2E��6DQGUD�,VDEHO�$1-2E��&DUOD�&$5'262G��$OH[DQGUD�',1,6H��&DUORV�%��'8$57(I��0£ULR�*5�26J�
%UXQR�0$1$'$6K

D�&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\���8QLYHUVLW\�RI�&RLPEUD��,QVWLWXWH�IRU�,QWHUGLVFLSOLQDU\�5HVHDUFK��8QLYHUVLW\�RI
&RLPEUD��,,,8&���E�&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\���8QLYHUVLW\�RI�&RLPEUD��F�&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO
%LRORJ\���8QLYHUVLW\�RI�&RLPEUD�%LRFDQW��7HFKQRORJ\�7UDQVIHU�$VVRFLDWLRQ�����������&DQWDQKHGH��3RUWXJDO��G�&ULRHVWDPLQDO�
H�3HGLDWULF�,QWHQVLYH�&DUH�8QLW��+RVSLWDO�3HGL£WULFR��&HQWUR�+RVSLWDODU�H�8QLYHUVLW£ULR�GH�&RLPEUD��I�)DFXOW\�RI�6FLHQFHV�DQG
7HFKQRORJ\��'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�&RLPEUD��J�%LRFDQW��7HFKQRORJ\�7UDQVIHU�$VVRFLDWLRQ��K�&HQWHU�IRU
1HXURVFLHQFH�DQG�&HOO�%LRORJ\��8QLYHUVLW\�RI�&RLPEUD��,QVWLWXWH�IRU�,QWHUGLVFLSOLQDU\�5HVHDUFK��8QLYHUVLW\�RI�&RLPEUD��,,,8&�

7KHUH�KDV�EHHQ�D�JURZLQJ�LQWHUHVW�LQ�WKH�WKHUDSHXWLF�YDOXH�RI�PHVHQFK\PDO�VWHP�FHOOV��06&V��LQ�UHFHQW�GHFDGHV�
GXH�WR�WKHLU�FDSDELOLW\�WR�PLJUDWH�WR�WKH�VLWH�RI�LQMXU\��UHSODFH�GDPDJHG�FHOOV�DQG�RU�DFW�WKURXJK�SDUDFULQH�VLJQDOLQJ
RQ�QHLJKERULQJ�FHOOV��7KHUHIRUH��WKH�VWXG\�RI�WKH�VHFUHWRPH�RI�WKHVH�FHOOV�LV�JDLQLQJ�LPSRUWDQFH��DV�LWV
FKDUDFWHUL]DWLRQ�FDQ�UHYHDO�VLJQDOLQJ�SDWKZD\V�WULJJHUHG�WR�SURPRWH�WLVVXH�UHJHQHUDWLRQ��+RZHYHU��D�౹VLQJOH
GRVH౺�RI�VHFUHWRPH�UHTXLUHV�H[WHQVLYH�H[SDQVLRQ�LQ�YLWUR��ZKLFK�PLJKW�FRPSURPLVH�WKHLU�PXOWLSRWHQF\�DQG
WKHUDSHXWLF�SURSHUWLHV��7KHUHIRUH��ZH�K\SRWKHVL]HG�WKDW�PLPLFNLQJ�WKH�SK\VLRORJLFDO�HQYLURQPHQW�RI�06&V�LQ
FXOWXUH�FRXOG�PRGXODWH�WKH�SURWHRPH�DQG�VHFUHWRPH�RI�WKHVH�FHOOV��)RU�WKLV�SXUSRVH��XPELOLFDO�FRUG�06&V�ZHUH
PDLQWDLQHG�DW�SK\VLRORJLFDO�FRQGLWLRQV�IRU���K�RU������GD\V��FRQWUROOLQJ�WKH�VWLIIQHVV���N3D���RU�R[\JHQ�OHYHOV
���2���VLPLODU�WR�ZKDW�WKH\�VHQVH�LQ�WKH�WLVVXH��)LUVW��D�SURWHRPLF�VFUHHQLQJ�RI�WKH�FHOOXODU�SURWHRPH�ZDV
SHUIRUPHG�E\�FRPSDULQJ�WKHVH�FRQGLWLRQV�WR�౹VWDQGDUG�FXOWXUH౺��SODVWLF���*3D��DQG����2���3URWHLQV�ZHUH
TXDQWLILHG�ZLWK�',$��6:$7+�06��DQG�DQDO\]HG�XVLQJ�PXOWLYDULDWH�DSSURDFKHV��3/6�'$���5HVXOWV�LQGLFDWHG�WKDW
PRUH�WKDQ�RQH�KXQGUHG�ILIW\�SURWHLQV�ZHUH�PRGXODWHG�E\�SULPLQJ�WKH�06&V�DW�SK\VLRORJLFDO�FRQGLWLRQV�IRU���K�
,QWHUHVWLQJO\��D�JHQH�RQWRORJ\�DQDO\VLV�UHYHDOHG�WKDW�ERWK�PHFKDQLF�DQG�R[\JHQ�OHYHOV�VWLPXOL�ZHUH�PRGXODWLQJ
VLPLODU�SURFHVVHV��VXFK�DV�SURWHLQ�PHWDEROLVP��HQHUJ\�SDWKZD\V��DQG�FHOOXODU�FRPSRQHQWV��VXFK�DV�ULERVRPHV�RU
PLWRFKRQGULD��6R��ZH�K\SRWKHVL]HG�WKDW�WKH�VHFUHWRPH�RI�SULPHG�06&V��DQG�FRQVHTXHQWO\�WKHLU�WKHUDSHXWLF
SRWHQWLDO��ZRXOG�DOVR�EH�DOWHUHG�XSRQ�SULPLQJ�DW�SK\VLRORJLFDO�FRQGLWLRQV��2XU�WHDP�HVWDEOLVKHG�DQ�LQ�YLWUR�PRGHO
RI�K\SR[LF�LVFKHPLF�HQFHSKDORSDWK\��D�EUDLQ�LQMXU\�UHVXOWLQJ�IURP�D�SHULSDUWXP�DVSK\[LD�HYHQW�LQ�WKH�QHZERUQ�WKDW
PLJKW�UHVXOW�LQ�SURIRXQG�QHXURSK\VLRORJLFDO�VHTXHODH�RU�HYHQ�GHDWK��5DW�FRUWLFDO�QHXURQV�ZHUH�LVRODWHG�IURP
HPEU\RV�DQG�ZHUH�VXEMHFWHG�WR�R[\JHQ�DQG�JOXFRVH�GHSULYDWLRQ�VWLPXOL��2*'��DW�',9���7KHQ��QHXURQV�ZHUH
LQFXEDWHG�ZLWK�WKH�VHFUHWRPH�RI�VWDQGDUG�DQG�SULPHG�06&V��DQG�WKH�QHXURQDO�SURWHRPH�ZDV�TXDQWLILHG�XVLQJ
',$��6:$7+�06���3URWHLQV�RI�LQWHUHVW�ZHUH�VHOHFWHG�WKURXJK�XQLYDULDWH�DQG�PXOWLYDULDWH�DQDO\VLV��0RUH�WKDQ����
SURWHLQV�ZHUH�LGHQWLILHG�DV�VLJQLILFDQWO\�GLIIHUHQW�RQ�SRV�2*'�QHXURQV�FXOWXUHG�LQ�WKH�SUHVHQFH�RI�06&V
VHFUHWRPH��FRPSDUHG�WR�QRW�UHVFXHG�QHXURQV��7KHVH�SURWHLQV�DUH�PRVWO\�DVVRFLDWHG�ZLWK�ULERVRPHV�DQG�LQYROYHG
LQ�WUDQVODWLRQ�SURFHVVHV��VXFK�DV�/��D�PHGLDWHG�WUDQVODWLRQDO�VLOHQFLQJ�RI�FHUXORSODVPLQ��,Q�DGGLWLRQ��LW�ZDV�IRXQG
WKDW�WKH�R[\JHQ�FRQVXPSWLRQ�UDWLR�RI�WKHVH�QHXURQV�YDULHV�GLIIHUHQWO\�ZKHQ�H[SRVHG�WR�SULPHG�VHFUHWRPHV�
,QWHUHVWLQJO\��PRUH�WKDQ�����SURWHLQV�ZHUH�IRXQG�WR�EH�FRPPRQO\�PRGXODWHG�E\�WKH�WKUHH�VHFUHWRPHV�DQG�DUH
PDLQO\�LQYROYHG�LQ�PLFURWXEXOH�RUJDQL]DWLRQ�DQG�D[LRJHQHVLV��,Q�FRQFOXVLRQ��RXU�GDWD�KDV�LGHQWLILHG�LPSRUWDQW
SDWKZD\V�IRU�QHXURQDO�VXUYLYDO�IROORZLQJ�DQ�2*'�HYHQW��WKDW�FRXOG�EH�XVHG�DV�D�SRWHQWLDO�GUXJ�WDUJHW��+RZHYHU�
IXUWKHU�UHVHDUFK�LV�UHTXLUHG�WR�HOXFLGDWH�WKH�VSHFLILF�PHFKDQLVPV�WULJJHUHG�E\�SULPHG�VHFUHWRPH�DQG�DVVHVV
RWKHU�SRWHQWLDO�DSSOLFDWLRQV�EDVHG�RQ�WKHLU�SURSHUWLHV�

7KLV�ZRUN�ZDV�ILQDQFHG�E\�WKH�(XURSHDQ�5HJLRQDO�'HYHORSPHQW�)XQG��(5')��WKURXJK�WKH�&203(7(�������
2SHUDWLRQDO�3URJUDPPH�IRU�&RPSHWLWLYHQHVV�DQG�,QWHUQDWLRQDOL]DWLRQ�DQG�3RUWXJXHVH�QDWLRQDO�IXQGV�YLD�)&7�
XQGHU�SURMHFWV�32&,���������)('(5���������32&,���������)('(5���������8,'%������������
8,'3������������DQG�/$�3������������32&,���������)('(5�������������UHI���527(,52�������������DQG
LQGLYLGXDO�3K�'��IHOORZVKLS�6)5+�%'��������������,QHV�&DUDPHOR��
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OL17	
$EVWUDFW�����

:ULWHU���)ORUHQFLD�&ULVWLQD�3,&&+,�),*8(,5$��)ORUHQFLD�&ULVWLQD�3LFFKL�)LJXHLUD#VHUJDV�HV�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������%LRLQIRUPDWLFV

0$&+,1(�OHDUQLQJ�DSSURDFK�IRU�WKH�VWUDWLILFDWLRQ�RI�UKHXPDWRLG�DUWKULWLV
SDWLHQWV�EDVHG�RQ�FLUFXODWLQJ�SURWHRPLF�VLJQDWXUHV�DVVRFLDWHG�ZLWK�WKHLU
V\QRYLDO�SDWKRW\SH
)ORUHQFLD�&ULVWLQD�3,&&+,�),*8(,5$D��5RF¯R�3$=�*21=�/(=D��/XF¯D�/285,'2D��9DOHQWLQD�&$/$0,$D�
3DWULFLD�)(51�1'(=�38(17(E��5HEHFFD�+$1'6F��3DWULFLD�48$5$17$D��&RVWDQWLQR�3,7=$/,6F��)UDQFLVFR�-��%/$1&2G
��&ULVWLQD�58,=�520(52H

D�8QLGDG�GH�3URWHµPLFD��*UXSR�GH�,QYHVWLJDFLµQ�GH�5HXPDWRORJ¯D��*,5���,QVWLWXWR�GH�,QYHVWLJDFLµQ�%LRP«GLFD�GH�$�&RUX³D
�,1,%,&���&RPSOH[R�+RVSLWDODULR�8QLYHUVLWDULR�GH�$�&RUX³D��&+8$&���6HUJDV��$�&RUX³D��6SDLQ���E�&HQWUR�,QWHUGLVFLSOLQDU�GH
4X¯PLFD�\�%LRORJ¯D��&,&$���8QLYHUVLGDGH�GD�&RUX³D��6SDLQ���F�&HQWUH�IRU�([SHULPHQWDO�0HGLFLQH�	�5KHXPDWRORJ\��:LOOLDP
+DUYH\�5HVHDUFK�,QVWLWXWH��4XHHQ�0DU\�8QLYHUVLW\�RI�/RQGRQ��/RQGRQ��8.���G�*UXSR�GH�,QYHVWLJDFLµQ�GH�5HXPDWRORJ¯D�\
6DOXG��*,5�6���'HSDUWDPHQWR�GH�)LVLRWHUDSLD��0HGLFLQD�\�&LHQFLDV�%LRP«GLFDV��&HQWUR�GH�LQYHVWLJDFLRQHV�$YDQ]DGDV
�&,&$���8QLYHUVLGDGH�GD�&RUX³D��8'&���$�&RUX³D��6SDLQ���H�&HQWUR�GH�,QYHVWLJDFLµQ�%LRP«GLFD�HQ�5HG�GH�%LRLQJHQLHU¯D�
%LRPDWHULDOHV�\�1DQRPHGLFLQD��&,%(5%%1���0DGULG��6SDLQ

%DFNJURXQG��5KHXPDWRLG�DUWKULWLV��5$��LV�D�FRPSOH[�DXWRLPPXQH�GLVRUGHU�FKDUDFWHUL]HG�E\
FRQVLGHUDEOH�FOLQLFDO�YDULDELOLW\��7KLV�GLVHDVH�DIIHFWV�PLOOLRQV�RI�SHRSOH�ZRUOGZLGH��3DWLHQW�VWUDWLILFDWLRQ�LV�HVVHQWLDO
IRU
GHYHORSLQJ�SHUVRQDOL]HG�WUHDWPHQWV�DQG�LPSURYLQJ�SDWLHQW�RXWFRPHV�DQG�UHGXFLQJ�KHDOWKFDUH�FRVWV��VSHFLILF
SDWKRORJLFDO
SKHQRW\SHV�RI�V\QRYLDO�WLVVXH��SDWKRW\SHV��KDYH�HPHUJHG�DV�SRWHQWLDO�FRUUHODWHV�RI�GLYHUVH�FOLQLFDO
SURJUHVVLRQ�DQG�WKHUDSHXWLF�UHVSRQVH��7KHVH�SDWKRW\SHV���O\PSKRLG��/���P\HORLG��0��DQG�ILEURLG
�)����UHIOHFW�WKH�GLIIHUHQW�LPPXQH�FHOO�LQILOWUDWHV�DQG�PROHFXODU�PHFKDQLVPV�XQGHUO\LQJ�WKH
LQIODPPDWLRQ�DQG�MRLQW�GDPDJH�LQ�5$��,Q�WKLV�VWXG\��ZH�DLPHG�WR�GHWHFW�VLJQDWXUHV�RI�FLUFXODWLQJ
SURWHLQV�WKDW�FRUUHVSRQG�ZLWK�V\QRYLDO�SDWKRW\SHV�LQ�5$�SDWLHQWV��ZKLFK�FRXOG�EH�XVHIXO�DV�QRQ�
LQYDVLYH�ELRPDUNHUV�IRU�SDWLHQW�VWUDWLILFDWLRQ�DQG�WKH�RSWLPL]DWLRQ�RI�WUHDWPHQWV�

0HWKRGV��:H�FRQGXFWHG�D�FRPSUHKHQVLYH�SURWHRPLF�DQDO\VLV�RQ�VDPSOHV�IURP�SDWLHQWV
SDUWLFLSDWLQJ�LQ�WKH�3DWKRELRORJ\�RI�(DUO\�$UWKULWLV�&RKRUW��3($&���DQ�RQJRLQJ�REVHUYDWLRQDO�VWXG\
GHVLJQHG�WR�XQFRYHU�WKH�PROHFXODU�EDVLV�RI�HDUO\�5$�DQG�LGHQWLI\�SUHGLFWLYH�ELRPDUNHUV�IRU�GLVHDVH
RXWFRPHV��6\QRYLDO�ELRSVLHV�JXLGHG�E\�XOWUDVRQRJUDSK\�IURP�WKHVH�SDWLHQWV�DOORZHG�WKHLU
FODVVLILFDWLRQ�EDVHG�RQ�WKHLU�SDWKRW\SH��6HUXP�VDPSOHV�ZHUH�GHSOHWHG�RI�WKH����PRVW�DEXQGDQW
SURWHLQV�DQG�DQDO\]HG�YLD�UHYHUVHG�SKDVH�/&�06�06�HPSOR\LQJ�D�6:$7+�VWUDWHJ\�LQ�D�WULSOH72)
06�V\VWHP��6FLH[���7KH�DFTXLUHG�TXDQWLWDWLYH�GDWD�ZHUH�SURFHVVHG�XVLQJ�3URWHLQ3LORW�������DQG�3HDN9LHZ����
VRIWZDUH��6FLH[���:H�XVHG�D�PDFKLQH�OHDUQLQJ�ZRUNIORZ��)DFWRU0LQHU��)DFWRUH[WUD�&DUHW��H�����DQG
9,3�&OXVWHULQJ�IURP�5�VRIWZDUH�YHUVLRQ��������IRU�WKH�GHYHORSPHQW�DQG�YDOLGDWLRQ
RI�WKH�FODVVLILHU�

5HVXOWV��7KH�GLVFRYHU\�VWXG\�LQYROYHG����EDVHOLQH�VHUXP�VDPSOHV��FRUUHVSRQGLQJ�WR����/�SDWLHQWV�
���0��DQG����)��7KH�SURWHRPLF�DQDO\VLV�RI�WKHVH�VDPSOHV�UHVXOWHG�LQ�WKH�LGHQWLILFDWLRQ�DQG
TXDQWLILFDWLRQ�RI�����SURWHLQV�FRPPRQ�EHWZHHQ�WKH�VFUHHQLQJ�����VDPSOHV��DQG�YHULILFDWLRQ����
VDPSOHV��VHWV��'DWD�XQGHUZHQW�3&$�SUH�SURFHVVLQJ�IRU�GLPHQVLRQ�UHGXFWLRQ��DQG�WKHQ�WKH\�ZHUH
DQDO\]HG�XVLQJ�PDFKLQH�OHDUQLQJ�WHFKQLTXHV��,Q�D�'LYHUJHQW�7HVW�0RGHO�(YDOXDWLRQ��'70(��SKDVH�
VXSSRUW�YHFWRU�PDFKLQHV��690��GHPRQVWUDWHG�EHWWHU�SHUIRUPDQFH�WKDQ�RWKHU�DOJRULWKPV�WHVWHG��7KH
690�PRGHO�ZLWK�UDGLDO�NHUQHO�IXQFWLRQ�ZDV�XVHG�WR�WUDQVIRUP�GDWD�LQWR�D�KLJKHU�GLPHQVLRQDO�VSDFH�
ZKHUH�D�K\SHUSODQH�ZDV�GHWHUPLQHG�IRU�WKH�EHVW�VHSDUDWLRQ�RI�WKH�GLIIHUHQW�SDWKRW\SHV��7KH�RYHUDOO�PRGHO
SHUIRUPDQFH�GHPRQVWUDWHG�����DFFXUDF\�DQG�D
VXEVWDQWLDO�.DSSD�DUUDQJHPHQW���������LQGLFDWLQJ�KLJK�UHOLDELOLW\�DQG�UHSURGXFLELOLW\��7KLV�SURWHLQ
VLJQDWXUH�ZDV�VXEVHTXHQWO\�DVVHVVHG�LQ�DQ�H[WHUQDO�QHZ�FRKRUW�RI����SDWLHQWV�WR�YDOLGDWH�WKH�WUDLQLQJ
PRGHO��&ODVVLILHU�PHWULFV�KDG�DQ�RYHUDOO�VHQVLWLYLW\�RI�����DQG�D�VSHFLILFLW\�RI������$GGLWLRQDOO\�
WKH�9,3�&OXVWHULQJ�WHFKQLTXH�ZDV�HPSOR\HG�WR�LGHQWLI\�WKH�PRVW�LPSRUWDQW�YDULDEOHV�DQG�UHYHDO�WKH
XQGHUO\LQJ�VWUXFWXUH�RI�WKH�GDWDVHW��7KLV�DSSURDFK�OHG�WR�WKH�FKDUDFWHUL]DWLRQ�RI�D�SURWHRPLF
VLJQDWXUH�RI�WKH���FOLQLFDO�FOXVWHUV��EDVHG�RQ����SURWHLQV��DQG�WKHLU�VLPLODULWLHV��0\HORLG�/\PSKRLG
YV�)LEURLG�

&RQFOXVLRQ��:H�VXFFHVVIXOO\�LGHQWLILHG�DQG�YDOLGDWHG�D�FLUFXODWLQJ�SURWHLQV�VLJQDWXUH�WKDW�LV
DVVRFLDWHG�ZLWK�V\QRYLDO�SDWKRW\SHV�LQ�HDUO\�5$�SDWLHQWV��7KH�SRVVLELOLW\�RI�UHGXFLQJ�WKH�SDQHO�WR���FRUH�SURWHLQV
DLPV�WR�DSSO\�LW�LQ�FOLQLFDO�WULDOV�DQG
SHUVRQDOL]HG�PHGLFLQH��7KH�LQWHJUDWLRQ�RI�WKH�SURWHLQ�VLJQDWXUH�ZLWK�RWKHU�RPLFV
�GDWD
FRXOG�RIIHU�D�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�5$�
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*RPH]��(��$���&RODV��5��$���6RX]D��3��5���+DQGV��5���/HZLV��0��-���%HVVDQW��&���3LW]DOLV��&���	�'DOOL��-���������
%ORRG�SUR�UHVROYLQJ�PHGLDWRUV�DUH�OLQNHG�ZLWK�V\QRYLDO�SDWKRORJ\�DQG�DUH�SUHGLFWLYH�RI�'0$5'�UHVSRQVLYHQHVV�LQ
UKHXPDWRLG�DUWKULWLV��1DWXUH�&RPPXQLFDWLRQV���������������KWWSV���GRL�RUJ���������V����������������]

1HUYLDQL��$���'L�&LFFR��0���0DKWR��$���/OLVR�5LEHUD��*���5LYHOOHVH��)���7KRUERUQ��*���+DQGV��5���%HOODQ��0���0DXUR�
'���%RXWHW��0��$���*LRUOL��*���/HZLV��0���.HOO\��6���%RPEDUGLHUL��0���+XPE\��)���	�3LW]DOLV��&����������$
SDXFL�LPPXQH�V\QRYLDO�SDWKRW\SH�SUHGLFWV�LQDGHTXDWH�UHVSRQVH�WR�71)̈́�EORFNDGH�LQ�UKHXPDWRLG�DUWKULWLV
SDWLHQWV��)URQWLHUV�LQ�,PPXQRORJ\�����������KWWSV���GRL�RUJ���������ILPPX�����������
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$EVWUDFW�����

:ULWHU���'U�&KLDUD�*8(55(5$��FKLDUD�JXHUUHUD#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

3XVKLQJ�',$�SURWHRPLFV�DQDO\VHV�RI�QHDW�SODVPD�WR������SURWHLQ�JURXSV�,'�K
,QHV�0(7$7/$D��.HYLQ�52*(5D��6DUD�&(&&$&&,D��&HULQD�&++821D��0DULD�'(�025$(6E��$QQH�-$0(7F�
3LHUUH�2OLYLHU�6&+0,7G��0DQXHO�&+$3(//(G��,GD�&KLDUD�*8(55(5$D

D�3URWHRPLFV�SODWIRUP�1HFNHU��8QLYHUVLW«�3DULV�&LW«���6WUXFWXUH�)«G«UDWLYH�GH�5HFKHUFKH�1HFNHU��,16(50�86���&156
8$5������3DULV��������)UDQFH���E�8QLYHUVLW«�3DULV�&LW«��,QVHUP�805������&156�805������,QVWLWXW�1HFNHU�(QIDQWV
0DODGHV��7HDP�,PPXQRUHJXODWLRQ�DQG�,PPXQRSDWKRORJ\��3DULV��)UDQFH��F�8QLYHUVLW«�3DULV�&LW«��,QVHUP�805�6������&156
805�6������,QVWLWXW�1HFNHU�(QIDQWV�0DODGHV��7HDP�3DWKRJHQHQLV�RI�V\VWHPLF�LQIHFWLRQV��)������3DULV��)UDQFH���G�%UXNHU
'DOWRQLTXH�6�$���:LVVHPERXUJ��*UDQG�(VW��)UDQFH

,QWURGXFWLRQ

'LUHFW�SURWHRPLFV�DQDO\VLV�RI�QHDW�SODVPD�UHPDLQV�D�FKDOOHQJH�EHFDXVH�RI�WKH�KXJH�G\QDPLF�UDQJH�RI�WKH�SODVPD
SURWHLQV��EXW�LV�DOVR�YHU\�DSSHDOLQJ�EHFDXVH�LW�UHTXLUHV�YHU\�VPDOO�YROXPHV�DQG�LV�XQH[SHQVLYH�FRPSDUHG�WR�QHZ
GHSOHWLRQV�WHFKQRORJ\��:H�IRFXVHG�RQ�ZRUNIORZ�RSWLPL]DWLRQ�RI�QHDW�SODVPD�DQDO\VLV�XVLQJ�GLD�3$6() p
DSSURDFK�WR�PD[LPL]H�WKH�QXPEHU�RI�SURWHLQV�JURXSV��3*��LGHQWLILHG�DQG�TXDQWLILHG��ZKLOH�PLQLPL]LQJ�ERWK
JUDGLHQW�WLPH�DQG�PLVVLQJ�YDOXH�OHYHOV��+HUH�ZH�GHVFULEH�WKH�FRPSDULVRQV�RI�GLIIHUHQW�/&�VHWWLQJV��DQG�WKH
RSWLPL]DWLRQ�RI�GDWD�DQDO\VLV�XVLQJ�'LD11��3D6(5�DQG�6SHFWURQDXWp����

:H�ILQDOO\�UHSRUW�D�UHIHUHQFH�౹GHHS�ZRUNIORZ౺�WR�TXDQWLI\�XS�WR�����SURWHLQV�LQ�OHVV�WKDQ��K�DQG�D�౹IDVW�ZRUNIORZ౺
OHDGLQJ�WR�����SURWHLQV�XVLQJ�D����PLQ�JUDGLHQW�

0HWKRGV

7KH�SODVPD�VDPSOH�FRKRUW�FRQVLVWHG�LQ����SDWLHQWV�DIIHFWHG�E\�D�UDUH�JHQHWLF�GLVHDVH�DQG����DJH�PDWFKHG
FRQWUROV��6DPSOHV�ZHUH�GLJHVWHG�ZLWK�WU\SVLQ�XVLQJ�675$3�FROXPQV��VHSDUDWHG�HLWKHU�E\�QDQR�+3/&��QDQR(OXWH�
%UXNHU�'DOWRQLFV��XVLQJ�D���FP�FROXPQ�RQ�D���PLQ�JUDGLHQW��,RQ2SWLFNV��$XVWUDOLD���RU�ZLWK�DQ�(YRVHS2QH�UDQ
ZLWK�WKH����6DPSOHV�3HU�'D\����63'��PHWKRG��(QGXUDQFH�FROXPQ���FP���%RWK�/&
V�ZHUH�FRQQHFWHG�WR�D
WLPV72)�3UR഼�LQVWUXPHQW��%UXNHU�'DOWRQLFV��YLD�LWV�&DSWLYH�6SUD\�VRXUFH��7KH�WLPV72)�3UR�ZDV�LQ�GLD�3$6()
DFTXLVLWLRQ�PRGH��D����ZLQGRZV�PHWKRG�XVLQJ���GD�ZLQGRZV�FRYHULQJ�D����������9�FP��PRELOLW\�UDQJHV�RYHU�D
��������P�]�UDQJH��'LD11�������'HPLFKHY�JURXS���D�*38�EDVHG�YHUVLRQ�RI�GLD11��7,06�',$�11�RQ�3D6(5�
%UXNHU��DQG�6SHFWURQDXWp����%LRJQRV\V��ZHUH�XVHG�IRU�GDWD�SURFHVVLQJ�

5HVXOWV

7R�XQGHUVWDQG�WKH�NH\�IDFWRUV�LQ�REWDLQLQJ�KLJKHU�QXPEHU�RI�SURWHLQV�ZH�HYDOXDWHG�WZR�/&�V\VWHPV�DQG�WKUHH�',$
OLEUDU\�IUHH�GDWD�DQDO\VLV�ZRUNIORZV��:H�IRXQG�WKDW�WKH�QXPEHU�RI�LGHQWLILFDWLRQV�FRUUHODWHG�ZHOO�ZLWK�WKH�QXPEHU
RI�VDPSOHV�VLPXOWDQHRXVO\�VHDUFKHG��8VLQJ�WKH�QDQR(OXWH��D�VLQJOH�SODVPD�DQDO\VLV�OHDGV�WR�WKH�LGHQWLILFDWLRQ�RI
FD����SURWHLQV�JURXSV��WKH�DQDO\VLV�RI���VDPSOHV��HQDEOLQJ�0%5���OHDGV�WR��������SURWHLQV�����PLVVLQJ�YDOXHV�
09�KHUHDIWHU���6HDUFKLQJ����VDPSOHV�VLPXOWDQHRXVO\�OHG�WR����������SURWHLQ�JURXSV������09��DQG�XS�WR����
�����������09��LI�GHSOHWHG�SODVPD�ILOHV�IURP�LQGHSHQGHQW�VDPSOHV�ZHUH�DOVR�DGGHG�WR�WKH�DQDO\VLV��:H�VKRZ�D
VLJQLILFDQW�HIIHFW�RI�WKH�0%5�VWHS��DV�WKH�VDPH�DQDO\VHV�UXQ�ZLWKRXW�0%5�GR�QRW�OHDG�WR�WKH�VDPH�LPSURYHPHQW�LQ
QXPEHU�RI�,'V������LQFUHDVH�LQVWHDG�RI�����IRU�WKH����SODVPD�VHDUFK���$QDO\VLV�RQ�3D6(5�OHDG�WR�����������
�ZLWK�����09��RQ����UXQV��8VLQJ�6SHFWUDXQDXWp����ZH�REWDLQHG�DURXQG�����SURWHLQV�RQ�VLQJOH�ILOHV��������
�ZLWK����09��IRU���SODVPD�VHDUFK��DQG��������������09��RQ����UXQV�

7KH�DQDO\VLV�RI�WKH�VDPH�FRKRUW�XVLQJ���63'�(YRVHS2QH�PHWKRGV�ZDV����[�IDVWHU�WKDQ�QDQR(OXWH��EXW�OHG�WR��[
ORZHU�QXPEHU�RI�,'V�XVLQJ�ERWK�'LD11�DQG�6SHFWURQDXWp�����:H�REWDLQHG��������������09��DQG��������
�ZLWK�����09��RQ�WKH����VDPSOHV�DQDO\VLV�XVLQJ�'LD11�DQG�6SHFWURQDXWp���UHVSHFWLYHO\�

:H�ZLOO�GLVFXVV�WKH�WUDGH�RII�RI�DQDO\VLV�GHSWK�DQG�TXDQWLILFDWLRQ�TXDOLW\�IRU�WLPH��IRU�WKH�WHVWHG�VRIWZDUHV�LQ�ERWK
OLEUDU\�IUHH�DQG�OLEUDU\�EDVHG�PRGH��DQG�ZLOO�DOVR�SUHVHQW�WKH�RXWFRPH�RI�IXUWKHU�RSWLPL]DWLRQ�RI�06�PHWKRGV�DQG
/&�FKURPDWRJUDSKLF�VHWXS�
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OL19	
$EVWUDFW�����

:ULWHU���'U�7VXQJ�+HQJ�76$,��WWVDL�#NHQW�HGX�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������%LRLQIRUPDWLFV

6WDWLVWLFDO�LQIHUHQFH�RI�SURWHLQ�WXUQRYHU
'U�7VXQJ�+HQJ�76$,D

D�.(17�67$7(�81,9(56,7<

%RWWRP�XS�SURWHRPLFV�ZLWK�OLTXLG�FKURPDWRJUDSK\�FRXSOHG�ZLWK�PDVV�VSHFWURPHWU\��/&�06��KDV�EHHQ�ZLGHO\
XVHG�WR�TXDQWLI\�FKDQJHV�LQ�SURWHLQ�DEXQGDQFHV��VWUXFWXUHV��DQG�PRGLILFDWLRQV�DFURVV�FRQGLWLRQV�LQ�ELRORJLFDO�DQG
FOLQLFDO�UHVHDUFK��%HVLGHV�WKH�VQDSVKRW�RI�SURWHLQ�LQIRUPDWLRQ��/&�06�DQDO\VLV�FDQ�EH�FRPELQHG�ZLWK�VWDEOH
LVRWRSH�ODEHOLQJ��H�J���ZLWK�D�GHXWHUDWHG�ZDWHU�WUDFHU��WR�TXDQWLI\�SURWHLQ�WXUQRYHU��ZKHUH�WKH�NLQHWLFV�LV�PRGHOHG
ZLWK�D�WLPH�VHULHV�RI�WKH�LQFRUSRUDWLRQ�RI�LVRWRSHV�LQWR�SURWHLQV��$FFXUDWH�TXDQWLILFDWLRQ�RI�SURWHLQ�WXUQRYHU�DOORZV
XQELDVHG�LQWHUURJDWLRQ�RI�JOREDO�FKDQJHV�LQ�SURWHRPH�G\QDPLFV��ZKLFK�SURYLGHV�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ
RI�WKH�SURWHRPH�DQG�RIIHUV�QHZ�LQVLJKWV�LQWR�ELRPHGLFDO�UHVHDUFK�

7KH�RXWSXW�RI�ERWWRP�XS�SURWHRPLFV�H[SHULPHQWV�LV�D�OLVW�RI�TXDQWLILHG�SHSWLGH�LRQV�RU�WKHLU�IUDJPHQWV��8VLQJ�WKLV
LQGLUHFW�HYLGHQFH�WR�GHULYH�SURWHLQ�OHYHO�FRQFOXVLRQV�FDQ�EH�FKDOOHQJLQJ��7XUQRYHU�UDWH�DQDO\VLV�LQ�SURWHRPH
G\QDPLFV�VWXGLHV�LV�IXUWKHU�FRPSOLFDWHG�E\�WKH�DGGLWLRQDO�GLPHQVLRQ�RI�WLPH��ZKLFK�QHFHVVLWDWHV�UREXVW�NLQHWLF
PRGHOLQJ��$PRQJ�WKH�JRDOV�RI�SURWHRPH�G\QDPLFV�DUH�����HVWLPDWLRQ�RI�WXUQRYHU�UDWH�LQ�RQH�FRQGLWLRQ��DQG����
GHWHFWLRQ�RI�FKDQJHV�LQ�WXUQRYHU�UDWH�EHWZHHQ�FRQGLWLRQV��&RQYHQWLRQDO�PHWKRGV�ILW�D�RQH�FRPSDUWPHQW�PRGHO�WR
WKH�WLPH�FRXUVH�GDWD�RI�HDFK�SHSWLGH�VHSDUDWHO\��7KH�SHSWLGH�WXUQRYHUV�DUH�WKHQ�DYHUDJHG�WR�REWDLQ�SURWHLQ�OHYHO
WXUQRYHU��DQG�LQ�GLIIHUHQFH�GHWHFWLRQ��SURYLGHG�DV�LQSXW�WR�D�VWDWLVWLFDO�WHVW��H�J���WZR�VDPSOH�W�WHVW��WR�GHWHFW
FKDQJHV�LQ�WXUQRYHU�UDWH��:KLOH�VLPSOH��WKLV�DSSURDFK�GRHV�QRW�IXOO\�DFFRXQW�IRU�WKH�VRXUFHV�RI�YDULDWLRQV��DQG�LW
UHTXLUHV�D�VXIILFLHQW�QXPEHU�RI�SHSWLGHV�ZKRVH�WXUQRYHU�UDWHV�FDQ�EH�SURSHUO\�TXDQWLILHG�

:H�SURSRVH�D�VWDWLVWLFDO�DSSURDFK��ZKLFK�DGGUHVVHV�WKH�WZR�JRDOV�WKURXJK�VWDWLVWLFDO�PRGHOLQJ�DQG�PRGHO�EDVHG
FRQFOXVLRQ�RI�NLQHWLF�GDWD��,Q�FRQVLGHUDWLRQ�RI�XQLTXH�SURSHUWLHV�RI�GLVWLQFW�SURWHRIRUPV��GDWD�IRU�QDWLYH�DQG
SRVW�WUDQVODWLRQDOO\�PRGLILHG�SURWHLQV�DUH�DQDO\]HG�VHSDUDWHO\��7KH�WXUQRYHU�UDWHV�RI�QDWLYH�SHSWLGHV�DUH�YLHZHG
DV�UHSHDWHG�PHDVXUHV�RI�WKH�WXUQRYHU�UDWH�RI�WKHLU�FRUUHVSRQGLQJ�SURWHLQ��7KXV��WKH�WLPH�FRXUVH�GDWD�RI�QDWLYH
SHSWLGHV�FRUUHVSRQGLQJ�WR�WKH�VDPH�QDWLYH�SURWHLQ�DUH�PRGHOHG�MRLQWO\�WR�HVWLPDWH�WKH�WXUQRYHU�UDWH�RI�WKH�SURWHLQ�
7KH�WRWDO�ODEHOLQJ�GDWD�DUH�PRGHOHG�E\�D�QRQOLQHDU�UHJUHVVLRQ�PRGHO�UHSUHVHQWLQJ�WKH�RQH�FRPSDUWPHQW�PRGHO�IRU
HDFK�SURWHLQ�DQG�HDFK�FRQGLWLRQ��ZKLOH�FRQVLGHULQJ�WKH�SHSWLGH�WR�SHSWLGH�YDULDWLRQ�IRU�WKH�EDVHOLQH�DQG�SODWHDX
HQULFKPHQWV��7KH�QRQOLQHDU�UHJUHVVLRQ�PRGHO�LV�ILWWHG�WR�DOO�WKH�WLPH�FRXUVH�GDWD�IRU�WKH�SURWHLQ��ZKLFK�SURGXFHG
WKH�FRHIILFLHQW�HVWLPDWH�DQG�VWDQGDUG�HUURU�RI�SURWHLQ�WXUQRYHU�UDWH��DPRQJ�RWKHU�SDUDPHWHUV��7R�DVVHVV�WKH
FKDQJHV�LQ�WXUQRYHU�UDWH�DFURVV�FRQGLWLRQV��DQ�)�WHVW�ZDV�SHUIRUPHG��ZKHUH�WKH�IXOO�PRGHO�ZLWK�VHSDUDWH
SDUDPHWHUV�IRU�HDFK�FRQGLWLRQ�LV�FRPSDUHG�WR�D�UHGXFHG�PRGHO�XQGHU�WKH�QXOO�K\SRWKHVLV��ZLWK�DQ�LGHQWLFDO
WXUQRYHU�UDWH�VKDUHG�E\�ERWK�FRQGLWLRQV��)RU�SRVW�WUDQVODWLRQDOO\�PRGLILHG�SURWHLQV��HVWLPDWLRQ�RI�WXUQRYHU�UDWH�DQG
WHVW�IRU�FKDQJH�EHWZHHQ�FRQGLWLRQV�DUH�SHUIRUPHG�LQ�D�VLWH�VSHFLILF�PDQQHU��7XUQRYHU�UDWH�IRU�HDFK�PRGLILHG�VLWH
LV�HVWLPDWHG�DQG�WHVWHG�VLPLODUO\�DV�IRU�QDWLYH�SURWHLQ��EXW�RQO\�WKH�PRGLILHG�SHSWLGHV�FRYHULQJ�WKH�VDPH
PRGLILFDWLRQ�VLWH�DUH�DQDO\]HG�DQG�PRGHOHG�WRJHWKHU�

:H�HYDOXDWHG�WKH�SURSRVHG�DSSURDFK�E\�FRPSDULQJ�LW�WR�WKH�UHVXOWV�RI�WKH�FRQYHQWLRQDO�W�WHVW�XVLQJ�FRPSXWHU
VLPXODWLRQV�DQG�ELRORJLFDO�LQYHVWLJDWLRQV��&RPSDUHG�WR�WKH�W�WHVW��WKH�SURSRVHG�DSSURDFK�LPSURYHG�WKH�DFFXUDF\
DQG�WKH�HIILFLHQF\�RI�WXUQRYHU�UDWH�HVWLPDWLRQ��DQG�LPSURYHG�VWDWLVWLFDO�SRZHU�RI�GHWHFWLQJ�FKDQJHV�LQ�WXUQRYHU
UDWH��7KH�SURSRVHG�PHWKRG�UHGXFHG�WKH�QHJDWLYH�LPSDFW�RI�PLVVLQJ�YDOXHV�DQG�RXWO\LQJ�PHDVXUHPHQWV�DQG
LPSURYHG�WKH�HIILFLHQF\�RI�WXUQRYHU�UDWH�HVWLPDWHV�LQ�VXFK�FLUFXPVWDQFHV��7KH�LPSURYHPHQWV�ZHUH�SDUWLFXODUO\
QRWDEOH�IRU�SURWHLQV�RU�PRGLILHG�VLWHV�ZLWK�IHZHU�TXDQWLILHG�SHSWLGHV��7KLV�JHQHUDO�VWDWLVWLFDO�PRGHOLQJ�IUDPHZRUN
FDQ�EH�H[WHQGHG�WR�KDQGOH�RWKHU�VWDWLVWLFDO�WDVNV�LQ�NLQHWLF�DQDO\VLV�
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$EVWUDFW�����

:ULWHU���2F«DQH�*,5$5'��RFHDQH�JLUDUG#HWX�XQLY�QDQWHV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

0XOWL�20,&6�LQWHJUDWLRQ�DQDO\VLV�IRU�DVVHVVLQJ�KXPDQ�VWHP�FHOO�PRGHOV�RI
KXPDQ�SHUL�LPSODQWDWLRQ�GHYHORSPHQW
&RQVWDQFH�21)5$<D��6LPRQ�&+(92//($8E��(YD�02,1$5'E��.DVWXUL�0$+$',.F��2F«DQH�*,5$5'E��5«JLV�/$9,*1(G�
5\DQ�$//623H��*ULJRULRV�*(25*2/2328/26H��2SK«OLH�5(128/7I��,UHQH�$.62<J��-HDQ�)UDQ©RLV�28,0(77(F�
&KDUOHV�3,1($8G��7KRPDV�)5(285K��&ODLUH�3(&48(85I��9LQFHQW�3$648(H��&ODLUH�528*(8//(F��/DXUHQW�'$9,'L

D�1DQWHV�8QLYHUVLW«��&+8�1DQWHV��,QVHUP��&5�7,��E�1DQWHV�8QLYHUVLW«��&+8�1DQWHV��,QVHUP��&5�7,��)�������1DQWHV��F
8QLYHUVLW«�3DULV�&LW«��&156��(SLJHQHWLFV�DQG�&HOO�)DWH��)�������3DULV��)UDQFH��G�8QLY�5HQQHV��,QVHUP��(+(63��,UVHW
�,QVWLWXW�GH�5HFKHUFKH�HQ�6DQWHʤ��(QYLURQQHPHQW�HW�7UDYDLO����805B6�������)�������5HQQHV��)UDQFH��8QLY�5HQQHV��&156�
,QVHUP��%LRVLW�8$5������86B6������3URWLP�&RUH�)DFLOLW\��)�������5HQQHV��)UDQFH��H�.8�/HXYHQ���8QLYHUVLW\�RI�/HXYHQ�
'HSDUWPHQW�RI�'HYHORSPHQW�DQG�5HJHQHUDWLRQ��/HXYHQ��,QVWLWXWH�IRU�6LQJOH�&HOO�2PLFV�DQG�/HXYHQ�6WHP�&HOO�,QVWLWXWH�
+HUHVWUDDW�����%������/HXYHQ��%HOJLXP��I�1DQWHV�8QLYHUVLW«��&156��,QVHUP��&5&,�1$��)��������1DQWHV��)UDQFH��J�8QLY
/\RQ��8QLYHUVLW«�/\RQ����,QVHUP��6WHP�&HOO�DQG�%UDLQ�5HVHDUFK�,QVWLWXWH�8������������%URQ��)UDQFH��K�1DQWHV�8QLYHUVLW«�
&+8�1DQWHV��,QVHUP��&5�7,��)�������1DQWHV��)UDQFH��L�1DQWHV�8QLYHUVLW«��&+8�1DQWHV��,QVHUP��&5�7,��)�������1DQWHV�
)UDQFH��1DQWHV�8QLYHUVLW«��&+8�1DQWHV��,QVHUP��&156��%LR&RUH��)��������1DQWHV��)UDQFH

8QGHUVWDQGLQJ�KXPDQ�SHUL�LPSODQWDWLRQ�GHYHORSPHQW�LV�HVVHQWLDO�WR�DSSUHFLDWH�WKH�RQVHW�RI�KXPDQ�OLIH�EXW�DOVR
IRU�PXOWLSOH�FOLQLFDO�DSSOLFDWLRQV�VXFK�DV�LQ�YLWUR�IHUWLOL]DWLRQ��UHJHQHUDWLYH�PHGLFLQH�DQG�SODFHQWD�SK\VLRSDWKRORJ\�

7R�RYHUFRPH�WKH�WHFKQLFDO�FKDOOHQJHV�DQG�HWKLFDO�LVVXHV�WKDW�UHVXOW�LQ�OLPLWHG�DFFHVV�WR�KXPDQ�HPEU\R�IRU
UHVHDUFK��ZH�VWXGLHG�VWHP�FHOOV�OLQHV�PRGHOOLQJ�KXPDQ�HPEU\R�GHYHORSPHQW��:KLOH�RSHQLQJ�QHZ�KRUL]RQV�IRU
IXUWKHU�UHVHDUFK��WKHVH�PRGHOV�UHTXLUH�SURSHU�EHQFKPDUNLQJ�LQ�RUGHU�WR�GHILQH�WKHLU�EHVW�DSSOLFDWLRQV�DQG�DFKLHYH
WKHLU�IXOO�SRWHQWLDO��7KHUHIRUH��ZH�SURSRVH�D�SURWHRPLFV�FKDUDFWHUL]DWLRQ�RI�SOXULSRWHQW�DQG�WURSKREODVWLF�VWHP�FHOO
PRGHOV�ZLWK�D�',$�DSSURDFK�XVLQJ�D�K\EULG�OLEUDU\�WR�FRPSOHWH�DQG�UHILQH�WUDQVFULSWRPLF��HSLJHQHWLF�DQG
PHWDEROLF�DSSURDFKHV��3URWHRPLFV�FRXSOHG�ZLWK�WUDQVFULSWRPLF�DQDO\VHV�DOORZHG�XV�WR�FRPSDUH�SOXULSRWHQW
�K136&V��K336&V��K(36&V��DQG�WURSKREODVWLF��K76&V��VWHP�FHOO�PRGHOV��6XEVHTXHQWO\��RXU�VWUDWHJ\��RQFH
FRPELQHG�ZLWK�PHWDERORPLFV�FRXOG�GLVWLQJXLVK�K(36&V�IURP�K336&V�PRGHOOLQJ�WKH�SRVW�LPSODQWDWLRQ�HSLEODVW
WKDW�JLYHV�ULVH�WR�WKH�HPEU\R�DQG�FRQILUPHG�WKH�KLJK�PHWDEROLF�DFWLYLW\�LQ�WURSKREODVW�VWHP�FHOOV�WKDW�PRGHOOLQJ�WKH
SRVW�LPSODQWDWLRQ�F\WRWURSKREODVW�JLYLQJ�ULVH�WR�WKH�SODFHQWD�

$OWRJHWKHU��RXU�ZRUN�RQ�20,&6�FRQWULEXWHV�WR�GHILQH�KDOOPDUNV�IRU�SOXULSRWHQW�DQG�WURSKREODVW�VWHP�FHOOV�WKDW�DUH
SDUWLFXODUO\�LPSRUWDQW��ZKHQ�UHOLDEOH��WR�HQVXUH�SURSHU�PRGHOV�DUH�XVHG�WR�WDFNOH�K\SRWKHVLV�

.H\ZRUGV��',$�DQDO\VLV��SHUL�LPSODQWDWLRQ�GHYHORSPHQW��FHOO�IDWH��VWHP�FHOOV
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$EVWUDFW�����

:ULWHU���$XU«OLH�+,56&+/(5��DXUHOLH�KLUVFKOHU#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

%RRVWLQJ�LPPXQRSHSWLGRPLFV�LGHQWLILFDWLRQ�XVLQJ�DQ�RSWLPL]HG�ZRUNIORZ
$XU«OLH�+,56&+/(5D��3HUULQH�63,11+,51<E��$UWKXU�'(&/(5&4F��-HHZDQ�%DEX�5,-$/D��1LFRGªPH�3$8/E�
6HLDPDN�%$+5$0E��/HQQDUW�0$57(16F��5DSKDHO�&$5$3,72E��&KULVWLQH�&$5$3,72D

D�/DERUDWRLUH�GH�6SHFWURPHWULH�GH�0DVVH�%LR�2UJDQLTXH��/60%2���,3+&��805�������8QLYHUVLWH�GH�6WUDVERXUJ�
,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URWHRPLTXH�3UR),���)5������������6WUDVERXUJ��)UDQFH��E�/DERUDWRLUH�G
,PPXQR5KXPDWRORJLH
0RO«FXODLUH��3ODWHIRUPH�*(120$;��,16(50�805B6�������F�&RPS2PLFV�JURXS��9,%�8*HQW�&HQWHU�IRU�0HGLFDO
%LRWHFKQRORJ\��9,%��=ZLMQDDUGH��%HOJLXP

,QWURGXFWLRQ

,PPXQRSHSWLGRPLFV�DLPV�WR�LGHQWLI\�PDMRU�KLVWRFRPSDWLELOLW\�FRPSOH[��0+&��SUHVHQWHG�SHSWLGHV�RQ�DOPRVW�DOO
FHOOV�WKDW�FDQ�EH�XVHG��DPRQJVW�RWKHUV��LQ�DQWL�FDQFHU�YDFFLQH�GHYHORSPHQW��+RZHYHU��LGHQWLILFDWLRQ�RI
LPPXQRSHSWLGHV�WKURXJK�/&�06�VXIIHUV�IURP�VRPH�PDMRU�SUREOHPV�DQG�HYHU\�VLQJOH�VWHSV�RI�WKLV�FKDOOHQJLQJ
LGHQWLILFDWLRQ�ZRUNIORZ�QHHGV�WR�EH�RSWLPLVHG��IURP�WKH�VDPSOH�SUHSDUDWLRQ��WKURXJK�06�DQDO\VLV�WR�WKH�GDWD
WUHDWPHQW������,QGHHG��WKH�QRQWU\SWLF�QDWXUH�RI�LPPXQRSHSWLGHV�KDPSHUV�QRW�RQO\�WKH�DFTXLVLWLRQ�WKURXJK�/&�06
EXW�DOVR�WKH�LGHQWLILFDWLRQ�RI�LPPXQRSHSWLGHV
�VSHFWUD��$OVR��WKH�DFTXLVLWLRQ�RI�LPPXQRSHSWLGHV�VSHFWUD�LV�OLPLWHG
E\�WKHLU�YHU\�ORZ�DEXQGDQFHV�DQG�HYHQ�PRUH�VR�ZKHQ�VHDUFKLQJ�IRU�QHRHSLWRSHV��)LUVW�RSWLPL]DWLRQV�ZHUH�GRQH
RQ�D�4�([DFWLYH�2UELWUDS�PDVV�VSHFWURPHWHU�DQG�UHFHQWO\�ZH�EHQFKPDUNHG�GLIIHUHQW�06�PHWKRGV�RQ�D�7LPV7RI
3UR�LQVWUXPHQW��)LQDOO\��ZH�HYDOXDWHG�06t5HVFRUH��D�YHU\�SURPLVLQJ�$,�EDVHG�UHVFRULQJ�DOJRULWKP�XVLQJ�PDFKLQH
OHDUQLQJ�IRU�SHSWLGH�IUDJPHQWDWLRQ�VSHFWUXP��06�3,3��DQG�UHWHQWLRQ�WLPH��'HHS/&��SUHGLFWLRQV�����

0HWKRGV

2XU�RSWLPL]HG�VDPSOH�SUHSDUDWLRQ�SURWRFRO�ZDV�WHVWHG�RQ���GLIIHUHQW�FHOO�W\SHV��+/����3%0&��(%9��+(.��+H/D
FHOOV��VWDUWLQJ�IURP�����H��FHOOV��/&�06�06�DQDO\VHV�ZHUH�SHUIRUPHG�RQ�D�QDQR$FTXLW\�4�([DFWLYH�+);�FRXSOLQJ
�:DWHUV��7KHUPR�6FLHQWLILF���'DWD�ZHUH�LQWHUSUHWHG�XVLQJ�0D[TXDQW�VRIWZDUH�IRU�SHSWLGHV�LGHQWLILFDWLRQ�DQG
UHVFRUHG�XVLQJ�06t5HVFRUH�DW����)'5�DW�SHSWLGH�OHYHO�

)XUWKHU�06�RSWLPL]DWLRQV�ZHUH�FRQGXFWHG�RQ�D�QDQR/&�7LPV7RI�3UR�FRXSOLQJ��%UXNHU�'DOWRQLFV��SODWIRUP�RQ
+/���VDPSOHV��)ROORZLQJ�SDUDPHWHUV�ZHUH�EHQFKPDUNHG��,RQ�0RELOLW\�UDQJH�ZLWK�ZLQGRZV�EHWZHHQ�����DQG�����
9V�FPt��DFFXPXODWLRQ�WLPH�YDU\LQJ�IURP�����WR�����PV��FROOLVLRQ�HQHUJ\��&(��UDPS�IURP����WR����H9�RU�IURP����WR
���H9�DQG�VFDQV�QXPEHU�XVLQJ�HLWKHU���RU����VFDQV�

5HVXOWV

2XU�LPPXQRSHSWLGRPLFV�SURWRFRO�ZDV�GHYHORSHG�DQG�YDOLGDWHG�RQ���GLIIHUHQW�FHOO�W\SHV�DQG�OHG�WR�DQ�DYHUDJH�RI
�����LGHQWLILHG�XQLTXH�LPPXQRSHSWLGHV�RQ�D�4�2UELWUDS�V\VWHP��7KHVH�LGHQWLILFDWLRQ�UHVXOWV�ZHUH�VLJQLILFDQWO\
ERRVWHG�XVLQJ�06t5HVFRUH�UHVXOWLQJ�LQ�WKH�LGHQWLILFDWLRQ�RI�DQ�DYHUDJH�RI������XQLTXH�SHSWLGHV��,Q�DGGLWLRQ�
06t5HVFRUH�DOVR�RYHUDOO�LQFUHDVHG�WKH�RYHUODS�EHWZHHQ�UHSOLFDWHV�IURP����WR������/DWHO\��SUHOLPLQDU\�UHVXOWV
XVLQJ�RSHQ�PRGLILFDWLRQ�VHDUFKHV�DOVR�VKRZHG�WR�FOHDUO\�LPSURYH�WKH�QXPEHU�RI�SHSWLGH�LGHQWLILFDWLRQV��:H�WKHQ
EHQFKPDUNHG���GLIIHUHQW�06�PHWKRGV�LQFOXGLQJ�''$�DQG�',$�3$6()�DFTXLVLWLRQV�RQ�D�4�72)�LQVWUXPHQW��WKH
7LPV7RI�3UR��&ROOLVLRQ�HQHUJ\�UHYHDOHG�WR�EH�WKH�VWURQJHVW�LPSDFWLQJ�SDUDPHWHU�RQ�WKH�RXWSXW�UHVXOWV�ZLWK�����
SHSWLGHV�LGHQWLILHG�ZLWK�D�������H9�&(�UDPS�ZKLFK�LQFUHDVHG�WR������SHSWLGHV��YV������SHSWLGHV�RQ�+);��ZLWK�D
������H9�&(�UDPS��SULRU�WR�DQ\�UHVFRULQJ��7KH�QH[W�VWHS�ZLOO�FRQVLVW�LQ�HYDOXDWLQJ�06t5HVFRUH�RQ�7LPVWRI�GDWD�WR
DWWHPSW�IXUWKHU�LQFUHDVLQJ�RXU�FKDQFHV�WR�GHWHFW�FKDOOHQJLQJ�QHR�DQWLJHQV�LQ�FDQFHU�WLVVXHV�

&RQFOXVLRQV

$OWRJHWKHU��WKHVH�UHVXOWV�GHPRQVWUDWH�D�VLJQLILFDQW�LPSURYHPHQW�RI�RXU�LPPQRSHSWLGRPLFV�ZRUNIORZ��)LUVW��RXU
VDPSOH�SUHSDUDWLRQ�SURWRFRO�ZDV�VKRZQ�WR�EH�UREXVW�DQG�UHSHDWDEOH��7KHQ��WKH�DFTXLVLWLRQ�RI�LPPXQRSHSWLGHV
VSHFWUD�ZDV�LPSURYHG�WKDQNV�WR�DQ�RSWLPL]HG�PHWKRG�RQ�WKH�7LPV7RI3UR��/DVW�EXW�QRW�OHDVW��06t5HVFRUH�ERRVWV
SHSWLGHV�LGHQWLILFDWLRQ�UDWHV�RI�����RQ�DYHUDJH��2YHUDOO��WKH�FRYHUDJH�DQG�GHSWK�RI�DQDO\VLV�DFKLHYHG�LV�YHU\
SURPLVLQJ�WR�HQDEOH�GHWHFWLRQ�RI�QHR�DQWLJHQV�LQ�FDQFHU�WLVVXHV�

5HIHUHQFHV
● ���)DULGL�3���3XUFHOO�$��:���DQG�&URIW�1��3���������,Q�,PPXQRSHSWLGRPLFV�ZH�QHHG�D�VQLSHU�LQVWHDG�RI�D
VKRWJXQ��3URWHRPLFV�����H�������
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● ���'HFOHUFT�$���%RXZPHHVWHU�5���+LUVFKOHU�$���&DUDSLWR�&���'HJURHYH�6���0DUWHQV�/��DQG�*DEULHOV�5��������
06�5HVFRUH��'DWD�'ULYHQ�5HVFRULQJ�'UDPDWLFDOO\�%RRVWV�,PPXQRSHSWLGH�,GHQWLILFDWLRQ�5DWHV��0ROHFXODU
DQG�&HOOXODU�3URWHRPLFV�������������
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$EVWUDFW�����

:ULWHU���3U�%UXQR�0$1$'$6��EPDQDGDV#FQF�XF�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

8QPDVNLQJ�KLGGHQ�V\VWHPLF�HIIHFWV�RI�QHXURGHJHQHUDWLYH�GLVHDVHV
3URI�%UXQR�0$1$'$6D��5RVDGR�0,*8(/D��'XDUWH�',$1$D��0HQGHV�9(5$�0D��%DOGHLUDV�,1�6D��*RPHV�$1'5(,$E�
3LUHV�',$1$E��6DQWD�&�7,$D��3LQWR�-2$1$D��-DQX£ULR�&5,67,1$F��6DQWDQD�,6$%(/F��0HQGRQ©D�$/(;$1'5(G�
&DVWHOR�%UDQFR�0,*8(/H��$QMR�6$1'5$I

D�&1&���&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\���8QLYHUVLW\�RI�&RLPEUD��E�&,%,7��F�6HUYL©R�GH�1HXURORJLD��&HQWUR
+RVSLWDODU�H�8QLYHUVLW£ULR�GH�&RLPEUD��&RLPEUD��3RUWXJDO��G�,QVWLWXWR�GH�0HGLFLQD�0ROHFXODU�H�)DFXOGDGH�GH�0HGLFLQD�
8QLYHUVLGDGH�GH�/LVERD��/LVERD��3RUWXJDO��H�&RLPEUD�,QVWLWXWH�IRU�%LRPHGLFDO�,PDJLQJ�DQG�7UDQVODWLRQDO�5HVHDUFK��&,%,7��
&RLPEUD��3RUWXJDO���I�&1&���&HQWUR�GH�1HXURFL¬QFLDV�H�%LRORJLD�&HOXODU��8QLYHUVLGDGH�GH�&RLPEUD��&RLPEUD��3RUWXJDO�

,QWURGXFWLRQ��7KH�GLVFRYHU\�RI�QRYHO�ELRPDUNHUV�UHPDLQV�D�FULWLFDO�DVSHFW�RI�FOLQLFDO�UHVHDUFK��6HUXP�LV�D�KLJKO\
FRPSOH[�VDPSOH��DQG�WKH�GHWHFWLRQ�RI�ORZ�DEXQGDQFH�SURWHLQV�FDQ�EH�FKDOOHQJLQJ�GXH�WR�WKH�SUHVHQFH�RI�KLJKO\
DEXQGDQW�SURWHLQV��+LJK�PROHFXODU�ZHLJKW��+0:��IUDFWLRQDWLRQ�FDQ�VHUYH�DV�D�FRPSOHPHQWDU\�DSSURDFK�WR
LQFUHDVH�WKH�UDQJH�RI�GHWHFWDEOH�SURWHLQV��PDNLQJ�LW�SRWHQWLDOO\�XVHIXO�LQ�WKH�LGHQWLILFDWLRQ�RI�ELRPDUNHUV�LQ
SURWHRSDWKLHV�VXFK�DV�$O]KHLPHU
V�GLVHDVH��$'��DQG�3DUNLQVRQ
V�GLVHDVH��3'��

2EMHFWLYHV��7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�WZRIROG��L��WR�HYDOXDWH�WKH�DSSOLFDELOLW\�RI�+0:�IUDFWLRQDWLRQ�LQ�WKH
LQYHVWLJDWLRQ�RI�SHULSKHUDO�ELRPDUNHUV�LQ�QHXURGHJHQHUDWLYH�GLVHDVHV��1'V���VSHFLILFDOO\�$'�DQG�3'��DQG�LL��WR
VFUHHQ�D�SDQHO�RI�SRWHQWLDO�ELRPDUNHUV�IRU�$'�DQG�3'�DQG�VWUDWLI\�3'�SDWLHQWV�IURP�DW\SLFDO�3'�

0HWKRGRORJ\��7KH�VWXG\�XWLOL]HG�VHUXP�VDPSOHV�IURP�WKUHH�JURXSV��$'��Q� ������3'��Q� ������DQG�D�FRQWURO�JURXS
�Q� ������7ZR�GLIIHUHQW�VWUDWHJLHV�ZHUH�HPSOR\HG�IRU�HDFK�VDPSOH��L��GLUHFW�DQDO\VLV�RI�WRWDO�VHUXP�DQG�LL��+0:
IUDFWLRQDWLRQ�YLD�XOWUDILOWUDWLRQ��+0:�VHUXP���3URWHLQ�TXDQWLILFDWLRQ�ZDV�DFTXLUHG�YLD�/&�06�06��DQG�WKH�GDWD
ZHUH�DQDO\]HG�WR�LGHQWLI\�VWDWLVWLFDOO\�ELRORJLFDOO\�VLJQLILFDQW�SURWHLQV��$�GLVFULPLQDQW�PRGHO�ZDV�FRQVWUXFWHG�WR
GLIIHUHQWLDWH�EHWZHHQ�JURXSV��3'�VXEW\SHV�ZHUH�DOVR�DGGUHVVHG�XVLQJ�3%0&V�WR�GLIIHUHQWLDWH�EHWZHHQ�3'
�Q ����DQG�DW\SLFDO�3'��Q ����

5HVXOWV��$�WRWDO�RI�����DQG�����SURWHLQV�ZHUH�TXDQWLILHG�LQ�+0:�VHUXP�DQG�WRWDO�VHUXP��UHVSHFWLYHO\��RI�ZKLFK���
DQG����ZHUH�DOWHUHG�EHWZHHQ�DW�OHDVW�WZR�JURXSV��$�GLVFULPLQDQW�PRGHO�ZDV�FRQVWUXFWHG�XVLQJ�WKH�DOWHUHG
SURWHLQV�IURP�HDFK�GDWDVHW��EXW�WKH�EHVW�SHUIRUPDQFH�ZDV�REWDLQHG�XVLQJ�D�FRPELQDWLRQ�RI�ERWK��ZLWK�D�PHGLDQ
VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�������DQG��������UHVSHFWLYHO\��7KH�GLDJQRVWLF�FDSDFLW\�HYDOXDWLRQ�FRQILUPHG�WKH
UREXVWQHVV�RI�WKLV�PRGHO�IRU�WKH�FODVVLILFDWLRQ�RI�1'V��$8&� ���������DQG�D�SDQHO�RI����SURWHLQV�ZDV�VXEVHTXHQWO\
LGHQWLILHG��3'�SDWLHQWV�ZHUH�IXUWKHU�GLVWLQJXLVKHG�IURP�DW\SLFDO�3'�XVLQJ�D�FRPELQHG�SDQHO�RI���SURWHLQV�

&RQFOXVLRQV��+0:�IUDFWLRQDWLRQ�FDQ�EH�HPSOR\HG�DV�D�FRPSOHPHQWDU\�DSSURDFK�WR�GLUHFW�VHUXP�DQDO\VLV�IRU
ELRPDUNHU�GLVFRYHU\��DQG�3'�VWUDWLILFDWLRQ�FDQ�EH�DFKLHYHG�XVLQJ�D�VPDOO�SURWHLQ�SDQHO��7KHVH�ELRPDUNHUV�UHTXLUH
IXUWKHU�LQYHVWLJDWLRQ�XVLQJ�D�YDOLGDWLRQ�FRKRUW�
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OL23	
$EVWUDFW�����

:ULWHU���'U�6DUD�&(&&$&&,��VDUD�FHFFDFFL#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

+LJK�VHQVLWLYLW\�SKRVSKRSURWHRPLFV�ZLWK�GLD�3$6()
'U�6DUD�&(&&$&&,D��.«YLQ�52*(5E��-RDQQD�/,3(&.$E��,QªV�0(7$7/$E��&HULQD�&++821E��,GD�&KLDUD�*8(55(5$E

D�3URWHRPLFV�SODWIRUP�1HFNHU��8QLYHUVLW«�3DULV�&LW«���6WUXFWXUH�)«G«UDWLYH�GH�5HFKHUFKH�1HFNHU��,16(50�86���&156
8$5������E�3URWHRPLFV�SODWIRUP�1HFNHU��8QLYHUVLW«�3DULV�&LW«���6WUXFWXUH�)«G«UDWLYH�GH�5HFKHUFKH�1HFNHU��,16(50
86���&156�8$5������3DULV��)5$1&(

3URWHLQ�SKRVSKRU\ODWLRQ�LV�D�ZLGHO\�VWXGLHG�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQ��370��WKDW�RFFXUV�IUHTXHQWO\�LQ
HXNDU\RWHV�DQG�SOD\V�D�FUXFLDO�UROH�LQ�FHOOXODU�VLJQDOLQJ�SDWKZD\V�DQG�RWKHU�FHOOXODU�IXQFWLRQV��,QFUHDVLQJ
VHQVLWLYLW\�RI�PDVV�VSHFWURPHWU\�EDVHG�SKRVSKRSURWHRPLFV�LV�NH\�WR�LQFUHDVH�FRYHUDJH�RI�VLJQDOOLQJ�SDWKZD\V�
'DWD�LQGHSHQGHQW�DFTXLVLWLRQ��',$��LV�VXSHULRU�WR�GDWD�GHSHQGHQW�DFTXLVLWLRQ��''$��LQ�WHUPV�RI�VHQVLWLYLW\�
G\QDPLF�UDQJH�FRYHUDJH��DQG�UHSURGXFLELOLW\��5HFHQWO\��GLD�3$6()��D�FRPELQDWLRQ�RI�',$�DQG�SDUDOOHO
DFFXPXODWLRQ�VHULDO�IUDJPHQWDWLRQ��KDV�IXUWKHU�HQKDQFHG�',$�VHQVLWLYLW\�DQG�WKH�DELOLW\�WR�GLVWLQJXLVK�LVREDULF
SKRVSKRSHSWLGHV��7ZR�UHFHQW�SXEOLFDWLRQV��%UXNHU�'DOWRQLFV�$SSOLFDWLRQ����������/&06��������������
6NRZURQHN�HW�DO� �0ROHFXODU�	�&HOOXODU�3URWHRPLFV ����� � ��� �����GHPRQVWUDWH�WKH�IHDVLELOLW\�RI�DQDO\]LQJ
SKRVSKRSHSWLGHV�XVLQJ�GLD�3$6()�ZLWK�6SHFWURQDXW��,Q�WKLV�VWXG\��ZH�HYDOXDWHG�WKH�SHUIRUPDQFH�RI�GLD�3$6()
LQ�SKRVSKRSHSWLGH�DQDO\VLV�E\�FRPSDULQJ�UHVXOWV�REWDLQHG�IURP�GLIIHUHQW�SLSHOLQHV�RI�GLD�3$6()�ZLWK
''$�3$6()�

+XPDQ�EUHDVW�FDQFHU�FHOO�O\VDWHV��Q ���ZHUH�GLJHVWHG�IROORZLQJ�6�7UDS�PLFUR�VSLQ�FROXPQ��3URWLIL��SURWRFRO�DQG
����wJ�SURWHRPH�GLJHVW�ZHUH�VXEMHFWHG�WR�7L2 � �SKRVSKRSHSWLGH�HQULFKPHQW��&KDXYHW��0��HW�DO� �)URQWLHUV�LQ
&HOOXODU�DQG�,QIHFWLRQ�0LFURELRORJ\ ������ ��� �����������$PRXQWV�HTXLYDOHQW�WR����wJ�RI�SURWHLQ�H[WUDFW�ZHUH
LQMHFWHG�RQ�D�QDQR(OXWH��%UXNHU�'DOWRQLFV��KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��+3/&��V\VWHP��FRXSOHG�WR�D
WLPV72)�3UR��%UXNHU�'DOWRQLFV��PDVV�VSHFWURPHWHU��3HSWLGHV�ZHUH�VHSDUDWHG�ZLWKLQ����PLQXWHV�JUDGLHQWV�DW�IORZ
UDWH�RI�����Q/�PLQ�XVLQJ�D�SDFNHG�HPLWWHU�FROXPQ��&�������FP�����͏P����͏P���,RQ�2SWLFV���)RU�''$�3$6()�ZH
HPSOR\HG�RQO\�RQH�PHWKRG�ZLWK�EURDG�LRQ�PRELOLW\��,0��UDQJH����.�� ������WR������9V�FP �� ���ZKHUHDV�IRU
GLD�3$6()�ZH�WHVWHG�WZR�PHWKRGV�ZLWK�D�GHHS�,0�UDQJH�������WR������9V�FP ����DQG�D�EURDG�,0�UDQJH����.�� 
�����WR������9V�FP �� ���''$�3$6()�UDZ�ILOHV�ZHUH�SURFHVVHG�LQ�3D6(5��%UXNHU���GLD�3$6()�GDWD�ZHUH
SURFHVVHG�ZLWK�6SHFWURQDXW��Y����%LRJQRV\V��LQ�OLEUDU\�IUHH��GLUHFW',$��3KRVSKR�370�:RUNIORZ��DQG
OLEUDU\�EDVHG�PRGH��370V�6LJQLILFDQW�:RUNIORZ���H[SORLWLQJ�WKH�KXPDQ�SKRVSKR�OLEUDU\�SXEOLVKHG�E\�6NRZURQHN
HW�DO���0ROHFXODU�	�&HOOXODU�3URWHRPLFV��������������

:LWK�''$�3$6()��ZH�TXDQWLILHG�a�����XQLTXH�SKRVSKRSHSWLGHV�RQ�DYHUDJH�LQ���VDPSOHV��&9� ����:LWK
GLD�3$6()�LQ�GLUHFW',$��ZH�ZHUH�DEOH�WR�TXDQWLI\�a�������XQLTXH�SKRVSKRSHSWLGHV��&9� ���GDWD
FRPSOHWHQHVV �����XVLQJ�D�GHHS�,0�UDQJH�DQG�a��������&9� ���GDWD�FRPSOHWHQHVV �����XVLQJ�D�EURDG�,0
UDQJH��$OWKRXJK�WKH�QXPEHU�RI�SKRVSKRSHSWLGHV�ZDV�VLPLODU��RQO\�����RI�WKHVH�ZHUH�LQ�FRPPRQ�EHWZHHQ�WKH�WZR
DQDO\VLV��:H�WKHQ�DQDO\VHG�WKH�VDPH�GLD�3$6()�GDWD�DJDLQVW�WKH�6NRZURQHN�HW�DO��SKRVSKROLEUDU\��DFTXLUHG�LQ
''$�3$6()�PRGH�ZLWKLQ�DQ�,0�UDQJH�IURP������WR�����9V�FP �����'DWD�DFTXLUHG�XVLQJ�WKH�GHHS�,0�UDQJH�OHG�WR
WKH�TXDQWLILFDWLRQ�RI�a������XQLTXH�SKRVSKRSHSWLGHV��&9� ���GDWD�FRPSOHWHQHVV �����ZLWK�RQO\�����LQ
FRPPRQ�ZLWK�WKRVH�TXDQWLILHG�LQ�GLUHFW',$��+RZHYHU��GDWD�DFTXLUHG�XVLQJ�D�EURDGHU�,0�UDQJH��PRUH�DOLJQHG�ZLWK
WKH�,0�UDQJH�RI�WKH�OLEUDU\��OHG�WR�a�������&9� ���GDWD�FRPSOHWHQHVV �����

2XU�UHVXOWV�DOORZ�WR�GUDZ�GLIIHUHQW�FRQFOXVLRQV�

L��GLD�3$6()�SKRVSKRSHSWLGH�DQDO\VLV�LV�����WR�����WLPHV�PRUH�VHQVLWLYH�WKDQ�''$�3$6()�

LL��GLUHFW',$�VKRZV�D�KLJKHU�UHSURGXFLELOLW\�DQG�GDWD�FRPSOHWHQHVV�LQ�FRPSDULVRQ�WR�WKH�VSHFWUDO�OLEUDU\�EDVHG
DQDO\VLV��REWDLQHG�RQ�GLIIHUHQW�VDPSOHV��

LLL��LQ�GLUHFW',$��WKH�DFTXLVLWLRQ�LQ�D�EURDGHU�,0�UDQJH�GRHVQ
W�VLJQLILFDQWO\�DIIHFW�WKH�JOREDO�QXPEHU�RI�TXDQWLILHG
SKRVSKRSHSWLGHV��EXW�UDWKHU�WKH�QDWXUH�RI�SKRVKRSHSWLGHV�LGHQWLILHG��+RZHYHU��LQ�WKH�VSHFWUDO�OLEUDU\�EDVHG
DQDO\VLV��WKH�ZLGHQLQJ�RI�,0�UDQJH�FDQ�VXEVWDQWLDOO\�LQFUHDVH�WKH�QXPEHU�RI�TXDQWLILHG�IHDWXUHV��LI�D
SKRVSKR�OLEUDU\�DFTXLUHG�LQ�D�VLPLODU�EURDG�,0�UDQJH�WR�WKH�H[SHULPHQWDO�VDPSOHV�LV�XVHG�

,Q�FRQFOXVLRQ��RXU�SUHOLPLQDU\�UHVXOWV�VKRZ�WKDW�GLD�3$6()�ERRVWV�SKRVSKRSHSWLGHV�GHWHFWLRQ�DOORZLQJ�WR�H[SORUH
D�ZLGHU�SDUW�RI�WKH�UHJXODWHG�SKRVSKRSURWHRPH�
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$EVWUDFW�����

:ULWHU���1RHOLD�'(�/$0$��QRHOLD�PLODJURV�GH�ODPD�YDOGHUUDPD#HWX�XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

'HYHORSPHQW�RI�DQ�RUWKRJRQDO�PHWKRG�IRU�KRVW�FHOO�SURWHLQ�FKDUDFWHUL]DWLRQ�YLD
LPPXQRDIILQLW\�HQULFKPHQW�DQG�PV�DQDO\VLV
1RHOLD�'(�/$0$D��&KULVWLQH�&$5$3,72D��'LHJR�%(57$&&,1,E

D�/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��,3+&��805��������&156��������6WUDVERXUJ��)UDQFH��E�*OREDO
$QDO\WLFDO�'HYHORSPHQW��0HUFN�.*D$��&RUVLHU�VXU�9HYH\��6ZLW]HUODQG

,QWURGXFWLRQ

+RVW�&HOO�3URWHLQV��+&3��DUH�SURFHVV�UHODWHG�LPSXULWLHV�WKDW�DUH�SURGXFHG�E\�WKH�KRVW�RUJDQLVP�GXULQJ
ELRWKHUDSHXWLF�PDQXIDFWXULQJ�DQG�SURGXFWLRQ��,W�LV�FUXFLDO�WR�SUHFLVHO\�LGHQWLI\�DQG�PHDVXUH�+&3V�VLQFH�WKH\�PD\
SRVH�D�SRWHQWLDO�ULVN�WR�SDWLHQW�VDIHW\�RU�DIIHFW�WKH�GHJUDGDWLRQ�RI�WKH�GUXJ�VXEVWDQFH�

'XH�WR�WKH�FRQWLQXRXV�HYROYLQJ�LQ�UHJXODWLRQV�VXUURXQGLQJ�+&3�LQ�GUXJ�SURGXFWV��WKHUH�LV�QRZ�D�JURZLQJ�GHPDQG
IRU�WKH�LPSOHPHQWDWLRQ�RI�RUWKRJRQDO�WHFKQLTXHV�WR�FRQILUP�(/,6$�UHVXOWV�DQG�WR�DGGUHVV�WKH�LQKHUHQW�OLPLWDWLRQV
RI�WKLV�PHWKRG��,QGHHG��WKH�(/,6$�WHVW�LV�QRW�FDSDEOH�RI�LGHQWLI\LQJ�WKH�+&3�DQG�LV�VWURQJO\�UHOLDQW�RQ�WKH
VSHFLILFLW\�RI�WKH�DQWLERG\�XVHG�

0DVV�VSHFWURPHWU\�VKRZV�SURPLVLQJ�SRWHQWLDO�DV�D�YLDEOH�DOWHUQDWLYH�IRU�WKLV�DSSOLFDWLRQ��+HQFH��WKH�SULPDU\�DLP
RI�WKLV�SURMHFW�LV�WR�GHYHORS�DQG�WDLORU�DQ�LPPXQR�HQULFKPHQW�DQG�PDVV�VSHFWURPHWU\�EDVHG�WHVW�WKDW�FDQ�YDOLGDWH
(/,6$�DVVD\V�DQG�SURYLGH�D�FRPSUHKHQVLYH�DQDO\VLV�RI�+&3�FRYHUDJH�

0HWKRGV

,QLWLDOO\��H[SHULPHQWV�ZHUH�FRQGXFWHG�WR�GHWHUPLQH�WKH�PRVW�HIIHFWLYH�LPPXQR�SUHFLSLWDWLRQ�VXSSRUW��ZKLFK
LQFOXGHG�WKH�WHVWLQJ�RI�SODWH��PDJQHWLF�EHDGV��DQG�FROXPQ�VXSSRUWV��7KH�VHOHFWLRQ�SURFHVV�LQYROYHG�WKH�XVH�RI�DQ
LQ�KRXVH�DQWLJHQ�DQG�+&3�DQWLERG\��ZLWK�WKH�&\JQXV�FRXSOH�DFWLQJ�DV�D�SRVLWLYH�FRQWURO��DV�ZHOO�DV
PRQRGLPHQVLRQDO�DQG�EL�GLPHQVLRQDO�HOHFWURSKRUHVLV��6XEVHTXHQWO\��WKH�FKRVHQ�RSWLPDO�VXSSRUW�ZDV�IXUWKHU
FRUURERUDWHG�WKURXJK�PDVV�VSHFWURPHWU\�DQDO\VLV�RI�WKH�REWDLQHG�VDPSOHV�

,Q�WKLV�UHJDUG��DQ�H[KDXVWLYH�OLEUDU\�ZDV�HVWDEOLVKHG�IRU�ERWK�+&3�DQWLJHQ�VDPSOHV�E\�SHUIRUPLQJ�D�''$�RII�OLQH
JHO�IUDFWLRQDWLRQ�DQG�WKH�*DV�3KDVH�)UDFWLRQDWLRQ��6HDUOH���������7KH�LPPXQR�SUHFLSLWDWLRQ�VDPSOHV�ZHUH
SUHSDUHG�IROORZLQJ�DQ�LQ�JHO�GLJHVWLRQ�SURWRFRO��WKH\�ZHUH�WKHQ�LQMHFWHG�RQ�WKH�2UELWUDS�(FOLSVH 70 �7ULEULG 70
�7KHUPR)LVFKHU��RSHUDWHG�LQ�ERWK�''$�DQG�',$�PRGH��7KH�OLEUDULHV�REWDLQHG�ZHUH�DSSOLHG�IRU�WKH�DQDO\VLV�RI�WKH
VDPSOHV�WR�YHULI\�ZKLFK�ZRXOG�EH�WKH�PRVW�VXLWDEOH�WR�XVH��7KH�GDWD�ZDV�SURFHVVHG�XVLQJ�WKH�ODWHVW�YHUVLRQ�RI
6SHFWURQDXW��%LRJQRV\V��

5HVXOWV

,Q�WHUPV�RI�EXLOGLQJ�D�FRPSUHKHQVLYH�OLEUDU\��*DV�3KDVH�)UDFWLRQDWLRQ�SUHVHQWV�LWVHOI�DV�D�UHOLDEOH�DOWHUQDWLYH�WR
RII�OLQH�JHO�IUDFWLRQDWLRQ��SURGXFLQJ�D�FRPSDUDEOH�QXPEHU�RI�SURWHLQ�JURXSV�������DQG������UHVSHFWLYHO\��ZLWK
VLJQLILFDQW�RYHUODS�EHWZHHQ�WKH�WZR�PHWKRGV�������

)RU�WKH�DQDO\VLV�RI�VDPSOHV�IURP�LPPXQR�SUHFLSLWDWLRQ�WHVWV��WKH�FRPSOHWH�OLEUDU\�RI�HDFK�DQWLJHQ�ZDV�XVHG�
ZKLFK�ZDV�EXLOW�IURP�ERWK�''$�DQG�*DV�3KDVH�)UDFWLRQDWLRQ�UXQV��6LQFH�VXFFHVVIXO�UHVXOWV�ZHUH�REWDLQHG�RQO\
IURP�WKH�FROXPQ�VXSSRUW��WKHVH�VDPSOHV�ZHUH�IXUWKHU�DQDO\]HG�XVLQJ�06��7KH�VDPSOHV�FRQVLVWHG�RI�WKUHH
IUDFWLRQV��WKH�LQSXW��ZKLFK�FRQWDLQHG�WKH�LPPXQH�FRPSOH[�DQG�QRQ�LPPXQRUHDFWLYH�+&3�DIWHU�LQFXEDWLRQ��WKH
XQERXQG��ZKLFK�FRQWDLQHG�RQO\�WKH�QRQ�LPPXQRUHDFWLYH�+&3��DQG�WKH�HOXWLRQ��ZKLFK�FRUUHVSRQGHG�WR�WKH
LPPXQH�FRPSOH[�UHWDLQHG�E\�WKH�VXSSRUW��$OO�IUDFWLRQV�REWDLQHG�VKRZHG�H[SHFWHG�EHKDYLRU�LQ�WHUPV�RI�3URWHLQ
*URXS�LGHQWLILFDWLRQ�ZLWK�D�VLJQLILFDQW�RYHUODS��+RZHYHU��D�UHGXFHG�QXPEHU�RI�3URWHLQ�*URXSV�ZHUH�IRXQG�VROHO\�LQ
WKH�XQERXQG�IUDFWLRQ�

&RQFOXVLRQ

$IWHU�LPSOHPHQWLQJ�PXOWLSOH�WHVWLQJ�DSSURDFKHV��LW�ZDV�FRQFOXGHG�WKDW�WKH�EHDG�DQG�SODWH�VXSSRUWV�ZHUH
XQVXLWDEOH�DV�GHSHQGDEOH�LPPXQR�SUHFLSLWDWLRQ�VXSSRUWV��,Q�FRQWUDVW��WKH�FROXPQ�ZDV�LGHQWLILHG�DV�D�KLJKO\
SURPLVLQJ�FDQGLGDWH��H[KLELWLQJ�VDWLVIDFWRU\�UHVXOWV�

7KH�VDPSOHV�WDNHQ�IURP�WKH�VHOHFWHG�VXSSRUW�FRQILUP�WKDW�WKH�LPPXQR�SUHFLSLWDWLRQ�SURFHVV�ZDV�HIIHFWLYH��ZLWK

OL24	
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VLJQLILFDQW�RYHUODS�DPRQJ�WKH�IUDFWLRQV�DQG�IHZ�XQLTXH�SURWHLQ�JURXSV�IRXQG�VROHO\�LQ�WKH�XQERXQG��7KHVH�XQLTXH
SURWHLQ�JURXSV�DUH�RI�SDUWLFXODU�LQWHUHVW�WR�XV�EHFDXVH�WKH\�DUH�D�SULRUL�XQGHWHFWDEOH�E\�WKH�(/,6$�WHVW�DQG�WKXV
HVFDSHG�WKH�UDGDU�VR�IDU�

5HIHUHQFHV
1. 9DQGHUODDQ�HW�DO�������([SHULHQFH�ZLWK�KRVW�FHOO�SURWHLQ�LPSXULWLHV�LQ�ELRSKDUPDFHXWLFDOV��%LRWHFKQRO�3URJ�
9RO����1R��������������

2. 6HDUOH�HW�DO��������*HQHUDWLQJ�KLJK�TXDOLW\�OLEUDULHV�IRU�',$�06�ZLWK�HPSLULFDOO\�FRUUHFWHG�SHSWLGH
SUHGLFWLRQV�
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OL25	
$EVWUDFW�����

:ULWHU���'U�6DQGULQH�)5(/21��VDQGULQH�IUHORQ#LUVQ�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

7UHH�IURJV�OLYLQJ�LQ�&KHUQRE\O�([FOXVLRQ�=RQH�H[KLELW�GLIIHUHQW�SURWHLQ
H[SUHVVLRQ�SDWWHUQV�WKDQ�LQ�WKH�FRQWURO�DUHDV�
'U�6DQGULQH�)5(/21D��/XF�&$02,1E��6W«SKDQH�$8'(%(57E��6DPXHO�*5$1-($8'E��(PLOLH�%$8'(/(7E�
-HDQ�0DUF�%21=20F��&O«PHQW�&$5F��/«D�'$648(F��(OHQ�*28-21G��$QGU«�*,//(6H��-HDQ�$50(1*$8'I�
2OLYLHU�$50$17F

D�,QVWLWXW�GH�5DGLRSURWHFWLRQ�HW�GH�6½UHW«�1XFO«DLUH��E�0D3�&5&0��0DUVHLOOH���F�,561�657(�/(&2��6W�3DXO�/H]�'XUDQFH���G
,561�6(6$1(�/572;��)RQWHQD\�DX[�URVHV���H�805�5(&29(5��0DUVHLOOH���I�&($�/,�'��%DJQRO�VXU�&ª]H�

0XOWL�RPLFV�DSSURDFKHV��H�J���WUDQVFULSWRPLFV��SURWHRPLFV��DUH�HIILFLHQW�WRROV�WR�XQGHUVWDQG�WKH�SRWHQWLDO�WR[LF
SDWKZD\V�RI�FKHPLFDOV�RQ�RUJDQLVPV�DQG�OLQN�WKHP�ZLWK�WKH�SK\VLRORJLFDO�RUJDQLVP�SHUWXUEDWLRQV��+RZHYHU��VXFK
DSSURDFKHV�UHPDLQ�OLPLWHG�IRU�ZLOG��QRQ�PRGHO��VSHFLHV�ZKLOH�WKH�XVH�RI�WKHVH�VSHFLHV�DUH�QHFHVVDU\��QRWDEO\�WR
EULQJ�PRUH�HQYLURQPHQWDO�UHDOLVP�DQG�PRUH�UHOHYDQFH�WR�HFRWR[LFRORJLFDO�VWXGLHV�LQ�D�FRQWH[W�RI�HFRORJLFDO�ULVN
DVVHVVPHQW��7KH�PDVVLYH�LPSURYHPHQW�RI�VHTXHQFLQJ�PHWKRGV�RYHU�WKH�ODVW�GHFDGH�KDV�RSHQHG�WKH�ILHOG�RI�KLJK
WKURXJKSXW�VFUHHQLQJ�VWXGLHV�WR�WKHVH�QRQ�PRGHO�VSHFLHV�HQDEOLQJ�GUDIWLQJ�WKHLU�JHQRPH�DQG�WUDQVFULSWRPH
DVVHPEO\�IRU�WKH�VWXG\�RI�WR[LF�HIIHFWV�WKURXJK�RPLFV�DQG�PXOWLRPLFV�PHWKRGV��,Q�RUGHU�WR�VWXG\�WKH�HIIHFWV�RI�WKH
UDGLRDFWLYH�IDOORXW�GXH�WR�WKH�&KHUQRE\O�QXFOHDU�DFFLGHQW�RQ�DQ�DPSKLELDQ�OLYLQJ�UDGLRFRQWDPLQDWHG�DUHDV��ZH
GHYHORSHG�D�SURWHRJHQRPLFV�DSSURDFK ��� �RQ�WKH�WUHH�IURJ �+\OD�RULHQWDOLV ��UHOHYDQW�VHQWLQHO�VSHFLHV�IRU
HQYLURQPHQWDO�VWXGLHV��VHQVLWLYH��H[SRVXUH�WR�SROOXWDQWV�YLD�GLYHUVH�KDELWDWV�GHSHQGLQJ�RQ�WKHLU�OLIH�VWDJH���

'H�QRYR�VHTXHQFLQJ�DQG�DQQRWDWLRQ�RI �+\OD�RULHQWDOLV �WUDQVFULSWRPH�DV�ZHOO�DV�SURWHRPH�DQDO\VLV�RI�WKH�VDPH
WLVVXH�KDV�EHHQ�SHUIRUPHG�RQ�LQGLYLGXDOV�FRPLQJ�IURP�D�FRQWURO�DUHD��+\OD�3URMHFW��(&&25(9��������7KHVH
DOORZHG�QRWDEO\�SURWHRPLF�DQDO\VHV�RI�IURJ�PXVFOHV�RI�LQGLYLGXDOV�FRPLQJ�IURP�GLIIHUHQWLDOO\�UDGLRFRQWDPLQDWHG
DUHDV�LQ�RUGHU�WR�GHFLSKHU�WKH�ELRORJLFDO�SDWKZD\V�LQYROYHG�LQ�ORQJ�WHUP�HIIHFWV�RI�UDGLRFRQWDPLQDWLRQ��:H�IRFXV
KHUH�RQ�WKH�SURWHRPLF�DSSURDFK�ZKLFK�LV�GHVFULEHG�LQ�WKH�IROORZLQJ��$IWHU�SURWHLQ�H[WUDFWLRQ��FRQFHQWUDWLRQ�DQG
GLJHVWLRQ��SHSWLGH�VHSDUDWLRQ�DQG�DQDO\VLV�ZHUH�SHUIRUPHG�YLD�QDQR+3/&��8OWLPDWH�����56/&��DQG�PDVV
VSHFWURPHWU\��2UELWUDS�)XVLRQ�/XPRV�7ULEULG���7KHUPR�)LVKHU�6FLHQWLILF���XVLQJ�౹'DWD�,QGHSHQGHQW�$FTXLVLWLRQ౺
�',$��PRGH��7KH�IXOO�GHWHFWHG�SURWHLQ�VHW�LV�DURXQG������SURWHLQV��ZKHUHDV�IRU�GDWD�WUHDWPHQW�ZH�PRVWO\�XVHG�WKH
GDWD�VHW�ZKHUH�����SURWHLQV�KDG�YDOLG�TXDQWLWDWLYH�YDOXHV�LQ�HDFK�JURXS��FRUUHVSRQGLQJ�WR�D�VHW�RI������SURWHLQV�
$QDO\VLV�LV�VWLOO�LQ�SURJUHVV��EXW�SUHOLPLQDU\�UHVXOWV�KLJKOLJKWHG�GLIIHUHQWLDO�SURWHLQ�VLJQDWXUH�DQG�DEXQGDQF\
GHSHQGLQJ�RQ�WKH�DUHD�RI�VDPSOLQJ��KLJKO\�FRQWDPLQDWHG�LQ�WKH�&KHUQRE\O�([FOXVLRQ�=RQH��&(=��YV�FRQWURO�DUHD��
8QGHUOD\LQJ�ELRORJLFDO�SDWKZD\V�ZLOO�EH�WKHQ�VWXGLHG�

6XFK�FRPSUHKHQVLYH�RPLFV�DQDO\VHV�RI�IURJV�ZLOO�FRPSOHPHQW�WKH�JHQHWLF�VWXGLHV � �DQG�WKH�SKHQRW\SLF�HIIHFWV
DVVHVVHG�LQ�WKH�VDPH�LQGLYLGXDOV�DQG�ZLOO�EH�PRGHOOHG�DFFRUGLQJ�WR�WKH�WRWDO�GRVH�UDWH�UHFHLYHG�E\�WKHP��$OO�WKHVH
UHVXOWV�ZLOO�HQDEOH�WKH�DVVHVVPHQW�RI�KHDOWK�VWDWXV�RI�IURJV�LQ�WKH�&(=����\HDUV�DIWHU�WKH�DFFLGHQW�DQG�FRQWULEXWH
WR�DVVHVV�WKH�ORQJ�WHUP�LPSDFW�RI�D�QXFOHDU�IDOORXW��VWLOO�XQGHU�VFLHQWLILF�GHEDWH�EHFDXVH�RI�VFDUFH�DQG�SDWFK\
VWXGLHV��

�&R�ILUVW�DXWKRUVKLSV

5()(5(1&(6�
��*RXYHLD�'��HW�DO���-RXUQDO�RI�3URWHRPLFV������������������
��&RJQH�<��HW�DO���3URWHRPLFV���������������
��+HOELQJ��&�&���)URQWLHUV�LQ�*HQHWLFV���������
��&DU��&�HW�DO���(YROXWLRQDU\�$SSOLFDWLRQV������
��%HUHVIRUG��1�$��HW�DO��-RXUQDO�RI�(QYLURQPHQWDO�5DGLRDFWLYLW\�����������

$FNQRZOHGJHPHQWV�WR�*��2UL]DROD��2YLHGR�8QLYHUVLW\��6SDLQ���3��%XUUDFR��'R³DQD�%LRORJLFDO�6WDWLRQ��6SDLQ��IRU
VDPSOLQJ�FDPSDLJQ�KHOS��6��*DVKDFN�DQG�<��*XO\DLFKHQNR��&KRUQRE\O�&HQWHU�IRU�1XFOHDU�6DIHW\��5DGLRDFWLYH
:DVWH�DQG�5DGLRHFRORJ\��8NUDLQH��IRU�VDPSOLQJ�FDPSDLJQ�KHOS�DQG�VDPSOH�UDGLRDFWLYH�DFWLYLW\�PHDVXUHPHQWV�
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$EVWUDFW�����

:ULWHU���%DSWLVWH�028<66(7��EDSWLVWH�PRX\VVHW#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

'HFLSKHULQJ�WKH�PROHFXODU�PHFKDQLVP�RI�DFWLRQ�RI�UHSXUSRVHG�GUXJV�XVLQJ
7KHUPDO�3URWHRPH�3URILOLQJ
%DSWLVWH�028<66(7D��0DUF�$QWRLQH�*(5$8/7D��-«U«P\�$5,(<�%211(7D��6W«SKDQH�$8'(%(57D��5DSKDHO�%(5*(6E�
6DPXHO�*5$1-($8'D��'RPLQLTXH�),*$5(//$�%5$1*(5E��1LFRODV�$1'5�F��0DULRQ�/(�*5$1'D��/XF�&$02,1D�
(GG\�3$648,(5D

D�&5&0��E�,13��F�$3�+0

8QWLO�YHU\�UHFHQWO\��WKH�SDUDGLJP�LQ�GUXJ�GHYHORSPHQW�ZDV�PDLQO\�EDVHG�RQ�౹RQH�GUXJ��RQH�WDUJHW��RQH�LQGLFDWLRQ౺�
7KH�FRQFHSW�RI�SRO\�SKDUPDFRORJ\�� �WKH�LQWHUDFWLRQ�RI�D�GUXJ�PROHFXOH�ZLWK�PXOWLSOH�WDUJHWV��KDV�KRZHYHU
HPHUJHG�DQG�LW�LV�QRZ�HVWLPDWHG�WKDW�GUXJV�KDYH�RQ�DYHUDJH������NQRZQ�PROHFXODU�WDUJHWV��7KLV�QXPEHU�LV�OLNHO\
WR�EH�XQGHUHVWLPDWHG�VLQFH�ODUJH�VFDOH�VWXGLHV�FKDUDFWHUL]LQJ�WKH�IXOO�LQWHUDFWRPH�RI�GUXJ�PROHFXOHV�LQ�KXPDQ
FHOOV�DUH�VFDUFH��<HW��WKLV�KLJK�GHJUHH�RI�SRO\�SKDUPDFRORJ\�FRXOG�RSHQ�WKHUDSHXWLF�DYHQXHV�IRU�GUXJ
UHSXUSRVLQJ��ZKLFK�FRQVLVWV�LQ�XVLQJ�H[LVWLQJ�GUXJV�LQ�QHZ�LQGLFDWLRQV�

0HEHQGD]ROH��0%=���DQ�DQWL�KHOPLQWKLF�DJHQW��ZKLFK�EHORQJV�WR�WKH�EHQ]LPLGD]ROH�FODVV��KDV�VKRZQ�DQWLFDQFHU
SURSHUWLHV�LQ�YDULRXV�KXPDQ�EUDLQ�WXPRU�PRGHOV�OHDGLQJ�WR�RQJRLQJ�FOLQLFDO�WULDOV��8VLQJ�DQ�RUWKRWRSLF�[HQRJUDIW
PRGHO�RI�JOLREODVWRPD��ZH�DOVR�VKRZHG�WKDW�0%=�FRXOG�SRWHQWLDWH�WKH�DQWLFDQFHU�DFWLYLW\�RI�WHPR]RORPLGH��WKH
JROG�VWDQGDUG�WUHDWPHQW�IRU�JOLREODVWRPD��+RZHYHU��WKH�PHFKDQLVP�V��RI�DFWLRQ�LQYROYHG�LV�VWLOO�SRRUO\�XQGHUVWRRG
DQG�ZDUUDQWV�IXUWKHU�LQYHVWLJDWLRQV��8VLQJ �LQ�VLOLFR �PROHFXODU�WDUJHW�SUHGLFWLRQ�ZH�XQYHLOHG�0%=�DV�D�SRWHQW
0$3.���LQKLELWRU��EXW�LW�VWLOO�GRHVQ
W�IXOO\�H[SODLQ�WKH�DFWLYLW\�RI�0%=�DJDLQVW�EUDLQ�WXPRUV��5HYHDOLQJ�WKH
LQWHUDFWRPH�RI�0%=�XVLQJ�XQVXSHUYLVHG�SURWHRPLFV�FRXOG�WKXV�GHFLSKHU�LWV�FRPSOHWH�PHFKDQLVP�

7R�GR�VR��ZH�XVHG�౹7KHUPDO�3URWHRPH�3URILOLQJ౺��733��FRPELQHG�ZLWK�ODEHO�IUHH�TXDQWLWDWLYH�PDVV�VSHFWURPHWU\�
733�LV�D�ELRSK\VLFDO�WHVW�EDVHG�RQ�WKH�SULQFLSOH�RI�WKH�PRGXODWLRQ�RI�SURWHLQ�WKHUPRVWDELOLW\�LQGXFHG�E\�WKHLU
LQWHUDFWLRQ�ZLWK�D�OLJDQG��DOORZLQJ�WKH�GHWHFWLRQ�RI�SURWHLQ�LQWHUDFWLRQV�ZLWK�D�GUXJ�ZLWKLQ�D�FHOO��:H�DSSOLHG�733�RQ
JOLREODVWRPD�FHOO�O\VDWHV�WUHDWHG�ZLWK�YHKLFOH�RU�0%=��8VLQJ�D�/&�06�06�VWUDWHJ\�FRXSOHG�ZLWK�D�GHHS�OHDUQLQJ
DOJRULWKP�IRU�UDZ�GDWD�SURFHVVLQJ��'DWD�,QGHSHQGHQW�$QDO\VLV���1HXUDO�1HWZRUN��',$�11���ZH�DFKLHYHG�D�KLJK
SURWHRPLFV�GHSWK�DQG�LGHQWLILHG�RYHU�������SURWHLQV�SHU�VDPSOH��2QH�RI�WKH�PDLQ�FKDOOHQJHV�LQ�FKHPRSURWHRPLFV
DSSOLHG�WR�LQWHUDFWRPH�DQDO\VLV�LV�WR�ILQG�D�ZD\�WR�GLVFULPLQDWH�EHWZHHQ�WUXH�DQG�IDOVH�SRVLWLYH�LQWHUDFWRUV��7R�GR
VR�ZH�HVWDEOLVKHG�D�౹6WDELOLW\�5DWH౺�VFRUH��65��WKDW�UHIOHFWV�KRZ�PXFK�0%=�WUHDWPHQW�LPSDFWHG�WKH�WKHUPDO
VWDELOLW\�RI�D�JLYHQ�SURWHLQ��)RU�HDFK�SURWHLQ�ZH�H[WUDFWHG�WKH�IROG�FKDQJHV��0%= �YV �9HKLFOH��DW�HYHU\
WHPSHUDWXUH��WRRN�WKH�DEVROXWH�YDOXH�IURP�WKH�PHDQ��DQG�RUGHUHG�WKHP�LQ�GHFUHDVLQJ�RUGHU��:H�WKHQ�ILWWHG�D
ZHLJKWHG�OLQHDU�UHJUHVVLRQ�WR�WKHVH�GDWD��:H�DSSOLHG�ZHLJKWV�ILYH�WLPHV�KLJKHU�IRU�WKH�WZR�ELJJHVW�IROG�FKDQJHV�VR
PRUH�LPSRUWDQFH�LV�JLYHQ�WR�WKHP�ZKLOH�VWLOO�FRQVLGHULQJ�WKH�ZKROH�SURILOH��)URP�WKLV�UHJUHVVLRQ�ZH�H[WUDFWHG�WKH
LQWHUFHSW�ZLWK�WKH�\�D[LV�DQG�WR�NHHS�WUDFN�LI�WKH�SURWHLQ�LV�GHVWDELOL]HG�RU�VWDELOL]HG��ZH�PXOWLSOLHG�WKLV�YDOXH�E\�WKH
VLJQ�RI�WKH�PHDQ�RI�DOO�WKH�IROG�FKDQJHV��HLWKHU����RU�����)LQDOO\��ZH�DSSOLHG�D�]�VFRUH�QRUPDOL]DWLRQ�RQ�WKLV�65
VFRUH�DQG�UDQNHG�WKH�LGHQWLILHG�SURWHLQV��:H�IRXQG�ZHOO�NQRZQ�WDUJHWV�RI�0%=�VXFK�DV�WXEXOLQV�DV�ZHOO�DV�UHFHQWO\
LGHQWLILHG�WDUJHW�0$3.���EXW�DOVR�XQFRYHUHG�DGGLWLRQDO�LQWHUDFWRUV�RI�0%=�LQFOXGLQJ�0$3�.���0$3�.��DQG
5,3.���ZKLFK�EHORQJ�WR�WKH�QHXURWURSKLQ�VLJQDOOLQJ�SDWKZD\�WRJHWKHU�ZLWK�0$3.����:H�QRZ�DLP�WR�YDOLGDWH�WKRVH
PROHFXODU�WDUJHWV�E\�XVLQJ�ELRSK\VLFDO�DSSURDFKHV�DQG�IXQFWLRQDO�JHQRPLFV�WR�ERWK�FKDUDFWHUL]H�QRYHO
YXOQHUDELOLWLHV�DQG�GHFLSKHU�WKH�PHFKDQLVP�RI�DFWLRQ�RI�0%=�LQ�EUDLQ�WXPRUV�

%\�XVLQJ�733�FRXSOHG�ZLWK�',$�/&�06�06��ZH�XQFRYHUHG�WKH�LQWHUDFWRPH�RI�0%=�LQ�JOLREODVWRPD�FHOOV�DQG
IRXQG�SURWHLQV�RI�WKH�QHXURWURSKLQ�VLJQDOOLQJ�SDWKZD\�DV�QHZ�WDUJHWV�RI�0%=��2YHUDOO��FKHPRSURWHRPLFV�DSSHDUV
WR�EH�D�SRZHUIXO�DQG�YHUVDWLOH�WRRO�WR�HOXFLGDWH�WKH�PHFKDQLVPV�RI�DFWLRQ�RI�H[LVWLQJ�GUXJV�DQG�UHSUHVHQWV�D
XQLTXH�RSSRUWXQLW\�WR�XQYHLO�QRYHO�WDUJHWDEOH�YXOQHUDELOLWLHV�
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OL27	
$EVWUDFW�����

:ULWHU���'U�-HDQ�$50(1*$8'��MHDQ�DUPHQJDXG#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

7D[RQRPLFDO�H[SORUDWLRQ�RI�FRPSOH[�VDPSOHV�E\�SURWHRPLFV�GHULYHG
SURWHRW\SLQJ
'U�-HDQ�$50(1*$8'D��&KDUORWWH�0$33$D��*X\ODLQH�0,27(//2D��0«ORGLH�.,(/%$6$D��%«DWULFH�$/3+$�%$=,1D�
2OLYLHU�3,%/(D

D�&($

7KH�FRUUHFW�LGHQWLILFDWLRQ�RI�WKH�RUJDQLVPV�SUHVHQW�LQ�D�FRPSOH[�VDPSOH�LV�D�FUXFLDO�LVVXH�IRU�PLFURELRORJLFDO
GLDJQRVWLFV�DQG�UHVHDUFK��3URWHRW\SLQJ�EDVHG�RQ�WDQGHP�PDVV�VSHFWURPHWU\��D�PHWKRGRORJ\�GHULYHG�IURP
PHWDSURWHRPLFV��FDQ�KHOS�HVWDEOLVK�DQ�LQYHQWRU\�RI�RUJDQLVPV�EHFDXVH�WKH�RULJLQ�RI�WKH�GHWHFWHG�SHSWLGHV�FDQ�EH
WUDFHG�EDFN��7KH�PHWKRGRORJ\�ZH�GHYHORSHG�WDNHV�LQWR�DFFRXQW�WD[RQ�VSHFLILF�SHSWLGH�VHTXHQFHV��EXW�DOVR�WKH
RWKHU�SHSWLGHV�WKDW�DUH�VKDUHG�EHWZHHQ�WD[D��$Q�XQELDVHG�VHDUFK�RI�D�ODUJH�JHQHULF�GDWDEDVH�LV�IROORZHG�E\�D
SHSWLGH�VHDUFK�UHVWULFWHG�WR�WKH�PRVW�UHSUHVHQWDWLYH�RUJDQLVPV�WR�EHWWHU�GHOLQHDWH�WD[D��:H�LQWURGXFHG�WKH�WHUP
౻7D[D�WR�6SHFWUXP�0DWFKHV౹��760V��WR�EHVW�GHVFULEH�WKH�FRPSRVLWLRQ�RI�DQ\�VDPSOH��+HUH��ZH�GHPRQVWUDWH�WKH
VHQVLWLYLW\�RI�WKH�DSSURDFK��DV�WUDFH�DPRXQWV�RI�ELRORJLFDO�PDWHULDO�HTXLYDOHQW�WR�D�VLQJOH�KXPDQ�FHOO�DUH�VXIILFLHQW
�0DSSD�HW�DO������D���:H�GRFXPHQW�LWV�DFFXUDF\�ZLWK�DQ�DUWLILFLDO�UHIHUHQFH�DVVHPEODJH�RI����EDFWHULDO�VSHFLHV
ZLWK�VHYHUDO�FKDOOHQJHV�VXFK�DV�YHU\�FORVHO\�UHODWHG�RUJDQLVPV��0DSSD�HW�DO�������E���:H�LOOXVWUDWH�WKH�SRWHQWLDO
RI�WKH�PHWKRGRORJ\�WR�GHVFULEH�ELRILOPV�FROOHFWHG�IURP�YHU\�KRVWLOH�HQYLURQPHQWV�VXFK�DV�QXFOHDU�VWRUDJH�SRROV
�3LEOH�HW�DO����������)RU�WKHVH�ELRILOPV��ZH�UHSRUW�WKH�LGHQWLILFDWLRQ�RI�WKUHH�JHQHUD��QDPHO\�6SKLQJRPRQDV�
&DXOREDFWHU��DQG�$FLGRYRUD[��2QFH�LGHQWLILHG��WKHLU�IXQFWLRQDO�FKDUDFWHUL]DWLRQ�E\�PHWDSURWHRPLFV�VKRZHG�WKDW
WKHVH�RUJDQLVPV�DUH�PHWDEROLFDOO\�DFWLYH��7KH�GLIIHUHQWLDO�H[SUHVVLRQ�RI�WKH�*HQH�2QWRORJ\�*2VOLP�WHUPV
EHWZHHQ�WKH�WZR�PDLQ�PLFURRUJDQLVPV�KLJKOLJKWV�WKHLU�PHWDEROLF�VSHFLDOL]DWLRQ��7KH�PHWKRGRORJ\�FDQ�DOVR�EH
DSSOLHG�RQ�ELRORJLFDO�PDWHULDO�IURP�YHU\�ROG�VDPSOHV��2XPDURX�+DPD�HW�DO����������$V�WKH�DSSURDFK�FDQ�EH
SHUIRUPHG�UDSLGO\�RQ�D�OLPLWHG�DPRXQW�RI�PDWHULDO��ZH�IRUHVHH�D�ZLGH�DSSOLFDWLRQ�LQ�PLFURELRORJLFDO�GLDJQRVWLFV
DQG�PLFURELRPH�UHVHDUFK��$UPHQJDXG�������

5HIHUHQFHV�

0DSSD�&��$OSKD�%D]LQ�%��3LEOH�2��$UPHQJDXG�-������D��(YDOXDWLRQ�RI�WKH�OLPLW�RI�GHWHFWLRQ�RI�EDFWHULD�E\�WDQGHP
PDVV�VSHFWURPHWU\�SURWHRW\SLQJ�DQG�SK\ORSHSWLGRPLFV��0LFURRUJDQLVPV���������

0DSSD�&��$OSKD�%D]LQ�%��3LEOH�2��$UPHQJDXG�-������E��0L[��;��D�ODE�DVVHPEOHG�UHIHUHQFH�WR�HYDOXDWH
LQWHUSUHWDWLRQ�SURFHGXUHV�IRU�WDQGHP�PDVV�VSHFWURPHWU\�SURWHRW\SLQJ�RI�FRPSOH[�VDPSOHV��,QWHUQDWLRQDO�-RXUQDO
RI�0ROHFXODU�6FLHQFHV��,Q�SUHVV�

3LEOH�2��3HWLW�3��6WHLQPHW]�*��5LYDVVHDX�&��$UPHQJDXG�-��������7D[RQRPLFDO�FRPSRVLWLRQ�DQG�IXQFWLRQDO
DQDO\VLV�RI�ELRILOPV�VDPSOHG�IURP�D�QXFOHDU�VWRUDJH�SRRO��)URQWLHUV�LQ�0LFURELRORJ\������������

2XPDURX�+DPD�+��&KHQDO�7��3LEOH�2��0LRWHOOR�*��$UPHQJDXG�-��'UDQFRXUW�0��������$Q�DQFLHQW�FRURQDYLUXV�IURP
LQGLYLGXDOV�LQ�)UDQFH��FLUFD���WK�FHQWXU\��,QWHUQDWLRQDO�-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV����������

$UPHQJDXG�-��������0HWDSURWHRPLFV�WR�XQGHUVWDQG�KRZ�PLFURELRWD�IXQFWLRQ��WKH�FU\VWDO�EDOO�SUHGLFWV�D�SURPLVLQJ
IXWXUH��(QY�0LFURELRO���������������
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$EVWUDFW�����

:ULWHU���'U�/XFLD�*5(1*$��OXFLD�JUHQJD#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

'HHS�SURWHRPLF�SURILOLQJ�UHYHDOV�WKH�G\QDPLFV�RI�WKH�KRVW��PLFURELRWD
LQWHUDFWLRQV�IURP�F\VWLF�ILEURVLV�VSXWXP�VDPSOHV
'U�/XFLD�*5(1*$D��+DPLG�+$&+(0,E��3DXOLQH�+$5'28,1E��2OLYLHU�3,%/(F��5DSKDHO�&+,521G��+HOHQH�0$5&+$1',1H
��-HDQ�$50(1*$8'F

D�8QLYHUVLW\�RI�3DULV�6DFOD\��&($��,15$(��/DERUDWRLUH�,QQRYDWLRQV�WHFKQRORJLTXHV�SRXU�OD�'«WHFWLRQ�HW�OH�'LDJQRVWLF��/L�'���E
8QLYHUVLW\�RI�0RQWSHOOLHU��/DERUDWRLUH�,QQRYDWLRQV�WHFKQRORJLTXHV�SRXU�OD�'«WHFWLRQ�HW�OH�'LDJQRVWLF��/L�'��
%DJQROV�VXU�&ª]H��)UDQFH��F�8QLYHUVLW\�RI�3DULV�6DFOD\��&($��,15$(��/DERUDWRLUH�,QQRYDWLRQV�WHFKQRORJLTXHV�SRXU�OD
'«WHFWLRQ�HW�OH�'LDJQRVWLF��/L�'���%DJQROV�VXU�&ª]H��)UDQFH��G�+\GUR6FLHQFHV�0RQWSHOOLHU��&156��,5'��&HQWUH�GH
5HVVRXUFHV�HW�GH�&RPS«WHQFHV�GH�OD�0XFRYLVFLGRVH��8QLYHUVLW«�GH�0RQWSHOOLHU��&+8�GH�0RQWSHOOLHU��0RQWSHOOLHU��)UDQFH��H
+\GUR6FLHQFHV�0RQWSHOOLHU��&156��,5'��6HUYLFH�GH�0LFURELRORJLH�HW�+\JLªQH�+RVSLWDOLªUH��8QLYHUVLW«�GH�0RQWSHOOLHU��&+8
GH�1°PHV��1°PHV��)UDQFH

&\VWLF�ILEURVLV��&)��LV�D�JHQHWLF�GLVRUGHU�FKDUDFWHUL]HG�E\�SHUVLVWHQW�EDFWHULDO�LQIHFWLRQ�DQG�LQIODPPDWLRQ�LQ�WKH
UHVSLUDWRU\�WUDFW��:KLOH�PRGHUQ�WKHUDSLHV�FDQ�VRPHWLPHV�KHOS�DOOHYLDWH�UHVSLUDWRU\�V\PSWRPV��E\�DPHOLRUDWLQJ�WKH
UHVLGXDO�IXQFWLRQ�RI�WKH�SURWHLQ�UHVSRQVLEOH�IRU�WKH�GLVRUGHU��PDQDJLQJ�FKURQLF�UHVSLUDWRU\�LQIHFWLRQV�UHPDLQ�D
VLJQLILFDQW�FKDOOHQJH��7KH�OXQJ�PLFURHQYLURQPHQW��LQFOXGLQJ�LWV�PLFURELRWD��DUH�SRWHQWLDO�GULYLQJ�FDXVHV�IRU�WKH
ZRUVHQLQJ�RI�SDWLHQW�V\PSWRPV�DQG�WKH�YDULDELOLW\�LQ�WKH�WUHDWPHQW�RXWFRPH��,Q�WKLV�VWXG\��ZH�DSSOLHG�FXWWLQJ�HGJH
SURWHRPLF�SURILOLQJ��30,'������������30,'������������30,'������������30,'������������WR�LQYHVWLJDWH�WKH
G\QDPLF�LQWHUDFWLRQV�EHWZHHQ�WKH�KRVW�DQG�WKH�UHVSLUDWRU\�PLFURELRWD�LQ�&)�SDWLHQWV�FKURQLFDOO\�LQIHFWHG�ZLWK
0\FREDFWHULXP�DEVFHVVXV �

2XU�UHVXOWV�VKRZ�D�G\QDPLF�YDULDWLRQ�RI�WKH�PLFURELRWD�FRPSRVLWLRQ�DQG�VLJQLILFDQW�FKDQJHV�LQ�WKH�PHWDEROLF
DFWLYLW\�RI�NQRZQ�&)�SDWKRJHQV�RYHU�WLPH�DQG�DV�D�IXQFWLRQ�RI�WKH�SUHVHQFH�RI �0\FREDFWHULXP ��$GGLWLRQDOO\��WKH
SURILOH�RI�WKH�DVVRFLDWHG�KRVW
V�UHVSRQVH�VXJJHVWHG�WKDW��DIWHU�EHLQJ�LQWHUQDOL]HG�E\�PDFURSKDJHV�
0\FREDFWHULXP �HQWHUV�D�GRUPDQW�VWDWH��7R�DVVHVV�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�SURWHRPLFV�GDWD�DQG�WKH�FOLQLFDO
RQHV�RYHU�WLPH�DQG�VKRUWOLVW�SRWHQWLDO�ELRPDUNHUV��DQ�LQWHJUDWLYH�PDFKLQH�OHDUQLQJ�PHWKRG�EDVHG�RQ�JUDGLHQW
ERRVWLQJ�ZDV�GHYHORSHG�

7KH�DSSURDFK�XVHG�DOORZV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UROHV�RI�WKH�PLFURELRWD�FRPSRQHQWV��DQG�WKHLU
FRQWULEXWLRQ�WR�GLVHDVH�SURJUHVVLRQ�DQG�KRVW�UHVSRQVH��,W�DOVR�KLJKOLJKWV�WKH�SRWHQWLDO�RI�SURWHRPLF�SURILOLQJ�WR
SURYLGH�QHZ�LQVLJKWV�LQWR�WKH�FRPSOH[�LQWHUDFWLRQV�DPRQJ�PLFURELDO�VSHFLHV�LQ�WKH�UHVSLUDWRU\�PLFURELRWD�RI�&)
SDWLHQWV��7KLV�FRXOG�OHDG�WR�WKH�LGHQWLILFDWLRQ�RI�QHZ�WDUJHWV�IRU�SRWHQWLDO�DQWLPLFURELDO�WKHUDS\�RU�PLFURELRWD�EDVHG
LQWHUYHQWLRQ��XOWLPDWHO\�LPSURYLQJ�WKH�WUHDWPHQW�DQG�PDQDJHPHQW�RI�&)�
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OL29	
$EVWUDFW�����

:ULWHU���$OH[DQGUD�025(,5$�3$,6��DOH[DQGUDSDLV#XD�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

([SORULQJ�SURVWDWH�FDUFLQRJHQHVLV�SURJUHVVLRQ�WKURXJK�XULQH�SURWHRPH
SURILOLQJ��DQ�DQLPDO�PRGHO�VWXG\
$OH[DQGUD�025(,5$�3$,6D

D�/$49�5(48,07(��'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$YHLUR������������$YHLUR��3RUWXJDO

$XWKRUV� �$OH[DQGUD�0RUHLUD�3DLV D�E�F ��5LWD�1RJXHLUD�)HUUHLUD G ��6XVDQD�$YHLUR H ��7¤QLD�0HOR D�I ��-RV«�$OEHUWR
'XDUWHE�J ��)HUQDQGD�6HL[DV K��3HGUR�'RPLQJXHV D��)UDQFLVFR�$PDGR D��3DXOD�2OLYHLUD F��5LWD�)HUUHLUD D �DQG�5XL
9LWRULQRG�L

D/$49�5(48,07(��'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$YHLUR������������$YHLUR��3RUWXJDO
E 5HVHDUFK�&HQWHU�LQ�3K\VLFDO�$FWLYLW\��+HDOWK�DQG�/HLVXUH��&,$)(/���)DFXOW\�RI�6SRUWV��8QLYHUVLW\�RI�3RUWR
�)$'(83��DQG�/DERUDWRU\�IRU�,QWHJUDWLYH�DQG�7UDQVODWLRQDO�5HVHDUFK�LQ�3RSXODWLRQ�+HDOWK��,75���3RUWR��3RUWXJDO
F &HQWUH�IRU�5HVHDUFK�DQG�7HFKQRORJ\�RI�$JUR�(QYLURQPHQWDO�DQG�%LRORJLFDO�6FLHQFHV��&,7$%���,QRY�$JUR�
8QLYHUVLW\�RI�7U£V�RV�0RQWHV�DQG�$OWR�'RXUR��87$'���4XLQWD�GH�3UDGRV������������9LOD�5HDO��3RUWXJDO
G8Q,&#5,6(��'HSDUWPHQW�RI�6XUJHU\�DQG�3K\VLRORJ\��)DFXOW\�RI�0HGLFLQH�RI�WKH�8QLYHUVLW\�RI�3RUWR��$ODPHGD
3URIHVVRU�+HUQ¤QL�0RQWHLUR������������3RUWR��3RUWXJDO
H*UHHQ&R/DE�*UHHQ�2FHDQ�$VVRFLDWLRQ��8QLYHUVLW\�RI�$OJDUYH������������)DUR��3RUWXJDO
I&(6$0�&HQWUH�IRU�(QYLURQPHQWDO�DQG�0DULQH�6WXGLHV��'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$YHLUR�����������
$YHLUR��3RUWXJDO
J72;581���7R[LFRORJ\�5HVHDUFK�8QLW��8QLYHUVLW\�,QVWLWXWH�RI�+HDOWK�6FLHQFHV��&(638��&5/��*DQGUD��3RUWXJDO
K $QLPDO�DQG�9HWHULQDU\�5HVHDUFK�&HQWHU��&(&$9���8QLYHUVLW\�RI�7U£V�RV�0RQWHV�DQG�$OWR�'RXUR��87$'��
����������9LOD�5HDO��3RUWXJDO
L ,QVWLWXWH�RI�%LRPHGLFLQH���L%L0('��'HSDUWPHQW�RI�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�$YHLUR������������$YHLUR�
3RUWXJDO

$EVWUDFW��3URVWDWH�FDQFHU��3&D��LV�D�GHDGO\�GLVHDVH�LQ�PHQ��UHTXLULQJ�WKH�GHYHORSPHQW�RI�QHZ�GLDJQRVWLF�WRROV�
,Q�WKLV�VWXG\��ZH�DQDO\]HG�WKH�XULQH�SURWHRPH�XVLQJ�*H/&�06�06�WR�JDLQ�LQVLJKWV�LQWR�WKH�SURJUHVVLRQ�RI�SURVWDWH
FDUFLQRJHQHVLV��:H�XVHG�DQ�DQLPDO�PRGHO�RI�FKHPLFDOO\�DQG�KRUPRQDOO\�LQGXFHG�DGHQRFDUFLQRPD�DQG
FRQVLGHUHG�WZR�WLPH�SRLQWV�����DQG����ZHHNV�DIWHU�FDQFHU�LQGXFWLRQ��WR�UHIOHFW�WKH�SURJUHVVLRQ�RI�SURVWDWH�OHVLRQV
IURP�SUHQHRSODVWLF�WR�QHRSODVWLF��$JH�PDWFKHG�KHDOWK\�DQLPDOV�ZHUH�DOVR�XVHG�DV�FRQWUROV��DOORZLQJ�XV�WR
LQYHVWLJDWH�WKH�LQIOXHQFH�RI�DJLQJ�RQ�SURVWDWH�UHPRGHOLQJ��$W�ZHHN�����WKH�LQFLGHQFH�RI�SUHQHRSODVWLF�DQG
QHRSODVWLF�OHVLRQV�LQ�DQLPDOV�ZLWK�3&D�ZDV�������*H/&�06�06�DQG�VXEVHTXHQW�ELRLQIRUPDWLFV�DQDO\VHV
UHYHDOHG�VHYHUDO�SURWHLQV�LQYROYHG�LQ�SURVWDWH�FDUFLQRJHQHVLV��5HWLQRO�ELQGLQJ�SURWHLQ���OHYHOV�LQFUHDVHG��ZKLOH
FDGKHULQ���OHYHOV�GHFUHDVHG��LQ�HDUO\�VWDJHV�RI�WKH�GLVHDVH��ZKHUHDV�HQRODVH���DQG�7�NLQLQRJHQ���OHYHOV
LQFUHDVHG�DQG�LVRFLWUDWH�GHK\GURJHQDVH���OHYHOV�GHFUHDVHG�LQ�PRUH�DGYDQFHG�VWDJHV��:LWK�LQFUHDVLQJ�DJH�
XULQDU\�OHYHOV�RI�FOXVWHULQ�DQG�FRUWLFRVWHURLG�ELQGLQJ�JOREXOLQ�LQFUHDVHG��DQG�QHSULO\VLQ�OHYHOV�GHFUHDVHG��DOO�RI
ZKLFK�DSSHDU�WR�SOD\�D�UROH�LQ�SURVWDWH�K\SHUSODVLD�RU�FDUFLQRJHQHVLV��7KLV�VWXG\�SURYLGHV�D�YDOXDEOH�VWDUWLQJ
SRLQW�IRU�IXWXUH�VWXGLHV�DLPHG�DW�LGHQWLI\LQJ�KXPDQ�XULQH�SURWHLQV�WKDW�FRXOG�EH�WDUJHWHG�IRU�WKH�HDUO\�GHWHFWLRQ�RI
DJLQJ�UHODWHG�PDODGDSWLYH�FKDQJHV�LQ�WKH�SURVWDWH��SRWHQWLDOO\�OHDGLQJ�WR�FDQFHU�
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SP1	

Scalable Sample Preparation Methods for LC-MS Assays 

Nicolas Autret, PhD - Covaris 
 

Translational or clinical laboratories require automated, hands-off solutions for protein 
sample preparation to provide reproducibility, increased efficiency, higher quality results, 
and faster turnaround time. This presentation will describe the robust protocols elaborated 
with leading mass spectrometry labs for FFPE or LCM samples, as well as more recent 
developments for ultra-low input processing, or sensitive extraction including for 
phosphoproteomics.  

Those methods are perfectly suited for batches from 8 to 96 samples and are designed to 
allow robust preparation with every clean-up and digestion method. When working with 
bead-based protein aggregation capture, the workflow can now include an accelerated 
trypsin digestion step which yields similar quality compared to overnight digestion, in a 
more controlled way, and leads to 96 samples processed in 7 to 8 hours. 

In summary, AFA-based processing: 

• makes FFPE tissue proteomics compatible with the clinical setting, through a non-
toxic deparaffinization and rehydration approach, 

• facilitates workflow simplification by allowing homogenization through digestion in a 
single well with an automation compatible high-throughput (HTP) workflow,  

• allows an increased throughput and decreased turn-around-time,  
• makes one-day sample prep also fully applicable to laser capture microdissections 

(LCM) and fresh/frozen tissue preparation.  
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Pushing Frontiers of High-throughput High-resolution 
Analysis: Orbitrap Technology Unites with a New Star 

 

Daniel Hermanson, Alexander Makarov, Christian Hock, Hamish Stewart, Dmitry Grinfeld, 
Anastassios Giannakopulos, Johannes Petzoldt, Toby Shanley, Eduard Denisov, Amelia Peterson, 
Matthew Garland, Eugen Damoc, Martin Zeller, Tabiwang Arrey, Anna Pashkova, Andreas Kühn, 

Matthias Biel, Arne Kreutzmann, Bernd Hagedorn, Immo Colonius, Adrian Schütz, Arne Stefes, Ankit 
Dwivedi, Daniel Mourad, Max Hoek, Philipp Cochems, Alexander Kholomeev, Robert Ostermann, 

Gregor Quiring, Maximilian Ochmann, Sascha Möhring, Alexander Wagner, André Petker, Sebastian 
Kanngiesser, Michael Wiedemeyer, and Wilko Balschun 

Thermo Fisher Scientific, Bremen, Germany 

Speaker: Shakir Shakir 

Thermo Fisher Scientific, Les Ulis, France 

Introduction 
Over the last decades translational medicine has advanced by studying larger and larger patient 
cohorts using next-generation genome sequencing, increasingly complemented by proteomic and 
metabolomic analysis.  

To remain competitive against other technologies, mass spectrometry (MS) needs to rise to the 
challenge of unprecedented throughput of very deep analyses of very complex samples. With 
analysis time reduced to several minutes by fast liquid separations, confident identification and 
quantitation over many orders of dynamic range still requires a generational leap in the sequencing 
performance of MS. 

This need is addressed in this work by a novel instrument that complements Orbitrap™ analyzer 
performance by combining some principles of electrostatic trapping with destructive detection. 

Methods 
A new class of high-resolution accurate-mass analyzer has been deployed on a novel MS to break the 
sound limit of sequencing by LC/MS/MS.  

Operation of the analyzer starts from trapping of the incoming ion beam in a newly developed dual-
pressure linear trap, followed by ion ejection as short packets, exactly like from the C-trap in the 
Orbitrap analyzer. Ions are then directed to an open electrostatic trap of asymmetric planar 
geometry that ensures multiple ion reflections on overlapping paths. Absence of any grids or 
collimators on the way ensures lossless delivery of ions through the entire analyzer onto a novel 
secondary electron detector.  

Performance of the entire instrument was characterized using PierceTM FlexmixTM calibration 
solution, HeLa digest and intact proteins.  
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Preliminary data 
Integration of the novel analyzer with quadrupole and Orbitrap analyzers into a single instrument 
has been enabled by optimized synchronization of all ion-optical elements of the resulting system. 
As a result, a continuous ion beam from the electrospray ion source is converted into sequential ion 
packages, with multiple ion packages being simultaneously processed by different elements of ion 
optics. In operation, panoramic MS1 spectra are typically acquired on the Orbitrap analyzer in 
parallel to tens of MS/MS spectra acquired on the new analyzer.   

Experiments have confirmed that the entire MS/MS cycle could be compressed into 5ms duration 
for most analyses due to the combination of lossless operation and high space charge capacity of the 
new analyzer with single-ion efficiency, narrow pulse width and high dynamic range of secondary 
electron detection. At the same time, elaborate design and very high precision of geometry and 
voltages of trap electrodes enables mass resolutions up to 100,000 and low-ppm mass accuracies 
over the entire mass range of interest.  

This unique combination of analytical parameters was shown to enable unprecedented performance 
in several high-throughput applications. For example, analysis of tryptic peptides demonstrated a 
several-fold (3-4x) improvement of throughput for the same depth of analysis (identification and 
quantitation) compared to state-of-the-art Thermo Scientific™ Orbitrap Exploris™ 480 MS. Further, 
single-shot proteome analysis at the depth >8,000 proteins in HeLa digest could be now carried out 
at the rate above 180 proteomes per day, and with depth >10,000- at the rate of 60 proteomes per 
day.  
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Solution to move to proteomics sample prep standardization for routine analysis 

  

Abstract: PreOmics provides solutions for LC-MS based proteomics sample preparation to 
support scientists in their daily experiments. Presentation will be focused on biofluid and 
FFPE samples. 
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The 4D-ProteomicsTM ecosystem : enabling large-scale personalized medicine research 
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Enabling	high-throughput	and	standardised	proteomics	using	Evosep	One	and	end-to-
end,	automated	sample	preparation	

	
Evosep	

	

Translational	 or	 clinical	 laboratories	 require	 automated,	 hands-off	 solutions	 for	 protein	
sample	 preparation	 to	 provide	 reproducibility,	 increased	 efficiency,	 higher	 quality	 results,	
and	faster	turnaround	time.	This	presentation	will	describe	the	robust	protocols	elaborated	
with	 leading	 mass	 spectrometry	 labs	 for	 FFPE	 or	 LCM	 samples,	 as	 well	 as	 more	 recent	
developments	 for	 ultra-low	 input	 processing,	 or	 sensitive	 extraction	 including	 for	
phosphoproteomics.		

Those	methods	are	perfectly	suited	for	batches	from	8	to	96	samples	and	are	designed	to	
allow	 robust	 preparation	with	 every	 clean-up	 and	 digestion	method.	When	working	with	
bead-based	 protein	 aggregation	 capture,	 the	 workflow	 can	 now	 include	 an	 accelerated	
trypsin	 digestion	 step	 which	 yields	 similar	 quality	 compared	 to	 overnight	 digestion,	 in	 a	
more	controlled	way,	and	leads	to	96	samples	processed	in	7	to	8	hours.	

In	summary,	AFA-based	processing:	

• makes	 FFPE	 tissue	 proteomics	 compatible	with	 the	 clinical	 setting,	 through	 a	 non-
toxic	deparaffinization	and	rehydration	approach,	

• facilitates	workflow	simplification	by	allowing	homogenization	through	digestion	in	a	
single	well	with	an	automation	compatible	high-throughput	(HTP)	workflow,		

• allows	an	increased	throughput	and	decreased	turn-around-time,		
• makes	 one-day	 sample	 prep	 also	 fully	 applicable	 to	 laser	 capture	microdissections	

(LCM)	and	fresh/frozen	tissue	preparation.		
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Improved immunoaffinity enrichment methods for arginine methylation 
 
Authors: Maxime Jacquet, B.M. Zee, H. J. Peckham, C. L. Farnsworth, A. J. Nelson, 
J. Min Ren, M. C. Palazzola, K. E. Abell, M. P. Stokes. 
 
Abstract: 
Introduction: Immunoaffinity purification (IAP) coupled with LC-MS/MS is an 
established technique for the study of posttranslational modifications 
(PTMs).  Recently, we introduced an antibody-based magnetic bead conjugate IAP 
method that enables identification of sites of PTMs including lysine ubiquitination 
(KGG), lysine acetylation (AcK) and tyrosine phosphorylation (pY) with improved 
sensitivity and specificity over preexisting agarose bead methods. Here, we present 
three novel magnetic bead IAP methods that enable identification of monomethylated 
(Me-R),  symmetric dimethylated (SDMA), and asymmetric dimethylated (ADMA) 
arginine sites, with improvements over the respective agarose bead methods. 
Arginine methylated proteins are involved in processes including transcriptional 
regulation and signal transduction. Arginine methylation is carried out by the arginine 
N-methyltransferase (PRMT) family of enzymes. Though all PRMT proteins catalyze 
monomethylation, Type I PRMTs such as PRMT1 add an additional methyl group to 
produce ADMA, while Type II PRMTs such as PRMT5 produce SDMA.  Recent reports 
have highlighted the relevance of PRMT5, and SDMA, to cancer and stem cell self-
renewal. 
Methods: Tryptic mouse and human peptides were used as input material for Me-R, 
SDMA, and ADMA magnetic IAP beads. Peptides were incubated with beads using 
cold 1x IAP buffer for 2 hours at 4°C. Beads were washed with cold 1x IAP buffer, 
then water, and bound peptides were eluted with trifluoroacetic acid. Eluted peptides 
were desalted using C18 Stage-Tips and analyzed on ThermoFisher Q-Exactive or 
Fusion Lumos mass spectrometers using data-dependent acquisition (DDA). 
Peptides were resolved using a 90 or 120min reversed phase gradient from 7.5 to 
32% acetonitrile on a 25cm or 50cm C18 column. Peptides were identified by Comet 
with 1% of total identifications mapped to reverse sequences.  Skyline software was 
used for MS1 peak review and quantification.  For automation on Kingfisher Apex 
robot, input peptides were resuspended in bulk and aliquoted to deep well 
plates.  After IAP on Kingfisher Apex robot, all enriched peptides were manually 
desalted as described above. 
CONCLUSIONS 
The new Me-R, SDMA, and ADMA magnetic IAP beads provide 6-60% improvement 
in number of unique modified peptides identified and nearly 100% improvement in PTM 
capture specificity across a variety of different cell and tissue sample types.  The ease 
of handling of magnetic beads facilitates manual benchwork and implementation on 
automation platforms.  
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Title of the presenta/on 

Innova&ve ready-to-use SPE kits for proteomic workflows  

Dr Florine Hallez, Product Manager Bioanaly2cs, AFFINISEP  

AFFINISEP was founded and has con/nued to operate for over a decade on the principle of 
manufacturing high quality and innova/ve sample prepara/on kits to simplify your procedures and 
help you achieve reliable results. 

On this principle, AFFINISEP has recently developed the BioSPE® product range, composed of ready-to-
use kits specially designed for various applica/ons in boKom-up proteomic workflows, such as pep/de 
desal/ng (BioSPE® PurePep), pep/de frac/ona/on (BioSPE® PepFrac), magne/c beads removal aOer 
SP3 procedure (BioSPE® BeadRem), or glycopep/de enrichement (BioSPE® GlycaClean). The BioSPE® 
kits can also be used for intact protein purifica/on (BioSPE® PureProt), in top-down approaches. 

These BioSPE® kits are based on our unique Solid Phase Extrac/on (SPE) technology, made of small 
sorbent par/cles densely packed in a soO, uniform and mechanically stable membrane with no dead 
volume, that has demonstrated excellent reproducibility for the efficient extrac/on of analytes with 
high recovery yields. 

All our BioSPE® kits offer a real flexibility and complementarity of formats, as they are available as 
StageTips, Spin columns, Cartridges or 96 Well Plates for high throughput. Finally, all our microelu/on 
tools are available with different capaci/es to perfectly adapt to your sample and best meet your needs, 
and can thus be used for all sample types, ranging from for single-cell analysis to samples containing 
several mg of proteins.   
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comprehensive  peptide mapping of proteins using a complementary approach 
of electron activated dissociation (EAD) and Collision Induced Dissociation 

(CID) fragmentation techniques 

  

Heather Chassaing, Sciex, Villebon sur Yvette, France 

Heather.Chassaing@Sciex.com 

  

Extensive protein characterization can be achieved by utilizing the complementary 

fragmentation obtained from both collision induced dissociation (CID) and electron 

activated dissociation (EAD).  The performance of CID and EAD in terms of peptide 

backbone coverage for disulfides at different complexity level were compared. For 

simple disulfides with relatively short peptides, both CID and EAD works equally well 

in generating fragments for good peptide backbone sequence coverage. However, 

when the length of peptides increases, EAD provides unique benefits in generating 

wealth of fragments for every peptide involved in the disulfides. Particularly, for 

disulfide peptides containing more than 2 disulfide bonds, CID generated very limited 

peptide backbone fragments; whereas EAD generated abundant fragments for the 

solid identification of every peptide. In addition, as a soft fragmentation technique, 

EAD also was able to successfully preserve the labile O-glycan on the disulfides, 

providing additional benefit of accurately locating the O-glycosylation site. 
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Mag-Net: deep plasma profiling using streamlined and single-shot membrane vesicle enrichment 
enabled by MagReSyn® hyper-porous magnetic microparticles 

 

Extracellular vesicles (EVs) are released by nearly all cell types and thought to be involved in 

intercellular communication. The rich protein, DNA and RNA cargo they carry can provide valuable 

information on disease onset and progression. We present a single-shot enrichment strategy (Mag-

Net) based on the unique properties of MagReSyn® magnetic microparticles, to capture membrane-

bound vesicles improving the dynamic range of proteins detectable in plasma. Mag-Net is sensitive 

(requires <100 μL plasma input) robust, streamlined, high-throughput and cost-effective. The 

workflow is automated on an open-source magnetic handling station, does not require any time-

consuming filtration and/or centrifugation steps, and is thus ideally suited for processing large clinical 

cohorts. Coupled to data independent acquisition, we demonstrate that using Mag-Net >42,000 

peptides from >4,500 plasma proteins could be detected with high precision.  

 

We further feature the latest developments in the MagReSyn® product range, including mass 

spectrometry compatible protease-resistant Streptavidin beads, that result in  multiple-fold reduction 

in streptavidin contaminating peptides, compacting the dynamic range thereby increasing the 

detection of target peptides with increased selectivity, likely due to the lower ionic charge of the 

Streptavidin MS.  

 

ReSyn Biosciences utilises a proprietary microparticle technology platform, which is applied to 

improve the efficiency of Mass Spectrometry and Bioseparation workflows. 



Cellenion SP10 

73	

 

 

 

 

 

cellenONE for multiplexed and label-free single cell proteomics  

sample preparation. 
 

Background  

Single cell proteomics is a rapidly developing field with the potential to make important 
contributions to the understanding of cellular heterogeneity. Recent enhancements of fast 
and sensitive mass spectrometry paired with automated single cell sorting and sample 
preparation realized with the cellenONE platform allows for sensitive proteome analyses at 
the single cell level. Sample preparation for both multiplexed or label-free single cell 
proteomics can be undertaken using the cellenONE, a liquid- and cell-dispensing robot, 
associated with the proteoCHIP consumables product line. This combination allows 
processing of single cells in sub µL volumes, reducing adsorptive losses and chemical noise.  

Results 

Compared to other single cell dispensers on the market, the cellenONE is standing out due to 
its high precision and versatility. The capability of performing both cell isolation and reagent 
dispensing on the same platform allows to run the sample preparation workflow in one single 
step, removing all error prone operator manipulations. The high accuracy and precision of 
spotting allows to miniaturize the sample preparation to a level never achieve before. 

Unlike existing cell sorting/dispensing technologies, the gentle, piezo-driven acoustic dispense 
technology preserves the viability of dispensed cells and maintains protein expressions. Cells 
of any size between 0.5 and 80 µm in diameter can be processed within the same sample. 
Compared to other cell sorting technologies, only low volumes of cell suspension (1-50 µL) are 
required at comparatively low concentration (100-200 cells/µL) to perform isolation, which 
makes the cellenONE especially interesting for sorting rare cell species (liquid biopsy, CTCs, 
CSF, etc.) 

Images of nozzle tip enables real-time observation of cells during the isolation process and are 
also saved for documentation. This allows combined analysis of morphological and proteomics 
data.  

The ability to work with both aqueous and organic reagents, in combination with humidity and 
temperature control to prevent evaporation of low volumes, makes the cellenONE the perfect 
instrument to perform end-to-end sample preparation for single cell proteomics workflows. 

Conclusion 

Both multiplexed and label-free analysis workflow using the cellenONE for sample 
preparation resulted in identifying > 1500 proteins per run. 

SP10	
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TEACHING AN OLD DOG NEW TRICKS: EXTENDING THE UTILITY 
OF YOUR MASS SPECTROMETER 

 
Mass spectrometry is a ubiquitous tool in a multitude of areas of research, and has a huge industry 
to supply instruments to research institutions around the globe. There are a multitude of 
commercially available instruments that can do almost anything you can desire. However, one of the 
downsides of this is that although there are many mass spectrometers available, individual mass 
spectrometers are typically targeted for a specific application. Therefore, the mass spectrometer you 
have may not be able to do exactly what you want them to do. In this presentation, modification of 
mass spectrometers to be able to perform new experiments will be discussed. 

One such set of modification is the extension of mass spectrometers to be able to perform 
something that is currently unavailable on commercially available mass spectrometers. Two 
examples of this are IR/UV spectroscopy and soft landing. In both these cases, the capability of a 
Waters Synapt instrument to prepare mass selected ions and separate them by ion mobility is 
leveraged to prepare mass and shape selected ion beams, which can then either be trapped for 
spectroscopic measurements which can be used to elucidate structure, or to land them on a surface 
which can then be removed from the vacuum and studied by alternative structural techniques such 
as electron microscopy. 

Alternatively, the mass spectrometry itself is fine for the application, but additional functionality can 
help with interpretation of better performance of experiments. One example of this would be the 
study of large proteins or protein assemblies containing PTMs or glycan modifications. This can lead 
to an extremely dense spectrum that is difficult to convolute. Here, addition of charge reduction can 
help to deconvolute the spectrum and aid assignment of peaks. Another example is the modify a 
mass spectrometer so it is more suitable for performing native mass spectrometer, by improving 
desolvation and extending the range of the quadrupole allowing for mass selection of higher m/z 
ions.  

In conclusion, modification of existing mass spectrometers can significantly extend the utility and 
lifetime of mass spectrometers, allowing them to perform experiments not possible on current 
commercially available machines. 
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7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�VXSSRUW�WKDW�DEHUUDQW�,J*�%�DQG�+HLPGDOO�FKDLQV�DUH�LQYROYHG�DV�D�JDWHNHHSHU�RI
DVWURF\WH�LGHQWLW\�DQG�WKDW�LWV�LQKLELWLRQ�OHDGV�WR�WKH�FRQYHUVLRQ�WR�D�QHXUDO�VWHP�FHOO�SKHQRW\SH�
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FL2	
$EVWUDFW�����

:ULWHU���+XJR�*,=$5',1�)5('21��KXJR�JL]DUGLQ�IUHGRQ#HWX�XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������6WUXFWXUDO�SURWHRPLFV

*RLQJ�DJDLQVW�WKH�JUDLQ��GHYHORSPHQW�RI�GHQDWXULQJ�PDVV�SKRWRPHWU\�IRU
ILQH�WXQLQJ�RI�SURWHLQ�SURWHLQ�FURVV�OLQNLQJ�UHDFWLRQV
+XJR�*,=$5',1�)5('21D��2VFDU�+(51$1'(=�$/%$D��6DUDK�&,$1)(5$1,D

D���/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��,3+&�805�������8QLYHUVLW«�GH�6WUDVERXUJ��&156�������
6WUDVERXUJ��)UDQFH�����,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URW«RPLTXH�3UR),���)5������������6WUDVERXUJ��)UDQFH

6WUXFWXUDO�06�LV�D�JHQHULF�WHUP�WKDW�HQFRPSDVVHV�D�VHULHV�RI�06�EDVHG�VWUDWHJLHV�DGDSWHG�IRU�WKH
FKDUDFWHUL]DWLRQ�RI�QRQ�FRYDOHQW�DVVHPEOLHV��$PRQJ�WKHP��FURVV�OLQNLQJ�IROORZHG�E\�PDVV�VSHFWURPHWU\��;/�06�
LV�D�FRYDOHQW�ODEHOOLQJ�SURWHRPLFV�EDVHG�WHFKQLTXH�WKDW�KDV�GUDVWLFDOO\�SURJUHVVHG�WKLV�SDVW�GHFDGH�IURP �LQ�YLWUR
WR�HYHQ �LQ�VLWX�LQ�FHOOXOR �DSSOLFDWLRQV � ��;/�06�DSSURDFKHV�SURYLGH�VQDSVKRWV�RI�QRQ�FRYDOHQW�SURWHLQ�SURWHLQ
LQWHUDFWLRQV��33,��WKURXJK�GHWHUPLQDWLRQ�RI�VSDWLDO�SUR[LPLWLHV�DQG�GLVWDQFH�FRQVWUDLQWV��7KH�ILUVW�VWHS�RI�FKHPLFDO
;/�UHDFWLRQ�LWVHOI�LV�RI�XWPRVW�LPSRUWDQFH�LQ�WKH�;/�06�ZRUNIORZ��,QGHHG��EHIRUH�/&�06�06�DQDO\VLV��RSWLPDO�;/
FRQGLWLRQV�KDYH�WR�EH�GHWHUPLQHG��RSWLPDO�UHDJHQW�DQG�;/�FRQGLWLRQV��ZLWKRXW�JHQHUDWLQJ�H[WHQVLYH�QRQ�VSHFLILF
;/�DJJUHJDWHV��7R�GDWH��GHQDWXULQJ��'�6'6�3$*(�LV�UHFRPPHQGHG�WR�PRQLWRU�DQG�RSWLPL]H�;/�FRQGLWLRQV � �
DOORZLQJ�YLVXDO�REVHUYDWLRQ�RI�KLJK�PDVV�EDQGV�RQ�WKH�JHO�FRUUHVSRQGLQJ�WR�FURVV�OLQNHG�VSHFLHV�ZLWK
FRQFRPLWDQW�YDQLVKLQJ�RI�EDQGV�FRUUHVSRQGLQJ�WR�LQGLYLGXDO�IUHH�SURWHLQ�SDUWQHUV��(YHQ�LI�GHQDWXULQJ�6'6�3$*(
DQDO\VLV�LV�HDV\��ZLGHO\�DYDLODEOH�DQG�UREXVW��LW�KDV�VRPH�OLPLWDWLRQV��L��ORZ�PDVV�UHVROXWLRQ��LL��WLPH�FRQVXPLQJ
����KRXU�WLPH�VFDOH�IURP�JHO�FDVWLQJ�WR�SURWHLQ�VWDLQLQJ���LLL��QRW�VXLWHG�IRU�KLJK�PDVVHV�RU�KLJKO\�KHWHURJHQHRXV
FRPSOH[HV�ZKLFK�GR�QRW�HQWHU�WKH�JHO�

7R�FLUFXPYHQW�WKHVH�OLPLWDWLRQV��ZH�DLPHG�DW�HYDOXDWLQJ�PDVV�SKRWRPHWU\��03���D�UHFHQWO\�GHYHORSHG
౹VLQJOH�PROHFXOH౺�ELRSK\VLFDO�WHFKQLTXH��WKDW�JDLQV�LQWHUHVW�LQ�VWUXFWXUDO�ELRORJ\��IRU�;/�UHDFWLRQ�RSWLPL]DWLRQ��03
LV�D�YHUVDWLOH��IDVW�DQG�ORZ�VDPSOH�FRQVXPLQJ�WHFKQLTXH�WKDW�FRPSOHPHQWV�QDWLYH�06�IRU�SURWHLQ�PDVV
GLVWULEXWLRQV�PHDVXUHPHQWV�LQ�QDWLYH�FRQGLWLRQV��'HVSLWH�LWV�URXWLQH�XVH�WR�VWXG\�QDWLYH�SURWHLQ�SURWHLQ
LQWHUDFWLRQV�RU�PXOWLSURWHLQ�FRPSOH[HV�ROLJPHUL]DWLRQ ���03�ZRUNIORZV�DUH�QRW�DGDSWHG�IRU�WKH�FKDUDFWHUL]DWLRQ�RI
FRYDOHQW�DVVHPEOLHV�

:H�UHSRUW�KHUH�RQ�WKH�GHYHORSPHQW�RI�D�VXLWDEOH�DQG�HIILFLHQW�03�PHWKRGRORJ\�LQ�GHQDWXULQJ�FRQGLWLRQV��FDOOHG
G03��IRU�WKH�VWUDLJKWIRUZDUG�FKDUDFWHUL]DWLRQ�RI�FRYDOHQW�DVVHPEOLHV��ZLWK�D�VSHFLDO�HPSKDVLV�RQ�LWV�EHQHILWV�IRU
UDSLG�;/�UHDFWLRQ�RSWLPL]DWLRQ��7KH�GHYHORSHG�ZRUNIORZ�FRQVLVWV�RI�D�UREXVW�DQG�HIILFLHQW���VWHS�SURWRFRO�WKDW
HQVXUHV�����RI�LUUHYHUVLEOH�GHQDWXUDWLRQ�ZLWKLQ��PLQ�LQ�XUHD��MXVW�EHIRUH�03�PHDVXUHPHQW��$IWHU�HYDOXDWLQJ�LWV
HIILFLHQF\�RQ�UHIHUHQFH�PXOWLPHULF�SURWHLQV��%6$��$'+��*/'+�DQG���6�SURWHDVRPH���ZH�EHQFKPDUNHG�G03
DJDLQVW�WKH�UHIHUHQFH��'�6'6�3$*(�JHO�PLJUDWLRQ�WR�ILQH�WXQH�SURWHLQ�;/�UHDFWLRQV��LPSDFW�RI�;/�UHDJHQWV�
FRQFHQWUDWLRQV��HWF����G03�DOORZHG�D�UDSLG�VFUHHQLQJ�RI����GLIIHUHQW�;/�FRQGLWLRQV�LQFOXGLQJ�GLIIHUHQW�FRPPRQO\
XVHG�UHDJHQWV��3KR;��'6$8��'662��'6%8��ZLWKLQ�a����KRXU��ZLWK�PHDVXUHPHQWV�LQ�WULSOLFDWHV���KLJKOLJKWLQJ�WKDW
VL]H�DQG�IOH[LELOLW\�RI�WKH�VSDFHU�DUP�DUH�RI�XWPRVW�LPSRUWDQFH�RQ�;/�HIILFLHQF\��)LQDOO\��ZH�VXFFHVVIXOO\�DSSOLHG
WKH�G03�EDVHG�;/�RSWLPL]DWLRQ�ZLWKLQ�D�FRPSOHWH�;/�06�ZRUNIORZ�WKDW�DLPHG�WR�VWXG\�WKH�33,�RI�5�63��D�a���
N'D�FRPSOH[�LQYROYHG�LQ�PDMRU�FHOO�IXQFWLRQV�DV�'1$�UHSDLU��UHPRGHOLQJ�RI�FKURPDWLQ�RU�WUDQVFULSWLRQDO�UHJXODWLRQ�
�

%\�SURYLGLQJ�GLUHFW�YLVXDOL]DWLRQ�DORQJ�ZLWK�UHODWLYH�TXDQWLILFDWLRQ�RI�DOO�VXE�FRPSOH[HV�DQG�DJJUHJDWHV��G03�FDQ
EH�XQLTXHO\�SRVLWLRQHG�DV�WKH�JR�WR�PHWKRG�IRU�PRUH�SUHFLVH�DQG�DFFXUDWH��PDVV�EDVHG�RSWLPL]DWLRQ�RI�EHVW�;/
FRQGLWLRQV��&RQVHTXHQWO\��RSWLPDO�;/�FRQGLWLRQV��FURVV�OLQNHU��UHDFWLRQ�WLPH��WHPSHUDWXUH��FURVV�OLQNHU�H[FHVV��S+
YDOXH��HWF���FDQ�EH�UDWLRQDOO\�VFUHHQHG�LQ�D�VWUDLJKWIRUZDUG�PDQQHU�DQG�ZLWK�PRUH�DFFXUDWH�UHDGRXWV��YLVXDOL]DWLRQ
RI�VXE�FRPSOH[HV�YV�RYHU�;/�DJJUHJDWHV��UHODWLYH�TXDQWLILFDWLRQ�RI�WKH�VSHFLHV��HWF����:H�HQYLVLRQ�G03�DV�D�PRUH
SUHFLVH�DQG�DFFXUDWH�DOWHUQDWLYH�WHFKQLTXH�WKDQ��'�6'6�3$*(�DQDO\VLV�IRU�;/�UHDFWLRQ�RSWLPL]DWLRQ��ZKLFK�PLJKW
EH�IXOO\�DXWRPDWL]HG�LQ�D�QHDU�IXWXUH�

����3LHUVLPRQL��/���DQG�DO��&KHP��5HY������

����,DFREXFFL��&���DQG�DO��$QDO��&KHP������

����$VRU��5���DQG�DO��&XUU��2SLQ��&KHP��%LRO������

����6ROWHUPDQQ��)���DQG�DO��$QJHZ��&KHP��,QW��(G������

����0DXUL]\��&���DQG�DO��1DW��&RPPXQ������
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PL02	
$EVWUDFW�����

:ULWHU���'U�$QQH�*21=$/(=�'(�3(5('2��JRQ]DOH]#LSEV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

'HFLSKHULQJ�WKH�VLJQDOLQJ�PHFKDQLVPV�RI�WKH�&�W\SH�OHFWLQ�UHFHSWRU�'HFWLQ���LQ
P\HORLG�FHOOV�XVLQJ�KLJK�WKURXJKSXW�SURWHRPLFV
'U�$QQH�*21=$/(=�'(�3(5('2D��5LP�$%'(55$+,0D��$OH[DQGUH�67(//$D��.DULPD�&+$28,D�
0DULH�/2&$5'�3$8/(7D��%HQMDPLQ�5$<021'D��7KLEDXW�6$1&+(=D��9«URQLTXH�/(�&$%(&D��)U«G«ULF�/$*$55,*8(D�
2GLOH�6&+,/7=D��2OLYLHU�1(<52//(6D��<RDQQ�520%2876D

D�&156��,QVWLWXW�GH�3KDUPDFRORJLH�HW�GH�%LRORJLH�6WUXFWXUDOH

'HFWLQ���LV�D�3DWKRJHQ�5HFRJQLWLRQ�5HFHSWRU�H[SUHVVHG�RQ�P\HORLG�LPPXQH�FHOOV��NQRZQ�WR�SOD\�D�PDMRU�UROH�LQ
WKH�DQWLPLFURELDO�LPPXQH�UHVSRQVH��,W�EHORQJV�WR�WKH�&�W\SH�OHFWLQ�5HFHSWRUV��&/5��IDPLO\�DQG�FDQ�ELQG�WR
FDUERK\GUDWH�VWUXFWXUHV��VXFK�DV�ͅ�JOXFDQV�SUHVHQW�RQ�SDWKRJHQV��7KLV�UHFRJQLWLRQ�WULJJHUV�WKH�SKRVSKRU\ODWLRQ
RI�NH\�W\URVLQH�UHVLGXHV�LQ�WKH�,7$0�GRPDLQ�RI�'HFWLQ����OHDGLQJ�WR�WKH�DFWLYDWLRQ�RI�6<.�GHSHQGHQW�DQG
LQGHSHQGHQW�VLJQDOLQJ�SDWKZD\V��DQG�ILQDOO\�WR�WKH�VHFUHWLRQ�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�DQG�FKHPRNLQHV�DV
ZHOO�DV�WR�WKH�SURGXFWLRQ�RI�UHDFWLYH�R[\JHQ�VSHFLHV�DQG�QLWULF�R[LGH��(YHQ�WKRXJK�'HFWLQ���LV�DQ�LPSRUWDQW�&/5
NQRZQ�WR�EH�LQYROYHG�LQ�PDQ\�GLVHDVHV�VXFK�DV�IXQJDO�LQIHFWLRQV��LQIODPPDWLRQ�DQG�DXWRLPPXQH�GLVHDVHV��LWV
VLJQDOLQJ�PHFKDQLVPV�UHPDLQ�XQFOHDU��,Q�WKLV�SURMHFW�ZH�DSSOLHG�XQELDVHG�JOREDO�SURWHRPLF�DSSURDFKHV�WR
H[SORUH�'HFWLQ���VLJQDOLQJ�DQG�LGHQWLI\�VRPH�SRWHQWLDO�PHGLFDO�WDUJHWV��:H�XVHG�JOREDO�SKRVSKRSURWHRPLFV�WR
REWDLQ�D�WLPH�UHVROYHG�FKDUDFWHUL]DWLRQ�RI�WKH�HDUO\�VLJQDOLQJ�HYHQWV�WDNLQJ�SODFH�LQ�WKH�ILUVW�PLQXWHV�IROORZLQJ
'HFWLQ���HQJDJHPHQW��DQG�LGHQWLI\�NH\�LQWUDFHOOXODU�VLJQDOLQJ�SURWHLQV�LQYROYHG�LQ�WKDW�SDWKZD\��,Q�DGGLWLRQ��ZH
HVWDEOLVKHG�D�KLJK�WKURXJKSXW�DSSURDFK�IRU�VHFUHWRPH�DQDO\VLV��WR�PRQLWRU�LQ�D�IDVW�DQG�JOREDO�PDQQHU�WKH
LQIODPPDWRU\�PHGLDWRUV�VHFUHWHG�E\�LPPXQH�FHOOV����K�DIWHU�'HFWLQ���VWLPXODWLRQ�

7R�WKDW�DLP��ZH�JHQHUDWHG�(5�+R[E��LPPRUWDOL]HG�PXULQH�FHOO�OLQHV�IURP�HLWKHU�:7�RU�'HFWLQ���.2�SURJHQLWRUV�
WKDW �ZHUH�LQ�YLWUR�GLIIHUHQWLDWHG�LQWR�GHQGULWLF�FHOOV��'&���&HOOV�ZHUH�VWLPXODWHG�ZLWK�GHSOHWHG�=\PRVDQ��D
FDQRQLFDO�OLJDQG�IRU�'HFWLQ����GXULQJ�GLIIHUHQW�WLPH�OHQJWK��3KRVSKRU\ODWHG�SHSWLGHV�ZHUH�HQULFKHG�XVLQJ�D
WZR�VWHS�SURWRFRO�EDVHG�RQ�7L2��DQG�SKRVSKR�7\URVLQH�DQWLERG\�DIILQLW\�SXULILFDWLRQ��DQG�UHVXOWLQJ
SKRVSKRSHSWLGHV�ZHUH�DQDO\]HG�RQ�DQ�2UELWUDS�([SORULV�LQVWUXPHQW�HTXLSSHG�ZLWK�D�)$,06�LQWHUIDFH��7R�PRQLWRU
WKH�VHFUHWRU\�SKHQRW\SH�RI�'&V��D�KLJK�WKURXJKSXW�DSSURDFK�IRU�VHFUHWRPH�DQDO\VLV�ZDV�GHYHORSHG�XVLQJ�WKH
(YRVHS�FKURPDWRJUDSKLF�V\VWHP�DQG�',$�3$6()�DQDO\VLV�RQ�D�7,06�72)�6&3�PDVV�VSHFWURPHWHU�

8VLQJ�WKLV�DQDO\WLFDO�SLSHOLQH��ZH�FRXOG�JOREDOO\�GHWHFW�PRUH�WKDQ��������SKRVSKRVLWHV�ZLWK�ORFDOL]DWLRQ
FRQILGHQFH�!������DQG�LGHQWLI\�DIWHU�VWDWLVWLFDO�DQDO\VLV�PRUH�WKDQ�����SKRVSKRVLWHV�VLJQLILFDQWO\�UHJXODWHG�XSRQ
'HFWLQ���VWLPXODWLRQ��VKRZLQJ�GLIIHUHQW�NLQGV�RI�NLQHWLF�SURILOHV��7KHVH�LQFOXGHG�VLWHV�IURP�NQRZQ�SURWHLQV�RI�WKH
'HFWLQ���VLJQDOLQJ�SDWKZD\��DV�ZHOO�DV�QRYHO�WDUJHWV�WKDW�ZHUH�VHOHFWHG�IRU�IXUWKHU�IXQFWLRQDO�YDOLGDWLRQ�E\
JHQHUDWLQJ�WKH�FRUUHVSRQGLQJ�.2�FHOOV��:H�FRXOG�DOVR�SURYLGH�D�GHWDLOHG�FKDUDFWHUL]DWLRQ�RI�WKH�'&�SKHQRW\SLF
UHVSRQVH�IROORZLQJ�'HFWLQ���DFWLYDWLRQ��ZLWK�PRUH�WKDQ�����SURWHLQV�VLJQLILFDQWO\�RYHU�UHSUHVHQWHG�LQ�WKH
VHFUHWRPH�RI�DFWLYDWHG�FHOOV��LQFOXGLQJ�PDQ\�FDQRQLFDO�LQIODPPDWRU\�PHGLDWRUV�VXFK�DV�71)�RU�,/���7KH
KLJK�WKURXJKSXW�VHFUHWRPLF�DQDO\WLFDO�ZRUNIORZ�EDVHG�RQ�WKH�(YRVHS�V\VWHP�DQG�IDVW�',$�06�UXQV�SURYLGHV�D
TXLFN�DQG�FRPSUHKHQVLYH�UHDG�RXW�WR�PRQLWRU�WKH�SKHQRW\SLF�UHVSRQVH�RI�LPPXQH�FHOOV�LQ�PDQ\�GLIIHUHQW
FRQGLWLRQ��,W�WKXV�DOORZV�WKH�V\VWHPDWLF�VFUHHQLQJ�RI�GLIIHUHQW�.2�FHOOV�WR�DVVHVV�WKH�LPSRUWDQFH�RI�QHZO\�LGHQWLILHG
VLJQDOLQJ�SURWHLQV�LQ�RQ�JRLQJ�YDOLGDWLRQ�VWXGLHV�
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$EVWUDFW�����

:ULWHU���'U�0DQXHOOH�'8&28;�3(7,7��PDQXHOOH�GXFRX[#LSEV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

&KDUDFWHUL]DWLRQ�RI�DEXQGDQW�SHULSURVWDWLF�DGLSRVH�WLVVXH��33$7��LQ�SURVWDWH
FDQFHU�FHOOV��IURP�LQIODPPDWLRQ�IUHH�H[SDQVLRQ�WR�RYHU�VHFUHWLRQ�RI
HQGRWURSKLQ�
'U�0DQXHOOH�'8&28;�3(7,7D��'DYLG�(67�9(D��$XU«OLH�728/(7D��0DWKLHX�5280,*8,�D��'DZHL�%8E��6DUDK�3(5,&$57F
��&KOR«�%(//(6G��&«FLOH�0$1&($8G��&\QWKLD�+28�/G��1DWKDOLH�9$1�$&.(5F��6W«SKDQLH�'$89,//,(5D��<L\XH�-,$D�
&DPLOOH�)5$1&+(7H��1LFRODV�'280(5&I��0DWKLHX�7+28/28=$1I��6RSKLH�/(�*21,'(&J��3KLOLSSH�9$/(7J�
%HUQDUG�0$/$9$8'K��2GLOH�%85/(7�6&+,/7=D��$QQH�%28/280,�G��3KLOLSS�6&+(5(5L��'HOSKLQH�0,/+$6D�
&DWKHULQH�08//(5D

D�,3%6��,QVWLWXWH�RI�3KDUPDFRORJ\�DQG�6WUXFWXUDO�%LRORJ\��E�7RXFKVWRQH�'LDEHWHV�&HQWHU��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH
DQG�'HSDUWPHQW�RI�&HOO�%LRORJ\��8QLYHUVLW\�RI�7H[DV�6RXWKZHVWHUQ�0HGLFDO�&HQWHU��'DOODV��7;��86$��F�'HSDUWPHQW�RI
3DWKRORJ\��,QVWLWXW�8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH��)UDQFH��G�,QVWLWXW�GHV�0DODGLHV�0«WDEROLTXHV
HW�&DUGLRYDVFXODLUHV��8QLYHUVLW«�GH�7RXORXVH��,16(50��836��7RXORXVH��)UDQFH��H�'HSDUWPHQW�RI�3DWKRORJ\��,QVWLWXW
8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH��)UDQFH���,QVWLWXW�GHV�0DODGLHV�0«WDEROLTXHV�HW
&DUGLRYDVFXODLUHV��8QLYHUVLW«�GH�7RXORXVH��,16(50��83��I�'HSDUWPHQW�RI�8URORJ\�DQG�5HQDO�7UDQVSODQWDWLRQ��7RXORXVH
8QLYHUVLW\�+RVSLWDO���,QVWLWXW�8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH��)UDQFH���J�,QVWLWXW�5(6725(�
8QLYHUVLW«�GH�7RXORXVH��&156�8�������()6��(197��,16(50�8������836��7RXORXVH��)UDQFH���K�'HSDUWPHQW�RI�8URORJ\�DQG
5HQDO�7UDQVSODQWDWLRQ��7RXORXVH�8QLYHUVLW\�+RVSLWDO���,QVWLWXW�8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH�
)UDQFH��L�7RXFKVWRQH�'LDEHWHV�&HQWHU��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH�DQG�'HSDUWPHQW�RI�&HOO�%LRORJ\��8QLYHUVLW\�RI�7H[DV
6RXWKZHVWHUQ�0HGLFDO�&HQWHU��'DOODV��7;��86$�

3HULSURVWDWLF�DGLSRVH�WLVVXH��33$7��DEXQGDQFH�FRUUHODWHV�ZLWK�SURVWDWH�FDQFHU�SURJUHVVLRQ��EXW�WKH�PHFKDQLVP
UHPDLQV�XQH[SODLQHG��+HUH��ZH�XVHG�D�VWDWLVWLFDO�DSSURDFK�WR�GHILQH�DEXQGDQW�33$7�E\�QRUPDOL]LQJ�33$7
YROXPH�WR�SURVWDWH�YROXPH�LQ�D�FRKRUW�RI�����SDWLHQWV�ZLWK�D�OLQHDU�UHJUHVVLRQ�PRGHO��$SSO\LQJ�WKLV�GHILQLWLRQ��ZH
ILQG�WKDW�WXPRUV�VSHFLILFDOO\�IURP�SDWLHQWV�ZLWK�DEXQGDQW�33$7�H[KLELW�VHYHUDO�KDOOPDUNV�RI�DJJUHVVLYHQHVV�
VXJJHVWLQJ�WKDW�33$7�DEXQGDQFH�PLJKW�EH�XVHG�WR�LPSURYH�ULVN�VWUDWLILFDWLRQ��:H�VKRZ�WKDW�DEXQGDQW�33$7
H[SDQGV�E\�DGLSRF\WH�K\SHUWURSK\�EXW�WKLV�GRHV�QRW�UHVXOW�LQ�LQIODPPDWLRQ��([WHQVLYH�H[WUDFHOOXODU�PDWUL[
UHPRGHOLQJ��QRWDEO\�RI�WKH�FROODJHQ�QHWZRUN��DQG�GHFUHDVHG�H[SUHVVLRQ�RI�PHFKDQR�VHQVLQJ�SURWHLQV�LQ
DGLSRF\WHV�H[SODLQV�WKLV�LQIODPPDWLRQ�IUHH�H[SDQVLRQ�E\�GHFUHDVLQJ�WKH�PHFKDQLFDO�FRQVWUDLQWV�RQ�WKH
DGLSRF\WHV��0RUHRYHU��FROODJHQ�9,�GHJUDGDWLRQ�LQ�DEXQGDQW�33$7�LV�DVVRFLDWHG�ZLWK�SURGXFWLRQ�RI�HQGRWURSKLQ��D
PDWULNLQH�WKDW�SURPRWHV�FDQFHU�SURJUHVVLRQ��:H�ILQG�KLJK�OHYHOV�RI�HQGRWURSKLQ�VSHFLILFDOO\�LQ�WKH�XULQH�RI�SDWLHQWV
ZLWK�DEXQGDQW�33$7��LQGLFDWLQJ�WKH�FOLQLFDO�UHOHYDQFH�RI�RXU�ILQGLQJV�

FL4	
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FL5	
$EVWUDFW�����

:ULWHU���0DGLVVRQ�&+$%$6��PDGLVVRQ�FKDEDV#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

)ODVK�06�06�LGHQWLILFDWLRQ�RI�PLFURELDO�LVRODWHV��
0DGLVVRQ�&+$%$6D

D�&($

)ODVK�06�06�LGHQWLILFDWLRQ�RI�PLFURELDO�LVRODWHV

0DGLVVRQ�&KDEDV�����-HDQ�&KDUOHV�*DLOODUG���2OLYLHU�3LEOH���%«DWULFH�$OSKD�%D]LQ���-HDQ�$UPHQJDXG�

��&($��3UR*«QR0L[�SODWIRUP����0RQWSHOOLHU�8QLYHUVLW\

5DSLG�LGHQWLILFDWLRQ�RI�PLFURRUJDQLVPV�LV�YLWDO�IRU�PHGLFDO�GLDJQRVWLFV��IRRG�SURGXFW�FRQWURO��DQG�VFUHHQLQJ�IRU
QHZ�HQ]\PDWLF�SRWHQWLDOV�IRU�ELRWHFKQRORJLFDO�DSSOLFDWLRQV��+LJK�WKURXJKSXW�DQDO\WLFDO�SODWIRUPV�KDYH�EHHQ
HVWDEOLVKHG�LQ�DQDO\WLFDO�ODERUDWRULHV�WR�SURFHVV�WKRXVDQGV�RI�VDPSOHV�SHU�GD\��)XUWKHUPRUH��FXOWXURPLFV�LV�YHU\
PXFK�LQ�YRJXH�WR�LVRODWH�DQG�GHWDLO�WKH�FRPSRQHQWV�RI�WKH�PLFURELRWD��0$/',�72)�06�WHFKQRORJ\�KDV�EHFRPH
WKH�UHIHUHQFH�PHWKRG�IRU�WKH�UDSLG�LGHQWLILFDWLRQ�RI�PLFURRUJDQLVPV�LQ�PLFURELRORJ\�IRU�FOLQLFDO�GLDJQRVWLF
SXUSRVHV��DV�LW�LV�D�IDVW�DQG�LQH[SHQVLYH�PHWKRG��+RZHYHU��WKLV�PHWKRG�KDV�VRPH�VHYHUH�OLPLWDWLRQV�EHFDXVH�LW
UHTXLUHV�WKDW�WKH�LQIRUPDWLRQ�RI�D�UHIHUHQFH�VWUDLQ�FORVH�WR�WKH�VDPSOH�LV�SUH�UHJLVWHUHG�LQ�WKH�GDWDEDVH��DQG�WKXV
FDQQRW�EH�DSSOLHG�IRU�PRVW�HQYLURQPHQWDO�LVRODWHV��0RUHRYHU��WKLV�WHFKQRORJ\�GRHV�QRW�DOORZ�GLVWLQJXLVKLQJ
EHWZHHQ�FORVHO\�UHODWHG�VWUDLQV�RU�LV�UHIUDFWRU\�WR�PL[WXUHV�RI�PLFURRUJDQLVPV�

7DQGHP�PDVV�VSHFWURPHWU\�SURWHRW\SLQJ�LV�PRUH�HIILFLHQW�EHFDXVH�WKH�PHWKRG�LV�DEOH�WR�LGHQWLI\�WKH�WD[RQRPLF
SRVLWLRQ�LQ�WKH�WUHH�RI�OLIH�ZKDWHYHU�WKH�VDPSOH��%\�GHFLSKHULQJ�WKH�SURWHLQ�VHTXHQFHV�H[WUDFWHG�IURP�WKH�VDPSOHV�
DFFXUDWH�WD[RQRPLF�GDWD�FDQ�EH�REWDLQHG��7KH�PHWKRG�ZH�KDYH�GHYHORSHG���3K\ORSHSWLGRPLFV�������DOORZV�WR
TXDQWLI\�WKH�UHODWLYH�ELRPDVV�RI�WKH�LGHQWLILHG�RUJDQLVPV�������DQG�LV�KLJKO\�VHQVLWLYH������:H�SURSRVH�KHUH�D
PHWKRGRORJ\�IRU�XOWUD�IDVW�LGHQWLILFDWLRQ�RI�PLFURRUJDQLVPV��ZKLFK�LV�DPHQDEOH�WR�YHU\�KLJK�WKURXJKSXW��EDVHG�RQ
GLUHFW�VDPSOH�LQIXVLRQ�DQG�DGDSWHG�FRPSXWHU�SURFHVVLQJ��7KLV�SLSHOLQH�ZLOO�EH�LOOXVWUDWHG�ZLWK�UHVXOWV�REWDLQHG�RQ
QXPHURXV�LVRODWHV�IURP�VNLQ�PLFURELRWD�FXOWXURPLFV��7KH�SHUIRUPDQFH�RI�WKLV�PHWKRGRORJ\�ZLOO�EH�GHWDLOHG�LQ
WHUPV�RI�DQDO\VLV�WLPH�UHTXLUHG�SHU�LVRODWH�LGHQWLILHG��7KHVH�UHVXOWV�RSHQ�QHZ�SHUVSHFWLYHV�IRU�WKH�DSSOLFDWLRQ�RI
06�06�SURWHRW\SLQJ�RI�PLFURRUJDQLVPV�
1. 3LEOH�2��$OODLQ�)��-RXIIUHW�9��&XORWWD�.��0LRWHOOR�*��$UPHQJDXG�-��������(VWLPDWLQJ�UHODWLYH�ELRPDVVHV�RI
RUJDQLVPV�LQ�PLFURELRWD�XVLQJ�౹SK\ORSHSWLGRPLFV౺��0LFURELRPH������

2. +D\RXQ�.��3LEOH�2��3HWLW�3��$OODLQ�)��-RXIIUHW�9��&XORWWD�.��HW�DO���������3URWHRW\SLQJ�(QYLURQPHQWDO
0LFURRUJDQLVPV�E\�3K\ORSHSWLGRPLFV��&DVH�6WXG\�6FUHHQLQJ�:DWHU�IURP�D�5DGLRDFWLYH�0DWHULDO�6WRUDJH
3RRO��0LFURRUJDQLVPV��������

3. /R]DQR�&��.LHOEDVD�0��*DLOODUG�-�&��0LRWHOOR�*��3LEOH�2��$UPHQJDXG�-��������,GHQWLILFDWLRQ�DQG
&KDUDFWHUL]DWLRQ�RI�0DULQH�0LFURRUJDQLVPV�E\�7DQGHP�0DVV�6SHFWURPHWU\�3URWHRW\SLQJ��0LFURRUJDQLVPV
�������

4. 0DSSD�&��$OSKD�%D]LQ�%��3LEOH�2��$UPHQJDXG�-��������(YDOXDWLRQ�RI�WKH�OLPLW�RI�GHWHFWLRQ�RI�EDFWHULD�E\
WDQGHP�PDVV�VSHFWURPHWU\�SURWHRW\SLQJ�DQG�SK\ORSHSWLGRPLFV��0LFURRUJDQLVPV��LQ�SUHVV�
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FL6	
$EVWUDFW�����

:ULWHU���$OH[DQGUH�%85(/��DOH[DQGUH�EXUHO#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

3DWKZD\�*UDEEHU��([SORULQJ�SURWHRPLFV�GDWD�ZLWK�.(**�SDWKZD\V
$OH[DQGUH�%85(/D��3DWULFN�*87(5/D��6DUDK�&,$1)(5$1,D��&KULVWLQH�&$5$3,72D��)DEULFH�%(57,/(D

D�/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��/60%2���,QVWLWXW�3OXULGLVFLSOLQDLUH�+XEHUW�&XULHQ��,3+&��
805������6WUDVERXUJ��)UDQFH���,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URW«RPLTXH�3UR),���)5������������6WUDVERXUJ��)UDQFH

,QWURGXFWLRQ

7KH�.\RWR�(QF\FORSHGLD�RI�*HQHV�DQG�*HQRPHV��.(**��LV�D�GDWDEDVH�UHVRXUFH�IRU�XQGHUVWDQGLQJ�KLJK�OHYHO
IXQFWLRQV�RI�ELRORJLFDO�V\VWHPV�IURP�ODUJH�VFDOH�PROHFXODU�GDWDVHWV��,W�KDV�EHHQ�GHYHORSHG�WRJHWKHU�ZLWK�D
FROOHFWLRQ�RI�WRROV�IRU�PDSSLQJ�PROHFXODU�REMHFWV�WR�.(**�SDWKZD\�PDSV�E\�WKH�.DQHKLVD�/DERUDWRULHV�� ZZZ�NDQHKLVD�MS� ���+RZHYHU��WKH�RQOLQH�PDSSLQJ�SURFHGXUH�PD\�QRW�EH�VWUDLJKWIRUZDUG�DQG�PD\�UHTXLUH�VHYHUDO�VWHSV�WR�REWDLQ�WKH�GHVLUHG�LQIRUPDWLRQ��:H�GHYHORSHG�3DWKZD\�*UDEEHU�DV�DQ�LQWHJUDWHG�WRRO�WR�VHDUFK�WKH�.(**�GDWDEDVH�RQ�D�KLJK�WKURXJKSXW�EDVLV�IRU�ODUJH�RPLFV�GDWDVHWV��DQG�WR�REWDLQ�D�YLVXDOLVDWLRQ�WKDW�WDNHV�LQWR�FRQVLGHUDWLRQ�WKH�GLIIHUHQWLDO�DQDO\VLV�VWDWLVWLFV�DSSOLHG�DIWHU�TXDQWLWDWLYH�/&�06�06�DQDO\VHV�

0HWKRGV

3DWKZD\�*UDEEHU�ZDV�GHYHORSHG�ZLWK�-XOLD�������DQG�VRPH�-DYDVFULSW��)URP�DQ�([FHO�ILOH�FRQWDLQLQJ�8QL3URW�RU
.(**�LGHQWLILHUV�DQG�DVVRFLDWHG�VWDWLVWLFDO�VFRULQJ�YDOXHV��LQFOXGLQJ�DV�ZHOO�S�YDOXHV�IURP�VLQJOH��H�J��W�WHVWV��RU
PXOWLSOH�FRPSDULVRQV��H�J��$QRYD�DQG�SRVW�KRF�WHVWV��DQG�IROG�FKDQJHV��DQG�WKH�GHILQLWLRQ�E\�WKH�XVHU�RI
WKUHVKROGV�IRU�HDFK�SDUDPHWHU��SURWHLQV�DUH�FDWHJRUL]HG�DV�౹QRQ�VLJQLILFDQW౺�RU�౹VLJQLILFDQW౺�DQG�WKH�LQIRUPDWLRQ
౹XSUHJXODWHG౺�RU�౹GRZQUHJXODWHG౺�LV�NHSW��,Q�SDUDOOHO��.(**�DQQRWDWLRQV�DUH�GRZQORDGHG�IRU�HDFK�SURWHLQ��ZKLFK
DOORZV�SURWHLQV�IURP�WKH�GDWDVHW�WR�EH�GLVWULEXWHG�DPRQJ�3DWKZD\�PDSV��$�FDFKH�PHFKDQLVP�KDV�EHHQ�DGGHG�WR
UHGXFH�WKH�DPRXQW�RI�GDWD�WUDQVIHU��KHQFH�PDNLQJ�WKH�WRRO�IDVWHU�DQG�GHFUHDVLQJ�WKH�LPSDFW�RQ�WKH�EDQGZLGWK�
([WUDFWHG�GDWD�LV�SURYLGHG�LQ�WKH�IRUP�RI�DQ�([FHO�ILOH�DQG�D�OLVW�RI�+70/�ILOHV�

5HVXOWV

2XWSXW�+70/�ILOHV�FRUUHVSRQG�WR�DOO�.HJJ�3DWKZD\�PDSV�WKDW�FRQWDLQ�DW�OHDVW�RQH�SURWHLQ�IURP�WKH�GDWDVHW��2Q
WKHVH�PDSV��WKH�LQIRUPDWLRQ�WKDW�KDV�EHHQ�PDGH�DYDLODEOH�LV�KLJKOLJKWHG�XVLQJ�D�FRORXU�FRGH�UHODWLYH�WR�WKH
VWDWLVWLFDO�FDWHJRU\
��IRU�DQ\�LWHP�RI�LQWHUHVW��ZKHWKHU�LW�LV��H�J���D�PRGXOH��D�SURWHLQ�JHQH���D�FRPSRXQG��D
UHODWLRQ���$GGLWLRQDO�GHWDLOV�DERXW�VWDWLVWLFDO�VFRULQJ�LV�DOVR�JLYHQ�DV�WRROWLS�WH[W�LWHPV��$OO�WKH�LWHPV�LQ�WKH�+70/
ILOHV�DUH�FOLFNDEOH�DQG�UHURXWH�WKH�XVHU�WR�WKH�FRUUHVSRQGLQJ�.(**�HQWULHV��EXW�WKHVH�ILOHV�FDQ�DOVR�EH�XVHG
FRPSOHWHO\�RIIOLQH��RQFH�WKH\�DUH�JHQHUDWHG�WKH\�GR�QRW�UHTXLUH�DQ�,QWHUQHW�FRQQHFWLRQ�DQ\PRUH�

7KH�RXSXW�([FHO�ILOH�VXPPDUL]HV�WKH�ZKROH�LQIRUPDWLRQ�WKDW�LV�KLJKOLJKWHG�RQ�PDSV��RQH�VKHHW�OLVWLQJ�DOO�WKH
SDWKZD\V�DVVRFLDWHG�ZLWK�HDFK�ZLWK�SURWHLQ��DQRWKHU�VKHHW�OLVWLQJ�DOO�SURWHLQV�DVVRFLDWHG�WR�HDFK�UHYHDOHG
SDWKZD\�

&RQFOXVLRQV

3DWKZD\�*UDEEHU�LV�D�XVHU�IULHQGO\�WRRO�IRU�ELRORJLVWV�DQG�SURWHRPLVWV��KHOSLQJ�WKHP�WR�JHW�D�FRPSUHKHQVLYH�YLHZ
RI�WKH�PROHFXODU�UHJXODWLRQV�IURP�ODUJH�OLVWV�RI�SURWHLQV��LQFOXGLQJ�WKH�VWDWLVWLFDO�PHWULFV�RI�GLIIHUHQWLDO�DQDO\VLV�
7KHUHIRUH��LW�DOORZV�WR�JUHDWO\�DFFHOHUDWH�RPLFV�GDWD�PLQLQJ�DQG�LW�KHOSV�WR�QLFHO\�GUDZ�JUDSKLFDO�UHSUHVHQWDWLRQV
RI�RPLFV�UHVXOWV���������7RGD\��3DWKZD\�*UDEEHU�FRQVWLWXWHV�D�VROLG�EDVLV�IRU�PDQ\�IXWXUH�LPSURYHPHQWV��H�J�
QHWZRUN�DQDO\VLV��H[WHQVLRQ�WR�RWKHU�UHVRXUFHV�OLNH�5HDFWRPH��

5HIHUHQFHV
1. &KD]DULQ��%���%HQKDLP�'HODUEUH��0���%UXQ��&���$Q]HUDH\��$���%HUWLOH��)���7HUULHQ��-��0ROHFXODU�/LYHU
)LQJHUSULQW�5HIOHFWV�WKH�6HDVRQDO�3K\VLRORJ\�RI�WKH�*UH\�0RXVH�/HPXU��0LFURFHEXV�PXULQXV��GXULQJ�:LQWHU�
,QW��-��0RO��6FL������������������KWWSV���GRL�RUJ���������LMPV��������

2. 7DVFKHU��*���%XUEDQ��$���&DPXV��6���3OXPHO��0���&KDQRQ��6���/H�*XHYHO��5���6KHYFKHQNR��9���9DQ�'RUVVHODHU�
$���/HIDL��(���*XJXHQ�*XLOORX]R��&���%HUWLOH��)��,Q�'HSWK�3URWHRPH�$QDO\VLV�+LJKOLJKWV�+HSD5*�&HOOV�DV�D
9HUVDWLOH�&HOO�6\VWHP�6XUURJDWH�IRU�3ULPDU\�+XPDQ�+HSDWRF\WHV��&HOOV��������������
KWWSV���GRL�RUJ���������FHOOV�������
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FL7	
$EVWUDFW�����

:ULWHU���0DUWD�52-$6�7255(6��PDUWDBUWRUUHV#KRWPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

&RPSDULVRQ�RI�WLVVXH�KRPRJHQL]DWLRQ�SURWRFROV�IRU�RSWLPL]DWLRQ�RI�TXDQWLWDWLYH
SURWHRPLFV�DQG�SKRVSKRSURWHRPLF�DQDO\VLV��
0DUWD�52-$6�7255(6D��$QD�0$57,1(=�9$/E��/XFLD�%(/75$1�&$0$&+2F��6DUD�(6/$9$�$/&21D��-HVSHU
9��2/6(1E��0l�&DUPHQ�'85$1�58,=D

D�%LRPHGLFLQH��%LRWHFKQRORJ\�DQG�3XEOLF�+HDOWK��8QLYHUVLW\�RI�&DGL]���,QKLELFD��E�1RYR�1RUGLVN�)RXQGDWLRQ�&HQWHU�IRU�3URWHLQ
5HVHDUFK��8QLYHUVLW\�RI�&RSHQKDJHQ��F�&HOO�ELRORJ\��3K\VLRORJ\�DQG�,PPXQRORJ\��,PLELF���8QLYHUVLW\�RI�&RUGRED

7LVVXH�KRPRJHQL]DWLRQ�DQG�FHOO�O\VLV�DUH�WKH�ILUVW�VWHSV�LQ�YLUWXDOO\�DOO�PROHFXODU�ELRORJ\�DQG�GLDJQRVWLF�WHFKQLTXHV�
7KH�UHSURGXFLEOH�DQG�HIILFLHQW�H[WUDFWLRQ�RI�SURWHLQV�IURP�WLVVXH�ELRSVLHV�IRU�TXDQWLWDWLYH�DQDO\VLV�LV�D�FULWLFDO�VWHS
LQ�ELRPDUNHU�DQG�WUDQVODWLRQDO�UHVHDUFK��DV�LW�DOORZV�PD[LPDO�UHFRYHU\�IURP�OLPLWHG�TXDQWLW\�VSHFLPHQV�DQG
PLQLPL]H�WKH�HIIHFWV�RI�LQWUDWLVVXH�KHWHURJHQHLW\��7LVVXHV�DUH�VSHFLDOO\�FKDOOHQJLQJ�WR�SKRVSKRSURWHRPLFV
DQDO\VLV��VLQFH�LW�LV�FUXFLDO�WR�LQDFWLYDWH�SKRVSKDWDVHV�WKDW�PLJKW�EH�DFWLYH�GXULQJ�WKH�KRPRJHQHL]DWLRQ�SURFHVV�
1RZDGD\V��WKHUH�DUH�VHYHUDO�PHWKRGV�DQG�VSHFLILF�GHYLFHV�IRFXVHG�RQ�WKH�RSWLPL]DWLRQ�RI�WKH�DERYHPHQWLRQHG�
,Q�WKLV�UHJDUG��VRPH�RI�WKH�PRVW�XVHG�DUH�DXWRPDWLF�GU\�SXOYHUL]HU��&RYDULV p ��DQG�3UHFHOO\V p �����%HUWLQ
WHFKQRORJLHV���DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�SURWHRPH�VWDELOL]HU��'HQDWRU�$%��

,Q�WKH�FXUUHQW�VWXG\�ZH�KDYH�HYDOXDWHG��E\�DSSOLFDWLRQ�RI�D�ODEHO�IUHH�TXDQWLWDWLYH��/)4��SURWHRPLF�DSSURDFK��WKH
06�SURILOHV�REWDLQHG�IURP�GLIIHUHQW�WLVVXH�VDPSOHV��OLYHU��NLGQH\V��VSOHHQ��OXQJV��KHDUW�DQG�EUDLQ��DIWHU
KRPRJHQL]DWLRQ�XVLQJ�3UHFHOO\V��'HQDWRU�ZLWK�3UHFHOO\V�DQG�&RYDULV��LQ�RUGHU�WR�LGHQWLI\�WKH�RSWLPDO�DSSURDFK�IRU
HDFK�WLVVXH�ZKHQ�SHUIRUPLQJ�D�WRWDO�SURWHRPH�DQG�SKRVSKRSURWHRPH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\VHV��$IWHU
WKH�KRPRJHQL]DWLRQ�DQG�SURWHLQ�H[WUDFWLRQ�VWHS��SURWHLQV�ZHUH�GLJHVWHG�XVLQJ�3URWHLQ�$JJUHJDWLRQ�&DSWXUH�LQ�WKH
.LQJ)LVKHU�SODWIRUP��0RUHRYHU��SKRVSKR�SHSWLGH�HQULFKPHQW�ZDV�SHUIRUPHG�LQ�WKH�.LQJ)LVKHU�SODWIRUP�XVLQJ
7L�,0$&�+3�EHDGV��6DPSOHV�ZHUH�DQDO\VHG�RQ�D�2UELWUDS�([SORULV��7KHUPR�6FLHQWLILF��FRXSOHG�WR�DQ�(YRVHS2QH
/&�SODWIRUP��RSHUDWLQJ�LQ�'DWD�,QGHSHQGHQW�DFTXLVLWLRQ��',$���6SHFWURQDXW70�DQG�3HUVHXV�VRIWZDUH�ZHUH�XVHG�IRU
GDWD�SURFHVVLQJ�DQG�VWDWLVWLFDO�DQDO\VLV�

:H�HYDOXDWHG�WKH�SHUIRUPDQFH�RQ�HDFK�KRPRJHQHL]DWLRQ�SURWRFRO�LQ�WHUPV�RI�RYHUDOO�SURWHLQ�DQG
SKRVSKR�SHSWLGH�FRYHUDJH��DV�ZHOO�DV�HQULFKPHQW�HIILFLHQF\�DQG�DSSOLFDELOLW\�RI�WKH�PHWKRG�IRU�ODUJH�VFDOH
VWXGLHV��$OO�PHWKRGV�ZHUH�FRPSDUDEOH�LQ�WHUPV�RI�SURWHLQ�FRYHUDJH��DV�ZHOO�DV�RQ�SKRVSKR�SHSWLGH�HQULFKPHQW
HIILFLHQF\��2Q�DYHUDJH��ZH�TXDQWLILHG�������SURWHLQV�SHU�WLVVXH��7KH�SKRVSKR�SHSWLGH�FRYHUDJH��DV�ZHOO�DV�RWKHU
370V�VXFK�DV�R[LGDWLRQ��UHYHDOHG�KLJKHU�WLVVXH�VSHFLILFLW\�UHIOHFWLQJ�WKH�GLIIHUHQW�SK\VLRORJ\�DQG�VLJQDOLQJ�RI�HDFK
WLVVXH��+RZHYHU��ZH�GLG�QRW�ILQG�DQ\�FRQVLVWHQW�ELDV�RQ�DQ\�RI�WKH�SLSHOLQHV�VWXGLHG�KHUH��6HYHUDO�GLIIHUHQFHV
ZHUH�IRXQG�GHSHQGLQJ�RQ�WKH�WLVVXH�DQG�KRPRJHQL]DWLRQ�DSSURDFK��HVSHFLDOO\�IURP�WKH�SURFHVVLQJ�WLPH�UHTXLUHG
LQ�HDFK�SLSHOLQH��4XDQWLILFDWLRQ�UHVXOWV�UHJDUGLQJ�WRWDO�SURWHRPH�DQG�SKRVSKRSURWHRPH�ZLOO�EH�IXUWKHU�GLVFXVVHG�
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FL8	
$EVWUDFW�����

:ULWHU���'U�6DUDKL�-$5$0,//2�257,=��MDUPLOORRUWL]#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

$�QRYHO�',$�ODEHO�IUHH�SURWHRPLFV�ZRUNIORZ�WR�VWXG\�SURWHLQ�JO\FDWLRQ�LQ�SODVPD
VDPSOHV��
6DUDKL�-$5$0,//2�257,=D��&KDUORWWH�%581E��)DEULFH�%(57,/(E��)UDQFRLV�&5,6&82/2F��&KULVWLQH�6&+$())(5E

D�,3+&�/60%2���8QLYHUVLW«�GH�6WUDVERXUJ�&156�����UXH�%HFTXHUHO��������6WUDVERXUJ��)UDQFH�,QIUDVWUXFWXUH�1DWLRQDOH�GH
3URW«RPLTXH�3UR),���)5�������������E�,3+&�/60%2���8QLYHUVLW«�GH�6WUDVERXUJ�&156�����UXH�%HFTXHUHO�������
6WUDVERXUJ��)UDQFH��,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URW«RPLTXH�3UR),���)5������������6WUDVERXUJ��)UDQFH��F�,3+&�'(3(��
8QLYHUVLW«�GH�6WUDVERXUJ�&156�����UXH�%HFTXHUHO��������6WUDVERXUJ��)UDQFH

*O\FDWLRQ�LV�D�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQ��370��LQGXFHG�E\�WKH�QRQ�HQ]\PDWLF�UHDFWLRQ�EHWZHHQ�UHGXFLQJ
VXJDUV�DQG�SULPDU\�DPLQR�JURXSV�RI�SURWHLQV��UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�$PDGRUL�FRPSRXQGV�DQG�DGYDQFHG
JO\FDWLRQ�HQG�SURGXFWV��$*(V���3URWHLQ�JO\FDWLRQ�KDV�EHHQ�DVVRFLDWHG�ZLWK�GLDEHWHV�DQG�DJLQJ�UHODWHG
SDWKRORJLHV� ��$OWKRXJK�YHU\�IHZ�SURWHRPLFV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�JO\FDWLRQ�UHVHDUFK��WKH�SUHIHUUHG
UHFXUUHQW�DQDO\WLFDO�SODWIRUP�WR�VWXG\�WKLV�370�LV�PDVV�VSHFWURPHWU\�ZLWK�HQ]\PDWLF�GLJHVWLRQ��ERWWRP�XS
DSSURDFK����*O\FDWHG�SURWHLQV�LQ�SODVPD�DUH�UHODWLYHO\�ORZ�DEXQGDQW�DQG�FRPSUHKHQVLYH�JO\FDWLRQ�VWXGLHV�UHTXLUH
WKH�HQULFKPHQW�RI�PRGLILHG�SHSWLGHV�FRXSOHG�ZLWK�DGYDQFHG�PDVV�VSHFWURPHWU\�EDVHG�PHWKRGV��7R�GDWH��QR
JO\FDWHG�SURWHRPH�VWXGLHV�KDYH�EHHQ�SXEOLVKHG�LQ�ZKLFK�GDWD�LQGHSHQGHQW�DFTXLVLWLRQ��',$��DSSURDFK�KDV�EHHQ
DSSOLHG�

,Q�WKLV�VWXG\��D�ODEHO�IUHH�TXDQWLWDWLYH�DSSURDFK�ZDV�GHYHORSHG�WR�VWXG\�JO\FDWLRQV�LQ�XQGHSOHWHG�SODVPD��7ZR
VDPSOH�SUHSDUDWLRQ�ZRUNIORZV�ZHUH�RSWLPL]HG��7KH�ILUVW�DSSURDFK�LQYROYHG�LVRSURSDQRO�JUDGLHQW�SHSWLGH
IUDFWLRQDWLRQ��&,)��ZLWK�SDUDPDJQHWLF�EHDGV�WR�GHFRPSOH[LI\�WKH�SURWHRPH�SULRU�WR�/&�06�06�DQDO\VLV��7KH
VHFRQG�RQH�VHTXHQWLDOO\�FRPELQHG�&,)�DQG�DXWRPDWHG�ERURQDWH�DIILQLW\�FKURPDWRJUDSK\��%$&��HQULFKPHQW�RQ�DQ
$VVD\0$3�%UDYR�SODWIRUP��+HUHLQ��ZH�HYDOXDWHG�GLD�3$6()�PHWKRGV�RQ�D�WLPV72)�3UR�SODWIRUP�

&RPPHUFLDO�KXPDQ�SODVPD�SURWHLQV������wJ��ZHUH�GLJHVWHG�RYHUQLJKW�XVLQJ�WU\SVLQ�/\V�&��,Q�WKH�ILUVW�DSSURDFK�
&,)�IUDFWLRQDWLRQ�ZDV�SHUIRUPHG�RQ�WU\SWLF�SHSWLGHV�DQG�WKHQ�DQDO\]HG�E\�/&�06��,Q�SDUDOOHO��IRU�WKH�VHFRQG
DSSURDFK��GLJHVWHG�SHSWLGHV�ZHUH�VHTXHQWLDOO\�IUDFWLRQDWHG�DQG�JO\FDWHG�SHSWLGHV�ZHUH�HQULFKHG�SULRU�WR
/&�06�06�DQDO\VLV��&,)�ZDV�SHUIRUPHG�XVLQJ�SDUDPDJQHWLF�EHDGV�JUDIWHG�ZLWK�FDUER[\ODWH�JURXSV��SHSWLGHV
ZHUH�HOXWHG�LQWR�ILYH�IUDFWLRQV��)��$&1��)������)������)������DQG�)�����LVRSURSDQRO���&XVWRP�%$&�FDUWULGJHV�KLJK
FDSDFLW\��%HQH/DE��=DJUHE��&URDWLD��ZHUH�XVHG�WR�SHUIRUP�DXWRPDWHG�HQULFKPHQW�RQ�WKH�$VVD\0DS�%UDYR
SODWIRUP��$JLOHQW���$OO�VDPSOHV�ZHUH�SUHSDUHG�LQ�WULSOLFDWH�DQG�DQDO\]HG�E\�QDQR/&�06�06�XVLQJ�D�7LPV72)�3UR
�%UXNHU��LQ�',$�PRGH��'DWD�ZHUH�SURFHVVHG�ZLWK�6SHFWURQDXW������VRIWZDUH��%LRJQRV\V��DQG�',$�11��������

2XU�UHVXOWV�VKRZHG�WKDW��LQ�WHUPV�RI�WRWDO�XQPRGLILHG�SURWHLQV�DQG�SHSWLGHV��XVLQJ�',$�PRGH�LQFUHDVHV�WKH
QXPEHU�RI�LGHQWLILFDWLRQV�E\�D�IDFWRU�RI�WZR�FRPSDUHG�WR�SUHYLRXV�H[SHULPHQWV�SHUIRUPHG�LQ�''$�PRGH��DOEHLW�QRW
ZKHQ�XVLQJ�VDPSOH�IUDFWLRQDWLRQ�

5HJDUGLQJ�PRGLILHG�SHSWLGHV�DQG�SURWHLQV�LQ�FRQWURO�VDPSOHV��QRQ�IUDFWLRQDWHG�DQG�QRQ�HQULFKHG�����WLPHV�PRUH
SHSWLGHV�ZHUH�LGHQWLILHG�LQ�',$�FRPSDUHG�WR�''$�DFTXLVLWLRQ�PRGH�DQG�����PRUH�SURWHLQV��7KH�',$�DFTXLVLWLRQ
PRGH�DQDO\VLV�RI�IUDFWLRQDWHG�&,)�VDPSOHV�HQDEOHG�D�����LQFUHDVH�LQ�WKH�QXPEHU�RI�PRGLILHG�SURWHLQV�DQG�D
����LQFUHDVH�LQ�WKH�QXPEHU�RI�PRGLILHG�SHSWLGHV�DQG�JO\FDWLRQ�VLWHV�UHFRJQL]HG��7KH�FRPELQHG�LPSOHPHQWDWLRQ
RI�&,)�IUDFWLRQDWLRQ�DQG�%$&�HQULFKPHQW�RI�JO\FDWHG�SHSWLGHV�LQ�',$�PRGH�DFTXLVLWLRQ�DFKLHYHG�WR�LQFUHDVH�LQ�WKH
QXPEHU�RI�JO\FDWHG�SHSWLGHV�DQG�JO\FDWLRQ�VLWHV��WZRIROG��DV�ZHOO�DV�SURWHLQV��WKUHH�IROG��FRPSDUHG�WR
QRQ�IUDFWLRQDWHG�DQG�QRQ�HQULFKHG�VDPSOHV�

7KH�ERWWRP�XS�SURWHRPLF�PHWKRG�GHYHORSHG�KDV�VXFFHVVIXOO\�LQFUHDVHG�WKH�LGHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ�RI
QXPHURXV�SHSWLGHV�DQG�SURWHLQV�PRGLILHG�E\�$PDGRUL�SURGXFWV�LQ�KXPDQ�XQGHSOHWHG�SODVPD�VDPSOHV��7R�RXU
NQRZOHGJH��WKLV�LV�WKH�ILUVW�JO\FDWHG�SURWHRPH�XVLQJ�D�FRPELQDWLRQ�RI�IUDFWLRQDWLRQ�ERURQDWH�EDVHG�HQULFKPHQW
VWUDWHJLHV�FRXSOHG�ZLWK�FRPSUHKHQVLYH�',$�06��7KLV�DSSURDFK�ZLOO�QRZ�EH�DSSOLHG�WR�VDPSOHV�IURP�GLIIHUHQW
DYLDQ�VSHFLHV�LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�KRZ�ELUGV�PDQDJH�WKHLU�XVXDOO\�KLJK�OHYHOV�RI�EORRG�JOXFRVH�
1. $��6KLQ�HW�DO���$GY�&OLQ�&KHP��������������������
2. &��6HRQJK\HRQ�HW�DO���5HYLHZV�LQ�$QDO\WLFDO�&KHPLVWU\������������������
3. 9��'HPLFKHY�HW�DO���HW�DO��1DW�0HWKRGV������������������
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$EVWUDFW�����

:ULWHU���9HUD�0(1'(6��YPHQGHV#FQF�XF�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

,GHQWLILFDWLRQ�RI�SRWHQWLDO�ELRPDUNHUV�UHODWHG�WR�$̿�GHSRVLWLRQ�WKURXJK
SURWHRPLF�SURILOLQJ�LQ�SDWLHQWV�ZLWK�0LOG�&RJQLWLYH�,PSDLUPHQW
9HUD�0��0(1'(6D��'DQLHOD�0287,1+2E��6DUD�&��0$'(,5$F��,Q¬V�%$/'(,5$6G��0DQXHOD�*8(55(,52E�
6DQGUD�&$5'262E��+HOHQD�$,'26F��,VDEHO�6$17$1$H��$OH[DQGUH�0(1'21�$E��%UXQR�0$1$'$6D

D�&1&���&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\��8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO���&HQWUH�IRU�,QQRYDWLYH
%LRPHGLFLQH�DQG�%LRWHFKQRORJ\��&,%%���8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO��E�)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI
/LVERQ��/LVERD��3RUWXJDO��F�/$6,*(��)DFXOW\�RI�6FLHQFHV��8QLYHUVLW\�RI�/LVERQ��/LVERD��3RUWXJDO��G�&1&���&HQWHU�IRU
1HXURVFLHQFH�DQG�&HOO�%LRORJ\��8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO���&HQWUH�IRU�,QQRYDWLYH�%LRPHGLFLQH�DQG
%LRWHFKQRORJ\��&,%%���8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO���)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�&RLPEUD��&RLPEUD�
3RUWXJDO��H�)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�&RLPEUD��'HSDUWPHQW�RI�1HXURORJ\��+RVSLWDO�DQG�8QLYHUVLW\�&HQWUH�RI�&RLPEUD�
&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\���&HQWUH�IRU�,QQRYDWLYH�%LRPHGLFLQH�DQG�%LRWHFKQRORJ\��&,%%���8QLYHUVLW\�RI
&RLPEUD��&RLPEUD��3RUWXJDO

$O]KHLPHU
V�GLVHDVH�LV�WKH�OHDGLQJ�W\SH�RI�GHPHQWLD��FKDUDFWHUL]HG�E\�D�JUDGXDO�GHFOLQH�LQ�FRJQLWLYH�DQG
EHKDYLRUDO�IXQFWLRQ��,W�XVXDOO\�VWDUWV�ZLWK�PLOG�PHPRU\�ORVV��SURJUHVVLQJ�RYHU�WLPH�WR�GLIILFXOWLHV�ZLWK
FRPPXQLFDWLRQ�DQG�UHVSRQVH�WR�WKH�HQYLURQPHQW��*DLQLQJ�LQVLJKW�LQWR�WKH�XQGHUO\LQJ�FDXVHV�RI�WKLV�GLVRUGHU�LV
FULWLFDO�IRU�HQDEOLQJ�HDUO\�DQG�SUHFLVH�GLDJQRVLV��DV�ZHOO�DV�GHYHORSLQJ�HIIHFWLYH�WUHDWPHQWV��0LOG�FRJQLWLYH
LPSDLUPHQW��0&,��LV�D�FRQGLWLRQ�WKDW�RIWHQ�SUHFHGHV�$'��DQG�VWXG\LQJ�0&,�FDQ�KHOS�LGHQWLI\�HDUO\�VLJQV�DQG�ULVN
IDFWRUV�IRU�$'��DOORZLQJ�IRU�HDUOLHU�LQWHUYHQWLRQ�DQG�SRWHQWLDO�SUHYHQWLRQ�RI�WKH�GLVHDVH��$�FRPSDUDWLYH�SURWHRPLF
VWXG\�ZDV�FDUULHG�RXW�EHWZHHQ�DQ�0&,�JURXS�RI�SDWLHQWV�ZLWKRXW�DQ\�ELRPDUNHUV�RI�$ͅ�GHSRVLWLRQ�RU�QHXURQDO
LQMXU\��0&, $ͅ� ��DQG�DQ�0&,�JURXS�RI�SDWLHQWV�IXOILOOLQJ�FULWHULD�RI�KLJK�OLNHOLKRRG�IRU�$'��0&, $ͅ� ���,Q�RUGHU�WR
HQKDQFH�WKH�UHOLDELOLW\�RI�WKH�UHVXOWV�DQG�DYRLG�OLPLWDWLRQV�WR�D�VSHFLILF�SDWLHQW�JURXS��WKLV�VWXG\�HPSOR\HG�DQDO\VLV
DQG�FRPSDULVRQ�RI�VDPSOHV�REWDLQHG�IURP�WZR�GLVWLQFW�FRKRUWV��7KH�SURWHLQ�FRQWHQW�IURP����&6)�VDPSOHV�IURP
0&, $ͅ� �SDWLHQWV�DQG����IURP�0&, $ͅ� �SDWLHQWV�ZDV�SUHFLSLWDWHG�ZLWK�PHWKDQRO�DQG�DQDO\]HG�XVLQJ�WKH
6KRUW�*H/&�6:$7+�DSSURDFK��3RROHG�VDPSOHV�ZHUH�SUHSDUHG�WR�JHQHUDWH�WKH�SHSWLGH�LRQ�OLEUDULHV�E\�'DWD
'HSHQGHQW�DFTXLVLWLRQ��''$��DQG�HDFK�VDPSOH�ZDV�DQDO\]HG�E\�6:$7+�',$�IRU�UHODWLYH�SURWHLQ�TXDQWLILFDWLRQ�

5HVXOWV�VKRZ�WKDW��RXW�RI�WKH�����SURWHLQV�LQ�WKH�OLEUDU\������ZHUH�TXDQWLILHG�DQG�VXEMHFWHG�WR�VWDWLVWLFDO�DQDO\VLV
WR�LGHQWLI\�WKH�PRVW�VLJQLILFDQW�SURWHLQV�WKDW�GLVWLQJXLVKHG�EHWZHHQ�WKH�WZR�0&,�JURXSV��7KLV�DQDO\VLV�ZDV
FRQGXFWHG�VHSDUDWHO\�IRU�HDFK�FRKRUW�DQG�ODWHU�IRU�DOO�VDPSOHV��'LIIHUHQFHV�EHWZHHQ�WKH�WZR�FRKRUWV�ZHUH
LGHQWLILHG�WKURXJK�3&$�DQDO\VLV��DQG�WR�PLWLJDWH�DQ\�SRWHQWLDO�WHFKQLFDO�YDULDWLRQV��EDWFK�HIIHFW�FRUUHFWLRQ�ZDV
FRQGXFWHG��7KLV�IDFLOLWDWHG�D�UHDVVHVVPHQW�RI�WKH�REVHUYHG�GLVSDULWLHV�EHWZHHQ�WKH�WZR�FRKRUWV�

7KH�PRVW�LQWHUHVWLQJ�SURWHLQV�UHODWHG�WR�$ͅ�GHSRVLWLRQ��0&, $ͅ���ZHUH�VHOHFWHG�EDVHG�RQ�D�9,3�VFRUH�DERYH���
H[WUDFWHG�IURP�WKH�3/6�'$�DQDO\VLV��$OWKRXJK�WKH�QXPEHU�RI�VHOHFWHG�SURWHLQV�ZDV�VLPLODU�EHWZHHQ�ERWK�FRKRUWV
�DURXQG�����SURWHLQV���WKH�SURWHLQV�WKHPVHOYHV�GLIIHUHG�VLJQLILFDQWO\��*HQH�2QWRORJ\�HQULFKPHQW�DQDO\VLV�ZDV
FRQGXFWHG�RQ�WKH�LGHQWLILHG�VHWV�RI�LQWHUHVWLQJ�SURWHLQV��:KLOH�VRPH�ELRORJLFDO�SURFHVVHV��VXFK�DV�FHOO�DGKHVLRQ
DQG�SRVW�WUDQVODWLRQDO�SURWHLQ�PRGLILFDWLRQ��ZHUH�FRPPRQ�WR�ERWK�FRKRUWV��D�ODUJH�QXPEHU�RI�ELRORJLFDO�SURFHVVHV
ZHUH�IRXQG�WR�EH�HQULFKHG�LQ�RQO\�RQH�RI�WKH�FRKRUWV�

'HVSLWH�WKH�GLIIHUHQFHV�DPRQJ�WKH�VHOHFWHG�SURWHLQV�IURP�HDFK�FRKRUW��WKH�FRPELQDWLRQ�RI�DOO�WKH�DQDO\VHV
UHVXOWHG�LQ�D�JURXS�RI�SURWHLQV�WKDW�GLVWLQJXLVKHV�0&, $ͅ� �IURP�0&, $ͅ� �DQG�WKDW�FDQ�EH�FRQVLGHUHG�SRWHQWLDO
ELRPDUNHUV�IRU�$O]KHLPHU
V�GLVHDVH�

FL9	
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FL10	
$EVWUDFW�����

:ULWHU���3DXOLQH�3(5'8�$//2<��SDXOLQH�SHUGX�DOOR\#HWX�XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

2SWLPL]DWLRQ�RI�VDPSOH�SUHSDUDWLRQ�DQG�QDQR/&�06�06�PHWKRGV�IRU�VLQJOH�FHOO
SURWHRPLF�DQDO\VLV
3DXOLQH�3(5'8�$//2<D��/DXUHQFH�6$%$7,(5D��&KULVWLQH�&$5$3,72D

D�/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��,3+&��805��������&156��������6WUDVERXUJ��)UDQFH

8QGHUVWDQGLQJ�WKH�YDULRXV�PHFKDQLVPV�LQ�ZKLFK�SURWHLQV�DUH�LQYROYHG�LV�FUXFLDO�IRU�FRPSUHKHQGLQJ�ELRFKHPLFDO
SKHQRPHQD��LQFOXGLQJ�WKH�RQVHW�DQG�GHYHORSPHQW�RI�GLVHDVHV ���&RQGXFWLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DQDO\VLV
RI�WKH�HQWLUH�SURWHRPH�FDQ�SURYLGH�LQVLJKWV�LQWR�WKH�UHVSRQVH�RI�DQ�RUJDQ�RU�D�SRSXODWLRQ�RI�FHOOV�WR�WUHDWPHQWV�RU
GLVHDVHV��+RZHYHU��DQDO\VLV�RI�SURWHLQV�IURP�DQ�DYHUDJH�FHOO�SRSXODWLRQ�RIWHQ�QHJOHFWV�FHOOXODU�KHWHURJHQHLW\�DQG
GRHV�QRW�DOORZ�WR�GLVWLQJXLVK�KHDOWK\�FHOOV�IURP�LQIHFWHG�FHOOV��ZKLFK�FRKDELW�LQ�WKH�VDPH�WLVVXHt��7KH�ULVH�RI
VLQJOH�FHOO�SURWHRPLFV�LV�WKHUHIRUH�PHDQLQJIXO�EHFDXVH�LW�DOORZV�WKH�LGHQWLILFDWLRQ�RI�WKH�SURWHRPH�H[SUHVVHG�LQ
LQGLYLGXDO�FHOOV�ZLWK�LQFUHDVLQJ�GHSWK�DW�D�JLYHQ�WLPH � ��ZLWK�DSSOLFDWLRQV�UDQJLQJ�IURP�GLVHDVH�GLDJQRVLV�WR�WKH
UHVSRQVH�RI�D�FKHPLFDO�WUHDWPHQW��+RZHYHU��GHVSLWH�LWV�LPSRUWDQFH��WKH�SURWHRPH�DQDO\VLV�DW�WKH�VLQJOH�FHOO�OHYHO
UHPDLQV�D�PDMRU�DQDO\WLFDO�FKDOOHQJH�GXH�WR�WKH�YHU\�ORZ�DEXQGDQFH�RI�SURWHLQ�PDWHULDO�DYDLODEOH�ZLWKLQ�D�FHOO
��QJ���7KXV��HYHU\�VWHS�RI�WKH�ZRUNIORZ�QHHGV�WR�EH�UHYLVLWHG�WR�PLQLPL]H�ORVVHV�GXULQJ�VDPSOH�SUHSDUDWLRQ�DQG
DFKLHYH�KLJKHVW�VHQVLWLYLW\�LQ�OLTXLG�FKURPDWRJUDSK\�WDQGHP�PDVV�VSHFWURPHWU\�DQDO\VLV��/&�06�06��

,Q�UHFHQW�\HDUV��WKH�GHYHORSPHQW�RI�WUDSSHG�LRQ�PRELOLW\�VSHFWURPHWU\��7,06��FRXSOHG�WR�D�KLJK�VHQVLWLYLW\�PDVV
VSHFWURPHWHU��7LPV472)��DV�ZHOO�DV�WKH�GHYHORSPHQW�RI�DXWRPDWHG�PHWKRGV�IRU�VDPSOH�SUHSDUDWLRQ�DQG
VRSKLVWLFDWHG�GDWD�VRIWZDUH�FRQVWLWXWH�DQ�DQFKRU�IRU�WKH�DQDO\VLV�RI�SURWHLQ�PDWHULDO�DW�WKH�VLQJOH�FHOO�VFDOH��

2Q�WKH�RQH�KDQG��+HOD�FHOO�GLJHVWV��3LHUFH��5HI���������ZHUH�XVHG�WR�SUHSDUH�D�GLOXWLRQ�VHULHV�IURP�����WR����QJ�RI
LQMHFWHG�PDWHULDO��2Q�WKH�RWKHU�KDQG��+H/D�FHOOV�ZHUH�VRUWHG��O\VHG�DQG�GLJHVWHG�XVLQJ�WKH�&HOOHQ21(�LQVWUXPHQW
DW�&HOOHQLRQ��/\RQ���9DU\LQJ�FHOO�QXPEHUV��IURP���WR����FHOOV�ZHUH�VRUWHG��O\VHG��GLJHVWHG�SULRU�WR�QDQR/&�06�06
DQDO\VLV�

3HSWLGH�PL[WXUHV�ZHUH�VHSDUDWHG�RQ�DQ�$XURUD�&���53���������wP�[����PP�����wP���,RQ2SWLFNV��FROXPQ
XVLQJ�D�QDQR(OXWH��%UXNHU�'DOWRQLFV��FRXSOHG�WR�D�WLPV72)SUR���%UXNHU�'DOWRQLFV��PDVV�VSHFWURPHWHU�
6HSDUDWLRQ�ZDV�SHUIRUPHG�RQ�D�JUDGLHQW�IURP���WR�����$&1�LQ������IRUPLF�DFLG�RYHU���PLQ�DW����w/�PLQ��'DWD
'HSHQGHQW�$FTXLVLWLRQ���3DUDOOHO�$FFXPXODWLRQ�DQG�6HULDO�)UDJPHQWDWLRQ��''$�3$6()��DQG�'DWD�,QGHSHQGHQW
$FTXLVLWLRQ���3$6()��',$�3$6()��PHWKRGV�ZHUH�XVHG��$�FRPSDUDWLYH�DQDO\VLV�ZDV�SHUIRUPHG�WR�DVVHVV�WKH
SHUIRUPDQFH�RI�WZR�GDWD�DQDO\VLV�WRROV��0D[4XDQW�DQG�3UROLQH�IRU�''$�GDWD�DQDO\VLV��DQG�6SHFWURQDXW�DQG
',$�11�IRU�',$�GDWD�LQWHUSUHWDWLRQ�

,Q�''$�3$6()�PRGH��DURXQG�����SURWHLQV�ZHUH�LGHQWLILHG�LQ�WKH�����WR����QJ�UHJLRQ��ZKLOH�PRUH�WKDQ�����
SURWHLQV�FRXOG�EH�LGHQWLILHG�LQ�WKH�VDPH�UHJLRQ�LQ�',$�3$6()��7KHVH�ILUVW�UHVXOWV�ZHUH�HQFRXUDJLQJ�WR�IXUWKHU
H[SORUH�WKH�LQVWUXPHQW
V�SHUIRUPDQFHV�IRU�YHU\�ORZ�DPRXQWV�DV�WKHVH�SURWHLQ�DPRXQWV�DUH�FORVH�WR�VLQJOH�FHOO
SURWHLQ�FRQWHQWV��DSSUR[�����QJ���,Q�LVRODWHG�FHOOV��DQ�DYHUDJH�RI�����SURWHLQV�ZHUH�LGHQWLILHG�LQ�VLQJOH�FHOOV�LQ
''$�3$6()�PRGH��ZKLOH�PRUH�WKDQ������SURWHLQV�ZHUH�LGHQWLILHG�XVLQJ�D�',$�3$6()�PHWKRG��7KLV�UHPDUNDEOH
RXWFRPH�KLJKOLJKWV�WKH�JUHDW�FDSDFLWLHV�RI�',$�3$6()�IRU�VLQJOH�FHOO�DQDO\VLV�

,QYHVWLJDWLQJ�WKH�GDWD�SURFHVVLQJ�DVSHFW�RI�',$��FRPSDULQJ�WKH�WZR�GDWD�SURFHVVLQJ�VRIWZDUH��6SHFWURQDXW�DQG
',$�11��UHYHDOHG�FORVH�DYHUDJH�QXPEHUV�RI�TXDQWLILHG�SURWHLQV�IRU�VLQJOH�FHOOV�DQG�XS�WR���LVRODWHG�FHOOV�

:KLOH�WKRVH�LQLWLDO�UHVXOWV�DUH�SURPLVLQJ��IXUWKHU�RSWLPL]DWLRQV�DUH�VWLOO�UHTXLUHG�IURP�VDPSOH�SUHSDUDWLRQ�WR
QDQR/&�06�06�DFTXLVLWLRQ�PHWKRGV�RSWLPL]DWLRQ�DQG�ILQDOO\�GDWD�SURFHVVLQJ�WR�EH�DEOH�WR�XQORFN�GHHSHU�LQVLJKWV
LQWR�FHOOXODU�KHWHURJHQHLW\�DQG�GLVHDVH�PHFKDQLVPV�
��0LQDNVKL��6LQJOH�&HOO�3URWHRPLFV��7HFKQRORJ\�	�$SSOLFDWLRQV���������
t �0DULQR��=LWR��$FFDUGR��5RQFKL��&R]]ROLQR��0RUJLOOR��5RVVL��)UDQFR� �0ROHFXODU�KHWHURJHQHLW\�LQ�OXQJ�FDQFHU�
�������
��7HPSOHU��&HV��1HZ�IURQWLHUV�LQ�VLQJOH�FHOO�DQDO\VLV���������
� �0HLHU��3DUN��0DQQ� �7UDSSHG�,RQ�0RELOLW\�6SHFWURPHWU\�DQG�3DUDOOHO�$FFXPXODWLRQ�6HULDO�)UDJPHQWDWLRQ�LQ
3URWHRPLFV���������
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FL11	
$EVWUDFW�����

:ULWHU���'U�5XL�9,725,12��UYLWRULQR#XD�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

3URPLVLQJ�6DOLYDU\�3URWHLQ�0DUNHUV�IRU�+HDG�DQG�1HFN�6TXDPRXV�&HOO
&DUFLQRPD�3URJQRVLV
'U�5XL�9,725,12D

D�81,9(56,7<�2)�$9(,52

2ULDQD�%DUURV�����9LWR�*��'
$JRVWLQR���/XFLR�6DQWRV���5LWD�)HUUHLUD���5XL�9LWRULQR�����
� 'HSDUWPHQW�RI�0HGLFDO�6FLHQFHV��,QVWLWXWH�RI�%LRPHGLFLQH�L%L0('��8QLYHUVLW\�RI�$YHLUR������౮����$YHLUR�
3RUWXJDO
�([SHULPHQWDO�3DWKRORJ\�DQG�7KHUDSHXWLFV�*URXS��5HVHDUFK�&HQWHU�RI�,32�3RUWR��&,�,323����5,6(#&,�,323
�+HDOWK�5HVHDUFK�1HWZRUN��DQG�6XUJLFDO�'HSDUWPHQW�RI�3RUWXJXHVH�2QFRORJ\�,QVWLWXWH�RI�3RUWR��,32�3RUWR���
3RUWR�&RPSUHKHQVLYH�&DQFHU�&HQWHU��3RUWR�&&&�
�'HSDUWPHQW�RI�&HOOXODU��&RPSXWDWLRQDO�DQG�,QWHJUDWLYH�%LRORJ\��&,%,2���8QLYHUVLW\�RI�7UHQWR��9LD�6RPPDULYH���
�������7UHQWR��,WDO\
� /$49�5(48,07(��'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$YHLUR��&DPSXV�8QLYHUVLW£ULR�GH�6DQWLDJR�
���������$YHLUR��3RUWXJDO�
�8Q,&��'HSDUWPHQW�RI�6XUJHU\�DQG�3K\VLRORJ\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�3RUWR������౮����3RUWR��3RUWXJDO

+HDG�DQG�QHFN�VTXDPRXV�FHOO�FDUFLQRPD��+16&&��LV�RQH�RI�WKH�PRVW�FRPPRQ�PDOLJQDQW�FDQFHUV�LQ�WKH�ZRUOG�
,Q�DGYDQFHG�VWDJHV��WKH�PRUWDOLW\�UDWH�LV�KLJK��6WUDWLILFDWLRQ�RI�+16&&�SDWLHQWV�E\�PROHFXODU�FKDUDFWHULVWLFV
DOORZV�RSWLPL]DWLRQ�RI�FOLQLFDO�PDQDJHPHQW�RI�WKHVH�SDWLHQWV��+HUH��ZH�H[SORUHG�WKH�*(2�DQG�35,'(
GDWDEDVHV�WR�LGHQWLI\�SXWDWLYH�SURJQRVWLF�ELRPDUNHUV�IRU�+16&&��7KXV��DQ�LQWHJUDWHG�WUDQVFULSWRPH�DQDO\VLV
ZDV�SHUIRUPHG�WR�LGHQWLI\�WKH�PDMRU�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�LQ�+16&&�WLVVXHV��XVLQJ�*6(������
*6(�������*6(�������*6(�����DQG�*6(�����*(2�GDWDVHWV��LQ�FRPELQDWLRQ�ZLWK�D�SURWHRPLF�DQDO\VLV�WR
LGHQWLI\�WKH�RYHUUHSUHVHQWHG�SURWHLQV�LQ�VDOLYD�VDPSOHV�IURP�+16&&�SDWLHQWV��XVLQJ�35,'(�3;'������
GDWDVHW���7KH�SDQHO�RI�LGHQWLILHG�ELRPDUNHUV�ZDV�FKDUDFWHUL]HG�XVLQJ�ZHE�WRROV��QDPHO\�8$/&$1��7R33�DQG
3,1$Y�����)URP�WKH�FRPELQDWRULDO�DQDO\VLV�RI�WKHVH�2PLFV�GDWD��WKH�VDOLYDU\�ELRPDUNHUV�ZLWK�WKH�JUHDWHVW
SRWHQWLDO�IRU�FOLQLFDO�DSSOLFDWLRQ�IRU�SURJQRVWLF�VWUDWLILFDWLRQ�ZHUH�LGHQWLILHG��$'+���003���DQG�6���$���
2YHUDOO��WKLV�0XOWL�2PLFV�DSSURDFK�SURYLGHV�FRPSUHKHQVLYH�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�YDOXH�RI�FRPELQLQJ
$'+���003���DQG�6���$���DV�SURJQRVWLF�ELRPDUNHU�SDQHO�IRU�ULVN�VWUDWLILFDWLRQ��)XWXUH�VWXGLHV�VKRXOG�YDOLGDWH
WKLV�SDQHO�RI�ELRPDUNHUV�LQ�VDOLYD�VDPSOHV�IURP�D�ODUJH�FRKRUW�RI�SDWLHQWV�XVLQJ�WDUJHWHG�DSSURDFKHV�
HQYLVLRQLQJ�LWV�WUDQVODWLRQ�LQWR�WKH�FOLQLFDO�VHWWLQJ�
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FL12	
$EVWUDFW�����

:ULWHU���%DVWLHQ�$51$8'��EDVWLHQ�DUQDXG#LQRYDULRQ�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

/&�06�06�DQDO\VLV�RI�SHQJXLQ�WLVVXHV�DQG�FXVWRPL]DWLRQ�RI�SURWHLQ�GDWDEDVH
WR�LGHQWLI\�QRYHO�DQWLPLFURELDO�SHSWLGHV
%DVWLHQ�$51$8'D��$GULHQ�%52:1E��3KLOLSSH�%8/(7F��)DEULFH�%(57,/(E

D�,QRYDULRQ��3DULV��)UDQFH��E�%LR2UJDQLF�0DVV�6SHFWURPHWU\�/DERUDWRU\��/60%2���,3+&�805�������8QLYHUVLW\�RI
6WUDVERXUJ��&156��6WUDVERXUJ��)UDQFH��F�,QVWLWXWH�IRU�$GYDQFHG�%LR6FLHQFHV��,$%�805�������&156��,16(50��8QLYHUVLW«
*UHQREOH�$OSHV��/D�7URQFKH��)UDQFH

,QWURGXFWLRQ

$FFRUGLQJ�WR�WKH�:+2��WKH�FOLQLFDO�SLSHOLQH�DQG�UHFHQWO\�DSSURYHG�DQWLELRWLFV�DUH�LQVXIILFLHQW�WR�WDFNOH�WKH
FKDOOHQJH�RI�LQFUHDVLQJ�HPHUJHQFH�DQG�VSUHDG�RI�DQWLPLFURELDO�UHVLVWDQFH��7KH�LGHQWLILFDWLRQ�DQG
LPSURYHPHQW�GHYHORSPHQW�RI�QDWXUDO�DQWLPLFURELDO�SHSWLGHV��$03V��LV�D�SURPLVLQJ�DOWHUQDWLYH�WR�FRQYHQWLRQDO
DQWLELRWLFV��GXH�WR�WKHLU�ORZ�SUREDELOLW\�RI�LQGXFLQJ�UHVLVWDQFH��,Q�WKH�HDUO\�����V��ZH�KDYH�LVRODWHG�DQG�IXOO\
FKDUDFWHUL]HG�WZR�LVRIRUPV��$Y%'���D��$Y%'���E��RI�DQ�$03�LQ�WKH�.LQJ�SHQJXLQ�� $��SDWDJRQLFXV���QDPHO\�WKH
DYLDQ�ͅ�GHIHQVLQ�VSKHQLVFLQ � ��:H�VKRZHG�WKDW�$Y%'���E�LV�DFWLYH�DJDLQVW�PLFUR�RUJDQLVPV��*���*��EDFWHULD�
\HDVW�DQG�ILODPHQWRXV�IXQJL��HYHQ�DW�KLJK�VDOW�FRQFHQWUDWLRQ � ��7KLV�LV�D�FRQVLGHUDEOH�DGYDQWDJH�WR�ILJKW�WKH
SDWKRJHQV�WKDW�GHYHORS�LQ�VDOW�ULFK�HQYLURQPHQWV��H�J��GXULQJ�F\VWLF�ILEURVLV�RU�RFXODU�LQIHFWLRQV���7KHUHIRUH��RXU
XOWLPDWH�JRDO�LV�WR�GHFLSKHU�WKH�PHFKDQLVPV�RI�DFWLRQ�RI�VSKHQLVFLQ��+HUH�ZH�VHHN�WR�DQDO\]H�WKH�VWUXFWXUDO
GLYHUVLW\�RI�$03�PHPEHUV�RI�WKH�VSKHQLVFLQ�IDPLO\�E\�UHILQLQJ�WKH�DQQRWDWLRQ�RI�WKH�.LQJ�SHQJXLQ�JHQRPH
DQDO\]LQJ�DQG�VHYHUDO�SHQJXLQ�WLVVXH�VDPSOHV�E\�PDVV�VSHFWURPHWU\�

0HWKRGV

3HQJXLQ�VDPSOHV�VHOHFWHG�EDVHG�RQ�WKHLU�VHSWLF�DQG�VDOLQH�HQYLURQPHQW��ERQH��OXQJ��NLGQH\��PRXWK�IORRU��WRQJXH�
VWRPDFK��HVRSKDJXV��GXRGHQXP�DQG�MHMXQXP��ZHUH�FU\RJULQGHG�XVLQJ�D�EDOO�PLOO��DQG�SURWHLQV�ZHUH�H[WUDFWHG�LQ
XUHD�WKLRXUHD�&+$36�RU�/DHPPOL�EXIIHU��$IWHU�SURWHLQ�DVVD\�����wJ�RI�SURWHLQV�ZHUH�ORDGHG�RQWR�JO\FLQH
6'6�3$*(�DQG�WULFLQH�6'6�3$*(�JHOV�DQG�HOHFWURSKRUHVHG��(LJKW�WR�WHQ�SURWHLQ�EDQGV�RI��PP�ZLGWK�ZHUH
H[FLVHG�LQ�WKH�����N'D�UDQJH��DQG�WU\SVLQ �LQ�JHO�GLJHVWLRQ�ZDV�SHUIRUPHG�DIWHU�UHGXFWLRQ�DQG�DON\ODWLRQ��6DPSOHV
ZHUH�DQDO\]HG�XVLQJ�D�QDQR(OXWH�FKURPDWRJUDSK\�V\VWHP�FRXSOHG�WR�D�WLPV7RI�3UR�PDVV�VSHFWURPHWHU��%UXNHU��
06�UDZ�GDWD�ZHUH�SURFHVVHG�XVLQJ�0DVFRW��Y�������DQG�3UROLQH6WXGLR��Y�������ZLWK�DQ�)'5�RI����DW�360�DQG
SURWHLQ�OHYHOV��6SHFWUD�ZHUH�VHDUFKHG�DJDLQVW�D�KRPH�PDGH�SURWHLQ�GDWDEDVH�FRQWDLQLQJ�SURWHLQ�VHTXHQFHV
DYDLODEOH�IURP�WKUHH�GLIIHUHQW�DQQRWDWLRQV�RI�WKH �$��SDWDJRQLFXV �JHQRPH��:H�DOVR�DGGHG�WR�WKH�GDWDEDVH�SURWHLQ
VHTXHQFHV�GHULYHG�IURP�RXU�RZQ�DQQRWDWLRQ�RI�WKH �$��SDWDJRQLFXV �JHQRPH�DQG�FRPSDULVRQ��EODVW��ZLWK
VHTXHQFHV�RI�DOO�NQRZQ�EHWD�GHIHQVLQV�LQ�VSHFLDOL]HG�UHVRXUFHV��$3'�DQG�'5$03���,Q�DGGLWLRQ��D�GH�QRYR
VHTXHQFLQJ�VWUDWHJ\�ZDV�FRQVLGHUHG�XVLQJ�1RYRU��Y�����PLQ�SHSWLGH�VFRUH�����DQG�EODVWS�Y�������

5HVXOWV

:H�VXFFHVVIXOO\�EXLOW�D�SURWHLQ�GDWDEDVH�HQULFKHG�ZLWK����SXWDWLYH�SHQJXLQ�EHWD�GHIHQVLQV�LQ�DGGLWLRQ�WR�WKH��
DOUHDG\�DQQRWDWHG��)URP�WKHUH��VHTXHQFH�FOXVWHULQJ�DQG�DOLJQPHQW�DOORZHG�XV�WR�HOLPLQDWH�UHGXQGDQFLHV��DQG�ZH
ILQDOO\�UHWDLQHG�D�GDWDEDVH�YHUVLRQ�ZLWK����SHQJXLQ�GHIHQVLQ�VHTXHQFHV��6WULNLQJO\��UHWDLQHG�VHTXHQFHV�ZHUH�ULFK
LQ�ZHOO�DOLJQHG�F\VWHLQH�PRWLIV��ZKLFK�VXSSRUWV�WKHLU�DFWXDO�GHIHQVLQJ�VWDWXV��0DVFRW�VHDUFKHV�DOORZHG����SHQJXLQ
GHIHQVLQV�WR�EH�LGHQWLILHG��DQG�WKH�GH�QRYR�VHTXHQFLQJ�VWUDWHJ\�DOORZHG�GHWHFWLRQ�RI�DQ�DGGLWLRQDO�RQH��'HIHQVLQ
VHTXHQFH�FRYHUDJH�ZDV�GHWHUPLQHG�LQ�WKH�������UDQJH��ZKLFK�LV�XQUHDVRQDEO\�ORZ�DQG�ZLOO�EH�FRUUHFWHG��GXH�WR
WKH�IDFW�WKDW�WKH�VHTXHQFHV�ZH�SUHGLFWHG�ZHUH�DUWLILFLDOO\�HORQJDWHG�WR�DYRLG�PLVVLQJ�WKH�WUXH�VWDUW
�DQG�VWRS
�RI
SHQJXLQ�GHIHQVLQV��7LVVXH�VSHFLILFLW\�FRXOG�EH�QRWLFHG��WKH�ERQH��OXQJ�DQG�WRQJXH�DOUHDG\�EULQJLQJ�WKH
LGHQWLILFDWLRQ����RI�WKH����GHIHQVLQV�

&RQFOXVLRQ�SHUVSHFWLYHV

7KH�FRPELQDWLRQ�RI�ELRLQIRUPDWLFV�PDQLSXODWLRQ�RI�SURWHLQ�VHTXHQFH�GDWDEDVHV��PDVV�VSHFWURPHWU\��FODVVLFDO
0DVFRW�DQDO\VLV��DQG�GH�QRYR�VHTXHQFLQJ�SURYHG�UHOHYDQW�DQG�VXFFHVVIXO��)XUWKHU�DQDO\VHV�VKRXOG�LQFUHDVH�WKH
FRYHUDJH�RI�SHQJXLQ�GHIHQVLQ�VHTXHQFHV��7KHVH�UHVXOWV�ZLOO�EH�XVHG�WR�EHWWHU�XQGHUVWDQG�WKH�VWUXFWXUH�IXQFWLRQ
UHODWLRQVKLS�RI�SHQJXLQ�GHIHQVLQV��,Q�SDUDOOHO��ZH�ZLOO�FRQGXFW�D�ELR�JXLGHG�VWUDWHJ\�WR�HYDOXDWH�ZKLFK�RI�WKH���
GHIHQVLQV�ZH�LGHQWLILHG�DUH�DFWXDOO\�DFWLYH�DJDLQVW�PLFURRUJDQLVPV�XQGHU�KLJK�VDOLQLW\�FRQGLWLRQV�
�7KRX]HDX�HW�DO���-�%LRO�&KHP�������'2,���������MEF�0���������
�/DQGRQ�HW�DO���-�%LRO�&KHP�������'2,���������MEF�0���������
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FL13	
$EVWUDFW�����

:ULWHU���<DVPLQH�%28*+$10,��\DVPLQH�ERXJKDQPL#HWX�XQLY�DPX�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������6WUXFWXUDO�SURWHRPLFV

6KRUW�PRGLILHG�SHSWLGHV�RU�GLPHULF�SHSWLGH�LVRODWHG�IURP�DQLPDO�YHQRPV��$UH
/&�06�06��(GPDQ�VHTXHQFLQJ�HQRXJK�WR�GHWHUPLQH�WKHLU�VHTXHQFHV"
<DVPLQH�%28*+$10,D��3DVFDO�0$168(//(E��5HJLQH�/(%581E��3DWULFN�)28548(7F��0DULHOOH�%$/=$12G�
&DUROLQH�%(5(1*8(5H��0D[LPH�028/$5'G��+DUROG�'(�320<(56I��'LGLHU�*,*0(6J��/
KRXFLQH�28$),.H�
.DPHO�0$%528.J

D�$L[�0DUVHLOOH�8QLY�&156�,&5�805��������TXLSH�&5236��E�$L[�0DUVHLOOH�8QLY��,00�,QVWLWXW�GH�0LFURELRORJLH�GH�OD
0«GLWHUUDQ«H��0DUVHLOOH�3URW«RPLTXH���)5�������0DUVHLOOH��)UDQFH��F�$L[�0DUVHLOOH�8QLY��,16(50��&156��,QVWLWXW
3DROL�&DOPHWWHV��&5&0�������0DUVHLOOH�3URW«RPLTXH��0DUVHLOOH��)UDQFH��G�%LR&\WH[��0DUVHLOOH���������)UDQFH��H�$L[
0DUVHLOOH�8QLY��&156��,QVWLWXW�GH�1HXURSK\VLRSDWKRORJLH��,13���0DUVHLOOH��)UDQFH��I�/$72;$1�6$6������$YHQXH�3LHUUH
%URVVROHWWH��������3RUWHV�OªV�9DOHQFH��)UDQFH��J�$L[�0DUVHLOOH�8QLY�&156�,&5�805��������TXLSH�&5236�������
0DUVHLOOH��)UDQFH

7KH�UHVHDUFK�IRU�QHZ�WKHUDSHXWLF�PROHFXOHV�LV�D�PDMRU�SXEOLF�KHDOWK�LVVXH��PRUH�SDUWLFXODUO\�LQ�WKH�WUHDWPHQW�RI
FHUWDLQ�GLVHDVHV��,Q�RXU�JURXS��YHQRPV�KDYH�EHHQ�VFUHHQHG�LQ�VHYHUDO�DUHDV�LQ�RUGHU�WR�LGHQWLI\�QHZ�SDLQNLOOHUV
DQG�PDLQO\�DQWL�WXPRUV�RU�DQWLEDFWHULDO�DJHQWV�

6R�IDU��WKH�VXFFHVV�RI�FDQFHU�WUHDWPHQWV�KDV�QRW�EHHQ�VDWLVIDFWRU\��,QGHHG��V\QWKHWLF�FKHPLFDOV�XVHG�LQ
FKHPRWKHUDS\�DQG�UDGLRWKHUDS\�KDYH�ORZ�VROXELOLW\�DQG�VRPHWLPHV�H[WUHPHO\�KLJK�F\WRWR[LFLW\�WKDW�FDQ�FDXVH
VLJQLILFDQW�FROODWHUDO�GDPDJH�WR�QRUPDO�WLVVXHV��,Q�DGGLWLRQ��WKH\�FDQ�LQGXFH�FKHPRUHVLVWDQFH�RU�UDGLRUHVLVWDQFH
DIWHU�D�SHULRG�RI�WUHDWPHQW��,W�LV�WKHUHIRUH�HVVHQWLDO�WR�GHYHORS�QHZ�PROHFXOHV�FDSDEOH�RI�EORFNLQJ�WKH�GLYLVLRQ�RI
FDQFHU�FHOOV�DQG�KDYLQJ�OHVV�WR[LF�HIIHFWV�RQ�KHDOWK\�WLVVXHV��0DQ\�DQWL�FDQFHU�SHSWLGHV��$&3V��KDYH�WKH�DELOLW\�WR
VSHFLILFDOO\�DQG�VHOHFWLYHO\�WDUJHW�FDQFHU�FHOOV�

0RUHRYHU��QDWXUDO�UHVLVWDQFH�RI�EDFWHULD�FRQVHFXWLYH�WR�RYHUXVH�RI�DQWLELRWLFV�LQ�KXPDQ�DQG�DQLPDO�WKHUDSLHV�DV
ZHOO�DV�LQ�YDULRXV�LQGXVWULDO�ILHOGV�KDYH�OHG�WR�WKH�VHOHFWLRQ�RI�SDWKRJHQLF�PXOWL��GUXJ�UHVLVWDQW�EDFWHULD��2YHU�WKH
ODVW�IHZ�GHFDGHV��UHVLVWDQFH�WR�FRQYHQWLRQDO�DQWLELRWLFV�KDV�OLPLWHG�WUHDWPHQW�RSWLRQV��UHVXOWLQJ�LQ�D�VLJQLILFDQW
LQFUHDVH�LQ�PRUWDOLW\�DQG�PRUELGLW\�LQ�KRVSLWDOV��9HQRPV�DUH�NQRZQ�WR�EH�D�ULFK�VRXUFH�RI�XQLTXH�DQG�LQQRYDWLYH
SKDUPDFRORJLFDOO\�DFWLYH�VXEVWDQFHV��LQFOXGLQJ�$&3V�RU�$03V�

,Q�RXU�VWXG\��WKH�DQWLEDFWHULDO�RU�DQWLSUROLIHUDWLYH�SURSHUWLHV�RI�����YHQRPV�RI�VQDNHV��VFRUSLRQV��DPSKLELDQV�DQG
LQVHFWV�ZHUH�VWXGLHG��7KH�LGHQWLILFDWLRQ�RI�WKHVH�$03V�RU�$&3V�ZDV�FDUULHG�RXW�E\��L��WHVWV�IRU�WKH�LQKLELWLRQ
DFWLYLW\�LL��+3/&�IRU�WKH�SXULILFDWLRQ�RI�FRPSRXQGV�IURP�IUDFWLRQV�IRXQG�DFWLYH�DQG�LLL��PDVV�VSHFWURPHWU\
FRQMXJDWHG�ZLWK�DPLQR�DFLG�VHTXHQFLQJ�IRU�VHTXHQFHV�VWUXFWXUHV�GHWHUPLQDWLRQ�

7KH�GLIILFXOWLHV�HQFRXQWHUHG�ZKHQ�GHWHUPLQLQJ���VHTXHQFHV�RI�ELRDFWLYH�SHSWLGHV��RQH�VKRUW�DQG�LV�PRGLILHG�DQG
WKH�RWKHU�ORQJ�DQG�LV�GLPHULF�ZLOO�EH�GLVFXVVHG�
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FL14	
$EVWUDFW�����

:ULWHU���6DUDK�$/,/$7��VDUDK�DOLODW��#JPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

&RPSDULVRQ�RI�%DFLOOXV�WKXULQJLHQVLV�YLUXOHQFH�SRWHQWLDO�RQ�KXPDQ�&DFR��
LQWHVWLQDO�FHOOV�XVLQJ�PXOWL�RPLFV�LQYHVWLJDWLRQ
6DUDK�$/,/$7D��5DFKHOOH�/$1&(/(85E��0DWKLOGH�%21,6F��2OLYLHU�),50(66(F��*DOOH�9,$/G��;DYLHU�6$5'$G�
9DO«ULH�)(66$5'E��6RSKLH�/,88F��7KLEDXW�/�*(5E

D�7R[LFRORJ\�RI�&RQWDPLQDQWV�8QLW��1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK�	�6DIHW\��E�7R[LFRORJ\
RI�&RQWDPLQDQWV�8QLW��1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK�	�6DIHW\��$16(6��)RXJ«UHV���F
6WDSK\ORFRFFXV��%DFLOOXV�DQG�&ORVWURGLXP�8QLW���)RRG�6DIHW\�/DERUDWRU\��1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG
2FFXSDWLRQDO�+HDOWK�	�6DIHW\��$16(6��0DLVRQV�$OIRUW���G�'LUHFWLRQ�RI�5HJXODWHG�3URGXFW�(YDOXDWLRQ���'(35���5HVLGXH�DQG
)RRG�6DIHW\�8QLW��856$���1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK�	�6DIHW\��$16(6�
0DLVRQV�$OIRUW�

7KH�VRLO�EDFWHULXP �%DFLOOXV�WKXULQJLHQVLV ��%W��FDQ�SURGXFH�VSRUHV�DQG�FU\VWDOV�FRPSRVHG�RI�WR[LQV�ZLWK
LQVHFWLFLGDO�DFWLYLW\��'XH�WR�WKHVH�SURSHUWLHV��VRPH�%W�VWUDLQV�KDYH�EHHQ�GHYHORSHG�DV�ELRSHVWLFLGHV�IRU�SHVW
FRQWURO��ZLWK�D�KLJK�YDOXH�WR�UHVWULFW�WKH�XVH�RI�FKHPLFDO�LQVHFWLFLGHV��+RZHYHU��%W�VWUDLQV�EHORQJ�WR�WKH�JURXS�RI
%DFLOOXV�FHUHXV ��%F��DQG�VKDUH�VRPH�YLUXOHQFH�JHQHV�HQFRGLQJ�GLDUUKHDO�HQWHURWR[LQV�VXFK�DV�KHPRO\VLQ�%/
�+EO���DV�ZHOO�DV�QRQ�KHPRO\WLF�HQWHURWR[LQ��1KH��DQG�F\WRWR[LQ�.��&\W.����NQRZQ�WR�EH�LQYROYHG�LQ�IRRGERUQH
RXWEUHDNV��)%2V��IROORZLQJ�%F�FRQWDPLQDWLRQ��)RU�WKLV�UHDVRQ��LW�KDV�EHHQ�VXJJHVWHG�WKDW�%W�PD\�DOVR�SURYRNH
)%2V�DQG�LW�LV�WKHUHIRUH�FUXFLDO�WR�HYDOXDWH�WKHLU�YLUXOHQFH�SRWHQWLDO�DQG�WR�FKDUDFWHUL]H�WKHLU�HIIHFWV�RQ�KXPDQV�

)RU�WKLV�SXUSRVH��GLIIHUHQWLDWHG�KXPDQ�LQWHVWLQDO�&DFR���FHOOV�KDYH�EHHQ�WUHDWHG�ZLWK�VHULDO�GLOXWLRQV�RI�WKH�FXOWXUH
VXSHUQDWDQW�RI�ILYH�GLIIHUHQW�%W�VWUDLQV�XVHG�DV�ELRSHVWLFLGHV��7KH�F\WRWR[LFLW\��077�DVVD\��DQG�LQIODPPDWRU\
UHVSRQVH��LQWHUOHXNLQ���UHOHDVH��ZHUH�ILUVW�PHDVXUHG�DIWHU�D����K�WUHDWPHQW��1R�F\WRWR[LFLW\�ZDV�LQGXFHG�ZLWK�DOO
WKH�%W�VXSHUQDWDQWV�XS�WR�D�����GLOXWLRQ�LQ�FHOO�PHGLXP��EXW�WKH�VHFUHWLRQ�RI�LQWHUOHXNLQ���ZDV�VLJQLILFDQWO\
LQGXFHG�

7R�LQYHVWLJDWH�WKH�PROHFXODU�HIIHFWV�RI�%W�VXSHUQDWDQWV�RQ�&DFR���FHOOV��XQWDUJHWHG�SURWHRPLFV�DQG�PHWDERORPLFV
ZHUH�SHUIRUPHG�RQ�ERWK�FHOO�PHGLD�DQG�O\VDWHV�DIWHU�D���K�WUHDWPHQW�ZLWK���VHOHFWHG�QRQ�F\WRWR[LF
FRQFHQWUDWLRQV��3HSWLGHV�DQG�PHWDEROLWHV�ZHUH�GHWHFWHG�XVLQJ�D�4�([DFWLYH�3OXV�PDVV�VSHFWURPHWHU�FRXSOHG�WR�D
9DQTXLVK�PLFUR�8+3/&�V\VWHP��7KHUPR�)LVKHU�6FLHQWLILF��DQG�GDWD�ZHUH�DQDO\]HG�XVLQJ�0D[TXDQW�DQG
&RPSRXQG�'LVFRYHUHU�WRROV��7KH�SDWKZD\V�DIIHFWHG�ZLOO�EH�FRPSDUHG�IRU�DOO�WKH�%W�VWUDLQV�

,Q�FRQFOXVLRQ��WKLV�SURMHFW�ZLOO�EHWWHU�FKDUDFWHUL]H�WKH�WR[LF�HIIHFWV�LQGXFHG�E\�D�SDQHO�RI�%W�VWUDLQV�RQ�WKH�KXPDQ
LQWHVWLQDO�EDUULHU��7KH�UHODWLRQVKLS�EHWZHHQ�WKH�SURGXFWLRQ�RI�WR[LQV�DQG�WKH�SDWKZD\V�DIIHFWHG�ZLOO�EH�IXUWKHU
LQYHVWLJDWHG�
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$EVWUDFW�����

:ULWHU���.LP�7KDQK�9$1��NLPWKDQK�D#JPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

&KDUDFWHUL]DWLRQ�RI�EUDLQ�̾�V\QXFOHLQ�LQ�QHXURGHJHQHUDWLYH�GLVHDVHV�E\�PDVV
VSHFWURPHWU\
.LP�7KDQK�9$1D��6XVDQD�%2/8'$�&$6$6E��1LFRODV�9,//$,1E��)RXGLO�/$0$5,E��)UDQ©RLV�)(1$,//(D�
)UDQ©RLV�%(&+(5D

D�&($�3DULV�6DFOD\��E�+¶SLWDX[�8QLYHUVLWDLUHV�3LWL«�6DOS¬WULªUH

,QWURGXFWLRQ

̈́�V\QXFOHLQ�LV�WKH�PDLQ�SURWHLQ�LQYROYHG�LQ�WKH�SDWKRORJ\�RI�D�QXPEHU�RI�QHXURGHJHQHUDWLYH�GLVHDVHV��LQFOXGLQJ
3DUNLQVRQ
V�GLVHDVH��GHPHQWLD�ZLWK�/HZ\�ERGLHV��/%'���PXOWLSOH�V\VWHP�DWURSK\��DQG�DERXW�KDOI�RI�$O]KHLPHU
V
GLVHDVH�FDVHV�>�@��$�SULPDU\�KDOOPDUN�RI�WKHVH�V\QXFOHLQRSDWKLHV�LV�WKH�SUHVHQFH�RI�/HZ\�ERGLHV���LQVROXEOH
SDUWLFOHV�PDGH�RI�SURWHLQDFHRXV�PDWHULDOV�LQ�ZKLFK�̈́�V\QXFOHLQ�LV�WKH�PDLQ�FRPSRQHQW�>�@��7KH�OLWHUDWXUH�KDV
UHSRUWHG�QXPHURXV�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV��370V��DORQJ�WKH�VHTXHQFH�RI�̈́�V\QXFOHLQ��LQFOXGLQJ
SKRVSKRU\ODWLRQ��WUXQFDWLRQ��QLWUDWLRQ��XELTXLWLQDWLRQ��DFHW\ODWLRQ��QLWUDWLRQ��2�*OF1$F\ODWLRQ��DQG�6802\ODWLRQ
>���@��0RVW�RI�WKHVH�370V��KRZHYHU��ZHUH�GHWHFWHG�XVLQJ�VLWH�VSHFLILF�DQWLERGLHV �LQ�YLWUR �RU�RQ�DQLPDO�PRGHOV��,Q
WKLV�VWXG\��ZH�GHYHORSHG�D�QRYHO�LPPXQRSUHFLSLWDWLRQ�PHWKRG�FRPELQHG�ZLWK�QDQR/&�+506�06�WR�LGHQWLI\�DQG
FKDUDFWHUL]H�WKH�SURWHRIRUPV�RI�̈́�V\QXFOHLQ�IURP�SRVW�PRUWHP�EUDLQV�RI�SDWLHQWV�VXIIHULQJ�IURP�/%'�

0HWKRGV

:H�XVHG�IUR]HQ�EUDLQ�VDPSOHV��WHPSRUDO�FRUWH[��IURP�WZR�/%'�SDWLHQWV�DQG�WZR�FRQWURO�FDVHV��%UDLQ�WLVVXH�����
PJ��ZDV�KRPRJHQL]HG�LQ�7%6�EXIIHU�FRQWDLQLQJ�SURWHDVH�DQG�SKRVSKDWDVH�LQKLELWRUV��XVLQJ�D�'RXQFH
KRPRJHQL]HU��:H�WKHQ�XVHG�XOWUDFHQWULIXJDWLRQ����������J�IRU���K��WR�IUDFWLRQDWH�EUDLQ�SURWHLQV�LQWR�WKUHH�IUDFWLRQV
XVLQJ�EXIIHUV�ZLWK�LQFUHDVLQJ�VWULQJHQF\��VROXEOH�IUDFWLRQ��7%6���GHWHUJHQW�VROXEOH�IUDFWLRQ�����7ULWRQ�;�������DQG
GHWHUJHQW�LQVROXEOH�IUDFWLRQ����0�XUHD������6'6���7KHQ��ZH�SHUIRUPHG�LPPXQRSUHFLSLWDWLRQ�ZLWK�D�SDQHO�RI
FRPPHUFLDO�̈́�V\QXFOHLQ�DQWLERGLHV�DQG�DQDO\]HG�LQ�SDUDOOHO�E\�QDQR/&�+506�06�DQG�:HVWHUQ�EORW��'DWD
DQDO\VLV�ZDV�GRQH�ZLWK�3URWHRPH�'LVFRYHUHU�����

5HVXOWV

:HVWHUQ�EORWV�XVLQJ�SDQ�̈́�V\QXFOHLQ�DQWLERG\�VKRZHG�WKDW�WKHUH�ZHUH�GLIIHUHQFHV�LQ�WKH�SDWWHUQ�RI�̈́�V\QXFOHLQ
VLJQDOV�EHWZHHQ�WKH�WKUHH�IUDFWLRQV�DQG�EHWZHHQ�GLVHDVH�DQG�FRQWURO�EUDLQV��:KLOH�WUXQFDWLRQV�VHHPHG�WR�DSSHDU
XELTXLWRXVO\��KLJK�PROHFXODU�ZHLJKW�EDQGV�ZHUH�XQLTXHO\�YLVLEOH�LQ�WKH�GHWHUJHQW�LQVROXEOH�IUDFWLRQ�RI�GLVHDVH
EUDLQV��:H�DOVR�REVHUYHG�WKDW�GLIIHUHQW�DQWLERGLHV�UHFRJQL]HG�GLIIHUHQW�IRUPV�RI�̈́�V\QXFOHLQ��7KHUHIRUH��ZH�ILUVW
RSWLPL]HG�WKH�LPPXQRSUHFLSLWDWLRQ�SURWRFRO�ZLWK�GLIIHUHQW�W\SHV�RI�PDJQHWLF�EHDGV��FDSWXULQJ�DQWLERGLHV�ZLWK
GLIIHUHQW�HSLWRSHV��HOXWLRQ�EXIIHUV��DQG�GLJHVWLRQ�HQ]\PHV��(YDOXDWLRQ�ZDV�EDVHG�RQ�:HVWHUQ�EORWV�DQG�ERWWRP�XS
PDVV�VSHFWURPHWU\�

2Q�JRLQJ�ERWWRP�XS�06�DQDO\VLV�UHVXOWV�DOUHDG\�VKRZHG�SKRVSKRU\ODWLRQ�DW�6HULQH�����DQG�WUXQFDWLRQV�DW
UHVLGXHV���������DQG�����LQ�ERWK�WKH�LQVROXEOH�DQG�LQVROXEOH�IUDFWLRQV�RI�EUDLQ�H[WUDFW��KLJKOLJKWLQJ�WKH�SRWHQWLDO
SDWKRSK\VLRORJ\�UROH�RI�WKHVH�PRGLILHG�̈́�V\QXFOHLQ�VSHFLHV��2XU�IXWXUH�SODQ�LV�WR�LGHQWLI\�DQG�TXDQWLI\�WKHVH�370V
LQ�FHUHEURVSLQDO�IOXLG�RI�/%'�SDWLHQWV�DQG�FRQWUROV�LQ�ODUJH�FRKRUW��XVLQJ�WDUJHWHG�06�PHWKRG��SDUDOOHO�UHDFWLRQ
PRQLWRULQJ���:H�H[SHFW�WKDW�WKHVH�370V�FRXOG�EHFRPH�UREXVW�ELRPDUNHUV�IRU�WKH�GLDJQRVLV�RI�/%'�IURP�WKH�HDUO\
\HDU�DQG�VXSSRUW�WKH�FODVVLILFDWLRQ�RI�/%'�DPRQJVW�RWKHU�V\QXFOHLQRSDWKLHV�

5HIHUHQFHV
1. 6HUUDWRV�,1��(OL]DEHWK�+3��&DUROLQD�&��HW�DO���0RO�1HXURELRO�����������������������
2. 0DQ]DQ]D�1�GH�2��6HGODFNRYD�/��.DODULD�51��)URQW�$JLQJ�1HXURVFL�����������
3. 6FKPLG�$:��)DXYHW�%��0RQLDWWH�0��HW�DO���0RO�&HOO�3URWHRPLFV����������������������
4. 2OLYHLUD�/0$��*DVVHU�7��(GZDUGV�5��HW�DO���1SM�3DUN�'LV����������������
5. &KHQ�5��*X�;��:DQJ�;��&OLQ�&KLP�$FWD�������������������
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$EVWUDFW�����

:ULWHU���'U�1LFRODV�$875(7��QDXWUHW#FRYDULV�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

5HSURGXFLEOH�DQG�VFDODEOH�RQH�GD\�))3(�VDPSOH�SUHSDUDWLRQ�PHWKRG�IRU
/&�06�DVVD\V�ZLWK�$GDSWLYH�)RFXVHG�$FRXVWLFV�p
'U�1LFRODV�$875(7D

D�&RYDULV

7UDQVODWLRQDO�RU�FOLQLFDO�ODERUDWRULHV�UHTXLUH�DXWRPDWHG��KDQGV�RII�VROXWLRQV�IRU�SURWHLQ�VDPSOH�SUHSDUDWLRQ�WR
SURYLGH�UHSURGXFLELOLW\��LQFUHDVHG�HIILFLHQF\��KLJKHU�TXDOLW\�UHVXOWV��DQG�IDVWHU�WXUQDURXQG�WLPH��7KLV�SRVWHU
KLJKOLJKWV�VLPXOWDQHRXV��RQH�GD\��PXOWL�VDPSOH�SURFHVVLQJ�IURP�IRUPDOLQ�IL[HG�DQG�SDUDIILQ�HPEHGGHG��))3(�
WLVVXH�IRU�OLTXLG�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\�EDVHG��/&�06��DQDO\VLV��XVLQJ�IRFXVHG�XOWUDVRQLFDWLRQ�RU
$)$�

3URWRFROV�DUH�SHUIHFWO\�VXLWHG�IRU�EDWFKHV�IURP���>�@�WR����VDPSOHV�>�@�DQG�ZHUH�GHVLJQHG�WR�DOORZ�UREXVW�VLQJOH
SRW�VDPSOH�SUHSDUDWLRQ��DV�SUHYLRXVO\�GHVFULEHG���WKRVH�KLJKO\�UHSURGXFLEOH�PHWKRGV�ZRUN�ZLWK�RWKHU�VDPSOH
W\SHV�OLNH�FHOOV�DQG�IUHVK�IUR]HQ�WLVVXHV�>�@��ZLWK�ORQJ�RU�VKRUW�>�@�/&�06�JUDGLHQWV��DQG�ZLWK�HYHU\�FOHDQ�XS�DQG
GLJHVWLRQ�PHWKRG�>�@��:KHQ�ZRUNLQJ�ZLWK�EHDG�EDVHG�SURWHLQ�DJJUHJDWLRQ�FDSWXUH�>�@��WKH�ZRUNIORZ�FDQ�QRZ
LQFOXGH�DQ�DFFHOHUDWHG�WU\SVLQ�GLJHVWLRQ�VWHS�ZKLFK�\LHOGV�VLPLODU�TXDOLW\�FRPSDUHG�WR�RYHUQLJKW�GLJHVWLRQ��LQ�D
PRUH�FRQWUROOHG�ZD\��DQG�OHDGV�WR����VDPSOHV�SURFHVVHG�LQ���WR���KRXUV�>�@�

,Q�VXPPDU\��$)$�EDVHG�SURFHVVLQJ�
● PDNHV�))3(�WLVVXH�SURWHRPLFV�FRPSDWLEOH�ZLWK�WKH�FOLQLFDO�VHWWLQJ��WKURXJK�D�QRQ�WR[LF�GHSDUDIILQL]DWLRQ�DQG
UHK\GUDWLRQ�DSSURDFK�

● IDFLOLWDWHV�ZRUNIORZ�VLPSOLILFDWLRQ�E\�DOORZLQJ�KRPRJHQL]DWLRQ�WKURXJK�GLJHVWLRQ�LQ�D�VLQJOH�ZHOO�ZLWK�DQ
DXWRPDWLRQ�FRPSDWLEOH�KLJK�WKURXJKSXW��+73��ZRUNIORZ�

● DOORZV�DQ�LQFUHDVHG�WKURXJKSXW�DQG�GHFUHDVHG�WXUQ�DURXQG�WLPH�
● PDNHV�RQH�GD\�VDPSOH�SUHS�DOVR�IXOO\�DSSOLFDEOH�WR�ODVHU�FDSWXUH�PLFURGLVVHFWLRQV��/&0��>�����@�DQG
IUHVK�IUR]HQ�WLVVXH�SUHSDUDWLRQ�>���@�

1. $XWRPDWHG�3URWHLQ�([WUDFWLRQ�IURP�&OLQLFDO�6DPSOHV�ZLWK�WKH�&RYDULV�0/����)RFXVHG�XOWUDVRQLFDWRU�
6WDHEHU�HW�DO���&RYDULV�$SSOLFDWLRQ�QRWH��
KWWSV���ZZZ�FRYDULV�FRP�ZS�ZS�FRQWHQW�XSORDGV�UHVRXUFHVBSGI�P�������SGI

2. $)$�VRQLFDWLRQ�)ROORZHG�E\�0RGLILHG�3URWHLQ�$JJUHJDWLRQ�&DSWXUH��$3$&��(QDEOHV�'LUHFW��5HSURGXFLEOH
DQG�1RQ�WR[LF�6DPSOH�3UHSDUDWLRQ�RI�))3(�7LVVXH�IRU�0DVV�6SHFWURPHWU\�EDVHG�3URWHRPLFV��6FKZHLW]HU�HW
DO���&RYDULV�$SSOLFDWLRQ�QRWH��KWWSV����ZZZ�FRYDULV�FRP�ZS�ZS�FRQWHQW�XSORDGV���������0�������SGI

3. $XWRPDWHG�VDPSOH�SUHSDUDWLRQ�ZLWK�63��IRU�ORZ�LQSXW�FOLQLFDO�SURWHRPLFV��0XHOOHU�HW�DO���0RO�6\VW�%LRO�������
'2,�����������PVE���������

4. 'LHWDU\�FKDOOHQJHG�PLFH�ZLWK�$O]KHLPHU�OLNH�SDWKRORJ\�VKRZ�LQFUHDVHG�HQHUJ\�H[SHQGLWXUH�DQG�UHGXFHG
DGLSRF\WH�K\SHUWURSK\�DQG�VWHDWRVLV��6FKUH\HU�HW�DO���$JLQJ�������9RO������1r����3�������������'2,�
���������DJLQJ�������

5. 6FDODEOH�))3(�6DPSOH�3UHSDUDWLRQ�0HWKRG�IRU�&OLQLFDO�3URWHRPLFV�/&�06�$VVD\V�ZLWK�/DVHU�FDSWXUH
PLFURGLVVHFWLRQ�FRXSOHG�PDVV�VSHFWURPHWU\��/&0�06��IRU�VSDWLDOO\�UHVROYHG�DQDO\VLV�RI�IRUPDOLQ�IL[HG�DQG
VWDLQHG�KXPDQ�OXQJ�WLVVXHV��+HUUHUD�HW�DO���&OLQ�3URWHRP�������������

6. $GDSWLYH�)RFXVHG�$FRXVWLFV�p�'U�-HVVLFD�&KDSPDQ��06.&&���&RYDULV�6HPLQDU�DW�$606������
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y S)$8QN�D;%R

7. 3URWHRPH�DQDO\VLV�RI�IRUPDOLQ౭IL[HG�SDUDIILQ౭HPEHGGHG�FRORUHFWDO�DGHQRPDV�UHYHDOV�WKH�KHWHURJHQHRXV
QDWXUH�RI�WUDGLWLRQDO�VHUUDWHG�DGHQRPDV�FRPSDUHG�WR�RWKHU�FRORUHFWDO�DGHQRPDV��6RKLHU�HW�DO���-RXUQDO�RI
3DWKRORJ\�����������������������

8. 1RYHO�/DVHU�&DSWXUH�0LFURGLVVHFWLRQ�3URWHRPLF�$QDO\VLV�,GHQWLILHV�6SDWLDOO\�'LVWLQFW�([WUDFHOOXODU�0DWUL[
6LJQDWXUHV�LQ�WKH�&RUH�DQG�,QILOWUDWLQJ�(GJH�RI�+XPDQ�*OLREODVWRPD��3HGOH\�HW�DO���%LRU[LY
�������������������������
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$EVWUDFW�����

:ULWHU���'U�&KOR«�025,7=��FKORH�PRULW]#SUHRPLFV�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

,QQRYDWLYH�KLJK�WKURXJKSXW�SODVPD�SURWHRPH�SURILOLQJ�IDFLOLWDWHV�LQ�GHSWK��UDSLG
DQG�UREXVW�DQDO\VLV
'U�&KOR«�025,7=D��&ODXGLD�0$57(//,E��.DWKDULQD�/,00F��$QGUHDV�6&+0,'7G��)DELDQ�:(1'7H��=HKDQ�+8F�
;DYHU�:85=(1%(5*(5F��.DWULQ�+$57,1*(5F��*DU\�.5833$G��6HEDVWLDQ�08(//(5I��0DQXHO�%$8(5H��1LOV�.8/$.F

D�3UH2PLFV�*PE+��E�%UXNHU�6ZLW]HUODQG�$*��)¦OODQGHQ��6:,7=(5/$1'��F�3UH2PLFV�*PE+��3ODQHJJ��*(50$1<��G
%UXNHU�'DOWRQLFV�*PE+�	�&R��.*��%UHPHQ��*(50$1<��H�7HFDQ�*URXS�/WG��0¦QQHGRUI��6:,7=(5/$1'��I�%LRJQRV\V�$*�
=¾ULFK��6:,7=(5/$1'

,QWURGXFWLRQ

%ORRG�SODVPD�LV�RQH�RI�WKH�OHDVW�LQYDVLYH�ELRSVLHV�DQG�D�SUHFLRXV�VDPSOH�IRU�FOLQLFDO�UHVHDUFK�DQG�SDWLHQW�KHDOWK
PRQLWRULQJ��$OPRVW�DOO�WLVVXHV�DUH�VXSSOLHG�E\�D�FRQVWDQW�EORRG�IORZ�LQ�ZKLFK�SURWHLQV�DUH�FRQVWDQWO\�VHFUHWHG�RU
OHDNHG��7KLV�DOORZV�WKH�SODVPD�WR�SURYLGH�FRPSUHKHQVLYH�LQIRUPDWLRQ�RQ�WKH�VWDWH�RI�KHDOWK�RU�GLVHDVH��7RGD\�WKH
GLVFRYHU\�RI�SURWHLQ�ELRPDUNHUV�LQ�SODVPD�UHSUHVHQWV�DQ�H[FHSWLRQDO�FKDOOHQJH�VLQFH�WKH�FRPSOH[LW\�DQG�KXJH
G\QDPLF�UDQJH�RI�DERXW�WHQ�RUGHUV�RI�PDJQLWXGH�FRPSOLFDWHV�LQ�GHSWK�SURILOLQJ�DW�WKH�WKURXJKSXW�UHTXLUHG�IRU�WKH
VWXG\�RI�ODUJH�FRKRUWV��7R�WDFNOH�WKLV�FKDOOHQJH��ZH�KDYH�GHYHORSHG�D�IDVW��UREXVW�DQG�IXOO\�DXWRPDWDEOH
/&�06�EDVHG�SODVPD�ZRUNIORZ�IRU�KLJK�WKURXJKSXW�SURWHRPLFV�VWXGLHV�WKDW�HQULFKHV�IRU�ORZ�DEXQGDQW�SURWHLQV
DQG�SURYLGHV�GHHSHU�FRYHUDJH�RI�WKH�SODVPD�SURWHRPH�

0HWKRGV

7KH�SODVPD�VDPSOH�SUHSDUDWLRQ�ZRUNIORZ�VKRZFDVHG�LV�EDVHG�RQ�WKH�QHZ�(15,&+�WHFKQRORJ\�ZKLFK�DOORZV
HIILFLHQW�G\QDPLF�UDQJH�FRPSUHVVLRQ�E\�HQULFKLQJ�ORZ�DEXQGDQW�SURWHLQV�RQ�SDUDPDJQHWLF�EHDGV��6WDUWLQJ�ZLWK���
wO�RI�SODVPD��IXUWKHU�SURWHLQ�SUHSDUDWLRQ�FRQVLVWV�RI�GHQDWXUDWLRQ��UHGXFWLRQ�DQG�DON\ODWLRQ�RQ�EHDGV��WU\SWLF
GLJHVWLRQ�DQG�SHSWLGH�FOHDQ�XS�XVLQJ�WKH�ELRIOXLG�RSWLPL]HG�L67�%&7�SURWRFRO��3UH2PLFV���7KH�NLW�FDQ�EH�XVHG
PDQXDOO\�RU�LQ�FRPELQDWLRQ�ZLWK�DXWRPDWHG�OLTXLG�KDQGOLQJ�SODWIRUPV��5HVXOWV�JHQHUDWHG�RQ�WKH�7HFDQ�)OXHQWp
OLTXLG�KDQGOLQJ�V\VWHP�ZLWK�WKH�5HVROYH[p�$����SRVLWLYH�SUHVVXUH�PRGXOH�ZLOO�EH�SUHVHQWHG��3HSWLGHV�����QJ�
ZHUH�DQDO\]HG�E\�Q/&�06�06�XVLQJ�PDVV�VSHFWURPHWHUV�RI�WKH�7LPV72)�IDPLO\�XVLQJ�WKH�GLD3$6()p
DFTXLVLWLRQ�PRGH��%UXNHU���'DWD�SURFHVVLQJ�ZDV�SHUIRUPHG�ZLWK�HLWKHU�',$�11�RU�6SHFWURQDXW��%LRJQRV\V��

5HVXOWV

3DUDOOHO�SURFHVVLQJ�RI����VDPSOHV�XVLQJ�WKH�QHZ�(15,&+�WHFKQRORJ\�LQ�FRPELQDWLRQ�ZLWK�WKH�L67�%&7�VDPSOH
SUHSDUDWLRQ�WDNHV�a��KRXUV��,W�ZDV�SHUIRUPHG�PDQXDOO\�DQG�DXWRPDWLFDOO\�OHDGLQJ�WR�D���IROG�LQFUHDVH�LQ�WKH
QXPEHU�RI�SURWHLQV�LGHQWLILHG�FRPSDUHG�WR�QHDW�SODVPD��([FHOOHQW�LQWUD�SODWH�UHSHDWDELOLW\�FRXOG�EH�GHPRQVWUDWHG
ZLWK�ERWK�PDQXDO�DQG�DXWRPDWHG�SURWRFROV�ZLWK�D�PHGLDQ�&9������ZLWKLQ�WHFKQLFDO�UHSOLFDWHV�

7R�DVVHVV�WKH�HIIHFW�RI�GRQRU�GLYHUVLW\�DQG�SUH�DQDO\WLFDO�SDUDPHWHUV��ZH�DQDO\]HG�EORRG�SODVPD�IURP�IRXU�GRQRUV
FROOHFWHG�ZLWK�IRXU�GLIIHUHQW�DQWLFRDJXODQWV�IRU�HDFK�GRQRU��('7$��&7$'��&LWUDWH��+HSDULQ���$�VWURQJ�LQIOXHQFH�RI
WKH�DQWLFRDJXODQWV�RQ�WKH�GHSWK�RI�WKH�SURWHRPLF�DQDO\VLV�FRXOG�EH�REVHUYHG��3ODVPD�IURP�WKH�VDPH�GRQRU
FROOHFWHG�ZLWK�VRGLXP�FLWUDWH�RU�('7$�UHVXOWHG�LQ�D�GHOWD�RI�a����DGGLWLRQDO�SURWHLQV�LGHQWLILHG�LQ�IDYRU�RI�('7$�
7KHVH�UHVXOWV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�H[SHULPHQWDO�GHVLJQ��IURP�SODQQLQJ�WR�RSWLPL]HG�DQG�VWDQGDUGL]HG
ELRIOXLG�FROOHFWLRQ��,QLWLDOO\�GHYHORSHG�IRU�WKH�DQDO\VLV�RI�KXPDQ�SODVPD��ZH�DOVR�H[SORUHG�WKH�SRVVLELOLW\�RI
DSSO\LQJ�WKH�(15,&+�WHFKQRORJ\�WR�VHUXP�VDPSOHV�DV�ZHOO�DV�WR�SODVPD�IURP�PRGHO�DQLPDOV�VXFK�DV�PLFH�DQG
UDWV�

)LQDOO\��WKH�(15,&+�L67�NLW�ZDV�FRPSDUHG�WR�WKH�L67�%&7�NLW�WR�SUHSDUH�D�FOLQLFDO�FRKRUW�RI�KXPDQ�SODVPD�IURP
OXQJ�FDQFHU�SDWLHQWV��Q ����DQG�DJH�PDWFKHG�KHDOWK\�GRQRUV��Q �����7KH�VDPSOHV�ZHUH�VSLNHG�ZLWK�WKH
34���഼�UHIHUHQFH�SDQHO��%LRJQRV\V���:LWKRXW�(15,&+������SURWHLQ�JURXSV�SHU�VDPSOH�ZHUH�UHFRYHUHG�
FRYHULQJ�����SURWHLQ�JURXSV�UHSUHVHQWHG�LQ�WKH�34����SDQHO��)URP�WKH�(15,&+�WUHDWHG�VDPSOHV��ZH�REWDLQHG
DQ�DYHUDJH�RI�������SURWHLQ�JURXSV�SHU�VDPSOH��6WDWLVWLFDO�DQDO\VLV�RI�WKH�TXDQWLILHG�SURWHLQV�VKRZHG�D�FOHDU
VWUDWLILFDWLRQ�EHWZHHQ�KHDOWK\�GRQRUV�DQG�SDWLHQWV��6WURQJO\�XSUHJXODWHG�IDFWRUV�LQ�WKH�OXQJ�FDQFHU�VDPSOHV
LQFOXGHG�6���$��DQG�6���$��ZKLFK�KDYH�SUHYLRXVO\�EHHQ�UHSRUWHG�WR�EH�XSUHJXODWHG�LQ�OXQJ�FDQFHU�DQG�RWKHU
W\SHV�RI�FDQFHU��KWWSV���GRL�RUJ���������M�EFS��������������

&RQFOXVLRQ

7KH�(15,&+�L67�NLW�LV�D�FXWWLQJ�HGJH��DOO�LQ�RQH�ZRUNIORZ�IRU�ORZ�DEXQGDQFH�SURWHLQ�HQULFKPHQW�DQG�ERWWRP�XS
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SURWHRPLF�VDPSOH�SUHSDUDWLRQ��,W�DOORZV�WKH�VWXG\�RI�FOLQLFDOO\�UHOHYDQW�ELRIOXLGV�IURP�YDULRXV�VSHFLHV�DW�KLJK
WKURXJKSXW��LQ�D�UREXVW��IDVW�DQG�HDV\�WR�XVH�PDQQHU�
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$EVWUDFW�����

:ULWHU���&HGULF�%52866$5'��FHGULF�EURXVVDUG#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

'HYHORSPHQW�RI�D�SURWHRPLF�DSSURDFK�IRU�VDPSOHV�SUHVHUYHG�LQ�)RUPDOLQ�)L[HG
3DUDIILQ�(PEHGGHG�DQG�FROOHFWHG�E\�ODVHU�PLFURGLVVHFWLRQ�IRU�WKH�VWXG\�RI�WKH
HYROXWLRQ�RI�WKH�WXPRULJHQHVLV�VHTXHQFH�RI�PDOLJQDQW�SHULSKHUDO�QHUYH�VKHDWK
WXPRUV�
&HGULF�%52866$5'D��0RKDPHG�$PLQ�0$7+/287+,D��0RUJDQH�/(�*$//D��(ULF�3$60$17D��0DU\OLQH�)$9,(5D�
(PLOLH�)OHXU�*$87,(5D��3LHUUH�62+,(5D

D�,167,787�&2&+,1

3URWHRPLF�DQDO\VLV�E\�PDVV�VSHFWURPHWU\�RI�ELRSVLHV�LQ�)RUPDOLQ�)L[HG�3DUDIILQ�(PEHGGHG��))3(��EORFNV�LV
SRVVLEOH�DQG�LV�FORVHG�WR�WKH�WHFKQLTXH�RQ�IUR]HQ�WLVVXH��+RZHYHU��ELRORJLFDO�TXHVWLRQV�PD\�UHTXLUH�WR�VWXG\
VHSDUDWHO\�VHYHUDO�DUHDV�RI�LQWHUHVW�ZLWKLQ�WKH�VDPH�VDPSOH�RU�D�UHVWULFWHG�DUHD��7KLV�LV�WKH�FDVH�ZLWK�WKH
SURJUHVVLRQ�RI�WXPRULJHQHVLV�VHTXHQFH�RI�0DOLJQDQW�3HULSKHUDO�1HUYH�6KHDWK�7XPRUV��03167��ZKHUH�VHYHUDO
GLVWLQFW�DUHDV�FDQ�EH�REVHUYHG�RQ�D�VLQJOH�VHFWLRQ�

)URP�SXEOLVKHG�GDWD��ZH�KDYH�LPSOHPHQWHG�D�SURWRFRO�IRU�WKH�SURWHRPLF�DQDO\VLV�RI�))3(�WLVVXHV�ZLWK�VHOHFWLRQ
RI�DUHDV�E\�ODVHU�PLFURGLVVHFWLRQ�DGDSWHG�WR�WKH�$UFWXUXV�;7�ODVHU�PLFURGLVVHFWRU��7KH�DQDO\VLV�LV�FDUULHG�RXW�RQ
VDPSOHG�DUHDV�ZLWK�DQ�DYHUDJH�VXUIDFH�DUHD�RI����PPt��:H�FDUULHG�RXW�YDULRXV�GHYHORSPHQWV�LQFOXGLQJ�WKH
SUHSDUDWLRQ�RI�VHFWLRQV�ZLWK�D�PLFURWRPH��WKH�VDPSOLQJ�ZLWK�WKH�ODVHU�PLFURGLVVHFWRU�DQG�WKH�SUHSDUDWLRQ�RI
VDPSOHV�IRU�Q/&�06�06�SURWHRPLF�DQDO\VLV�DV�ZHOO�DV�PDVV�VSHFWURPHWU\�GDWD�DFTXLVLWLRQ�PHWKRGV��''$���',$��

$IWHU�WKHVH�GHYHORSPHQWV��ZH�VHOHFWHG�WKH�IROORZLQJ�SURWRFRO��DIWHU�PLFURGLVVHFWLRQ�RI����PPt�VHFWLRQV�ZLWK�DQ��
wP�WKLFN��GULHG�IRU����KRXUV�DW���r&��D�EUHDN�RI�WKH�FRYDOHQW�ERQGV�FDXVHG�E\�WKH�DWWDFKPHQW�RI�IRUPDOLQ�LV
REWDLQHG�E\�KHDWLQJ�DQG�VRQLFDWLRQ�VWHSV��7KHQ��D�GLJHVWLRQ�RI�SURWHLQV�LV�FDUULHG�RXW�XVLQJ�6�WUDS 70 �VDPSOH
SURFHVVLQJ�WHFKQRORJ\�DQG�WKH�DQDO\VLV�E\�PDVV�VSHFWURPHWU\�LV�FDUULHG�RXW�XVLQJ�D�',$SDVHI�DFTXLVLWLRQ�PHWKRG
ZLWK���KRXU�RI�FKURPDWRJUDSK\�JUDGLHQW�RQ�D�WLPV72)�3UR�PDVV�VSHFWURPHWHU�

:H�DSSOLHG�WKH�VHOHFWHG�SURWRFRO�WR�WKH�FRPSDUDWLYH�DQDO\VLV�RI�GLIIHUHQW�DUHDV�RI�ELRSVLHV�IURP�SDWLHQWV�ZLWK
03167�SUHVHUYHG�LQ�))3(�EORFNV��FDQFHURXV�DQG�QRQ�FDQFHURXV��7KH�UHVXOWV�RI�WKH�DQDO\VLV�ZHUH�FRPSDUHG
ZLWK�WKH�DQDO\VLV�RI�WKH�VDPH�VDPSOHV�XVLQJ�PDFURGLVVHFWLRQ��$PRQJ�WKH����VDPSOHV�DQDO\]HG��D�PHGLDQ�RI
������SURWHLQV�ZDV�TXDQWLILHG��$�SULQFLSDO�FRPSRQHQW�DQDO\VLV�VKRZV�WKDW�WKH�TXDQWLILFDWLRQV�REWDLQHG�PDNH�LW
SRVVLEOH�WR�VHSDUDWH�WKH�QRQ�FDQFHURXV�VDPSOHV�IURP�WKH�FDQFHURXV�VDPSOHV�ZKHUHDV�LW�ZDV�QRW�WKH�FDVH�ZKHQ
VDPSOHV�DUH�DQDO\]HG�E\�PDFURGLVVHFWLRQ��(YHQ�LI�WKH�QXPEHU�RI�TXDQWLILHG�SURWHLQV�LV�WKH�KDOI�RI�WKH�QXPEHU�RI
SURWHLQV�REWDLQHG�ZLWK�PDFURGLVVHFWLRQ��WKH�QXPEHU�RI�VWDWLVWLFDOO\�GLIIHUHQWLDOO\�H[SUHVVHG�SURWHLQV�LV�KLJKHU�
,QGHHG��D �W�WHVW �FDUULHG�RXW�RQ�WKHVH�WZR�W\SHV�RI�VDPSOHV�PDNHV�LW�SRVVLEOH�WR�KLJKOLJKW�����UHOHYDQW�SURWHLQV
GLIIHUHQWLDOO\�H[SUHVVHG��S�YDOXH��������EHWZHHQ�FDQFHURXV�DQG�QRQ�FDQFHURXV�VDPSOHV�DOWKRXJK�RQO\���
SURWHLQV�ZHUH�VWDWLVWLFDOO\�GLIIHUHQWLDO�ZLWK�PDFURGLVVHFWLRQ�RQ�WKH�VDPH�VDPSOHV��)XQFWLRQDO�DQDO\VHV�RQ
GLIIHUHQWLDOO\�H[SUHVVHG�SURWHLQV�SHUIRUPHG�XVLQJ�,QJHQXLW\�3DWKZD\V�$QDO\VLV�DOVR�VKRZ�PRUH�WKDQ����SURWHLQV
DOUHDG\�IRXQG�GHUHJXODWHG�LQ�03167�

,Q�FRQFOXVLRQ��ZH�VHW�XS�D�SURWRFRO�RI�SURWHRPLF�DQDO\VHV�RI�))3(�VDPSOHV�XVLQJ�WLVVXH�VHOHFWLRQ�ZLWK
PLFURGLVVHFWLRQ�WKDW�VKRZV�EHVW�SHUIRUPDQFH�LQ�WKH�KLJKOLJKWLQJ�RI�GLIIHUHQWLDOO\�H[SUHVVHG�SURWHLQV�EHWZHHQ
FDQFHURXV�DQG�QRQ�FDQFHURXV�WLVVXHV�LQ�WKH�VDPH�EORF��)XUWKHU�LQYHVWLJDWLRQV�KDYH�WR�EH�UHDOL]HG�WR�YDOLGDWH�WKH
REWDLQHG�UHVXOWV��7KH�GHYHORSPHQW�RI�SURWRFROV�WR�HQKDQFH�WKLV�UHVRXUFH�LV�WKHUHIRUH�DQ�LPSRUWDQW�LVVXH��,Q
SDUWLFXODU��ZH�ZDQW�WR�JR�IXUWKHU�LQ�WKH�GHYHORSPHQW�RI�WKH�SURWRFRO�E\�UHGXFLQJ�WKH�VDPSOLQJ�DUHD��L�H�������PPt��
7KHQ��ZH�ZRXOG�WKHQ�OLNH�WR�XVH�ODVHU�PLFURGLVVHFWLRQ�WR�VHOHFW�QRW�DUHDV�RI�LQWHUHVW�EXW�FHOO�SRSXODWLRQV�WDNHQ
LQGLYLGXDOO\�IURP�ZLWKLQ�WKH�WLVVXH��7KLV�LV�SDUWLFXODUO\�UHOHYDQW�LQ�WKH�VWXG\�RI�LQWUDWXPRUDO�KHWHURJHQHLW\�
LPPXQRORJ\�DQG�PLFURELRORJ\�
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$EVWUDFW�����

:ULWHU���'U�$XU«OLH�*8(+2��DXUHOLH�JXHKR#XQLY�UHQQHV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

%HQHILWV�RI�FLUFXODWLQJ�KXPDQ�PHWDEROLWHV�IURP�ILVK�FDUWLODJH�K\GURO\VDWH�RQ
SULPDU\�KXPDQ�GHUPDO�ILEUREODVWV��DQ�H[�YLYR�FOLQLFDO�LQYHVWLJDWLRQ�FRXSOHG�WR
SURWHRPLF�VWXG\�IRU�VNLQ�KHDOWK�DSSOLFDWLRQV
'U�-XOLH�/(�)$28'(5D��$XU«OLH�*8(+2E��5«JLV�/$9,*1(E��)DELHQ�:$848,(5F��/LQH�%287,1�:,775$17F�
(PPDQXHOOH�&20E��(ORGLH�%2895(7D��<RKDQQ�:,775$17G��&KDUOHV�3,1($8E

D�$E\VV�,QJUHGLHQWV��E�81,9(56,7��'(�5(11(6��F�&OLQLF
Q
&HOO�6$6��G�,15$(��&OHUPRQW�$XYHUJQH�8QLYHUVLW\

&217(;7� �'XH�WR�LWV�VLJQLILFDQW�H[SRVXUH�WR�VWUHVVIXO�HQYLURQPHQWDO�IDFWRUV��WKH�VNLQ�XQGHUJRHV�D�KLJK
UHPRGHOLQJ�UDWH�RYHU�WLPH��ZKLFK�DOWHUV�QRW�RQO\�LWV�DSSHDUDQFH�EXW�DOVR�LWV�IXQFWLRQDOLW\��7KLV�DOWHUDWLRQ�RI�WKH�VNLQ�
QDPHO\�SKRWRDJLQJ��LV�FKDUDFWHUL]HG�E\�GU\QHVV�DQG�D�ORVV�RI�HODVWLFLW\�WKDW�PDLQO\�RULJLQDWHV�IURP�WKH
G\VUHJXODWLRQ�RI�GHUPDO�ILEUREODVW�DFWLYLWLHV��,Q�RUGHU�WR�RYHUFRPH�VXFK�WLVVXH�RXWFRPH��FRVPHWLF�SURGXFWV�KDYH
HYROYHG�WRZDUG�QXWULFRVPHWLFV��WKXV�SURPRWLQJ�EHDXW\�IURP�ZLWKLQ��$PRQJ�ELR�DFWLYHV�RI�LQWHUHVW��SHSWLGHV�DQG
SRO\VDFFKDULGHV�GHULYLQJ�IURP�SODQW�RU�DQLPDO�VRXUFHV�PD\�H[HUW�YDULRXV�ELRORJLFDO�DFWLYLWLHV�EH\RQG�WKHLU
QXWULWLRQDO�YDOXH��5HFHQWO\��XVLQJ�DQ�RULJLQDO�H[�YLYR�FOLQLFDO�DSSURDFK��ZKLFK�FRQVLGHUV�WKH�FOLQLFDO�GLJHVWLYH
FRXUVH�RI�QXWULHQWV��ZH�GHPRQVWUDWHG�WKDW�ILVK�FDUWLODJH�K\GURO\VDWH��)&+��VXSSRUWHG�K\GUDWLRQ��HODVWLFLW\�DQG
OLPLWLQJ�WKH�H[SUHVVLRQ�RI�FDWDEROLF�IDFWRUV�LQYROYHG�LQ�SKRWRDJLQJ�RQVHW�>�@�

2%-(&7,9(�$1'�0(7+2'� �,Q�WKLV�VWXG\��WKH�DFWLRQ�RI�)&+��D�QDWXUDO�DFWLYH�IRRG�LQJUHGLHQW�REWDLQHG�IURP
HQ]\PDWLF�K\GURO\VLV��ZKLFK�FRPELQHV�FROODJHQ�SHSWLGHV�DQG�FKRQGURLWLQ�VXOIDWH��KDV�EHHQ�HYDOXDWHG�RQ�KXPDQ
GHUPDO�ILEUREODVWV��+')V���)RU�WKDW�SXUSRVH��DQ�H[�YLYR�FOLQLFDO�DSSURDFK�FRXSOHG�WR�D�'DWD�,QGHSHQGHQW
$FTXLVLWLRQ��',$��06�SURWHRPLF�DQDO\VLV��WLPV72)�3UR��%UXNHU�'DOWRQLFV��KDV�EHHQ�SHUIRUPHG�LQ�RUGHU�WR�EHWWHU
HOXFLGDWH�WKH�XQGHUO\LQJ�PHFKDQLVPV�

5(68/76� �7KH�',$�PRGH�DOORZHG�WKH�UREXVW�TXDQWLILFDWLRQ�RI�������SURWHLQV�IURP�+')V��0DVV�VSHFWURPHWU\
GDWD�VKRZ�WKDW�WKH�FLUFXODWLQJ�PHWDEROLWHV�SURGXFHG�LQ�KXPDQV�IROORZLQJ�)&+�LQWDNH�VWLPXODWH�SURWHLQ�H[SUHVVLRQ
UHODWHG�WR�KHDOLQJ�LQ�+')V��7R�YDOLGDWH�RXU�SURWHRPLFV�ILQGLQJV��VFUDWFK�ZRXQG�DVVD\V�KDYH�EHHQ�FDUULHG�RXW�
GHPRQVWUDWLQJ�D�VLJQLILFDWLYH�DFFHOHUDWLRQ�RI�WLVVXH�UHSDLU�E\�)&+�DIWHU���DQG���K�

&21&/86,21� �$OWRJHWKHU��WKHVH�GDWD�SURYLGH�DGGLWLRQDO�FOXHV�RQ�WKH�PHFKDQLVPV�OLNHO\�FRQWULEXWLQJ�WR�WKH
EHQHILFLDO�LPSDFW�RI�)&+�RQ�KXPDQ�VNLQ�IXQFWLRQDOLW\�E\�VXSSRUWLQJ�KHDOLQJ�

>�@�:DXTXLHU�)���%RXWLQ�:LWWUDQW�/���%RXYUHW�(���/H�)DRXGHU�-���5RX[�9���0DFLDQ�1���3LFNHULQJ�*���:LWWUDQW�<�
1XWULHQWV�������1RY����������������
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$EVWUDFW�����

:ULWHU���'U�1HUHD�&25%$&+2�$/2162��QHUHDBFDB#KRWPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

�'LDEHWHV�PHOOLWXV�DQG�DRUWLF�VWHQRVLV�KHDG�WR�KHDG��WRZDUG�SHUVRQDOL]HG
PHGLFLQH�LQ�SDWLHQWV�ZLWK�ERWK�SDWKRORJLHV�
'U�1HUHD�&25%$&+2�$/2162D��7DPDUD�6$675(�2/,9$D��,QHV�3(5$/(6�6$1&+(=D��&ULVWLQD�-8$5(=�$/,$D�
0RQWVHUUDW�&$55$6&$/E��/XLV�)�/23(=�$/02'29$5F��-RUJH�62/,6G��/XLV�5�3$',$/F��7HUHVD�7(-(5,1$H�
/DXUD�0285,�2�$/9$5(=D��0DULD�*�%$5'(5$6D

D�+RVSLWDO�1DFLRQDO�GH�3DUDSO«MLFRV�DQG�,QVWLWXWR�GH�,QYHVWLJDFLRQHV�6DQLWDULDV�GH�&DVWLOOD�/D�0DQFKD��,',6&$0���E�,QVWLWXW
G
,QYHVWLJDFLRQV�%LRPªGLTXHV�GH�%DUFHORQD��&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQW¯ILFDV��,,%%�&6,&���F�+RVSLWDO
8QLYHUVLWDULR�GH�7ROHGR��G�+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH�DQG�,QVWLWXWR�GH�,QYHVWLJDFLµQ�6DQLWDULD�+RVSLWDO����GH
2FWXEUH��LPDV�����H�8QLYHUVLGDG�&RPSOXWHQVH�GH�0DGULG

'LDEHWHV�PHOOLWXV��'0��DQG�FDOFLILF�DRUWLF�VWHQRVLV��&$6��DUH�FRPPRQ�PRUELGLWLHV�LQ�WKH�HOGHUO\��ZKLFK�DUH�ERWK
FKURQLF��SURJUHVVLYH�DQG�RIWHQ�FRQFRPLWDQW�GLVHDVHV��6HYHUDO�VWXGLHV�UHYHDOHG�WKDW�'0�LQFUHDVHV�WKH�ULVN�RI
GHYHORSLQJ�VHYHUH�&$6��\HW�FOHDU�LQIRUPDWLRQ�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�ERWK�WKHVH�GLVHDVHV�DQG�WKH
LQIOXHQFH�RI�'0�RQ�WKH�SURJUHVVLRQ�RI�&$6�LV�FXUUHQWO\�ODFNLQJ��7R�HYDOXDWH�WKH�HIIHFW�RI�'0�RQ�DRUWLF�YDOYHV�DQG
RQ�WKH�SURFHVV�RI�FDOFLILFDWLRQ��DQG�WR�DFKLHYH�EHWWHU�SDWLHQW�PDQDJHPHQW�LQ�GDLO\�FOLQLFDO�SUDFWLFH��ZH�DQDO\]HG
FDOFLILHG�DQG�QRQ�FDOFLILHG�YDOYH�WLVVXH�IURP�SDWLHQWV�ZLWK�VHYHUH�&$6��ZLWK�RU�ZLWKRXW�'0��$�SURWHRPLF�VWUDWHJ\
XVLQJ�LVREDULF�WDJV�ZDV�DGRSWHG�DQG�WKH�SODVPD�FRQFHQWUDWLRQV�RI�QLQH�SURWHLQV�ZHUH�VWXGLHG�XVLQJ�WKUHH
RUWKRJRQDO�PHWKRGV��3DUDOOHO�5HDFWLRQ�0RQLWRULQJ��350���(Q]\PH�/LQNHG�,PPXQRVRUEHQW�$VVD\��(/,6$��RU
:HVWHUQ�EORWWLQJ��DQG�LQ�D�VHSDUDWH�FHOO�PRGHO��7KH�GLIIHUHQWLDOO\�H[SUHVVHG�SURWHLQV�LGHQWLILHG�DUH�LPSOLFDWHG�LQ
ELRORJLFDO�SURFHVVHV�OLNH�HQGRSHSWLGDVH�DFWLYLW\��OLSLG�PHWDEROLVP��FRDJXODWLRQ�DQG�ILEULQRO\VLV��52&�FXUYHV�ZHUH
SHUIRUPHG�IRU�WKHVH�SURWHLQV�LQ�RUGHU�WR�HVWDEOLVK�LWV�VHQVLELOLW\�DQG�VSHFLILFLW\��7KH�GLDJQRVWLF�SRZHU�RI�DOO
SURWHLQV�DV�D�SDQHO�ZDV�PXFK�EHWWHU�WKDQ�WKH�SURWHLQV�DORQH��7KH�UHVXOWV�REWDLQHG�SURYLGH�HYLGHQFH�WKDW�'0
SURYRNHV�FKDQJHV�LQ�WKH�SURWHRPH�RI�DRUWLF�YDOYHV��DIIHFWLQJ�YDOYH�FDOFLILFDWLRQ��7KLV�ILQGLQJ�PD\�KHOS�HQKDQFH
RXU�XQGHUVWDQGLQJ�RI�WKH�SDWKRJHQHVLV�RI�&$6�DQG�KRZ�'0�DIIHFWV�WKH�HYROXWLRQ�RI�WKLV�FRQGLWLRQ��DQ�LPSRUWDQW
VWHS�LQ�LGHQWLI\LQJ�WDUJHWV�WR�SHUVRQDOL]H�WKH�WUHDWPHQW�RI�WKHVH�SDWLHQWV�
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$EVWUDFW�����

:ULWHU���'U�4XHQWLQ�(1-$/%(57��TXHQWLQ�HQMDOEHUW#SUHRPLFV�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

%HDW%R[�DQG�L67�IRU�VWUHDPOLQHG�))3(�WLVVXH�SURFHVVLQJ��$�[\OHQH�IUHH��UREXVW�
DQG�KLJK�WKURXJKSXW�VDPSOH�SUHSDUDWLRQ�IRU�SURWHRPLF�DQDO\VLV�
'U�4XHQWLQ�(1-$/%(57D

D�3UH2PLFV

,QWURGXFWLRQ�

)RUPDOLQ�IL[HG�SDUDIILQ�HPEHGGHG��))3(��WLVVXHV�DUH�DQ�LQYDOXDEOH�UHVRXUFH�IRU�UHWURVSHFWLYH�FOLQLFDO�VWXGLHV�WR
LQYHVWLJDWH�PROHFXODU�PHFKDQLVPV�RU�WR�GLVFRYHU�QHZ�ELRPDUNHUV��7KH�JUHDW�LQWHUHVW�RI�))3(�WLVVXHV�OLHV�LQ�WKH
YDOXDEOH�FOLQLFDO�PHWDGDWD�DVVRFLDWHG�ZLWK�WKHP�DQG�WKH�ODUJH�VL]H�RI�))3(�ELREDQNV�ZRUOGZLGH��FROOHFWHG�E\
KRVSLWDO�SDWKRORJ\�GHSDUWPHQWV�ZLWK�WKH�SULPDU\�REMHFWLYH�RI�GLDJQRVLV�

,QGHHG��WKH�))3(�WLVVXH�SUHVHUYDWLRQ�KDV�QRW�EHHQ�GHVLJQHG�IRU�SURWHRPLF�DQDO\VLV��ZKLFK�SRVHV�PDQ\�SUREOHPV
IRU�SURWHRPLFV�VDPSOH�SUHSDUDWLRQ��+DUVK�FRQGLWLRQV�KDYH�WR�EH�DSSOLHG�WR�UHYHUVH�WKH�FURVV�OLQNLQJ�DQG�WR�REWDLQ
DQ�DGHTXDWH�H[WUDFWLRQ�RI�SURWHLQV��,Q�DGGLWLRQ��SDUDIILQ�LQWHUIHUHV�ZLWK�/LTXLG�&KURPDWRJUDSK\�0DVV
6SHFWURPHWU\��/&�06��DQDO\VLV��UHDVRQ�ZK\�PRVW�SURWRFROV�LQFOXGH�DQ�LQLWLDO�[\OHQH�EDVHG�GHSDUDIILQLVDWLRQ�VWHS
WKDW�LV�WLPH�FRQVXPLQJ��SRVHV�D�KHDOWK�ULVN�GXH�WR�KLJK�OHYHOV�RI�WR[LFLW\��DQG�UHVXOWV�LQ�D�ULVN�RI�VDPSOH�ORVV�

7R�DGGUHVV�WKHVH�FKDOOHQJHV��DQ�RSWLPLVHG�ZRUNIORZ�FRPELQLQJ�WKH�%HDW%R[�WLVVXH�KRPRJHQLVHU�DQG�WKH�L67�NLW
IRU�SURWHRPLF�VDPSOH�SUHSDUDWLRQ�KDV�EHHQ�GHYHORSHG��,W�HOLPLQDWHV�WKH�QHHG�IRU�[\OHQH�EDVHG�GHSDUDIILQLVDWLRQ
DQG�DOORZV�HIILFLHQW�DQG�UREXVW�SURFHVVLQJ�RI����VDPSOHV�LQ�SDUDOOHO�IURP�))3(�WLVVXH�WR�FOHDQ�SHSWLGHV�LQ�RQH
ZRUNLQJ�GD\�

0HWKRG�

7KLV�LQQRYDWLYH�))3(�VDPSOH�SUHSDUDWLRQ�SURFHVV�EHJLQV�ZLWK�WKH�KRPRJHQLVDWLRQ�RI���wP�))3(�FXUOV�IRU���
PLQXWHV��KLJK�VHWWLQJV�LQ�WKH�%HDW%R[��+RPRJHQLVDWLRQ�LV�IROORZHG�E\�D�RQH�KRXU�LQFXEDWLRQ�DW������r&������
USP�WR�GH�FURVVOLQN��H[WUDFW��UHGXFH�DQG�DON\ODWH�WKH�SURWHLQV�LQ�RQH�VWHS��$IWHU�VSLQQLQJ�DQG�FRROLQJ��WKH�VDPSOHV
DUH�WUDQVIHUUHG�WR�FOHDQ�FRQWDLQHUV�ZLWK�WKH�VROLGLILHG�SDUDIILQ�UHPDLQLQJ�LQ�WKH�SULPDU\�WXEHV��)LQDOO\��WKH�VDPSOHV
DUH�VXEMHFWHG�WR�WKH�QH[W�VWHSV�RI�WKH�L67�VDPSOH�SUHSDUDWLRQ�ZLWK�WU\SWLF�GLJHVWLRQ�IROORZHG�E\�RSWLPLVHG�SHSWLGH
FOHDQ�XS�ZLWK�DQ�DGGLWLRQDO�ZDVK�VWHS�GHVLJQHG�WR�HIIHFWLYHO\�UHPRYH�WKH�ODVW�WUDFHV�RI�SDUDIILQ��7KLV�ZRUNIORZ
DOORZV�WKH�))3(�WLVVXH�WR�EH�SURFHVVHG�LQWR�FOHDQ�SHSWLGHV�UHDG\�IRU�/&�06�LQMHFWLRQ�LQ�OHVV�WKDQ���KRXUV�

5HVXOWV�

$�VWHS�E\�VWHS�EHQFKPDUN�RI�WKLV�LQQRYDWLYH�ZRUNIORZ�DJDLQVW�D�WUDGLWLRQDO�[\OHQH�EDVHG�GHSDUDIILQLVDWLRQ�DQG
VRQLFDWLRQ�ZRUNIORZ�ZDV�SHUIRUPHG�XVLQJ�PRXVH�KHDUW�PXVFOH��NLGQH\�DQG�OLYHU��7KH�VDPH�PRXVH�WLVVXHV�ZHUH
SUHVHUYHG�LQ�IUHVK�IUR]HQ�RU�SDUDIILQ�HPEHGGHG�VWDWH�WR�DVVHVV�WKH�VXLWDELOLW\�RI�WKH�WZR�WLVVXH�SUHVHUYDWLRQ
WHFKQLTXHV�IRU�SURWHRPLF�DQDO\VLV�

)RU�))3(�WLVVXHV��%HDW%R[�RXWSHUIRUPHG�VRQLFDWLRQ�IRU�ERWK�[\OHQH�EDVHG�DQG�[\OHQH�IUHH�PHWKRGV��UHYHDOLQJ�D
!����LQFUHDVH�LQ�SURWHLQ�,'V�LQ�DOO�WLVVXH�W\SHV��ZLWK�WKH�ODUJHVW�LQFUHDVH�RI�����LQ�PRXVH�KHDUW�PXVFOH�))3(
WLVVXH��3URWHLQ�,'V�DQG�G\QDPLF�UDQJH�RI�IUHVK�IUR]HQ�DQG�))3(�WLVVXHV��WUHDWHG�ZLWK�WKH�%HDW%R[���L67�ZRUNIORZ
ZLWKRXW�[\OHQH��VKRZHG�D�KLJK�RYHUODS�RI�XS�WR�����VKDUHG�SURWHLQV�DQG�D�VLPLODU�G\QDPLF�UDQJH�RI�XS�WR���RUGHUV
RI�PDJQLWXGH�

7R�GHWHUPLQH�WHFKQLFDO�YDULDELOLW\�LQ�WKH�XVH�RI�%HDW%R[�IRU�))3(�SURFHVVLQJ��FRHIILFLHQWV�RI�YDULDWLRQ��&9V��ZHUH
FDOFXODWHG�IURP�UHSOLFDWHV��Q ���RI�WKH�[\OHQH�EDVHG�DQG�[\OHQH�IUHH�PHWKRGV��UHVXOWLQJ�LQ�PHGLDQ�&9V�����
%HDULQJ�LQ�PLQG�WKH�WUHDWPHQW�RI�ODUJH�FRKRUWV��LQWHU�GD\�UHSURGXFLELOLW\�ZDV�DVVHVVHG�RYHU���GD\V��UHVXOWLQJ�LQ
PHGLDQ�&9V�����

&RQFOXVLRQ�

7R�FRQFOXGH��WKH�3UH2PLFV�%HDW%R[�L67�ZRUNIORZ�IRU�))3(�WLVVXHV�DOORZV�IRU�WKRURXJK�SURWHRPLF�DQDO\VHV��HYHQ
ZKHQ�FRPSDUHG�WR�IUHVK�IUR]HQ�WLVVXHV��ZKRVH�VWRUDJH�LV�VOLJKWO\�PRUH�HIILFLHQW�EXW�PRUH�HQHUJ\�FRQVXPLQJ���7KLV
SURWRFRO�VDYHV�FRQVLGHUDEOH�WLPH�FRPSDUHG�WR�WUDGLWLRQDO�[\OHQH�EDVHG�VRQLFDWLRQ�PHWKRGV��ZKLOH�XVLQJ�DQ
HDV\�WR�XVH�SDUDIILQ�UHPRYDO�VWHS�WKDW�LV�VHDPOHVVO\�LQWHJUDWHG�LQWR�WKH�ZRUNIORZ��7KLV�QHZ�ZRUNIORZ�DLPV�WR
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$EVWUDFW�����

:ULWHU���7DPDUD�6$675(�2/,9$��WDPDUD�VDVWUH#JPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

(IIHFW�RI�FRURQDU\�DUWHU\�GLVHDVH�RQ�DRUWLF�YDOYH�FDOFLILFDWLRQ��DQ�LQVLJKW�LQWR
R[LGDWLYH�VWUHVV
7DPDUD�6$675(�2/,9$D��1HUHD�&25%$&+2�$/2162E��,Q«V�3(5$/(6�6�1&+(=E��&ULVWLQD�-8$5(=�$/,$E��-XDQ
$QWRQLR�/�3(=F��/XLV�)HUQDQGR�/�3(=�$/02'�9$5G��-HV¼V�9�=48(=F��/XLV�5�3$',$/G��7HUHVD�7(-(5,1$H�
/DXUD�0285,12�$/9$5(=E��0�*�%$5'(5$6E

D�+RVSLWDO�1DFLRQDO�GH�3DUDSO«MLFRV��6(6&$0��E�+RVSLWDO�1DFLRQDO�GH�3DUDSO«MLFRV��6(6&$0��7ROHGR��63$,1��F�&HQWUR
1DFLRQDO�GH�,QYHVWLJDFLRQHV�&DUGLRYDVFXODUHV��&1,&��0DGULG��63$,1��G�&RPSOHMR�+RVSLWDODULR�8QLYHUVLWDULR�GH�7ROHGR�
6(6&$0��7ROHGR��63$,1��H�)DFXOW\�RI�0HGLFLQH��&RPSOXWHQVH�8QLYHUVLW\�0DGULG��63$,1

2EMHFWLYH

&DOFLILF�DRUWLF�YDOYH�GLVHDVH��&$9'��DQG�FRURQDU\�DUWHU\�GLVHDVH��&$'��DUH�UHODWHG�FDUGLRYDVFXODU�SDWKRORJLHV�LQ
ZKLFK�FRPPRQ�SURFHVVHV�OHDG�WR�WKH�FDOFLILFDWLRQ�RI�WKH�FRUUHVSRQGLQJ�DIIHFWHG�WLVVXH��$PRQJ�WKH�PHFKDQLVPV
LQYROYHG�LQ�FDOFLILFDWLRQ��WKH�R[LGDWLYH�VWUHVV�WKDW�GULYHV�WKH�R[LGDWLRQ�RI�VXOIXU�FRQWDLQLQJ�DPLQR�DFLGV��VXFK�DV
F\VWHLQHV��&\V���LV�RI�SDUWLFXODU�LQWHUHVW�

0HWKRGV

7R�HYDOXDWH�WKH�HIIHFW�WKDW�&$'�KDV�RQ�DRUWLF�YDOYHV��ZH�KDYH�SHUIRUPHG�D�SURWHRPLF�DQDO\VLV�XVLQJ�WKH
)$6,/2;�WHFKQLTXH�RQ�YDOYH�WLVVXH�IURP�SDWLHQWV�ZLWK�VHYHUH�&$9'�ZLWK�DQG�ZLWKRXW�&$'��7KLV�DOORZHG�XV�WR
TXDQWLI\�SURWHLQV�DQG�UHYHUVLEOH�&\V�PRGLILFDWLRQV�VLPXOWDQHRXVO\�LQ�WKH�VDPH�H[SHULPHQW��$IWHU�WKDW��ZH
SHUIRUPHG�D�IXQFWLRQDO�DQDO\VLV�XVLQJ�'$9,'�WR�VHOHFW�WKH�SURWHLQV�RI�LQWHUHVW��7KHVH�SURWHLQV�ZHUH�YHULILHG�E\
3DUDOOHO�5HDFWLRQ�0RQLWRULQJ��350��DQG�:HVWHUQ�%ORWWLQJ�LQ�SODVPD�VDPSOHV�IURP�DQ�LQGHSHQGHQW�FRKRUW�RI
SDWLHQWV��%HVLGHV��ZH�XVHG�WKH�3(*�3&0DO�ODEHOOLQJ�WHFKQLTXH�WR�YLVXDOL]H�FKDQJHV�LQ�WKH�UHGR[�VWDWH�

5HVXOWV

:H�LGHQWLILHG����SURWHLQV�ZLWK�GLIIHUHQW�OHYHOV�RI�H[SUHVVLRQ�EHWZHHQ�WKH�WZR�FRQGLWLRQV�VWXGLHG��$IWHU�WKH
YHULILFDWLRQ�SKDVH��ZH�GHILQHG�D�SDQHO�RI���SURWHLQV�UHODWHG�WR�LQIODPPDWLRQ��DFXWH�SKDVH�UHVSRQVH�DQG
FRPSOHPHQW�V\VWHP��%HVLGHV��ZH�IRXQG���SHSWLGHV�ZLWK�GLIIHUHQFHV�LQ�WKH�UHGR[�VWDWH�RI�WKHLU�&\V��WZR�RI�WKHP
EHORQJLQJ�WR�DOEXPLQ��,PSRUWDQWO\��WKHVH�VLWHV�RI�&\V�R[LGDWLRQ�LQ�DOEXPLQ�KDYH�QRW�EHHQ�GHVFULEHG�SUHYLRXVO\�
7KH�UHVXOWV�VKRZHG�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�PRUH�R[LGL]HG�VWDWHV�RI�WKH�DOEXPLQ��ZKLFK�PD\�EH
UHOHYDQW�WR�GHILQH�QHZ�WKHUDSHXWLF�RSWLRQV�

&RQFOXVLRQV

7KHVH�UHVXOWV�SURYLGH�HYLGHQFH�WKDW�&$'�DIIHFWV�YDOYH�FDOFLILFDWLRQ��PRGLI\LQJ�WKH�PROHFXODU�SURILOH�RI�DRUWLF�YDOYH
WLVVXH��,Q�DGGLWLRQ��WKH�VWXG\�RI�WKH�UHGR[�SURWHRPH�KDV�DOORZHG�XV�WR�GHILQH�WZR�QHZ�VLWHV�RI�&\V�R[LGDWLRQ�LQ
DOEXPLQ��ZKLFK�UHSUHVHQWV�D�VWDUWLQJ�SRLQW�IRU�IXWXUH�IXQFWLRQDO�DQG�SKDUPDFRORJLFDO�VWXGLHV��ZLWK�WKH�ILQDO
SXUSRVH�RI�LPSURYLQJ�SDWLHQWV�PDQDJHPHQW�
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$EVWUDFW�����

:ULWHU���'U�0DQXHOOH�'8&28;�3(7,7��PDQXHOOH�GXFRX[#LSEV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

&KDUDFWHUL]DWLRQ�RI�DEXQGDQW�SHULSURVWDWLF�DGLSRVH�WLVVXH��33$7��LQ�SURVWDWH
FDQFHU�FHOOV��IURP�LQIODPPDWLRQ�IUHH�H[SDQVLRQ�WR�RYHU�VHFUHWLRQ�RI
HQGRWURSKLQ�
'U�0DQXHOOH�'8&28;�3(7,7D��'DYLG�(67�9(D��$XU«OLH�728/(7D��0DWKLHX�5280,*8,�D��'DZHL�%8E��6DUDK�3(5,&$57F
��&KOR«�%(//(6G��&«FLOH�0$1&($8G��&\QWKLD�+28�/G��1DWKDOLH�9$1�$&.(5F��6W«SKDQLH�'$89,//,(5D��<L\XH�-,$D�
&DPLOOH�)5$1&+(7H��1LFRODV�'280(5&I��0DWKLHX�7+28/28=$1I��6RSKLH�/(�*21,'(&J��3KLOLSSH�9$/(7J�
%HUQDUG�0$/$9$8'K��2GLOH�%85/(7�6&+,/7=D��$QQH�%28/280,�G��3KLOLSS�6&+(5(5L��'HOSKLQH�0,/+$6D�
&DWKHULQH�08//(5D

D�,3%6��,QVWLWXWH�RI�3KDUPDFRORJ\�DQG�6WUXFWXUDO�%LRORJ\��E�7RXFKVWRQH�'LDEHWHV�&HQWHU��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH
DQG�'HSDUWPHQW�RI�&HOO�%LRORJ\��8QLYHUVLW\�RI�7H[DV�6RXWKZHVWHUQ�0HGLFDO�&HQWHU��'DOODV��7;��86$��F�'HSDUWPHQW�RI
3DWKRORJ\��,QVWLWXW�8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH��)UDQFH��G�,QVWLWXW�GHV�0DODGLHV�0«WDEROLTXHV
HW�&DUGLRYDVFXODLUHV��8QLYHUVLW«�GH�7RXORXVH��,16(50��836��7RXORXVH��)UDQFH��H�'HSDUWPHQW�RI�3DWKRORJ\��,QVWLWXW
8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH��)UDQFH���,QVWLWXW�GHV�0DODGLHV�0«WDEROLTXHV�HW
&DUGLRYDVFXODLUHV��8QLYHUVLW«�GH�7RXORXVH��,16(50��83��I�'HSDUWPHQW�RI�8URORJ\�DQG�5HQDO�7UDQVSODQWDWLRQ��7RXORXVH
8QLYHUVLW\�+RVSLWDO���,QVWLWXW�8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH��)UDQFH���J�,QVWLWXW�5(6725(�
8QLYHUVLW«�GH�7RXORXVH��&156�8�������()6��(197��,16(50�8������836��7RXORXVH��)UDQFH���K�'HSDUWPHQW�RI�8URORJ\�DQG
5HQDO�7UDQVSODQWDWLRQ��7RXORXVH�8QLYHUVLW\�+RVSLWDO���,QVWLWXW�8QLYHUVLWDLUH�GX�&DQFHU�GH�7RXORXVH��2QFRSROH��7RXORXVH�
)UDQFH��L�7RXFKVWRQH�'LDEHWHV�&HQWHU��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH�DQG�'HSDUWPHQW�RI�&HOO�%LRORJ\��8QLYHUVLW\�RI�7H[DV
6RXWKZHVWHUQ�0HGLFDO�&HQWHU��'DOODV��7;��86$�

3HULSURVWDWLF�DGLSRVH�WLVVXH��33$7��DEXQGDQFH�FRUUHODWHV�ZLWK�SURVWDWH�FDQFHU�SURJUHVVLRQ��EXW�WKH�PHFKDQLVP
UHPDLQV�XQH[SODLQHG��+HUH��ZH�XVHG�D�VWDWLVWLFDO�DSSURDFK�WR�GHILQH�DEXQGDQW�33$7�E\�QRUPDOL]LQJ�33$7
YROXPH�WR�SURVWDWH�YROXPH�LQ�D�FRKRUW�RI�����SDWLHQWV�ZLWK�D�OLQHDU�UHJUHVVLRQ�PRGHO��$SSO\LQJ�WKLV�GHILQLWLRQ��ZH
ILQG�WKDW�WXPRUV�VSHFLILFDOO\�IURP�SDWLHQWV�ZLWK�DEXQGDQW�33$7�H[KLELW�VHYHUDO�KDOOPDUNV�RI�DJJUHVVLYHQHVV�
VXJJHVWLQJ�WKDW�33$7�DEXQGDQFH�PLJKW�EH�XVHG�WR�LPSURYH�ULVN�VWUDWLILFDWLRQ��:H�VKRZ�WKDW�DEXQGDQW�33$7
H[SDQGV�E\�DGLSRF\WH�K\SHUWURSK\�EXW�WKLV�GRHV�QRW�UHVXOW�LQ�LQIODPPDWLRQ��([WHQVLYH�H[WUDFHOOXODU�PDWUL[
UHPRGHOLQJ��QRWDEO\�RI�WKH�FROODJHQ�QHWZRUN��DQG�GHFUHDVHG�H[SUHVVLRQ�RI�PHFKDQR�VHQVLQJ�SURWHLQV�LQ
DGLSRF\WHV�H[SODLQV�WKLV�LQIODPPDWLRQ�IUHH�H[SDQVLRQ�E\�GHFUHDVLQJ�WKH�PHFKDQLFDO�FRQVWUDLQWV�RQ�WKH
DGLSRF\WHV��0RUHRYHU��FROODJHQ�9,�GHJUDGDWLRQ�LQ�DEXQGDQW�33$7�LV�DVVRFLDWHG�ZLWK�SURGXFWLRQ�RI�HQGRWURSKLQ��D
PDWULNLQH�WKDW�SURPRWHV�FDQFHU�SURJUHVVLRQ��:H�ILQG�KLJK�OHYHOV�RI�HQGRWURSKLQ�VSHFLILFDOO\�LQ�WKH�XULQH�RI�SDWLHQWV
ZLWK�DEXQGDQW�33$7��LQGLFDWLQJ�WKH�FOLQLFDO�UHOHYDQFH�RI�RXU�ILQGLQJV�
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$EVWUDFW�����

:ULWHU���'U�-RDQQD�/,3(&.$��MRDQQD�OLSHFND#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

/$5*(�6&$/(�&(//�/<6$7(�3527(20,&6��+,*+�7+528387�6$03/(
35(3$5$7,21�$1'�)$67�/&�0606
'U�-RDQQD�/,3(&.$D��,QHV�0(7$7/$D��6DUD�&(&&$&&,D��9LQFHQW�-81*D��.«YLQ�52*(5D��,GD�&KLDUD�*8(55(5$D

D�3527(20,&6�3/$7)250�1(&.(5��81,9(56,7��3$5,6�&,7����6758&785(�)�'�5$7,9(�'(�5(&+(5&+(
1(&.(5��,16(50�86���&156�8$5������3$5,6��������)5$1&(�

,QWURGXFWLRQ

6LPSOLI\LQJ�DQG�DXWRPDWLQJ�VDPSOH�SUHSDUDWLRQ�LQ�ODUJH�VFDOH�SURWHRPLFV�DQDO\VLV�LV�FUXFLDO�WR�LPSURYH�VSHHG�DQG
UHSURGXFLELOLW\��6DPSOH�SUHSDUDWLRQ�LV�D�FULWLFDO�VWHS�WKDW�JUHDWO\�LPSDFWV�GDWD�TXDOLW\��:KLOH�GHWHUJHQW�EDVHG
GLJHVWLRQ�PHWKRGV�DUH�FRPPRQO\�XVHG�IRU�HIILFLHQW�FHOO�O\VLV�DQG�SURWHLQ�VROXELOL]DWLRQ��WKH\�PD\�QRW�EH�FRPSDWLEOH
ZLWK�GRZQVWUHDP�OLTXLG�FKURPDWRJUDSK\�FRXSOHG�PDVV�VSHFWURPHWU\��ZKLFK�FDQ�UHTXLUH�DGGLWLRQDO�SXULILFDWLRQ
DQG�EXIIHU�H[FKDQJH�VWHSV��+RZHYHU��6�7UDS�VDPSOH�SUHSDUDWLRQ�WHFKQRORJ\�LV�DQ�HIIHFWLYH�PHWKRG�WKDW�HQDEOHV
WKH�XVH�RI�GHWHUJHQW��HQVXUHV�HIILFLHQW�SURWHLQ�GLJHVWLRQ��DQG�SURYLGHV�KLJK�SHSWLGH�UHFRYHU\�

,Q�WKLV�VWXG\�ZH�HYDOXDWHG�WKH�6�7UDS�GLJHVWLRQ�RI�������XJ�RQ�WZR�IRUPDWV��PLFUR�VSLQ�FROXPQV�DQG����ZHOO
SODWHV��7KH�PLFUR�VSLQ�FROXPQV��VXLWDEOH�IRU�������wJ�VDPSOHV�DUH�YHU\�SHUIRUPDQW�HYHQ�IRU�ORZ�SURWHLQ�VDPSOHV
���XJ��KRZHYHU�WKH\�DUH�QRW�HDVLO\�DXWRPDWDEOH�DQG�WKXV�OHVV�VXLWDEOH�IRU�ODUJH�VFDOH�VWXGLHV��2Q�WKH�RWKHU�KDQG�
WKH����ZHOO�SODWHV�DUH�GHVLJQDWHG�IRU�WKH�XVH�ZLWK�OLTXLG�KDQGOLQJ�V\VWHPV�DQG�DOORZ�IDVWHU�SURFHVVLQJ�EXW�DUH
GHVLJQHG�WR�EH�XVHG�IRU���������wJ�VDPSOHV�

0HWKRGV

7KH�VWXG\�XVHG�+(.�����FHOO�O\VDWHV�IRU�SURWHRPLFV�DQDO\VLV��6�7UDS70�PLFUR�VSLQ�FROXPQV�DQG����ZHOO�SODWH
PLQL��3URWLIL��+XQWLQJWRQ��86$��ZHUH�XWLOL]HG�IRU�VDPSOH�GLJHVWLRQ�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�LQVWUXFWLRQV�
ZLWK�DQ�LQFUHDVHG�QXPEHU�RI�ZDVKHV���[�ZLWK����w/�DQG��[�ZLWK����w/�6�7UDS�EXIIHU���7KH�VDPSOHV�ZHUH�WKHQ
SURFHVVHG�E\�FHQWULIXJDWLRQ�DW�����J�IRU��PLQ�RU�XVLQJ�D�SRVLWLYH�SUHVVXUH�PDQLIROG��5HVROYH[�0����7HFDQ�
86$������QJ�RI�SHSWLGHV�ZHUH�LQMHFWHG�RQ�D�QDQR(OXWH�V\VWHP����Q/�PLQ�XVLQJ�D�SDFNHG�HPLWWHU�FROXPQ��&���
��FP���͏P����͏P���,RQ�2SWLFV��$XVWUDOLD��XVLQJ�D���PLQ�JUDGLHQW�FRXSOHG�WR�D�WLPV72)�3UR��%UXNHU�'DOWRQLFV�
*HUPDQ\��06��7KH�PDVV�VSHFWURPHWU\�GDWD�ZDV�DFTXLUHG�LQ�GLD3$6()�PRGH��ZLWK�DQ�P�]�UDQJH�IURP�����WR
�����7K��DQG�DQ�LRQ�PRELOLW\�UDQJH�IURP������WR�����9�V�FP�����N����7KH�WRWDO�F\FOH�WLPH�ZDV�VHW�WR�����V��'DWD
DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�',$�11�VRIWZDUH�YHUVLRQ�������DJDLQVW�WKH�KXPDQ�8QL3URW.%�6ZLVV�3URW�+RPR
VDSLHQV�GDWDEDVH��Y���������������HQWULHV��ZLWK�D�IDOVH�GLVFRYHU\�UDWH��)'5��RI�������DQG�PDWFK�EHWZHHQ�UXQV
ZDV�DOORZHG�

5HVXOWV

)LUVWO\��WKH�REMHFWLYH�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�IHDVLELOLW\�RI�XVLQJ����ZHOO�6�7UDS�SODWHV�IRU�SURWHLQ
VDPSOHV�XQGHU�����wJ��:H�FRPSDUHG�WKH�QXPEHU�RI�LGHQWLILHG�SURWHLQ�JURXSV�XVLQJ�FHQWULIXJDWLRQ�EDVHG�PLFUR
VSLQ�FROXPQV�DQG����ZHOO�6�7UDS�SODWHV�IRU���wJ�����wJ��DQG����wJ�VDPSOHV��2YHUDOO��ERWK�IRUPDWV�\LHOGHG�RYHU
�����SURWHLQV��EXW�ZH�REVHUYHG�KLJKHU�YDULDELOLW\�LQ�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH����ZHOO�6�7UDS�SODWHV��7R
LPSURYH�\LHOG�DQG�UHSHDWDELOLW\��ZH�PDGH�PLQRU�PRGLILFDWLRQV�WR�WKH�6�7UDS�SODWH�SURWRFRO��LQFOXGLQJ�LQFUHDVLQJ
WU\SVLQ�DPRXQWV��ZDVKLQJ�DQG�GLJHVWLRQ�YROXPHV��DQG�HOLPLQDWLQJ�$)�IURP�WKH�HOXWLRQ�

,Q�RXU�HIIRUWV�WR�DXWRPDWH�WKH�VDPSOH�SUHSDUDWLRQ�ZRUNIORZ��ZH�FRPSDUHG�WKH�SHUIRUPDQFH�RI�WKH����ZHOO�SODWH
XVLQJ�D�PDQXDO�SURWRFRO�ZLWK�FHQWULIXJDWLRQ�VWHSV�DQG�D�VHPL�DXWRPDWLF�SRVLWLYH�SUHVVXUH�V\VWHP��7KH�DXWRPDWHG
SURWRFRO�UHVXOWHG�LQ�WKH�LGHQWLILFDWLRQ�RI������s����SURWHLQ�JURXSV��ZKHQ�VWDUWLQJ�IURP����wJ�DQG����wJ��DQG�����
s�����SURWHLQ�JURXSV�ZKHQ�VWDUWLQJ�IURP���wJ��LQGLFDWLQJ�D�����LPSURYHPHQW�LQ�SURWHLQ�JURXS�LGHQWLILFDWLRQ�XVLQJ
SRVLWLYH�SUHVVXUH�FRPSDUHG�WR�FHQWULIXJDWLRQ�

,Q�VXPPDU\��RXU�VWXG\�KLJKOLJKWV�WKH�DGYDQWDJHV�RI�WKH����ZHOO�SODWH�IRUPDW�IRU�ODUJH�VFDOH�SURWHRPLFV�VWXGLHV
DQG�GHPRQVWUDWHV�WKH�SRWHQWLDO�XVH�RI�6�7UDS�SODWHV�IRU�VDPSOHV�EHWZHHQ��������wJ�ZLWK�PLQRU�SURWRFRO
PRGLILFDWLRQV��)XUWKHUPRUH��RXU�ILQGLQJV�LQGLFDWH�WKDW�XVLQJ�D�SRVLWLYH�SUHVVXUH�V\VWHP�LQVWHDG�RI�FHQWULIXJDWLRQ
IRU�WKH����ZHOO�SODWH�IRUPDW�FDQ�OHDG�WR�EHWWHU�UHSHDWDELOLW\�DQG�LGHQWLILFDWLRQ�RI�PRUH�SURWHLQ�JURXSV��SRVVLEO\�GXH
WR�LPSURYHG�SHSWLGH�UHFRYHU\�
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$EVWUDFW�����

:ULWHU���9LQFHQW�-81*��YLQFHQW�MXQJ#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

2SWLPL]HG�DQG�VFDODEOH�ZRUNIORZ�IRU�KLJK�VHQVLELOLW\�XULQH�SURWHRPLFV�DQDO\VLV
9LQFHQW�-81*D��,QHV�0(7$7/$D��.HYLQ�52*(5D��,GD�&KLDUD�*8(55(5$D

D�3URWHRPLFV�SODWIRUP�1HFNHU��8QLYHUVLW«�3DULV�&LW«���6WUXFWXUH�)«G«UDWLYH�GH�5HFKHUFKH�1HFNHU��,16(50�86���&156
8$5������3DULV��������)UDQFH

,QWURGXFWLRQ

8ULQH�LV�D�UHDGLO\�DYDLODEOH�DQG�QRQ�LQYDVLYH�VDPSOH�WKDW�KDV�EHHQ�LQFUHDVLQJO\�XVHG�LQ�SURWHRPLFV�UHVHDUFK�
SDUWLFXODUO\�IRU�WKH�VWXG\�RI�NLGQH\�GLVHDVHV��+RZHYHU��WKH�SURWHRPLF�DQDO\VLV�RI�XULQH�VDPSOHV�FDQ�EH�FKDOOHQJLQJ
GXH�WR�WKHLU�KLJK�YDULDELOLW\��ORZ�SURWHLQ�FRQFHQWUDWLRQ��YDULDELOLW\�LQ�VDPSOH�FROOHFWLRQ�DQG�VWRUDJH��DQG�SUHVHQFH
RI�LQWHUIHULQJ�FRPSRXQGV��OLNH�VDOWV��7KHVH�FKDOOHQJHV�QHHG�WR�EH�DGGUHVVHG�EHIRUH�UXQQLQJ�FRKRUW�DQDO\VLV�

,Q�WKLV�ZRUN��ZH�SUHVHQW�RXU�RSWLPL]HG�ZRUNIORZ�IRU�GHHS�XULQH�SURWHRPLFV�DQDO\VLV��:H�FRPSDUHG�XULQH�VDPSOH
FROOHFWLRQV��SUHSDUDWLRQ�SURWRFROV��FKURPDWRJUDSKLF�VHSDUDWLRQ�JUDGLHQWV��''$�DQG�',$�06�DQDO\VLV�

0HWKRGV

)RU�SUHFLSLWDWLRQ�ZLWK�7&$��DOLTXRWV�RI���P/�XULQHV�ZHUH�SUHFLSLWDWHG�E\�DGGLQJ�7&$�WR�D�ILQDO�FRQFHQWUDWLRQ�RI
������FHQWULIXJHG���PLQ�DW��r&��DQG�WKH�UHVXOWLQJ�SHOOHWV�ZHUH�ZDVKHG�WKUHH�WLPHV�ZLWK��P/�RI�FROG�DFHWRQH�IRU
��PLQ�DW�������J��Q ����)RU�WKH�SUHFLSLWDWLRQ�LQ�DFHWRQH��DOLTXRWV�RI��P/�XULQHV�ZHUH�SUHFLSLWDWHG�E\�DGGLQJ��
YROXPHV�RI�DFHWRQH��FHQWULIXJHG��K�DW��������J��7KH�SUHFLSLWDWHG�SURWHLQV�ZHUH�VXVSHQGHG�LQ����6'6�DQG
GLJHVWHG�XVLQJ�WKH�6�7UDS��3URWLIL��+XWLQJWRQ��86$������QJ�RI�SHSWLGHV�ZHUH�LQMHFWHG�LQWR�D�QDQR(OXWH�+3/&
V\VWHP����FP�,RQ2SWLNV��FRXSOHG�WR�D�7LPV72)�3UR�06��%UXNHU�'DOWRQLFV��*HUPDQ\���3HSWLGHV�ZHUH�VHSDUDWHG
LQ���PLQ�DQG�DFTXLUHG�LQ�''$�3$6()�PRGH�VHWWLQJ�P�]�UDQJH�IURP�����WR�����7K��LRQ�PRELOLW\�UDQJH�IURP�����
WR�����9�V�FP����N����WRWDO�F\FOH�WLPH�WR����V�DQG�QXPEHU�RI�3$6()�06�06�VFDQV�WR�����'DWD�ZHUH�DOVR�DFTXLUHG
LQ�GLD�3$6()�RYHU�D���PLQ�RU�D���PLQ�HOXWLRQ�JUDGLHQW���P�]�UDQJH ����WR������7K��,0 �����WR������9
V�FP����N����WRWDO�F\FOH ����V��3$6()�06�06�VFDQV �����''$�UDZ�ILOHV�ZHUH�SURFHVVHG�XVLQJ�0D[4XDQW
YHUVLRQ���������DQG�',$�UDZ�ILOHV�ZHUH�SURFHVVHG�XVLQJ�',$11�Y������ZLWK�D�+RPR�VDSLHQV�GDWDEDVH��UHOHDVH
���������������HQWULHV���0DWFK�EHWZHHQ�UXQ�ZDV�DOORZHG��H[FHSW�ZKHQ�FRPSDULQJ�7&$�DQG�DFHWRQH
SUHFLSLWDWLRQ�SURWRFROV�

5HVXOWV

)LUVWO\��ZH�HYDOXDWHG�WKH�VWDELOLW\�RI�SURWHLQV�LQ�XULQH�VDPSOHV�VWRUHG�IRU�XS�WR���K�DW��r&�EHIRUH�EHLQJ�IUR]HQ�DW
���r&��2XU�UHVXOWV�VKRZHG�WKDW�QXPEHU�RI�SURWHLQV�JURXSV�LGHQWLILHG�UHPDLQHG�VWDEOH�IRU����KRXUV��ZLWK�PLQRU
LQFUHDVH�LQ�SURWHLQ�DEXQGDQFH�YDULDELOLW\�DIWHU���K�

1H[W��ZH�FRPSDUHG�WZR�RI�WKH�PRVW�IUHTXHQWO\�PHWKRGV�XVHG�WR�FRQFHQWUDWH�XULQDU\�SURWHLQV��7&$�DQG�DFHWRQH
SUHFLSLWDWLRQ��$FHWRQH�SUHFLSLWDWLRQ�UHVXOWHG�LQ�D�KLJKHU�RYHUDOO�SURWHLQ�\LHOG��������������wJ��YV�7&$
������������wJ���DOWKRXJK��WKH�QXPEHU�RI�SURWHLQV�LGHQWLILHG�ZDV�VLPLODU�OHDGLQJ�WR�FD������SURWHLQ�JURXSV��ZLWK�D
KLJKHU�YDULDELOLW\�LQ�DFHWRQH�SUHFLSLWDWHG�VDPSOHV��''$�PRGH���2XU�GDWD�VKRZHG�WKDW�7&$�SUHFLSLWDWLRQ�DOORZHG
IRU�WKH�HQULFKPHQW�RI�&'���&'���DQG�&'����PDUNHUV�RI�H[RVRPH��ZKLFK�DUH�LQIRUPDWLYH�IRU�WKH�PRQLWRULQJ�NLGQH\
LQWUDFHOOXODU�VWDWH�

)LQDOO\��ZH�FRPSDUHG�GLIIHUHQW�/&�0606�FRQGLWLRQV�DQG�HYDOXDWHG�WKH�QXPEHU�RI�SURWHLQ�JURXSV�LGHQWLILHG�XVLQJ
''$�DQG�',$�PRGHV�RQ�D���PLQ�JUDGLHQW��:H�REWDLQHG�����������SURWHLQV�XVLQJ�QDQR(OXWH�LQ�''$�PRGH��ZKLOH
VZLWFKLQJ�WR�',$�PRGH��ERRVWHG�WKH�LGHQWLILFDWLRQ�����������SURWHLQ�JURXSV��Q ����)XUWKHUPRUH��LQ�DQWLFLSDWLRQ�RI
ODUJH�FRKRUWV
�DQDO\VLV��ZH�UHGXFHG�WKH�JUDGLHQW�WLPH�GRZQ�WR����PLQ�LQ�RUGHU�WR�VKRUWHQ�WKH�DFTXLVLWLRQ�WLPH�
DOORZLQJ�WKH�LGHQWLILFDWLRQ�RI����������XULQDU\�SURWHLQV�IURP�WKH�VDPH�VDPSOHV��Q ���

$�ODUJH�FRKRUW�RI�SDWLHQWV�DIIHFWHG�E\�D�UDUH�QHSKURSDWK\�LV�FXUUHQWO\�EHLQJ�DQDO\]HG�XVLQJ�WKLV�SURWRFRO�DQG�WKH
UHVXOWV�ZLOO�EH�VKDUHG�DW�WKH�FRQIHUHQFH�

,Q�FRQFOXVLRQ��WKLV�VWXG\�SURYLGHV�LQVLJKWV�LQWR�WKH�RSWLPL]DWLRQ�RI�XULQH�VDPSOH�SUHSDUDWLRQ�DQG�FKURPDWRJUDSKLF
VHSDUDWLRQ�IRU�ODUJH�VFDOH�SURWHRPLFV�DQDO\VLV��7&$�SUHFLSLWDWLRQ�FDQ�HQULFK�IRU�H[RVRPH�DQG�H[WUDFHOOXODU
YHVLFOHV�DQG�LPSOHPHQWDWLRQ�RI�',$�LQFUHDVHV����[�WKH�GHSWK�DQG�UHSURGXFLELOLW\�RI�XULQDU\�SURWHRPH�DQDO\VLV�
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$EVWUDFW�����

:ULWHU���9HUD�0(1'(6��YPHQGHV#FQF�XF�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

,GHQWLILFDWLRQ�RI�SRWHQWLDO�ELRPDUNHUV�UHODWHG�WR�$̿�GHSRVLWLRQ�WKURXJK
SURWHRPLF�SURILOLQJ�LQ�SDWLHQWV�ZLWK�0LOG�&RJQLWLYH�,PSDLUPHQW
9HUD�0��0(1'(6D��'DQLHOD�0287,1+2E��6DUD�&��0$'(,5$F��,Q¬V�%$/'(,5$6G��0DQXHOD�*8(55(,52E�
6DQGUD�&$5'262E��+HOHQD�$,'26F��,VDEHO�6$17$1$H��$OH[DQGUH�0(1'21�$E��%UXQR�0$1$'$6D

D�&1&���&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\��8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO���&HQWUH�IRU�,QQRYDWLYH
%LRPHGLFLQH�DQG�%LRWHFKQRORJ\��&,%%���8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO��E�)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI
/LVERQ��/LVERD��3RUWXJDO��F�/$6,*(��)DFXOW\�RI�6FLHQFHV��8QLYHUVLW\�RI�/LVERQ��/LVERD��3RUWXJDO��G�&1&���&HQWHU�IRU
1HXURVFLHQFH�DQG�&HOO�%LRORJ\��8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO���&HQWUH�IRU�,QQRYDWLYH�%LRPHGLFLQH�DQG
%LRWHFKQRORJ\��&,%%���8QLYHUVLW\�RI�&RLPEUD��&RLPEUD��3RUWXJDO���)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�&RLPEUD��&RLPEUD�
3RUWXJDO��H�)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�&RLPEUD��'HSDUWPHQW�RI�1HXURORJ\��+RVSLWDO�DQG�8QLYHUVLW\�&HQWUH�RI�&RLPEUD�
&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\���&HQWUH�IRU�,QQRYDWLYH�%LRPHGLFLQH�DQG�%LRWHFKQRORJ\��&,%%���8QLYHUVLW\�RI
&RLPEUD��&RLPEUD��3RUWXJDO

$O]KHLPHU
V�GLVHDVH�LV�WKH�OHDGLQJ�W\SH�RI�GHPHQWLD��FKDUDFWHUL]HG�E\�D�JUDGXDO�GHFOLQH�LQ�FRJQLWLYH�DQG
EHKDYLRUDO�IXQFWLRQ��,W�XVXDOO\�VWDUWV�ZLWK�PLOG�PHPRU\�ORVV��SURJUHVVLQJ�RYHU�WLPH�WR�GLIILFXOWLHV�ZLWK
FRPPXQLFDWLRQ�DQG�UHVSRQVH�WR�WKH�HQYLURQPHQW��*DLQLQJ�LQVLJKW�LQWR�WKH�XQGHUO\LQJ�FDXVHV�RI�WKLV�GLVRUGHU�LV
FULWLFDO�IRU�HQDEOLQJ�HDUO\�DQG�SUHFLVH�GLDJQRVLV��DV�ZHOO�DV�GHYHORSLQJ�HIIHFWLYH�WUHDWPHQWV��0LOG�FRJQLWLYH
LPSDLUPHQW��0&,��LV�D�FRQGLWLRQ�WKDW�RIWHQ�SUHFHGHV�$'��DQG�VWXG\LQJ�0&,�FDQ�KHOS�LGHQWLI\�HDUO\�VLJQV�DQG�ULVN
IDFWRUV�IRU�$'��DOORZLQJ�IRU�HDUOLHU�LQWHUYHQWLRQ�DQG�SRWHQWLDO�SUHYHQWLRQ�RI�WKH�GLVHDVH��$�FRPSDUDWLYH�SURWHRPLF
VWXG\�ZDV�FDUULHG�RXW�EHWZHHQ�DQ�0&,�JURXS�RI�SDWLHQWV�ZLWKRXW�DQ\�ELRPDUNHUV�RI�$ͅ�GHSRVLWLRQ�RU�QHXURQDO
LQMXU\��0&, $ͅ� ��DQG�DQ�0&,�JURXS�RI�SDWLHQWV�IXOILOOLQJ�FULWHULD�RI�KLJK�OLNHOLKRRG�IRU�$'��0&, $ͅ� ���,Q�RUGHU�WR
HQKDQFH�WKH�UHOLDELOLW\�RI�WKH�UHVXOWV�DQG�DYRLG�OLPLWDWLRQV�WR�D�VSHFLILF�SDWLHQW�JURXS��WKLV�VWXG\�HPSOR\HG�DQDO\VLV
DQG�FRPSDULVRQ�RI�VDPSOHV�REWDLQHG�IURP�WZR�GLVWLQFW�FRKRUWV��7KH�SURWHLQ�FRQWHQW�IURP����&6)�VDPSOHV�IURP
0&, $ͅ� �SDWLHQWV�DQG����IURP�0&, $ͅ� �SDWLHQWV�ZDV�SUHFLSLWDWHG�ZLWK�PHWKDQRO�DQG�DQDO\]HG�XVLQJ�WKH
6KRUW�*H/&�6:$7+�DSSURDFK��3RROHG�VDPSOHV�ZHUH�SUHSDUHG�WR�JHQHUDWH�WKH�SHSWLGH�LRQ�OLEUDULHV�E\�'DWD
'HSHQGHQW�DFTXLVLWLRQ��''$��DQG�HDFK�VDPSOH�ZDV�DQDO\]HG�E\�6:$7+�',$�IRU�UHODWLYH�SURWHLQ�TXDQWLILFDWLRQ�

5HVXOWV�VKRZ�WKDW��RXW�RI�WKH�����SURWHLQV�LQ�WKH�OLEUDU\������ZHUH�TXDQWLILHG�DQG�VXEMHFWHG�WR�VWDWLVWLFDO�DQDO\VLV
WR�LGHQWLI\�WKH�PRVW�VLJQLILFDQW�SURWHLQV�WKDW�GLVWLQJXLVKHG�EHWZHHQ�WKH�WZR�0&,�JURXSV��7KLV�DQDO\VLV�ZDV
FRQGXFWHG�VHSDUDWHO\�IRU�HDFK�FRKRUW�DQG�ODWHU�IRU�DOO�VDPSOHV��'LIIHUHQFHV�EHWZHHQ�WKH�WZR�FRKRUWV�ZHUH
LGHQWLILHG�WKURXJK�3&$�DQDO\VLV��DQG�WR�PLWLJDWH�DQ\�SRWHQWLDO�WHFKQLFDO�YDULDWLRQV��EDWFK�HIIHFW�FRUUHFWLRQ�ZDV
FRQGXFWHG��7KLV�IDFLOLWDWHG�D�UHDVVHVVPHQW�RI�WKH�REVHUYHG�GLVSDULWLHV�EHWZHHQ�WKH�WZR�FRKRUWV�

7KH�PRVW�LQWHUHVWLQJ�SURWHLQV�UHODWHG�WR�$ͅ�GHSRVLWLRQ��0&, $ͅ���ZHUH�VHOHFWHG�EDVHG�RQ�D�9,3�VFRUH�DERYH���
H[WUDFWHG�IURP�WKH�3/6�'$�DQDO\VLV��$OWKRXJK�WKH�QXPEHU�RI�VHOHFWHG�SURWHLQV�ZDV�VLPLODU�EHWZHHQ�ERWK�FRKRUWV
�DURXQG�����SURWHLQV���WKH�SURWHLQV�WKHPVHOYHV�GLIIHUHG�VLJQLILFDQWO\��*HQH�2QWRORJ\�HQULFKPHQW�DQDO\VLV�ZDV
FRQGXFWHG�RQ�WKH�LGHQWLILHG�VHWV�RI�LQWHUHVWLQJ�SURWHLQV��:KLOH�VRPH�ELRORJLFDO�SURFHVVHV��VXFK�DV�FHOO�DGKHVLRQ
DQG�SRVW�WUDQVODWLRQDO�SURWHLQ�PRGLILFDWLRQ��ZHUH�FRPPRQ�WR�ERWK�FRKRUWV��D�ODUJH�QXPEHU�RI�ELRORJLFDO�SURFHVVHV
ZHUH�IRXQG�WR�EH�HQULFKHG�LQ�RQO\�RQH�RI�WKH�FRKRUWV�

'HVSLWH�WKH�GLIIHUHQFHV�DPRQJ�WKH�VHOHFWHG�SURWHLQV�IURP�HDFK�FRKRUW��WKH�FRPELQDWLRQ�RI�DOO�WKH�DQDO\VHV
UHVXOWHG�LQ�D�JURXS�RI�SURWHLQV�WKDW�GLVWLQJXLVKHV�0&, $ͅ� �IURP�0&, $ͅ� �DQG�WKDW�FDQ�EH�FRQVLGHUHG�SRWHQWLDO
ELRPDUNHUV�IRU�$O]KHLPHU
V�GLVHDVH�
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$EVWUDFW�����

:ULWHU���5DIIDHOOR�9,*$1���UDIIDHOOR�YLJDQR#LWE�FQU�LW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

3URWHRPLFV�EDVHG�VWUDWLILFDWLRQ�RI�EDULDWULF�SDWLHQWV�WKURXJK�QRQ�LQYDVLYH
VDPSOHV�DOORZV�D�JRRG�PDWFKLQJ�ZLWK�ELRFKHPLFDOO\�DVVD\HG�SDUDPHWHUV
5DIIDHOOR�9,*$1�D��-RQLFD�&$032/2E��)UDQFHVFD�%5$0%,//$F��'DULR�',�6,/9(675(F��(WWRUH�&255$',G�
0DULQD�3$52/,1,E��3DWUL]LD�7$5/$5,1,G��)UDQFHVFR�6&$*/,21(H��3LHUOXLJL�0$85,F

D�,QVWLWXWH�IRU�%LRPHGLFDO�7HFKQRORJLHV��1DWLRQDO�5HVHDUFK�&RXQFLO��,7%�&15���E�&15�,QVWLWXWH�RI�&OLQLFDO�3K\VLRORJ\��$667
*20�1LJXDUGD��0LODQ��,7$/<��F�,QVWLWXWH�IRU�%LRPHGLFDO�7HFKQRORJLHV��1DWLRQDO�5HVHDUFK�&RXQFLO��,7%�&15���6HJUDWH
�0LODQ���,7$/<��G�&OLQLFDO�1XWULWLRQDO�8QLW��$667�*20�1LJXDUGD��0LODQ��,7$/<��H�&OLQLFDO�1XWULWLRQDO�8QLW��$667�*20
1LJXDUGD��0LODQ��,7$/<��'HSDUWPHQW�RI�&KHPLFDO�&OLQLFDO�DQG�0LFURELRORJLFDO�$QDO\VHV��*20�1LJXDUGD��0LODQ��,7$/<�

$JLQJ�LV�FKDUDFWHUL]HG�E\�D�SURJUHVVLYH�IXQFWLRQDO�LPSDLUPHQW�RI�WLVVXHV�DQG�RUJDQV�ZLWK�GLIIHUHQW�SDWKRORJLFDO
FRQVHTXHQFHV��,Q�SDUWLFXODU��LQIODPPDWRU\�DQG�PHWDEROLF�DEQRUPDOLWLHV�DUH�DW�WKH�EDVLV�RI�VHYHUDO�W\SLFDO
GLVHDVHV�RI�WKH�HOGHUO\��VXFK�DV�QHXURGHJHQHUDWLYH�GLVHDVHV�DQG�W\SH���GLDEHWHV��ZLWK�KLJK�FR�PRUELGLW\��$PRQJ
ULVN�IDFWRUV�IRU�QHXURQDO�DQG�FRJQLWLYH�LPSDLUPHQW��YDULRXV�W\SHV�RI�VWUHVV�LQGXFLQJ�FHOOXODU�VHQHVFHQFH�DQG
PHWDEROLF�GLVRUGHUV�VXFK�DV�REHVLW\�DQG�GLDEHWHV�PXVW�EH�FRQVLGHUHG��7KHVH�FRQGLWLRQV�DUH�RI�SDUWLFXODU�SXEOLF
KHDOWK�UHOHYDQFH�JLYHQ�WKH�,WDOLDQ�FRQWH[W�RI�RYHUZHLJKW����������REHVLW\���������DQG�GLDEHWHV��������IRU�SHRSOH
DJHG�������>�@��7KH\�VKDUH�LQVXOLQ�UHVLVWDQFH��,5��DV�FRPPRQ�PHFKDQLVP�DQG�DUH�SRWHQWLDOO\�PRGLILDEOH�E\
OLIHVW\OH�LQWHUYHQWLRQV��0LWRFKRQGULDO�G\VIXQFWLRQ��R[LGDWLYH�DQG�HQGRSODVPLF�UHWLFXOXP�VWUHVV�KDYH�EHHQ�REVHUYHG
DW�WKH�FHOOXODU�OHYHO�IROORZLQJ�,5�>���@��7KHVH�HYHQWV�LQGXFH�D�SUR�LQIODPPDWRU\�FRQGLWLRQ�DQG�FHOOXODU�VHQHVFHQFH
>���@��,Q�WKLV�FRQWH[W��LW�LV�FUXFLDO�WR�LGHQWLI\�PROHFXODU�PHFKDQLVPV�DVVRFLDWHG�ZLWK�PHWDEROLF�GLVRUGHUV�EHIRUH�WKH
RQVHW�RI�FOLQLFDOO\�GHWHFWDEOH�SDWKRORJLHV�VXFK�DV�GLDEHWHV�RU�RUJDQ�G\VIXQFWLRQV��WR�UDSLGO\�DSSO\�SUHYHQWLYH
LQWHUYHQWLRQV�IRFXVHG�RQ�OLIHVW\OH��QXWULWLRQ��SK\VLFDO�DFWLYLW\��VOHHS��ZKLFK�PD\�DYRLG�PRVW�VHYHUH�V\PSWRPV
GHULYHG�IURP�PHWDEROLF�GLVRUGHUV�

7R�LGHQWLI\�DQG�FKDUDFWHUL]H�PROHFXODU�PDUNHUV�DQG�SDWKZD\V�UHODWHG�WR�PHWDEROLF�G\VIXQFWLRQ��ZH�DSSOLHG�D
KLJK�UHVROXWLRQ�QDQR�OLTXLG�FKURPDWRJUDSK\�FRXSOHG�WR�WDQGHP�PDVV�VSHFWURPHWU\�� KU�Q/&�06�06��ZRUNIORZ�WR
D�FRKRUW�RI����VXEMHFWV�UHFUXLWHG�DW�WKH�&15�,QVWLWXWH�IRU�&OLQLFDO�3K\VLRORJ\��&15�,)&��RI�0LODQ��LQ�FROODERUDWLRQ
ZLWK�WKH�&OLQLFDO�1XWULWLRQDO�8QLW�RI�1LJXDUGD�+RVSLWDO��0LODQ���7KH�LQFOXVLRQ�FULWHULD�ZHUH��DJH�! ����DQG�� ���
\HDUV�DQG�ERG\�PDVV�LQGH[��%0,��! ����DQG������NJ�P ���:H�H[FOXGHG�SDWLHQWV�ZLWK�RUJDQ�G\VIXQFWLRQ��DFWLYH
FDQFHU��RU�RYHUW�GLDEHWHV��([WUDFHOOXODU�9HVLFOHV��(9V��IURP�WKHLU�XULQH�ZHUH�DQDO\VHG�E\�/&�06�06�DQG�WKH�����
LGHQWLILHG�SURWHLQV�ZHUH�XVHG�WR�SHUIRUP�D�OLQHDU�GLVFULPLQDQW�DQDO\VLV��/'$��WR�FOXVWHU�WKH�VXEMHFWV�DQG�LGHQWLI\
GHVFULSWRUV��3�������DEOH�WR�GLVFULPLQDWH�WKH�GLIIHUHQW�SURILOHV�>�@��$�ODEHO�IUHH�TXDQWLILFDWLRQ�DQG�GLIIHUHQWLDO
DQDO\VLV�ZHUH�DSSOLHG�WR�VHOHFWHG�SURWHLQV��WKURXJK�0$SUR0D�SODWIRUP�>�@��$�IXQFWLRQDO�HYDOXDWLRQ�RQ�HQULFKHG
SDWKZD\V�ZDV�DOVR�SHUIRUPHG�WR�LGHQWLI\�WKH�PROHFXODU�SURFHVVHV�WKDW�PD\�EH�LQYROYHG�LQ�PHWDEROLF�GLVRUGHUV�
FDXVLQJ�DOWHUDWLRQV�WKDW�PD\�OHDG�WR�VHYHUH�SDWKRORJLHV�

7KLV�ZRUNIORZ�DOORZHG�WR�FODVVLI\�SDWLHQWV�LQWR�WZR�PDLQ�PROHFXODU�FOXVWHUV��WKH�WZR�JURXSV�REWDLQHG�IURP
SURWHRPLFV�VWUDWLILFDWLRQ�VKRZHG�UHPDUNDEOH�GLIIHUHQFHV�LQ�WKH�QRQ�HQ]\PDWLF�JO\FDWLRQ�JUDGH�RI�WKH�SURWHLQV
LGHQWLILHG��0RUHRYHU��ZH�YHULILHG�WKH�FRUUHODWLRQ�EHWZHHQ�SODVPD�UHGR[�SDUDPHWHUV�DVVRFLDWHG�WR�PHWDEROLF
GLVRUGHUV�PHDVXUHG�SUHYLRXVO\�E\�&15�,)&�DQG�WKH�WZR�PDLQ�PROHFXODU�FOXVWHUV��,Q�SDUWLFXODU��WKH�SODVPD�OHYHOV
RI�WRWDO�DQG�R[LGL]HG�JOXWDWKLRQH�DQG�F\VWHLQH��H[SUHVVLRQ�RI�DQ�R[LGDQW�EDODQFH��ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�RQH
JURXS�UHODWHG�WR�WKH�RWKHU��LQ�DJUHHPHQW�ZLWK�WKH�QRQ�HQ]\PDWLF�JO\FDWLRQ�OHYHO��)XQFWLRQDO�HYDOXDWLRQ�RI�SURWHLQV
LGHQWLILHG�RYHUODSSHG�ZLWK�SURWHRPLF�VWUDWLILFDWLRQ��VKRZLQJ�D�GLIIHUHQWLDO�UHSUHVHQWDWLRQ�RI�SDWKZD\V�UHODWHG�WR
R[LGDWLYH�VWUHVV��VXFK�DV�DQG�౹JOXWDWKLRQH��F\VWHLQH�DQG�PHWKLRQLQH�PHWDEROLVP౺�DQG�౹IHUURSWRVLV౺��.(**���7KH
UHVXOWV�REWDLQHG�VXJJHVW�WKDW�FHOOXODU�SDWKZD\V�UHODWHG�WR�R[LGDWLYH�VWUHVV�FRQGLWLRQ�PD\�EH�DIIHFWHG�VLQFH�WKH
YHU\�ILUVW�VWDJHV�RI�PHWDEROLF�GLVRUGHU�LWVHOI��,Q�WKLV�FRQWH[W��WKH�SURWHRPLF�SURILOLQJ�PD\�EH�KHOSIXO�WR�WDUJHW�WKLV
SKHQRPHQRQ�EHIRUH�WKH�FOLQLFDO�RQVHW�RI�PHWDEROLVP�UHODWHG�SDWKRORJLHV�DQG�FDQ�EH�D�XVHIXO�WRRO�WR�HDUO\�LGHQWLI\
VXEMHFWV�H[SRVHG�WR�D�KLJKHU�ULVN�RI�GHYHORSPHQW�RI�PRVW�VHYHUH�GLVHDVHV�UHODWHG�WR�WKLV�FRQGLWLRQ�

%LEOLRJUDSK\
1. �KWWS���ZZZ�HSLFHQWUR�LVV�LW�SDVVL�LQIR3DVVL�LQIR*HQ�DVS�������
2. �'H�OD�0RQWH�60���������GRL����������EPEUHS���������������
3. �0D�/��HW�DO���������GRL����������M�FFD�������������
4. �%UR]]L�)��HW�DO����������GRL����������V�����������������
5. �=KX�<)��HW�DO���������GRL����������M�HMSKDU�������������
6. �'RQFKHYD�17��HW�DO���������GRL����������DFV�MSURWHRPH��E������
7. �'L�6LOYHVWUH�'��HW�DO���������GRL���������������������������B��
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$EVWUDFW�����

:ULWHU���3DWU¯FLD�6,/9$�7$9$5(6��SDWULFLDWDYDUHV��#XD�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

([SORULQJ�WKH�SRWHQWLDO�RI�XULQDU\�SURWHRPLFV�IRU�QRQ�LQYDVLYH�GLDJQRVLV�RI�KHDG
DQG�QHFN�FDQFHU
3DWU¯FLD�7$9$5(6D��-RDTXLP�&$6752�6,/9$E��5LWD�)(55(,5$D��$QD�&DUROLQD�&$6752E�
'DQLHO�025(,5$�*21�$/9(6F��6XVDQD�$9(,52G��3HGUR�'20,1*8(6D��$QWµQLR�%$5526H��)UDQVFLVFR�$0$'2D�
5XL�9,725,12I��/¼FLR�/$5$�6$1726J

D�/$49�5(48,07(��$VVRFLDWHG�/DERUDWRU\�IRU�*UHHQ�&KHPLVWU\�RI�WKH�1HWZRUN�RI�&KHPLVWU\�DQG�7HFKQRORJ\��'HSDUWPHQW
RI�&KHPLVWU\��8QLYHUVLW\�RI�$YHLUR��$YHLUR��3RUWXJDO��E�,QVWLWXWR�3RUWXJX¬V�GH�2QFRORJLD�GR�3RUWR�)UDQFLVFR�*HQWLO��3RUWR�
3RUWXJDO��F�&,$)(/��&HQWHU�IRU�5HVHDUFK�LQ�3K\VLFDO�$FWLYLW\��+HDOWK�DQG�/HLVXUH��8QLYHUVLW\�RI�3RUWR��)DFXOW\�RI�6SRUWV�
8QLYHUVLW\�RI�3RUWR��3RUWR��3RUWXJDO��G�*UHHQ&R/DE�*UHHQ�2FHDQ�$VVRFLDWLRQ��8QLYHUVLW\�RI�$OJDUYH��)DUR��3RUWXJDO��H
8&,%,2#5(48,07(�/DERUDWµULR�GH�7R[LFRORJLD��'HSDUWDPHQWR�GH�&L¬QFLDV�%LROµJLFDV��)DFXOGDGH�GH�)DUP£FLD�
8QLYHUVLGDGH�GR�3RUWR��3RUWR��3RUWXJDO��'HSDUWPHQW�RI�&DUGLRWKRUDFLF�6XUJHU\�DQG�3K\VLRORJ\��)DFXOW\�RI�0HGLFLQH��3RUWR�
3RUWXJDO��I�L%L0('��'HSDUWPHQW�RI�0HGLFDO�6FLHQFHV��,QVWLWXWH�RI�%LRPHGLFLQH��8QLYHUVLW\�RI�$YHLUR��J�([SHULPHQWDO�3DWKRORJ\
DQG�7KHUDSHXWLFV�*URXS�5HVHDUFK�&HQWUH��3RUWXJXHVH�2QFRORJ\�,QVWLWXWH�RI�3RUWR��,32�3RUWR���3RUWR��3RUWXJDO

+HDG�DQG�QHFN�VTXDPRXV�FHOO�FDUFLQRPD��+16&&��LV�D�FKDOOHQJLQJ�GLVHDVH�WR�GLDJQRVH�DQG�WUHDW�GXH�WR�LWV
ORFDWLRQ�DQG�FRPSOH[LW\��8ULQDU\�SURWHRPLFV�KDV�HPHUJHG�DV�D�SURPLVLQJ�QRQ�LQYDVLYH�GLDJQRVWLF�WRRO�IRU�WKH�HDUO\
GHWHFWLRQ�DQG�PRQLWRULQJ�RI�YDULRXV�GLVHDVHV��,Q�WKLV�VWXG\��ZH�LQYHVWLJDWHG�WKH�SRWHQWLDO�RI�XULQDU\�SURWHRPLFV�IRU
WKH�GLDJQRVLV�RI�+16&&��8ULQH�VDPSOHV�ZHUH�FROOHFWHG�IURP�SDWLHQWV�ZLWK�+16&&�DQG�KHDOWK\�FRQWUROV��8VLQJ
PDVV�VSHFWURPHWU\�EDVHG�SURWHRPLF�DQDO\VLV��ZH�LGHQWLILHG�VHYHUDO�LQIODPPDWLRQ��DQG�FDQFHU�UHODWHG�SURWHLQV
WKDW�FRXOG�VHUYH�DV�WXPRU�ELRPDUNHUV��$GGLWLRQDOO\��ZH�REVHUYHG�FKDQJHV�LQ�WKH�XULQDU\�SURWHRPH�RI�+16&&
SDWLHQWV��LQFOXGLQJ�D�UHGXFWLRQ�LQ�*DOHFWLQ���%LQGLQJ�3URWHLQ��&'����DQG�*0�$��2XU�UHVXOWV�VXJJHVW�WKDW�XULQDU\
SURWHRPLFV�FRXOG�EH�D�YDOXDEOH�WRRO�IRU�WKH�HDUO\�GHWHFWLRQ�DQG�PRQLWRULQJ�RI�+16&&��)XUWKHUPRUH��RXU�VWXG\
SURYLGHV�SURRI�RI�SULQFLSOH�WKDW�XULQDU\�SURWHRPLFV�FRXOG�EH�XVHG�WR�WUDFN�SURWHDVRPH�FKDQJHV�GXULQJ�FRPSOH[
WUHDWPHQWV�EDVHG�RQ�XULQH�VDPSOHV�
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$EVWUDFW�����

:ULWHU���3U�5LWD�)(55(,5$��ULWDIHUUHLUD#XD�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

([SORULQJ�WKH�;�)DFWRU�XVLQJ�3URWHRPLFV��(QKDQFLQJ�+HDOWK�2XWFRPHV�LQ
3XOPRQDU\�$UWHULDO�+\SHUWHQVLRQ�5DWV�ZLWK�3ODVPD�IURP�7UDLQHG�5DWV
3URI�5LWD�)(55(,5$D

D�81,9(56,7<�2)�$9(,52

5LWD�)HUUHLUD���5XL�9LWRULQR���%UXQR�0DQDGDV���)UDQFLVFR�$PDGR���'DQLHO�0RUHLUD�*RQ©DOYHV�

��/$49�5(48,07(��'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$YHLUR

��L%L0('��'HSDUWPHQW�RI�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�$YHLUR

��&1&�&HQWHU�IRU�1HXURVFLHQFH�DQG�&HOO�%LRORJ\��8QLYHUVLW\�RI�&RLPEUD

��&,$)(/��)DFXOW\�RI�6SRUWV��8QLYHUVLW\�RI�3RUWR

3XOPRQDU\�DUWHULDO�K\SHUWHQVLRQ��3$+��UHPDLQV�D�PDMRU�WKHUDSHXWLF�FKDOOHQJH�WKDW�UHTXLUHV�FRQWLQXHG�UHVHDUFK
LQWR�PRUH�HIIHFWLYH�WKHUDSHXWLF�RSWLRQV��7KH�SUHYHQWLYH�DQG�WKHUDSHXWLF�HIIHFWV�RI�H[HUFLVH�WUDLQLQJ�LQ�YDULRXV
FKURQLF�GLVHDVHV��LQFOXGLQJ�3$+��DUH�ZHOO�UHFRJQL]HG��+RZHYHU��FHUWDLQ�SDWLHQWV�KDYH�KHDOWK�OLPLWDWLRQV�WKDW
SUHYHQW�WKHP�IURP�H[HUFLVLQJ�UHJXODUO\��)RU�VXFK�SDWLHQWV��WKH�GHYHORSPHQW�RI�DQ�H[HUFLVH�PLPHWLF�LV�D�SURPLVLQJ
WKHUDSHXWLF�RSWLRQ�

7R�JDLQ�LQVLJKWV�LQWR�WKH�PROHFXODU�PHFKDQLVPV�XQGHUO\LQJ�WKH�EHQHILFLDO�HIIHFWV�RI�H[HUFLVH�WUDLQLQJ�DW�3$+��D
VWXG\�ZDV�FRQGXFWHG�XVLQJ�PDOH�:LVWDU�UDWV�LQMHFWHG�ZLWK�D�VLQJOH�GRVH�RI�PRQRFURWDOLQH��0&7�����PJ�.J��WR
LQGXFH�3$+��6XEVHTXHQWO\��WKH�3$+�UDWV�ZHUH�WUHDWHG�ZLWK�SODVPD�IURP�KHDOWK\�H[HUFLVHG�RU�VHGHQWDU\�UDWV�IRU�D
SHULRG�RI����GD\V����LQMHFWLRQV�HYHU\�IRXU�GD\V���7KH�H[HUFLVHG�UDWV�WUDLQHG�RQ�D�WUHDGPLOO�H[HUFLVH�IRU��
GD\V�ZHHN�����PLQXWHV�GD\��DW�D�VSHHG�RI����P�PLQ��IRU�D�WRWDO�RI����ZHHNV��7R�GHOYH�LQWR�WKH�PROHFXODU
FRPSRVLWLRQ�RI�LQMHFWHG�SODVPD��*H/&��06�06�ZDV�SHUIRUPHG�IRU�SURWHLQ�VHSDUDWLRQ��LGHQWLILFDWLRQ��DQG
TXDQWLILFDWLRQ��%LRLQIRUPDWLFV�ZDV�HPSOR\HG�WR�DQQRWDWH�LGHQWLILHG�SURWHLQV��IXQFWLRQDO�HQULFKPHQW�DQDO\VLV�DQG
H[SORUH�SURWHLQ�SURWHLQ�LQWHUDFWLRQV�

'DWD�VKRZHG�WKDW�3$+�UDWV�WUHDWHG�ZLWK�SODVPD�IURP�WUDLQHG�UDWV�H[KLELWHG�VLJQLILFDQW�LPSURYHPHQW�LQ�PD[LPDO
R[\JHQ�FRQVXPSWLRQ��D�PHDVXUH�RI�FDUGLDF�ILWQHVV��,Q�DGGLWLRQ��WKHVH�UDWV�H[KLELWHG�KLJKHU�VXUYLYDO�DQG�D
UHGXFWLRQ�LQ�0&7�LQGXFHG�K\SHUWURSK\�DQG�ILEURVLV�RI�WKH�ULJKW�YHQWULFOH��ZKLFK�DUH�FKDUDFWHULVWLF�IHDWXUHV�RI�3$+�
*H/&�06�06�GDWD�RI�WKH�SODVPD�LQMHFWHG�LQWR�WKH�0&7�LQGXFHG�UDWV�UHYHDOHG�WKDW�H[HUFLVH�LQGXFHG�EHQHILWV
ZHUH�UHODWHG�ZLWK�WKH�XSUHJXODWLRQ�RI�SURWHLQV�LQYROYHG�LQ�WKH�ELRORJLFDO�SURFHVVHV�RI��YDVRGLODWLRQ����UHVSRQVH�WR
VHOHQLXP���DQG��UHVSRQVH�WR�OLSLGV���DQG�GRZQUHJXODWLRQ�RI��ZRXQG�KHDOLQJ����9/'/�SDUWLFOH�UHPRGHOLQJ���DQG
�VWHURO�PHWDEROLF�SURFHVVHV���7KUHH�RI�WKH�SURWHLQV�PRGXODWHG�E\�H[HUFLVH�KDYH�SUHYLRXVO\�EHHQ�LGHQWLILHG�DV
LQYROYHG�LQ�UHPRGHOLQJ�RI�WKH�OXQJ�WLVVXH�SURWHRPH�LQ�3$+�SDWLHQWV��2QH�RI�WKH�SURWHLQV�XSUHJXODWHG�LQ�SODVPD
IURP�H[HUFLVHG�DQLPDOV�DQG�GRZQUHJXODWHG�LQ�OXQJ�WLVVXH�IURP�3$+�SDWLHQWV�ZDV�]LQF�̈́���JO\FRSURWHLQ��ZKLFK�LV
NQRZQ�WR�EH�DVVRFLDWHG�ZLWK�OLSLG�PHWDEROLVP�DQG�YDVFXODU�ILEURVLV��,Q�RWKHU�RUJDQV�VXFK�DV�WKH�KHDUW�
]LQF�̈́���JO\FRSURWHLQ�LV�WKRXJKW�WR�KDYH�DQ�DQWLILEURWLF�HIIHFW�

2YHUDOO��WKLV�VWXG\�QRW�RQO\�VXSSRUWV�WKH�EHQHILWV�RI�H[HUFLVH�WUDLQLQJ�LQ�WKH�FRQWH[W�RI�3$+��EXW�DOVR�KLJKOLJKWV
SRWHQWLDO�WDUJHWV�IRU�IXUWKHU�LQYHVWLJDWLRQ�DQG�WKHUDSHXWLF�GHYHORSPHQW�
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$EVWUDFW�����

:ULWHU���'U�$JQªV�+29$66(��DKRYDVVH#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

3KRWRDFWLYDWLRQ�RI��SUR��DFWLYLW\�EDVHG�SURWHRPH�SURILOLQJ�SUREHV�WR�LQYHVWLJDWH
WKH�LQWHUDFWRPH�RI�WKH�DQWLPDODULDO�GUXJ�SODVPRGLRQH
'U�$JQªV�+29$66(D��,ODULD�,$&2%8&&,E��&KULVWLQH�6&+$())(5D��6W«SKDQLH�%/$1',1F��6DUDK�&,$1)(5$1,D�
(OLVDEHWK�'$9,28'�&+$59(7E

D�%LR2UJDQLF�0DVV�6SHFWURPHWU\�ODERUDWRU\��/60%2���,QVWLWXW�3OXULGLVFLSOLQDLUH�+XEHUW�&XULHQ��,3+&���805������&156�
(&30��)�������6WUDVERXUJ��3URWHRPLFV�)UHQFK�,QIUDVWUXFWXUH��3UR),���E�805�����&156�8QLVWUD�8+$��/DERUDWRLUH
G
,QQRYDWLRQ�0RO«FXODLUH�HW�$SSOLFDWLRQV��/,0$���(&30��)�������6WUDVERXUJ��F�835�����&156�8QLVWUD���8�����,16(50�
0RGªOHV�,QVHFWHV�GH�O
,PPXQLW«�,QQ«H��0,5�0�,���,%0&��)�������6WUDVERXUJ

,Q�������PDODULD�FDXVHG�DQ�HVWLPDWHG�����PLOOLRQ�FOLQLFDO�HSLVRGHV�DQG���������GHDWKV������RI�WKHP�FKLOGUHQ
XQGHU���\HDUV���7KH�FDXVDWLYH�DJHQWV�RI�PDODULD�DUH�SDUDVLWHV�EHORQJLQJ�WR�WKH �3ODVPRGLXP�JHQXV��'XULQJ�\HDUV�
VHYHUDO�DQWLPDODULDO�GUXJV�KDYH�EHHQ�SURGXFHG��EXW�WKH�SDUDVLWH�TXLFNO\�GHYHORSV�GUXJ�UHVLVWDQFHV�WR�DOO�RI�WKHP�

:H�LGHQWLILHG�WKH�OHDG�DQWLPDODULDO�SODVPRGLRQH��3'���ZKLFK�KDV�EHHQ�GHPRQVWUDWHG�WR�NLOO�WKH�PDODULD�SDUDVLWH�LQ
D�PHFKDQLVP�RI�DFWLRQ�EDVHG�RQ�UHGR[�F\FOLQJ��([SHULPHQWDO�GDWD�LQGLFDWH�WKDW�WKLV�HDUO\�OHDG�GUXJ��FRXOG�H[KLELW
VHYHUDO�PRGHV�RI�DFWLRQ��0R$��YLD�LWV�PHWDEROLWH��3'2���GHSHQGLQJ�RQ�SDUDVLWLF�VWDJHV��DQG�SURWHLQ�WDUJHWV�>���@�
$FFRUGLQJO\��UHFHQW�VWXGLHV�LQ�\HDVW�LGHQWLILHG�1GH��RI�WKH�PLWRFKRQGULDO�UHVSLUDWRU\�FKDLQ��DV�WKH�PDLQ�WDUJHW�RI
3'��DQG�RWKHU�IODYRHQ]\PHV�DV�PLQRU�WDUJHWV��:H�H[SHFW�WKDW�RWKHU�IODYRHQ]\PHV�DUH�OLNHO\�WR�FRQWULEXWH�WR�3'
DFWLYLW\��7R�LGHQWLI\�WKHP�DQG�IXOO\�FKDUDFWHUL]H�3'�0R$�ZH�SURSRVH�WR�XVH�DQ�DFWLYLW\�EDVHG�SURWHLQ�SURILOLQJ
�$%33��VWUDWHJ\�LQ�3ODVPRGLXP�SDUDVLWHV��)RU�WKLV�SXUSRVH��ZH�V\QWKHVL]HG�3'��DQG�3'2�GHULYHG�$%33�SUREHV
DQG�XVHG�WKH�3'2�EDVHG�SUREHV��ZKLFK�SRVVHVV�LQWULQVLF�EHQ]RSKHQRQH�OLNH�PRLHW\��WR�FURVVOLQN�WR�SURWHLQV
XSRQ�SKRWRLUUDGLDWLRQ�>�@�

$FWLYLW\�EDVHG�SUREHV�ZHUH�ILUVW�WHVWHG�RQ�D�PRGHO�SURWHLQ��WKH�UHFRPELQDQW�PRGHO�JOXWDWKLRQH�UHGXFWDVH��(DFK
VWHS�ZDV�RSWLPL]HG��SKRWRDIILQLW\�ODEHOLQJ��WDJJLQJ�SKRWRODEHOHG�SURWHLQV�E\�FOLFN�FKHPLVWU\�ZLWK�D�ELRWLQ�SUREH
DQG�HQULFKPHQW�RI�ELRWLQ�WDJJHG�SURWHLQV�XVLQJ�VWUHSWDYLGLQ�EHDGV��5HDFWLRQV�ZHUH�FDUULHG�RXW�LQ�SK\VLRORJLFDO
PHGLD�SD\LQJ�DWWHQWLRQ�WR�LQ�YLYR�LVVXHV�DQG�FRPSDWLELOLW\�

7KH�JRDO�LV�QRZ�WR�WUDQVIHU�WKLV�VWUDWHJ\�WR�WKH�ZKROH�SURWHRPH�LQ�RUGHU�WR�LGHQWLI\�WKH�UHOHYDQW�WDUJHWV�RI
SODVPRGLRQH�LQ�OLYLQJ�3��IDOFLSDUXP��%HFDXVH�RI�WKH�ORZ�\LHOG�RI�WKH�ZKROH�SURWRFRO�DQG�WKH�ORZ�TXDQWLW\�RI�PDODULD
SDUDVLWH�LQ�UHG�EORRG�FHOOV��ZH�LQYHVWLJDWHG�PRGHO�SURWHRPHV�IURP �6��FHUHYLVLDH �DQG �(��FROL ��&XUUHQWO\��ZRUN�LV
XQGHUZD\�WR�RSWLPL]H�WKH�SURWRFRO�XVLQJ�D�SURWHRO\WLF�GLJHVWLRQ�DQG�LGHQWLILFDWLRQ�RI�WKH�WDUJHWHG�HQ]\PHV�E\
ODEHO�IUHH�TXDQWLWDWLYH�06�DQDO\VLV ��,Q�D�ILUVW�DSSURDFK��XQODEHOHG�O\VDWHV�ZHUH�XVHG�DV�FRQWURO��7KH�ZRUNIORZ�LV
SHUIRUPHG�RQ�NQRFN�RXW��\HDVW��DQG�RYHUH[SUHVVLRQ��(��FROL��PXWDQW�PRGHOV�IRU�SURWHRPLFV�GLIIHUHQWLDO�VWXGLHV�

7KXV��WKH�VWUDWHJ\�LV�JRLQJ�WR�EH�DSSOLHG�LQ�D�ILUVW�DWWHPSW�WR�PRGHO�V\VWHPV�WR�ERWK�VWDQGDUGL]H�LW�EHIRUH�PRYLQJ
RQ�WKH�SDUDVLWH�DQG�WR�ILQG�SRWHQWLDO�WDUJHWV�WKDW�QHHG�WR�EH�YDOLGDWHG�LQ�WUDQVJHQLF�3��IDOFLSDUXP�SDUDVLWHV�

>�@�0¾OOHU�7��HW�DO��-��$P��&KHP��6RF����������������������

>�@�(KUKDUGW�.��HW�DO��$QWLPLFURE��$JHQWV�&KHPRWKHU����������������������

>�@�)HQJ�/��HW�DO��2UJ��%LRPRO��&KHP����������������������

>�@�&LFKRFNL�%�$��HW�DO��-$&6$X������������������
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$EVWUDFW�����

:ULWHU���'DYLG�3�5(=��GDYLG�SHUH]FRPSWH#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

3ODVPD�$/6�DQG�/*�%3�SUHGLFW�OLYHU�ILEURVLV�LQ�1$)/'�SDWLHQWV
'DYLG�3�5(=�&2037(D��/XFDV�(72851($8D��$QQH�0DULH�+(66(D��$OH[DQGUD�.5$87D��-XVWLQH�%$57+(/21E�
1DWKDOLH�67850E��+«OªQH�%25*(6D��6DORP«�%,(11,(5D��0DULH�&285�21D��0DUF�'(�6$,17�/283F�
&KDUORWWH�&267(17,1E��7KRPDV�%85*(5D��<RKDQQ�&287�D��&KULVWRSKH�%58/(<D��7KRPDV�'(&$(16E�
0LFKHO�-$48,12'D��-«U¶PH�%2856,(5G��9LUJLQLH�%581D

D�&($�*5(12%/(��E�6HUYLFH�G
K«SDWR�JDVWURHQW«URORJLH��3¶OH�'LJLGXQH��)�������/D�7URQFKH��)UDQFH��F
+HSDWR�*DVWURHQWHURORJ\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO��$QJHUV��G�+HSDWR�*DVWURHQWHURORJ\�'HSDUWPHQW��8QLYHUVLW\
+RVSLWDO��$QJHUV��)UDQFH

/LYHU�GLVHDVHV�DUH�D�PDMRU�JOREDO�KHDOWK�SUREOHP��FDXVLQJ�PRUH�WKDQ���PLOOLRQ�GHDWKV�SHU�\HDU�ZRUOGZLGH ���0RVW
OLYHU�GLVHDVHV�UHVXOW�IURP�YLUDO�LQIHFWLRQV��DOFRKROLVP�DQG�1$)/'��1RQ�$OFRKROLF�)DWW\�/LYHU�'LVHDVH���1$)/'�LV
KLJKO\�SUHYDOHQW������RI�WKH�JOREDO�SRSXODWLRQ�ZRUOGZLGH ����� ��DQG�FORVHO\�DVVRFLDWHG�WR�WKH�ULVH�RI�REHVLW\�LQ�WKH
ZRUOG� ��3DWLHQWV�ZLWK�1$)/'�PD\�SURJUHVVLYHO\�GHYHORS�1$6+��1RQ�$OFRKROLF�6WHDWR�+HSDWLWLV��UHTXLULQJ�OLYHU
WUDQVSODQWDWLRQ�LQ�WKH�PRVW�DGYDQFHG�VWDJHV�����/LYHU�ELRSV\�UHPDLQV�WKH�UHIHUHQFH�H[DPLQDWLRQ�WR�GHWHFW�1$)/'�
EXW�LW�LV�DQ�H[SHQVLYH��LQYDVLYH�DQG�LQDSSURSULDWH�WRRO�IRU�PDVVLYH�VFUHHQLQJ � ��$OWKRXJK�D�ODUJH�QXPEHU�RI
SRWHQWLDO�ELRPDUNHUV�KDV�EHHQ�GLVFRYHUHG�IRU�1$)/'�SDWLHQW�VWUDWLILFDWLRQ��QRQH�RI�WKHP�LV�SUHVHQWO\�DEOH�WR�UHDFK
WKH�SHUIRUPDQFH�RI�OLYHU�ELRSV\�DQG�KLVWRSDWKRORJLFDO�H[DPLQDWLRQ��7KH�GHYHORSPHQW�RI�QRQ�LQYDVLYH�WHVWV�WR
GLDJQRVH�1$)/'�SDWLHQWV�IURP�WKH�HDUOLHVW�VWDJH�LV�VWLOO�D�FUXFLDO�QHHG�

$V�D�FRQWULEXWLRQ�WR�WKH�ILHOG��ZH�FDUULHG�RXW�D�/&�06�06�SURWHRPLF�GLVFRYHU\�VWXG\�XVLQJ�SODVPD�VDPSOHV
�Q �����IURP�1$)/'�SDWLHQWV�GLDJQRVHG�DW�*UHQREOH�KRVSLWDO�KHSDWRORJ\�GHSDUWPHQW�DQG�FODVVLILHG�LQWR�ILYH
JURXSV�RI�GLVHDVH�VHYHULW\��ILEURVLV�SURJUHVVLRQ���DFFRUGLQJ�WR�OLYHU�ELRSV\�DQG�KLVWRSDWKRORJLFDO�H[DPLQDWLRQ�
7KLV�GLVFRYHU\�VWXG\�OHG�WR�WKH�LGHQWLILFDWLRQ�RI�����SODVPD�SURWHLQV�ZLWK�GLIIHUHQWLDO�DEXQGDQFHV�EHWZHHQ�WZR
ILEURVLV�JURXSV��HDUO\�YHUVXV�DGYDQFHG�ILEURVLV��LQ�1$)/'�SDWLHQWV��,Q�RUGHU�WR�YHULI\�WKH�UHOHYDQFH�RI�RXU�UHVXOWV�
D�YDOLGDWLRQ�VWXG\�WDUJHWLQJ�WZR�SODVPD�ELRPDUNHUV�E\�(/,6$�KDV�EHHQ�ODXQFKHG�LQ�DQ�LQGHSHQGHQW�FRKRUW�RI
1$)/'�SDWLHQWV��Q �����

)LQDOO\��ZH�FUHDWHG�D�)LEURWHVW�LQVSLUHG�SDQHO�LQFOXGLQJ�WKH�WZR�YDOLGDWHG�SURWHLQV��7KH�REWDLQHG�UHVXOWV�LPSURYH
ILEURVLV�GHWHFWLRQ�LQ�1$)/'�SDWLHQWV�DQG�FRXOG�EH�UDSLGO\�LPSOHPHQWHG�LQ�KRVSLWDOV�

5HIHUHQFHV�

>�@�$VUDQL��6��.���'HYDUEKDYL��+���(DWRQ��-��	�.DPDWK��3��6��%XUGHQ�RI�OLYHU�GLVHDVHV�LQ�WKH�ZRUOG� �-��+HSDWRO� ����
���������������

>�@�<RXQRVVL��=��0� �HW�DO� �*OREDO�HSLGHPLRORJ\�RI�QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�0HWD��DQDO\WLF�DVVHVVPHQW�RI
SUHYDOHQFH��LQFLGHQFH��DQG�RXWFRPHV��+HSDWRORJ\������������������

>�@�+DVKLPRWR��(���7DQLDL��0��	�7RNXVKLJH��.��&KDUDFWHULVWLFV�DQG�GLDJQRVLV�RI�1$)/'�1$6+� �-��*DVWURHQWHURO�
+HSDWRO�����6XSSO�������

>�@�0DODJXDUQHUD��0���'L�5RVD��0���1LFROHWWL��)��	�0DODJXDUQHUD��/��0ROHFXODUPHFKDQLVPV�LQYROYHG�LQ�1$)/'
SURJUHVVLRQ��-��0RO��0HG���������������������
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P18	
$EVWUDFW�����

:ULWHU���0$*$/,�5203$,6��PDJDOL�URPSDLV#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������&OLQLFDO�DQG�GLVHDVH�SURWHRPLFV��&DQFHU

���\HDUV�RI�WURXEOHVKRRWLQJ�RQ�D�QDQR/&�06�06�FRXSOLQJ�LQ�SURWHRPLFV
0DJDOL�5203$,6D��-HDQ�0DUF�6758%D��$JQªV�+29$66(D��+«OªQH�',(0(5D��)UDQ©RLV�'(/$/$1'(D��$OH[DQGUH�%85(/
D��)DEULFH�9$55,(5D��&KULVWLQH�6&+$())(5D��6DUDK�&,$1)(5$1,D��&KULVWLQH�&$5$3,72D

D�,167,787�3/85,',6&,3/,1$,5(�+8%(57�&85,(1���,3+&B805����

,QWURGXFWLRQ

+LJK�WKURXJKSXW�ERWWRP�XS�SURWHRPLFV�DQDO\VLV�UHTXLUHV�FXWWLQJ�HGJH�WHFKQRORJLHV�DQG�QHZ�LQVWUXPHQWV�DUH
ODXQFKHG�DQQXDOO\�RQ�WKH�PDUNHW��7URXEOHVKRRWLQJ�RI�QHZ�FRXSOLQJV�LV�QRW�WULYLDO��QHYHUWKHOHVV�RQH�FDQ�OHDUQ�IURP
SUHYLRXV�JHQHUDWLRQ�LQVWUXPHQWV��,Q�������D�QDQR�83/&�V\VWHP��QDQR$FTXLW\83/&��:DWHUV��86$��FRXSOHG�WR�D
TXDGUXSROH�2UELWUDS�K\EULG�PDVV�VSHFWURPHWHU��4�([DFWLYH�3OXV��7KHUPR�6FLHQWLILF��6DQ�-RVH��&$��ZDV�LQVWDOOHG
LQ�RXU�ODE�DQG�ZDV�DW�WKDW�WLPH�D�FXWWLQJ�HGJH�LQVWUXPHQW��7HQ�\HDUV�ODWHU�WKLV�UREXVW�FRXSOLQJ�LV�QRW�WKH�PRVW
SHUIRUPDQW�DQ\PRUH�EXW�LV�VWLOO�XVHG�IRU�GD\�WR�GD\�SURWHRPLFV�DV�LWV�UREXVWQHVV�LV�TXLWH�UHPDUNDEOH��:LWKLQ�D
GHFDGH�RI�XVH��YDULRXV�LVVXHV�RFFXUUHG�HLWKHU�RQ�WKH�FKURPDWRJUDSKLF�VLGH��RQ�WKH�VSHFWURPHWHU�VLGH�RU�DW�WKH
VSUD\�LQWHUIDFH��7KLV�SRVWHU�JDWKHUV����\HDUV�RI�WURXEOHVKRRWLQJ�IHHGEDFN�

0HWKRGV

(YHU\�HYHQW�WKDW�UHTXLUHG�WR�VWRS�WKH�VDPSOH�DFTXLVLWLRQ�H[FHSW�IRU�ZHHNO\�PDLQWHQDQFH�ZDV�FRQVLGHUHG�DV�DQ
LVVXH��7KLV�LVVXHV�ZHUH�UHFRUGHG�LQ�RXU�LQWHUQDO�TXDOLW\�V\VWHP�IRU�D�GHFDGH�LQFOXGLQJ�LVVXH�V\PSWRPV��VROYLQJ
SURFHVV�DQG�DVVRFLDWHG�FRVW��ORVV�RI�GD\V�RI�XVH��PDLQWHQDQFH��VSDUH�SDUW�UHSODFHPHQW��

5HVXOWV

+XQGUHGV�RI�LVVXHV�RFFXUUHG��a��SHU�PRQWK���0RVW�RI�WKHP�ZHUH�PLQRU�LVVXHV�DQG�ZHUH�VROYHG�ORFDOO\��LH�ORVV�RI
SHUIRUPDQFHV�GXH�WR�FKURPDWRJUDSKLF�DJLQJ��VSUD\�LQVWDELOLWLHV��LQVWUXPHQW�VRXUFH�FRQWDPLQDWLRQV��$URXQG���
LVVXHV��a��SHU�\HDU��KRZHYHU�LPSOLHG�H[WHUQDO�KHOS�IURP�HLWKHU�WKH�QDQR83/&�RU�PDVV�VSHFWURPHWHU
PDQXIDFWXUHUV�

&RQFOXVLRQV

7KLV�SRVWHU�LV�VKRZLQJ�D�GLGDFWLF�RYHUYLHZ�RI����\HDUV�RI�WURXEOHVKRRWLQJ�ZLWK�WKH�DLP�RI�VKDULQJ�IHHGEDFN�ZLWK
WKH�SURWHRPLFV�FRPPXQLW\�DQG�KHOSLQJ�QHZ�SURWHRPLVWV�LQ�WKHLU�WURXEOHVKRRWLQJ�
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P19	
$EVWUDFW�����

:ULWHU���'U�0HKGL�&+(5.$28,��PHKGL�FKHUNDRXL#LQUDH�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

6SHF*ORE;��D�IDVW�WRRO�IRU�DOLJQLQJ�PDVV�VSHFWUD�LQ�ODUJH�SURWHRPLFV�GDWDVHWV�
FDSWXULQJ�GLVVLPLODULWLHV�DULVLQJ�IURP�PXOWLSOH�FRPSOH[�SHSWLGHV�PRGLILFDWLRQV
'U�0HKGL�&+(5.$28,D��*U«JRLUH�3581,(5D��$OEDQH�/<6,$.E��2OLYLHU�/$1*(//$F��0«OLVDQGH�%/(,1�1,&2/$6F�
9LUJLQLH�/2//,(5D��(PLOH�%(12,67E��*«UDOGLQH�-($1E��*XLOODXPH�)(57,1E��+«OªQH�52*1,$8;D��'RPLQLTXH�7(66,(5D

D�,15$(��352%(�UHVHDUFK�LQIUDVWUXFWXUH��%,%6�IDFLOLW\�)��������1DQWHV��)UDQFH��E�/6�1��1DQWHV�8QLYHUVLW«��1DQWHV�&HGH[
���)UDQFH��F�8QLYHUVLW«�3DULV�6DFOD\��,15$(��&156��$JUR3DULV7HFK��*4(���/H�0RXORQ��3$3362��)��������*LI�6XU�<YHWWH�
)UDQFH

,QWURGXFWLRQ��

0DVV�VSHFWUD�UHSUHVHQWLQJ�SHSWLGHV�FDUU\LQJ�PXOWLSOH�XQNQRZQ�PRGLILFDWLRQV�DUH�SDUWLFXODUO\�GLIILFXOW�WR�LQWHUSUHW�
<HW��LGHQWLI\LQJ�SRVW�WUDQVODWLRQDO�DQG�FKHPLFDO�PRGLILFDWLRQV�UHPDLQV�FKDOOHQJLQJ�DQG�LV�FXUUHQWO\�OLPLWHG�ERWK�E\
WKH�QXPEHU�RI�SRWHQWLDO�PRGLILFDWLRQV�WKDW�FDQ�EH�FRQVLGHUHG�GXULQJ�D�VLQJOH�DQDO\VLV�DQG�E\�WKH�QHHG�WR�NQRZ
WKHP�LQ�DGYDQFH��7R�DGGUHVV�WKLV�LVVXH��ZH�LPSOHPHQWHG�6SHF*ORE;��D�VWDQG�DORQH�-DYD�DSSOLFDWLRQ�WKDW�TXLFNO\
DOLJQV�D��SRVVLEO\�ODUJH��OLVW�RI�SHSWLGH�WR�VSHFWUXP�PDWFKHV��360V��SURYLGHG�E\�DQ\�RSHQ�PRGLILFDWLRQ�VHDUFK
�206��PHWKRG��6SHF*ORE;�WDNHV�DV�LQSXW�VSHFWUD�LQ�PJI�RU�0]0/�IRUPDW�DQG�D�FRPPD�GHOLPLWHG�VSUHDGVKHHW
GHVFULELQJ�WKH�OLVW�RI�360V��DQG�RXWSXWV�LWV�EHVW�DOLJQPHQW�WR�WKH�FDQGLGDWH��VSOLWWLQJ�WKH�PDVV�GLIIHUHQFH�EHWZHHQ
VSHFWUD�DQG�SHSWLGHV�LQWR�RQH�RU�VHYHUDO�VKLIWV�

0HWKRGV��

6SHF*ORE;�UHOLHV�RQ�D�G\QDPLF�SURJUDPPLQJ�DOJRULWKP�DQG�ILQGV�WKH�EHVW�DOLJQPHQW�RI�HDFK�LQSXW
SHSWLGH�VSHFWUXP�SDLU��6SHF*ORE;�ORRNV�IRU�DQ�DOLJQPHQW�WKDW�PD[LPL]HV�D�XVHU�GHILQHG�VFRUH��DQG�LQ�WKH
SURFHVV�SRVVLEO\�VSOLWV�WKH�PDVV�GLIIHUHQFH�EHWZHHQ�SHSWLGH�DQG�VSHFWUXP�LQWR�VHYHUDO�PDVV�VKLIWV�

2QFH�WKH�EHVW�VFRUH�IRU�D�360�LV�REWDLQHG��D�ILUVW�DOLJQPHQW�LV�VXJJHVWHG��ZLWK�]HUR��RQH��RU�PRUH�PDVV�VKLIWV�
1H[W��D�SRVW�SURFHVVLQJ�VWHS�LV�DSSOLHG��DLPLQJ�DW�RSWLPL]LQJ�WKH�ORFDWLRQV�RI�WKH�PDVV�VKLIWV��LI�DQ\��LQ�RUGHU�WR
LQFUHDVH�WKH�QXPEHU�RI�VKDUHG�SHDNV��QRWDEO\�LQ�RUGHU�WR�KLJKOLJKW�WKH�SUHVHQFH�RI�D�QRW�DOLJQHG�PDVV
�LI�DQ\
�QHXWUDO�ORVV��FKDUJH�HUURU��GLPHUV��HWF���

3UHOLPLQDU\�'DWD���

6SHF*ORE;�ZDV�WHVWHG�RQ�D�VLPXODWHG�H[SHULPHQWDO�GDWDVHW�'VLP�JHQHUDWHG�IURP��������WU\SWLF�XQLTXH�SHSWLGHV
UDQGRPO\�VHOHFWHG�IURP�WKH�KXPDQ�SURWHRPH��(QVHPEO����UHOHDVH�*U&K�����FRQWDLQLQJ����WR����DPLQR�DFLGV�
(DFK�SHSWLGH�ZDV�WUDQVIRUPHG�LQWR�D�GRXEO\�FKDUJHG�VLPXODWHG�VSHFWUXP�ZLWK�WKH�IROORZLQJ�PRGLILFDWLRQV��D
GHDPLGDWLRQ�RQ�HDFK�DVSDUDJLQH��1�����������DQG�D�VRGLXP�DGGXFW�RQ�HDFK�DVSDUWLF�DFLG��'�������������:H
UDQGRPO\�UHPRYHG�����RI�WKH�SHDNV�WR�VLPXODWH�PLVVLQJ�SHDNV��DGGHG�QRLVH�E\�FUHDWLQJ�UDQGRP�SHDNV��XS�WR
�����DQG�PRGLILHG�WKH�PDVV�VR�WKDW�D�QHXWUDO�ORVV��������'D��LV�VLPXODWHG�RQ�HDFK�VSHFWUXP��&RQVHTXHQWO\��HDFK
VSHFWUXP�FRQWDLQV�RQH�WR�ILYH�PRGLILFDWLRQV��2XU�WHVWV�VKRZ�WKDW�6SHF*ORE;�SHUIRUPV�ZHOO�DQG�GHWHFWV�WKH
QHXWUDO�ORVV�RQ�D�ODUJH�SURSRUWLRQ�RI�VSHFWUD��QHDUO\�������ZKLOH�����RI�DOO�WKH�H[SHFWHG�PRGLILFDWLRQV�DUH
FRUUHFWO\�LGHQWLILHG�

:H�DOVR�HYDOXDWHG�6SHF*ORE;�GRZQVWUHDP�WR�WKUHH�206�VRIWZDUH��02'3OXV��06)UDJJHU��6SHF206���DQG
VKRZHG�WKDW�6SHF*ORE;�VLJQLILFDQWO\�LPSURYHV�WKH�SHUFHQWDJH�RI�FRUUHFW�PRGLILFDWLRQV�ZKHQ�FRUUHFW�360V�DUH
SURYLGHG�DV�LQSXW�E\�WKHVH�VRIWZDUH��QRWDEO\��D�ODUJH�SDUW�RI�WKH�PLVLQWHUSUHWHG�QHXWUDO�ORVVHV�FDQ�EH�UHFRYHUHG�E\
6SHF*ORE;��6LPLODUO\��WKH�SHUFHQWDJH�RI�FRUUHFW�PRGLILFDWLRQV�UHODWLYH�WR�WKH�QXPEHU�RI�H[SHFWHG�PRGLILFDWLRQV
�EDVHG�RQ�WKH�QXPEHU�RI�1�DQG�'�LQ�'VLP��LV�PXOWLSOLHG�E\�WZR�WR�WKUHH�GHSHQGLQJ�RQ�WKH�VRIWZDUH��6SHF*ORE;
FDQ�WKXV�EH�YLHZHG�DV�D�GHFLVLRQ�VXSSRUW�WRRO�KLJKOLJKWLQJ�XQH[SHFWHG�DQG�FRPSOH[�SHSWLGH�PRGLILFDWLRQV�

:H�ILQDOO\�VKRZ��RQ�D�VPDOOHU�GDWDVHW��WKDW�H[SHULPHQWDO�VSHFWUD�EHKDYH�VLPLODUO\�DV�RXU�VLPXODWHG�VSHFWUD��7KH
VSHFWUD�GDWDVHW�XVHG�ZDV�JHQHUDWHG�IURP�+(.����FHOOV��:H�IRFXVHG�RQ�WKH�LQWHUSUHWDWLRQ�RI�D�VXEVHW�RI���
VSHFWUD�LGHQWLI\LQJ�SHSWLGH�'$719*'(**)$31,,(1.�DFFRUGLQJ�WR�6SHF206�

,PSRUWDQWO\��RXU�H[SHULPHQWV�VKRZ�WKDW�6SHF*ORE;�LV�YHU\�IDVW��RQH�PLOOLRQ�360V�LV�SURFHVVHG�HYHU\�����PLQXWHV
RQ�DQ�RII�WKH�VKHOI�GHVNWRS�
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P20	
$EVWUDFW�����

:ULWHU���:ROIJDQJ�5$))(/6%(5*(5��ZUDII#LJEPF�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

,QWHJUDWLQJ�VDPSOH�UHODWHG�PHWDGDWD�WR�DXWRPDWHG�VWDWLVWLFDO�DQDO\VLV�RI
TXDQWLWDWLYH�SURWHRPLFV�DQDO\VLV�XVLQJ�ZU3URWHR
:ROIJDQJ�5$))(/6%(5*(5D��%DVWLHQ�025/(7D��)UDQN�58))(1$&+D��/XF�1(*521,D

D�,*%0&

1XPHURXV�DOJRULWKPV�DQG�VRIWZDUH�RSWLRQV�IRU�GDWD�DQDO\VLV�RI�TXDQWLWDWLYH�SURWHRPLFV�H[SHULPHQWV�KDYH
HPHUJHG�RYHU�WKH�SDVW�\HDUV��+XPDQ�RSHUDWRUV�VWLOO�QHHG�WR�LQWHUDFW�ZLWK�FRPSXWLQJ�LQIUDVWUXFWXUH��WKLV�UHPDLQV�D
IUHTXHQW�ERWWOHQHFN�LQ�HIILFLHQW�GDWD�DQDO\VLV��:LWK�UHFHQW�HIIRUWV�RQ�PHWDGDWD�VWDQGDUGV�WKH�VDPSOH�WR�GDWD�ILOH
IRUPDW
��VGUI��KDV�EHHQ�SURSRVHG�DQG�ZDV�LQWHJUDWHG�WR�WKH�PDMRU�GDWD�EDVHV�OLNH�3ULGH�
7R�H[SORLW�WKH�QRYHO�SRVVLELOLWLHV�RI�DXWRPDWLQJ�GDWD�DQDO\VLV�SLSH�OLQHV��WKH�5�SDFNDJH�ZU3URWHR�QRZ�RIIHUV
LQWHJUDWLQJ�VXFK�PHWD�GDWD�DW�WKH�LPSRUW�RI�TXDQWLWDWLYH�GDWD��7KH�VGUI�PHWD�GDWD�GHVFULELQJ�WKH�VDPSOH�VHWXS�DUH
DXWRPDWLFDOO\�H[WUDFWHG�IURP�D�JLYHQ�3ULGH�DFFHVVLRQ�QXPEHU�RU�DQ�HTXLYDOHQW�XVHU�SURYLGHG�WDEOH�DQG�LQWHJUDWHG
WR�DOO�VXEVHTXHQW�VWHSV�OLNH�4&��QRUPDOL]DWLRQ��1$�LPSXWDWLRQ�DQG�DXWRPDWHG�VWDWLVWLFDO�GDWD�DQDO\VHV��,Q
DEVHQFH�RI�VGUI�GDWD��PHWD�GDWD�H[SRUWHG�IURP�0D[4XDQW�RU�3URWHRPH'LVFRYHUHU�FDQ�EH�PLQHG�IRU
XQGHUVWDQGLQJ�WKH�H[SHULPHQWDO�VHWXS�DQG�LQWHJUDWHG�LQ�WKH�VDPH�ZD\�WR�IROORZLQJ�DQDO\VLV��7KH\�PD\�DOVR�EH
WUDQVIRUPHG�WR�D�VGUI�OLNH�IRUPDW�IRU�LQWHJUDWLRQ�WR�3ULGH�
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P21	
$EVWUDFW�����

:ULWHU���$GULHQ�%52:1��EURZQD#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

�*HQRPH�DVVHPEO\�DQG�DQQRWDWLRQ�XVLQJ�%URZQRWDWH��D�QHZO\�GHYHORSHG
DXWRPDWHG�WRRO
$GULHQ�%52:1D��$OH[DQGUH�%85(/D��6DUDK�&,$1)(5$1,D��&KULVWLQH�&$5$3,72D��)DEULFH�%(57,/(D

D�/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��/60%2���,3+&�805�������8QLYHUVLW«�GH�6WUDVERXUJ��&156����
UXH�%HFTXHUHO��������6WUDVERXUJ��)UDQFH��,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URW«RPLTXH���3UR),���)5������������6WUDVERXUJ�
)UDQFH

,QWURGXFWLRQ

0DVV�VSHFWURPHWU\��06��EDVHG�SURWHRPLFV�PRVW�RIWHQ�UHOLHV�RQ�GDWDEDVH�VHDUFKLQJ�WR�LGHQWLI\�SHSWLGHV�RU
SURWHLQV��,GHDOO\��SURWHLQ�VHTXHQFHV�FRPH�IURP�SXEOLFO\�DYDLODEOH�DQG�UHYLHZHG�UHIHUHQFH�GDWDEDVHV��VXFK�DV
1&%,�5HI6HT�RU�8QL3URW.%�6ZLVVSURW��+RZHYHU��������RI�WKH�����������VHTXHQFLQJ�GDWDVHWV��ZLWK�IXOO�JHQRPH
UHSUHVHQWDWLRQ��$SULO�������IRU�HXNDU\RWHV�LQ�1&%,�DUH�QRW�DVVHPEOHG��DQG�RQO\������DUH�IXOO\�DVVHPEOHG�DQG
DQQRWDWHG�������RQO\�LQ�5HIVHT���(YHQ�IRU�SURNDU\RWHV���������RI�WKH�DYDLODEOH�VHTXHQFLQJ�GDWDVHWV�DUH�QRW
DVVHPEOHG�RU�DQQRWDWHG��7R�RYHUFRPH�WKLV�ERWWOHQHFN�DQG�HQDEOH�WKH�SURWHRPLVW�WR�DVVHPEOH�DQG�DQQRWDWH�DQ\
JHQRPH�RQ�WKHLU�RZQ��ZH�DUH�GHYHORSLQJ�D�ELRLQIRUPDWLFV�SLSHOLQH�QDPHG�%URZQRWDWH��%5��

0DWHULDO�DQG�PHWKRGV

%5�JDWKHUV�H[LVWLQJ�WRROV�WR�GRZQORDG�'1$�VHTXHQFLQJ�GDWD��ILOWHU�RXW�XQUHOLDEOH�UHDGV��DVVHPEOH�WKH�UHWDLQHG
UHDGV��SUHGLFW�SURWHLQ�FRGLQJ�JHQHV��SHUIRUP�WUDQVODWLRQ�LQWR�SURWHLQ�VHTXHQFHV��DQG�QDPH�WKHP��$Q�HYDOXDWLRQ�RI
WKH�FRPSOHWHQHVV�RI�%5�GHULYHG�DVVHPEOLHV�RU�DQQRWDWHG�JHQHV�LV�SHUIRUPHG�DW�UXQWLPH�XVLQJ�WKH�VLQJOH�FRS\
RUWKRORJV�H[SHFWHG�IRU�JLYHQ�VSHFLHV��2UWKR'%���7R�DVVHV�%5�SHUIRUPDQFH��%5�GHULYHG�DVVHPEOLHV�DQG
DQQRWDWLRQV�IRU����VSHFLHV�EHORQJLQJ�WR���GLIIHUHQW�WD[RQV��EDFWHULD��IXQJL��DUWKURSRGV��ELUGV��ILVK��UHSWLOHV�
PDPPDOV�DQG�SODQWV��ZHUH�FRPSDUHG�WR�UHIHUHQFH��5()��GDWD�H[WUDFWHG�IURP�1&%,�65$�DQG�5HI6HT��06�UDZ
GDWD�GRZQORDGHG�IURP�35,'(�IRU�WKHVH�VDPH�VSHFLHV�ZHUH�DOVR�SURFHVVHG�XVLQJ�0D[TXDQW��Y���������DJDLQVW
HLWKHU�WKH�%5�GHULYHG�RU�WKH�5()�SURWHLQ�GDWDEDVH��DQG�GDWDVHWV�RI�LGHQWLILHG�SURWHLQV��)'5�����ZHUH�FRPSDUHG�

5HVXOWV�DQG�GLVFXVVLRQ

([FHSW�IRU�IRXU�VSHFLHV��%5�DVVHPEOLHV�DSSHDUHG�������ORQJHU�WKDQ�5()�DVVHPEOLHV��HYHQ�PRUH�IRU�WKH�IXQJL �)�
R[\VSRUXP �DQG�IRU�SODQW�VSHFLHV�������WR���������EXW�ZLWK�RQ�DYHUDJH�����RI�WKH�5()�DVVHPEOLHV�EHLQJ
LGHQWLFDO�WR�%5�DVVHPEOLHV��7KH�FRPSOHWHQHVV��RUWKRORJ�JURXSV��RI�5()�DQG�%5�DVVHPEOLHV�DQG�DQQRWDWLRQV�ZDV
FRPSDUDEOH��ZLWK�RQ�DYHUDJH�DQ�����DQG�����RYHUODS��UHVSHFWLYHO\��EXW�IRU�UHSWLOHV�ZKHUH�WKH�YDOXHV�UHDFKHG
RQO\��������DQG���������UHVSHFWLYHO\��7KLV�VXJJHVWV�HTXLYDOHQW�SHUIRUPDQFHV�IRU�%URZQRWDWH�DQG�WKH�1&%,
SLSHOLQH��([FHSW�IRU �6��DXUHXV��(��QLGXODQV��)��R[\VSRUXP�DQG�1��QDMD ��PRUH�WKDQ�KDOI�RI�WKH�SURWHLQV�LQ�5()
GDWDEDVHV�ZHUH�SUHVHQW�LQ�%5�GHULYHG�GDWDEDVHV��:H�DOVR�REVHUYHG�WKDW�H[FHSW�IRU �/��EUHYLV��0��[DQWKXV�DQG�$�
JDPELDH ��PRUH�WKDQ�����RI�%5�DQQRWDWHG�SURWHLQV�ZHUH�DEVHQW�IURP�5()�SURWHLQ�GDWDEDVHV��XQWLO�����IRU �1�
QDMD�DQG�&��VDWLYD���/RQJHU�DVVHPEOLHV�XVLQJ�%5�PD\�H[SODLQ�SDUW�RI�WKHVH�GLIIHUHQFHV�

7KH�DQDO\VLV�RI�35,'(�H[WUDFWHG�UDZ�06�06�GDWD�XVLQJ�%5�DQG�5()�SURWHLQ�GDWDEDVHV�UHYHDOV�WKDW��H[FHSW�IRU
UHSWLOHV��WKH�XVH�RI�WKH�5()�SURWHLQ�GDWDEDVH�UHVXOWHG�LQ�DQ�DYHUDJH�RI�����PRUH�LGHQWLILHG�SHSWLGHV�FRPSDUHG�WR
WKH�%5�GHULYHG�GDWDEDVH��5HJDUGLQJ�WKH�QXPEHU�RI�SURWHLQ�JURXSV�LGHQWLILHG��WKH�XVH�RI�WKH�%5�GDWDEDVH�UHVXOWHG
LQ�DQ�DYHUDJH�RI�����PRUH�LGHQWLILFDWLRQV�FRPSDUHG�WR�WKH�XVH�RI�5()��H[FHSW�IRU�WZR�SODQW�VSHFLHV��7KHVH
UHVXOWV�VXJJHVW�D�KLJKHU�SURWHLQ�VHTXHQFH�FRYHUDJH�XVLQJ�WKH�5()�GDWDEDVH��+RZHYHU��ZH�DOVR�JHQHUDOO\
REVHUYHG�D�ORZHU�QXPEHU�RI�XQLTXH�SURWHLQV�ZKHQ�XVLQJ�WKH�%5�GHULYHG�GDWDEDVH��VXJJHVWLQJ�WKDW�%5�DQG�5()
DQQRWDWLRQV�PD\�GLIIHU�DW�WKH�OHYHO�RI�WKH�SHSWLGH�VHTXHQFHV�WKDW�DOORZ�WR�VSHFLILFDOO\�GLVFULPLQDWH
LVRIRUPV�YDULDQWV�

&RQFOXVLRQ

%5�SURYHG�WR�JHQHUDWH�KLJK�TXDOLW\�SURWHLQ�VHTXHQFH�GDWDEDVHV��ZHOO�DGDSWHG�IRU�06�06�GDWD�LQWHUSUHWDWLRQ�
7KH�GHYHORSPHQW�RI�%5�LV�VWLOO�RQJRLQJ��H�J��WR�DGDSW�LW�IRU�51$�VHTXHQFH�GDWD�DQG�XVH�LW�LQ�D�IULHQGO\�JUDSKLFDO
XVHU�LQWHUIDFH��8OWLPDWHO\��%5�VKRXOG�KHOS�IRU�VWXGLHV�RQ�VSHFLHV�IRU�ZKLFK�RQO\�'1$�RU�VHTXHQFH�GDWD�DUH
DYDLODEOH�RU�LQ�WKH�FRQWH[W�RI�SHUVRQDOL]HG�PHGLFLQH�
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P22	
$EVWUDFW�����

:ULWHU���$OH[DQGUH�%85(/��DOH[DQGUH�EXUHO#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

3DWKZD\�*UDEEHU��([SORULQJ�SURWHRPLFV�GDWD�ZLWK�.(**�SDWKZD\V
$OH[DQGUH�%85(/D��3DWULFN�*87(5/D��6DUDK�&,$1)(5$1,D��&KULVWLQH�&$5$3,72D��)DEULFH�%(57,/(D

D�/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��/60%2���,QVWLWXW�3OXULGLVFLSOLQDLUH�+XEHUW�&XULHQ��,3+&��
805������6WUDVERXUJ��)UDQFH���,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URW«RPLTXH�3UR),���)5������������6WUDVERXUJ��)UDQFH

,QWURGXFWLRQ

7KH�.\RWR�(QF\FORSHGLD�RI�*HQHV�DQG�*HQRPHV��.(**��LV�D�GDWDEDVH�UHVRXUFH�IRU�XQGHUVWDQGLQJ�KLJK�OHYHO
IXQFWLRQV�RI�ELRORJLFDO�V\VWHPV�IURP�ODUJH�VFDOH�PROHFXODU�GDWDVHWV��,W�KDV�EHHQ�GHYHORSHG�WRJHWKHU�ZLWK�D
FROOHFWLRQ�RI�WRROV�IRU�PDSSLQJ�PROHFXODU�REMHFWV�WR�.(**�SDWKZD\�PDSV�E\�WKH�.DQHKLVD�/DERUDWRULHV�� ZZZ�NDQHKLVD�MS� ���+RZHYHU��WKH�RQOLQH�PDSSLQJ�SURFHGXUH�PD\�QRW�EH�VWUDLJKWIRUZDUG�DQG�PD\�UHTXLUH�VHYHUDO�VWHSV�WR�REWDLQ�WKH�GHVLUHG�LQIRUPDWLRQ��:H�GHYHORSHG�3DWKZD\�*UDEEHU�DV�DQ�LQWHJUDWHG�WRRO�WR�VHDUFK�WKH�.(**�GDWDEDVH�RQ�D�KLJK�WKURXJKSXW�EDVLV�IRU�ODUJH�RPLFV�GDWDVHWV��DQG�WR�REWDLQ�D�YLVXDOLVDWLRQ�WKDW�WDNHV�LQWR�FRQVLGHUDWLRQ�WKH�GLIIHUHQWLDO�DQDO\VLV�VWDWLVWLFV�DSSOLHG�DIWHU�TXDQWLWDWLYH�/&�06�06�DQDO\VHV�

0HWKRGV

3DWKZD\�*UDEEHU�ZDV�GHYHORSHG�ZLWK�-XOLD�������DQG�VRPH�-DYDVFULSW��)URP�DQ�([FHO�ILOH�FRQWDLQLQJ�8QL3URW�RU
.(**�LGHQWLILHUV�DQG�DVVRFLDWHG�VWDWLVWLFDO�VFRULQJ�YDOXHV��LQFOXGLQJ�DV�ZHOO�S�YDOXHV�IURP�VLQJOH��H�J��W�WHVWV��RU
PXOWLSOH�FRPSDULVRQV��H�J��$QRYD�DQG�SRVW�KRF�WHVWV��DQG�IROG�FKDQJHV��DQG�WKH�GHILQLWLRQ�E\�WKH�XVHU�RI
WKUHVKROGV�IRU�HDFK�SDUDPHWHU��SURWHLQV�DUH�FDWHJRUL]HG�DV�౹QRQ�VLJQLILFDQW౺�RU�౹VLJQLILFDQW౺�DQG�WKH�LQIRUPDWLRQ
౹XSUHJXODWHG౺�RU�౹GRZQUHJXODWHG౺�LV�NHSW��,Q�SDUDOOHO��.(**�DQQRWDWLRQV�DUH�GRZQORDGHG�IRU�HDFK�SURWHLQ��ZKLFK
DOORZV�SURWHLQV�IURP�WKH�GDWDVHW�WR�EH�GLVWULEXWHG�DPRQJ�3DWKZD\�PDSV��$�FDFKH�PHFKDQLVP�KDV�EHHQ�DGGHG�WR
UHGXFH�WKH�DPRXQW�RI�GDWD�WUDQVIHU��KHQFH�PDNLQJ�WKH�WRRO�IDVWHU�DQG�GHFUHDVLQJ�WKH�LPSDFW�RQ�WKH�EDQGZLGWK�
([WUDFWHG�GDWD�LV�SURYLGHG�LQ�WKH�IRUP�RI�DQ�([FHO�ILOH�DQG�D�OLVW�RI�+70/�ILOHV�

5HVXOWV

2XWSXW�+70/�ILOHV�FRUUHVSRQG�WR�DOO�.HJJ�3DWKZD\�PDSV�WKDW�FRQWDLQ�DW�OHDVW�RQH�SURWHLQ�IURP�WKH�GDWDVHW��2Q
WKHVH�PDSV��WKH�LQIRUPDWLRQ�WKDW�KDV�EHHQ�PDGH�DYDLODEOH�LV�KLJKOLJKWHG�XVLQJ�D�FRORXU�FRGH�UHODWLYH�WR�WKH
VWDWLVWLFDO�FDWHJRU\
��IRU�DQ\�LWHP�RI�LQWHUHVW��ZKHWKHU�LW�LV��H�J���D�PRGXOH��D�SURWHLQ�JHQH���D�FRPSRXQG��D
UHODWLRQ���$GGLWLRQDO�GHWDLOV�DERXW�VWDWLVWLFDO�VFRULQJ�LV�DOVR�JLYHQ�DV�WRROWLS�WH[W�LWHPV��$OO�WKH�LWHPV�LQ�WKH�+70/
ILOHV�DUH�FOLFNDEOH�DQG�UHURXWH�WKH�XVHU�WR�WKH�FRUUHVSRQGLQJ�.(**�HQWULHV��EXW�WKHVH�ILOHV�FDQ�DOVR�EH�XVHG
FRPSOHWHO\�RIIOLQH��RQFH�WKH\�DUH�JHQHUDWHG�WKH\�GR�QRW�UHTXLUH�DQ�,QWHUQHW�FRQQHFWLRQ�DQ\PRUH�

7KH�RXSXW�([FHO�ILOH�VXPPDUL]HV�WKH�ZKROH�LQIRUPDWLRQ�WKDW�LV�KLJKOLJKWHG�RQ�PDSV��RQH�VKHHW�OLVWLQJ�DOO�WKH
SDWKZD\V�DVVRFLDWHG�ZLWK�HDFK�ZLWK�SURWHLQ��DQRWKHU�VKHHW�OLVWLQJ�DOO�SURWHLQV�DVVRFLDWHG�WR�HDFK�UHYHDOHG
SDWKZD\�

&RQFOXVLRQV

3DWKZD\�*UDEEHU�LV�D�XVHU�IULHQGO\�WRRO�IRU�ELRORJLVWV�DQG�SURWHRPLVWV��KHOSLQJ�WKHP�WR�JHW�D�FRPSUHKHQVLYH�YLHZ
RI�WKH�PROHFXODU�UHJXODWLRQV�IURP�ODUJH�OLVWV�RI�SURWHLQV��LQFOXGLQJ�WKH�VWDWLVWLFDO�PHWULFV�RI�GLIIHUHQWLDO�DQDO\VLV�
7KHUHIRUH��LW�DOORZV�WR�JUHDWO\�DFFHOHUDWH�RPLFV�GDWD�PLQLQJ�DQG�LW�KHOSV�WR�QLFHO\�GUDZ�JUDSKLFDO�UHSUHVHQWDWLRQV
RI�RPLFV�UHVXOWV���������7RGD\��3DWKZD\�*UDEEHU�FRQVWLWXWHV�D�VROLG�EDVLV�IRU�PDQ\�IXWXUH�LPSURYHPHQWV��H�J�
QHWZRUN�DQDO\VLV��H[WHQVLRQ�WR�RWKHU�UHVRXUFHV�OLNH�5HDFWRPH��

5HIHUHQFHV
1. &KD]DULQ��%���%HQKDLP�'HODUEUH��0���%UXQ��&���$Q]HUDH\��$���%HUWLOH��)���7HUULHQ��-��0ROHFXODU�/LYHU
)LQJHUSULQW�5HIOHFWV�WKH�6HDVRQDO�3K\VLRORJ\�RI�WKH�*UH\�0RXVH�/HPXU��0LFURFHEXV�PXULQXV��GXULQJ�:LQWHU�
,QW��-��0RO��6FL������������������KWWSV���GRL�RUJ���������LMPV��������

2. 7DVFKHU��*���%XUEDQ��$���&DPXV��6���3OXPHO��0���&KDQRQ��6���/H�*XHYHO��5���6KHYFKHQNR��9���9DQ�'RUVVHODHU�
$���/HIDL��(���*XJXHQ�*XLOORX]R��&���%HUWLOH��)��,Q�'HSWK�3URWHRPH�$QDO\VLV�+LJKOLJKWV�+HSD5*�&HOOV�DV�D
9HUVDWLOH�&HOO�6\VWHP�6XUURJDWH�IRU�3ULPDU\�+XPDQ�+HSDWRF\WHV��&HOOV��������������
KWWSV���GRL�RUJ���������FHOOV�������
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P23	
$EVWUDFW�����

:ULWHU���-RKDQQD�%58&(��MRKDQQD�EUXFH#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

&RPSDULVRQ�RI�''$SDVHI�DQG�',$SDVHI�DFTXLVLWLRQ�PHWKRGV�IRU
DIILQLW\�SXULILFDWLRQ�DQDO\]HV�
9LUJLQLH�6$/127D��-RKDQQD�%58&(D��0RUJDQH�/(�*$//D��0DUMRULH�/('8&D��(PLOLH�)OHXU�*$87,(5D

D�,QVWLWXW�&RFKLQ

',$�DFTXLVLWLRQ�PHWKRG�LV�SURJUHVVLYHO\�LPSOHPHQWHG�LQ�SURWHRPLFV�SURWRFROV�EHFDXVH�LW�FRXOG�DOORZ�PRUH
LGHQWLILFDWLRQV�DQG�IHZHU�PLVVLQJ�YDOXHV�ZLWK�IDVWHU�DQDO\VLV��$IILQLW\�SXULILFDWLRQ�VDPSOHV�DUH�RIWHQ�DQDO\]HG�LQ
SURWHRPLFV��,QGHHG�WKLV�DSSURDFK�DOORZV�WR�LGHQWLI\�SURWHLQ�SDUWQHUV�RI�D�SURWHLQ�RI�LQWHUHVW��7KH�REMHFWLYH�RI�RXU
VWXG\�LV�WR�FRPSDUH�WKH�UHOHYDQFH�RI�WKH�UHVXOWV�REWDLQHG�LQ�''$SDVHI��'DWD�'HSHQGHQW�$FTXLVLWLRQ��DQG�LQ
',$SDVHI��'DWD�,QGHSHQGHQW�$FTXLVLWLRQ��IRU�DIILQLW\�SXULILFDWLRQ�DQDO\VLV�LQ�SURWHRPLFV�

:H�FDUULHG�RXW�WKLV�FRPSDULVRQ�RQ�GLIIHUHQW�SURMHFWV��,Q�DOO�WKH�VWXGLHV��GHQDWXUDWLRQ�RI�SURWHLQV�ZDV�FDUULHG�RXW�RQ
VDPSOHV�UHVXOWLQJ�IURP�DIILQLW\�SXULILFDWLRQ�XVLQJ�D�EXIIHU�FRQWDLQLQJ�D�GHWHUJHQW��6'6��6RGLXP�'RGHF\O�6XOIDWH�
ZLWK�D�UHGXFLQJ�UHDJHQW�DQG�DQ�DON\ODWLQJ�RQH��WKH�VDPSOHV�ZHUH�WKHQ�KHDWHG�IRU���PLQ�DW���r&��7KHQ��WKH
VDPSOHV�ZHUH�GLJHVWHG�XVLQJ�6�7UDS��6XVSHQVLRQ�7UDSSLQJ��E\�WU\SVLQ��D�VXVSHQVLRQ�WUDSSLQJ ��WKDW�FRQVLVWV�RI�D
OD\HU�RI�TXDUW]�SKDVH�RQ�D�&���SKDVH�ZKLFK�DOORZV�WR�HOLPLQDWH�GHWHUJHQWV��KHUH��WKH�6'6��7KH�VDPSOHV�ZHUH
DQDO\]HG�E\�/&�06�06�RQ�D�8�����56/&�QDQR�/&�V\VWHP�FKURPDWRJUDSK\��7KHUPR�6FLHQWLILF��FRXSOHG�WR�D
WLPV72)�3UR��%UXNHU��ZLWK�D����PLQXWHV�RYHUDOO�UXQ�WLPH�JUDGLHQW�UDQJLQJ�IURP�����RI�VROYHQW�$�FRQWDLQLQJ�����
IRUPLF�DFLG�LQ�PLOOL4�JUDGH�+�2�WR�����RI�VROYHQW�%�FRQWDLQLQJ�����DFHWRQLWULOH���������IRUPLF�DFLG�LQ�P4+�2
E\�LQMHFWLQJ��w/�LQ�''$SDVHI��'DWD�'HSHQGHQW�$FTXLVLWLRQ��DQG�LQ�',$SDVHI��'DWD�,QGHSHQGHQW�$FTXLVLWLRQ���7KH
UHVXOWV�IURP�WKH�''$�LQMHFWLRQ�DQG�',$�LQMHFWLRQ�ZHUH�DQDO\]HG�ZLWK�WKH�0D[TXDQW � �RU�WKH�',$�11�VRIWZDUH �
UHVSHFWLYHO\��7KH�SDUDPHWHUV�RI�WKH�VRIWZDUH�ZHUH�ZLWKRXW�0%5��0DWFK�%HWZHHQ�5XQV��DQG�ZLWKRXW
QRUPDOL]DWLRQ��:H�FRPSDUHG�WKH�QXPEHU�RI�SURWHLQV�LGHQWLILHG�DV�ZHOO�DV�WKH�QXPEHU�RI�NQRZQ�WDUJHW�SURWHLQV
LGHQWLILHG��$�IXQFWLRQDO�DQDO\VLV�ZDV�DOVR�SHUIRUPHG�WR�DVVHVV�WKH�UHOHYDQFH�RI�WKH�LGHQWLILHG�SURWHLQV�UHJDUGLQJ
WDUJHWV�RI�WKH�SURWHLQ�RI�LQWHUHVW�DQG�IXQFWLRQ�RU�FRPSDUWPHQW�RI�LQWHUHVW�

7KH�GHSWK�RI�DQDO\VLV�LQ�',$SDVHI�PDGH�LW�SRVVLEOH�WR�LGHQWLI\�D�JUHDWHU�QXPEHU�RI�SURWHLQV�WKDQ�LQ�''$SDVHI��7KH
WZR�PHWKRGV�ZHUH�WKHQ�FRPSDUHG�DFFRUGLQJ�WR�WDUJHW
V�GHWHFWLRQ�DQG�SURSRUWLRQ�RI�LGHQWLILHG�NQRZQ�SDUWQHUV�ZLWK
IXQFWLRQQDO�DQDO\VLV�

.H\ZRUGV��$3�06��%RWWRP�XS��/&�06�06��''$��',$
�.DWHO\Q�/XGZLJ�HW�DO�������
�&R[�HW�DO�������
�'HPLFKHY�9��HW�DO�������
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P24	
$EVWUDFW�����

:ULWHU���3DXOLQH�3(5'8�$//2<��SDXOLQH�SHUGX�DOOR\#HWX�XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

2SWLPL]DWLRQ�RI�VDPSOH�SUHSDUDWLRQ�DQG�QDQR/&�06�06�PHWKRGV�IRU�VLQJOH�FHOO
SURWHRPLF�DQDO\VLV
3DXOLQH�3(5'8�$//2<D��/DXUHQFH�6$%$7,(5D��&KULVWLQH�&$5$3,72D

D�/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��,3+&��805��������&156��������6WUDVERXUJ��)UDQFH

8QGHUVWDQGLQJ�WKH�YDULRXV�PHFKDQLVPV�LQ�ZKLFK�SURWHLQV�DUH�LQYROYHG�LV�FUXFLDO�IRU�FRPSUHKHQGLQJ�ELRFKHPLFDO
SKHQRPHQD��LQFOXGLQJ�WKH�RQVHW�DQG�GHYHORSPHQW�RI�GLVHDVHV ���&RQGXFWLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DQDO\VLV
RI�WKH�HQWLUH�SURWHRPH�FDQ�SURYLGH�LQVLJKWV�LQWR�WKH�UHVSRQVH�RI�DQ�RUJDQ�RU�D�SRSXODWLRQ�RI�FHOOV�WR�WUHDWPHQWV�RU
GLVHDVHV��+RZHYHU��DQDO\VLV�RI�SURWHLQV�IURP�DQ�DYHUDJH�FHOO�SRSXODWLRQ�RIWHQ�QHJOHFWV�FHOOXODU�KHWHURJHQHLW\�DQG
GRHV�QRW�DOORZ�WR�GLVWLQJXLVK�KHDOWK\�FHOOV�IURP�LQIHFWHG�FHOOV��ZKLFK�FRKDELW�LQ�WKH�VDPH�WLVVXHt��7KH�ULVH�RI
VLQJOH�FHOO�SURWHRPLFV�LV�WKHUHIRUH�PHDQLQJIXO�EHFDXVH�LW�DOORZV�WKH�LGHQWLILFDWLRQ�RI�WKH�SURWHRPH�H[SUHVVHG�LQ
LQGLYLGXDO�FHOOV�ZLWK�LQFUHDVLQJ�GHSWK�DW�D�JLYHQ�WLPH � ��ZLWK�DSSOLFDWLRQV�UDQJLQJ�IURP�GLVHDVH�GLDJQRVLV�WR�WKH
UHVSRQVH�RI�D�FKHPLFDO�WUHDWPHQW��+RZHYHU��GHVSLWH�LWV�LPSRUWDQFH��WKH�SURWHRPH�DQDO\VLV�DW�WKH�VLQJOH�FHOO�OHYHO
UHPDLQV�D�PDMRU�DQDO\WLFDO�FKDOOHQJH�GXH�WR�WKH�YHU\�ORZ�DEXQGDQFH�RI�SURWHLQ�PDWHULDO�DYDLODEOH�ZLWKLQ�D�FHOO
��QJ���7KXV��HYHU\�VWHS�RI�WKH�ZRUNIORZ�QHHGV�WR�EH�UHYLVLWHG�WR�PLQLPL]H�ORVVHV�GXULQJ�VDPSOH�SUHSDUDWLRQ�DQG
DFKLHYH�KLJKHVW�VHQVLWLYLW\�LQ�OLTXLG�FKURPDWRJUDSK\�WDQGHP�PDVV�VSHFWURPHWU\�DQDO\VLV��/&�06�06��

,Q�UHFHQW�\HDUV��WKH�GHYHORSPHQW�RI�WUDSSHG�LRQ�PRELOLW\�VSHFWURPHWU\��7,06��FRXSOHG�WR�D�KLJK�VHQVLWLYLW\�PDVV
VSHFWURPHWHU��7LPV472)��DV�ZHOO�DV�WKH�GHYHORSPHQW�RI�DXWRPDWHG�PHWKRGV�IRU�VDPSOH�SUHSDUDWLRQ�DQG
VRSKLVWLFDWHG�GDWD�VRIWZDUH�FRQVWLWXWH�DQ�DQFKRU�IRU�WKH�DQDO\VLV�RI�SURWHLQ�PDWHULDO�DW�WKH�VLQJOH�FHOO�VFDOH��

2Q�WKH�RQH�KDQG��+HOD�FHOO�GLJHVWV��3LHUFH��5HI���������ZHUH�XVHG�WR�SUHSDUH�D�GLOXWLRQ�VHULHV�IURP�����WR����QJ�RI
LQMHFWHG�PDWHULDO��2Q�WKH�RWKHU�KDQG��+H/D�FHOOV�ZHUH�VRUWHG��O\VHG�DQG�GLJHVWHG�XVLQJ�WKH�&HOOHQ21(�LQVWUXPHQW
DW�&HOOHQLRQ��/\RQ���9DU\LQJ�FHOO�QXPEHUV��IURP���WR����FHOOV�ZHUH�VRUWHG��O\VHG��GLJHVWHG�SULRU�WR�QDQR/&�06�06
DQDO\VLV�

3HSWLGH�PL[WXUHV�ZHUH�VHSDUDWHG�RQ�DQ�$XURUD�&���53���������wP�[����PP�����wP���,RQ2SWLFNV��FROXPQ
XVLQJ�D�QDQR(OXWH��%UXNHU�'DOWRQLFV��FRXSOHG�WR�D�WLPV72)SUR���%UXNHU�'DOWRQLFV��PDVV�VSHFWURPHWHU�
6HSDUDWLRQ�ZDV�SHUIRUPHG�RQ�D�JUDGLHQW�IURP���WR�����$&1�LQ������IRUPLF�DFLG�RYHU���PLQ�DW����w/�PLQ��'DWD
'HSHQGHQW�$FTXLVLWLRQ���3DUDOOHO�$FFXPXODWLRQ�DQG�6HULDO�)UDJPHQWDWLRQ��''$�3$6()��DQG�'DWD�,QGHSHQGHQW
$FTXLVLWLRQ���3$6()��',$�3$6()��PHWKRGV�ZHUH�XVHG��$�FRPSDUDWLYH�DQDO\VLV�ZDV�SHUIRUPHG�WR�DVVHVV�WKH
SHUIRUPDQFH�RI�WZR�GDWD�DQDO\VLV�WRROV��0D[4XDQW�DQG�3UROLQH�IRU�''$�GDWD�DQDO\VLV��DQG�6SHFWURQDXW�DQG
',$�11�IRU�',$�GDWD�LQWHUSUHWDWLRQ�

,Q�''$�3$6()�PRGH��DURXQG�����SURWHLQV�ZHUH�LGHQWLILHG�LQ�WKH�����WR����QJ�UHJLRQ��ZKLOH�PRUH�WKDQ�����
SURWHLQV�FRXOG�EH�LGHQWLILHG�LQ�WKH�VDPH�UHJLRQ�LQ�',$�3$6()��7KHVH�ILUVW�UHVXOWV�ZHUH�HQFRXUDJLQJ�WR�IXUWKHU
H[SORUH�WKH�LQVWUXPHQW
V�SHUIRUPDQFHV�IRU�YHU\�ORZ�DPRXQWV�DV�WKHVH�SURWHLQ�DPRXQWV�DUH�FORVH�WR�VLQJOH�FHOO
SURWHLQ�FRQWHQWV��DSSUR[�����QJ���,Q�LVRODWHG�FHOOV��DQ�DYHUDJH�RI�����SURWHLQV�ZHUH�LGHQWLILHG�LQ�VLQJOH�FHOOV�LQ
''$�3$6()�PRGH��ZKLOH�PRUH�WKDQ������SURWHLQV�ZHUH�LGHQWLILHG�XVLQJ�D�',$�3$6()�PHWKRG��7KLV�UHPDUNDEOH
RXWFRPH�KLJKOLJKWV�WKH�JUHDW�FDSDFLWLHV�RI�',$�3$6()�IRU�VLQJOH�FHOO�DQDO\VLV�

,QYHVWLJDWLQJ�WKH�GDWD�SURFHVVLQJ�DVSHFW�RI�',$��FRPSDULQJ�WKH�WZR�GDWD�SURFHVVLQJ�VRIWZDUH��6SHFWURQDXW�DQG
',$�11��UHYHDOHG�FORVH�DYHUDJH�QXPEHUV�RI�TXDQWLILHG�SURWHLQV�IRU�VLQJOH�FHOOV�DQG�XS�WR���LVRODWHG�FHOOV�

:KLOH�WKRVH�LQLWLDO�UHVXOWV�DUH�SURPLVLQJ��IXUWKHU�RSWLPL]DWLRQV�DUH�VWLOO�UHTXLUHG�IURP�VDPSOH�SUHSDUDWLRQ�WR
QDQR/&�06�06�DFTXLVLWLRQ�PHWKRGV�RSWLPL]DWLRQ�DQG�ILQDOO\�GDWD�SURFHVVLQJ�WR�EH�DEOH�WR�XQORFN�GHHSHU�LQVLJKWV
LQWR�FHOOXODU�KHWHURJHQHLW\�DQG�GLVHDVH�PHFKDQLVPV�
��0LQDNVKL��6LQJOH�&HOO�3URWHRPLFV��7HFKQRORJ\�	�$SSOLFDWLRQV���������
t �0DULQR��=LWR��$FFDUGR��5RQFKL��&R]]ROLQR��0RUJLOOR��5RVVL��)UDQFR� �0ROHFXODU�KHWHURJHQHLW\�LQ�OXQJ�FDQFHU�
�������
��7HPSOHU��&HV��1HZ�IURQWLHUV�LQ�VLQJOH�FHOO�DQDO\VLV���������
� �0HLHU��3DUN��0DQQ� �7UDSSHG�,RQ�0RELOLW\�6SHFWURPHWU\�DQG�3DUDOOHO�$FFXPXODWLRQ�6HULDO�)UDJPHQWDWLRQ�LQ
3URWHRPLFV���������
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P25	
$EVWUDFW�����

:ULWHU���'U�/XF�&$02,1�/8&��OXF�FDPRLQ#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

',$JXL�D�VKLQ\�DSS�WR�SURFHVV�WKH�RXWSXW�IURP�',$�11
0DUF�$QWRLQH�*(5$8/7D��6DPXHO�*5$1-($8'D��/XF�&$02,1D

D�,16(50

�%DFNJURXQG��'DWD�LQGHSHQGHQW�DFTXLVLWLRQ��',$��SURWHRPLFV�LV�D�UHFHQWO\�GHYHORSHG�JOREDO�PDVV�VSHFWURPHWU\
�06��EDVHG�SURWHRPLFV�VWUDWHJ\��,Q�',$�PHWKRG��SUHFXUVRU�LRQV�DUH�LVRODWHG�LQWR�SUH�GHILQHG�LVRODWLRQ�ZLQGRZV
DQG�WKHQ�IUDJPHQWHG��XQOLNH�LQ�GDWD�GHSHQGHQW�DFTXLVLWLRQ��''$��ZKHUH�WKH\�DUH�LVRODWHG�IRU�D�VSHFLILF�P�]�
)UDJPHQWHG�LRQV�LQ�HDFK�ZLQGRZ�DUH�WKHQ�DQDO\]HG�E\�D�KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWHU��',$�WHFKQRORJ\�KDV
EHHQ�LQFUHDVLQJO\�XWLOL]HG�LQ�YDULRXV�SURWHRPLFV�VWXGLHV�VLQFH�LW�RIIHUV�D�EURDG�SURWHLQ�FRYHUDJH��KLJK
UHSURGXFLELOLW\��DQG�DFFXUDF\��7KH�DQDO\VLV�RI�WKHVH�FKLPHULF�06��VSHFWUD�LV�QRZ�IDFLOLWDWHG�WKDQNV�WR�$,��0DQ\
VRIWZDUH�GHGLFDWHG�WR�',$�DUH�QRZ�DYDLODEOH�LQFOXGLQJ�',$�11�ZKLFK�LV�LQFUHDVLQJO\�SRSXODU�LQ�WKH�SURWHRPLFV
FRPPXQLW\�>�@��+RZHYHU��LW�LV�VWURQJO\�DGYLVHG�WR�ILOWHU�WKH�',$�11�RXWSXW�XQGHU�5�WR�JHW�EHWWHU�TXDQWLILFDWLRQ��)RU
WKLV��XVHUV�PXVW�EH�FRPIRUWDEOH�ZLWK�WKH�5�ODQJXDJH��,Q�DGGLWLRQ��IRU�WKH�PRPHQW�',$�11�GRHV�QRW�RIIHU�WKH
SRVVLELOLW\�WR�JHW�D�723��RU�L%$4�TXDQWLILFDWLRQ��7R�RYHUFRPH�WKHVH�SUREOHPV��ZH�RIIHU�',$JXL�DQ�5�SDFNDJH
EDVHG�RQ�'HPLFKHY
V�GLDQQ�USDFNDJH�WKDW�FRQWDLQV�D�XVHU�IULHQGO\�LQWHUIDFH�WR�SURFHVV�WKH�RXWSXW�RI�',$�11�>�@�

',$JXL�5�SDFNDJH� �',$JXL�FRQWDLQV�WZR�PDLQ�IXQFWLRQV� �UHSRUWBSURFHVV�ZKLFK�DOORZV�WR�SURFHVV�\RXU�UHSRUW�ILOH
RXWSXW�IURP�',$�11�ZLWK�RQH�5�FRPPDQG�DQG �UXQ',$JXL �ZKLFK�ODXQFK�WKH�VKLQ\�DSS�WR�SURFHVV�\RXU�ILOH�LQ�DQ
LQWHUDFWLYH�ZD\��$IWHU�ORDGLQJ�WKH�UHSRUW�ILOH��\RX�FDQ�FKDQJH�WKH�QDPHV�RI�\RXU�IUDFWLRQV�ZKLFK�DUH�E\�GHIDXOW�WKH
SDWK�WR�WKH�UDZ�ILOHV�XVHG��7KHQ��\RX�FDQ�FKRRVH�WR�H[WUDFW�WKH�SUHFXUVRU��SHSWLGH��SURWHLQ�JURXS�RU�JHQH�GDWDVHWV
IURP�\RXU�UHSRUW��<RX�ZLOO�KDYH�WKH�SRVVLELOLW\�WR�ILOWHU�DFFRUGLQJ�WR�VRPH�T�YDOXHV��WR�NHHS�RQO\�SURWHRW\SLF�DQG�WR
HOLPLQDWH�RU�QRW�WKH�PRGLILHG�SHSWLGHV��)RU�WKH�SURWHLQ�JURXS�ILOH��WKH�0D[�/)4�DOJRULWKP�ZLOO�EH�XVHG�WR�TXDQWLI\
SURWHLQV��<RX�KDYH�WZR�RSWLRQV��XVH�WKH�GLDQQ�USDFNDJH�RU�LT�SDFNDJH�PHWKRG�>���@��<RX�FDQ�DOVR�FKRRVH�WR�JHW
WKH�7RS��DQG�L%$4�TXDQWLILFDWLRQ��)RU�L%$4��\RX�FDQ�HLWKHU�ORDG�D�)$67$�ILOH�RU�XVH�VHTLQU�SDFNDJH�ZKLFK�ZLOO
PDNH�D�TXHU\�WR�6ZLVV3URW�GDWDEDVH��8VH�D�)$67$�ILOH�LV�ZD\�IDVWHU�VLQFH�WKH�VKLQ\�DSS�GRHVQ
W�KDYH�WR�PDNH�D
TXHU\�IRU�HDFK�SURWHLQ��)RU�WKH�RWKHU�GDWDVHWV��WKH�DSS�XVHV�WKH�IXQFWLRQ �GLDQQBPDWUL[ �ZKLFK�LV�EDVHG�RQ�WKH
IXQFWLRQ�RI�WKH�VDPH�QDPH�IURP�GLDQQ�USDFNDJH��1HYHUWKHOHVV��ZH�DGGHG�WKH�IHDWXUHV�RIIHUV�E\�WKH�VKLQ\�DSS
ZKLFK�DUH�WKH�SRVVLELOLW\�WR�REWDLQ�WKH�7RS��TXDQWLILFDWLRQ�DQG�WKH�QXPEHU�RI�SHSWLGHV�XVHG�IRU�WKH�TXDQWLILFDWLRQ
�IRU�WKH�JHQH�FHQWUHG�GDWDVHW���DQG�DOVR�WR�WDNH�WKH�VXP�RU�WKH�PD[�RI�WKH�LQWHQVLWLHV�RI�VDPH�,'��,Q�WKH�ODVW�WDE�RI
WKH�DSS��\RX�FDQ�YLVXDOL]H�\RXU�GDWD�ZLWK�DQ�LQWHUDFWLYH�KHDWPDS��D�GHQVLW\�DQG�0'6�SORW�RU�RWKHUV��DQG�WKLV�IRU
HDFK�\RXU�GDWDVHW��HLWKHU�WKH�RQHV�REWDLQHG�LQ�WKH�DSS�RU�RQH�\RX�XSORDGHG��

'LVFXVVLRQ� �',$JXL�LV�DOUHDG\�DYDLODEOH�RQ�JLWKXE�DW�KWWSV���JLWKXE�FRP�PDUVHLOOH�SURWHRPLTXH�',$JXL�DQG�RQO\
UHTXLUH�IURP�WKH�XVHU�WR�NQRZ�KRZ�WR�LQVWDOO�5�DQG�5�SDFNDJH��QR�5�FRGH�VNLOOV�DUH�UHTXLUHG��$V�',$�11�LV�PRUH
DQG�PRUH�XVHG�QRZDGD\V�LQ�TXDQWLWDWLYH�SURWHRPLFV�WKLV�XVHU�IULHQGO\�LQWHUIDFH�FRXOG�EH�YHU\�XVHIXO�WR�WKH
SURWHRPLFV�FRPPXQLW\�

5HIHUHQFHV
1. *RWWL�HW�DO��-��3URWHRPH�5HV�����������්�������������
2. 'HPLFKHY�HW�DO��1DW�0HWKRGV������������������
3. 3KDP�HW�DO��%LRLQIRUPDWLFV��������������������������
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P26	
$EVWUDFW�����

:ULWHU���6DPXHO�*5$1-($8'��VDPXHO�JUDQMHDXG#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

$�QHZ�ZD\�WR�ILQG�GUXJ�SURWHLQ�WDUJHWV�WKURXJK�WKHUPDO�SURWHRPH�SURILOLQJ
�733��H[SHULPHQW
6DPXHO�*5$1-($8'D

D�&5&0��,16(50�8����

*(5$8/7�0�����������125'/81'�3�������*5$1-($8'�6�������&$02,1�/�����

��$L[�0DUVHLOOH�8QLYHUVLW\��,16(50��&156��,QVWLWXW�3DROL�&DOPHWWHV��&5&0��0DUVHLOOH�3URW«RPLTXH��0DUVHLOOH�
)UDQFH

��&HQWUDOH�0DUVHLOOH�6FKRRO��0DUVHLOOH��)UDQFH

��.DUROLQVND�,QVWLWXWHW��6WRFNKROP��6ZHGHQ

%DFNJURXQG��733�RU�&HOOXODU�7KHUPDO�6KLIW�$VVD\��&(76$�>�@�LV�D�ELRSK\VLFDO�DVVD\�EDVHG�RQ�WKH�SULQFLSOH�RI
OLJDQG�LQGXFHG�WKHUPDO�VWDELOL]DWLRQ�RI�WDUJHW�SURWHLQV��3URWHLQ
V�PHOWLQJ�WHPSHUDWXUH�ZLOO�FKDQJH�XSRQ�OLJDQG
LQWHUDFWLRQ��%\�KHDWLQJ�VDPSOHV�WR�GLIIHUHQW�WHPSHUDWXUHV�DQG�TXDQWLI\LQJ�SURWHLQV�LQ�VROXWLRQ��ZH�FDQ�GHWHFW
DOWHUHG�SURWHLQ�LQWHUDFWLRQV�DIWHU�GUXJ�WUHDWPHQW��7KH�WKHUPDO�SURILOH�RI�HDFK�SURWHLQ�LV�HVWDEOLVKHG�E\�ILWWLQJ�D
VLJPRLG�FXUYH��ZKLFK�DOORZV�WR�GHWHUPLQH�LWV�PHOWLQJ�WHPSHUDWXUH��6XFK�DQ�H[SHULPHQW�LV�FRPSOH[�DQG�WLPH
FRQVXPLQJ�WR�VHW�XS��$�VLPSOHU�ZD\�GHVFULEHG�LQ�>�@�LV�WR�FRQVLGHU�RQO\�WKH�H[SUHVVLRQ�IROG�FKDQJH�EHWZHHQ�WKH
WUHDWPHQW�DQG�WKH�FRQWURO�RQ�IHZ�WHPSHUDWXUHV�SRLQWV��+RZHYHU��WKH�QXPHULFDO�DQDO\VLV�VWLOO�QHHGV�WR�EH�YDOLGDWHG
DQG�D�UREXVW�VFRULQJ�KDV�WR�EH�GHWHUPLQHG�LQ�RUGHU�WR�IRFXV�RQ�SURWHLQV�ZLWK�WKH�ODUJHVW�FKDQJH�LQ�PHOWLQJ
WHPSHUDWXUH��,Q�DGGLWLRQ��LW�ZRXOG�EH�LQWHUHVWLQJ�WR�LGHQWLI\�SURWHLQV�ZLWK�VLPLODU�&(76$�SURILOHV�EHFDXVH�WKH\�PD\
EHORQJ�WR�WKH�VDPH�SURWHLQ�FRPSOH[��)LQDOO\��WR�PDNH�WKHVH�DQDO\VHV�HDVLO\�DFFHVVLEOH�DQ�LQWHUDFWLYH�JUDSKLFDO
H[SORUDWLRQ�LQWHUIDFH�ZRXOG�EH�XVHIXO�

0HWKRGV� �7R�GHWHUPLQH�D�VFRUH�IRU�UDQNLQJ�WKH�EHVW�KLWV��ZH�ILUVW�HYDOXDWHG�WKH�PHDQ�RI�GLIIHUHQFHV�DV�LQ�>�@�
DOWKRXJK�WKH�PHDQ�FDQ�ORZHU�WKH�VFRUH�LI�D�VLQJOH�WHPSHUDWXUH�KDV�D�VLJQLILFDQW�IROG�FKDQJH��+RZHYHU��D�KLW�FDQ
RQO\�KDYH�RQH�VLJQLILFDQW�IROG�FKDQJH��$QRWKHU�ZD\�LV�WR�FRPSXWH�D�ZHLJKWHG�OHDVW�VTXDUHG�UHJUHVVLRQ�RQ�WKH
DEVROXWH�YDOXH�RI�WKH�IROG�FKDQJHV��UDQNHG�LQ�WKH�GHFUHDVLQJ�RUGHU�ZLWK�ODUJHU�ZHLJKWV�RQ�WKH�WZR�ODUJHVW�IROG
FKDQJHV��)URP�WKLV�UHJUHVVLRQ��ZH�REWDLQ�WKH�LQWHUFHSW�ZKLFK�ZLOO�EH�WKH�VFRUH��FDOOHG�6WDELOLW\�5DWH��65���,Q�WKLV
ZD\��WKH�VFRUH�LV�DOZD\V�SRVLWLYH��ZKLFK�RYHUFRPHV�WKH�SUREOHP�H[SODLQHG�HDUOLHU��:H�FDQ�SORW�WKH�FRPELQHG
S�YDOXH��)LVKHU
V�WHVW�S�YDOXH�RI�WKH�WZR�S�YDOXHV�RI�WKH�WZR�ELJJHVW�IROG�FKDQJHV��DJDLQVW�WKH�65��7KH�PRUH�WKH
SURWHLQ�LV�LQ�WKH�WRS�ULJKW�FRUQHU�RI�WKH�SORW��WKH�PRUH�FRQILGHQW�ZH�FDQ�EH�WKDW�WKH�GUXJ�LV�ELQGLQJ�WR�WKLV�SURWHLQ�
7R�ILQG�SURWHLQV�ZLWK�VLPLODU�WKHUPDO�SURILOHV��ZH�DOVR�FKRVH�WR�FRPSXWH�D�VLPLODULW\�VFRUH��$�VLPSOH�VFRUH�LV�WKH
(XFOLGHDQ�GLVWDQFH�VFRUH��ZKLFK�LV�EHWZHHQ���DQG����DOORZLQJ�WKHVH�SURWHLQV�WR�EH�ILOWHUHG��)LQDOO\��WR�HYDOXDWH�WKH
UHOHYDQFH�RI�WKHLU�DVVRFLDWLRQV�RU�WKHLU�EHORQJLQJ�WR�D�FRPSOH[��ZH�FDQ�TXHU\�WKH�675,1*�GDWDEDVH�

5HVXOWV��$V�DQ�H[DPSOH��ZH�XVHG�WKH�HOXWULDWLRQ�GDWDVHW>�@��:LWK�D�FRPELQHG�S�YDOXH�FXW�RII�RI������DQG�DQ�65
FXW�RII�RI�����ZH�IRXQG�����KLWV�LQ�WRWDO�ZLWK�WHQ�WLPHV�IHZHU�KLWV�LQ�*��SKDVH�FRPSDUH�WR�6�SKDVH��DV�LQ�>�@���)RU
H[DPSOH�&&1%��FRPHV�LQ�ILUVW�SRVLWLRQ�IROORZHG�E\�&'.��DV�VKRZQ�LQ�>�@��,Q�6�SKDVH�LW
V�5)&���%\�VHDUFKLQJ
SURILOHV�VLPLODU�WR�5)&���FXW�RII������ZH�UHFRYHUHG�WKH�5)&�FRPSOH[��)RU�(;26&���WKH�VLPLODULW\�VHDUFK
UHFRYHUHG�RQO\�(;26&���:LWK�WKH�YLPHQWLQ�SURWHLQ��9,0��ZH�UHFRYHUHG�D�675,1*�QHWZRUN�RI���LQWHUDFWLRQV��D
SRWHQWLDO�FRPSOH[�IRUPHG�E\�9,0��9&3��$&71��DQG�<:+$*��7KLV�WHFKQLTXH�FRXOG�EH�D�QHZ�ZD\�WR�IRFXV�IDVWHU
RQ�SURWHLQV�UHYHDOHG�E\�&(76$�DQG�WR�LGHQWLI\�SURWHLQ�FRPSOH[��7R�HDVH�WKH�DQDO\VLV�RI�&(76$�H[SHULPHQWV�LQ�D
VLQJOH�DQG�XVHU�IULHQGO\�ZD\��ZH�GHYHORSHG�DQ�5�SDFNDJH�PLQH&(76$DSS
�KWWSV���JLWKXE�FRP�PDUVHLOOH�SURWHRPLTXH�PLQH&(76$DSS��WKDW�RIIHUV�D�6KLQ\�DSSOLFDWLRQ�

5HIHUHQFHV

���0DUWLQH]�0ROLQD�HW�DO��6FLHQFH��������������������������

���'DL�HW�DO��&HOO������������������������

���0DUWLQH]�9DO�HW�DO��1DWXUH�&RPPXQLFDWLRQV������������������
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P27	
$EVWUDFW�����

:ULWHU���'U�5XL�9,725,12��UYLWRULQR#XD�SW�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

3URPLVLQJ�6DOLYDU\�3URWHLQ�0DUNHUV�IRU�+HDG�DQG�1HFN�6TXDPRXV�&HOO
&DUFLQRPD�3URJQRVLV
'U�5XL�9,725,12D

D�81,9(56,7<�2)�$9(,52

2ULDQD�%DUURV�����9LWR�*��'
$JRVWLQR���/XFLR�6DQWRV���5LWD�)HUUHLUD���5XL�9LWRULQR�����
� 'HSDUWPHQW�RI�0HGLFDO�6FLHQFHV��,QVWLWXWH�RI�%LRPHGLFLQH�L%L0('��8QLYHUVLW\�RI�$YHLUR������౮����$YHLUR�
3RUWXJDO
�([SHULPHQWDO�3DWKRORJ\�DQG�7KHUDSHXWLFV�*URXS��5HVHDUFK�&HQWHU�RI�,32�3RUWR��&,�,323����5,6(#&,�,323
�+HDOWK�5HVHDUFK�1HWZRUN��DQG�6XUJLFDO�'HSDUWPHQW�RI�3RUWXJXHVH�2QFRORJ\�,QVWLWXWH�RI�3RUWR��,32�3RUWR���
3RUWR�&RPSUHKHQVLYH�&DQFHU�&HQWHU��3RUWR�&&&�
�'HSDUWPHQW�RI�&HOOXODU��&RPSXWDWLRQDO�DQG�,QWHJUDWLYH�%LRORJ\��&,%,2���8QLYHUVLW\�RI�7UHQWR��9LD�6RPPDULYH���
�������7UHQWR��,WDO\
� /$49�5(48,07(��'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$YHLUR��&DPSXV�8QLYHUVLW£ULR�GH�6DQWLDJR�
���������$YHLUR��3RUWXJDO�
�8Q,&��'HSDUWPHQW�RI�6XUJHU\�DQG�3K\VLRORJ\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�3RUWR������౮����3RUWR��3RUWXJDO

+HDG�DQG�QHFN�VTXDPRXV�FHOO�FDUFLQRPD��+16&&��LV�RQH�RI�WKH�PRVW�FRPPRQ�PDOLJQDQW�FDQFHUV�LQ�WKH�ZRUOG�
,Q�DGYDQFHG�VWDJHV��WKH�PRUWDOLW\�UDWH�LV�KLJK��6WUDWLILFDWLRQ�RI�+16&&�SDWLHQWV�E\�PROHFXODU�FKDUDFWHULVWLFV
DOORZV�RSWLPL]DWLRQ�RI�FOLQLFDO�PDQDJHPHQW�RI�WKHVH�SDWLHQWV��+HUH��ZH�H[SORUHG�WKH�*(2�DQG�35,'(
GDWDEDVHV�WR�LGHQWLI\�SXWDWLYH�SURJQRVWLF�ELRPDUNHUV�IRU�+16&&��7KXV��DQ�LQWHJUDWHG�WUDQVFULSWRPH�DQDO\VLV
ZDV�SHUIRUPHG�WR�LGHQWLI\�WKH�PDMRU�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�LQ�+16&&�WLVVXHV��XVLQJ�*6(������
*6(�������*6(�������*6(�����DQG�*6(�����*(2�GDWDVHWV��LQ�FRPELQDWLRQ�ZLWK�D�SURWHRPLF�DQDO\VLV�WR
LGHQWLI\�WKH�RYHUUHSUHVHQWHG�SURWHLQV�LQ�VDOLYD�VDPSOHV�IURP�+16&&�SDWLHQWV��XVLQJ�35,'(�3;'������
GDWDVHW���7KH�SDQHO�RI�LGHQWLILHG�ELRPDUNHUV�ZDV�FKDUDFWHUL]HG�XVLQJ�ZHE�WRROV��QDPHO\�8$/&$1��7R33�DQG
3,1$Y�����)URP�WKH�FRPELQDWRULDO�DQDO\VLV�RI�WKHVH�2PLFV�GDWD��WKH�VDOLYDU\�ELRPDUNHUV�ZLWK�WKH�JUHDWHVW
SRWHQWLDO�IRU�FOLQLFDO�DSSOLFDWLRQ�IRU�SURJQRVWLF�VWUDWLILFDWLRQ�ZHUH�LGHQWLILHG��$'+���003���DQG�6���$���
2YHUDOO��WKLV�0XOWL�2PLFV�DSSURDFK�SURYLGHV�FRPSUHKHQVLYH�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�YDOXH�RI�FRPELQLQJ
$'+���003���DQG�6���$���DV�SURJQRVWLF�ELRPDUNHU�SDQHO�IRU�ULVN�VWUDWLILFDWLRQ��)XWXUH�VWXGLHV�VKRXOG�YDOLGDWH
WKLV�SDQHO�RI�ELRPDUNHUV�LQ�VDOLYD�VDPSOHV�IURP�D�ODUJH�FRKRUW�RI�SDWLHQWV�XVLQJ�WDUJHWHG�DSSURDFKHV�
HQYLVLRQLQJ�LWV�WUDQVODWLRQ�LQWR�WKH�FOLQLFDO�VHWWLQJ�
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P28	
$EVWUDFW�����

:ULWHU���2OLYLHU�/$1*(//$��ROLYLHU�ODQJHOOD#XQLYHUVLWH�SDULV�VDFOD\�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

0HUJLQJ�6SHF206�DQG�;�7DQGHP�LGHQWLILFDWLRQ�UHVXOWV�XVLQJ�PDFKLQH�OHDUQLQJ
DOJRULWKP�LQ�L�0DVV&KUR4
2OLYLHU�/$1*(//$D��7KLHUU\�%$//,$8D��0DUOªQH�'$9$1785(D��)LOLSSR�586&21,D��0«OLVDQGH�%/(,1�%,&2/$6D�
'RPLQLTXH�7(66,(5E

D�3$3362��8QLYHUVLW«�3DULV�6DFOD\��,15$(��&156��$JUR3DULV7HFK��*4(�/H�0RXORQ��E�,15$�85�����%LRSRO\PªUHV
,QWHUDFWLRQV�$VVHPEODJHV��)�������1DQWHV��)UDQFH

,QWURGXFWLRQ

6SHF206�LV�DQ�2SHQ�0RGLILFDWLRQ�6HDUFK�PHWKRG�SXEOLVKHG�RULJLQDOO\�LQ�'DYLG�HW�DO��������6SHF206�FRPSDUHV
H[SHULPHQWDO�VSHFWUD�JHQHUDWHG�E\�D�GLVFRYHU\�SURWHRPLFV�H[SHULPHQW�WR�D�ZKROH�VHW�RI�WKHRUHWLFDO�VSHFWUD
GHGXFHG�IURP�D�SURWHLQ�GDWDEDVH�LQ�D�IHZ�PLQXWHV�RQ�D�VWDQGDUG�ZRUNVWDWLRQ��7KH�SURFHGXUH�\LHOGV�LGHQWLILFDWLRQ
UHVXOWV�WKDW�PLJKW�FRPSULVH�SHSWLGHV�EHDULQJ�XQNQRZQ�PRGLILFDWLRQV�
;�7DQGHP�LV�D�KLJKO\�UHJDUGHG�FODVVLFDO�LGHQWLILFDWLRQ�HQJLQH��YHU\�HIILFLHQW�EXW�XQDEOH�WR�ILQG�SHSWLGH�VSHFWUXP
PDWFKHV��360V��LI�WKH�SUHFXUVRU�LRQ
V�PDVV�GRHV�QRW�FRUUHVSRQGV�WR�WKH�WKHRUHWLFDO�SHSWLGH
V�PDVV�
&RPELQLQJ�WKH�UHVXOWV�REWDLQHG�E\�UXQQLQJ�ERWK�6SHF206�DQG�;�7DQGHP�UHGXFHV�WKH�SURSRUWLRQ�RI�XQGHFLGHG
360V�FRPSDUHG�WR�D�FODVVLFDO�DSSURDFK��+RZHYHU�WKLV�FRPELQDWLRQ�DSSURDFK�UDLVHV�D�QXPEHU�RI�TXHVWLRQV
EHFDXVH�WKH�WZR�HQJLQHV�GR�FRPSXWH�360�VFRUHV�YHU\�GLIIHUHQWO\��:H�DGGUHVV�WKLV�SUREOHP�LQ�WKLV�UHSRUW�

0HWKRGV

2XU�L�0DVV&KUR4�TXDQWLWDWLYH�SURWHRPLFV�VRIWZDUH�KDV�EHHQ�HQKDQFHG�E\�LQWHJUDWLQJ�D�PDFKLQH�OHDUQLQJ
DOJRULWKP�FDOOHG�7,''��WRRO�LQGHSHQGHQW�DQG�GDWD�GHSHQGHQW�PDFKLQH�OHDUQLQJ�IRU�SHSWLGH�LGHQWLILFDWLRQ��

7,''�LV�D�XQLYHUVDO�SRVW�SURFHVVLQJ�WRRO�ZKLFK�VXSSRUWV�FRQILGHQW�SHSWLGH�LGHQWLILFDWLRQV�UHJDUGOHVV�RI�WKH�VHDUFK
HQJLQH��/L�HW�DO���������L�0DVV&KUR4�FRPSXWHV�D�FROOHFWLRQ�RI����IHDWXUHV�GHVFULELQJ�WKH�360��VLJQDO�LQWHQVLW\
SURSRUWLRQ�PDWFKLQJ�WKHRUHWLFDO�SHSWLGH�IUDJPHQWV��H[SHFWHG�LVRWRSH�UDWLR��DPRQJVW�RWKHUV���(DFK�360�LV�WDJJHG
HLWKHU��WDUJHW��LI�WKH�GHWHUPLQHG�SHSWLGH�VHTXHQFH�ZDV�IRXQG�RQ�WKH�WDUJHWHG�SURWHLQ�GDWDEDVH�RU��GHFR\��LI�QRW�
%DVHG�RQ�D�GDWD�VXEVHW��7,''�XVHV�D�FODVVLILFDWLRQ�6XSSRUW�9HFWRU�0DFKLQH��690��DOJRULWKP�WR�OHDUQ�KRZ�WR�XVH
WKH�IHDWXUHV�WR�FRQILGHQWO\�FODVVLI\�HDFK�360�LQ�WKH��WDUJHW��RU��GHFR\��FDWHJRU\��7,''�FRPSXWHV�DQ�690
SUREDELOLW\�WKDW�L�0DVV&KUR4�XVHV�DV�D�QHZ�360�VFRUH�LQ�RUGHU�WR�ILOWHU��JURXS�DQG�LQIHU�SHSWLGHV�DQG�SURWHLQV�LQ
WKH�VDPSOH�

5HVXOWV

:H�KDYH�HODERUDWHG�DQ�HIILFLHQW�WRRO�WR�PHUJH�LGHQWLILFDWLRQ�UHVXOWV�IURP�GLIIHUHQW�LGHQWLILFDWLRQ�HQJLQHV�
'HSHQGLQJ�RQ�WKH�VDPSOH��WKH�QXPEHU�RI�360V�LQ�DQ�06�UXQ�LGHQWLILFDWLRQ�PD\�EH�JUHDWO\�LQFUHDVHG�
$V�L�0DVV&KUR4�LV�DEOH�WR�KDQGOH�UHVXOWV�IURP�YDULRXV�LGHQWLILFDWLRQ�HQJLQHV��SHS;0/��P],GHQW0/��0DVFRW�GDW
IRUPDWV�DUH�VXSSRUWHG���WKH�SURFHGXUHV�GHVFULEHG�DERYH�PLJKW�EH�DSSOLHG�XVLQJ�RWKHU�LGHQWLILFDWLRQ�HQJLQHV�
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P29	
$EVWUDFW�����

:ULWHU���3LQDU�$/7,1(5��3LQDU�$OWLQHU#LSEV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������%LRLQIRUPDWLFV

(YDOXDWLQJ�3KRVSKRSHSWLGHV�4XDQWLILFDWLRQ�$FURVV�9DULRXV�$FTXLVLWLRQ
0HWKRGV�DQG�%LRLQIRUPDWLF�7RROV��1RYHO�6WDQGDUGV�DQG�7KHLU�8WLOLW\�LQ
$OJRULWKP�'HYHORSPHQW
3LQDU�$/7,1(5D��$QQH�*21=$/(=�'(�3(5('2E��&DULQH�)520(17E��'DYLG�%28<66,�E��2GLOH�6&+,/7=E

D�,QVWLWXW�GH�SKDUPDFRORJLH�HW�ELRORJLH�VWUXFWXUDOH��,3%6���E�,QVWLWXW�GH�SKDUPDFRORJLH�HW�ELRORJLH�VWUXFWXUDOH��,3%6���7RXORXVH
)UDQFH

3KRVSKRSURWHRPLFV�LV�D�FUXFLDO�PHWKRGRORJLFDO�DSSURDFK�IRFXVHG�RQ�LGHQWLI\LQJ�DQG�TXDQWLI\LQJ�SKRVSKRU\ODWHG
SHSWLGHV�IURP�FRPSOH[�SURWHLQ�VDPSOHV��,QGHHG��TXDQWLILFDWLRQ�RI�SKRVSKRU\ODWLRQ�VLWHV�DFURVV�GLIIHUHQW�UXQV�DQG
VDPSOHV�LV�LPSRUWDQW�WR�PRQLWRU�VLJQDOLQJ�HYHQWV�LQYROYHG�LQ�ELRORJLFDO�SURFHVVHV��+RZHYHU��DFKLHYLQJ�DFFXUDWH
ORFDOL]DWLRQ�RI�SKRVSKRU\ODWLRQ�VLWHV�FDQ�EH�FKDOOHQJLQJ�GXH�WR�WKH�DPELJXLW\�RI�WKH�H[SHULPHQWDO�IUDJPHQWDWLRQ
SDWWHUQ�LQ�DQ�06�06�VSHFWUXP��SDUWLFXODUO\�ZKHQ�WKH�IUDJPHQWHG�SHSWLGH�FRQWDLQV�PXOWLSOH�SRVVLEOH
SKRVSKRU\ODWLRQ�VLWHV��7R�DGGUHVV�WKLV�LVVXH��VHYHUDO�ORFDOL]DWLRQ�DOJRULWKPV�KDYH�EHHQ�GHYHORSHG�WR�DVVLJQ�D
VLJQLILFDQFH�VFRUH�WR�SRWHQWLDO�VLWHV�REVHUYHG�LQ�LQGLYLGXDO�06�06�VSHFWUD��'HVSLWH�WKH�RQJRLQJ�HIIRUWV�WR�LPSURYH
WKHVH�DOJRULWKPV��WKH\�PD\�KRZHYHU�QRW�DOZD\V�VXFFHHG�LQ�GHWHUPLQLQJ�WKH�SUHFLVH�ORFDWLRQ�RI�SKRVSKRU\ODWLRQV
LQ�HDFK�DQDO\WLFDO�UXQ��OHDGLQJ�WR�PLVPDWFKLQJ�RI�06�VLJQDOV�DFURVV�UXQV��PLVVLQJ�YDOXHV��DQG�TXDQWLWDWLYH�HUURUV�
+HUH��ZH�SUHVHQW�D�FRPSXWDWLRQDO�DSSURDFK�DLPLQJ�DW�PLWLJDWLQJ�VXFK�HUURUV��DV�ZHOO�DV�D�VWDQGDUG
SKRVSKRSURWHRPLF�GDWDVHW�GHVLJQHG�WR�EHQFKPDUN�ELRLQIRUPDWLF�WRROV�LQ�WKHLU�DELOLW\�WR�SURSHUO\�TXDQWLI\
SKRVSKR�GDWD�

7R�LPSURYH�WKH�DFFXUDF\�RI�SKRVSKR�ORFDOL]DWLRQ��ZH�GHYHORSHG�D�QRYHO�DOJRULWKP�EDVHG�RQ�D�SHSWLGH�FHQWULF
DSSURDFK��ZKLFK�JDWKHUV�VLWH�GHWHUPLQLQJ�LRQV�LQIRUPDWLRQ�IURP�DOO�06�06�VSHFWUD�UHODWHG�WR�D�JLYHQ
SKRVSKR�SHSWLGH�DFURVV�DOO�DQDO\WLFDO�UXQV��,W�JHQHUDWHV�LQ�WKDW�ZD\�D�SKRVSKRU\ODWLRQ�HYLGHQFH�PDWUL[��3(0��
ZKLFK�VXPPDUL]HV�IUDJPHQW�LRQ�LQWHQVLWLHV�IRU�DOWHUQDWLYH�SKRVSKDWH�SRVLWLRQV�LQ�DOO�WKH�FRPSDUHG�VDPSOHV��7KH
3(0V�DUH�WKHQ�SURFHVVHG�WR�FOXVWHU�SKRVSKR�VLWHV�ZLWK�VLPLODU�IUDJPHQW�LRQ�VLJQDWXUHV�DFURVV�WKH�DQDO\]HG
GDWDVHW��DOORZLQJ�PRUH�DFFXUDWH�PDWFKLQJ�RI�06�VLJQDOV��7R�FRPSDUH�WKH�DFFXUDF\�DQG�SUHFLVLRQ�RI�RXU�PHWKRG
ZLWK�H[LVWLQJ�DOJRULWKPV��ZH�FRQGXFWHG�D�EHQFKPDUNLQJ�VWXG\�XVLQJ�WZR�GLIIHUHQW�SKRVSKRU\ODWHG�VWDQGDUGV�
EDVHG�HLWKHU�RQ�D�OLEUDU\�RI�����V\QWKHWLF�SKRVSKR�SHSWLGHV�ZLWK�NQRZQ�ORFDOL]DWLRQV�RU�RQ�SKRVSKRSHSWLGHV
HQULFKHG�IURP�PRXVH�7�FHOOV��VSLNHG�DW�YDULRXV�FRQFHQWUDWLRQV�LQWR�(��FROL�EDFNJURXQG��:H�DQDO\]HG�WKRVH
VDPSOHV�XVLQJ�GLIIHUHQW�06�LQVWUXPHQWV��7KHUPR�([SORULV�DQG�%UXNHU�WLPV72)��DQG�YDULRXV�DFTXLVLWLRQ�PHWKRGV
�'DWD�'HSHQGHQW�$FTXLVLWLRQ��'DWD�,QGHSHQGHQW�$FTXLVLWLRQ���ZLWK�RU�ZLWKRXW�LRQ�PRELOLW\�VHSDUDWLRQ�

:H�SUHVHQW�KHUH�LQLWLDO�UHVXOWV�EDVHG�RQ�WKH�XVH�RI�3(0�KHDWPDSV��WR�GHWHUPLQH�WKH�FRUUHFW�ORFDOL]DWLRQ�RI
SKRVSKRVLWHV�E\�FOXVWHULQJ�IUDJPHQW�LRQ�VLJQDWXUHV�RI�VHYHUDO�06�06�VSHFWUD��$V�D�QH[W�VWHS��D�VFRULQJ�IXQFWLRQ
DQG�D�WDUJHW�GHFR\�PHWKRG�ZLOO�EH�LPSOHPHQWHG��HQDEOLQJ�DXWRPDWLF�GHWHUPLQDWLRQ�RI�SKRVSKR�VLWHV�SRVLWLRQ�IRU�D
JLYHQ�)'5��$OWKRXJK�PRUH�GHYHORSPHQW�LV�VWLOO�QHHGHG�IRU�D�GLUHFW�FRPSDULVRQ�RI�WKLV�PHWKRG�ZLWK�H[LVWLQJ
DOJRULWKPV��ZH�DOVR�VKRZ�KHUH�WKH�ILUVW�UHVXOWV�REWDLQHG�ZKHQ�FRPSDULQJ�TXDQWLWDWLYH�SKRVSKRSURWHRPLF
DSSURDFKHV�XVLQJ�RXU�FDOLEUDWHG�SKRVSKR�VWDQGDUGV��:H�VKRZ�WKH�XWLOLW\�RI�VXFK�VDPSOHV�DQG�VWDQGDUG�GDWDVHWV
WR�EHQFKPDUN�GLIIHUHQW�DFTXLVLWLRQ�PHWKRGV�DQG�GLIIHUHQW�ELRLQIRUPDWLF�WRROV��3UROLQH��0D[4XDQW�
3URWHRPH'LVFRYHUHU��',$�11��6SHFWURQDXW��LQ�WHUPV�RI�SKRVSKRVLWHV�ORFDOL]DWLRQ�DFFXUDF\�DQG�SKRVSKRSHSWLGHV
TXDQWLILFDWLRQ�DFFXUDF\�
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P30	
$EVWUDFW�����

:ULWHU���0DUWD�52-$6�7255(6��PDUWDBUWRUUHV#KRWPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

&RPSDULVRQ�RI�WLVVXH�KRPRJHQL]DWLRQ�SURWRFROV�IRU�RSWLPL]DWLRQ�RI�TXDQWLWDWLYH
SURWHRPLFV�DQG�SKRVSKRSURWHRPLF�DQDO\VLV��
0DUWD�52-$6�7255(6D��$QD�0$57,1(=�9$/E��/XFLD�%(/75$1�&$0$&+2F��6DUD�(6/$9$�$/&21D��-HVSHU
9��2/6(1E��0l�&DUPHQ�'85$1�58,=D

D�%LRPHGLFLQH��%LRWHFKQRORJ\�DQG�3XEOLF�+HDOWK��8QLYHUVLW\�RI�&DGL]���,QKLELFD��E�1RYR�1RUGLVN�)RXQGDWLRQ�&HQWHU�IRU�3URWHLQ
5HVHDUFK��8QLYHUVLW\�RI�&RSHQKDJHQ��F�&HOO�ELRORJ\��3K\VLRORJ\�DQG�,PPXQRORJ\��,PLELF���8QLYHUVLW\�RI�&RUGRED

7LVVXH�KRPRJHQL]DWLRQ�DQG�FHOO�O\VLV�DUH�WKH�ILUVW�VWHSV�LQ�YLUWXDOO\�DOO�PROHFXODU�ELRORJ\�DQG�GLDJQRVWLF�WHFKQLTXHV�
7KH�UHSURGXFLEOH�DQG�HIILFLHQW�H[WUDFWLRQ�RI�SURWHLQV�IURP�WLVVXH�ELRSVLHV�IRU�TXDQWLWDWLYH�DQDO\VLV�LV�D�FULWLFDO�VWHS
LQ�ELRPDUNHU�DQG�WUDQVODWLRQDO�UHVHDUFK��DV�LW�DOORZV�PD[LPDO�UHFRYHU\�IURP�OLPLWHG�TXDQWLW\�VSHFLPHQV�DQG
PLQLPL]H�WKH�HIIHFWV�RI�LQWUDWLVVXH�KHWHURJHQHLW\��7LVVXHV�DUH�VSHFLDOO\�FKDOOHQJLQJ�WR�SKRVSKRSURWHRPLFV
DQDO\VLV��VLQFH�LW�LV�FUXFLDO�WR�LQDFWLYDWH�SKRVSKDWDVHV�WKDW�PLJKW�EH�DFWLYH�GXULQJ�WKH�KRPRJHQHL]DWLRQ�SURFHVV�
1RZDGD\V��WKHUH�DUH�VHYHUDO�PHWKRGV�DQG�VSHFLILF�GHYLFHV�IRFXVHG�RQ�WKH�RSWLPL]DWLRQ�RI�WKH�DERYHPHQWLRQHG�
,Q�WKLV�UHJDUG��VRPH�RI�WKH�PRVW�XVHG�DUH�DXWRPDWLF�GU\�SXOYHUL]HU��&RYDULV p ��DQG�3UHFHOO\V p �����%HUWLQ
WHFKQRORJLHV���DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�SURWHRPH�VWDELOL]HU��'HQDWRU�$%��

,Q�WKH�FXUUHQW�VWXG\�ZH�KDYH�HYDOXDWHG��E\�DSSOLFDWLRQ�RI�D�ODEHO�IUHH�TXDQWLWDWLYH��/)4��SURWHRPLF�DSSURDFK��WKH
06�SURILOHV�REWDLQHG�IURP�GLIIHUHQW�WLVVXH�VDPSOHV��OLYHU��NLGQH\V��VSOHHQ��OXQJV��KHDUW�DQG�EUDLQ��DIWHU
KRPRJHQL]DWLRQ�XVLQJ�3UHFHOO\V��'HQDWRU�ZLWK�3UHFHOO\V�DQG�&RYDULV��LQ�RUGHU�WR�LGHQWLI\�WKH�RSWLPDO�DSSURDFK�IRU
HDFK�WLVVXH�ZKHQ�SHUIRUPLQJ�D�WRWDO�SURWHRPH�DQG�SKRVSKRSURWHRPH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\VHV��$IWHU
WKH�KRPRJHQL]DWLRQ�DQG�SURWHLQ�H[WUDFWLRQ�VWHS��SURWHLQV�ZHUH�GLJHVWHG�XVLQJ�3URWHLQ�$JJUHJDWLRQ�&DSWXUH�LQ�WKH
.LQJ)LVKHU�SODWIRUP��0RUHRYHU��SKRVSKR�SHSWLGH�HQULFKPHQW�ZDV�SHUIRUPHG�LQ�WKH�.LQJ)LVKHU�SODWIRUP�XVLQJ
7L�,0$&�+3�EHDGV��6DPSOHV�ZHUH�DQDO\VHG�RQ�D�2UELWUDS�([SORULV��7KHUPR�6FLHQWLILF��FRXSOHG�WR�DQ�(YRVHS2QH
/&�SODWIRUP��RSHUDWLQJ�LQ�'DWD�,QGHSHQGHQW�DFTXLVLWLRQ��',$���6SHFWURQDXW70�DQG�3HUVHXV�VRIWZDUH�ZHUH�XVHG�IRU
GDWD�SURFHVVLQJ�DQG�VWDWLVWLFDO�DQDO\VLV�

:H�HYDOXDWHG�WKH�SHUIRUPDQFH�RQ�HDFK�KRPRJHQHL]DWLRQ�SURWRFRO�LQ�WHUPV�RI�RYHUDOO�SURWHLQ�DQG
SKRVSKR�SHSWLGH�FRYHUDJH��DV�ZHOO�DV�HQULFKPHQW�HIILFLHQF\�DQG�DSSOLFDELOLW\�RI�WKH�PHWKRG�IRU�ODUJH�VFDOH
VWXGLHV��$OO�PHWKRGV�ZHUH�FRPSDUDEOH�LQ�WHUPV�RI�SURWHLQ�FRYHUDJH��DV�ZHOO�DV�RQ�SKRVSKR�SHSWLGH�HQULFKPHQW
HIILFLHQF\��2Q�DYHUDJH��ZH�TXDQWLILHG�������SURWHLQV�SHU�WLVVXH��7KH�SKRVSKR�SHSWLGH�FRYHUDJH��DV�ZHOO�DV�RWKHU
370V�VXFK�DV�R[LGDWLRQ��UHYHDOHG�KLJKHU�WLVVXH�VSHFLILFLW\�UHIOHFWLQJ�WKH�GLIIHUHQW�SK\VLRORJ\�DQG�VLJQDOLQJ�RI�HDFK
WLVVXH��+RZHYHU��ZH�GLG�QRW�ILQG�DQ\�FRQVLVWHQW�ELDV�RQ�DQ\�RI�WKH�SLSHOLQHV�VWXGLHG�KHUH��6HYHUDO�GLIIHUHQFHV
ZHUH�IRXQG�GHSHQGLQJ�RQ�WKH�WLVVXH�DQG�KRPRJHQL]DWLRQ�DSSURDFK��HVSHFLDOO\�IURP�WKH�SURFHVVLQJ�WLPH�UHTXLUHG
LQ�HDFK�SLSHOLQH��4XDQWLILFDWLRQ�UHVXOWV�UHJDUGLQJ�WRWDO�SURWHRPH�DQG�SKRVSKRSURWHRPH�ZLOO�EH�IXUWKHU�GLVFXVVHG�
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P32	
$EVWUDFW�����

:ULWHU���'U�&KULVWRSKH�)/$+$87��FKULVWRSKH�IODKDXW#XQLY�DUWRLV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

+RZ�WR�LGHQWLI\��DW�D�ORZHU�FRVW����WR���WLPHV�PRUH�SHSWLGHV�IURP�DJUL�IRRG
K\GURO\VDWHV"
'U�&KULVWRSKH�)/$+$87D��7DKLULPDQMDND�$1'5,$0$1$5,92E��%DUEDUD�'(5$&,12,6E��%HQRLW�&8'(11(&E�
5R]HQQ�5$9$//(&E

D�81,9(56,7��'
$572,6��E�81,9(56,7��'(�/,//(

7KH�YDORUL]DWLRQ�RI�E\�SURGXFWV�IURP�WKH�DJUR�IRRG�LQGXVWU\�UHSUHVHQWV�D�SURPLVLQJ�DSSURDFK�IRU�D�WUDQVLWLRQ�WR�D
FLUFXODU�HFRQRP\�GXH�WR�WKH�ODUJH�TXDQWLWLHV�RI�DJUR�IRRG�E\�SURGXFWV�JHQHUDWHG�HDFK�\HDU >�@ ��0DQ\�DJUR�IRRG
E\�SURGXFWV�DUH�DQ�H[FHOOHQW�VRXUFH�RI�SURWHLQV�WKDW�FDQ�EH�YDORUL]HG�E\�HQ]\PDWLF�K\GURO\VLV�SURFHVV�WR�REWDLQ
SHSWLGHV�ZLWK�KLJK�DGGHG�YDOXH�VXFK�DV�QXWULWLRQDO���ELRORJLFDO���RUJDQROHSWLF��RU�WHFKQR�IXQFWLRQDO�SURSHUWLHV >���@
��+RZHYHU��DOWKRXJK�PDQ\�PHWKRGV�RI�SHSWLGRPH�DQDO\VLV�FDQ�EH�XVHG��WKH�FRPSOHWH�LGHQWLILFDWLRQ�RI�SHSWLGH
�GHWHUPLQDWLRQ�RI�WKH�DPLQR�DFLG�VHTXHQFH��FRQWHQW�IURP�WKHVH�E\�SURGXFWV�VWLOO�UHSUHVHQWV�D�FKDOOHQJH�LQ�WKH�ILHOG
RI�SHSWLGRPLFV�GXH�WR�WKH�FRPSOH[LW\�RI�ELRORJLFDO�PDWULFHV�DQG�WKH�XVH�RI�QRQ�VSHFLILF�HQ]\PHV>�@�

7R�DGGUHVV�WKLV�FKDOOHQJH��WKLV�VWXG\�DLPV�WR�GHYHORS�D�WZR�GLPHQVLRQDO���'��SHSWLGH�VHSDUDWLRQ�IUDFWLRQDWLRQ
VWUDWHJ\�FRQVLVWLQJ�RI�D�FDWLRQ�H[FKDQJH�FKURPDWRJUDSK\�IROORZHG��RII�OLQH��ZLWK�D�UHYHUVHG�SKDVH�KLJK
SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��53�+3/&��FRXSOHG�WR�D�KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWHU��+5�06���7KH
RSWLPL]DWLRQ�RI�WKH�VHSDUDWLRQ�IUDFWLRQDWLRQ�RSHUDWLQJ�FRQGLWLRQV�ZDV�FDUULHG�RXW�XVLQJ �L��D�PLON�SURWHLQ�K\GURO\VLV
DQG �LL ��D�PL[WXUH�RI�ILIWHHQ�SURWHLQV�IURP�GLIIHUHQW�VRXUFHV�VXEMHFWHG�WR�DQ �LQ�YLWUR �VLPXODWHG�JDVWURLQWHVWLQDO
GLJHVWLRQ��0DVV�VSHFWURPHWU\�GDWD�DQG�WKHLU�ELRLQIRUPDWLFV�UHWUHDWPHQW�KLJKOLJKW�WKH�LQWHUHVW�RI�D
�'�FKURPDWRJUDSKLF�VWUDWHJ\�LQ�FRPSDULVRQ�WR�D�FODVVLFDO�VWUDWHJ\�E\�VLPSOH�53�+3/&�+5�06�DQDO\VLV�

5HIHUHQFHV�

>�@�%��6RFDV�5RGU¯JXH]��*���OYDUH]�5LYHUD��$��9DOG«V��(��,E£³H]��$��&LIXHQWHV� �7UHQGV�)RRG�6FL��7HFKQRO� ������
��� �����౮����

>�@�%��%KDVNDU��/��$QDQWKDQDUD\DQ��6��1��-DPGDU��)RRG�6FL��%LRWHFKQRO��������������౮���

>�@�0G��6��,VODP��+��:DQJ��+��$GPDVVX��$��$��6XOLHPDQ��)��$��:HL��3URFHVV�%LRFKHP����������������౮���

>�@�6��0DUWLQL��/��6ROLHUL��'��7DJOLD]XFFKL��&XUU��2SLQ��)RRG�6FL��������������౮���
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P33	
$EVWUDFW�����

:ULWHU���0DU\DP�$%287,0$1��PDU\DP�DERXWLPDQ#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

&RPSDULVRQ�RI�KLVWLGLQH�SKRVSKRU\ODWLRQ�SURWRFROV�LQ�HXNDU\RWHV
0DU\DP�$%287,0$1D��9LUJLQLH�6$/127E��$ULMH�0(65,E��0LFKHO�$87,1E��-RKDQQD�%58&(E��&«GULF�%52866$5'E�
0DUMRULH�/('8&E��)UDQ©RLV�*8,//211($8E��2OLYLHU�+(50,1(F��(PLOLH�)OHXU�*$87,(5E

D�,167,787�&2&+,1��,167,787�,0$*,1(��E�,167,787�&2&+,1��F�,167,787�,0$*,1(

3KRVSKRU\ODWLRQV�DUH�DPRQJ�WKH�PRVW�FRPPRQ�DQG�WKH�PRVW�VWXGLHG�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV��&RPPRQO\
VWXGLHG�SKRVSKRU\ODWLRQV�DUH�RQ�VHULQH��WKUHRQLQH��DQG�W\URVLQH�EHFDXVH�RI�WKHLU�ORZHU�ODELOLW\�OHYHO�FRPSDUHG�WR
RWKHU�SKRVSKRU\ODWHG�DPLQR�DFLGV��$V��LQ�HXNDU\RWHV����DPLQR�DFLGV�FDQ�EH�SKRVSKRU\ODWHG��IRUPLQJ�LQ�WRWDO�IRXU
W\SHV�RI�SKRVSKDWHV�SURWHLQ�OLQN��$PRQJ�WKHP��ZH�FDQ�ILQG�KLVWLGLQH�SKRVSKRU\ODWLRQV��7KLV�SKRVSKRU\ODWLRQ�LV
HVWLPDWHG�WR�UHSUHVHQW����RI�WKH�WRWDO�SKRVSKRU\ODWLRQV�LQ�HXNDU\RWHV��+RZHYHU��XQWLO�UHFHQWO\��WKHUH�KDV�EHHQ�IHZ
UHVHDUFK�RQ�WKLV�SKRVSKRU\ODWLRQ��LQ�HXNDU\RWHV��7KLV�LV�SULQFLSDOO\�GXH�WR�WKH�ODFN�RI�SKRVSKRSURWHFWLYH
WHFKQLTXHV��WKDW�ZRXOG�SUHYHQW�WKH�KLJK�ODELOLW\�RI�WKH�SKRVSKRU\ODWLRQ��<HW��VLQFH�������QHZ�SURWRFROV�DQG�WRROV
KDYH�EHHQ�GHYHORSHG�DOORZLQJ�KLVWLGLQH�SKRVSKRU\ODWLRQ�VWXG\��2XU�REMHFWLYHV�ZHUH����WR�VHW�XS�GLIIHUHQW
SURWRFROV�RI�KLVWLGLQH�SKRVSKRU\ODWLRQ�DQDO\VLV�E\�PDVV�VSHFWURPHWU\����WR�FRPSDUH�WKHP�WR�FKRVH�WKH�PRVW
SHUIRUPDQW����WR�LPSURYH�WKLV�SURWRFRO�

,Q�WKLV�VWXG\��ZH�FRPSDUHG�WZR�GLIIHUHQW�KLVWLGLQH�SKRVSKRU\ODWLRQ�HQULFKPHQW�SURWRFROV�WR�SURWRFROV�XVLQJ�L0$&
DQG�7L2��XVXDOO\�HPSOR\HG�IRU�2�SKRVSKRU\ODWLRQ�DQDO\VHV�LQ�SURWHRPLFV��'RLQJ�VR��ZH�FRPSDUHG�D�SURWRFRO�RI
L0$&�LQ�QRQ�DFLGLF�FRQGLWLRQ�DGDSWHG�IURP�3RWHO�&0�HW�DO���0&3��������DQG�6$;�SURWRFRO�DGDSWHG�IURP
+DUGPDQ�*�HW�DO���(0%2��������,Q�D�87�HSR�FHOO�OLQH��ZH�GHSULYHG�DQG�UHVWLPXODWHG�GXULQJ����PLQXWHV�ZLWK�(32
WKH�FHOOV�WR�LQGXFHV�SKRVSKRU\ODWLRQV��:H�WKHQ�SHUIRUPHG�HDFK�HQULFKPHQW�DSSURDFK�RQ���LQGHSHQGHQW
UHSOLFDWHV��$OO�WKH�DQDO\VHV�ZHUH�SHUIRUPHG�RQ�DQ�2UELWUDS�)XVLRQ�PDVV�VSHFWURPHWHU�K\SKHQDWHG�ZLWK�D�56/&
8����QDQRFKURPDWRJUDSK\�FKDLQ��7KHUPR�)LVKHU��DQG�0D[TXDQW�VRIWZDUH�IRU�WKH�LGHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ
RI�SKRVSKR�VLWHV��:H�FRPSDUHG�WKH�QXPEHU�RI�LGHQWLILHG�SKRVSKRU\ODWLRQ�RQ�VHULQH��WKUHRQLQH��W\URVLQH��67<��
DQG�KLVWLGLQH��EXW�DOVR�WKH���RWKHU�QRQ�FDQRQLFDO�SKRVSKRU\ODWLRQV�

:LWK�D�WKUHVKROG�DW�����IRU�WKH�ORFDOL]DWLRQ�SUREDELOLW\�DQG�����IRU�WKH�3RVWHULRU�(UURU�3UREDELOLW\��3(3���ZH�ZHUH
DEOH�WR�LGHQWLI\�D�PHDQ�RI������SKRVSKR�VLWHV�IRU�WKH�6$;�SURWRFRO�������SKRVSKR�VLWHV�IRU�WKH�L0$&�LQ
QRQ�DFLGLF�FRQGLWLRQ�SURWRFRO�������SKRVSKR�VLWHV�IRU�WKH�L0$&�LQ�DFLGLF�FRQGLWLRQ�SURWRFRO��DQG�����
SKRVSKR�VLWHV�IRU�WKH�7L2��LQ�DFLGLF�FRQGLWLRQV�SURWRFRO��$PRQJ�WKRVH�SKRVSKR�VLWHV��WKH�6$;�SURWRFRO�DOORZHG
XV�WR�LGHQWLI\�D�PHDQ�RI�����SKRVSKR�VLWHV�RQ�67<��WKH�7L2��DQG�L0$&�SURWRFRO�LQ�DFLGLF�FRQGLWLRQV�DOORZHG�XV�WR
LGHQWLI\��UHVSHFWLYHO\��D�PHDQ�RI������DQG������SKRVSKR�VLWHV�RQ�67<��$PRQJ�WKHP��IRU�WKH�6$;�SURWRFRO��ZH
ILQG�NQRZQ�67<�SKRVSKRU\ODWLRQV�LQGXFHG�E\�(32�VWLPXODWLRQ�OLNH�WKH�W\URVLQH�SKRVSKRU\ODWLRQ�RI�67$7��RU
(5.���SURWHLQ��ZKLFK�FRQILUP�RXU�GDWD�E\�FRPSDULVRQ�WR�SUHYLRXVO\�SXEOLVKHG�RQH��,Q�QRQ�DFLGLF�FRQGLWLRQ�ZH
ZHUH�DEOH�WR�\LHOG�D�PHDQ�RI�����KLVWLGLQH�SKRVSKR�VLWHV�IRU�6$;�����IRU�L0$&�LQ�QRQ�DFLGLF�FRQGLWLRQV�����DQG���
IRU�L0$&�DQG�7L2��LQ�DFLGLF�FRQGLWLRQ��+RZHYHU��HYHQ�LI�WKH�6$;�SURWRFRO�DOORZHG�WKH�LGHQWLILFDWLRQ�RI�VHYHUDO
KXQGUHG�RI�KLVWLGLQH�SKRVSKRU\ODWLRQ�VLWHV��ZH�REVHUYHG�D�JHQHUDO�ODFN�RI�UHSURGXFLELOLW\�RI�WKH�UHVXOWV�EHWZHHQ
UHSOLFDWHV��&RQVHTXHQWO\��ZH�LPSURYHG�RXU�SURWRFRO��7KLV�LPSURYHPHQW�DOORZHG�WR�PD[LPL]H�WKH�ORFDOL]DWLRQ
SUREDELOLW\�ZLWK�D�PHDQ�RI�����RI�LGHQWLILHG�KLVWLGLQH�SKRVSKR�VLWH�ZLWK�D�ORFDOL]DWLRQ�SUREDELOLW\�RYHU�����ZKHQ�WKH
SUHYLRXV�6$;�SURWRFRO�RQO\�VFRUHG�����RI�LWV�LGHQWLILHG�KLVWLGLQH�SKRVSKR�VLWH�ZLWK�WKH�ORFDOL]DWLRQ�SUREDELOLW\
RYHU������:H�ZHUH�DOVR�DEOH�WR�FRQILUP�WZR�KLVWLGLQH�SKRVSKRU\ODWLRQV�RI�LQWHUHVW�E\�LPPXQRSUHFLSLWDWLQJ�WKHP�DQG
UHYHDOLQJ�WKH�KLVWLGLQH�SKRVSKRU\ODWLRQ�E\�ZHVWHUQ�EORW�

7R�FRQFOXGH��ZH�KDYH�VHW�XS�D�6$;�SURWRFRO�WKDW�ZH�LPSURYHG�DOORZLQJ�WKH�LGHQWLILFDWLRQ�RI�VHYHUDO�KXQGUHG�RI
KLVWLGLQH�SKRVSKR�VLWHV��+RZHYHU��WR�WKLV�SRLQW�ZH�RQO\�KDYH�IHZ�WHFKQLFDO�UHSOLFDWHV��DQG�WKHVH�GDWD�QHHG�WR�EH
FRQILUPHG�RQ�ELRORJLFDO�UHSOLFDWHV��)LQDOO\��WKH�UHSURGXFLELOLW\�RI�WKLV�QHZ�SURWRFRO�QHHGV�WR�EH�DVVHVVHG�
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P34	
$EVWUDFW�����

:ULWHU���'U�6DUDKL�-$5$0,//2�257,=��MDUPLOORRUWL]#XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

$�QRYHO�',$�ODEHO�IUHH�SURWHRPLFV�ZRUNIORZ�WR�VWXG\�SURWHLQ�JO\FDWLRQ�LQ�SODVPD
VDPSOHV��
6DUDKL�-$5$0,//2�257,=D��&KDUORWWH�%581E��)DEULFH�%(57,/(E��)UDQFRLV�&5,6&82/2F��&KULVWLQH�6&+$())(5E

D�,3+&�/60%2���8QLYHUVLW«�GH�6WUDVERXUJ�&156�����UXH�%HFTXHUHO��������6WUDVERXUJ��)UDQFH�,QIUDVWUXFWXUH�1DWLRQDOH�GH
3URW«RPLTXH�3UR),���)5�������������E�,3+&�/60%2���8QLYHUVLW«�GH�6WUDVERXUJ�&156�����UXH�%HFTXHUHO�������
6WUDVERXUJ��)UDQFH��,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URW«RPLTXH�3UR),���)5������������6WUDVERXUJ��)UDQFH��F�,3+&�'(3(��
8QLYHUVLW«�GH�6WUDVERXUJ�&156�����UXH�%HFTXHUHO��������6WUDVERXUJ��)UDQFH

*O\FDWLRQ�LV�D�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQ��370��LQGXFHG�E\�WKH�QRQ�HQ]\PDWLF�UHDFWLRQ�EHWZHHQ�UHGXFLQJ
VXJDUV�DQG�SULPDU\�DPLQR�JURXSV�RI�SURWHLQV��UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�$PDGRUL�FRPSRXQGV�DQG�DGYDQFHG
JO\FDWLRQ�HQG�SURGXFWV��$*(V���3URWHLQ�JO\FDWLRQ�KDV�EHHQ�DVVRFLDWHG�ZLWK�GLDEHWHV�DQG�DJLQJ�UHODWHG
SDWKRORJLHV� ��$OWKRXJK�YHU\�IHZ�SURWHRPLFV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�JO\FDWLRQ�UHVHDUFK��WKH�SUHIHUUHG
UHFXUUHQW�DQDO\WLFDO�SODWIRUP�WR�VWXG\�WKLV�370�LV�PDVV�VSHFWURPHWU\�ZLWK�HQ]\PDWLF�GLJHVWLRQ��ERWWRP�XS
DSSURDFK����*O\FDWHG�SURWHLQV�LQ�SODVPD�DUH�UHODWLYHO\�ORZ�DEXQGDQW�DQG�FRPSUHKHQVLYH�JO\FDWLRQ�VWXGLHV�UHTXLUH
WKH�HQULFKPHQW�RI�PRGLILHG�SHSWLGHV�FRXSOHG�ZLWK�DGYDQFHG�PDVV�VSHFWURPHWU\�EDVHG�PHWKRGV��7R�GDWH��QR
JO\FDWHG�SURWHRPH�VWXGLHV�KDYH�EHHQ�SXEOLVKHG�LQ�ZKLFK�GDWD�LQGHSHQGHQW�DFTXLVLWLRQ��',$��DSSURDFK�KDV�EHHQ
DSSOLHG�

,Q�WKLV�VWXG\��D�ODEHO�IUHH�TXDQWLWDWLYH�DSSURDFK�ZDV�GHYHORSHG�WR�VWXG\�JO\FDWLRQV�LQ�XQGHSOHWHG�SODVPD��7ZR
VDPSOH�SUHSDUDWLRQ�ZRUNIORZV�ZHUH�RSWLPL]HG��7KH�ILUVW�DSSURDFK�LQYROYHG�LVRSURSDQRO�JUDGLHQW�SHSWLGH
IUDFWLRQDWLRQ��&,)��ZLWK�SDUDPDJQHWLF�EHDGV�WR�GHFRPSOH[LI\�WKH�SURWHRPH�SULRU�WR�/&�06�06�DQDO\VLV��7KH
VHFRQG�RQH�VHTXHQWLDOO\�FRPELQHG�&,)�DQG�DXWRPDWHG�ERURQDWH�DIILQLW\�FKURPDWRJUDSK\��%$&��HQULFKPHQW�RQ�DQ
$VVD\0$3�%UDYR�SODWIRUP��+HUHLQ��ZH�HYDOXDWHG�GLD�3$6()�PHWKRGV�RQ�D�WLPV72)�3UR�SODWIRUP�

&RPPHUFLDO�KXPDQ�SODVPD�SURWHLQV������wJ��ZHUH�GLJHVWHG�RYHUQLJKW�XVLQJ�WU\SVLQ�/\V�&��,Q�WKH�ILUVW�DSSURDFK�
&,)�IUDFWLRQDWLRQ�ZDV�SHUIRUPHG�RQ�WU\SWLF�SHSWLGHV�DQG�WKHQ�DQDO\]HG�E\�/&�06��,Q�SDUDOOHO��IRU�WKH�VHFRQG
DSSURDFK��GLJHVWHG�SHSWLGHV�ZHUH�VHTXHQWLDOO\�IUDFWLRQDWHG�DQG�JO\FDWHG�SHSWLGHV�ZHUH�HQULFKHG�SULRU�WR
/&�06�06�DQDO\VLV��&,)�ZDV�SHUIRUPHG�XVLQJ�SDUDPDJQHWLF�EHDGV�JUDIWHG�ZLWK�FDUER[\ODWH�JURXSV��SHSWLGHV
ZHUH�HOXWHG�LQWR�ILYH�IUDFWLRQV��)��$&1��)������)������)������DQG�)�����LVRSURSDQRO���&XVWRP�%$&�FDUWULGJHV�KLJK
FDSDFLW\��%HQH/DE��=DJUHE��&URDWLD��ZHUH�XVHG�WR�SHUIRUP�DXWRPDWHG�HQULFKPHQW�RQ�WKH�$VVD\0DS�%UDYR
SODWIRUP��$JLOHQW���$OO�VDPSOHV�ZHUH�SUHSDUHG�LQ�WULSOLFDWH�DQG�DQDO\]HG�E\�QDQR/&�06�06�XVLQJ�D�7LPV72)�3UR
�%UXNHU��LQ�',$�PRGH��'DWD�ZHUH�SURFHVVHG�ZLWK�6SHFWURQDXW������VRIWZDUH��%LRJQRV\V��DQG�',$�11��������

2XU�UHVXOWV�VKRZHG�WKDW��LQ�WHUPV�RI�WRWDO�XQPRGLILHG�SURWHLQV�DQG�SHSWLGHV��XVLQJ�',$�PRGH�LQFUHDVHV�WKH
QXPEHU�RI�LGHQWLILFDWLRQV�E\�D�IDFWRU�RI�WZR�FRPSDUHG�WR�SUHYLRXV�H[SHULPHQWV�SHUIRUPHG�LQ�''$�PRGH��DOEHLW�QRW
ZKHQ�XVLQJ�VDPSOH�IUDFWLRQDWLRQ�

5HJDUGLQJ�PRGLILHG�SHSWLGHV�DQG�SURWHLQV�LQ�FRQWURO�VDPSOHV��QRQ�IUDFWLRQDWHG�DQG�QRQ�HQULFKHG�����WLPHV�PRUH
SHSWLGHV�ZHUH�LGHQWLILHG�LQ�',$�FRPSDUHG�WR�''$�DFTXLVLWLRQ�PRGH�DQG�����PRUH�SURWHLQV��7KH�',$�DFTXLVLWLRQ
PRGH�DQDO\VLV�RI�IUDFWLRQDWHG�&,)�VDPSOHV�HQDEOHG�D�����LQFUHDVH�LQ�WKH�QXPEHU�RI�PRGLILHG�SURWHLQV�DQG�D
����LQFUHDVH�LQ�WKH�QXPEHU�RI�PRGLILHG�SHSWLGHV�DQG�JO\FDWLRQ�VLWHV�UHFRJQL]HG��7KH�FRPELQHG�LPSOHPHQWDWLRQ
RI�&,)�IUDFWLRQDWLRQ�DQG�%$&�HQULFKPHQW�RI�JO\FDWHG�SHSWLGHV�LQ�',$�PRGH�DFTXLVLWLRQ�DFKLHYHG�WR�LQFUHDVH�LQ�WKH
QXPEHU�RI�JO\FDWHG�SHSWLGHV�DQG�JO\FDWLRQ�VLWHV��WZRIROG��DV�ZHOO�DV�SURWHLQV��WKUHH�IROG��FRPSDUHG�WR
QRQ�IUDFWLRQDWHG�DQG�QRQ�HQULFKHG�VDPSOHV�

7KH�ERWWRP�XS�SURWHRPLF�PHWKRG�GHYHORSHG�KDV�VXFFHVVIXOO\�LQFUHDVHG�WKH�LGHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ�RI
QXPHURXV�SHSWLGHV�DQG�SURWHLQV�PRGLILHG�E\�$PDGRUL�SURGXFWV�LQ�KXPDQ�XQGHSOHWHG�SODVPD�VDPSOHV��7R�RXU
NQRZOHGJH��WKLV�LV�WKH�ILUVW�JO\FDWHG�SURWHRPH�XVLQJ�D�FRPELQDWLRQ�RI�IUDFWLRQDWLRQ�ERURQDWH�EDVHG�HQULFKPHQW
VWUDWHJLHV�FRXSOHG�ZLWK�FRPSUHKHQVLYH�',$�06��7KLV�DSSURDFK�ZLOO�QRZ�EH�DSSOLHG�WR�VDPSOHV�IURP�GLIIHUHQW
DYLDQ�VSHFLHV�LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�KRZ�ELUGV�PDQDJH�WKHLU�XVXDOO\�KLJK�OHYHOV�RI�EORRG�JOXFRVH�
1. $��6KLQ�HW�DO���$GY�&OLQ�&KHP��������������������
2. &��6HRQJK\HRQ�HW�DO���5HYLHZV�LQ�$QDO\WLFDO�&KHPLVWU\������������������
3. 9��'HPLFKHY�HW�DO���HW�DO��1DW�0HWKRGV������������������
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P35	
$EVWUDFW�����

:ULWHU���-XOLH�0$1(66,(5��MXOLH�PDQHVVLHU#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

+XQWLQJ�IRU�PRXVH�VSHFLILF�YDULDQWV�RI�KLVWRQH�+��E\�PLGGOH�GRZQ�SURWHRPLFV
-XOLH�0$1(66,(5D��7LQD�5$916%25*E��+DVVDQ�+,-$=,D��0DULH�&285�21D��6DELQH�%58*,�5(D��2OH�-(16(1E�
'HOSKLQH�3)/,(*(5D

D�([SORULQJ�WKH�'\QDPLFV�RI�3URWHRPHV��('\3���8QLYHUVLW\�*UHQREOH�$OSHV��&($��,QVHUP��,5,*�%*(�8$����&156�&($
)5������E�'HSDUWPHQW�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\��9,//80�&HQWHU�IRU�%LRDQDO\WLFDO�6FLHQFHV��8QLYHUVLW\�RI
6RXWKHUQ�'HQPDUN

,Q�WKH�QXFOHXV�RI�HXNDU\RWHV��'1$�ZUDSV�DURXQG�QXFOHRVRPHV��SURWHLQ�RFWDPHUV�PDGH�XS�RI�WZR�FRSLHV�RI
KLVWRQHV�+�$��+�%��+��DQG�+���WR�IRUP�D�VWUXFWXUH�FDOOHG�FKURPDWLQ��5HJXODWLRQ�RI�JHQH�H[SUHVVLRQ�LV�WLJKWO\
FRQWUROOHG�E\�WKH�LQFRUSRUDWLRQ�RI�VSHFLILF�YDULDQWV�LQWR�QXFOHRVRPHV�DQG�E\�D�YDVW�DUUD\�RI�WUDQVLHQW
SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV��370V���:KHQ�XVLQJ�PRXVH�DV�D�PRGHO�V\VWHP��LW�PD\�EH�UHOHYDQW�WR�FRQVLGHU
DGGLWLRQDO�YDULDQWV�RI�KLVWRQH�+��ZKLFK�KDYH�EHHQ�UHFHQWO\�GHVFULEHG�������,Q�SDUWLFXODU��WKH�WUDQVFULSWV�RI�+�PP�
DQG�+�PP���DSSHDU�WR�EH�RI�KLJK�OHYHOV�LQ�PRXVH�WHVWLV�DQG�EUDLQ��ZKLFK�UDLVHV�WKH�TXHVWLRQ�RI�FRQVLGHULQJ�WKH
FRUUHVSRQGLQJ�SURWHLQ�YDULDQWV�GXULQJ�SURWHRPLF�DQDO\VLV�RI�KLVWRQHV�

9DULDQWV�+�PP��DQG�+�PP���DUH�LQ�SDUWLFXODU�GLVWLQJXLVKDEOH�IURP�FDQRQLFDO�+��DQG�IURP�WKH�XVXDOO\
FRQVLGHUHG�YDULDQW�+����E\�D�IHZ�DPLQR�DFLGV�EHWZHHQ�UHVLGXHV����DQG�����0DVV�VSHFWURPHWU\�DQDO\VLV�LV�YHU\
ZHOO�VXLWHG�WR�GLVFULPLQDWH�EHWZHHQ�VHTXHQFH�YDULDQWV�DQG�WR�FKDUDFWHUL]H�D�UDQJH�RI�370V��:H�KDYH�FRQVLGHUHG
D�FODVVLFDO�SURWRFRO�RI�SURSLRQ\ODWLRQ�RI�HQGRJHQRXVO\�QRQ�PRGLILHG�O\VLQHV�IROORZHG�E\�WU\SVLQ�GLJHVWLRQ��WR
SHUIRUP�WKH�ERWWRP�XS�DQDO\VLV�RI�KLVWRQHV��$GGLWLRQDOO\��ZH�KDYH�DVVHVVHG�WKH�SRVVLELOLW\�WR�LGHQWLI\
PRXVH�VSHFLILF�YDULDQWV�E\�WKH�PLGGOH�GRZQ�DQDO\VLV�RI�WKH�ORQJ�1�WHUPLQDO�WDLO�RI�KLVWRQH�+��VSDQQLQJ�LWV����ILUVW
DPLQR�DFLGV��:H�ZLOO�VKRZ�06�06�UHVXOWV�REWDLQHG�E\�/&�06�06�DQDO\VHV�XVLQJ�D�&���+&'�DQG�+,/,&�(7'
FRXSOLQJV��DQG�LQVLVW�RQ�WKH�GLIILFXOW\�WR�FOHDUO\�GLVWLQJXLVK�EHWZHHQ�LVREDULF��YDULDQW�[�370��FRPELQDWLRQV�

5HIHUHQFHV

����0DHKDUD��.D]XPLWVX�HW�DO��౹7LVVXH�VSHFLILF�H[SUHVVLRQ�RI�KLVWRQH�+��YDULDQWV�GLYHUVLILHG�DIWHU�VSHFLHV
VHSDUDWLRQ�౺�(SLJHQHWLFV�	�FKURPDWLQ�YRO�����������6HS������

����+DUDGD��$NLKLWR�HW�DO��౹+LVWRQH�+����VXE�YDULDQW�+�PP��LV�UHTXLUHG�IRU�QRUPDO�VNHOHWDO�PXVFOH�UHJHQHUDWLRQ�౺
1DWXUH�FRPPXQLFDWLRQV �YRO���������������$SU������
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P36	
$EVWUDFW�����

:ULWHU���+DVVDQ�+,$-=,��KDVVDQ�KLMD]L#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

2SWLPL]HG�06�06�SUH�SURFHVVLQJ�IRU�UHOLDEOH�+LVWRQH�3RVW�7UDQVODWLRQDO
0RGLILFDWLRQ��K370V��LGHQWLILFDWLRQ�DQG�ORFDOL]DWLRQ
+DVVDQ�+,$-=,D��0DULH�&285�21E��6DELQH�%58*,�5(E��$QQH�0DULH�+(66(E��&KULVWRSKH�%58/(<E�
'HOSKLQH�3)/,(*(5E

D�([SORULQJ�WKH�'\QDPLFV�RI�3URWHRPHV��('\3���8QLYHUVLW\�*UHQREOH�$OSHV��&($��,QVHUP��,5,*�%*(�8$����&156�&($�)5
������&($�*UHQREOH��E�([SORULQJ�WKH�'\QDPLFV�RI�3URWHRPHV��('\3���8QLYHUVLW\�*UHQREOH�$OSHV��&($��,QVHUP��,5,*�%*(
8$����&156�&($�)5�������&($�*UHQREOH��*UHQREOH��)5$1&(

+LVWRQHV�DUH�EDVLF�SURWHLQV�DEXQGDQW�LQ�O\VLQH��.��DQG�DUJLQLQH��5��UHVLGXHV��7HWUDPHUV�RI�GLIIHUHQW�KLVWRQH
SURWHLQV��+�$��+�%��+��DQG�+���DVVHPEOH�WR�IRUP�DORQJ�ZLWK�a�����'1$�EDVH�SDLUV�WKH�VR�FDOOHG�QXFOHRVRPH
VWUXFWXUHV��3URWUXGLQJ�RXWVLGH�WKH�QXFOHRVRPH�DUH�XQVWUXFWXUHG�KLVWRQH�WDLOV��a����$�$���WKDW�DUH�SURQH�WR�D�ZLGH
VSHFWUXP�RI�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV��370V���$GGLWLRQDO�KLVWRQH�+��YDULDQWV�KDYH�EHHQ�GLVFRYHUHG�LQ
PRXVH�DQG�GLIIHU�LQ�D�IHZ�DPLQR�DFLGV�IURP�WKH�FDQRQLFDO�RQHV >L@��%RWK�KLVWRQH�370V�DQG�YDULDQWV�DUH�RI�FHQWUDO
LPSRUWDQFH�LQ�HSLJHQHWLFV�VWXGLHV�

0DVV�VSHFWURPHWU\��06��KDV�SURYHQ�FUXFLDO�IRU�KLJK�WKURXJKSXW�LGHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ�RI�KLVWRQHV�DQG
KLVWRQH�370V��1RQHWKHOHVV��GDWD�SURFHVVLQJ�DQG�LQWHUSUHWDWLRQ�RI�KLVWRQH�PDVV�VSHFWUD�LV�VWLOO�D�GDXQWLQJ�WDVN
GXH�WR�WKH�DEVHQFH�RI�D�GHFR\�VWUDWHJ\�IRU�GDWDEDVH�VHDUFK�DQG�WKH�SUHVHQFH�RI�DPSOH�LVREDULF�SHSWLGHV�GXH�WR
370�DQG�RU�DPLQR�DFLG�YDULDWLRQV��6R�IDU��KXQGUHGV�RI�370V�KDYH�EHHQ�GLVFRYHUHG��PDQ\�RI�ZKLFK�RFFXU�RQ
O\VLQH��LQFOXGLQJ�PHWK\ODWLRQ��DFHW\ODWLRQ��ODFW\ODWLRQ�DQG�FURWRQ\ODWLRQ��7R�SHUIRUP�D�VHTXHQFH�GDWDEDVH�VHDUFK�
06�UDZ�ILOHV�DUH�FRQYHUWHG�LQWR�SHDNOLVWV�E\�D�SUHSURFHVVLQJ�VRIWZDUH��7KLV�KHOSV�WR�LPSURYH�WKH�DFFXUDF\�RI
SHSWLGH�LGHQWLILFDWLRQ�E\�UHGXFLQJ�QRLVH�LQ�WKH�GDWD��7R�YDOLGDWH�WKH�SUHVHQFH�RI�D�370�LQ�KLVWRQH�SHSWLGHV��LW�LV
LPSRUWDQW�WR�ORRN�DW�WKH�ORZ�PDVV�UDQJH�RI�WKH�WDQGHP�PDVV�VSHFWUD��06�06��ZKLFK�FRQWDLQ�370�VSHFLILF
IUDJPHQW�LRQV��VR�FDOOHG�GLDJQRVWLF�LRQV��H�J�����������DQG����������P�]�IRU�ODFW\O��DQG�FURWRQ\O�O\VLQHV�
UHVSHFWLYHO\� >LL@ ��+RZHYHU��ZH�QRWLFHG�WKDW�WKH�GLDJQRVWLF�LRQV�FRXOG�HLWKHU�EH�ORVW�RU�GDPSHQHG�LQ�WKH
SUHSURFHVVLQJ�VWHS�GHSHQGLQJ�RQ�WKH�VHOHFWHG�SDUDPHWHUV��ZKLFK�VWULSV�D�FUXFLDO�LQIRUPDWLRQ�LQ�YDOLGDWLQJ�370V
IURP�WKH�06�06�VSHFWUD�

([SORULQJ�WKLV�HIIHFW��ZH�KHUH�SUHVHQW�0DVFRW�GDWDEDVH�VHDUFK�UHVXOWV�YDOLGDWHG�ZLWK�3UROLQH >LLL@ �VKRZLQJ�WKH
YDULDWLRQ�RI�WKH�QXPEHU�RI�SHSWLGH�VSHFWUXP�PDWFKHV��360V��DQG�QXPEHU�RI�LGHQWLILFDWLRQV�DIWHU�XVLQJ�WKUHH
GLIIHUHQW�SUH�SURFHVVLQJ�PHWKRGV��0RUH�VSHFLILFDOO\��ZH�FRPSDUH�WKH�UHVXOWV�EHWZHHQ�0DVFRW�'LVWLOOHU�DQG�RXU
LQ�KRXVH�SUH�SURFHVVLQJ�WRRO��0*)ERRVW��FRQMXJDWHG�RU�QRW�ZLWK�S&OHDQ >LY@��)XUWKHUPRUH��ZH�HPSKDVL]H�RQ�WKH
UHWHQWLRQ�WLPH��57��DV�DQ�LPSRUWDQW�GLPHQVLRQ�WR�UXOH�RXW�IDOVH�SRVLWLYH�LGHQWLILFDWLRQV�LQ�DPELJXRXV�VSHFWUD�E\
VKRZLQJ�WKH�57�RI����V\QWKHWLF�SHSWLGHV�RI�GLIIHUHQW�370�YDULDQW�KLVWRQH�FRPELQDWLRQV�

,Q�DOO��KLVWRQH�370�FRQILGHQW�FKDUDFWHUL]DWLRQ�UHTXLUHV�YDOLGDWLQJ�PXOWLSOH�DVSHFWV�LQFOXGLQJ�WKH�IUDJPHQWDWLRQ
SURILOH��WKH�57��DQG�WKH�SUHVHQFH�RI�GLDJQRVWLF�LRQV�

>L@ �0DHKDUD��.D]XPLWVX��HW�DO���7LVVXH�VSHFLILF�H[SUHVVLRQ�RI�KLVWRQH�+��YDULDQWV�GLYHUVLILHG�DIWHU�VSHFLHV
VHSDUDWLRQ���(SLJHQHWLFV�	�FKURPDWLQ������������������

>LL@ �+VHLN\��$ODD��HW�DO���6PDOO�PDVV�EXW�VWURQJ�LQIRUPDWLRQ��'LDJQRVWLF�LRQV�SURYLGH�FUXFLDO�FOXHV�WR�FRUUHFWO\
LGHQWLI\�KLVWRQH�O\VLQH�PRGLILFDWLRQV���3URWHRPHV����������������

>LLL@ �%RX\VVL«��'DYLG��HW�DO���3UROLQH��DQ�HIILFLHQW�DQG�XVHU�IULHQGO\�VRIWZDUH�VXLWH�IRU�ODUJH�VFDOH�SURWHRPLFV��
%LRLQIRUPDWLFV �������������������������

>LY@ �'HQJ��<DPHL��HW�DO���S&OHDQ��DQ�DOJRULWKP�WR�SUHSURFHVV�KLJK�UHVROXWLRQ�WDQGHP�PDVV�VSHFWUD�IRU�GDWDEDVH
VHDUFKLQJ���-RXUQDO�RI�SURWHRPH�UHVHDUFK������������������������
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P37	
$EVWUDFW�����

:ULWHU���'U�0D[LPH�-$&48(7��PD[LPH�MDFTXHW#FHOOVLJQDO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

,PSURYHG�LPPXQRDIILQLW\�HQULFKPHQW�PHWKRGV�IRU�DUJLQLQH�PHWK\ODWLRQ
'U�0D[LPH�-$&48(7D��%DUU\�0��=((E��+D\OH\�-��3(&.+$0E��&KDUOHV�/��)$516:257+E��$OLVVD�-��1(/621E��-LDQ
0LQ�5(1E��0LFKDHO�&��3$/$==2/$E��.DWKU\Q�(��$%(//E��0DWWKHZ�3��672.(6E

D�&HOO�6LJQDOLQJ�7HFKQRORJ\��,QF���E�&HOO�6LJQDOLQJ�7HFKQRORJ\��,QF���'DQYHUV�0$��8QLWHG�6WDWHV

,1752'8&7,21

,PPXQRDIILQLW\�SXULILFDWLRQ��,$3��FRXSOHG�ZLWK�/&�06�06�LV�DQ�HVWDEOLVKHG�WHFKQLTXH�IRU�WKH�VWXG\�RI
SRVWWUDQVODWLRQDO�PRGLILFDWLRQV��370V���5HFHQWO\�ZH�LQWURGXFHG�DQ�DQWLERG\�EDVHG�PDJQHWLF�EHDG�FRQMXJDWH�,$3
PHWKRG�WKDW�HQDEOHV�LGHQWLILFDWLRQ�RI�VLWHV�RI�370V�LQFOXGLQJ�O\VLQH�XELTXLWLQDWLRQ��.**���O\VLQH�DFHW\ODWLRQ��$F.�
DQG�W\URVLQH�SKRVSKRU\ODWLRQ��S<��ZLWK�LPSURYHG�VHQVLWLYLW\�DQG�VSHFLILFLW\�RYHU�SUHH[LVWLQJ�DJDURVH�EHDG
PHWKRGV��+HUH�ZH�SUHVHQW�WKUHH�QRYHO�PDJQHWLF�EHDG�,$3�PHWKRGV�WKDW�HQDEOH�LGHQWLILFDWLRQ�RI�PRQRPHWK\ODWHG
�0H�5���V\PPHWULF�GLPHWK\ODWHG��6'0$���DQG�DV\PPHWULF�GLPHWK\ODWHG��$'0$��DUJLQLQH�VLWHV��ZLWK
LPSURYHPHQWV�RYHU�WKH�UHVSHFWLYH�DJDURVH�EHDG�PHWKRGV�

$UJLQLQH�PHWK\ODWHG�SURWHLQV�DUH�LQYROYHG�LQ�SURFHVVHV�LQFOXGLQJ�WUDQVFULSWLRQDO�UHJXODWLRQ�DQG�VLJQDO
WUDQVGXFWLRQ��$UJLQLQH�PHWK\ODWLRQ�LV�FDUULHG�RXW�E\�WKH�DUJLQLQH�1�PHWK\OWUDQVIHUDVH��3507��IDPLO\�RI�HQ]\PHV�
7KRXJK�DOO�3507�SURWHLQV�FDWDO\]H�PRQRPHWK\ODWLRQ��7\SH�,�3507V�VXFK�DV�3507��DGG�DQ�DGGLWLRQDO�PHWK\O
JURXS�WR�SURGXFH�$'0$��ZKLOH�7\SH�,,�3507V�VXFK�DV�3507��SURGXFH�6'0$��5HFHQW�UHSRUWV�KDYH�KLJKOLJKWHG
WKH�UHOHYDQFH�RI�3507���DQG�6'0$��WR�FDQFHU�DQG�VWHP�FHOO�VHOI�UHQHZDO�

0(7+2'6

7U\SWLF�PRXVH�DQG�KXPDQ�SHSWLGHV�ZHUH�XVHG�DV�LQSXW�PDWHULDO�IRU�0H�5��6'0$��DQG�$'0$�PDJQHWLF�,$3
EHDGV��3HSWLGHV�ZHUH�LQFXEDWHG�ZLWK�EHDGV�XVLQJ�FROG��[�,$3�EXIIHU�IRU���KRXUV�DW��r&��%HDGV�ZHUH�ZDVKHG�ZLWK
FROG��[�,$3�EXIIHU��WKHQ�ZDWHU��DQG�ERXQG�SHSWLGHV�ZHUH�HOXWHG�ZLWK�WULIOXRURDFHWLF�DFLG��(OXWHG�SHSWLGHV�ZHUH
GHVDOWHG�XVLQJ�&���6WDJH�7LSV�DQG�DQDO\]HG�RQ�7KHUPR)LVKHU�4�([DFWLYH�RU�)XVLRQ�/XPRV�PDVV�VSHFWURPHWHUV
XVLQJ�GDWD�GHSHQGHQW�DFTXLVLWLRQ��''$���3HSWLGHV�ZHUH�UHVROYHG�XVLQJ�D����RU����PLQ�UHYHUVHG�SKDVH�JUDGLHQW
IURP�����WR�����DFHWRQLWULOH�RQ�D���FP�RU���FP�&���FROXPQ��3HSWLGHV�ZHUH�LGHQWLILHG�E\�&RPHW�ZLWK����RI�WRWDO
LGHQWLILFDWLRQV�PDSSHG�WR�UHYHUVH�VHTXHQFHV��6N\OLQH�VRIWZDUH�ZDV�XVHG�IRU�06��SHDN�UHYLHZ�DQG�TXDQWLILFDWLRQ�
)RU�DXWRPDWLRQ�RQ�.LQJILVKHU�$SH[�URERW��LQSXW�SHSWLGHV�ZHUH�UHVXVSHQGHG�LQ�EXON�DQG�DOLTXRWHG�WR�GHHS�ZHOO
SODWHV��$IWHU�,$3�RQ�.LQJILVKHU�$SH[�URERW��DOO�HQULFKHG�SHSWLGHV�ZHUH�PDQXDOO\�GHVDOWHG�DV�GHVFULEHG�DERYH�

&21&/86,216

7KH�QHZ�0H�5��6'0$��DQG�$'0$�PDJQHWLF�,$3�EHDGV�SURYLGH�������LPSURYHPHQW�LQ�QXPEHU�RI�XQLTXH
PRGLILHG�SHSWLGHV�LGHQWLILHG�DQG�QHDUO\������LPSURYHPHQW�LQ�370�FDSWXUH�VSHFLILFLW\�DFURVV�D�YDULHW\�RI�GLIIHUHQW
FHOO�DQG�WLVVXH�VDPSOH�W\SHV��7KH�HDVH�RI�KDQGOLQJ�RI�PDJQHWLF�EHDGV�IDFLOLWDWHV�PDQXDO�EHQFKZRUN�DQG
LPSOHPHQWDWLRQ�RQ�DXWRPDWLRQ�SODWIRUPV�
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P38	
$EVWUDFW�����

:ULWHU���'U�$QQH�*21=$/(=�'(�3(5('2��JRQ]DOH]#LSEV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3RVW�WUDQVODWLRQDO�PRGLILFDWLRQV

'HFLSKHULQJ�WKH�VLJQDOLQJ�PHFKDQLVPV�RI�WKH�&�W\SH�OHFWLQ�UHFHSWRU�'HFWLQ���LQ
P\HORLG�FHOOV�XVLQJ�KLJK�WKURXJKSXW�SURWHRPLFV
'U�$QQH�*21=$/(=�'(�3(5('2D��5LP�$%'(55$+,0D��$OH[DQGUH�67(//$D��.DULPD�&+$28,D�
0DULH�/2&$5'�3$8/(7D��%HQMDPLQ�5$<021'D��7KLEDXW�6$1&+(=D��9«URQLTXH�/(�&$%(&D��)U«G«ULF�/$*$55,*8(D�
2GLOH�6&+,/7=D��2OLYLHU�1(<52//(6D��<RDQQ�520%2876D

D�&156��,QVWLWXW�GH�3KDUPDFRORJLH�HW�GH�%LRORJLH�6WUXFWXUDOH

'HFWLQ���LV�D�3DWKRJHQ�5HFRJQLWLRQ�5HFHSWRU�H[SUHVVHG�RQ�P\HORLG�LPPXQH�FHOOV��NQRZQ�WR�SOD\�D�PDMRU�UROH�LQ
WKH�DQWLPLFURELDO�LPPXQH�UHVSRQVH��,W�EHORQJV�WR�WKH�&�W\SH�OHFWLQ�5HFHSWRUV��&/5��IDPLO\�DQG�FDQ�ELQG�WR
FDUERK\GUDWH�VWUXFWXUHV��VXFK�DV�ͅ�JOXFDQV�SUHVHQW�RQ�SDWKRJHQV��7KLV�UHFRJQLWLRQ�WULJJHUV�WKH�SKRVSKRU\ODWLRQ
RI�NH\�W\URVLQH�UHVLGXHV�LQ�WKH�,7$0�GRPDLQ�RI�'HFWLQ����OHDGLQJ�WR�WKH�DFWLYDWLRQ�RI�6<.�GHSHQGHQW�DQG
LQGHSHQGHQW�VLJQDOLQJ�SDWKZD\V��DQG�ILQDOO\�WR�WKH�VHFUHWLRQ�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�DQG�FKHPRNLQHV�DV
ZHOO�DV�WR�WKH�SURGXFWLRQ�RI�UHDFWLYH�R[\JHQ�VSHFLHV�DQG�QLWULF�R[LGH��(YHQ�WKRXJK�'HFWLQ���LV�DQ�LPSRUWDQW�&/5
NQRZQ�WR�EH�LQYROYHG�LQ�PDQ\�GLVHDVHV�VXFK�DV�IXQJDO�LQIHFWLRQV��LQIODPPDWLRQ�DQG�DXWRLPPXQH�GLVHDVHV��LWV
VLJQDOLQJ�PHFKDQLVPV�UHPDLQ�XQFOHDU��,Q�WKLV�SURMHFW�ZH�DSSOLHG�XQELDVHG�JOREDO�SURWHRPLF�DSSURDFKHV�WR
H[SORUH�'HFWLQ���VLJQDOLQJ�DQG�LGHQWLI\�VRPH�SRWHQWLDO�PHGLFDO�WDUJHWV��:H�XVHG�JOREDO�SKRVSKRSURWHRPLFV�WR
REWDLQ�D�WLPH�UHVROYHG�FKDUDFWHUL]DWLRQ�RI�WKH�HDUO\�VLJQDOLQJ�HYHQWV�WDNLQJ�SODFH�LQ�WKH�ILUVW�PLQXWHV�IROORZLQJ
'HFWLQ���HQJDJHPHQW��DQG�LGHQWLI\�NH\�LQWUDFHOOXODU�VLJQDOLQJ�SURWHLQV�LQYROYHG�LQ�WKDW�SDWKZD\��,Q�DGGLWLRQ��ZH
HVWDEOLVKHG�D�KLJK�WKURXJKSXW�DSSURDFK�IRU�VHFUHWRPH�DQDO\VLV��WR�PRQLWRU�LQ�D�IDVW�DQG�JOREDO�PDQQHU�WKH
LQIODPPDWRU\�PHGLDWRUV�VHFUHWHG�E\�LPPXQH�FHOOV����K�DIWHU�'HFWLQ���VWLPXODWLRQ�

7R�WKDW�DLP��ZH�JHQHUDWHG�(5�+R[E��LPPRUWDOL]HG�PXULQH�FHOO�OLQHV�IURP�HLWKHU�:7�RU�'HFWLQ���.2�SURJHQLWRUV�
WKDW �ZHUH�LQ�YLWUR�GLIIHUHQWLDWHG�LQWR�GHQGULWLF�FHOOV��'&���&HOOV�ZHUH�VWLPXODWHG�ZLWK�GHSOHWHG�=\PRVDQ��D
FDQRQLFDO�OLJDQG�IRU�'HFWLQ����GXULQJ�GLIIHUHQW�WLPH�OHQJWK��3KRVSKRU\ODWHG�SHSWLGHV�ZHUH�HQULFKHG�XVLQJ�D
WZR�VWHS�SURWRFRO�EDVHG�RQ�7L2��DQG�SKRVSKR�7\URVLQH�DQWLERG\�DIILQLW\�SXULILFDWLRQ��DQG�UHVXOWLQJ
SKRVSKRSHSWLGHV�ZHUH�DQDO\]HG�RQ�DQ�2UELWUDS�([SORULV�LQVWUXPHQW�HTXLSSHG�ZLWK�D�)$,06�LQWHUIDFH��7R�PRQLWRU
WKH�VHFUHWRU\�SKHQRW\SH�RI�'&V��D�KLJK�WKURXJKSXW�DSSURDFK�IRU�VHFUHWRPH�DQDO\VLV�ZDV�GHYHORSHG�XVLQJ�WKH
(YRVHS�FKURPDWRJUDSKLF�V\VWHP�DQG�',$�3$6()�DQDO\VLV�RQ�D�7,06�72)�6&3�PDVV�VSHFWURPHWHU�

8VLQJ�WKLV�DQDO\WLFDO�SLSHOLQH��ZH�FRXOG�JOREDOO\�GHWHFW�PRUH�WKDQ��������SKRVSKRVLWHV�ZLWK�ORFDOL]DWLRQ
FRQILGHQFH�!������DQG�LGHQWLI\�DIWHU�VWDWLVWLFDO�DQDO\VLV�PRUH�WKDQ�����SKRVSKRVLWHV�VLJQLILFDQWO\�UHJXODWHG�XSRQ
'HFWLQ���VWLPXODWLRQ��VKRZLQJ�GLIIHUHQW�NLQGV�RI�NLQHWLF�SURILOHV��7KHVH�LQFOXGHG�VLWHV�IURP�NQRZQ�SURWHLQV�RI�WKH
'HFWLQ���VLJQDOLQJ�SDWKZD\��DV�ZHOO�DV�QRYHO�WDUJHWV�WKDW�ZHUH�VHOHFWHG�IRU�IXUWKHU�IXQFWLRQDO�YDOLGDWLRQ�E\
JHQHUDWLQJ�WKH�FRUUHVSRQGLQJ�.2�FHOOV��:H�FRXOG�DOVR�SURYLGH�D�GHWDLOHG�FKDUDFWHUL]DWLRQ�RI�WKH�'&�SKHQRW\SLF
UHVSRQVH�IROORZLQJ�'HFWLQ���DFWLYDWLRQ��ZLWK�PRUH�WKDQ�����SURWHLQV�VLJQLILFDQWO\�RYHU�UHSUHVHQWHG�LQ�WKH
VHFUHWRPH�RI�DFWLYDWHG�FHOOV��LQFOXGLQJ�PDQ\�FDQRQLFDO�LQIODPPDWRU\�PHGLDWRUV�VXFK�DV�71)�RU�,/���7KH
KLJK�WKURXJKSXW�VHFUHWRPLF�DQDO\WLFDO�ZRUNIORZ�EDVHG�RQ�WKH�(YRVHS�V\VWHP�DQG�IDVW�',$�06�UXQV�SURYLGHV�D
TXLFN�DQG�FRPSUHKHQVLYH�UHDG�RXW�WR�PRQLWRU�WKH�SKHQRW\SLF�UHVSRQVH�RI�LPPXQH�FHOOV�LQ�PDQ\�GLIIHUHQW
FRQGLWLRQ��,W�WKXV�DOORZV�WKH�V\VWHPDWLF�VFUHHQLQJ�RI�GLIIHUHQW�.2�FHOOV�WR�DVVHVV�WKH�LPSRUWDQFH�RI�QHZO\�LGHQWLILHG
VLJQDOLQJ�SURWHLQV�LQ�RQ�JRLQJ�YDOLGDWLRQ�VWXGLHV�
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P39	
$EVWUDFW�����

:ULWHU���3LHUUH�2OLYLHU�6&+0,7��SLHUUH�ROLYLHU�VFKPLW#EUXNHU�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

(YDOXDWLQJ�WKH�EHQHILW�RI�GLD�3$6()�DSSURDFKHV�DQG�VDPSOH�VSHFLILF�GDWDEDVH
VWUDWHJLHV�IRU�PHWDSURWHRPLFV�RI�YHU\�FRPSOH[�PLFURELRPHV
7KLEDXW�'80$6D��2OLYLHU�3,%/(D��*X\ODLQH�0,27(//2D��/XFLD�*5(1*$D��.ULVWLQD�0$5;E��-RQDWKDQ�.5,(*(5E�
3LHUUH�2OLYLHU�6&+0,7F��-HDQ�$50(1*$8'D

D�/DERUDWRU\�m,QQRYDWLYH�WHFKQRORJLHV�IRU�'HWHFWLRQ�DQG�'LDJQRVWLFV}�&($�0DUFRXOH��'5)�-2/,27�'076�63,�/L�'�35$(�
E�%UXNHU�'DOWRQLN�*PE+�	�&R��.*��F�%UXNHU�)UDQFH�6�$�

8QGHUVWDQGLQJ�LQWHUDFWLRQ�RI�PLFURRUJDQLVPV�ZLWK�WKHLU�KRVW�LV�FUXFLDO�LQ�PLFURELRORJ\��7KH�LGHQWLILFDWLRQ�DQG
TXDQWLILFDWLRQ�RI�SURWHLQV�IURP�D�FRPSOH[�PL[WXUH�RI�D�ODUJH�YDULHW\�RI�RUJDQLVPV��NQRZQ�DV�0HWDSURWHRPLFV��KDV
HPHUJHG�UHFHQWO\�DV�D�XQLTXH�WRRO�WR�JHW�IXQFWLRQDO�DQG�WD[RQRPLFDO�LQVLJKWV�LQWR�PLFURELRWD�DQG�LV�FXUUHQWO\�RQH
RI�WKH�PRVW�FKDOOHQJLQJ�DUHDV�LQ�SURWHRPLFV��6SHFLHV�VSHFLILF�VLJQDOV�FDQ�EH�ORZ��KLJKO\�GLYHUVH��DQG�WKH�VHDUFK
VSDFH�LV�H[WUHPHO\�ODUJH��)RU�WKHVH�UHDVRQV��WKH�LQFUHDVHG�VHOHFWLYLW\�SRWHQWLDO�RI�/&�,06�06�EDVHG�DSSURDFKHV
PLJKW�SURYH�EHQHILFLDO�IRU�PHWDSURWHRPLFV�DQDO\VHV��,Q�WKLV�FRPPXQLFDWLRQ��ZH�DUH�XVLQJ�D�VSHFLILF�VDPSOH
UHSUHVHQWDWLYH�RI�JXW�PLFURELRPH�WR�EHQFKPDUN�GLD�3$6()�DSSURDFKHV�DJDLQVW�3$6()�DSSURDFKHV�DQG
LQYHVWLJDWH�WKH�EHQHILW�RI�VDPSOH�VSHFLILF�GDWDEDVH�VWUDWHJLHV�

$�JXW�PLFURELRPH�WU\SWLF�GLJHVW������RU�����QJ��ZDV�LQMHFWHG�RQ�D���FP�;���wP�SXOOHG�HPLWWHU�FROXPQ
�,RQ2SWLNV���1DQR�+3/&�VHSDUDWLRQ�ZDV�SHUIRUPHG�ZLWK�D��������RU�����PLQ�JUDGLHQW�XVLQJ�D�QDQR(OXWH��%UXNHU�
FRQQHFWHG�WR�D�WLPV72)�+7�PDVV�VSHFWURPHWHU��%UXNHU���/&0606�GDWD�ZHUH�DFTXLUHG�LQ�3$6()�RU�GLD�3$6()
DFTXLVLWLRQ�PRGH��3$6()�GDWD�KDYH�EHHQ�SURFHVVHG�LQ�UHDO�WLPH�RQ�3D6(5��%UXNHU��RU�0DVFRW��0DWUL[6FLHQFH��
VHDUFKLQJ�DJDLQVW�DQ�1&%,�GDWDEDVH��'LD�3$6()�GDWD�KDYH�EHHQ�VHDUFKHG�DJDLQVW�D�UHGXFHG�SURWHLQ�VHTXHQFH
GDWDEDVH�XVLQJ�7,06�',$�11�RQ�3D6(5��%UXNHU��RU�6SHFWURQDXW�����%LRJQRV\V���7KH�SURWHLQ�VHTXHQFH�UHGXFHG
GDWDEDVH�ZDV�FRQVWUXFWHG�DIWHU�FRQILGHQWO\�SURWHRW\SLQJ�WKH�PRVW�DEXQGDQW�RUJDQLVPV�SUHVHQW�LQ�WKH�VWDQGDUG
VDPSOH��,W�FRPSULVHG���������SURWHLQ�HQWULHV�IURP����WD[D�

7KH�UHVXOWV�LQLWLDOO\�REWDLQHG�IURP�D�0DVFRW�VHDUFK�IURP�DOO�����QJ�LQMHFWLRQV�VKRZHG�RQO\�D�VOLJKW�LQFUHDVH�RI�WKH
SURWHLQ�JURXS�,'�QXPEHU�ZKLOH�MXPSLQJ�IURP�D����PLQ�WR�D����PLQ�JUDGLHQW�DQG�IURP�D����PLQ�JUDGLHQW�WR�D
���PLQ�JUDGLHQW�����DQG������UHVSHFWLYHO\���7KHUH�ZDV�PRUH�HIIHFW�E\�TXDGUXSOLQJ�WKH�LQMHFWHG�DPRXQW������
SURWHLQ�JURXS�,'
V�ZKLOH�MXPSLQJ�IURP�����WR����QJ�LQMHFWHG�ZLWK�WKH�����PLQ�JUDGLHQW���,Q�ILQH�������SURWHLQ
JURXSV�FRXOG�EH�LGHQWLILHG�IURP�D����QJ�LQMHFWLRQ�DQG�D���PLQ�JUDGLHQW��2Q�DYHUDJH����SHSWLGH�VHTXHQFHV�ZHUH
LGHQWLILHG�IRU�HDFK�SURWHLQ�*URXS�,'
V��8VLQJ�WKH�3UR/XFLG�$OJRULWKP�RQ�3D6(5�ZKLOH�DOORZLQJ�WR�WDNH�WKH
SHSWLGHV
V�FROOLVLRQDO�FURVV�VHFWLRQ��&&6��YDOXH�LQWR�DFFRXQW�IRU�WKH�VFRULQJ�SURFHVV��7,06FRUH���D�KLJK
VWULQJHQF\�DOORZHG�WR�GRXEOH�WKH�QXPEHU�RI�LGHQWLILHG�SURWHLQ�JURXSV��ZKLOH�WKH�QXPEHU�RI�VHTXHQFHV�SURWHLQV�ZDV
GRZQ�WR����7KLV�VXJJHVW�WKDW�WKH�XVH�RI�WKH�7,06FRUH�DOORZHG�WR�LGHQWLI\�PRUH�RI�WKH�ORZ�LQWHQVLW\�SHSWLGHV��ZKLFK
DOVR�UHVXOWHG�LQWR�DGGLQJ�SURWHLQ�JURXSV�GHVFULEHG�E\�D�ORZHU�QXPEHU�RI�SHSWLGHV�SHU�SURWHLQ��,Q�WKH�EHVW
FRQGLWLRQV�����QJ����PLQ���XS�WR�������SURWHLQ�JURXS�FRUUHVSRQGLQJ�WR��������SHSWLGH�VHTXHQFH�FRXOG�EH
LGHQWLILHG��7KH�XVH�RI�GLD�3$6()�ZLWK�WKH�UHVWULFWHG�GDWDEDVH�DOORZHG�WR�ERRVW�WKH�QXPEHU�RI�SURWHLQ�JURXS�,'
V�
������IRU��������SHSWLGHV�IRU�WKH����QJ����PLQ�LQMHFWLRQ�������SURWHLQ�JURXS�,'
V�������SHSWLGH�VHTXHQFHV��
0HDQZKLOH��WKH�DYHUDJH�QXPEHU�RI�SHSWLGHV�SHU�SURWHLQ�JURXS�ZDV����JLYLQJ�KLJK�FRQILGHQFH�LQ�LGHQWLILFDWLRQ��,Q
FRQFOXVLRQ��ZH�KDYH�GHYHORSHG�D�QRYHO�VWUDWHJ\�EDVHG�RQ�WKH�FRQVWUXFWLRQ�RI�VDPSOH�VSHFLILF�GDWDEDVH�IRU
',$�EDVHG�PHWDSURWHRPLFV�WKDW�DOORZV�TXLFNHU�GDWD�WUHDWPHQW�DQG�VXSHULRU�UHVXOWV�ZKHQ�XVHG�ZLWK�D�GLD�3$6()
DSSURDFK��)RU�IDLU�FRPSDULVRQ�SXUSRVHV��ZH�ZLOO�DOVR�GLVFORVH�WKH�UHVXOWV�REWDLQHG�ZLWK�3$6()�DQG�WKH
VDPSOH�VSHFLILF�GDWDEDVH�
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P40	
$EVWUDFW�����

:ULWHU���'U�2/,9,(5�*(1(67��RJHQHVW#LPP�FQUV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

&RQWULEXWLRQ�RI�WKH�+VS���FKDSHURQH�LQ�EDFWHULDO�SURWHRVWDVLV
0DULH�&257(**,$1,D��0DQHO�.+(/,/�%(5%$5E��0D\D�%(/*+$=,E��5«JLQH�/(%581E��2OLYLHU�*(1(67D

D�%,3��805��������,00��&156���$L[�0DUVHLOOH�8QLYHUVLW«��)UDQFH��E�3ODWHIRUPH�3URW«RPLTXH�GH�O
,00�
0DUVHLOOH�3URW«RPLTXH��&156���$L[�0DUVHLOOH�8QLYHUVLW«��)UDQFH

3URWHLQ�KRPHRVWDVLV��SURWHRVWDVLV��LV�FRQWUROOHG�LQ�HYHU\�OLYLQJ�FHOOV�E\�D�FRPSOH[�QHWZRUN�RI�FKDSHURQHV�DQG
SURWHDVHV�WKDW�WRJHWKHU�HQVXUH�IROGLQJ�RU�GHJUDGDWLRQ�RI�SURWHLQV��0DQ\�FKDSHURQHV�DQG�SURWHDVHV�DUH�QDPHG�౹ K
HDW�VKRFN�SURWHLQV౺��+VS��VLQFH�WKHLU�UROH�EHFRPHV�PRUH�LPSRUWDQW�XQGHU�VWUHVV�FRQGLWLRQV��LQFOXGLQJ�KHDW
VWUHVV��NQRZQ�WR�DIIHFW�SURWHLQ�IROGLQJ��2QH�RI�WKHVH�SURWHLQV��+VS����LV�DQ�$73�GHSHQGHQW�FKDSHURQH�SUHVHQW
IURP�EDFWHULD�WR�KXPDQ��,Q�EDFWHULD��+VS���LV�HVVHQWLDO�XQGHU�KHDW�VWUHVV�LQ�WKH�HQYLURQPHQWDO�EDFWHULXP
6KHZDQHOOD�RQHLGHQVLV ��DQG�LW�LV�LQYROYHG�LQ�WKH�YLUXOHQFH�RI�VRPH�SDWKRJHQLF�EDFWHULD��+RZHYHU��RQO\�IHZ
EDFWHULDO�SURWHLQV�WDNHQ�LQ�FKDUJH�E\�+VS�����FDOOHG�+VS���FOLHQWV���KDYH�EHHQ�LGHQWLILHG�WR�GDWH�

7KH�JRDO�RI�RXU�VWXG\�LV�WR�HYDOXDWH�WKH�LPSRUWDQFH�RI�WKH�+VS���FKDSHURQH�RQ�WKH�EDFWHULDO�SURWHRPH�DQG�WR
LGHQWLI\�QHZ�FOLHQWV��8VLQJ �6KHZDQHOOD�RQHLGHQVLV �DV�D�EDFWHULDO�PRGHO��ZH�FRPSDUHG�WKH�SURWHRPH�RI�D�:7
VWUDLQ�DQG�D�VWUDLQ�WKDW�GRHV�QRW�SURGXFH�+VS���� KVS���VWUDLQ��E\�ODEHO�IUHH�TXDQWLWDWLYH�SURWHRPLFV��$OWKRXJK
WKH�DEXQGDQFH�RI�RQO\�IHZ�SURWHLQV�ZDV�VLJQLILFDQWO\�GLIIHUHQW�XQGHU�QRQ�VWUHVV�FRQGLWLRQV��VHYHUDO�GR]HQV�RI
SURWHLQV�YDULHG�XQGHU�VWUHVV�FRQGLWLRQV��:H�IRFXVHG�RQ�WKH�SURWHLQV�WKDW�ZHUH�OHVV�DEXQGDQW�LQ�WKH� KVS���VWUDLQ
WKDQ�LQ�WKH�:7�VWUDLQ��,QGHHG��VRPH�RI�WKHVH�SURWHLQV�FRXOG�EH�+VS���FOLHQWV�DVVXPLQJ�WKDW��LQ�WKH�DEVHQFH�RI
+VS����WKH�FOLHQWV�DUH�PLVIROGHG�DQG�WKHUHIRUH�GHJUDGHG��7KLV�K\SRWKHVLV�ZDV�FRQILUPHG�E\�LQ�YLYR�WDUJHWHG
GHJUDGDWLRQ�WHVWV�LQ�WKH�DEVHQFH�RI�+VS����DV�ZHOO�DV�SURWHLQ�SURWHLQ�LQWHUDFWLRQV�DVVD\V��$OWRJHWKHU��WKHVH
H[SHULPHQWV�DOORZHG�WKH�LGHQWLILFDWLRQ�RI�QHZ �ERQD�ILGH �FOLHQWV�RI�+VS����DQG�ZLOO�XQGRXEWHGO\�OHDG�WR�D�EHWWHU
JOREDO�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�+VS���WR�FRQWURO�EDFWHULDO�SURWHRVWDVLV�
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P41	
$EVWUDFW�����

:ULWHU���'U�5«JLQH�/(%581��UOHEUXQ#LPP�FQUV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

5H�5RXWLQJ�RI�&KODP\GRPRQDV�UHLQKDUGWLL�0XWDQWV�0HWDEROLVP�GHPRQVWUDWHG
E\�4XDQWLWDWLYH�3URWHRPLFV�
'U�5«JLQH�/(%581D

D�&156

&DVV\�*«UDUG �� ��5«JLQH�/HEUXQ �� ��(UZDQ�/HPHVOH �� ��/XLVDQD�$YLODQ �� ��.ZDQJ�6XN�&KDQJ �� ��(RQ6HRQ�-LQ ��
��)U«G«ULF�&DUULªUH����%ULJLWWH�*RQWHUR����+«OªQH�/DXQD\��

��$L[�0DUVHLOOH�8QLY��&156��%,3��805�������,00��)5���������&KHPLQ�-��$LJXLHU���������0DUVHLOOH�&HGH[����
)UDQFH���FJHUDUG#LPP�FQUV�IU��FDUULHUH#LPP�FQUV�IU��EPHXQLHU#LPP�FQUV�IU��KHOHQH�ODXQD\#XQLY�DPX�IU
��3ODWH�IRUPH�3URW«RPLTXH��0DUVHLOOH�3URW«RPLTXH��0D3���,00�)5����������&KHPLQ�-RVHSK�$LJXLHU������
0DUVHLOOH��)UDQFH��UOHEUXQ#LPP�FQUV�IU
� �'HSDUWPHQW�RI�/LIH�6FLHQFH��5HVHDUFK�,QVWLWXWH�IRU�1DWXUDO�6FLHQFHV��+DQ\DQJ�8QLYHUVLW\��6HRXO��������
5HSXEOLF�RI�.RUHD��NVFKDQJ#KDQ\DQJ�DF�NU��.�6�&����HVMLQ#KDQ\DQJ�DF�NU��(6�-��

7KH�FKORURSODVW�SURWHLQ�&3���LV�LQYROYHG�LQ�WKH�GDUN�OLJKW�UHJXODWLRQ�RI�WKH�&DOYLQ�%HQVRQ�%DVVKDP�F\FOH�WKDW�LV
UHVSRQVLEOH�IRU�&2��DVVLPLODWLRQ��,Q�SDUWLFXODU�&3����XQGHU�GDUN�LQKLELWV�WZR�HQ]\PHV�
JO\FHUDOGHK\GH���SKRVSKDWH�GHK\GURJHQDVH��*$3'+��DQG�SKRVSKRULEXORNLQDVH��35.���EXW�LW�PD\�KDYH�RWKHU
IXQFWLRQV�UHODWHG�WR�VWUHVV��:H�NQRFNHG�RXW�WKH�XQLTXH �&3�� �JHQH�WR�SUHYHQW�LWV�H[SUHVVLRQ�LQ �&KODP\GRPRQDV
UHLQKDUGWLL ��'&3�����7KH�JURZWK�UDWHV�RI�ERWK�ZLOG�W\SH�DQG�'&3���FHOOV�ZHUH�QHDUO\�LGHQWLFDO��DV�ZDV�WKH
*$3'+�SURWHLQ�DEXQGDQFH�DQG�DFWLYLW\�LQ�ERWK�FHOO�OLQHV��2Q�WKH�FRQWUDU\��WKH�DEXQGDQFH�RI�35.�DQG�LWV�VSHFLILF
DFWLYLW\�ZHUH�VLJQLILFDQWO\�UHGXFHG�LQ�'&3����DV�UHYHDOHG�E\ �UHODWLYH�TXDQWLWDWLYH�SURWHRPLFV ��0DQ\�SURWHLQV
LQYROYHG�LQ�UHGR[�KRPHRVWDVLV�DQG�VWUHVV�UHVSRQVHV�ZHUH�PRUH�DEXQGDQW�DQG�WKH�H[SUHVVLRQV�RI�YDULRXV
PHWDEROLF�SDWKZD\V�FKDQJHG�LQ�WKH�DEVHQFH�RI�&3����7KHVH�UHVXOWV�KLJKOLJKW�&3���DV�D�PRRQOLJKWLQJ�SURWHLQ
ZLWK�DGGLWLRQDO�IXQFWLRQV�EH\RQG�LWV�ZHOO�NQRZQ�UHJXODWRU\�UROH�LQ�FDUERQ�PHWDEROLVP�

*HUDUG��&�� �/HEUXQ��5�� �/HPHVOH��(���$YLODQ��/���&KDQJ��.�6���-LQ��(���&DUULHUH��)���*RQWHUR��%���DQG�/DXQD\��+�
��������5HGXFWLRQ�LQ�3KRVSKRULEXORNLQDVH�$PRXQW�DQG�5H�5RXWLQJ�0HWDEROLVP�LQ �&KODP\GRPRQDV�UHLQKDUGWLL
&3���0XWDQWV��,QWHUQDWLRQDO�-RXUQDO�RI�0ROHFXODU�6FLHQFHV����
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P42	
$EVWUDFW�����

:ULWHU���0DGLVVRQ�&+$%$6��PDGLVVRQ�FKDEDV#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

)ODVK�06�06�LGHQWLILFDWLRQ�RI�PLFURELDO�LVRODWHV��
0DGLVVRQ�&+$%$6D

D�&($

)ODVK�06�06�LGHQWLILFDWLRQ�RI�PLFURELDO�LVRODWHV

0DGLVVRQ�&KDEDV�����-HDQ�&KDUOHV�*DLOODUG���2OLYLHU�3LEOH���%«DWULFH�$OSKD�%D]LQ���-HDQ�$UPHQJDXG�

��&($��3UR*«QR0L[�SODWIRUP����0RQWSHOOLHU�8QLYHUVLW\

5DSLG�LGHQWLILFDWLRQ�RI�PLFURRUJDQLVPV�LV�YLWDO�IRU�PHGLFDO�GLDJQRVWLFV��IRRG�SURGXFW�FRQWURO��DQG�VFUHHQLQJ�IRU
QHZ�HQ]\PDWLF�SRWHQWLDOV�IRU�ELRWHFKQRORJLFDO�DSSOLFDWLRQV��+LJK�WKURXJKSXW�DQDO\WLFDO�SODWIRUPV�KDYH�EHHQ
HVWDEOLVKHG�LQ�DQDO\WLFDO�ODERUDWRULHV�WR�SURFHVV�WKRXVDQGV�RI�VDPSOHV�SHU�GD\��)XUWKHUPRUH��FXOWXURPLFV�LV�YHU\
PXFK�LQ�YRJXH�WR�LVRODWH�DQG�GHWDLO�WKH�FRPSRQHQWV�RI�WKH�PLFURELRWD��0$/',�72)�06�WHFKQRORJ\�KDV�EHFRPH
WKH�UHIHUHQFH�PHWKRG�IRU�WKH�UDSLG�LGHQWLILFDWLRQ�RI�PLFURRUJDQLVPV�LQ�PLFURELRORJ\�IRU�FOLQLFDO�GLDJQRVWLF
SXUSRVHV��DV�LW�LV�D�IDVW�DQG�LQH[SHQVLYH�PHWKRG��+RZHYHU��WKLV�PHWKRG�KDV�VRPH�VHYHUH�OLPLWDWLRQV�EHFDXVH�LW
UHTXLUHV�WKDW�WKH�LQIRUPDWLRQ�RI�D�UHIHUHQFH�VWUDLQ�FORVH�WR�WKH�VDPSOH�LV�SUH�UHJLVWHUHG�LQ�WKH�GDWDEDVH��DQG�WKXV
FDQQRW�EH�DSSOLHG�IRU�PRVW�HQYLURQPHQWDO�LVRODWHV��0RUHRYHU��WKLV�WHFKQRORJ\�GRHV�QRW�DOORZ�GLVWLQJXLVKLQJ
EHWZHHQ�FORVHO\�UHODWHG�VWUDLQV�RU�LV�UHIUDFWRU\�WR�PL[WXUHV�RI�PLFURRUJDQLVPV�

7DQGHP�PDVV�VSHFWURPHWU\�SURWHRW\SLQJ�LV�PRUH�HIILFLHQW�EHFDXVH�WKH�PHWKRG�LV�DEOH�WR�LGHQWLI\�WKH�WD[RQRPLF
SRVLWLRQ�LQ�WKH�WUHH�RI�OLIH�ZKDWHYHU�WKH�VDPSOH��%\�GHFLSKHULQJ�WKH�SURWHLQ�VHTXHQFHV�H[WUDFWHG�IURP�WKH�VDPSOHV�
DFFXUDWH�WD[RQRPLF�GDWD�FDQ�EH�REWDLQHG��7KH�PHWKRG�ZH�KDYH�GHYHORSHG���3K\ORSHSWLGRPLFV�������DOORZV�WR
TXDQWLI\�WKH�UHODWLYH�ELRPDVV�RI�WKH�LGHQWLILHG�RUJDQLVPV�������DQG�LV�KLJKO\�VHQVLWLYH������:H�SURSRVH�KHUH�D
PHWKRGRORJ\�IRU�XOWUD�IDVW�LGHQWLILFDWLRQ�RI�PLFURRUJDQLVPV��ZKLFK�LV�DPHQDEOH�WR�YHU\�KLJK�WKURXJKSXW��EDVHG�RQ
GLUHFW�VDPSOH�LQIXVLRQ�DQG�DGDSWHG�FRPSXWHU�SURFHVVLQJ��7KLV�SLSHOLQH�ZLOO�EH�LOOXVWUDWHG�ZLWK�UHVXOWV�REWDLQHG�RQ
QXPHURXV�LVRODWHV�IURP�VNLQ�PLFURELRWD�FXOWXURPLFV��7KH�SHUIRUPDQFH�RI�WKLV�PHWKRGRORJ\�ZLOO�EH�GHWDLOHG�LQ
WHUPV�RI�DQDO\VLV�WLPH�UHTXLUHG�SHU�LVRODWH�LGHQWLILHG��7KHVH�UHVXOWV�RSHQ�QHZ�SHUVSHFWLYHV�IRU�WKH�DSSOLFDWLRQ�RI
06�06�SURWHRW\SLQJ�RI�PLFURRUJDQLVPV�
1. 3LEOH�2��$OODLQ�)��-RXIIUHW�9��&XORWWD�.��0LRWHOOR�*��$UPHQJDXG�-��������(VWLPDWLQJ�UHODWLYH�ELRPDVVHV�RI
RUJDQLVPV�LQ�PLFURELRWD�XVLQJ�౹SK\ORSHSWLGRPLFV౺��0LFURELRPH������

2. +D\RXQ�.��3LEOH�2��3HWLW�3��$OODLQ�)��-RXIIUHW�9��&XORWWD�.��HW�DO���������3URWHRW\SLQJ�(QYLURQPHQWDO
0LFURRUJDQLVPV�E\�3K\ORSHSWLGRPLFV��&DVH�6WXG\�6FUHHQLQJ�:DWHU�IURP�D�5DGLRDFWLYH�0DWHULDO�6WRUDJH
3RRO��0LFURRUJDQLVPV��������

3. /R]DQR�&��.LHOEDVD�0��*DLOODUG�-�&��0LRWHOOR�*��3LEOH�2��$UPHQJDXG�-��������,GHQWLILFDWLRQ�DQG
&KDUDFWHUL]DWLRQ�RI�0DULQH�0LFURRUJDQLVPV�E\�7DQGHP�0DVV�6SHFWURPHWU\�3URWHRW\SLQJ��0LFURRUJDQLVPV
�������

4. 0DSSD�&��$OSKD�%D]LQ�%��3LEOH�2��$UPHQJDXG�-��������(YDOXDWLRQ�RI�WKH�OLPLW�RI�GHWHFWLRQ�RI�EDFWHULD�E\
WDQGHP�PDVV�VSHFWURPHWU\�SURWHRW\SLQJ�DQG�SK\ORSHSWLGRPLFV��0LFURRUJDQLVPV��LQ�SUHVV�
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P43	
$EVWUDFW�����

:ULWHU���'U�0«OLVDQGH�%/(,1�1,&2/$6��PHOLVDQGH�EOHLQ�QLFRODV#LQUDH�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

(YDOXDWLRQ�RI�WKH�HIILFLHQF\�RI�WKH�63(('�SURWHLQ�H[WUDFWLRQ�SURWRFRO�RQ�SODQW
VDPSOHV
7KLHUU\�%$//,$8D��6KDEQDP�+86(<129$D��0DUOªQH�'$9$1785(D��0«OLVDQGH�%/(,1�1,&2/$6D

D�8QLYHUVLW«�3DULV�6DFOD\��,15$(��&156��$JUR3DULV7HFK��*4(���/H�0RXORQ��3$3362���������*LI�VXU�<YHWWH��)UDQFH

,Q�ERWWRP�XS�SURWHRPLFV��VDPSOH�SUHSDUDWLRQ�LV�D�FULWLFDO�VWHS�WKDW�VWURQJO\�LQIOXHQFHV�WKH�TXDOLW\�RI�WKH�UHVXOWV��,Q
SDUWLFXODU��SURWHLQ�H[WUDFWLRQ�VKRXOG�HQDEOH�HIILFLHQW�SURWHLQ�GLJHVWLRQ�IRU�VXEVHTXHQW�PDVV�VSHFWURPHWULF�DQDO\VLV�
5HFHQWO\��'RHOOLQJHU�HW�DO��>�@�UHSRUWHG�D�GHWHUJHQW�IUHH�PHWKRG�FDOOHG�6DPSOH�3UHSDUDWLRQ�E\�(DV\�([WUDFWLRQ�DQG
'LJHVWLRQ��63(('���ZKLFK�FRQVLVWV�RI�WKUHH�PDQGDWRU\�VWHSV��DFLGLILFDWLRQ��QHXWUDOL]DWLRQ��DQG�GLJHVWLRQ��63(('
LV�DQ�DWWUDFWLYH�PHWKRG�WKDW�KROGV�WKH�SRWHQWLDO�WR�GUDPDWLFDOO\�VLPSOLI\�DQG�VWDQGDUGL]H�VDPSOH�SUHSDUDWLRQ�ZKLOH
LPSURYLQJ�WKH�GHSWK�RI�SURWHRPH�FRYHUDJH��HVSHFLDOO\�IRU�FKDOOHQJLQJ�VDPSOHV��,Q�DGGLWLRQ��LWV�DXWKRUV�UHSRUW�LW�DV
XQLYHUVDO�EHFDXVH�LW�XVHV�SXUH�WULIOXRURDFHWLF�DFLG��ZKLFK�LV�VXSSRVHG�WR�H[WUDFW�SURWHLQ�IURP�DQ\�VDPSOH�E\
FRPSOHWH�GLVVROXWLRQ��+RZHYHU��WKLV�PHWKRG�KDV�QRW�EHHQ�WHVWHG�RQ�SODQW�VDPSOHV��<HW��SODQWV�KDYH�VSHFLILF
FRPSRXQGV��H�J���SRO\SKHQROV��FKORURSK\OO��RU�PDMRU�SURWHLQV��WKDW�FDQ�LQWHUIHUH�ZLWK�VDPSOH�SUHSDUDWLRQ��+HUH��ZH
DLP�WR�HYDOXDWH�LI�WKH�63(('�PHWKRG�LV�VXLWDEOH�IRU�SUHSDULQJ�SODQW�SURWHLQ�H[WUDFWV��7R�WKLV�HQG��ZH�VDPSOHG
OHDYHV��URRWV��DQG�VHHGV�IURP�$UDELGRSVLV�&RO���SODQWV��:H�JURXQG�HDFK�WLVVXH�LQ�OLTXLG�QLWURJHQ�DQG�GLYLGHG�WKH
UHVXOWLQJ�SRZGHUV�LQWR�QLQH�DOLTXRWV�WKDW�ZH�VXEVHTXHQWO\�XVHG�WR�H[WUDFW�SURWHLQV�E\�WKUHH�GLIIHUHQW�SURWRFROV�LQ
WKUHH�UHSOLFDWHV��WKH�63(('�PHWKRG��WKH�7&$�DFHWRQH�EDVHG��DQG�WKH�SKHQRO�EDVHG�H[WUDFWLRQ�PHWKRGV��:H
URXWLQHO\�XVH�WKH�ODWWHU�WZR�SURWRFROV�WR�H[WUDFW�SURWHLQV�IURP�OHDYHV�DQG�VHHGV��UHVSHFWLYHO\��0DVV�VSHFWURPHWU\
DQDO\VLV�IRU�WKH�ZKROH�H[SHULPHQWDO�GHVLJQ�LV�FXUUHQWO\�LQ�SURJUHVV��3UHOLPLQDU\�UHVXOWV�REWDLQHG�RQ�OHDI�VDPSOHV
LQGLFDWH�WKDW�WKH�63(('�PHWKRG�SURYLGHV�JRRG�H[WUDFWLRQ�\LHOGV�DQG�PDVV�VSHFWURPHWU\�VLJQDOV�

>�@�'RHOOLQJHU�HW�DO���������6DPSOH�3UHSDUDWLRQ�E\�(DV\�([WUDFWLRQ�DQG�'LJHVWLRQ��63(('����$�8QLYHUVDO��5DSLG�
DQG�'HWHUJHQW�IUHH�3URWRFRO�IRU�3URWHRPLFV�%DVHG�RQ�$FLG�([WUDFWLRQ��0RO�&HOO�3URWHRP��������������GRL�
��������PFS�7,5�����������
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P44	
$EVWUDFW�����

:ULWHU���'U�<DQQLFN�&+$55(7,(5��\DQQLFN�FKDUUHWLHU#ELRDVWHU�RUJ�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

0XOWL�RPLFV�ZRUNIORZ�IRU�WKH�LGHQWLILFDWLRQ�RI�GLVFULPLQDQW�PDUNHUV�DVVRFLDWHG
ZLWK�7U\SDQRVRPD�FUX]L�SRSXODWLRQV
'U�<DQQLFN�&+$55(7,(5D��$P\�+(6.(7+D��+D\DW�+$*(D��)UDQFLVFR�2/02E��7KRPDV�5,%(77(D��)DQQ\�(6&8',(F�
0DUWLQ�7$</25E��*LOOHV�&2857(0$1&+(D��'HUU\�0(5&(5D��$GULHQ�6$/,28D��(ULF�&+$7(/$,1F��-RKQ�.(//<E�
-RV«SKLQH�$%,�*+$1(0D

D�%,2$67(5��E�/21'21�6&+22/�2)�+<*,(1(�$1'�7523,&$/�0(',&,1(��F�'1'L

,QWURGXFWLRQ�

7U\SDQRVRPD�FUX]L �� 7��FUX]L ��LV�D�SURWR]RDQ�SDUDVLWH�WKDW�FDXVHV�&KDJDV�GLVHDVH��7KLV�]RRQRWLF�GLVHDVH�LV
WUDQVPLWWHG�YLD�KXPDQ�E\�EORRG�VXFNLQJ�WULDWRPLQH�EXJV��$FFRUGLQJ�WR�:+2��WKHUH�DUH�DSSUR[LPDWHO\��������QHZ
FDVHV�RI�&KDJDV�GLVHDVH�SHU�DQQXP�DQG�FDXVHV��������GHDWKV�HYHU\�\HDU��PDLQO\�LQ�0H[LFR��&HQWUDO�DQG�6RXWK
$PHULFD��7KH�OLIH�F\FOH�RI �7��FUX]L �LPSOLHV�D�GLIIHUHQWLDWLRQ�RI�QRQ�LQIHFWLYH�WR�LQIHFWLYH�IRUPV�ZLWKLQ�WKH�WULDWRPLQH
JDVWURLQWHVWLQDO�WUDFW�DQG�DQ�LQWUDFHOOXODU�SURJUHVVLRQ�RI �7��FUX]L �LQIHFWLRQV�LQ�KXPDQV��$IWHU�VXUYLYLQJ�WKH�DFXWH
VWDJH��SDWLHQWV�SURJUHVV�LQ�ODUJH�SDUW�WR�DQ�DV\PSWRPDWLF�FKURQLF�LQIHFWLRQ��,Q�D�VPDOO�SURSRUWLRQ�RI�FDVHV�
&KDJDV�FDUGLRP\RSDWK\�DQG�D�PHJDV\QGURPH�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�FDQ�RFFXU��&XUUHQWO\��NQRZOHGJH
OLPLWDWLRQV�RI�WKH�PHFKDQLVWLF�SURFHVVHV�DVVRFLDWHG�ZLWK�WKH�SHUVLVWHQFH�RI �7��FUX]L�FRPSURPLVH�WKH�GHYHORSPHQW
RI�LPSURYHG�WUHDWPHQWV�IRU�&KDJDV�GLVHDVH�

7R�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�&KDJDV�GLVHDVH��WZR�SRSXODWLRQV��UHSOLFDWLQJ�HSLPDVWLJRWHV�DQG�UHSOLFDWLQJ
DPDVWLJRWHV��KDYH�EHHQ�LVRODWHG��$Q�LQWHJUDWHG�SURWHRPH�DQG�WUDQVFULSWRPH�SURILOLQJ�PHWKRG�KDV�EHHQ
SHUIRUPHG�WR�LGHQWLI\�GLVFULPLQDQW�PDUNHUV�SDWKZD\V�DVVRFLDWHG�ZLWK�WKH�VWDJH�RI�LQIHFWLRQ�

0DWHULDO�	�PHWKRGV

,QWUDFHOOXODU�DPDVWLJRWHV�FDQ�EH�LVRODWHG�E\�UHSHDWHG�SDVVDJH�RI�LQIHFWHG�KRVW�FHOOV�WKURXJK�D�V\ULQJH�QHHGOH�
7KLV�LV�D�UDSLG�SURFHGXUH�EXW�ZLWK�VDIHW\�LVVXHV��)OXRUHVFHQWO\�WDJJHG�DPDVWLJRWHV�FDQ�EH�IXUWKHU�VRUWHG�DQG
LVRODWHG�XVLQJ�DQ�$ULD�%'�FHOO�VRUWHU��7KLV�WHFKQLTXH�DFKLHYHV�D�KLJKHU�SXULW\��EXW�ZLWK�D�ORZHU�\LHOG�DQG�FDQ�EH
WLPH�FRQVXPLQJ��,Q�WKLV�VWXG\��FHOOV�ZHUH�LQDFWLYDWHG�ZLWK�D�QRQLRQLF�GHWHUJHQW��&HOO�'LVUXSWLRQ�%XIIHU��3$5,6�NLW��
7KHUPR��DQG�IUR]HQ�XQWLO�UHTXLUHG��)RU�WKH�SURWHRPLF�DQDO\VLV��FHOOV������w/��ZHUH�SUHFLSLWDWHG�ZLWK�LFH�FROG
DFHWRQH�IRU�WZR�KRXUV�DW����r&�DQG�UHVXVSHQGHG�GLUHFWO\�LQWR�L67�O\VLV�EXIIHU��3UHRPLFV���3URWHLQ�O\VDWHV�ZHUH
GLJHVWHG�DFFRUGLQJ�WR�3UHRPLFV�LQVWUXFWLRQV��6DPSOHV�ZHUH�DGMXVWHG�WR�����wJ�w/�GLJHVWHG�SURWHLQV�DQG���wJ�RI
SURWHLQ�GLJHVWHG�ZHUH�ORDGHG�RQ�D�SUH�FROXPQ�DQG�VHSDUDWHG�RQWR���FP��wP���wP�(DV\6SUD\�FROXPQ��7KHUPR
(OHFWURQ��:DOWKDP�0$���5HYHUVH�SKDVH�VHSDUDWLRQ�ZDV�SHUIRUPHG�XVLQJ�DQ�8�����56�QDQR�V\VWHP�FRXSOHG�WR
DQ�([SORULV�����LQ�',$�PRGH��7KHUPR��

)RU�WKH�WUDQVFULSWRPLFV�DQDO\VLV��51$�ZDV�LVRODWHG�DFFRUGLQJ�WR�WKH�3$5,6�NLW�LQVWUXFWLRQV��7KHUPR���6HTXHQFLQJ
OLEUDULHV�ZHUH�SUHSDUHG�ZLWK�WKH�7ULR�51$�6HT഼�OLEUDU\�SUHSDUDWLRQ�NLW��7HFDQ�JHQRPLFV��WKHQ�VHTXHQFHG�RQ�WKH
,OOXPLQD�1H[W6HT������6\VWHP�

5HVXOWV

$�FOHDU�VHSDUDWLRQ�RI�DPDVWLJRWH�DQG�HSLPDVWLJRWH�SRSXODWLRQV�ZDV�REVHUYHG�IRU�ERWK�WKH�WUDQVFULSWRPH�DQG�WKH
SURWHRPH�SURILOHV��$Q�DGGLWLRQDO�VHSDUDWLRQ�RI�WKH�DPDVWLJRWH�SRSXODWLRQV�ZDV�REVHUYHG�IRU�ERWK�WHFKQLTXHV��7KLV
VHSDUDWLRQ�FRXOG�EH�H[SODLQHG�E\�WKH�GLIIHUHQFH�RI�LQIHFWLRQ�VWDJHV�EHWZHHQ�WKH�UHSOLFDWHV��RSWLPL]DWLRQ�RI�WKH
LVRODWLRQ�SURFHGXUH���$�KLJKHU�QXPEHU�RI�GRZQ�UHJXODWHG�JHQHV�DQG�SURWHLQV�ZDV�REVHUYHG�LQ�DPDVWLJRWHV
FRPSDUHG�WR�HSLPDVWLJRWHV��$Q�RII�RQ�SDWWHUQ�RI�SURWHLQ�H[SUHVVLRQ�ZDV�REVHUYHG�PDLQO\�LQ�DPDVWLJRWHV�����
SURWHLQV�ZHUH�DEVHQW�LQ�DPDVWLJRWHV�DQG�SUHVHQW�LQ�HSLPDVWLJRWHV��

&RQFOXVLRQ

$�UREXVW�PHWKRG�ZDV�GHYHORSHG�WR�H[SORUH�WKH�WUDQVFULSWRPLF�DQG�SURWHRPLF�SURILOHV�RI�GLYHUVH�SDUDVLWH
SRSXODWLRQV�ZLWKLQ�D�VLQJOH�VDPSOH��7KH�REVHUYHG�GLVWLQFWLRQ�LQ�WUDQVFULSWRPLF�DQG�SURWHRPLF�SURILOHV�RI
DPDVWLJRWHV�DQG�HSLPDVWLJRWHV�PLJKW�EH�H[SODLQHG�E\�WKHLU�LQWUDFHOOXODU�RU�H[WUDFHOOXODU�VWDWHV��UHVSHFWLYHO\�
,GHQWLILFDWLRQ�RI�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�DQG�SURWHLQV�EHWZHHQ�SRSXODWLRQV�ZLOO�IXUWKHU�DOORZ�XV�WR�VHOHFW
GLVFULPLQDQW�PDUNHUV�SDWKZD\V��7KH�DELOLW\�WR�VRUW�GLIIHUHQW�DPDVWLJRWH�VXE�SRSXODWLRQV�ZLOO�EH�RI�LQWHUHVW�WR
LVRODWH�౹GRUPDQW�TXLHVFHQW౺�SDUDVLWHV�WKDW�PD\�KDYH�D�UROH�LQ�WUHDWPHQW�IDLOXUH��/RZ�LQSXW�DQG�RU�VLQJOH�FHOO
DSSURDFKHV�DUH�QHHGHG�WR�IXUWKHU�LQYHVWLJDWH�WKHVH�SRWHQWLDOO\�UHOHYDQW�౹GRUPDQW�TXLHVFHQW౺�SRSXODWLRQV�
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P45	
$EVWUDFW�����

:ULWHU���%ODQGLQH�*8�9(/��EODQGLQH�FKDUR\#XQLY�UHQQHV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�RI�PRGHO�RUJDQLVPV��0LFURELDO�SURWHRPLFV

&RPSRVLWLRQ�RI�WKH�5DLQERZ�WURXW�WHVWLFXODU�H[WUDFHOOXODU�PDWUL[�XVLQJ
''$�3$6()�DQG�GLD3$6()�
%ODQGLQH�*8�9(/D��1DWKDOLH�&+(1$,6E��5«JLV�/$9,*1(D��$XU«OLHQ�%5,211(E��(PPDQXHOOH�&20D��&KDUOHV�3,1($8D�
-HDQ�-DFTXHV�/$5(<5(E

D�8QLY�5HQQHV��,QVHUP��(+(63��,UVHW��,QVWLWXW�GH�UHFKHUFKH�HQ�VDQW«ʤ��HQYLURQQHPHQW�HW�WUDYDLO����805B6�������)������
5HQQHV�FHGH[��)UDQFH��E�/DERUDWRU\�RI�)LVK�3K\VLRORJ\�DQG�*HQRPLFV��,15$(��������5HQQHV�FHGH[��)UDQFH

,1752'8&7,21

7HVWLFXODU�RUJDQRLGV�DUH�SURPLVLQJ��'�FHOO�FXOWXUH�PRGHOV�WR�VWXG\�GLUHFW�DQG�LQGLUHFW�FHOO�WR�FHOO�LQWHUDFWLRQV
EHWZHHQ�JHUP�VWHP�FHOOV��*6&��DQG�VRPDWLF�FHOOV��DV�ZHOO�DV�PHFKDQLVPV�OHDGLQJ�WR�PDOH�LQIHUWLOLW\��GLVHDVH�
HFRWR[LFRORJ\���7HVWLFXODU�RUJDQRLGV�FRXOG�DOVR�DOORZ�WKH�DPSOLILFDWLRQ�RI�*6&�IRU�WKH�FRQVHUYDWLRQ�RI�JHQHWLF
UHVRXUFHV�DQG�WKH�UHJHQHUDWLRQ�RI�WKH�FRKRUWV�RI�LQWHUHVW��7KH�SURGXFWLRQ�RI�RUJDQRLGV�EDVHG�RQ�WKH�XVH�RI
KHWHURORJRXV��QDWXUDO�DQG�V\QWKHWLF��H[WUDFHOOXODU�PDWUL[��(&0��KDV�EHHQ�FRPPRQO\�UHSRUWHG�LQ�PDPPDOV��EXW
HQGRJHQRXV�VFDIIROG�FRXOG�EH�PRUH�VXLWDEOH�7KH�SUHVHQW�VWXG\�XVHG�0DVV�VSHFWURPHWU\�EDVHG�SURWHRPLFV�LQ
RUGHU�WR�LQYHVWLJDWH�WKH�FRPSRVLWLRQ�RI�WKH�5DLQERZ�WURXW�WHVWLFXODU�H[WUDFHOOXODU�PDWUL[��W(&0��

0(7+2'

7HVWHV�ZHUH�FROOHFWHG�IURP�LPPDWXUH�5DLQERZ�WURXW�DQG�WKHQ�GHFHOOXODUL]HG�XVLQJ�6'6��6RGLXP�GRGHF\O
VXOIDWH��7KH�SURWHLQV�ZHUH�H[WUDFWHG�IURP�GHFHOOXODUL]HG�RU�QRQ�GHFHOOXODUL]HG�WHVWLFXODU�IUDJPHQWV�
+LJK�WKURXJKSXW�PDVV�VSHFWURPHWU\�EDVHG�SURWHRPLFV�ZHUH�FDUULHG�RXW�WR�LGHQWLI\�DQG�FRPSDUH�WKH�SURWHLQV�RQ
WKHVH�WZR�JURXSV�RI�VDPSOHV�XVLQJ�''$�3$6()�RU�GLUHFW�GLD3$6()�DSSURDFKHV�

,Q�D�VHFRQG�WLPH��D�VSHFWUDO�OLEUDU\�ZDV�JHQHUDWHG�IURP���SRROV�RI���LQGLYLGXDO�WURXW�WHVWLFXODU�IUDJPHQWV
SUHYLRXVO\�DQG�VHSDUDWHG�E\�D��'�JHO�HOHFWURSKRUHVLV��7KH�VHSDUDWHG�SURWHLQ�ODQHV�����GLIIHUHQW�IUDFWLRQV��ZHUH
DFTXLUHG�ZLWK�''$�3$6()�WHFKQRORJ\��$OO�''$��DQG�GLD3$6()�DQDO\VLV�ZHUH�SHUIRUPHG�RQ�D�QDQR(OXWH�OLTXLG
FKURPDWRJUDSK\�V\VWHP��DQG�D�WLPV72)�3UR�PDVV�VSHFWURPHWHU��%UXNHU�'DOWRQLFV���,QVWUXPHQW
V�PHWKRGV�ZHUH
DGDSWHG�WR�SHUIRUP�GDWD�LQGHSHQGHQW�LVRODWLRQ�RI�PXOWLSOH�SUHFXUVRU�ZLQGRZV�ZLWKLQ�D�VLQJOH����PV�W7LPV,06
VHSDUDWLRQ�����VDPSOHV�ZHUH�WKHQ�VXFFHVVIXOO\�DQDO\]HG�XVLQJ�D�OLEUDU\�EDVHG�ZRUNIORZ�ZLWK�WKH�6SHFWURQDXW���
VRIWZDUH��%LRJQRV\V��FRPSDUHG�WR�D�',$�GLUHFW�DSSURDFK�

5(68/76

3URWHRPLFV�DQDO\VHV�XQUDYHOHG�WKH�SURWHLQ�FRPSOH[LW\�RI�QRQ�GHFHOOXODUL]HG�DQG�GHFHOOXODUL]HG�WHVWHV�LQFOXGLQJ
JURZWK�IDFWRUV�DQG�FRPSRQHQWV�RI�WKH�EDVDO�ODPLQD��UHVSHFWLYHO\��,Q�WKLV�VWXG\��ZH�FRXOG�LGHQWLI\�ZLWK�WKH�GLUHFW
GLD3$6()�DSSURDFK������DQG������SURWHLQ�JURXSV�IRU�WKH�QRQ�GHFHOOXODUL]HG�DQG�GHFHOOXODUL]HG�WHVWHV
UHVSHFWLYHO\��LQFOXGLQJ������DQG������XQLTXH�JHQH�,'��7KH�''$�3$6()�OLEUDU\�UHVXOWLQJ�IURP�WKH�DQDO\VLV�RI���
SHSWLGH�IUDFWLRQV�DQG�WKH�DQDO\VLV�RI����DGGLWLRQDO�VDPSOHV�ZLOO�DOORZ�XV�WR�GHHSHQ�DQG�FRQILUP�WKH�UHVXOWV
REWDLQHG�ZLWK�WKH�',$�GLUHFW�DSSURDFK��

&21&/86,21

2XU�GDWD�SURYLGH�QHZ�SHUVSHFWLYHV�IRU�LPSURYLQJ�WKH�VFDIIROGV�DQG�PHGLD�XVHG�IRU�WKH�SURGXFWLRQ�WHVWLFXODU
RUJDQRLGV�

7KH�SURMHFW�UHFHLYHG�IXQGLQJ�IURP�WKH�(8�UHVHDUFK�SURMHFW�$TXDH[FHO�����������������DQG�WKH�)$3(63
SURJUDP��������������
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:ULWHU���&O«PHQFH�*8,//21��FOHPHQFH�JXLOORQ#XQLY�WOVH��IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������,QWHUDFWRPLFV�DQG�SURWHLQ�VWUXFWXUH

6WXG\�RI�WKH�PRGH�RI�DFWLRQ�RI�PL3(3V�LQ�$UDELGRSVLV�WKDOLDQD
&O«PHQFH�*8,//21D��-RULV�0$&48(7E��6HUJH�3/$=$D��-HDQ�3KLOLSSH�&20%,(5D��3DWULFH�7+8/($8D��%HUWUDQG�)$%5(D

D�/DERUDWRLUH�GH�5HFKHUFKH�HQ�6FLHQFHV�9«J«WDOHV��8QLYHUVLW«�3DXO�6DEDWLHU�&156�7RXORXVH�,13��E�/DERUDWRLUH�GHV
LQWHUDFWLRQV�SODQWHV���PLFUREHV���HQYLURQQHPHQW��,15$H�&156

0LFUR51$V��PL51$V��DUH�QHJDWLYH�UHJXODWRUV�RI�JHQH�H[SUHVVLRQ�YLD�DQ�LQWHUIHULQJ�51$�PHFKDQLVP��7KURXJK
WKLV�PHFKDQLVP�PL51$V�UHJXODWH�D�ZLGH�UDQJH�RI�SURFHVVHV�LQ�WKH�OLIH�RI�D�SODQW��VXFK�DV�YHJHWDWLYH�JURZWK�
GHYHORSPHQW�DQG�UHVSRQVH�WR�YDULRXV�ELRWLF�DQG�DELRWLF�VWUHVVHV��7KH�ELRV\QWKHVLV�RI�PL51$V�LV�ZHOO
GRFXPHQWHG�LQ�WKH�OLWHUDWXUH��D�PL5�JHQH�LV�WUDQVFULEHG�LQWR�D�SUHFXUVRU�FDOOHG�SUL�PL51$��ZKLFK�LQ�SDUDOOHO�WR�LWV
WUDQVFULSWLRQ�LV�FOHDYHG�E\�WKH�PXOWL�SURWHLQ�FRPSOH[�',&(5�LQWR�D�PLFUR51$�

,Q������LW�ZDV�VKRZQ�WKDW�VKRUW�RSHQ�UHDGLQJ�IUDPHV��25)V��DUH�SUHVHQW�RQ�SUL�PL51$V�DQG�FDQ�EH�WUDQVODWHG
LQWR�D�SHSWLGH�FDOOHG�PL3(3V�� PL51$�HQFRGHG�SHSWLGHV���0L3(3V�DFW�DV�SRVLWLYH�UHJXODWRUV�RI�WKH�H[SUHVVLRQ�RI
WKHLU�RZQ�SUL�PL51$���7KXV��SODQWV�FDQ�EH�VSUD\HG�RU�ZDWHUHG�ZLWK�D�JLYHQ�PL3(3�OHDGLQJ�WR�DQ�LQFUHDVH�LQ�WKH
H[SUHVVLRQ�RI�LWV�FRUUHVSRQGLQJ�SUL�PL51$�DQG�PL51$� �,Q�ILQH ��WKLV�UHVXOWV�LQ�DQ�LQFUHDVHG�LQKLELWLRQ�RI�WKH�WDUJHW
P51$��PDNLQJ�PL3(3V�DQ�LQWHUHVWLQJ�PROHFXODU�UHVHUYRLU�IRU�FURS�ELRFRQWURO��DV�WKH\�KDYH�WKH�SRWHQWLDO�WR
UHJXODWH�DV�PDQ\�SURFHVVHV�DV�PL51$V�

+RZHYHU��WKH�PRGH�RI�DFWLRQ�RI�PL3(3V�DW�WKH�PROHFXODU�OHYHO�VWLOO�UHPDLQV�XQFOHDU��PL3(3V�GR�QRW�DSSHDU�WR
KDYH�DQ\�GHILQHG�GRPDLQV�QRU�FRQVHUYHG�VHTXHQFHV�DQG�YDU\�LQ�OHQJWK�DQG�DPLQR�DFLG�FRPSRVLWLRQ��5HFHQW�GDWD
VXJJHVW�WKDW�PL3(3V�KDYH�WKH�DELOLW\�WR�LQWHUDFW�ZLWK�WKHLU�RZQ�25)V�RQ�SUL�PL51$V��WKXV�SURYLGLQJ�D�ILUVW
HOHPHQW�RI�UHVSRQVH�WR�WKH�VSHFLILFLW\�RI�DFWLRQ�RI�PL3(3V��+RZHYHU��WKH�SUHFLVH�PROHFXODU�PHFKDQLVP�E\�ZKLFK
PL3(3V�DFW�DV�SRVLWLYH�UHJXODWRU�RI�SUL�PL51$�H[SUHVVLRQ�UHPDLQV�XQUHVROYHG�WR�GDWH�

,Q�WKLV�FRQWH[W��ZH�K\SRWKHVL]HG�WKDW�WKH�PRGH�RI�DFWLRQ�RI�PL3(3V�LV�PHGLDWHG�WKURXJK�PL3(3�SURWHLQ
LQWHUDFWLRQV��$PRQJ�DOO�WKH�SURWHLQV�LQYROYHG�LQ�SUL�PL51$�WUDQVFULSWLRQ��SURFHVVLQJ�DQG�PDWXUDWLRQ��EDVHV�RQ
SUHOLPLQDU\�H[SHULPHQWV��ZH�QDUURZHG�WKHP�GRZQ�WR�WKUHH�SRWHQWLDO�LQWHUDFWLQJ�FDQGLGDWHV��+</���127�D�DQG
''/��7KXV��ZKLOH�H[RJHQRXV�DSSOLFDWLRQ�RI�PL3(3���D�WR�ZLOG�W\SH �$UDELGRSVL V �WKDOLDQD �SODQWV�UHVXOWHG�LQ�DQ
LQFUHDVH�RI�URRW�JURZWK��WKH�VDPH�WUHDWPHQW�DSSOLHG�WR �K\O� � �QRW�D �DQG �GGO �PXWDQWV�VKRZHG�QR�HIIHFW�RI�WKH
PL3(3��7KHVH�UHVXOWV�UHYHDO�WKDW�WKH�WKUHH�SURWHLQV�DUH�LPSRUWDQW�IRU�WKH�DFWLYLW\�RI�PL3(3V��,Q�DGGLWLRQ��XVLQJ�DQ
H[SUHVVLRQ�V\VWHP�LQ�LQVHFW�FHOOV�FRXSOHG�ZLWK�FR�LPPXQRSUHFLSLWDWLRQ�H[SHULPHQWV��ZH�IRXQG�WKDW�''/�DQG
+</��LQWHUDFWHG�ZLWK�PL3(3���D�EXW�DOVR�ZLWK�LWV�VFUDPEOHG�YHUVLRQ��7KHVH�UHVXOWV�VXJJHVW�WKDW�''/�DQG�+</
PLJKW�LQWHUDFW�ZLWK�VKRUW�DQG�SRRUO\�VWUXFWXUHG�DPLQR�DFLG�VHTXHQFHV��7KH�H[SUHVVLRQ�RI�SUL�PL5���D�LQ�UHVSRQVH
WR�PL3(3���D�WUHDWPHQW�LQ�WKH�K\O���QRW�D�DQG�GGO�PXWDQWV�LV�FXUUHQWO\�EHLQJ�LQYHVWLJDWHG�

,Q�SDUDOOHO��ZH�DUH�SODQQLQJ�WR�FKDUDFWHUL]H�WKH�LQWHUDFWRPH�RI�PL3(3V�LQ �$��WKDOLDQD��ZLWK�WKH�DLP�RI�LGHQWLI\LQJ�DOO
SURWHLQ�SDUWQHUV�LQ�DQ�XQELDVHG�PDQQHU��7R�WKLV�HQG��ZH�ZLOO�GHYHORS�D�SUR[LPLW\�ODEHOOLQJ�DSSURDFK�XVLQJ�D
7XUER�,'�ELRWLQ�OLJDVH�IXVHG�PL3(3�H[SUHVVHG�LQ �$��WKDOLDQD� �7KH�ELRWLQ\ODWHG�SDUWQHU�SURWHLQV�ZLOO�WKHQ�EH
SXULILHG�DQG�LGHQWLILHG�E\�PDVV�VSHFWURPHWU\��7KLV�DSSURDFK�ZLOO�DOORZ�XV�WR�GHWHFW�ZHDN�DQG�WUDQVLHQW
LQWHUDFWLRQV�EHWZHHQ�D�PL3(3�DQG�LWV�DVVRFLDWHG�SURWHLQV�
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:ULWHU���'U�0«ODQLH�/$*$55,*8(��PHODQLH�ODJDUULJXH#XQLY�UHQQHV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������,QWHUDFWRPLFV�DQG�SURWHLQ�VWUXFWXUH

,GHQWLILFDWLRQ�RI�SDUWQHU�SURWHLQV�RI�FKORUGHFRQH�E\�GUXJ�DIILQLW\�UHVSRQVLYH
WDUJHW�VWDELOLW\��'$576�
'U�0«ODQLH�/$*$55,*8(D��%ODQGLQH�*8�9(/E��,ZDQ�-$1F��6LPRQ�0211(5$,6F��7DQJX\�)(5/,(5F��5«JLV�/$9,*1(E�
&KDUOHV�3,1($8E

D�8QLY�5HQQHV��,QVHUP��(+(63��,UVHW��,QVWLWXW�GH�UHFKHUFKH�HQ�VDQW«ʤ��HQYLURQQHPHQW�HW�WUDYDLO����805B6�������)��������E
8QLY�5HQQHV��,QVHUP��(+(63��,UVHW��,QVWLWXW�GH�UHFKHUFKH�HQ�VDQW«ʤ��HQYLURQQHPHQW�HW�WUDYDLO����805B6�������)������
5HQQHV�FHGH[��)UDQFH��8QLY�5HQQHV��&156��,QVHUP��%LRVLW�8$5������86B6������3URWLP�FRUH�IDFLOLW\��)�������5HQQHV�
)UDQFH��F�8QLY�5HQQHV��,QVHUP��(+(63��,UVHW��,QVWLWXW�GH�UHFKHUFKH�HQ�VDQW«ʤ��HQYLURQQHPHQW�HW�WUDYDLO����805B6������
)�������5HQQHV�FHGH[��)UDQFH

:H�DUH�FRQWLQXRXVO\�H[SRVHG�WR�D�PXOWLWXGH�RI�H[RJHQRXV�PROHFXOHV��SHVWLFLGHV��SODVWLFL]HUV��GUXJV��LQGXVWULDO
SROOXWDQWV��FRVPHWLFV��IRRG�DGGLWLYHV��HWF���6RPH�RI�WKHP�SUHVHQW�HQGRFULQH�GLVUXSWRU��('��SURSHUWLHV��7KH
DVVHVVPHQW�RI�WKH�LPSDFW�RI�WKLV�H[SRVXUH�RQ�KHDOWK�DQG�WKH�LQYHVWLJDWLRQ�RI�WKH�PHFKDQLVPV�RI�DFWLRQ�RI�('V
KDYH�EHFRPH�PDMRU�LVVXHV�EXW�UHPDLQ�H[WUHPHO\�GLIILFXOW�WR�DGGUHVV�
6HYHUDO�WHVWV�YDOLGDWHG�E\�WKH�2(&'�PDNH�LW�SRVVLEOH�WR�VWXG\�WKH�DJRQLVWLF�RU�DQWDJRQLVWLF�SURSHUWLHV�RI�('V�RQ
KRUPRQH�UHFHSWRUV�DQG�WKHLU�LPSDFW�RQ�KRUPRQH�V\QWKHVLV�RU�WR�UHYHDO�GHOHWHULRXV�HIIHFWV�RQ�VH[XDO�GHYHORSPHQW�
UHSURGXFWLRQ�DQG�JURZWK��1HYHUWKHOHVV��WKLV�LV�QRW�VXIILFLHQW�WR�HOXFLGDWH�WKH�PHFKDQLVPV�RI�DFWLRQ�OHDGLQJ�WR
WKHVH�RXWFRPHV��DV�PRVW�('V�SUREDEO\�GLVUXSW�D�ZLGH�UDQJH�RI�ELRORJLFDO�SURFHVVHV�EH\RQG�KRUPRQH�UHFHSWRUV�
,Q�WKLV�FRQWH[W��WKH�FKDUDFWHUL]DWLRQ�RI�LQWHUDFWLRQV�EHWZHHQ�('V�DQG�PROHFXODU�WDUJHWV�VXFK�DV�SDUWQHU�SURWHLQV
FRQVWLWXWHV�HVVHQWLDO�LQIRUPDWLRQ�WR�EHWWHU�XQGHUVWDQG�WKHLU�PHFKDQLVPV�RI�DFWLRQ��&RQYHQWLRQDO�ELRFKHPLFDO
DSSURDFKHV�XVHG�IRU�WKH�LGHQWLILFDWLRQ�RI�SURWHLQV�LQWHUDFWLQJ�ZLWK�D�VPDOO�PROHFXOH�DUH�EDVHG�RQ�LWV
LPPRELOL]DWLRQ��7KLV�UHTXLUHV�WKH�FKHPLFDO�PRGLILFDWLRQ�RI�WKH�VPDOO�PROHFXOH��ZKLFK�FDQ�EH�GLIILFXOW�ZLWK�D�KLJK
ULVN�RI�ORVLQJ�LWV�DFWLYLW\��7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�LQWHUHVW�RI�UHFHQW�WHFKQLTXHV�DYRLGLQJ�WKLV
FKHPLFDO�PRGLILFDWLRQ�IRU�WKH�VLPSOH�DQG�UDSLG�LGHQWLILFDWLRQ�RI�SURWHLQV�LQWHUDFWLQJ�ZLWK�('V�

6HYHUDO�DSSURDFKHV�WR�LGHQWLI\�SURWHLQV�LQWHUDFWLQJ�ZLWK�D�QRQ�LPPRELOL]HG�VPDOO�PROHFXOH�DUH�EDVHG�RQ�WKH
SULQFLSOH�WKDW�WKH�SURWHLQ�LV�VWDELOL]HG�ZKHQ�ERXQG�WR�LWV�OLJDQG��7KLV�VWDELOL]DWLRQ�FDQ�EH�UHYHDOHG�E\�D�JUHDWHU
UHVLVWDQFH�WR�D�VKRUW�QRQ�VSHFLILF�SURWHRO\VLV��7KLV�SURSHUW\�LV�WKH�EDVLV�RI�WKH�GUXJ�DIILQLW\�UHVSRQVLYH�WDUJHW
VWDELOLW\��'$576��WHFKQLTXH�FKRVHQ�IRU�WKLV�VWXG\��&KORUGHFRQH�ZDV�VHOHFWHG�DV�D�PRGHO�PROHFXOH�EHFDXVH�RI�LWV
ZHOO�FKDUDFWHUL]HG�('�DFWLYLW\��$�FRPSOH[�SURWHLQ�H[WUDFW�ZDV�LQFXEDWHG�ZLWK�FKORUGHFRQH�DQG�WKHQ�VXEMHFWHG�WR�D
VKRUW�QRQ�VSHFLILF�SURWHRO\VLV�E\�SURQDVH�XQGHU�QDWLYH�FRQGLWLRQV��7KH�VDPSOH�ZDV�VXEVHTXHQWO\�GLJHVWHG�ZLWK
WU\SVLQ�/\V&�DQG�DQDO\]HG�E\�/&�06�06��$�ODEHO�IUHH�GLIIHUHQWLDO�DQDO\VLV�ZDV�SHUIRUPHG�WR�FRPSDUH�SURWHLQ
H[SUHVVLRQ�OHYHOV�EHWZHHQ�WKH�FKORUGHFRQH�WUHDWHG�H[WUDFW�DQG�WKH�FRQWURO�H[WUDFW�WUHDWHG�ZLWK�VROYHQW�RQO\�
3URWHLQV�ZKRVH�H[SUHVVLRQ�OHYHOV�LQFUHDVH�LQ�WKH�SUHVHQFH�RI�FKORUGHFRQH�DUH�FRQVLGHUHG�DV�SRWHQWLDO�SDUWQHUV�

([WUDFWLRQ�DQG�'$576�FRQGLWLRQV�ZHUH�RSWLPL]HG�RQ�0&)��FHOO�SHOOHWV��%HVW�UHVXOWV�ZHUH�REWDLQHG�ZLWK�D
SURQDVH�SURWHLQV�UDWLR�RI�������DQG�D�FKORUGHFRQH�FRQFHQWUDWLRQ�RI����w0��/DEHO�IUHH�GLIIHUHQWLDO�DQDO\VLV�ZDV
WKHQ�SHUIRUPHG�RQ�VL[�ELRORJLFDO�UHSOLFDWHV��6L[�SRWHQWLDO�SURWHLQ�SDUWQHUV�ZHUH�LGHQWLILHG��7KH�SURWRFRO�LV�QRZ
WUDQVSRVHG�RQ�UDW�SURVWDWH�WLVVXH�WR�EHWWHU�UHIOHFW�WKH�SK\VLRORJLFDO�FRQWH[W��7KLV�SURWRFRO�EHIRUH�EHLQJ�WHVWHG�RQ
KXPDQ�SURVWDWH�ELRSVLHV�

,Q�FRQFOXVLRQ��WKH�'$576�SURWRFRO�LV�HDVLO\�DFFHVVLEOH�IRU�DQ\�ODERUDWRU\�HTXLSSHG�IRU�SURWHRPLFV�DQG�DYRLGV�WKH
ELDVHV�LQGXFHG�E\�WKH�LPPRELOL]DWLRQ�RI�WKH�VPDOO�PROHFXOH��+RZHYHU��WKH�VRXUFHV�RI�YDULDWLRQ�LQ�WKH�SURWRFRO�PXVW
EH�DV�FRQWUROOHG�DV�SRVVLEOH��7KH�EHVW�SRWHQWLDO�SDUWQHUV�RI�FKORUGHFRQH�PXVW�EH�YDOLGDWHG�E\�DQ�RUWKRJRQDO
WHFKQLTXH�VXFK�DV�PLFURFDORULPHWU\�WR�FRQFOXGH�RQ�WKH�DSSOLFDELOLW\�RI�WKLV�SURWRFRO�WR�WKH�GLVFRYHU\�RI�SURWHLQV
LQWHUDFWLQJ�ZLWK�('V�
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:ULWHU���'U�0LJXHO�6(17$1'5(8��FLHVHQ#LDWD�FVLF�HV�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������,QWHUDFWRPLFV�DQG�SURWHLQ�VWUXFWXUH

'HYHORSPHQW�RI�D�SURWHRPLF�SLSHOLQH�DGGUHVVLQJ�URXWLQJ�PHDW�TXDOLW\
DVVHVVPHQW�ZLWKLQ�IRRG�LQGXVWU\
0LJXHO�6(17$1'5(8D��3DEOR�)(51$1'(=D��(QULTXH�6(17$1'5(8D

D�,QVWLWXWR�GH�$JURTX¯PLFD�\�7HFQRORJ¯D�GH�$OLPHQWRV��,$7$�&6,&���&�$JXVW¯Q�(VFDUGLQR����������3DWHUQD��9DOHQFLD��6SDLQ�

(QULTXH�6HQWDQGUHX��3DEOR�)HUQ£QGH]�DQG�0LJXHO�$��6HQWDQGUHX

,QVWLWXWR�GH�$JURTX¯PLFD�\�7HFQRORJ¯D�GH�$OLPHQWRV��,$7$�&6,&���&�$JXVW¯Q�(VFDUGLQR����������3DWHUQD�
9DOHQFLD��6SDLQ�

7R�ZKRP�FRUUHVSRQGHQFH�VKRXOG�EH�DGGUHVVHG��FLHVHQ#LDWD�FVLF�HV��0LJXHO�$��6HQWDQGUHX��

7KHUH�LV�DQ�XUJHQW�QHFHVVLW\�IRU�GHYHORSLQJ�UHOLDEOH��VXVWDLQDEOH�DQG�DIIRUGDEOH�DQDO\WLFDO�PHWKRGV�IRU�PHDW
TXDOLW\�DVVHVVPHQW�WKDW�FRXOG�EH�HDVLO\�LPSOHPHQWHG�E\�IRRG�LQGXVWU\��+LJK�RXWSXW�VWUDWHJLHV�EDVHG�RQ�OLTXLG
FKURPDWRJUDSK\�FRXSOHG�WR�WDQGHP�PDVV�VSHFWURPHWU\��/&�06�06��KDYH�FOHDUO\�GHPRQVWUDWHG�WKHLU�HIILFLHQF\�WR
VWXG\�LQ�GHWDLO�TXDOLW\�RI�PHDW�EDVHG�IRRGVWXIIV�PDLQO\�WKURXJK�HOXFLGDWLRQ�RI�NH\�SHSWLGH�ELRPDUNHUV��+RZHYHU�
LQGXVWULDO�LPSOHPHQWDWLRQ�RI�VXFK�HIIHFWLYH�06�EDVHG�VROXWLRQV�LV�QRUPDOO\�FRQVWUDLQHG�E\�WKHLU�EXGJHW�GHSHQGHQW
UHTXLUHPHQWV��OLPLWLQJ�5	'�DFWLYLWLHV�DERXW�PHDW�TXDOLW\�DVVHVVPHQW�RXWVLGH�EDVLF�UHVHDUFK�DFWLRQV��0RUHRYHU�
GXULQJ�WKH�ODVW�\HDUV�KLJK�UHVROXWLRQ�06��+506��DQDO\VLV�HPSKDVL]HG�WKH�WHFKQRORJLFDO�JDS�EHWZHHQ�EDVLF
UHVHDUFK�DQG�PHDW�LQGXVWU\�DFWLYLWLHV��GLVFRXUDJLQJ�LPSOHPHQWDWLRQ�RI�+506�WHFKQRORJ\�IRU�TXDOLW\�HYDOXDWLRQ�RI
WUDGHG�IRRGVWXIIV�

$V�DQ�DIIRUGDEOH�DOWHUQDWLYH�WR�XQWDUJHWHG�+506�DSSURDFKHV��WDUJHWHG�DQDO\VHV�SHUIRUPHG�E\�ORZ�UHVROXWLRQ
�/506��H[SORUDWRU\�GHYLFHV�VXFK�DV�WKUHH�GLPHQVLRQDO���'��LRQ�WUDSV�FDQ�EH�RI�LQWHUHVW�IRU�URXWLQH�DVVHVVPHQW�RI
PHDW�TXDOLW\��7KXV��LQ�WKLV�UHVHDUFK�WKHUH�ZDV�FRPELQHG�WKH�XQWDUJHWHG�DQG�WDUJHWHG�FDSDFLWLHV�RI�WKHVH
FRQYHQWLRQDO�DQDO\WLFDO�SODWIRUPV�IRU�ELRPDUNHU�KXQWLQJ�FDSDEOH�WR�GLVFULPLQDWH�QRUPDO�IURP�GHIHFWLYH�ERYLQH
PHDWV�WKURXJK�D�IOH[LEOH�JHO�IUHH�SURWHRPLF�SLSHOLQH��7KHUH�ZHUH�LQLWLDOO\�SURSRVHG�GLIIHUHQW�SRWHQWLDO�SURWHLQ
ELRPDUNHUV�E\�FRPSDULQJ�SURWHRPLF�SURILOHV�RI�GLUHFW�H[WUDFWV�HOXFLGDWHG�E\�GDWD�GHSHQGHQW�/&�06�06�DQDO\VHV
�GG�06 � ��FDUULHG�RXW�LQ�ERWK�SUHYLRXV�VWXGLHV�DQG�D�FRPSOHPHQWDU\�UHVHDUFK��7KHUH�ZHUH�VXEVHTXHQWO\
FRQVLGHUHG�RQO\�WKRVH�SURWHRW\SLF�SHSWLGHV�GHULYHG�IURP�SURWHLQV�H[KLELWLQJ�ODUJHU�GLIIHUHQFHV��PDLQO\
DEVHQFH�SUHVHQFH��DPRQJ�PHDW�JURXSV�DVVD\HG��4XDQWLWDWLYH�DQDO\VLV�RI�VXFK�SHSWLGHV�ZDV�FDUULHG�RXW�E\
WDUJHWHG�6HOHFWHG�5HDFWLRQ�0RQLWRULQJ��650��H[SHULPHQWV�RI�GLUHFW�SURWHLQ�H[WUDFWV�IURP�VL[��1RUPDO�'HIHFWLYH�
ELRORJLFDO�UHSOLFDWHV��$PRQJ����SHSWLGHV�DVVD\HG��UHVXOWV�FRQILUPHG�KRZ�/�ODFWDWH�GHK\GURJHQDVH�$�FKDLQ�DQG
3KRVSKRJOXFRPXWDVH���ZHUH�FOHDU�SURWHLQ�ELRPDUNHUV�FKDUDFWHUL]LQJ�QRUPDO�PHDW��,Q�FRQWUDVW��*O\FRJHQ
GHEUDQFKHU��$73�GHSHQGHQW���SKRVSKRIUXFWRNLQDVH�DQG�FKDSHURQHV�+HDW�VKRFN�SURWHLQV�EHWD���DQG�EHWD��
XQDPELJXRXVO\�W\SLILHG�GHIHFWLYH�PHDWV��,W�PXVW�EH�HPSKDVL]HG�KRZ�WDUJHWHG�650�DQDO\VLV�RI�WKHVH�VL[�VHOHFWHG
SHSWLGH�ELRPDUNHUV�FDQ�EH�HDVLO\�SHUIRUPHG�E\�URXWLQH�DQDO\WLFDO�SURWRFROV�IRU�HDUO\�SUHGLFWLRQ�RI�PHDW�TXDOLW\�DW
LQGXVWU\�OHYHO��$V�D�UHVXOW��VLJQLILFDQW�HFRQRPLF�ORVVHV�PD\�EH�SUHYHQWHG�WKURXJK�WKH�HDUO\�GHWHFWLRQ�RI�GHIHFWLYH
PHDWV�SULRU�WR�UHDFKLQJ�WKH�PDUNHW�

)OH[LELOLW\��DIIRUGDELOLW\�DQG�HDVLQHVV�RI�SURWHRPLF�SLSHOLQH�SURSRVHG�DOORZHG�WKH�PRQLWRULQJ�RI�SHSWLGH�ELRPDUNHUV
VXJJHVWHG�E\�ERWK�OLWHUDWXUH�DQG�FXVWRPL]HG�DQDO\VHV�IHDWXUHG�E\�FRQYHQWLRQDO�/&�06�DQDO\WLFDO�SODWIRUPV
PHUJLQJ�H[SORUDWRU\�DQG�WDUJHWHG�DSSURDFKHV��&RQVHTXHQWO\��WKLV�G\QDPLF�DQG�VXVWDLQDEOH�VWUDWHJ\�FDQ�EH
UHDGLO\�LPSOHPHQWHG�E\�PHDW�LQGXVWU\�IRU�TXDOLW\�DVVXUDQFH�RI�UHVXOWDQW�SURGXFWV�
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P49	
$EVWUDFW�����

:ULWHU���<«O«QD�0$57,1��\HOHQD�PDUWLQ#LJI�FQUV�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������,QWHUDFWRPLFV�DQG�SURWHLQ�VWUXFWXUH

&KHPLFDOO\�UHYHUVLEOH�1DQRERG\�FRXSOLQJ�IRU�D�PRUH�VSHFLILF�HOXWLRQ
<«O«QD�0$57,1D��5DFKHO�%285'21�$/21=($8D��&«OLD�&8&8/,�5(D��3LHUUH�)UDQ©RLV�0(5<D��-HDQ�&+(0,1D�
(PPDQXHO�%285,1(7D��)UDQFN�9$1'(502(5(D

D�,167,787�'(�*�120,48(�)21&7,211(//(��8QLYHUVLW«�GH�0RQWSHOOLHU��,16(50��&156

6PDOO�VLQJOH�FKDLQ�OODPD�DQWLERGLHV��DQG�QDQRERGLHV��/D*���DUH�LQWHUHVWLQJ�PROHFXOHV�IRU�GUXJ�GLVFRYHU\�
WKHUDSHXWLFV��DQG�UHVHDUFK��7KHLU�YHU\�VPDOO�VL]H�����N'D��JLYHV�WKHP�DFFHVV�WR�HSLWRSHV�LQDFFHVVLEOH�WR
FRQYHQWLRQDO�DQWLERGLHV��0DGH�RI�RQO\�RQH�SURWHLQ�FKDLQ��WKH\�DUH�HDV\�WR�SURGXFH�DW�ODUJH�VFDOH�LQ�EDFWHULDO
H[SUHVVLRQ�V\VWHPV�DQG�FDQ�EH�HQJLQHHUHG�ZLWK�FODVVLFDO�PROHFXODU�ELRORJ\�WRROV��)XUWKHUPRUH��QDQRERGLHV�DUH
H[WUHPHO\�VWDEOH�DQG�WKHLU�DIILQLW\�IRU�DQWLJHQV�LV�LQ�WKH�QDQRPRODU�UDQJH�

$�UHFHQW�SXEOLFDWLRQ�RQ�DQWL�*)3�QDQRERGLHV�EULQJV�RXW�WKDW�WKH�GLPHUL]DWLRQ�RI�QDQRERGLHV�FDQ�UHDFK�HYHQ
EHWWHU�DIILQLW\��$Q�LQFUHGLEOH����S0�.G�ZDV�GHVFULEHG�IRU�WZR�IXVHG�QDQRERGLHV�/D*����/D*���VHSDUDWHG�E\�D
SHSWLGH�OLQNHU�FRPSRVHG�RI�WKUHH�UHSHWLWLRQV�RI�****6��

7KH�JRDO�RI�WKLV�SURMHFW�LV�WR�PDNH�XVH�RI�WKLV�XQSUHFHGHQWHG�QDQRERG\�DIILQLW\�WR�SXULI\�IURP�PLFH
V�VSLQH�DQG
EUDLQ�WKH�LQWHUDFWRPH�RI�D�*)3�WDJJHG�&DY����FKDQQHO��D�YHU\�ORZ�DEXQGDQW�FDOFLXP�FKDQQHO�ZKRVH�UROH�LQ
FKURQLF�SDLQ�KDV�EHHQ�GLVFRYHUHG�E\�WKH�WHDP��:H�SURGXFHG�WKH�ELSDUDWRSLF�QDQRERG\��/D*����/D*����WRRO�LQ
WKH�SHULSODVP�RI�D�EDFWHULDO�V\VWHP��SXULILHG�LW�E\�DIILQLW\�DQG�VWHULF�H[FOXVLRQ�FKURPDWRJUDSK\�DQG�FRYDOHQWO\
ODEHOHG�LW�ZLWK�ELRWLQ�ZLWK�D�FKHPLFDO�OLQNHU�VHQVLWLYH�WR�D�UHGXFWLRQ��WKLRO��

7KH�DIILQLW\�RI�VWUHSWDYLGLQ�EHDGV�IRU�WKH�ELRWLQ\ODWHG�QDQRERG\��.G����I0��DQG�WKH�DIILQLW\�RI�WKH�QDQRERG\�IRU�WKH
*)3�WDJ�EHLQJ�WRR�KLJK�IRU�FODVVLFDO�6'6�HOXWLRQ��ZH�KDG�WR�WDNH�DGYDQWDJH�RI�WKH�WKLRO�JURXS�RI�WKH�OLQNHU�WR
UHOHDVH�WKH�QDQRERG\�E\�UHGXFWLRQ��7KLV�PHWKRG�VKRXOG�DOVR�QRW�HOXWH�SURWHLQV�DVSHFLILFDOO\�ERXQG�WR�EHDGV�RU
SODVWLF��$IWHU�RSWLPL]DWLRQ��PRUH�WKDQ�����RI�WKH�QDQRERG\�ZDV�UHFRYHUHG�LQ�WKH�HOXWLRQ��PRUH�WKDQ�GRXEOH�WKH
DPRXQW�REWDLQHG�E\�WKH�FODVVLFDO�6'6�HOXWLRQ�

:H�DUH�QRZ�WHVWLQJ�RXU�RSWLPL]HG�SURWRFRO�RQ�EUDLQ�VDPSOHV�IURP�*)3�&DY����NQRFNLQ�YV�:LOG�W\SH�PLFH�IRU
$306�DQDO\VLV��7KLV�SURWRFRO�PLJKW�EH�YHU\�XVHIXO�WR�VWXG\�WKH�LQWHUDFWRPH�RI�DQ\�ORZ�DEXQGDQW�SURWHLQ�

.H\ZRUGV��1DQRERG\��DIILQLW\�SXULILFDWLRQ��ELRWLQ\ODWLRQ��FKHPLFDO�HOXWLRQ��PDVV�VSHFWURPHWU\
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P50	
$EVWUDFW�����

:ULWHU���+XJR�*,=$5',1�)5('21��KXJR�JL]DUGLQ�IUHGRQ#HWX�XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������6WUXFWXUDO�SURWHRPLFV

*RLQJ�DJDLQVW�WKH�JUDLQ��GHYHORSPHQW�RI�GHQDWXULQJ�PDVV�SKRWRPHWU\�IRU
ILQH�WXQLQJ�RI�SURWHLQ�SURWHLQ�FURVV�OLQNLQJ�UHDFWLRQV
+XJR�*,=$5',1�)5('21D��2VFDU�+(51$1'(=�$/%$D��6DUDK�&,$1)(5$1,D

D���/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��,3+&�805�������8QLYHUVLW«�GH�6WUDVERXUJ��&156�������
6WUDVERXUJ��)UDQFH�����,QIUDVWUXFWXUH�1DWLRQDOH�GH�3URW«RPLTXH�3UR),���)5������������6WUDVERXUJ��)UDQFH

6WUXFWXUDO�06�LV�D�JHQHULF�WHUP�WKDW�HQFRPSDVVHV�D�VHULHV�RI�06�EDVHG�VWUDWHJLHV�DGDSWHG�IRU�WKH
FKDUDFWHUL]DWLRQ�RI�QRQ�FRYDOHQW�DVVHPEOLHV��$PRQJ�WKHP��FURVV�OLQNLQJ�IROORZHG�E\�PDVV�VSHFWURPHWU\��;/�06�
LV�D�FRYDOHQW�ODEHOOLQJ�SURWHRPLFV�EDVHG�WHFKQLTXH�WKDW�KDV�GUDVWLFDOO\�SURJUHVVHG�WKLV�SDVW�GHFDGH�IURP �LQ�YLWUR
WR�HYHQ �LQ�VLWX�LQ�FHOOXOR �DSSOLFDWLRQV � ��;/�06�DSSURDFKHV�SURYLGH�VQDSVKRWV�RI�QRQ�FRYDOHQW�SURWHLQ�SURWHLQ
LQWHUDFWLRQV��33,��WKURXJK�GHWHUPLQDWLRQ�RI�VSDWLDO�SUR[LPLWLHV�DQG�GLVWDQFH�FRQVWUDLQWV��7KH�ILUVW�VWHS�RI�FKHPLFDO
;/�UHDFWLRQ�LWVHOI�LV�RI�XWPRVW�LPSRUWDQFH�LQ�WKH�;/�06�ZRUNIORZ��,QGHHG��EHIRUH�/&�06�06�DQDO\VLV��RSWLPDO�;/
FRQGLWLRQV�KDYH�WR�EH�GHWHUPLQHG��RSWLPDO�UHDJHQW�DQG�;/�FRQGLWLRQV��ZLWKRXW�JHQHUDWLQJ�H[WHQVLYH�QRQ�VSHFLILF
;/�DJJUHJDWHV��7R�GDWH��GHQDWXULQJ��'�6'6�3$*(�LV�UHFRPPHQGHG�WR�PRQLWRU�DQG�RSWLPL]H�;/�FRQGLWLRQV � �
DOORZLQJ�YLVXDO�REVHUYDWLRQ�RI�KLJK�PDVV�EDQGV�RQ�WKH�JHO�FRUUHVSRQGLQJ�WR�FURVV�OLQNHG�VSHFLHV�ZLWK
FRQFRPLWDQW�YDQLVKLQJ�RI�EDQGV�FRUUHVSRQGLQJ�WR�LQGLYLGXDO�IUHH�SURWHLQ�SDUWQHUV��(YHQ�LI�GHQDWXULQJ�6'6�3$*(
DQDO\VLV�LV�HDV\��ZLGHO\�DYDLODEOH�DQG�UREXVW��LW�KDV�VRPH�OLPLWDWLRQV��L��ORZ�PDVV�UHVROXWLRQ��LL��WLPH�FRQVXPLQJ
����KRXU�WLPH�VFDOH�IURP�JHO�FDVWLQJ�WR�SURWHLQ�VWDLQLQJ���LLL��QRW�VXLWHG�IRU�KLJK�PDVVHV�RU�KLJKO\�KHWHURJHQHRXV
FRPSOH[HV�ZKLFK�GR�QRW�HQWHU�WKH�JHO�

7R�FLUFXPYHQW�WKHVH�OLPLWDWLRQV��ZH�DLPHG�DW�HYDOXDWLQJ�PDVV�SKRWRPHWU\��03���D�UHFHQWO\�GHYHORSHG
౹VLQJOH�PROHFXOH౺�ELRSK\VLFDO�WHFKQLTXH��WKDW�JDLQV�LQWHUHVW�LQ�VWUXFWXUDO�ELRORJ\��IRU�;/�UHDFWLRQ�RSWLPL]DWLRQ��03
LV�D�YHUVDWLOH��IDVW�DQG�ORZ�VDPSOH�FRQVXPLQJ�WHFKQLTXH�WKDW�FRPSOHPHQWV�QDWLYH�06�IRU�SURWHLQ�PDVV
GLVWULEXWLRQV�PHDVXUHPHQWV�LQ�QDWLYH�FRQGLWLRQV��'HVSLWH�LWV�URXWLQH�XVH�WR�VWXG\�QDWLYH�SURWHLQ�SURWHLQ
LQWHUDFWLRQV�RU�PXOWLSURWHLQ�FRPSOH[HV�ROLJPHUL]DWLRQ ���03�ZRUNIORZV�DUH�QRW�DGDSWHG�IRU�WKH�FKDUDFWHUL]DWLRQ�RI
FRYDOHQW�DVVHPEOLHV�

:H�UHSRUW�KHUH�RQ�WKH�GHYHORSPHQW�RI�D�VXLWDEOH�DQG�HIILFLHQW�03�PHWKRGRORJ\�LQ�GHQDWXULQJ�FRQGLWLRQV��FDOOHG
G03��IRU�WKH�VWUDLJKWIRUZDUG�FKDUDFWHUL]DWLRQ�RI�FRYDOHQW�DVVHPEOLHV��ZLWK�D�VSHFLDO�HPSKDVLV�RQ�LWV�EHQHILWV�IRU
UDSLG�;/�UHDFWLRQ�RSWLPL]DWLRQ��7KH�GHYHORSHG�ZRUNIORZ�FRQVLVWV�RI�D�UREXVW�DQG�HIILFLHQW���VWHS�SURWRFRO�WKDW
HQVXUHV�����RI�LUUHYHUVLEOH�GHQDWXUDWLRQ�ZLWKLQ��PLQ�LQ�XUHD��MXVW�EHIRUH�03�PHDVXUHPHQW��$IWHU�HYDOXDWLQJ�LWV
HIILFLHQF\�RQ�UHIHUHQFH�PXOWLPHULF�SURWHLQV��%6$��$'+��*/'+�DQG���6�SURWHDVRPH���ZH�EHQFKPDUNHG�G03
DJDLQVW�WKH�UHIHUHQFH��'�6'6�3$*(�JHO�PLJUDWLRQ�WR�ILQH�WXQH�SURWHLQ�;/�UHDFWLRQV��LPSDFW�RI�;/�UHDJHQWV�
FRQFHQWUDWLRQV��HWF����G03�DOORZHG�D�UDSLG�VFUHHQLQJ�RI����GLIIHUHQW�;/�FRQGLWLRQV�LQFOXGLQJ�GLIIHUHQW�FRPPRQO\
XVHG�UHDJHQWV��3KR;��'6$8��'662��'6%8��ZLWKLQ�a����KRXU��ZLWK�PHDVXUHPHQWV�LQ�WULSOLFDWHV���KLJKOLJKWLQJ�WKDW
VL]H�DQG�IOH[LELOLW\�RI�WKH�VSDFHU�DUP�DUH�RI�XWPRVW�LPSRUWDQFH�RQ�;/�HIILFLHQF\��)LQDOO\��ZH�VXFFHVVIXOO\�DSSOLHG
WKH�G03�EDVHG�;/�RSWLPL]DWLRQ�ZLWKLQ�D�FRPSOHWH�;/�06�ZRUNIORZ�WKDW�DLPHG�WR�VWXG\�WKH�33,�RI�5�63��D�a���
N'D�FRPSOH[�LQYROYHG�LQ�PDMRU�FHOO�IXQFWLRQV�DV�'1$�UHSDLU��UHPRGHOLQJ�RI�FKURPDWLQ�RU�WUDQVFULSWLRQDO�UHJXODWLRQ�
�

%\�SURYLGLQJ�GLUHFW�YLVXDOL]DWLRQ�DORQJ�ZLWK�UHODWLYH�TXDQWLILFDWLRQ�RI�DOO�VXE�FRPSOH[HV�DQG�DJJUHJDWHV��G03�FDQ
EH�XQLTXHO\�SRVLWLRQHG�DV�WKH�JR�WR�PHWKRG�IRU�PRUH�SUHFLVH�DQG�DFFXUDWH��PDVV�EDVHG�RSWLPL]DWLRQ�RI�EHVW�;/
FRQGLWLRQV��&RQVHTXHQWO\��RSWLPDO�;/�FRQGLWLRQV��FURVV�OLQNHU��UHDFWLRQ�WLPH��WHPSHUDWXUH��FURVV�OLQNHU�H[FHVV��S+
YDOXH��HWF���FDQ�EH�UDWLRQDOO\�VFUHHQHG�LQ�D�VWUDLJKWIRUZDUG�PDQQHU�DQG�ZLWK�PRUH�DFFXUDWH�UHDGRXWV��YLVXDOL]DWLRQ
RI�VXE�FRPSOH[HV�YV�RYHU�;/�DJJUHJDWHV��UHODWLYH�TXDQWLILFDWLRQ�RI�WKH�VSHFLHV��HWF����:H�HQYLVLRQ�G03�DV�D�PRUH
SUHFLVH�DQG�DFFXUDWH�DOWHUQDWLYH�WHFKQLTXH�WKDQ��'�6'6�3$*(�DQDO\VLV�IRU�;/�UHDFWLRQ�RSWLPL]DWLRQ��ZKLFK�PLJKW
EH�IXOO\�DXWRPDWL]HG�LQ�D�QHDU�IXWXUH�

����3LHUVLPRQL��/���DQG�DO��&KHP��5HY������

����,DFREXFFL��&���DQG�DO��$QDO��&KHP������

����$VRU��5���DQG�DO��&XUU��2SLQ��&KHP��%LRO������

����6ROWHUPDQQ��)���DQG�DO��$QJHZ��&KHP��,QW��(G������

����0DXUL]\��&���DQG�DO��1DW��&RPPXQ������
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P51	
$EVWUDFW�����

:ULWHU���0\ULDP�)(552��P\ULDP�IHUUR#FHD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������6WUXFWXUDO�SURWHRPLFV

(QKDQFLQJ�FURVVOLQNLQJ�UHDFWLRQV�LQ�SKRWRV\QWKHWLF�PHPEUDQH�V\VWHPV�IRU
SURWHRPLFV
1LFRODV�)5$1&(6D��$QQH�0DULH�+(66(D��6\OYLH�.,())(5�-$48,12'D��*LOOHV�&85,(1E��0\ULDP�)(552D�
*LRYDQQL�),1$==,E��3DVFDO�$/%$1(6(E

D�%*(�('\3��8$�����)5�����8*$�&($�,QVHUP�&156��E�3&9�/30��805�����805�����8*$�&156�&($�,15$H

&RQWH[W�

0HPEUDQH�SURWHLQV�SOD\�D�YLWDO�UROH�LQ�PDLQWDLQLQJ�FHOO�KRPHRVWDVLV��DQG�VRPH�DUH�LQYROYHG�LQ�FUXFLDO�UHDFWLRQV�LQ
WKH�HQHUJ\�WUDQVGXFLQJ�PHPEUDQHV�RI�FKORURSODVWV�DQG�PLWRFKRQGULD��7KH�UHTXLUHG�VWHSV�RI�VROXELOL]DWLRQ�DQG
SXULILFDWLRQ�PDNH�VWUXFWXUDO�VWXGLHV�FKDOOHQJLQJ��DQG�FURVVOLQNLQJ��;/��PDVV�VSHFWURPHWU\��06��KDV�HPHUJHG�DV
DQ�DOWHUQDWLYH�WRRO�IRU�VWXG\LQJ�WKHLU�VWUXFWXUH��3KR;�����LV�DQ�LQQRYDWLYH�UHDJHQW�XVHG�WR�HQULFK�;/�SHSWLGHV�ZLWK�D
SKRVSKRQLF�PRLHW\��KRZHYHU��WKH�\LHOG�LV�JHQHUDOO\�ORZ�GXH�WR�QHJDWLYH�UHSXOVLRQ�ZLWK�WKH�PHPEUDQH�SURWHLQ
VXUIDFH��,Q�RUGHU�WR�DGGUHVV�WKLV�SUREOHP��ZH�SURSRVH�WKDW�7ULPHWK\OSKHQ\ODPPRQLXP�FKORULGH��703$&��FRXOG
DFFXPXODWH�DW�WKH�PHPEUDQH�LQWHUIDFH��PDVN�QHJDWLYH�FKDUJHV��DQG�VHUYH�DV�DQ�HQKDQFHU�WR�EULQJ�3KR;�FORVHU
WR�WKH�PHPEUDQH�VXUIDFH��WKHUHE\�HQDEOLQJ�LW�WR�UHDFW�ZLWK�WKH�SUHVHQW�O\VLQH�UHVLGXHV�

([SHULPHQWV�ZHUH�FRQGXFWHG�XVLQJ�6SLQDFK��6SLQDFLD�ROHUDFHD��WK\ODNRLG�PHPEUDQHV��7KH�HIIHFWV�RI�703$&�RQ
WKH�LQWHJULW\�RI�WKH�PHPEUDQH�DQG�WKH�JHQHUDWLRQ�RI�FURVVOLQNV�ZHUH�HYDOXDWHG�XVLQJ�SKRWRV\VWHP�,,��36,,�
VWUXFWXUH�DQG�ELRNLQHWLF�DVVD\V��7KH�FRPSRXQG�ZDV�VKRZQ�WR�EH�D�FRPSHWHQW�HQKDQFHU��LQFUHDVLQJ�WKH�QXPEHU
RI�FURVVOLQNV�LGHQWLILHG�E\������ZLWKRXW�PRGLI\LQJ�WKH�SURWRFRO�IRU�;/�SHSWLGHV�HQULFKPHQW��7KHVH�ILQGLQJV
GHPRQVWUDWH�WKH�SRWHQWLDO�RI�703$&�LQ�FRPELQDWLRQ�ZLWK�3KR;�DV�D�SRZHUIXO�WRRO�WR�HOXFLGDWH�WKH�FRQIRUPDWLRQ�RI
PHPEUDQH�SURWHLQV�

0DLQ�UHVXOWV�

&RQFHQWUDWLRQV�ORZHU�WKDQ�����P0�RI�703$&�GR�QRW�DIIHFW�WKH�SK\VLRORJLFDO�VWDWH�RI�WKH�WK\ODNRLG�PHPEUDQH
�PHDVXUHG�DV�HQ]\PDWLF�HIILFLHQF\�RI�36,,�IRU�HOHFWURQ�SURGXFWLRQ���DW�DQ\�LQWHQVLW\�OLJKW��UHVSHFW�WKH�FRQWURO
FRQGLWLRQ�IRU�WKH�WK\ODNRLGV�VROXWLRQ�ZLWKRXW�703$&��HTXLYDOHQW�WR������RI�SKRWRV\QWKHWLF�SHUIRUPDQFH�

7KH�SK\VLRORJLFDO�VWDWH�RI�WKH�PHPEUDQHV�LV�QRW�DOWHUHG��WKHUHIRUH��WKHUH�DUH�QR�LQGXFHG�DUWLIDFWV�DQG�IDOVH
SRVLWLYH�FURVVOLQNV�

,Q�RWKHU�DVVD\V��ZH�VKRZ�WKDW�QR�V\QHUJLVWLF�HIIHFWV�EHWZHHQ�3KR;���P0�DQG�703$&�VROXWLRQV�DW�WKH�ORZHU
FRQFHQWUDWLRQV��7KXV��DOO�WKH�SK\VLRORJLFDO�FKDQJHV�DUH�LQKHUHQW�WR�WKH�FURVVOLQNLQJ�IRUPDWLRQ�

&RQFOXVLRQV�

2XU�UHVHDUFK�UHYHDOHG�WKDW�WKH�FRPELQDWLRQ�RI�703$&�DQG�3KR;�HQKDQFHV�WKH�\LHOG�RI�LGHQWLILHG�FURVVOLQNV�E\
QHDUO\�RQH�IROG��HQDEOLQJ�JUHDWHU�DFFHVVLELOLW\�RI�WKH�FURVVOLQNLQJ�UHDJHQW�ZLWKRXW�DOWHULQJ�WKH�SK\VLRORJLFDO�VWDWH�RI
WKH�V\VWHP��2XU��'�PRGHOLQJ�DQDO\VLV�VXJJHVWV�WKDW�703$&�LQGXFHV�QRYHO�FURVVOLQNV�LQ�SURWHLQ�UHJLRQV�ZLWK
QHJDWLYH�VXUIDFH�FKDUJHV��0RUHRYHU��LW�ZDV�VKRZQ�WR�KDYH�FULWLFDO�LPSRUWDQFH�FRQVLGHULQJ�ORRVH�WHUPLQDO�UHJLRQV
ZKHQ�PRGHOLQJ�FRPSOHWH��'�VWUXFWXUHV��2YHUDOO��703$&�LV�D�SURPLVLQJ�WRRO�IRU�DGYDQFLQJ�RXU�XQGHUVWDQGLQJ�RI
PHPEUDQH�ERXQG�SURWHLQV��,W�LV�FRPPHUFLDOO\�DYDLODEOH��FRVW�HIIHFWLYH��DQG�KLJKO\�HIILFLHQW��IDFLOLWDWLQJ�FURVVOLQNLQJ
UHDFWLRQV�LQ�QDWLYH�PHPEUDQHV�ZLWKRXW�JHQHUDWLQJ�DUWLIDFWV�DQG�GLVUXSWLRQV��$OVR��LW�VKRZV�D�JUHDW�GLVSOD\�LQ
FRPELQDWLRQ�ZLWK�ORZ�FURVVOLQNLQJ�UHDJHQW�FRQFHQWUDWLRQV��1RQHWKHOHVV��IXUWKHU�H[SHULPHQWDWLRQ�LV�UHTXLUHG�WR
H[SORUH�LWV�IXOO�SRWHQWLDO�IRU�LQ�YLYR�VWXGLHV�DQG�RSWLPDO�XVH�LQ�GLYHUVH�H[SHULPHQWDO�VHWXSV�

● ����6WHLJHQEHUJHU��%��HW�DO��������'2,����������DFVFHQWVFL��E������
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P52	
$EVWUDFW�����

:ULWHU���<DVPLQH�%28*+$10,��\DVPLQH�ERXJKDQPL#HWX�XQLY�DPX�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������6WUXFWXUDO�SURWHRPLFV

6KRUW�PRGLILHG�SHSWLGHV�RU�GLPHULF�SHSWLGH�LVRODWHG�IURP�DQLPDO�YHQRPV��$UH
/&�06�06��(GPDQ�VHTXHQFLQJ�HQRXJK�WR�GHWHUPLQH�WKHLU�VHTXHQFHV"
<DVPLQH�%28*+$10,D��3DVFDO�0$168(//(E��5HJLQH�/(%581E��3DWULFN�)28548(7F��0DULHOOH�%$/=$12G�
&DUROLQH�%(5(1*8(5H��0D[LPH�028/$5'G��+DUROG�'(�320<(56I��'LGLHU�*,*0(6J��/
KRXFLQH�28$),.H�
.DPHO�0$%528.J

D�$L[�0DUVHLOOH�8QLY�&156�,&5�805��������TXLSH�&5236��E�$L[�0DUVHLOOH�8QLY��,00�,QVWLWXW�GH�0LFURELRORJLH�GH�OD
0«GLWHUUDQ«H��0DUVHLOOH�3URW«RPLTXH���)5�������0DUVHLOOH��)UDQFH��F�$L[�0DUVHLOOH�8QLY��,16(50��&156��,QVWLWXW
3DROL�&DOPHWWHV��&5&0�������0DUVHLOOH�3URW«RPLTXH��0DUVHLOOH��)UDQFH��G�%LR&\WH[��0DUVHLOOH���������)UDQFH��H�$L[
0DUVHLOOH�8QLY��&156��,QVWLWXW�GH�1HXURSK\VLRSDWKRORJLH��,13���0DUVHLOOH��)UDQFH��I�/$72;$1�6$6������$YHQXH�3LHUUH
%URVVROHWWH��������3RUWHV�OªV�9DOHQFH��)UDQFH��J�$L[�0DUVHLOOH�8QLY�&156�,&5�805��������TXLSH�&5236�������
0DUVHLOOH��)UDQFH

7KH�UHVHDUFK�IRU�QHZ�WKHUDSHXWLF�PROHFXOHV�LV�D�PDMRU�SXEOLF�KHDOWK�LVVXH��PRUH�SDUWLFXODUO\�LQ�WKH�WUHDWPHQW�RI
FHUWDLQ�GLVHDVHV��,Q�RXU�JURXS��YHQRPV�KDYH�EHHQ�VFUHHQHG�LQ�VHYHUDO�DUHDV�LQ�RUGHU�WR�LGHQWLI\�QHZ�SDLQNLOOHUV
DQG�PDLQO\�DQWL�WXPRUV�RU�DQWLEDFWHULDO�DJHQWV�

6R�IDU��WKH�VXFFHVV�RI�FDQFHU�WUHDWPHQWV�KDV�QRW�EHHQ�VDWLVIDFWRU\��,QGHHG��V\QWKHWLF�FKHPLFDOV�XVHG�LQ
FKHPRWKHUDS\�DQG�UDGLRWKHUDS\�KDYH�ORZ�VROXELOLW\�DQG�VRPHWLPHV�H[WUHPHO\�KLJK�F\WRWR[LFLW\�WKDW�FDQ�FDXVH
VLJQLILFDQW�FROODWHUDO�GDPDJH�WR�QRUPDO�WLVVXHV��,Q�DGGLWLRQ��WKH\�FDQ�LQGXFH�FKHPRUHVLVWDQFH�RU�UDGLRUHVLVWDQFH
DIWHU�D�SHULRG�RI�WUHDWPHQW��,W�LV�WKHUHIRUH�HVVHQWLDO�WR�GHYHORS�QHZ�PROHFXOHV�FDSDEOH�RI�EORFNLQJ�WKH�GLYLVLRQ�RI
FDQFHU�FHOOV�DQG�KDYLQJ�OHVV�WR[LF�HIIHFWV�RQ�KHDOWK\�WLVVXHV��0DQ\�DQWL�FDQFHU�SHSWLGHV��$&3V��KDYH�WKH�DELOLW\�WR
VSHFLILFDOO\�DQG�VHOHFWLYHO\�WDUJHW�FDQFHU�FHOOV�

0RUHRYHU��QDWXUDO�UHVLVWDQFH�RI�EDFWHULD�FRQVHFXWLYH�WR�RYHUXVH�RI�DQWLELRWLFV�LQ�KXPDQ�DQG�DQLPDO�WKHUDSLHV�DV
ZHOO�DV�LQ�YDULRXV�LQGXVWULDO�ILHOGV�KDYH�OHG�WR�WKH�VHOHFWLRQ�RI�SDWKRJHQLF�PXOWL��GUXJ�UHVLVWDQW�EDFWHULD��2YHU�WKH
ODVW�IHZ�GHFDGHV��UHVLVWDQFH�WR�FRQYHQWLRQDO�DQWLELRWLFV�KDV�OLPLWHG�WUHDWPHQW�RSWLRQV��UHVXOWLQJ�LQ�D�VLJQLILFDQW
LQFUHDVH�LQ�PRUWDOLW\�DQG�PRUELGLW\�LQ�KRVSLWDOV��9HQRPV�DUH�NQRZQ�WR�EH�D�ULFK�VRXUFH�RI�XQLTXH�DQG�LQQRYDWLYH
SKDUPDFRORJLFDOO\�DFWLYH�VXEVWDQFHV��LQFOXGLQJ�$&3V�RU�$03V�

,Q�RXU�VWXG\��WKH�DQWLEDFWHULDO�RU�DQWLSUROLIHUDWLYH�SURSHUWLHV�RI�����YHQRPV�RI�VQDNHV��VFRUSLRQV��DPSKLELDQV�DQG
LQVHFWV�ZHUH�VWXGLHG��7KH�LGHQWLILFDWLRQ�RI�WKHVH�$03V�RU�$&3V�ZDV�FDUULHG�RXW�E\��L��WHVWV�IRU�WKH�LQKLELWLRQ
DFWLYLW\�LL��+3/&�IRU�WKH�SXULILFDWLRQ�RI�FRPSRXQGV�IURP�IUDFWLRQV�IRXQG�DFWLYH�DQG�LLL��PDVV�VSHFWURPHWU\
FRQMXJDWHG�ZLWK�DPLQR�DFLG�VHTXHQFLQJ�IRU�VHTXHQFHV�VWUXFWXUHV�GHWHUPLQDWLRQ�

7KH�GLIILFXOWLHV�HQFRXQWHUHG�ZKHQ�GHWHUPLQLQJ���VHTXHQFHV�RI�ELRDFWLYH�SHSWLGHV��RQH�VKRUW�DQG�LV�PRGLILHG�DQG
WKH�RWKHU�ORQJ�DQG�LV�GLPHULF�ZLOO�EH�GLVFXVVHG�
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P53	
$EVWUDFW�����

:ULWHU���'U�$OLFH�&$38=��DOLFH�FDSX]#XQLY�OLOOH�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

,PPXQRJOREXOLQV�H[SUHVVLRQ�E\�QRQ�LPPXQH�FHOOV
'U�$OLFH�&$38=D��6RXODLPDQH�$%28/28$5'D��0DUFR�75(5272/$D��'DVD�&,=.29$E��(WLHQQH�&28<$8'D�
)LUDV�.2%(,66<F��)UDQFN�52'(7D��0LFKHO�6$/=(7D

D�8QLY��/LOOH��,QVHUP��8��������/DERUDWRLUH�3URW«RPLTXH��5«SRQVH�,QIODPPDWRLUH�HW�6SHFWURP«WULH�GH�0DVVH�35,60�
)�������/LOOH��)UDQFH��E�,QVWLWXWH�RI�1HXURLPPXQRORJ\��6ORYDN�$FDGHP\�RI�6FLHQFHV��'¼EUDYVN£�FHVWD�����������%UDWLVODYD�
6ORYDNLD��F�'HSDUWPHQW�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�*HQHWLFV��)DFXOW\�RI�0HGLFLQH��$PHULFDQ�8QLYHUVLW\�RI�%HLUXW�
/HEDQRQ�

7KH�&16�LQFOXGHV�WKH�EUDLQ�DQG�VSLQDO�FRUG��DQG�LV�FRPSRVHG�RI�QHXURQV��JOLDO�FHOOV��DQG�LPPXQH�FHOOV��1HXURQV
FDUU\�QHUYH�LQIRUPDWLRQ�ZKLOH�JOLDO�FHOOV�PDLQWDLQ�&16�VWDELOLW\��$VWURF\WHV�DUH�WKH�PRVW�DEXQGDQW�JOLDO�FHOOV�DQG
UHJXODWH�QXWULHQW�VXSSO\��&16�KRPHRVWDVLV��QHUYH�LQIRUPDWLRQ�WUDQVPLVVLRQ��DQG�V\QDSWLF�IRUPDWLRQ��7KH�FHQWUDO
QHUYRXV�V\VWHP�KDV�ORQJ�EHHQ�FRQVLGHUHG�WR�EH�H[FOXGHG�IURP�WKH�SHULSKHUDO�LPPXQH�V\VWHP��+RZHYHU��FRQWUDU\
WR�WKH�LPPXQRORJ\�GRJPD�VWLSXODWLQJ�WKDW�RQO\�%�O\PSKRF\WHV�DUH�FDSDEOH�RI�SURGXFLQJ�DQWLERGLHV��ZH�KDYH
VKRZQ�WKDW�DVWURF\WHV�DQG�QHXURQV�FRXOG�EH�D�QHZ�FHOOXODU�VRXUFH�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��$Q�DQWLERG\�RI
WZR�LGHQWLFDO�KHDY\�DQG�WZR�OLJKW�FKDLQV�ZLWK�D�SDUDWRSH�WKDW�ELQGV�WR�VSHFLILF�DQWLJHQV��7KLV�GLYHUVLW\�LV�DFKLHYHG
WKURXJK�9�'�-�UHFRPELQDWLRQ��ZKHUH�WKH�9��-��DQG�'�VHJPHQWV�DUH�UHDUUDQJHG��+RZHYHU��WKH�HGLILFDWLRQ�RI
DQWLERGLHV�LVVXHG�RI�WKHVH�QHXUDO�FHOOV�LV�GLIIHUHQW�IURP�WKH�RQHV�IRXQG�LQ�%�FHOOV�DQG�UHVHPEOHV�WR�DEHUUDQW
LPPXQRJOREXOLQV��6RPH�DUH�SVHXGRJHQHV�DQG�EHORQJV�ZKDW�ZH�QDPHG��WKH�*KRVW�SURWHRPH�RU�DOWHUQDWLYH
SURWHLQV��$OWHUQDWLYH�SURWHLQV�RULJLQDWH�IURP�WKH��
��DQG��
��875�P51$�UHJLRQV��IUDPHVKLIWV�RI�P51$�25)V�RU
IURP�QRQ�FRGLQJ�51$V��/RQJ�WLPH�FRQVLGHUHG�DV�QRQ�FRGLQJ��UHFHQW�LQ�VLOLFR�WUDQVODWLRQ�SUHGLFWLRQ�PHWKRGV
HQULFKHG�WKH�SURWHLQ�GDWDEDVHV�DOORZLQJ�WKH�LGHQWLILFDWLRQ�RI�QHZ�WDUJHW�VWUXFWXUHV�WKDW�KDYH�QRW�EHHQ�LGHQWLILHG
SUHYLRXVO\�

7KHQ��ZH�IRFXVHG�RXU�LQWHUHVW�RQ�RQH�D�NDSSD�OLJKW�FKDLQ�YDULDEOH�UHJLRQ��:H�GHPRQVWUDWHG�WKDW�WKLV�SURWHLQ
QDPHG�౹+HLPGDOO౺�ZDV�H[SUHVVHG�E\�DVWURF\WHV�DQG�ZDV�VHFUHWHG�XQGHU�LQIODPPDWRU\�FRQGLWLRQV�ZLWK
OLSRSRO\VDFFKDULGHV��/36���,PPXQRSUHFLSLWDWLRQ�H[SHULPHQWV�VKRZHG�WKDW�WKH�+HLPGDOO�LQWHUDFWRPH�FRQWDLQHG
SURWHLQV�UHODWHG�WR�DVWURF\WH�IDWH�NHHSHUV�VXFK�DV�౹127&+���(3+$���,32��౺�DV�ZHOO�DV�PHPEUDQH�UHFHSWRU
SURWHLQ�LQFOXGLQJ�౹&+51$���7*)%5��(3+%���DQG�75$0౺��+RZHYHU��ZKHQ�+HLPGDOO�SURWHLQ�ZDV�QHXWUDOL]HG
XWLOL]LQJ�D�VSHFLILF�DQWLERG\�RU�LWV�JHQH�NQRFNHG�RXW�E\�&5,635�&DV���VSURXWLQJ�HORQJDWLRQV�ZHUH�REVHUYHG�LQ�WKH
FRUUHVSRQGLQJ�DVWURF\WHV��,QWHUHVWLQJO\��GHSRODUL]DWLRQ�DVVD\V�DQG�LQWUDFHOOXODU�FDOFLXP�PHDVXUHPHQWV�FRQILUPHG
D�SKHQRW\SH�VZLWFK�IURP�DVWURF\WHV�WR�QHXURQ�OLNH�SKHQRW\SH��3URWHRPLF�DQDO\VHV�SHUIRUPHG�XQGHU�/36
VWLPXODWLRQ��UHYHDOHG�WKH�H[SUHVVLRQ�RI�QHXURQDO�IDFWRUV��VWHP�FHOO�SURWHLQV��DQG�QHXURJHQHVLV�RI�DVWURF\WH
FRQYHUWRU�IDFWRUV�VXFK�DV�(3+$���127&+���6/,7���6(0$�)��VXJJHVWLQJ�D�UROH�RI�+HLPGDOO�WR�UHJXODWH
DVWURF\WLF�IDWH�

%HVLGHV�+HLPGDOO��ZH�DOVR�LGHQWLILHG�DQ�DEHUUDQW�IRUP�RI�WKH�,J*�E�KHDY\�FKDLQ�FRQVWDQW�UHJLRQ��,Q�IDFW�
WUDQVFULSWRPLF�DQDO\VLV�VKRZHG�WKDW�WKH�PHVVHQJHU�HQFRGLQJ�WKLV�,J*�E�FRQVWDQW�SDUW�GLGQ
W�KDYH�D�YDULDEOH�SDUW
FRGLQJ�VHTXHQFH�DW�LWV��
�HQG��EXW�D�.R]DN�VHTXHQFH�ORFDWHG�GLUHFWO\�XSVWUHDP�RI�WKH�H[RQ�FRGLQJ�WKH�&+�
GRPDLQ��0RUHRYHU��LQYDOLGDWLRQ�RI�,J*�%�E\�&5,635�&DV��LQ�DVWURF\WHV�VKRZ�D�KLJKHU�DEXQGDQFH�RI�SURWHLQV
FKDUDFWHULVWLF�RI�KHPDWRSRLHWLF�FHOOV��)5*���3,5���QHXUDO�VWHP�FHOOV��<$3���7($'���60$'�����0&&��.'0�$
DQG�''+'���DQG�UHJXODWLRQ�RI�QHXULWRJHQHVLV��3/;1$���52&.���0$*,���7%/����7KHVHV�UHVXOWV�VXJJHVW�WKDW
WKLV�LQKLELWLRQ�RI�WKLV�KHDY\�FKDLQ�OHG�WR�GHGLIIHUHQWLDWLRQ�RI�DVWURF\WHV�LQWR�QHXUDO�SURJHQLWRU�FHOOV�YLD�DFWLYDWLRQ�RI
WKH�%03�<$3��7($'��SDWKZD\��&DSX]�HW�DO����������&RQYHUVHO\��RYHUH[SUHVVLRQ�RI�,J*�%�LQ�DVWURF\WHV�LQGXFHG
WKH�&57&��&5(%�%'1)�VLJQDOLQJ�SDWKZD\�LQYROYHG�LQ�JOLRJHQHVLV�DQG�LQVWHDG�GLUHFWV�DVWURF\WHV�WRZDUG�D
SUR�LQIODPPDWRU\�SURILOH��)XUWKHUPRUH��SUR[LPDO�ODEHOLQJ��%LR�,'��H[SHULPHQWV�UHYHDOHG�WKDW�,J*�%�LV
1�JO\FRV\ODWHG�E\�WKH�267�FRPSOH[��DGGUHVVHG�WR�WKH�PHPEUDQHV�RI�$73DVH�FRPSOH[�FRQWDLQLQJ�YHVLFOHV��DQG
SDUWLDOO\�EHKDYHV�DV�6/&�$���&'��KF��WKURXJK�LWV�DVVRFLDWLRQ�ZLWK�6/&�$���/$7���DQG�LWV�DELOLW\�WR�UHFUXLW
,/.$3�WKDW�SRWHQWLDOO\�UHJXODWHV�GRZQVWUHDP�VLJQDOLQJ�SDWKZD\V��&DSX]�HW�DO���������

7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�VXSSRUW�WKDW�DEHUUDQW�,J*�%�DQG�+HLPGDOO�FKDLQV�DUH�LQYROYHG�DV�D�JDWHNHHSHU�RI
DVWURF\WH�LGHQWLW\�DQG�WKDW�LWV�LQKLELWLRQ�OHDGV�WR�WKH�FRQYHUVLRQ�WR�D�QHXUDO�VWHP�FHOO�SKHQRW\SH�



026 P54 

145	

P54	
$EVWUDFW�����

:ULWHU���'U�)ORULQH�+$//(=��IORULQH�KDOOH]#DIILQLVHS�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

$�IDVW�DQG�HIILFLHQW�PHWKRG�IRU�SHSWLGH�IUDFWLRQDWLRQ�DW�EDVLF�S+�LQ�SURWHRPLF
VWXGLHV
)ORULQH�+$//(=D��6DPL�%$<28'+D��0LFKHO�$527�$5(1$D��&HULQD�&++821E��&KLDUD�*8(55(5$E�
.D\QRXVK�1$5$*+,D

D�$IILQLVHS��E�,16(50���86���6)5�1HFNHU�3URWHRPH��3DULV

3HSWLGH�IUDFWLRQDWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�ERWWRP�XS�SURWHRPLF�DSSURDFKHV��VLQFH�LW�VLPSOLILHV�WKH�SHSWLGH
SRRO�IRU�HDVLHU�DQDO\VLV�E\�PDVV�VSHFWURPHWU\��WR�DOORZ�IRU�PRUH�DFFXUDWH�LQWHUSUHWDWLRQ��,QGHHG��IXOO�SURWHRPH
FKDUDFWHUL]DWLRQ�LV�RIWHQ�QHHGHG�IRU�FRPSOH[�ELRORJLFDO�PDWULFHV�DQG��ZLWK�JURZLQJ�LQWHUHVW�LQ�SRVW�WUDQVODWLRQDO
PRGLILFDWLRQV��DQ�H[WHQGHG�SURWHLQ�VHTXHQFH�FRYHUDJH�LV�UHTXLUHG�

+RZHYHU��HIILFLHQW�SHSWLGH�IUDFWLRQDWLRQ�LV�YHU\�FKDOOHQJLQJ��HVSHFLDOO\�LQ�WKH�FDVH�RI�FRPSOH[�VDPSOHV�FRQWDLQLQJ
SHSWLGHV�ZLWK�D�ZLGH�UDQJH�RI�SURSHUWLHV��FKDUJH��SRODULW\�DQG�VL]H���7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WKHUHIRUH�WR
GHYHORS�D�VLPSOLILHG�SURFHGXUH�IRU�WKH�HIILFLHQW�DQG�IDVW�IUDFWLRQDWLRQ�RI�SHSWLGHV�DW�EDVLF�S+��7KLV�IUDFWLRQDWLRQ
PHWKRG�LV�RUWKRJRQDO�WR�UHYHUVHG�SKDVH�OLTXLG�FKURPDWRJUDSK\��WKXV�FRQWULEXWLQJ�WR�WKH�VLPSOLILFDWLRQ�RI�WKH
SHSWLGH�VHSDUDWLRQ�DQG�DQDO\VLV�

$�QHZ�UHYHUVHG�SKDVH�VRUEHQW��EDVHG�RQ�VPDOO�VRUEHQW�SDUWLFOHV�WLJKWO\�HPEHGGHG�LQ�D�VRIW��XQLIRUP�DQG
PHFKDQLFDOO\�VWDEOH�PRQROLWKLF�PHPEUDQH�SDFNHG�LQ�63(�6WDJH7LSV��ZDV�XVHG�IRU�WKH�IUDFWLRQDWLRQ�RI�SHSWLGHV
UHVXOWLQJ�IURP�WKH�HQ]\PDWLF�SURWHRO\VLV�RI�SURWHLQV�FRQWDLQHG�LQ�+(.����FHOO�O\VDWH��DQG�WKH�UHVXOWV�ZHUH
FRPSDUHG�WR�WKH�RQHV�REWDLQHG�ZLWK�D�UHIHUHQFH�FRPPHUFLDO�IUDFWLRQDWLRQ�NLW�

��wJ�RI�SHSWLGHV�ZHUH�XVHG�IRU�WKH�IUDFWLRQDWLRQ�WHVWV�RQ�WKH�FRPPHUFLDO�FROXPQV�DQG�RQ�WKH�63(�7LSV��(LJKW
IUDFWLRQV��ZLWK�SHUFHQWDJHV�RI�DFHWRQLWULOH�UDQJLQJ�IURP���WR������ZHUH�SHUIRUPHG�RQ�WKH�FRPPHUFLDO�FROXPQ�
IROORZLQJ�WKH�SURWRFRO�GHVFULEHG�E\�WKH�VXSSOLHU��7KH�VDPH�IUDFWLRQDWLRQ�JUDGLHQW�ZDV�XVHG�RQ�WKH�63(�7LSV��DV�D
VWDUWLQJ�SRLQW��EHIRUH�EHLQJ�RSWLPL]HG��(DFK�IUDFWLRQ�REWDLQHG�ZLWK�ERWK�IUDFWLRQDWLRQ�PHWKRGV�ZDV�HYDSRUDWHG�WR
GU\QHVV�DQG�WKHQ�UHVXVSHQGHG�LQ�DQ�DSSURSULDWH�VROYHQW�IRU�QDQR/&�06�06�DQDO\VLV�

,I�WKH�WRWDO�QXPEHU�RI�SURWHLQV�LGHQWLILHG�DQG�WKH�SHUFHQWDJH�RI�SHSWLGHV�HOXWLQJ�LQ�RQO\�RQH�IUDFWLRQ�������ZHUH
VLPLODU�IRU�ERWK�VRUEHQWV��ZLWK�D�JRRG�GLVWULEXWLRQ�RI�SHSWLGHV�RYHU�WKH�HLJKW�IUDFWLRQV��LW�DSSHDUHG�WKDW�WKH
IUDFWLRQDWLRQ�RQ�WKH�QHZO\�GHYHORSHG�VRUEHQW�SUHVHQWHG�VHYHUDO�DGYDQWDJHV�FRPSDUHG�WR�WKH�UHIHUHQFH�NLW�
,QGHHG��LI�WKH�FRPPHUFLDO �FROXPQV�KDYH�WR�EH�VWRUHG�DW��r&�LQ�D�VWRUDJH�EXIIHU��WKH�QHZ�VRUEHQW�KDV�QR�VWRUDJH
FRQVWUDLQWV�VLQFH�LW�FDQ�EH�VWRUHG�GU\�DW�URRP�WHPSHUDWXUH�RYHU�VHYHUDO�\HDUV��ZLWKRXW�REVHUYLQJ�GHJUDGDWLRQ�
0RUHRYHU��GXH�WR�WKH�63(�6WDJH7LSV�IRUPDW��WKH�WLPH�UHTXLUHG�IRU�WKH�HYDSRUDWLRQ�RI�HDFK�IUDFWLRQ�LV�DOPRVW
KDOYHG�FRPSDUHG�WR�WKH�FRPPHUFLDO�FROXPQV�

7KXV��WKH�QHZ�VRUEHQW�DSSHDUV�DV�D�SURPLVLQJ�VROXWLRQ�IRU�WKH�IUDFWLRQDWLRQ�RI�FRPSOH[�VDPSOHV�VXFK�DV�SODVPD�
RU�WKH�JHQHUDWLRQ�RI�VSHFWUDO�OLEUDULHV��VLQFH�LW�OHDGV�WR�DQ�LQFUHDVH�RI�PRUH�WKDQ�����LQ�WKH�QXPEHU�RI�SURWHLQV
LGHQWLILHG��FRPSDUHG�WR�XQIUDFWLRQDWHG�VDPSOHV��)LQDOO\��WKLV�QHZ�VRUEHQW�RIIHUV�D�UHDO�IOH[LELOLW\�RI�IRUPDW�DQG
FDSDFLW\��VLQFH�LW�LV�DOVR�DYDLODEOH�DV�VSLQ�FROXPQV��IRU�KLJK�DPRXQWV�RI�SHSWLGHV��RU�DV����63(�ZHOO�SODWHV��IRU
KLJK�WKURXJKSXW�H[SHULPHQWV��DQG�LW�FDQ�EH�XVHG�WR�IUDFWLRQDWH�SHSWLGHV�VDPSOHV��IURP�IHZ�QJ�WR�VHYHUDO�PJ�
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P55	
$EVWUDFW�����

:ULWHU���'U�VDELQH�-285'$,1��VDELQH�MRXUGDLQ#EUXNHU�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

,QYHVWLJDWLRQ�RI�WKH�KXPDQ�O\VRVRPDO�SURWHRPH�E\�WDUJHWHG�SURWHRPLFV
'U�6DELQH�-285'$,1D��6WHSKDQLH�.$63$5�6&+2(1()(/'D��'KULWL�$525$D��$QGUHDV�6&+0,'7D�
3LHUUH�2OLYLHU�6&+0,7D��'RPLQLF�:,17(5E

D�%58.(5��E�,QVWLWXWH�IRU�%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\��0HGLFDO�)DFXOW\��5KHLQLVFKH�)ULHGULFK�:LOKHOPV�8QLYHUVLW\�RI
%RQQ��%RQQ��*HUPDQ\

,QWURGXFWLRQ

/\VRVRPHV��WKH�PDLQ�O\WLF�RUJDQHOOHV�RI�DOPRVW�DOO�PDPPDOLDQ�FHOOV��IXOILO�FUXFLDO�UROHV�IRU�WKH�GHJUDGDWLRQ�DQG
UHF\FOLQJ�RI�LQWUD��DQG�H[WUDFHOOXODU�PDFURPROHFXOHV��DQG�SOD\�HVVHQWLDO�UROHV�LQ�PHWDEROLF�VLJQDOLQJ��7KHVH
IXQFWLRQV�DUH�IDFLOLWDWHG�E\�!����O\VRVRPH�UHODWHG�SURWHLQV��ZKRVH�ORVV�RI�IXQFWLRQ�FDQ�UHVXOW�LQ�D�YDULHW\�RI
GLVRUGHUV��3URWHRPLF�DQDO\VLV�RI�VXFK�GLVHDVHV�LV�FRPSOLFDWHG�E\�WKH �ORZ�DEXQGDQFH�RI�O\VRVRPDO�SURWHLQV��$Q
LGHDO�PHWKRG�WR�DGGUHVV�WKLV�LV�GDWD�LQGHSHQGHQW�DFTXLVLWLRQ��',$���ZKLFK�HQDEOHV�WKH�UHSURGXFLEOH�DQG�DFFXUDWH
SURWHLQ�LGHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ�DFURVV�ODUJH�VDPSOH�FRKRUWV��GLD�3$6()�PHUJHV�WKH�EHQHILWV�RI�',$�ZLWK
WKH�DGYDQWDJHV�RI�LRQ�PRELOLW\�LQ�SURWHRPLFV�H[SHULPHQWV��+HUH��ZH�XVH�GLD�3$6()�WR�GHYHORS�D�ODUJH�VFDOH
WDUJHWHG�TXDQWLWDWLRQ�DVVD\�IRU�WKH�O\VRVRPDO�SURWHRPH�

0HWKRGV

+XPDQ�FHOO�OLQHV�ZHUH�JURZQ�LQ�DGKHUHQW�FXOWXUHV�DQG�O\VRVRPHV�HQULFKHG�XVLQJ�VXSHUSDUDPDJQHWLF�LURQ�R[LGH
QDQRSDUWLFOHV��\LHOGLQJ�ZKROH�FHOO�O\VDWHV�DQG�O\VRVRPH�HQULFKHG�IUDFWLRQV��3URWHLQV�ZHUH�SUHFLSLWDWHG�E\�DFHWRQH�
UHVXVSHQGHG�XVLQJ�5DSL*HVW��DQG�GLJHVWHG�RYHUQLJKW�XVLQJ�WU\SVLQ��$IWHU�GHVDOWLQJ�RI�SHSWLGHV��VDPSOHV�ZHUH
DQDO\]HG�E\�FRXSOLQJ�D�QDQR(OXWH�RQOLQH�WR�D�WLPV72)�3UR����ERWK�%UXNHU�'DOWRQLFV���3HSWLGHV�ZHUH�VHSDUDWHG�RQ
D���FP�UHYHUVHG�SKDVH�&���FROXPQ�XVLQJ�D����PLQXWH�JUDGLHQW��)RU�GLD�3$6()�D�PHWKRG�FRQVLVWLQJ�RI�VL[WHHQ
7,06�UDPSV�ZLWK���PDVV�UDQJHV�LQ�HDFK����PV�VFDQ�ZDV�DSSOLHG��'DWD�ZHUH�SURFHVVHG�ZLWK�6SHFWURQDXW�Y��
�%LRJQRV\V��DSSO\LQJ�GLUHFW',$�XVLQJ�HLWKHU�D�WDUJHWHG�O\VRVRPDO�SURWHLQ�OLEUDU\������SURWHLQV��RU�D�IXOO�KXPDQ
SURWHRPH�IDVWD�ILOH�IRU�XQWDUJHWHG�GLVFRYHU\�SURWHRPLFV�

3UHOLPLQDU\�'DWD

8VLQJ�GLD�3$6()�ZH�LGHQWLILHG�RQ�DYHUDJH��������SHSWLGHV�DQG�������SURWHLQ�JURXSV�IURP�ZKROH�FHOO�O\VDWH�DQG
�������SHSWLGHV�DQG�������SURWHLQ�JURXSV�IRU�O\VRVRPH�HQULFKHG�VDPSOHV��XVLQJ�D����PLQXWH�OLQHDU�JUDGLHQW��:H
REVHUYHG�H[FHOOHQW�UHSURGXFLELOLW\�XVLQJ�WKH�GLD�3$6()�DFTXLVLWLRQ�PHWKRG��ZLWK�PHGLDQ�&9�YDOXHV�RI������DQG
�����IRU�WKH�ZKROH�FHOO�O\VDWH�DQG�O\VRVRPH�HQULFKHG�VDPSOHV��UHVSHFWLYHO\��$�FRPPRQ�SUREOHP�ZLWK�UHVSHFW�WR
WKH�DQDO\VLV�RI�O\VRVRPDO�SURWHLQV�LV�WKH�ODFN�RI�UHSURGXFLEOH�GHWHFWLRQ�LQ�FRPSOH[�VDPSOHV��,Q�WKHRU\��GLD�3$6()
UHVXOWV�LQ�WKH�IUDJPHQWDWLRQ�RI�DOO�SRVVLEOH�SUHFXUVRUV��WKHUHE\�DOVR�LQFOXGLQJ�ORZ�DEXQGDQW�O\VRVRPDO�SURWHLQV�
LUUHVSHFWLYH�RI�WKH�KLJKO\�FRPSOH[�EDFNJURXQG��7R�LQYHVWLJDWH�WKH�FRYHUDJH�RI�O\VRVRPDO�SURWHLQV�LQ�ERWK�VDPSOH
W\SHV��ZH�XVHG�WDUJHWHG�GDWD�SURFHVVLQJ�E\�DSSO\LQJ�D�OLEUDU\�FRQVLVWLQJ�RI�����O\VRVRPDO�SURWHLQV��ZKLFK�ZHUH
VKRZQ�LQ�SUHYLRXV�H[SHULPHQWV�WR�EH�UHSURGXFLEO\�GHWHFWHG�LQ�WKHVH�VDPSOHV��2Q�DYHUDJH��ZH�LGHQWLILHG�����
SHSWLGHV�DQG�����SURWHLQ�JURXSV�IURP�ZKROH�FHOO�O\VDWH�DQG������SHSWLGHV�DQG�����SURWHLQ�JURXSV�IURP
O\VRVRPH�HQULFKHG�VDPSOHV��(YHQ�WKRXJK�WKH�WRWDO�QXPEHU�RI�LGHQWLILHG�SURWHLQV�EHWZHHQ�HQULFKHG�VDPSOHV�DQG
ZKROH�FHOO�O\VDWH�VDPSOH�GRHVQ
W�GLIIHU�VLJQLILFDQWO\��WKH�RYHUDOO�VLJQDO�LQWHQVLW\�IRU�SHSWLGHV�RULJLQDWLQJ�IURP
O\VRVRPDO�SURWHLQV�ZDV�a����KLJKHU�LQ�WKH�HQULFKHG�VDPSOH�VHW��7R�PLPLF�UHJXODWLRQ�RI�WKH�O\VRVRPDO�SURWHRPH
EHWZHHQ�GLIIHUHQW�VWDWHV��HQDEOLQJ�DQ�DVVHVVPHQW�RI�TXDQWLILFDWLRQ�SHUIRUPDQFH��D�IUDFWLRQ�RI�WKH
O\VRVRPH�HQULFKHG�VDPSOH�ZDV�VSLNHG�LQWR�WKH�ZKROH�FHOO�O\VDWH�VLPXODWLQJ�FRQVWLWXWLYH�XSUHJXODWLRQ�RI�WKH
O\VRVRPDO�SURWHRPH��,Q�WRWDO������O\VRVRPDO�SURWHLQV�VKRZHG�VLJQLILFDQWO\�KLJKHU�DEXQGDQFH��IROG�FKDQJH�! �����
S�YDOXH�� ��������7KLV�VKRZV�WKDW�GLD�3$6()�LV�ZHOO�VXLWHG�IRU�DQDO\]LQJ�WKH�O\VRVRPDO�SURWHRPH��SURYLGLQJ�ERWK
JRRG�FRYHUDJH�DQG�TXDQWLWDWLYH�UHSURGXFLELOLW\�RI�WKH�WDUJHWHG�O\VRVRPDO�SURWHLQV�LQ�HQULFKHG�DQG�ZKROH�FHOO
O\VDWH�VDPSOH��,Q�D�QH[W�VWHS�ZH�ZLOO�IXUWKHU�LPSURYH�VDPSOH�WKURXJKSXW�E\�XVLQJ�VKRUWHU�JUDGLHQWV�DQG�LPSURYHG
GLD�3$6()�PHWKRGV�
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P56	
$EVWUDFW�����

:ULWHU���6DUDK�$/,/$7��VDUDK�DOLODW��#JPDLO�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����2UDO�SUHVHQWDWLRQ
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

&RPSDULVRQ�RI�%DFLOOXV�WKXULQJLHQVLV�YLUXOHQFH�SRWHQWLDO�RQ�KXPDQ�&DFR��
LQWHVWLQDO�FHOOV�XVLQJ�PXOWL�RPLFV�LQYHVWLJDWLRQ
6DUDK�$/,/$7D��5DFKHOOH�/$1&(/(85E��0DWKLOGH�%21,6F��2OLYLHU�),50(66(F��*DOOH�9,$/G��;DYLHU�6$5'$G�
9DO«ULH�)(66$5'E��6RSKLH�/,88F��7KLEDXW�/�*(5E

D�7R[LFRORJ\�RI�&RQWDPLQDQWV�8QLW��1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK�	�6DIHW\��E�7R[LFRORJ\
RI�&RQWDPLQDQWV�8QLW��1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK�	�6DIHW\��$16(6��)RXJ«UHV���F
6WDSK\ORFRFFXV��%DFLOOXV�DQG�&ORVWURGLXP�8QLW���)RRG�6DIHW\�/DERUDWRU\��1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG
2FFXSDWLRQDO�+HDOWK�	�6DIHW\��$16(6��0DLVRQV�$OIRUW���G�'LUHFWLRQ�RI�5HJXODWHG�3URGXFW�(YDOXDWLRQ���'(35���5HVLGXH�DQG
)RRG�6DIHW\�8QLW��856$���1DWLRQDO�$JHQF\�IRU�)RRG��(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK�	�6DIHW\��$16(6�
0DLVRQV�$OIRUW�

7KH�VRLO�EDFWHULXP �%DFLOOXV�WKXULQJLHQVLV ��%W��FDQ�SURGXFH�VSRUHV�DQG�FU\VWDOV�FRPSRVHG�RI�WR[LQV�ZLWK
LQVHFWLFLGDO�DFWLYLW\��'XH�WR�WKHVH�SURSHUWLHV��VRPH�%W�VWUDLQV�KDYH�EHHQ�GHYHORSHG�DV�ELRSHVWLFLGHV�IRU�SHVW
FRQWURO��ZLWK�D�KLJK�YDOXH�WR�UHVWULFW�WKH�XVH�RI�FKHPLFDO�LQVHFWLFLGHV��+RZHYHU��%W�VWUDLQV�EHORQJ�WR�WKH�JURXS�RI
%DFLOOXV�FHUHXV ��%F��DQG�VKDUH�VRPH�YLUXOHQFH�JHQHV�HQFRGLQJ�GLDUUKHDO�HQWHURWR[LQV�VXFK�DV�KHPRO\VLQ�%/
�+EO���DV�ZHOO�DV�QRQ�KHPRO\WLF�HQWHURWR[LQ��1KH��DQG�F\WRWR[LQ�.��&\W.����NQRZQ�WR�EH�LQYROYHG�LQ�IRRGERUQH
RXWEUHDNV��)%2V��IROORZLQJ�%F�FRQWDPLQDWLRQ��)RU�WKLV�UHDVRQ��LW�KDV�EHHQ�VXJJHVWHG�WKDW�%W�PD\�DOVR�SURYRNH
)%2V�DQG�LW�LV�WKHUHIRUH�FUXFLDO�WR�HYDOXDWH�WKHLU�YLUXOHQFH�SRWHQWLDO�DQG�WR�FKDUDFWHUL]H�WKHLU�HIIHFWV�RQ�KXPDQV�

)RU�WKLV�SXUSRVH��GLIIHUHQWLDWHG�KXPDQ�LQWHVWLQDO�&DFR���FHOOV�KDYH�EHHQ�WUHDWHG�ZLWK�VHULDO�GLOXWLRQV�RI�WKH�FXOWXUH
VXSHUQDWDQW�RI�ILYH�GLIIHUHQW�%W�VWUDLQV�XVHG�DV�ELRSHVWLFLGHV��7KH�F\WRWR[LFLW\��077�DVVD\��DQG�LQIODPPDWRU\
UHVSRQVH��LQWHUOHXNLQ���UHOHDVH��ZHUH�ILUVW�PHDVXUHG�DIWHU�D����K�WUHDWPHQW��1R�F\WRWR[LFLW\�ZDV�LQGXFHG�ZLWK�DOO
WKH�%W�VXSHUQDWDQWV�XS�WR�D�����GLOXWLRQ�LQ�FHOO�PHGLXP��EXW�WKH�VHFUHWLRQ�RI�LQWHUOHXNLQ���ZDV�VLJQLILFDQWO\
LQGXFHG�

7R�LQYHVWLJDWH�WKH�PROHFXODU�HIIHFWV�RI�%W�VXSHUQDWDQWV�RQ�&DFR���FHOOV��XQWDUJHWHG�SURWHRPLFV�DQG�PHWDERORPLFV
ZHUH�SHUIRUPHG�RQ�ERWK�FHOO�PHGLD�DQG�O\VDWHV�DIWHU�D���K�WUHDWPHQW�ZLWK���VHOHFWHG�QRQ�F\WRWR[LF
FRQFHQWUDWLRQV��3HSWLGHV�DQG�PHWDEROLWHV�ZHUH�GHWHFWHG�XVLQJ�D�4�([DFWLYH�3OXV�PDVV�VSHFWURPHWHU�FRXSOHG�WR�D
9DQTXLVK�PLFUR�8+3/&�V\VWHP��7KHUPR�)LVKHU�6FLHQWLILF��DQG�GDWD�ZHUH�DQDO\]HG�XVLQJ�0D[TXDQW�DQG
&RPSRXQG�'LVFRYHUHU�WRROV��7KH�SDWKZD\V�DIIHFWHG�ZLOO�EH�FRPSDUHG�IRU�DOO�WKH�%W�VWUDLQV�

,Q�FRQFOXVLRQ��WKLV�SURMHFW�ZLOO�EHWWHU�FKDUDFWHUL]H�WKH�WR[LF�HIIHFWV�LQGXFHG�E\�D�SDQHO�RI�%W�VWUDLQV�RQ�WKH�KXPDQ
LQWHVWLQDO�EDUULHU��7KH�UHODWLRQVKLS�EHWZHHQ�WKH�SURGXFWLRQ�RI�WR[LQV�DQG�WKH�SDWKZD\V�DIIHFWHG�ZLOO�EH�IXUWKHU
LQYHVWLJDWHG�
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P57	
$EVWUDFW�����

:ULWHU���&KULVWRSKH�6,52,7��FKULVWRSKH�VLURLW#EUXNHU�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

3LSHWWLQJ�IUHH�VLQJOH�FHOO�DQDO\VLV�ZLWK�WKH�ODEHO�IUHH�SURWHR&+,3�DQG�WKH�(YRWLS
DGDSWHU�IRU�KLJK�VHQVLWLYLW\�SURWHRPLFV�RQ�WKH�WLPV72)�6&3�
&KULVWRSKH�6,52,7D��3LHUUH�2OLYLHU�6&+0,7E��&KULVWRSK�.5,63F��'RUWH�%��%(..(5�-(16(1G��'DYLG�+$57/0$<5H�
$QGUHLD�$/0(,'$I��*DU\�.5833$J��$QMDOL�6(7+H��0RULW]�+(86(/G��0DJQXV�+886)(/'7G��7KRUVWHQ�/('(57+(,/F�
-HDQ�)UDQFRLV�*5(,6&+F��-DUURG�6$1'2:I��*XLOKHP�72851,$,5(H��1LFRODL�%$&+(G��0DUNXV�/8%(&.F

D�%UXNHU�)UDQFH�6�$��:LVVHPERXUJ��E�%UXNHU�)UDQFH�6�$��:LVVHPERXUJ��)UDQFH��F�%UXNHU�'DOWRQLFV�*PE+�	�&R��.*�
%UHPHQ��*HUPDQ\��G�(YRVHS�%LRV\VWHPV��2GHQVH��'HQPDUN��H�&HOOHQLRQ��/\RQ��)UDQFH��I�,RQRSWLFNV��0HOERXUQH��$XVWUDOLD��J
%UXNHU�V�U�R���%UQR��&]HFK�5HSXEOLF

,QWURGXFWLRQ

6LQJOH�FHOO�SURWHRPLFV�LV�D�UDSLGO\�GHYHORSLQJ�ILHOG�ZLWK�WKH�SRWHQWLDO�WR�PDNH�LPSRUWDQW�FRQWULEXWLRQV�WR�WKH
XQGHUVWDQGLQJ�RI�FHOOXODU�KHWHURJHQHLW\��6LQJOH�FHOO�SURWHLQ�H[WUDFWLRQ��PLQLPDO�H[SRVXUH�RI�VDPSOHV�WR�VXUIDFHV
DQG�RSWLPDO�VWRUDJH�DQG�WUDQVIHU�FRQGLWLRQV�DUH�FUXFLDO�IRU�ORVV�OHVV�VLQJOH�FHOO�SURWHRPH�DQDO\VHV��5HFHQW
HQKDQFHPHQWV�LQ�WUDSSHG�LRQ�PRELOLW\�VSHFWURPHWU\��7,06��FRXSOHG�WR�IDVW�DQG�VHQVLWLYH�PDVV�VSHFWURPHWU\
HVWDEOLVKHG�LQ�WKH�WLPV72)�6&3�SDLUHG�ZLWK�DXWRPDWHG�VLQJOH�FHOO�VRUWLQJ�DQG�VDPSOH�SUHSDUDWLRQ�UHDOL]HG�ZLWK
WKH�FHOOHQ21(p�SODWIRUP�DOORZV�IRU�VHQVLWLYH�SURWHRPH�DQDO\VHV�DW�WKH�VLQJOH�FHOO�OHYHO�

0HWKRGV

6LQJOH�+H/D�FHOOV�ZHUH�LVRODWHG�LQWR�WKH�ODEHO�IUHH�SURWHR&+,3p��GLUHFWO\�O\VHG��DQG�SURWHLQV�GLJHVWHG�DW���r&
ZLWK�KLJK�KXPLGLW\�RQ�GHFN�XVLQJ�WKH�FHOOHQ21(�SODWIRUP��7KH�ODEHO�IUHH�SURWHR&+,3�ZLWK�WU\SWLF�SHSWLGHV�ZDV
SODFHG�LQWR�WKH�QDQR(OXWH��DXWRVDPSOHU��SHSWLGHV�LQMHFWHG�RQWR�D����FP�$XURUD�&���FROXPQ��,RQ2SWLFNV��DQG
HOXWHG�LQWR�D�WLPV72)�6&3��FHOOHQ21(�LVRODWHG�DQG�SUHSDUHG�VLQJOH�+H/D�FHOOV�LQ�D�(YRWLS�DGDSWHU�IRU
SLSHWWLQJ�IUHH�VLQJOH�FHOO�WUDQVIHU�E\�FHQWULIXJDWLRQ�ZHUH�ORDGHG�RQWR�(YRWLS�3XUH�WLSV�DQG�DQDO\]HG�ZLWK�DQ�$XURUD
(OLWH�FROXPQ�XVLQJ�:KLVSHU����63'�DQG�D�WLPV72)�6&3��GLD�3$6()�GDWD�ZHUH�SURFHVVHG�ZLWK�6SHFWURQDXW���
�%LRJQRV\V��XVLQJ�GLUHFW',$�IRU�SURMHFW�VSHFLILF�OLEUDU\�JHQHUDWLRQ��)RU�TXDQWLWDWLYH�DQDO\VHV��WKH�TXDQWLILFDWLRQ
UHVXOWV�RXWSXW��ZLWK�TXDQ�GDWD�ILOWHU�DSSOLHG��ZDV�XVHG�

3UHOLPLQDU\�'DWD

6DPSOH�SLFN�XS�GLUHFWO\�IURP�WKH�ODEHO�IUHH�SURWHR&+,3�ZDV�DVVHVVHG�ZLWK�+H/D�O\VDWH�GLJHVWV��3LHUFH��VKRZLQJ
H[FHOOHQW�UHSURGXFLELOLW\�DW�YDULRXV�FRQFHQWUDWLRQV��,QMHFWLRQV�RI�����SJ�RI�+H/D�SHSWLGHV�RQ�FROXPQ����w/�LQ�ZHOO�
UHVXOWHG�LQ��������SHSWLGHV�IURP�������SURWHLQV�ZKLFK�ZDV�PDWFKHG�E\�����SJ�+H/D�SHSWLGHV�LQMHFWHG�IURP�D�YLDO
�����SJ�w/���:H�WKHQ�DQDO\]HG�VLQJOH�+H/D�FHOOV�ZKLFK�ZHUH�GLUHFWO\�LVRODWHG�DQG�SUHSDUHG�LQ�WKH�ODEHO�IUHH
SURWHR&+,3�����FHOOV��DQG�LGHQWLILHG�LQ�DYHUDJH�PRUH�WKDQ������SURWHLQV�SHU�VLQJOH�FHOO�ZLWK�JRRG�UHSURGXFLELOLW\�
�����SURWHLQV�ZHUH�TXDQWLILHG�LQ�DW�OHDVW�KDOI�RI�WKH�DQDO\]HG�VDPSOHV�

)XUWKHU��ZH�DVVHVVHG�WKH�(YRWLS�DGDSWHU�E\�ILUVW�FRPSDULQJ�PDQXDO�WUDQVIHU�YHUVXV�WUDQVIHU�E\�FHQWULIXJDWLRQ��+DOI
RI�WKH�SUHSDUHG�FHOOV�LQ�WKH�(YRWLS�DGDSWHU�SODWH�ZHUH�PDQXDOO\�SLSHWWHG�RQWR�WKH�(YRWLSV�ZKHUHDV�WKH�UHPDLQLQJ
KDOI�ZHUH�WUDQVIHUUHG�E\�FHQWULIXJDWLRQ��'DWD�DQDO\VLV�UHYHDOHG�LQFUHDVHG�SUHFXUVRU�LGHQWLILFDWLRQ�UHSURGXFLELOLW\�LQ
FHOOV�WUDQVIHUUHG�E\�FHQWULIXJDWLRQ��,Q�D�VHFRQG�H[SHULPHQW��+H/D�FHOOV�ZHUH�LVRODWHG�DFFRUGLQJ�WR�WKHLU�FHOO�VL]H
DQG�ELQQHG�LQWR�HLWKHU���������wP����������wP����������wP�RU���������wP�FHOO�VL]H�JURXSV��3URWHLQ�JURXS
LGHQWLILFDWLRQ�UDWHV�DFURVV�WKH�GLIIHUHQW�FHOO�VL]H�JURXSV�ZHUH�FRPSDUDEOH�ZLWK�DOO�EHLQJ�FORVH�WR������SURWHLQ
JURXSV��+RZHYHU��WKH�UHSURGXFLELOLW\�LQ�WKH�VPDOOHU�FHOOV����������wP��ZDV�EHWWHU�WKDQ�LQ�WKH�ODUJHU�FHOOV���������
wP��ZLWK�&9V�RI�����������������wP������������������wP������������������wP���DQG�����������������wP��
4XDQWLWDWLYH�FRPSDULVRQ�EHWZHHQ�WKH�SURWHLQ�JURXSV�LGHQWLILHG�LQ�WKH�GLIIHUHQW�FHOO�VL]H�JURXSV�ZDV�SHUIRUPHG�
�����SURWHLQV�ZHUH�SUHVHQW�LQ�DW�OHDVW����VLQJOH�FHOOV�RI�WKH����VLQJOH�+H/D�FHOOV��3ULQFLSDO�FRPSRQHQW�DQDO\VLV�RI
WKH������SURWHLQV�LGHQWLILHG�LQ�DOO����VLQJOH�FHOO�VKRZHG�FOHDU�GLIIHUHQFH�EHWZHHQ�WKH�VPDOO�FHOOV�DQG�WKH�ODUJHU
FHOOV�

1RYHO�DVSHFW

/DEHO�IUHH�DQDO\VLV�ZRUNIORZ�WKDW�UHSURGXFLEO\�LGHQWLILHV�XS�WR������SURWHLQV�IURP�VLQJOH�+H/D�FHOOV�XVLQJ
FHOOHQ21(�SODWIRUP�DQG�WLPV72)�6&3
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P58	
$EVWUDFW�����

:ULWHU���%DVWLHQ�$51$8'��EDVWLHQ�DUQDXG#LQRYDULRQ�FRP�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

/&�06�06�DQDO\VLV�RI�SHQJXLQ�WLVVXHV�DQG�FXVWRPL]DWLRQ�RI�SURWHLQ�GDWDEDVH
WR�LGHQWLI\�QRYHO�DQWLPLFURELDO�SHSWLGHV
%DVWLHQ�$51$8'D��$GULHQ�%52:1E��3KLOLSSH�%8/(7F��)DEULFH�%(57,/(E

D�,QRYDULRQ��3DULV��)UDQFH��E�%LR2UJDQLF�0DVV�6SHFWURPHWU\�/DERUDWRU\��/60%2���,3+&�805�������8QLYHUVLW\�RI
6WUDVERXUJ��&156��6WUDVERXUJ��)UDQFH��F�,QVWLWXWH�IRU�$GYDQFHG�%LR6FLHQFHV��,$%�805�������&156��,16(50��8QLYHUVLW«
*UHQREOH�$OSHV��/D�7URQFKH��)UDQFH

,QWURGXFWLRQ

$FFRUGLQJ�WR�WKH�:+2��WKH�FOLQLFDO�SLSHOLQH�DQG�UHFHQWO\�DSSURYHG�DQWLELRWLFV�DUH�LQVXIILFLHQW�WR�WDFNOH�WKH
FKDOOHQJH�RI�LQFUHDVLQJ�HPHUJHQFH�DQG�VSUHDG�RI�DQWLPLFURELDO�UHVLVWDQFH��7KH�LGHQWLILFDWLRQ�DQG
LPSURYHPHQW�GHYHORSPHQW�RI�QDWXUDO�DQWLPLFURELDO�SHSWLGHV��$03V��LV�D�SURPLVLQJ�DOWHUQDWLYH�WR�FRQYHQWLRQDO
DQWLELRWLFV��GXH�WR�WKHLU�ORZ�SUREDELOLW\�RI�LQGXFLQJ�UHVLVWDQFH��,Q�WKH�HDUO\�����V��ZH�KDYH�LVRODWHG�DQG�IXOO\
FKDUDFWHUL]HG�WZR�LVRIRUPV��$Y%'���D��$Y%'���E��RI�DQ�$03�LQ�WKH�.LQJ�SHQJXLQ�� $��SDWDJRQLFXV���QDPHO\�WKH
DYLDQ�ͅ�GHIHQVLQ�VSKHQLVFLQ � ��:H�VKRZHG�WKDW�$Y%'���E�LV�DFWLYH�DJDLQVW�PLFUR�RUJDQLVPV��*���*��EDFWHULD�
\HDVW�DQG�ILODPHQWRXV�IXQJL��HYHQ�DW�KLJK�VDOW�FRQFHQWUDWLRQ � ��7KLV�LV�D�FRQVLGHUDEOH�DGYDQWDJH�WR�ILJKW�WKH
SDWKRJHQV�WKDW�GHYHORS�LQ�VDOW�ULFK�HQYLURQPHQWV��H�J��GXULQJ�F\VWLF�ILEURVLV�RU�RFXODU�LQIHFWLRQV���7KHUHIRUH��RXU
XOWLPDWH�JRDO�LV�WR�GHFLSKHU�WKH�PHFKDQLVPV�RI�DFWLRQ�RI�VSKHQLVFLQ��+HUH�ZH�VHHN�WR�DQDO\]H�WKH�VWUXFWXUDO
GLYHUVLW\�RI�$03�PHPEHUV�RI�WKH�VSKHQLVFLQ�IDPLO\�E\�UHILQLQJ�WKH�DQQRWDWLRQ�RI�WKH�.LQJ�SHQJXLQ�JHQRPH
DQDO\]LQJ�DQG�VHYHUDO�SHQJXLQ�WLVVXH�VDPSOHV�E\�PDVV�VSHFWURPHWU\�

0HWKRGV

3HQJXLQ�VDPSOHV�VHOHFWHG�EDVHG�RQ�WKHLU�VHSWLF�DQG�VDOLQH�HQYLURQPHQW��ERQH��OXQJ��NLGQH\��PRXWK�IORRU��WRQJXH�
VWRPDFK��HVRSKDJXV��GXRGHQXP�DQG�MHMXQXP��ZHUH�FU\RJULQGHG�XVLQJ�D�EDOO�PLOO��DQG�SURWHLQV�ZHUH�H[WUDFWHG�LQ
XUHD�WKLRXUHD�&+$36�RU�/DHPPOL�EXIIHU��$IWHU�SURWHLQ�DVVD\�����wJ�RI�SURWHLQV�ZHUH�ORDGHG�RQWR�JO\FLQH
6'6�3$*(�DQG�WULFLQH�6'6�3$*(�JHOV�DQG�HOHFWURSKRUHVHG��(LJKW�WR�WHQ�SURWHLQ�EDQGV�RI��PP�ZLGWK�ZHUH
H[FLVHG�LQ�WKH�����N'D�UDQJH��DQG�WU\SVLQ �LQ�JHO�GLJHVWLRQ�ZDV�SHUIRUPHG�DIWHU�UHGXFWLRQ�DQG�DON\ODWLRQ��6DPSOHV
ZHUH�DQDO\]HG�XVLQJ�D�QDQR(OXWH�FKURPDWRJUDSK\�V\VWHP�FRXSOHG�WR�D�WLPV7RI�3UR�PDVV�VSHFWURPHWHU��%UXNHU��
06�UDZ�GDWD�ZHUH�SURFHVVHG�XVLQJ�0DVFRW��Y�������DQG�3UROLQH6WXGLR��Y�������ZLWK�DQ�)'5�RI����DW�360�DQG
SURWHLQ�OHYHOV��6SHFWUD�ZHUH�VHDUFKHG�DJDLQVW�D�KRPH�PDGH�SURWHLQ�GDWDEDVH�FRQWDLQLQJ�SURWHLQ�VHTXHQFHV
DYDLODEOH�IURP�WKUHH�GLIIHUHQW�DQQRWDWLRQV�RI�WKH �$��SDWDJRQLFXV �JHQRPH��:H�DOVR�DGGHG�WR�WKH�GDWDEDVH�SURWHLQ
VHTXHQFHV�GHULYHG�IURP�RXU�RZQ�DQQRWDWLRQ�RI�WKH �$��SDWDJRQLFXV �JHQRPH�DQG�FRPSDULVRQ��EODVW��ZLWK
VHTXHQFHV�RI�DOO�NQRZQ�EHWD�GHIHQVLQV�LQ�VSHFLDOL]HG�UHVRXUFHV��$3'�DQG�'5$03���,Q�DGGLWLRQ��D�GH�QRYR
VHTXHQFLQJ�VWUDWHJ\�ZDV�FRQVLGHUHG�XVLQJ�1RYRU��Y�����PLQ�SHSWLGH�VFRUH�����DQG�EODVWS�Y�������

5HVXOWV

:H�VXFFHVVIXOO\�EXLOW�D�SURWHLQ�GDWDEDVH�HQULFKHG�ZLWK����SXWDWLYH�SHQJXLQ�EHWD�GHIHQVLQV�LQ�DGGLWLRQ�WR�WKH��
DOUHDG\�DQQRWDWHG��)URP�WKHUH��VHTXHQFH�FOXVWHULQJ�DQG�DOLJQPHQW�DOORZHG�XV�WR�HOLPLQDWH�UHGXQGDQFLHV��DQG�ZH
ILQDOO\�UHWDLQHG�D�GDWDEDVH�YHUVLRQ�ZLWK����SHQJXLQ�GHIHQVLQ�VHTXHQFHV��6WULNLQJO\��UHWDLQHG�VHTXHQFHV�ZHUH�ULFK
LQ�ZHOO�DOLJQHG�F\VWHLQH�PRWLIV��ZKLFK�VXSSRUWV�WKHLU�DFWXDO�GHIHQVLQJ�VWDWXV��0DVFRW�VHDUFKHV�DOORZHG����SHQJXLQ
GHIHQVLQV�WR�EH�LGHQWLILHG��DQG�WKH�GH�QRYR�VHTXHQFLQJ�VWUDWHJ\�DOORZHG�GHWHFWLRQ�RI�DQ�DGGLWLRQDO�RQH��'HIHQVLQ
VHTXHQFH�FRYHUDJH�ZDV�GHWHUPLQHG�LQ�WKH�������UDQJH��ZKLFK�LV�XQUHDVRQDEO\�ORZ�DQG�ZLOO�EH�FRUUHFWHG��GXH�WR
WKH�IDFW�WKDW�WKH�VHTXHQFHV�ZH�SUHGLFWHG�ZHUH�DUWLILFLDOO\�HORQJDWHG�WR�DYRLG�PLVVLQJ�WKH�WUXH�VWDUW
�DQG�VWRS
�RI
SHQJXLQ�GHIHQVLQV��7LVVXH�VSHFLILFLW\�FRXOG�EH�QRWLFHG��WKH�ERQH��OXQJ�DQG�WRQJXH�DOUHDG\�EULQJLQJ�WKH
LGHQWLILFDWLRQ����RI�WKH����GHIHQVLQV�

&RQFOXVLRQ�SHUVSHFWLYHV

7KH�FRPELQDWLRQ�RI�ELRLQIRUPDWLFV�PDQLSXODWLRQ�RI�SURWHLQ�VHTXHQFH�GDWDEDVHV��PDVV�VSHFWURPHWU\��FODVVLFDO
0DVFRW�DQDO\VLV��DQG�GH�QRYR�VHTXHQFLQJ�SURYHG�UHOHYDQW�DQG�VXFFHVVIXO��)XUWKHU�DQDO\VHV�VKRXOG�LQFUHDVH�WKH
FRYHUDJH�RI�SHQJXLQ�GHIHQVLQ�VHTXHQFHV��7KHVH�UHVXOWV�ZLOO�EH�XVHG�WR�EHWWHU�XQGHUVWDQG�WKH�VWUXFWXUH�IXQFWLRQ
UHODWLRQVKLS�RI�SHQJXLQ�GHIHQVLQV��,Q�SDUDOOHO��ZH�ZLOO�FRQGXFW�D�ELR�JXLGHG�VWUDWHJ\�WR�HYDOXDWH�ZKLFK�RI�WKH���
GHIHQVLQV�ZH�LGHQWLILHG�DUH�DFWXDOO\�DFWLYH�DJDLQVW�PLFURRUJDQLVPV�XQGHU�KLJK�VDOLQLW\�FRQGLWLRQV�
�7KRX]HDX�HW�DO���-�%LRO�&KHP�������'2,���������MEF�0���������
�/DQGRQ�HW�DO���-�%LRO�&KHP�������'2,���������MEF�0���������
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P59	
$EVWUDFW�����

:ULWHU���'U�(PLOLH�)OHXU�*$87,(5��HPLOLH�IOHXU�JDXWLHU#LQVHUP�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

&RPSDUDWLYH�SURWHRPLF�DQDO\VLV�RI�WKH�WHUPLQDO�HU\WKURLG�GLIIHUHQWLDWLRQ�RI�WZR
FHOO�OLQHV�ZLWK�SULPDU\�HU\WKUREODVWV
0DU\DP�$%287,0$1D��6\OYDLQ�0(75$/E��/DHWLWLD�&/$(5E��0DUMRULH�/('8&F��)UDQ©RLV�*8,//211($8G��/«D�.8=1,&.,
E��<YHV�&2/,1E��2OLYLHU�+(50,1(H��,VDEHOOH�02852�&+$17(/283E��0RUJDQH�/(�*$//F��(PLOLH�)OHXU�*$87,(5F�
%HQRLW�*$0$,1E��6DQGULQH�/$85$1&(E

D�3527(20
,&��,167,787�&2&+,1��8QLYHUVLW«�3DULV�&LW«��,16(50�8������&156�805������7HDP�m�0ROHFXODU
PHFKDQLVPV�RI�KHPDWRORJLFDO�GLVRUGHUV�DQG�WKHUDSHXWLF�LPSOLFDWLRQV�}��,0$*,1(�,QVWLWXWH��,16(50�8������/DERUDWRLUH
G
([FHOOHQFH�GX�*OREXOH�5RXJH���*U�([��E�,16(50�805B6�������8QLYHUVLW«�3DULV�&LW«��/DERUDWRLUH�G
([FHOOHQFH�GX�*OREXOH
5RXJH���*U�([��F�3527(20
,&��,167,787�&2&+,1��8QLYHUVLW«�3DULV�&LW«��,16(50�8������&156�805������/DERUDWRLUH
G
([FHOOHQFH�GX�*OREXOH�5RXJH���*U�([��G�3527(20
,&��,167,787�&2&+,1��8QLYHUVLW«�3DULV�&LW«��,16(50�8������&156
805������H�,16(50�805B6�������8QLYHUVLW«�3DULV�&LW«��7HDP�m�0ROHFXODU�PHFKDQLVPV�RI�KHPDWRORJLFDO�GLVRUGHUV�DQG
WKHUDSHXWLF�LPSOLFDWLRQV�}��,0$*,1(�,QVWLWXWH��,16(50�8������/DERUDWRLUH�G
([FHOOHQFH�GX�*OREXOH�5RXJH���*U�([

7KH�XVH�RI �LQ�YLWUR �FHOO�OLQHV�KDV�EHHQ�H[WUHPHO\�XVHIXO��WKURXJKRXW�WKH�\HDUV��WR�VWXG\�GLYHUVH�ELRORJLFDO
SKHQRPHQRQ��DQG�HOXFLGDWH�QRUPDO�DQG�SDWKRORJLFDO�PHFKDQLVPV��,Q�WKH�FDVH�RI�HU\WKURSRLHVLV��VHYHUDO�FHOO�OLQHV
KDYH�EHHQ�HVWDEOLVKHG�LQ�WKLV�UHJDUG ���:H�SHUIRUPHG�D�FRPSDUDWLYH�DQDO\VLV�RI�SURWHLQ�H[SUHVVLRQ�DQG�HYROXWLRQ
DOO�DORQJ�HU\WKURLG�GLIIHUHQWLDWLRQ�RI�WZR�FHOO�OLQHV�DQG�SULPDU\�FHOOV�LQ�WKH�DLP�WR�HYDOXDWH�WKH�VLPLODULWLHV�DQG
GLIIHUHQFHV��$OWKRXJK�WKHVH�FHOO�OLQHV�KDYH�EHHQ�FKDUDFWHUL]HG�DW�D�FHOOXODU�OHYHO��WKH\�ZHUH�QHYHU�FKDUDFWHUL]HG�DW
D�SURWHRPLF�OHYHO��+RZHYHU��D�FRPSDUDWLYH�SURWHRPLF�IXQFWLRQDO�DQDO\VLV�RI�WKH�SURWHRPH�RI�D�FHOO�OLQH�ZLWK
SULPDU\�FHOO�FRXQWHUSDUW�LV�KLJKO\�LQIRUPDWLYH�WR�NQRZ�ZKLFK�SURWHLQV�DQG�IXQFWLRQV�FDQ�EH�VWXGLHG�RU�QRW�LQ�WKLV
FHOO�OLQH�

)RU�HDFK�FHOO�OLQHV��IRXU�GLIIHUHQW �LQ�YLWUR �HU\WKURLG�GLIIHUHQWLDWLRQV�ZHUH�SHUIRUPHG�DQG�SXULILHG�HU\WKUREODVWV
SRSXODWLRQV�ZHUH�REWDLQHG�IRU�HDFK�VWDJH�RI�WHUPLQDO�HU\WKURLG�GLIIHUHQWLDWLRQ�E\�FHOO�VRUWLQJ��(DFK�RI�WKHVH
SRSXODWLRQV�ZHUH�DQDO\]HG�XVLQJ�D�ODEHO�IUHH�TXDQWLILFDWLRQ�SURWHRPLF�DSSURDFK��3URWHLQ�ZHUH�GLJHVWHG�E\�)LOWHU
DLGHG�VDPSOH�SUHSDUDWLRQ��)$63��DQG�SHSWLGHV�IUDFWLRQHG�E\�6WURQJ�&DWLRQ�H;FKDQJH��6&;��LQ�ILYH�IUDFWLRQV�
(DFK�IUDFWLRQ�ZDV�DQDO\]HG�E\�Q/&�06�06�PDVV�VSHFWURPHWU\�ZLWK�D�WKUHH�KRXU�JUDGLHQW��3URWHLQV�ZHUH
LGHQWLILHG�DQG�TXDQWLILHG�XVLQJ�0D[TXDQW�6RIWZDUH��8VLQJ�KLVWRQHV�DV�D�UHIHUHQFH��ZH�FDOFXODWHG�WKH�DEVROXWH
TXDQWLILFDWLRQ�RI�SURWHLQV�LQ�FRS\�QXPEHU�SHU�FHOO��'DWD�REWDLQHG�ZHUH�FRPSDUHG�WR�DOUHDG\�SXEOLVKHG�SURWHRPLF
GDWD�RQ�SHULSKHUDO�EORRG�&'����DQG�FRUG�EORRG�&'����FHOO�GLIIHUHQWLDWLRQ �����)XUWKHUPRUH��D�IXQFWLRQDO�DQDO\VLV
KDV�EHHQ�SHUIRUPHG�RQ�GLIIHUHQWLDOO\�H[SUHVVHG�WR�FKDUDFWHUL]H�WKH�IXQFWLRQV�WKDW�DUH�QRW�FRUUHFWO\�UHJXODWHG�LQ
HDFK�RI�WKHVH�WZR�FHOO�OLQHV�

,Q�ERWK�FHOO�OLQHV��RYHU�������LGHQWLILHG�SURWHLQV�DQG�RYHU�������TXDQWLILHG�SURWHLQV�KDYH�EHHQ�IRXQG��2YHU������
TXDQWLILHG�SURWHLQV�LQ�WKH�WZR�FHOO�OLQHV�KDYH�EHHQ�DOLJQHG�ZLWK�WKRVH�RI�WKH�WZR�&'����GLIIHUHQWLDWHG
HU\WKUREODVWV��ZLWK�D�JRRG�UHSURGXFLELOLW\�EHWZHHQ�ELRORJLFDO�UHSOLFDWHV��%\�WKLV�DSSURDFK��ZH�KDYH�HVWDEOLVKHG
WKDW�WKH�SURWHRPH�RI�WKHVH�FHOO�OLQHV�LV�KLJKO\�FRUUHODWHG�ZLWK�WKRVH�RI�SHULSKHUDO�DQG�FRUG�EORRG�&'�����DOO�DORQJ
WKH�GLIIHUHQWLDWLRQ��:H�REVHUYHG�KLJK�VLPLODULW\�LQ�SURWHLQ�H[SUHVVLRQ�SDWWHUQ�IRU�D�ODUJH�SDUW�RI�WKH�SURWHLQV�IRU�WKH
WZR�FHOO�OLQHV��$V�D�FRQVHTXHQFH��WKHVH�UHVXOWV�VXJJHVW�WKDW�WKHVH�FHOO�OLQHV�FRXOG�EH�XVHG�DV�D�UHOLDEOH�PRGHO�IRU
WHUPLQDO�HU\WKURLG�GLIIHUHQWLDWLRQ��DW�D�SURWHRPLF�OHYHO��0RUHRYHU��IXWXUH�DQDO\VLV�RQ�VSHFLILF�SURWHLQV�LQYROYHG�LQ
HU\WKURSRLHWLQ�UHVSRQVH�DQG�HQXFOHDWLRQ�FRXOG�EH�GRQH��LQ�RUGHU�WR�IXUWKHU�FRPSUHKHQG�WKRVH�PHFKDQLVPV�
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P60	
$EVWUDFW�����

:ULWHU���3DXOLQH�3(5'8�$//2<��SDXOLQH�SHUGX�DOOR\#HWX�XQLVWUD�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

2SWLPL]DWLRQ�RI�VDPSOH�SUHSDUDWLRQ�DQG�QDQR/&�06�06�PHWKRGV�IRU�VLQJOH�FHOO
SURWHRPLF�DQDO\VLV
3DXOLQH�3(5'8�$//2<D��/DXUHQFH�6$%$7,(5D��&KULVWLQH�&$5$3,72D

D�/DERUDWRLUH�GH�6SHFWURP«WULH�GH�0DVVH�%LR2UJDQLTXH��,3+&��805��������&156��������6WUDVERXUJ��)UDQFH

8QGHUVWDQGLQJ�WKH�YDULRXV�PHFKDQLVPV�LQ�ZKLFK�SURWHLQV�DUH�LQYROYHG�LV�FUXFLDO�IRU�FRPSUHKHQGLQJ�ELRFKHPLFDO
SKHQRPHQD��LQFOXGLQJ�WKH�RQVHW�DQG�GHYHORSPHQW�RI�GLVHDVHV ���&RQGXFWLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DQDO\VLV
RI�WKH�HQWLUH�SURWHRPH�FDQ�SURYLGH�LQVLJKWV�LQWR�WKH�UHVSRQVH�RI�DQ�RUJDQ�RU�D�SRSXODWLRQ�RI�FHOOV�WR�WUHDWPHQWV�RU
GLVHDVHV��+RZHYHU��DQDO\VLV�RI�SURWHLQV�IURP�DQ�DYHUDJH�FHOO�SRSXODWLRQ�RIWHQ�QHJOHFWV�FHOOXODU�KHWHURJHQHLW\�DQG
GRHV�QRW�DOORZ�WR�GLVWLQJXLVK�KHDOWK\�FHOOV�IURP�LQIHFWHG�FHOOV��ZKLFK�FRKDELW�LQ�WKH�VDPH�WLVVXHt��7KH�ULVH�RI
VLQJOH�FHOO�SURWHRPLFV�LV�WKHUHIRUH�PHDQLQJIXO�EHFDXVH�LW�DOORZV�WKH�LGHQWLILFDWLRQ�RI�WKH�SURWHRPH�H[SUHVVHG�LQ
LQGLYLGXDO�FHOOV�ZLWK�LQFUHDVLQJ�GHSWK�DW�D�JLYHQ�WLPH � ��ZLWK�DSSOLFDWLRQV�UDQJLQJ�IURP�GLVHDVH�GLDJQRVLV�WR�WKH
UHVSRQVH�RI�D�FKHPLFDO�WUHDWPHQW��+RZHYHU��GHVSLWH�LWV�LPSRUWDQFH��WKH�SURWHRPH�DQDO\VLV�DW�WKH�VLQJOH�FHOO�OHYHO
UHPDLQV�D�PDMRU�DQDO\WLFDO�FKDOOHQJH�GXH�WR�WKH�YHU\�ORZ�DEXQGDQFH�RI�SURWHLQ�PDWHULDO�DYDLODEOH�ZLWKLQ�D�FHOO
��QJ���7KXV��HYHU\�VWHS�RI�WKH�ZRUNIORZ�QHHGV�WR�EH�UHYLVLWHG�WR�PLQLPL]H�ORVVHV�GXULQJ�VDPSOH�SUHSDUDWLRQ�DQG
DFKLHYH�KLJKHVW�VHQVLWLYLW\�LQ�OLTXLG�FKURPDWRJUDSK\�WDQGHP�PDVV�VSHFWURPHWU\�DQDO\VLV��/&�06�06��

,Q�UHFHQW�\HDUV��WKH�GHYHORSPHQW�RI�WUDSSHG�LRQ�PRELOLW\�VSHFWURPHWU\��7,06��FRXSOHG�WR�D�KLJK�VHQVLWLYLW\�PDVV
VSHFWURPHWHU��7LPV472)��DV�ZHOO�DV�WKH�GHYHORSPHQW�RI�DXWRPDWHG�PHWKRGV�IRU�VDPSOH�SUHSDUDWLRQ�DQG
VRSKLVWLFDWHG�GDWD�VRIWZDUH�FRQVWLWXWH�DQ�DQFKRU�IRU�WKH�DQDO\VLV�RI�SURWHLQ�PDWHULDO�DW�WKH�VLQJOH�FHOO�VFDOH��

2Q�WKH�RQH�KDQG��+HOD�FHOO�GLJHVWV��3LHUFH��5HI���������ZHUH�XVHG�WR�SUHSDUH�D�GLOXWLRQ�VHULHV�IURP�����WR����QJ�RI
LQMHFWHG�PDWHULDO��2Q�WKH�RWKHU�KDQG��+H/D�FHOOV�ZHUH�VRUWHG��O\VHG�DQG�GLJHVWHG�XVLQJ�WKH�&HOOHQ21(�LQVWUXPHQW
DW�&HOOHQLRQ��/\RQ���9DU\LQJ�FHOO�QXPEHUV��IURP���WR����FHOOV�ZHUH�VRUWHG��O\VHG��GLJHVWHG�SULRU�WR�QDQR/&�06�06
DQDO\VLV�

3HSWLGH�PL[WXUHV�ZHUH�VHSDUDWHG�RQ�DQ�$XURUD�&���53���������wP�[����PP�����wP���,RQ2SWLFNV��FROXPQ
XVLQJ�D�QDQR(OXWH��%UXNHU�'DOWRQLFV��FRXSOHG�WR�D�WLPV72)SUR���%UXNHU�'DOWRQLFV��PDVV�VSHFWURPHWHU�
6HSDUDWLRQ�ZDV�SHUIRUPHG�RQ�D�JUDGLHQW�IURP���WR�����$&1�LQ������IRUPLF�DFLG�RYHU���PLQ�DW����w/�PLQ��'DWD
'HSHQGHQW�$FTXLVLWLRQ���3DUDOOHO�$FFXPXODWLRQ�DQG�6HULDO�)UDJPHQWDWLRQ��''$�3$6()��DQG�'DWD�,QGHSHQGHQW
$FTXLVLWLRQ���3$6()��',$�3$6()��PHWKRGV�ZHUH�XVHG��$�FRPSDUDWLYH�DQDO\VLV�ZDV�SHUIRUPHG�WR�DVVHVV�WKH
SHUIRUPDQFH�RI�WZR�GDWD�DQDO\VLV�WRROV��0D[4XDQW�DQG�3UROLQH�IRU�''$�GDWD�DQDO\VLV��DQG�6SHFWURQDXW�DQG
',$�11�IRU�',$�GDWD�LQWHUSUHWDWLRQ�

,Q�''$�3$6()�PRGH��DURXQG�����SURWHLQV�ZHUH�LGHQWLILHG�LQ�WKH�����WR����QJ�UHJLRQ��ZKLOH�PRUH�WKDQ�����
SURWHLQV�FRXOG�EH�LGHQWLILHG�LQ�WKH�VDPH�UHJLRQ�LQ�',$�3$6()��7KHVH�ILUVW�UHVXOWV�ZHUH�HQFRXUDJLQJ�WR�IXUWKHU
H[SORUH�WKH�LQVWUXPHQW
V�SHUIRUPDQFHV�IRU�YHU\�ORZ�DPRXQWV�DV�WKHVH�SURWHLQ�DPRXQWV�DUH�FORVH�WR�VLQJOH�FHOO
SURWHLQ�FRQWHQWV��DSSUR[�����QJ���,Q�LVRODWHG�FHOOV��DQ�DYHUDJH�RI�����SURWHLQV�ZHUH�LGHQWLILHG�LQ�VLQJOH�FHOOV�LQ
''$�3$6()�PRGH��ZKLOH�PRUH�WKDQ������SURWHLQV�ZHUH�LGHQWLILHG�XVLQJ�D�',$�3$6()�PHWKRG��7KLV�UHPDUNDEOH
RXWFRPH�KLJKOLJKWV�WKH�JUHDW�FDSDFLWLHV�RI�',$�3$6()�IRU�VLQJOH�FHOO�DQDO\VLV�

,QYHVWLJDWLQJ�WKH�GDWD�SURFHVVLQJ�DVSHFW�RI�',$��FRPSDULQJ�WKH�WZR�GDWD�SURFHVVLQJ�VRIWZDUH��6SHFWURQDXW�DQG
',$�11��UHYHDOHG�FORVH�DYHUDJH�QXPEHUV�RI�TXDQWLILHG�SURWHLQV�IRU�VLQJOH�FHOOV�DQG�XS�WR���LVRODWHG�FHOOV�

:KLOH�WKRVH�LQLWLDO�UHVXOWV�DUH�SURPLVLQJ��IXUWKHU�RSWLPL]DWLRQV�DUH�VWLOO�UHTXLUHG�IURP�VDPSOH�SUHSDUDWLRQ�WR
QDQR/&�06�06�DFTXLVLWLRQ�PHWKRGV�RSWLPL]DWLRQ�DQG�ILQDOO\�GDWD�SURFHVVLQJ�WR�EH�DEOH�WR�XQORFN�GHHSHU�LQVLJKWV
LQWR�FHOOXODU�KHWHURJHQHLW\�DQG�GLVHDVH�PHFKDQLVPV�
��0LQDNVKL��6LQJOH�&HOO�3URWHRPLFV��7HFKQRORJ\�	�$SSOLFDWLRQV���������
t �0DULQR��=LWR��$FFDUGR��5RQFKL��&R]]ROLQR��0RUJLOOR��5RVVL��)UDQFR� �0ROHFXODU�KHWHURJHQHLW\�LQ�OXQJ�FDQFHU�
�������
��7HPSOHU��&HV��1HZ�IURQWLHUV�LQ�VLQJOH�FHOO�DQDO\VLV���������
� �0HLHU��3DUN��0DQQ� �7UDSSHG�,RQ�0RELOLW\�6SHFWURPHWU\�DQG�3DUDOOHO�$FFXPXODWLRQ�6HULDO�)UDJPHQWDWLRQ�LQ
3URWHRPLFV���������
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P61	
$EVWUDFW�����

:ULWHU���'U�6ROHQQH�&+$5'211(7��VROHQQH�FKDUGRQQHW#VRUERQQH�XQLYHUVLWH�IU�
3UHVHQWDWLRQ�W\SH��ZLVK����3RVWHU
7KHPH�������3URWHRPLFV�LQ�FHOO�ELRORJ\��&HOOXODU�DQG�IXQFWLRQDO�SURWHRPLFV

'HYHORSPHQW�DQG�RSWLPL]DWLRQ�RI�D�PHWKRG�IRU�DXWRPDWHG�SHSWLGH�GHVDOWLQJ�RQ
WKH�'LJHVW3UR�06L�URERW�XVLQJ�$WWUDFW63(p�&���WLSV
&«OLD�-$5',1D��6RXPLD�+$0$'$E��&«GULF�3,211($8E��0DUWLQ�7(&+1$8F��6ROHQQH�&+$5'211(7E

D�6RUERQQH�8QLYHUVLW\��,QVHUP��806�3$66��3ODWHIRUPH�3RVW�J«QRPLTXH�GH�OD�3LWL«�6DOS¬WULªUH��3�6��E�6RUERQQH�8QLYHUVLW\�
,QVHUP��806�3$66��3ODWHIRUPH�3RVW�J«QRPLTXH�GH�OD�3LWL«�6DOS¬WULªUH��3�6��3DULV��)5$1&(��F�&(0�*PE+�
&DUO�)ULHGULFK�*DX¡�6WUD¡H����'�������.DPS�/LQWIRUW��*HUPDQ\

%RWWRP�XS�DSSURDFKHV�DUH�FRPPRQO\�XVHG�IRU�SURWHRPLFV�DQDO\VLV�LQ�/&�06�06��+RZHYHU��WKH�VDOWV�SUHVHQW�LQ
WKH�GLJHVWLRQ�EXIIHUV�FDQ�JHQHUDWH�LRQ�VXSSUHVVLRQ�WKDW�FDQ�OLPLW�WKH�GHWHFWLRQ�RI�SHSWLGHV�DQG�JUHDWO\�LPSDFW
SURWHLQV�LGHQWLILFDWLRQ��7KHUHIRUH��SHSWLGH�GHVDOWLQJ�LV�DQ�LQGLVSHQVDEOH�VWHS��7KH�3�6�SURWHRPLFV�IDFLOLW\�LV
HTXLSSHG�ZLWK�D�QDQR(OXWH���WLPV72)�3UR��%UXNHU��/&�06�06�V\VWHP�DQG�KDV�FKRVHQ�WR�SHUIRUP�WKH�GHVDOWLQJ
VWHS�SULRU�WR�/&�06�06�DQDO\VLV�ZLWK�GLUHFW�LQMHFWLRQ�RQ�WKH�DQDO\WLFDO�FROXPQ�

:LWK�WKH�DLP�WR�DXWRPDWH�SHSWLGH�GHVDOWLQJ��3�6�KDV�DVNHG�&(0��SUHYLRXVO\�,QWDYLV��WR�FUHDWH�D�FXVWRP�QHHGOH�WR
UXQ�KRPH�PDGH�6WDJH7LSV�RQ�WKH�'LJHVW3UR�06L�URERW��7KH�SURJUDP�ZDV�DGDSWHG�IURP�PDQXDO�6WDJH7LSV
SURWRFRO�DQG�IXUWKHU�RSWLPL]HG�E\�SOD\LQJ�ZLWK�OLTXLG�DVSLUDWH�DQG�GLVSHQVH�VSHHGV�DQG�YROXPHV��0RUHRYHU��3�6
KDV�HYDOXDWHG�$WWUDFW63(p�&���7LSV��$IILQLVHS��FRPSDUHG�WR�KRPH�PDGH�6WDJH7LSV��ZLWK�(PSRUH�&���63(
GLVNV��IURP���wJ�DQG�����QJ�RI�SURWHLQ�GLJHVW��7KH�$WWUDFW63(p�7LSV�DUH�SDFNHG�ZLWK�VPDOO�VRUEHQW�EHDGV�
HPEHGGHG�LQ�D�WKLQ�DQG�PHFKDQLFDOO\�VWDEOH�PHPEUDQH�WKDW�FRPELQHV�KLJK�FDSDFLW\�DQG�VPDOO�GHDG�YROXPH��DQG
DUH�DGDSWHG�IRU�FHQWULIXJDWLRQ�RU�SRVLWLYH�SUHVVXUH�DVVD\V��7KH�FRPSDULVRQ�VKRZHG�OLWWOH�GLIIHUHQFH�EHWZHHQ�WKH
WZR�NLQGV�RI�WLSV�ZKHQ�ZRUNLQJ�ZLWK���wJ�RI�SHSWLGHV�EXW�VKRZHG�D�����LQFUHDVH�LQ�WKH�QXPEHU�RI�LGHQWLILHG
SURWHLQV�ZLWK�WKH�$WWUDFW63(p�&���7LSV�ZKHQ�ZRUNLQJ�ZLWK�����QJ�RI�SHSWLGHV��0RUHRYHU��WKH�SHSWLGH�LQWHQVLWLHV
ZHUH�KLJKHU�ZLWK�WKH�$WWUDFW63(p�&���7LSV��,Q�ERWK�FDVHV����wJ�DQG�����QJ�VWDUWLQJ�PDWHULDO��WKH�$WWUDFW63(p
&���7LSV�SHUIRUPHG�EHWWHU�LQ�WKH�K\GURSKLOLF�UDQJH�

2XU�UHVXOWV�VKRZ�WKDW�$WWUDFW63(p�&���VRUEHQW�RIIHUV�D�ZLGHU�VSHFWUXP�RI�LQWHUDFWLRQV�ZLWK�D�EURDGHVW�UDQJH�RI
SHSWLGHV��IURP�WKH�PRVW�K\GURSKLOLF�WR�WKH�PRVW�K\GURSKRELF�RQHV��FRPSDUHG�WR�KRPH�PDGH�6WDJH7LSV��,Q
DGGLWLRQ��WKH�3�6�WHDP�KDV�RSWLPL]HG�WKH�SURJUDP�RQ�WKH�'LJHVW3UR�06L�URERW�WR�UHGXFH�WKH�WLPH�IURP����PLQ
GRZQ�WR����PLQ�SHU�VDPSOH�
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Bruker 

Innovation with Integrity

Bruker’s timsTOF series introduces the next generation of ion mobility mass spectrometry.
Utilizing trapped ion mobility spectrometry (TIMS) unlocks an additional dimension of
separation and delivers revolutionary improvements in enhanced specificity and robustness.

		timsTOF Pro 2 - the platform of choice for 4D-Multiomics applications with its proven  
robustness, high sensitivity and fast MS/MS acquisition
		timsTOF HT -  unpresented depth and high throughput for 4D-Proteomics™
		timsTOF SCP - ultra-high sensitivity to unlock deep quantitative single cell 4D-Proteomics™
		timsTOF fleX - with MALDI-2 and microGRID towards enhanced sensitivity at  
high spatial resolution
	 timsTOF MALDI PharmaPulse® - taking label-free high-throughput screening to the next level

For Research Use Only. Not for use in clinical diagnostic procedures.

Next generation ion mobility platforms for
high speed, high sensitivity 4D-Multiomics

For more information please visit www.bruker.com

MASS SPECTROMETRY 

timsTOF Series
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Affinisep Covaris 
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Cellenion Thermo 
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MS Vision Preomics 
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Are you fully satifisfied with your LC-MS service?

Are you looking for an alternative service and support supplier for your ThermoFisher, Sciex or
Waters LC-MS instruments? As the only independent service provider with own hardware
R&D, MS Vision has the knowledge to provide high quality service for your instruments.

• Flexible, cost effective and transparent service
solutions

• Instrument qualifications
• Relocations
• Trainings
• Instrument upgrades (High mass, ECD, Omnitrap)
• Refurbished LC-MS instruments installed with

warranty

MS Vision – your trusted LC-MS partner for almost 20 years. ISO 9001:2015 accredited.
www.msvision.com | info@msvision.com | +44 8453 732 493



Shimadzu Sciex Evosep 
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Imagerie MS et analyses HRMS

iMScope QT
Fusion de la chromatographie, microscopie et HRMS

Informations qualitatives & quantitatives 
sur les composés d’intérêts et sur leur dis-
tribution dans un tissu biologique

Analyse rapide des résultats d’imagerie sur 
un logiciel unique

Passage d’une technique à l’autre en moins 
de 20 min

www.shimadzu.fr

Built for standardization
The six standard Evosep One methods cover
the range from ultra-high throughput single-
shot analysis to full proteome analysis with
fractionation strategies.

Evosep One methods are designed and tested to
provide the best chromatography with the lowest
possible system overhead every time, all the time.
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www.eurisotop.com

Because stable isotope MS methods are bringing scientists 
closer to curing human diseases through quantitative 

biomarker analysis and quantitative proteomic analysis.

Euriso-Top is pleased to offer a variety of stable isotope 
reagents for labeling any proteome for quantitative MS 

analysis. 

Metabolic
Labeling

QC & Qtt
Kits

Chemical 
Tagging

Amino
Acids Glycans

Cell
Growth
Media

 

Venez découvrir notre 
générateur d’azote et d’air 
aux avantages uniques: 

 
- Intelligent : contrôle du débit le plus 

efficace.  
- Silencieux et sans vibrations 
- Écologique : Consomme jusqu'à 30 % 

d'énergie en moins. 
- Entretien réduit: première 

maintenance compresseur à 20000 
heures de fonctionnement  

- Capacité d'accès à distance : 
diagnostique par nos experts 

Pour TOUS les 
instruments LC-MS 

LNI Swissgas 

PTMscan HS Phospho-Tyrosine  (P-Tyr-1000) Kit #38722
PTMscan Acetyl-Lysine motif  (AC-K) Kit # 46784
PTMscan Ubiquitin/SUMO Remnant Motif (K-e-GG) kit # 59322
PTMscan Succinyl-Lysine Motif ( Succ-K) kit # 60724

And many more on cellsignal.com/applications/proteomics

Improved sensitivity with less starting sample 

PTMscan HS : Simplified PTM Workflow solution 

Detect thousands of post-translationally 
modified (PTM) peptides with the enhanced 
methods in PTMscan HS kits:


