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Chapter 1

Introduction

1.1 Domain of the thesis

This thesis presents and analyzes several aspects and state of the art methods that
cover the automatic analysis of the visual impact of multimedia data, with an accent
on the study of a number essential concepts in this domain, such as interesting-
ness, aesthetics, memorability, violence, and affective value and emotions. While
more traditional computer vision tasks attempt to solve problems that have objective
ground-truth values that all or most annotators would agree with, such as object
detection or scene classification, recent developments in deep neural network pro-
cessing, social media, hardware availability and cost, psychological studies, and big
data availability allowed scientists to expand their research into domains that target
more subjective concepts. In the latter case, ground truth may depend on a large
number of human-centric factors, including, but not limited to, personal preferences,
cultural background, cognitive abilities, and current psychological state. Predicting
and understanding such concepts with the help of computer vision methods dramat-
ically increases the utility and added value created by implementing such methods,

allowing scientists and developers to predict how multimedia data affects viewers.
1




However, the development of such methods is not trivial. Researchers from many dif-
ferent domains must be involved and must work together in order to create accurate
predictors that can function in a mostly online, real-world environment that deals
with large amounts of diverse visual data. Researchers in cognitive and humanities
sciences, physiologists, specialists in human behavior, human data annotation, and
computer vision algorithm developers must come together in order to define these
concepts, create theories about how they influence perception and behavior, collect
and annotate a large amount of data and create the computer vision methods that
can predict the concepts.

In this thesis, I present a literature survey on my main concepts of interest for my
field of study, which predominantly revolves around interestingness, aesthetic value,
memorability, violence and affective value and emotional content, and continue with
presenting my main contributions, both to the collection of datasets and the creation
of common evaluation benchmarks, to computer vision methods for the prediction
of such concepts, as well as the creation of a novel deep learning-based late fusion
system, that significantly increases the performance of its inducer systems. All these

contributions are developed during my Ph.D. studies.

1.2 Motivation of the thesis

This thesis aims to contribute to the understanding of such subjective concepts, study;,
discover, and underline the current best practices and best-performing methods and
models for certain tasks, and create computer vision methods that successfully pre-
dict the targeted concepts. Given the advent of social media, increasingly larger
collections of images and videos are available for users, and it becomes increasingly
difficult to navigate them. On the positive side, access to a larger amount of data

can be beneficial for system development, as more training and testing samples are
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available, especially for deep neural networks, that are known for their high demand
for annotated data. While, as previously shown, this extensive collection of concepts
present varying degrees of subjectivity, and, therefore, inter- and even intra-rater re-
liability with regards to the annotated image and video samples in given datasets
can significantly vary, the interest for computer vision methods that solve these prob-
lems and predict these concepts is growing, regardless of the difficulties created by
the inherent concept subjectivity. From this perspective, there is a large demand
for these methods, mostly driven by social media, media sharing, advertising, and
media archiving platforms. These particular branches of industry would benefit from
the creation of automatic predictors, recommender systems based on these concepts,
automatic filters, and other functionalities that would be impossible to implement
without the help of computer vision, machine learning, and artificial intelligence.
Currently, some of these concepts are starting to be implemented in professional
solutions and web services. Pioneers in this direction are represented by popular weh-
sites and social media platforms, like F]jckrEL who implement a social interestingness-
based metric for creating suggestions with regards to new images and posts, or Google
Photos EI that can create short summaries of photos based on the appeal of photos
uploaded by users in their personal collections. Support from the industry is also
manifested by the support for particular tasks that aid both the research commu-
nity and the industry, such as InterDigital's support for the study of multimedia
interestingness, memorability, violence, and emotional content prediction E' Thus,
researchers that create tasks, datasets, and computational models are motivated to
keep in mind and target realistic use case scenarios that can be implemented in such

environments.

thttps:/ /www.flickr.com/
2https:/ /www.google.com /photos/about /
Shttps:/ /www.interdigital.com /datasets /




1.3 Content of the thesis

The rest of this thesis is divided into 3 Chapters. The first one presents the cur-
rent state-of-the-art with regards to taxonomies, psychological studies, datasets, user
studies, and computational approaches developed by researchers from different do-
mains that handle the problem of defining and predicting the subjective proprieties of
multimedia data. The second chapter presents personal contributions to this domain,
with regards to the datasets and evaluation benchmarks I helped create, and to orig-
inal computational methods and models for the prediction of some of these concepts,
as well as a generalized deep learning-based collection of late fusion approaches that
can accurately predict the given concepts, using a large selection of weaker input
inducers. The thesis ends with some general conclusions and perspectives for future

works, as well as a summary of my papers and contribution to those papers.




Chapter 2

Theoretical aspects

In today’s internet and big data landscape, users are constantly bombarded with large
quantities of multimedia data, sometimes creating that data themselves via personal
photo collections, social media posts, or personal vliogs. It is indeed difficult to keep
track of all that information. Researchers have shown that this constant feed of
information, both visual and otherwise, can significantly reduce the human attention
span [138]. This environment creates the need for the development of systems that
would help human users navigate this tremendous amount of data, whether we are
talking about systems aimed at sorting data, based on how interesting, appealing,
or memorable it is, systems aimed at creating filters capable of detecting violent or
emotionally scarring data, or recommending other media samples that are more in
tuned with personal user preferences. One of the hardest challenges these systems
face is represented by the definitions of these concepts, considering that, unlike more
tangible tasks such as detecting an object in an image, most of the times, it is hard
for human subjects to agree on what is interesting, aesthetically pleasing, violent,
and so on. The subjective nature of these proprieties does make their prediction
and classification one of the more challenging tasks in computer vision today. A

close collaboration between theorists in humanities, human behavior, and computer
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vision, is therefore necessary in order to create algorithms and market-ready systems.
This chapter will present a literature review and analysis focused on concepts that
will be used throughout the thesis, namely interestingness, aesthetics, memorability,

violence, and affective value and emotions.

2.1 Taxonomy and definitions

As previously mentioned, the first important step in analyzing these targeted concepts
is creating a list of possible definitions for them, having as starting point psychological
theories, applied human studies, and use-case scenarios/ An extensive set of subjective
proprieties has been studied in the current literature. As we present in [33], some
taxonomies can be built in order to understand and classify these concepts. Table[2.]]
presents a list of subjective concepts studied by scientists, grouped according to a
central common theme. For example, novelty, originality, unexpectedness, etc., tend
to measure the novelty of media samples from different perspectives and therefore fall
into the same central theme.

Another possible approach regarding the creation of taxonomies is an analysis of
concept correlation. In this case, having just one target concept as a starting point, a
list of correlation with other concepts can be created based on research works in the
current state-of-the-art literature. These correlations can be positive, negative, or un-
defined (or mostly not explored). Such an example is presented in our work [33] and
in Tal)le. where a taxonomy based on correlation with interestingness is presented.
The table represents a thorough analysis that considers papers from psychological,
user study-based, or computational perspectives. Furthermore, an example of a sci-
entific paper that studies the correlation is given for each concept. Even in such a
thorough analysis, some controversies arise that show certain concepts to be both

positively and negatively correlated with interestingness. Such issues may occur due
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Table 2.1: Taxonomy. List of concepts that are covered in the current state-of-the-art
literature as presented in Constantin et al. [33]. Concepts in this table are grouped
according to a central theme.

Theme Close concepts
1 Interestingness Interestingness
2 Affective Value and Dimensional Emotion Space (Valence/Pleasantness, Arousal,
Emotions Dominance) and Categorical Emotion Space (Happiness, Boredom,
ete.)
3 Aesthetic Value Aesthetic Value and Cuteness
1 Memorability Memorability
5 Novelty Novelty, Originality, Unusualness, Unexpectedness, Distinctiveness
and Familiarity
6 Complexity Complexity and Simplicity
7 Coping Potential Coping Potential, Comprehensibility, Challenge and Uncertainty
8 Visual Composition and Symmetry, Balance/Harmony, Photographic Composition,
Stylistic Attributes Naturalness and Realism
9 Social Interestingness Popularity and Virality
10 Creativity Creativity
11 Humor Humor, Irony and Sarcasm
117 Urban Perception Urban Interestingness
113} Saliency Salieney and Attention

to different factors, including different experimental setups in computer vision tasks,
different demographic spread in user studies, differences in understanding the ana-
lyzed concept, its definition, and scope, or merely different preferences for the chosen

annotators.

Interestingness. Berlyne [9] theorizes interest as a primary factor for human mo-
tivation and behavior and points out several defining factors of interest ﬂT_I], such as
novelty, in the context of information theory, pointing out that interest arises when
new information is compared already existing information by human subjects. More
to the point, Chamaret et al. [20] define visual interest as the power of a visual sample
to induce interest in a viewer. Furthermore, Silvia et al. [153] relate interest to learn-

ing and the will to explore. Similarly, Hidi and Anderson [87] propose that personal
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Table 2.2: Taxonomy. List of concepts, grouped by positive, negative or unexplored
correlation with interestingness as presented in Constantin et al. [33]. Correlations are
studied from a physiological or cognitive (1), user studies-based (1) or computational
(¢) perspective. Controversies are marked with *.

Positively correlated

Negatively correlated

Unexplored

Valencel™#)* [74]
Arousalt™) [TG0]
Aesthetic Value*t9* [90]
Novelty <) [74]
Unusualness'® [I87]
Unexpectednesst’) [124]
Complexity(*t¢) [T53]
Coping potential®®** [155]
Uncertainty'®) [10]

Balance /Harmony ™) [56]

Valence!™t* [173]
Boredom®t) [G1]
Acsthetic Value!®* [146)
Memmorabilityt) [93]
Coping potential ™ [160]
Challenge!** [21]
Virality!®=) [50]
Popularity-* [(0]
Familiarity '/ @1]

Dominance

Cuteness

 Originality

Distinctiveness
Comprehensibility
Symmetry
Realism

[rony, Sarcasm
Creativity

Urban Perception

e Naturalness™! [74]
e Photo Composition'®! [06]
s Humor'™ [96

e Urban
illt{:l'cstiugncs:-;‘ w !l-ill

e Saliency!™ [54]
o Attention'” [12]
e Popularity' =" [77]

preferences may be less critical in inducing interest in a person than the appeal of
the activity or learning task being performed.

Aesthetic value. Aesthetics is mainly defined as a branch of philosophy [186], that
studies the appeal and beauty of natural scenes and artistic compositions. In several
user studies, authors often tend to use “pleasantness” as a descriptor or synonym of
aesthetics (74} [160].

Memorability is defined as an intrinsic propriety of visual samples [92], that mea-
sures how likely subjects are to remember the images and videos that are presented

to them. Some authors use short-term and long-term memorability [48] [47] separa-
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tion in describing this visual propriety, thus recognizing that, while a video can be
memorable for a short period (several minutes or hours), it can be forgotten in the

long run (after several days).

Violence. While the concept of violence may seem less subjective than others,
studies have shown that human annotators do not necessarily agree on whether a
visual sample is violent or not. Several studies have used more than one definition of
violence, including during the I\'Iedia.Eve'i.lE]Violent Scenes Detection task [46], where
authors proposed an “objective” definition ( “physical violence or accident resulting
in human injury or pain”) and a “subjective” definition (where violence is defined as
images “which one would not let an eight years old child see, because they contain

physical violence”).

Affective value and emotions. The affective value of media items is defined as their
ability to induce a set of emotional responses in viewers [18]. From one perspective,
they can be described in a mathematical 2D or 3D space, according to the valence-
arousal-dominance axes (or only valence and arousal). The VAD space attempts to
map all human emotions on these three axes, corresponding to pleasure-displeasure
measuring the valence or pleasantness of the emotion, arousal-nonarousal measuring
the intensity of the emotion, and dominance-submissiveness measuring the controlling
nature of the emotion [118]. From another perspective, emotions can be described
in a categorical space, where a set of basic emotions are identified and defined. Ek-
man [53] identifies a set of 6 basic emotions: “anger, disgust, fear, joy, sadness and
surprise”, while Plutchik [132] considers 8 bipolar emotions: “anger-fear, joy-sadness,

anticipation-surprise and trust-disgust”.

Yhttp:/ /www. multimediaeval.org/




2.2 Human understanding of the subjective prop-

erties of multimedia data

The human understanding of these concepts is extensively studied in psychological
and philosophical works. The most important discussion topics here are related to
how media samples influence human perception and what underlying factors create

that influence.

Interestingness. Berlyne [10}[11] identified a series of factors that influence general
interest, including conflict, complexity, novelty, and uncertainty. However, these rela-
tionships are more complex, as proven in [155], as relationships may not be linear. For
example, while novel information is important in inducing interest, subjects may lose
interest if that information is too complex to understand. Novelty is also proposed as
an important factor for interest in [169] [153]. Hidi and Anderson [87] also show that
powerful emotional content has the ability to induce interest, analyzing sexual and
violent content as examples. Other works look at the functional benefits brought by
interest. Izard and Ackerman [95] conclude that interest is a motivational evolution-
ary trait, as it allows humans to explore, learn, and engage with their environment.
It is presented as one of the main factors contributing to individual adaptation to the
environment, survival, and development. [154] [63] also conclude that with the help
of interest, in the long run, people are attracted to new possibilities and experiences.
Finally, from a physiological point of view, Hess and Polt [86] show that interesting

activities influence and are correlated with eye movements and pupil dilation.

Aesthetic value. While the aesthetic value of o picture may seem very subjective,
theories suggest that some common baseline can be established that most people
would agree with. Reber et al. [133] propose “goodness of form, symmetry and
figure-ground contrast” as qualities necessary for an item to be deemed beautiful, as

such proprieties would allow human assessors to process that object correctly. Fur-
10




thermore, with regards to visual beauty in general and to image beauty in particular,
Datta et al. propose that, while a normal viewer may be interested in the general
effect that an image has (“how soothing a picture is to the eyes”), professional artists
may be inclined to analyze other aspects, such as meaning, the use of colors and con-
tours, sharpness and the general “rules of photography”. It is also interesting to note
that in some works, interest and aesthetics have been studied as correlated concepts
or, in the least, concepts that can derive from each other. This idea is best exempli-
fied by Schmidhuber [146], who proposes that “interestingness is the first derivative
of beauty: What is beautiful is not necessarily interesting. A beautiful thing is in-
teresting only as long as it is new, that is, as long as the algorithmic regularity that
makes it simple has not vet been fully assimilated by the adaptive observer who is

still learning to compress the data better”.

Memorability. Early studies [151] regarding the memorability of images show
an impressive human capacity for remembering images in the long term, even when
compared with the storage capacity for other objects or concepts such as words or
sentences. Furthermore, Brady et al. [13] proved that humans do not simply memorize
the general scene in an image (that the authors called “gist”), but are able to encode
details correctly and remember even small details and differences between images. Ac-
cording to [136], this capacity is further increased when subjects make a conscientious
effort to memorize the images shown to them. Several other works [92] 93| [17] show
memorability to be an “intrinsic propriety of images” and a dependence of memora-
bility on the setting and objects in an image. For example, images containing people
seem to be the easiest to memorize, while nature landscapes seem to be the hardest.
Furthermore, time plays an important factor in memorability, whether we are talking
about the difference between short-term and long-term memory, as presented in [26]

or about the time a subject spends looking at an image [130].
11




Violence represents a diverse subject, given its inherent subjectivity and its per-
ception, that can be different from society to society and from generation to gener-
ation. Ardent [5] studies violence from a modern perspective, going through some
of its possible factors such as “power, strength, force, and authority”. At the same
time, Galtung [66] attempts to study it from a cultural perspective, noticing the intra-
cultural difference of perception of violence. While these works represent politically-
oriented studies on violence, numerous other researchers studied the impact of visual
violence in TV, movies, and media. Culbert [35] studies two televised violent events
in 1968 (the Tet Offensive and Chicago’s DNC) and analyses the way these events
changed public opinion or affected viewers at that time. The same impact is studied
in [91], where the authors talk about short- and long-term effects of over-exposure to
violence, including the desensitization of casual viewers and the effects on children

and young adults.

Affective value and emotions. Psychology is the domain that started to look at
the impact of emotional images on human reactions. Valdez and Mehrabian [174]
explored the link between colors and the emotions that images are supposed to in-
fer. From a different perspective, Chen and Sun [22] studied the mechanisms that
allow emotions conveyed by multimedia teaching material to affect students and their
learning performance. Furthermore, understanding emotions may prove useful for
understanding other concepts. For example, boredom is used as an antonvm of inter-
estingness in [154}61], and, while not precisely direct opposites, interestingness pushes
human subjects towards activity and boredom pushes humans towards inactivity and
limits the maximum level of interest that can be achieved [11]. Regarding the 3D
representation of the VAD space, generally, valence and arousal are considered to be
the most important and most frequently researched [160]; however, some scientists

propose a fourth additional dimension, namely “novelty” or “unpredictability” [62], as
12
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from the discrete emotional space, the most relevant of them being “surprise”.

2.3 Datasets and user studies

Gathering an adequate dataset represents one of the most critical preliminary aspects
of creating automated systems to predict such subjective proprieties. While datasets
are essential in general for machine learning tasks, in this particular case, some addi-
tional matters must be taken into account, such as the difference in opinion between
annotators, given the inherently subjective nature of the analyzed multimedia data.
T‘able summarizes the primary datasets used for predicting the concepts defined in
the previous section, indicating the type of media files included in the dataset (image
or video), the list of annotated concepts, and the types of annotators.

While most of the datasets are annotated by human assessors, either through
crowdsourcing or through the use of “trusted” annotators that know the task well
and are, in some cases, monitored continuously by super-users or master annotators,
other approaches involve extracting their annotations from social media platforms
directly. In this latter case, standing out are datasets that incorporate information
from Flickr or Photo.net EL platforms that already provide some types of automatic
or user-based annotations.

Interestingly, researchers also create an extensive collection of datasets that an-
notate more than one concept, an approach that may be very useful for predicting
subjective concepts in the context of integrating covariates in the feature set and
for analyzing inter-concept correlations. The visInterest [160] dataset, composed of
1,005 images, is collected for the study of interestingness and some of its components
theorized in physiological works, such as coping potential, complexity, arousal, etc.

Another example from this category is represented by two datasets created in the

Shttps:/ /www.photo.net /
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KWWSV ZZZ WXUQLWLDQOQRERHPQ@XXURIIS&RR UW B F O DI

'REXPHQW 9LHZHU

TXUQLWLQ 2ULJLQDOLW\ 5HSRUW

3URFHVVHG RQ 2FW ((67

‘RUG &R XQW
6XEPLWWHG

$XWRPDWLF DQDO\VLV RI WKH YLVXDO LPSDFW RI
P X %\ OLKDL *DEULHO &RQVWDQWLQ

6LPLODULW\ E\ 6RXUFH

6LPLODULW\ |, QGHI \onw srxUFHY

3XEOLFDWLRQV
6WXGHQW 3DSHUV

LOFOXGH TXRWHGXGH ELEOLRIBORKEGLQJ PDWFEKHYV ZRU@‘RGF‘TXLFNYLHZ FODVVLF |UHS
SULQWHIUHVKGRZQORDG

RUW

PDWFK SXEOLFDWLRQV

OLKDL *DEULHO &RQVWDQWLQ OLULWRIGEGHDEL, RORVED =RPSXWDWLRQDO XOGI—HJ
LOWHUHVWLQJIJQHVY %YH\RQG 6HPDQWLFVYH&0 &RPSXWLQJ 6X

/WDQGLQJ RI

PDWFK SXEOLFDWLRQV

OLKDL *DEULHO &RQVWDOQWLQ %RJIGOAYVROQIHWFKXR Q& RRUWHMMELFWLQJ LPDJH %/V
LOQWHUQDWLRQDO 6\PSRVLXP RQ 6LJYDMNAHWVE&LBEXEWY DQG 6\

HUHVWLQJQH

PDWFK
WWSV KDO DUFKLYHVY RXYHUWHYV IU KDO

PDWFK SXEOLFDWLRQV

OLKDL *DEULHO &RQVWDQWLQ /LYLROQDRIOHVBXVHIODLYWIRIGOHQH 'HPDUW\ HW_D
OXOWLPHGLD %HQFKPDUNLQJ 9LROHQW(6FUHDBAVD HWIHFOM RQ $IIHFWLYH &RPS@(V

O S$IIHFW LG
VLQJ

PDWFK ,QWHUQHW IURP 1RY

KWWS FHXU ZV RUJ B
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PDWFK ,QWHUQHW IURP 1RY
KWWS FHXU ZV RUJ

PDWFK ,QWHUQHW IURP 6HS
KWWSVY KDO DUFKLYHV RXYHUWHYV |WHRWO GRFEXP

PDWFK SXEOLFDWLRQV
<DVKDU 'HOGMRR ODUNXV 6FKHGO SFHWU LHHIOQWIHSHROH YD QWLSY 8VLQJ WI’F"H’IWEGK' . OXOWLID

9LGHR &OLS 'DWDVHW L OWHUQDRVMLRRD W RRW I WDMEBEHOXOWLPHGLD ,QGH[LQJ &%0,
PDWFK VWXGHQW SDSHUV IURP  6HS .
6XEPLWWHG WR 8QLYHUVLW\ RI BRXWKHUQ &DOLIRUQLD RQ
PDWFK ,QWHUQHW IURP 0D\ .

KWWS ZZZ HXUHFRP IU

PDWFK SXEOLFDWLRQV

(PPDQXHO 'HOODQGUpPD O0DUWLMQ +XLJXRODRROWY DLYFH\GJ &KRIQJ]KH ;LDR ODWHV‘EWHEHUJ 'DWD
FROXPQ $&0 6.,*0XOWLPHGLD 5HFRUGYV

PDWFK VWXGHQW SDSHUV IURP oObu

6XEPLWWHG WR 7HFKQLFDO 8QLYHUVLW\ RI &0XM 1DSRFD RQ =

PDWFK ,QWHUQHW IURP -XO .
KWWSV UHVHDUFKU RUJ SXEOLFDWLRQ &DUDWD&*&*

PDWFK ,QWHUQHW IURP 2FW .
KWWSV 7ZZZ PGSL FRP KW P

PDWFK ,QWHUQHW IURP $SU .
KWWS UHSRVLWRULR XQLFDPS EU

PDWFK ,QWHUQHW IURP O0DU o
KWWS VXPPLW VIX FD

PDWFK ,QWHUQHW IURP 2FW .

KWWSV HQ G O DL G O HQ SGI

PDWFK SXEOLFDWLRQV
9LVXDO &ROQWHQW ,QGH[LQJ DOG 5HOWWVXHYDIRZEZHWNK 3V IFWKIRQIJHU 6FLHQFH/DEQOG %XVLQHVYV OH

R
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PDWFK SXEOLFDWLRQV

201D %HQ $KPHG %HQORLW +XHW 'HHYHXORMLRPREDED IHOWK DQG ,QWHUHVWL%J
,LOWHUOQODWLRQDO &RQIHUHQFH RQ &RDWH®NNL%DVE®OXOWLPHGL

QHVYV 3UHGLF

PDWFK VWXGHQW SDSHUV IURP 1RY

6XEPLWWHG WR 8QLYHUVLW\ RI 3UHWRULD RQ =

PDWFK ,QWHUQHW IURP -XO .
KWWSV GEOS GDJVWXKO GH VHDUF B XEOWELHEMNWH] "FRMUMNPHGLDHYDO $

PDWFK ,QWHUQHW IURP  $XJ .
KWWSV OLYUHSRVLWRU\ OLYHUSRRO DB-XIDH SGI

PDWFK ,QWHUQHW IURP -XO .
KWWSV KDO LQULD IU KDO Y GRFXPHQW

PDWFK ,QWHUQHW IURP 0D\ .
KWWSV ZZZ MNX DW ILOHDGPLQ JUXSISEGMRFRBPAMDVYBK GSGI

PDWFK ,QWHUQHW IURP 2FW .
KWWSV G QE LOQIR

PDWFK ,QWHUQHW IURP  $XJ .
KWWSV  DU[LY RUJ SGI SGI

PDWFK .
KWWS RUFD FI DF XN

PDWFK ,QWHUQHW IURP 6HS .
KWWSV HVFKRODUVKLS RUJ FRQWHQW BV IEW SZKWIMD EM

PDWFK SXEOLFDWLRQV .

JURQWLHU &RPSXWLQJ 6SULQIJHU 6IHHAIMH/ D8O G % XVLQHVYV

PDWFK SXEOLFDWLRQV
5RPDLQ &RKHQGHW &ODLUH +HOHQH 'HPDWWIAQIIJRA OERHIMWIH 9LGHROHP &RM@WW
SUHGLEWLQJ 6KRUW 7HUP DQG /RQJ 7THWA\ 9L GHR((AHPRUDMMHUQDWLRQDO &RQIEU
&RPSXWHU 9LVLRQ ,&&9

UXFWLQJ
HQFH RQ

PDWFK VWXGHQW SDSHUV IURP -X0O
6XEPLWWHG WR 8QLYHUVLWL 7THNQRORJL ODOD\VLD RQ
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PDWFK ,QWHUQHW IURP 1RY
KWWS FHXU ZV RUJ

PDWFK ,QWHUQHW IURP -X0O
W V

PDWFK SXEOLFDWLRQV

GLILWDOFRPPRQV QMLW HGRPSILDWUWWIZFRP W H OQRR @ WMH[W GLVVHUWDV\ﬁ_RQV

$GYDQFHV LQ OXOWLPHGLD ,QIRUPDWLRQ 36 RAHVI\WDEF B&FH DQG %XVLOHV% OHGLD //&

PDWFK
KWWSVY KDO DUFKLYHV RXYHUWHV3U KDOBFDPHUDOHMDG\ SGI =

PDWFK SXEOLFDWLRQV .
$GYDOQFHV LQ ,QIRUPDWLRQ 5HWULRMDIDQG6%XVQQHV\6PHEQD //&

PDWFK SXEOLFDWLRQV .
(&%, .26 3UHVV

PDWFK VWXGHQW SDSHUV IURP  $XJ .
6XEPLWWHG WR 1DWLRQDO 8QLYHUVLW)\ Rl 6LQJDSRUH RQ

PDWFK ,QWHUQHW IURP 2FW .

KWWSV UHVHDUFKU RUJ SXEOLFDWLRQ &RQVWDQWLQ."'9,

PDWFK SXEOLFDWLRQYV
6LFKHQJ =KDR 6KDQJIHL :DQJ ORKDPPDGUIRD HRRBQLA4LKQJ -L  $IIHFWLYHHRPS
VFDOH +HWHURJHQHRXV OXOWLPHGLDR@WRQ $X0WUPRBYDBWRPSXWLQJ &RPPXQ
$SSOLFDWLRQV

PDWFK VWXGHQW SDSHUV IURP $SU

6XEPLWWHG WR 2FWREHU 8QLYHUVLWD QRBUSURGH WB$6 FROIQFH YV =

PDWFK ,QWHUQHW IURP -XO o
KWWS VHMRQJ\RRQ QHW

PDWFK ,QWHUQHW IURP $SU .
KWWS \DQZHLIX JLWKXE LR

PDWFK ,QWHUQHW IURP $SU o

KWWS GVSDFH YVE F]

XWLQJ IRU /

LFDWLRQV

L
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PDWFK ,QWHUQHW IURP 6HS .
KWWS ZZZ FLWHXOLNH RUJ

PDWFK SXEOLFDWLRQYV .
$GYDQFHV LQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ

PDWFK ,QWHUQHW IURP  $XJ
KWWSV  ZZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ .

B7+(B0,//,21B086,&$/B7:((76B'$7$6(7B:+$ZB1B:(B/($51B)520B0,&52%/2*6

PDWFK ,QWHUQHW IURP 2FW .
KWWS H[SRUW DU[LY RUJ

PDWFK ,QWHUQHW IURP -XO o
KWWSV KDO LQULD IU KDO ILSG1 VULMDQBLFFY

PDWFK ,QWHUQHW IURP 0D\ .
KWWSV ZZZ GLYD SRUWDO RUJ VPDVK) S/HMW:GLYIDGI

PDWFK SXEOLFDWLRQYV o
OXOWLOHGLD ORGHOLQJ 6SULQJHU 6 FOLHHIIAH/D8OG % XVLQHYV

PDWFK .
KWWS OLYUHSRVLWRU\ OLYHUSRRO DF XN

PDWFK ,QWHUQHW IURP 2FW .
KWWS ZZZ LLHWD RUJ

PDWFK ,QWHUQHW IURP -DQ .
KWWS H[SRUW DU[LY RUJ

PDWFK ,QWHUQHW IURP  -XQ .
KWWS H[SRUW DU[LY RUJ

PDWFK ,QWHUQHW IURP $SU .
KWWS H[SRUW DU[LY RUJ

PDWFK ,QWHUQHW IURP 1RY .
KWWSV  HSULQW LDFU RUJ SGI

PDWFK ,QWHUQHW IURP 6HS
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KWWS HSULQWV SKG ELEOLR XQLWQ LW -

PDWFK ,QWHUQHW IURP 6HS o
KWWS 7ZZZ SUHIHUHQFH OHDUQLQJ RUJ

PDWFK SXEOLFDWLRQYV .
/JHEWXUH 1RWHV LQ &RPSXWHU 6FLHQFH

PDWFK ,QWHUQHW IURP 0D\ o

KWWS ZZZ GLYD SRUWDO RUJ

PDWFK ,QWHUQHW IURP 2FW

KWWSV UXLGHUD XFOP HV [POXL ELWVWUHRA@BR6KDEHIAHD QR *UDFELD SGI"LV@O&)RZHG \

VHTXHQFH

PDWFK ,QWHUQHW IURP JHE
KWWS_ _HSULQWY QRWWLQJKDP DF XN

PDWFK ,QWHUQHW IURP -DQ

KWWSV XSFRPPRQV XSF HGX ELWVWUHDPSKHGEEOWLQJ PHGLD LQWHUHVWLQ&QHVV SGI

VHTIXHQFH
PDWFK ,QWHUQHW IURP 0DU .
KWWS GDKXDOLQ RUJ
PDWFK ,QWHUQHW IURP 0D\ o
KWWSV KDO LQULD IU KDO GRFXPHQW
PDWFK ,QWHUQHW IURP  -XO
KWWSV__GVSDFH FXQL F] ELWVWUHDP KDQGOH SGI"LVSOORZHG \ VHTXHQFH

PDWFK ,QWHUQHW IURP $XJ

KWWSV__ UHSRVLWRU\ QWX HGX VJ ELWVWUKHBEF LWBQIGCICHO SGI"LVSOORZHG Q VﬁT
PDWFK ,QWHUQHW IURP $XJ -
VWS _ H[SRUW DU[LY RUJ
PDWFK ,QWHUQHW IURP JHE -

KWWS GO DFP RUJ

PDWFK

XHQFH

"LV$O
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LWHPBQR DWWULEXWHBLG ILOHBQR

WWSV_ UHSRVLWRUN GO_LWF X WRWMRWRUMD FWAWRIOBF RIFHPFSROBGRZQORDG LWEP

PDWFK ,QWHUQHW IURP $sSU

BLG

QLILQJ

KWWSV KDO DUFKLYHV RXYHUWHV7IKHWIH\B3UDVDGEEDPDUDNRRQ SGI =

PDWFK ,QWHUQHW IURP )HE .
KWWSV 7ZZZ WDQGIRQOLQH FRP_GRL IX0O

PDWFK ,QWHUQHW IURP  $XJ o
KWWSVY  WHO DUFKLYHV RXYHUWHV [WQWH O GRFXP

PDWFK ,QWHUQHW IURP 0D\ .
KWWS H[SRUW DU[LY RUJ

PDWFK ,QWHUQHW IURP O0DU
KWWSV PDQXDO]] FRP GRF P X O VDICPIRGBAHO EVMADWHIR U DO DO\VLY IRU UHFRJ

PDWFK ,QWHUQHW IURP 0D\ .
KWWSV EPFPHGLQIRUPGHFLVPDN ELRFIOEBNHQWUDO FRP DUWL

PDWFK ,QWHUQHW IURP 'HF .
KWWSV OLQN VSULQJHU FRP FRQWHQW SGI SG)

PDWFK ,QWHUQHW IURP 2FW .

KWWS Z272Z LWWUHQG FR NU

PDWFK SXEOLFDWLRQV

<DQJ /LX =KRQJOHL *X <LX PLQJ &KHXQIXOWHQISHZXDQLIROG /HDUQLQJQLR;LH?J
SUHGLEWLROQ SURFHHGLQJV RI WKHWLRO®®H® RAR QOMHUIAH RQ OXOWLPHGLD 5HW,

GLD ,QWHUH\
ULHYDO ,&C

PDWFK SXEOLFDWLRQV
5RPDLQ &RKHQGHW .DUWKLN <DGDWI&OIDRFHLI+p O'XRDIHPDUW  $QQRWDWDQL 8
SUHGLFWLQJ /RQJ WHUP 9LGHR OHPRIMRLOWRKH 3URPHRIGLOQWHUQDWLRQDO &&C
OXOWLPHGLD 5HWULHYDO ,&05

QGHUVWDQG
IHUHQFH RQ

PDWFK SXEOLFDWLRQV
(ORLVH %HUVRQ 1JRF 4 . 'XRQJ &ODWVUH &ROGKPHWHEDUSQDO\N]ILQJ DQG'UHIEEQF
,PDIJH OWHUHVWLQJQHVYV WK (XRESNDQGEIL IBRODOHIHQFH (86,3&2

WLQJ 6RFLDC

PDWFK SXEOLFDWLRQV

-XUDQG\ $OPHLGD /XFDV 3 9DOHP 'DAWWHE& &KBHWHR _$ 5DQON $JJUHIJDWLRBER

UDPHZRUN IF
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LOWHUHVWLQIJQHVY 3UHGLFWLRQ 6SWIQHWW BGFEHDFER DQG %
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PDWFK SXEOLFDWLRQV
OXOWLPRGDO /REFDWLRQ (VWLPDWLRQ RI 9LGHRV DQG ,PDJHYV

PDWFK SXEOLFDWLRQV

&RPSXWHU 9LVLRQ + (&&9 6SULQIXVERIHMYFBHBQOG //&

332/,7(+1,&%" 81,9(56,7< 2) %8&+$5(67 (77, Y/ B&A22/ '"HFLVLRQ 1R IURP
$XWRPDWLF DQDO\VLV Rl WKRI YLYOM OPHEESDF@®DWD $QDOL]D DXWRPDW [
YL]XDO DO GDWHORU PXOWLPHGLD [EQWEKBDLLY VIHEUWN BI\D LERQ VXE P LIW @/IH 6 GRRH QMU W
WKH UHTXLUHPHQWY IRU WKH GHJURSKR IL(@ AR UBRQGAHOBRRP X QL RDW.IRY V
'('2&725%7 3UHUHGLQWH 3URKHURJXKH %UHJHD@®®LYHUVLWDWHD 3ROLWHKQLFD ¢
&RQGXF WRU GH GRFWRUDWR3IIGMIQ 'R @Y EMLYHUVLWDWHD 3RO LWHHKIQIURD %X F X
3URI 'U ,QDUWKD /DU REDGERXQG 8QLYHUVEW\H2JMNG DU& ODLUH +pOgqQH '"HPDUW
GH QRWHU'LJLWDGH)UDEIERIU ,QJ OLKDL GHXBQLYHUVLWDWH D % RBXWHHK/QLL F D
%XFKDUHVWSFNQRZOHGJHPHQWM U V@K WR WKW RMVRY FRRUGLQODWRU 3UR
%RJIJGDQ ,RQHMEXLY SDWLHQFH DEGUIRUGDIQFWSHGWUNLQJ R WWHYLLXR X0 G
DOVR.NH WR KIKPDIRU LQWURGXFLQJ PH WR WKLWGHR@WLQ P EGRPPR QLKH WKDW UH
DURXQG LW :LWK KLV KHOS , GLVERYHHMWBUW KN F&DIODIH®R G IDVFLQPWRQJ ZRU
DQG UHVHDUFK $V P\ GRFWRUDO SURIDUMP UFDGKRHQYOWKRB W IRU D ORQJ DQG IU
FROODERUDWLRQ ZLWK KLP , ZRX@WE&H ONRB LOYNEOVRRWRBPQNW\ DQG WKH GEUVRQ
RUJDQL]JHV WKLV FRPPXQLW\ 3URI VIRQQJKKEDEHDEKPDUNLQJ WDVNV SXEOLVKHG
FRPPXQLW\ UHSUHVHQW RQH RI WKHKENVOWRMVYLXSIRQFAMHIFWHE $OVR D ELJ WKD
FROOHDJXHV LQ WKH OXOWLPHGLDSME IRQGVKRQODERWUDWICRQ RQ WKH UHVHDUF
SDSHU ZH SXEOLVKHG WRJHWKHU 0\ WRDRVLIWKIB® GO ZKRRHM RXUDJHG PHW WR IR
LQ DFDGHPLD )IZRX®®\ OLNH WR WKDQN P\ SERQM MQKRZE WKHESRUW DQG
HQFRXUDJHPGIAM® HQGHDYRUV LLL &RQWHQWY $FNQRZOHGJHPHQWYV
/JLVW RI DEEUHYLDWLRQYV .OQWURGBRPWRRQYKH
WKHVLV
 &GRQWRQWRMHKHVLV
GHILQLWLRQV
PXOWLPHGLD GDWD
DSSURDFKHYV
$HVWKHWLF YDOXH
9LROHQFH

 ORWLYDRILW@HKHVLV
7KHRUHWLFDO DVSHFWV 7D
+XPDQ XQGHUVWDQGLQJ RS UNRKSHH WWE MW FRV LY

'DWDVHWYV DQG XVHU VWXGLHV XWDWRRSDO

,QWHUHVWLQJQHVV
OHPRUDELOLW\

YH ¥IDOKWLDQG HPRWLRQ
&RQFOXVLRQV
3HUVRQDO

UHVW,IQUBHVV

$SSOLFDWLRQV
Y LLL LL
'DWDVHWY DQG HYDOXDWLRQ
9LROHQFH SUHGLFWLRQ

FROWULEXWLRQV
SUHGLFWLRQ

D LPSDFWXO X
.DO

XEXUHUOWL
UHUOWL
v\

YROYHYV

OG RI DFDG}
XLWIXO I XWX
ZKR GULYH)
LQ WKLV

QN \RX WR P\
K SURMHFW\
OORZ D FDUI

RQRP\ DQG
H
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OHPRUDELOLW\ SUHGLFWLRQ &RQWHQW UHFRPPHQGDWLRQ
BUHGLFWLQJ PHGLD LQWHUHVWLQJQHVYV GXFWQWQ R
H690 EDWQLQJ V\VWHPV $HVWKHWLF
IHDWXUHV DQG ODWH IXVLRQ OHDUQLQXRQADKRLRQV
BUHGLFWLQJ YLROHQW VFHQHYV
7HPSRUD Q QUHW\Y \DHPW Q
UHGLFWBQJ PHGLD PHPRUDELOLW\
$FWLRQ EDVHG SHHEHONDUQLQJ

L QWURGXFWLRQ
&RQFOXVLRQV

,QWURGXFWLRQ

&RQFOXVLRQV QDA M KX8HRS HQVHPEO
VI\VWHPV URG XFW LR
ORWLYDWLRQ BUHYLRXV ZRUN
3URSRVHG DSSURDFK ([SHULPHQWDO VHWXS
([SHULPHQWDO UHVXOWYV &RQFOXVLRQV
YL
*HQHUDO FRQFOXVLRQV DQG SHRDWSHIFEKIMWIHR/QY DQG SXEOLFDWLRQV
&RQFOXVLRQV WXUH SKUVSHFWLYHYV
SK%LEOLRJUD YLL /LVW RI DEEUHYLDWLRRQH ' '
WZR WKUHH GLPHQVLRQDO %1 %DWFK&QRRYRD®WDRMIRM GEXUDO QHWZRUN &6
)XVLRQ OD\HU '11 'HHS QHXUDO QHWIZRP NRHFRULHQWHRBIIJUDGLHQWY +69 +XH V

YDOXH ,45 ,QWHUTXDUWLOH UDQJH)HDUHWRW ®MNLIKERUY DOJRULWKP /%3 /RFD
SDWWHUQV /2) /RFDO RXWOLHU IDEWRWH/GROPHFRRQU\ V8 OHDQ DYHUMIH SUHFL
0XOWL OD\HUHG SHUFHSWURQ 5%) Q60 3L DG EON LL\Q YYOUREW DRV IHDWXUH WUDQVIR
6XSSRUW YHFWRWHDFXKDQHQFH DURXVDO GRPLQDQFH GXF&KIDRRW HU'RPOWQ R WK
WKHVLV 7KLV WKHVLV SUHVHQWYV DSKF Y DDOHV HV R Y MAKDHODDWK B MWRERRG\U
DXWRPDWLF DRQD/DAMMXDO LPSDFW Rl PXOWLPHGLD G QWK H MWK ®\QRD FOF @ WERI U
HVVHQWLDO FRQFHSWV LQ WKLV GRPDLQHVXF IO DWWKHWHFNVWHPRUDELOLW\ YL
DIIHFWLYH YDOXH DQG HPRWLRQV :&LFRH RW HUNUIDGIRQLROB NV DWW H PKSDW W R
KDYH REMHFWLYH JURXQG WUXWK YDQRXRWNWRWVDIDROXRG PBRUWH ZLWK LWRFK DV
RU VFHQH FODVVLILFDWLRQ UHFH@WVQGKXYDORGRWQRWNLOURHHHVVLQJ VRFLDO
DYDLODELOLW\ DQG FRVW SV\FKRIQRGIDRDID D/NDXL®IDHE\L OD /G EOORZH&AMEUHQWLV V
UHVHDUFK LQWR GRPDLQV WKDW W DRIGFHMS WRU HQVWEM HFOIWLWH F FDVH JURXQG W
RQ D ODUJH QXPEHU RI KXPDQ FHQVQUL FE XMW WRWVO LMIAPKGIWR SHUVRQDO SUH
EDFNJURXQG FRJQLWLYH DELOLWLBRJDRDE PXWDWEW3SHWEKRWLQJ DQG XQGHUYV
FRQFHSWV ZLWK WKH KHOS RI FRPSXWIHPWD WL \LIFP@ @HWKREHADBHY WKH XWLOLW\ [
FUHDWHG E\ LPSOHPHQWLQJ VXFK PHOMRGWV DQGREHFHYREHUVY WR SUHA@LFW K
DIIHFWV YLHZHUV  +RZHYHU WKH GHHMXRIIPVHOQOW RRW XW¥FHKLYLDO 5HVHDUFKHUV
IHUHQW GRPDLQV PXVW EH LQYROYHGKHQ A ®@ RW/G B UNRWRIHDWH DFFXUDWH SUFK
IXQFWLRQ LQ D PRVWO\ RQOLQH UHWE& IR GH® 6IQ ZLWKQOBHQW DPRXQWWDRI GLY
SHVHDUFKHUV LQ FRJQLWLYH DQG KKPDRIORUHVWW¥LMORAVD GLVWYV LQ KXPDQ EH
GDWD DQQRWDWLRQ DQG FRPSXWHUORSHRQ XM FIRPKPWRHHMVKHU LQ RUGHU
FRQFHSWV FUHDWH WKHRULHV DERSMURR3WLIRD DQI®EHEBDMLRU FROOHFW DQG
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DPRXQW RI GDWD DQG FUHDWH WKH FRWY SKKDIW FOLY LRUH BHMWK RVKH FRQFHSWYV
SUHVHQW D OLWHUDWXUH VXUYH\ RQQPN HPWH YW RRIFIRSWMHAG RI VWXG\ ZKLFK SU
UHYROYHV DURXQG LQWHUHVWLQJQHFRU DEVWKNHWY ERMHQFEH PQG DIIHRWDYH YL
FRQWHQW DQG FRQWLQXH ZLWK SUHMEHXQW.R@N PERWIKQWR @WH FROOHFM/LRQ RI
FUHDWLRQ Rl FRPPRQ HYDOXDWLRQ EHQ@FXPWDLLRY PWWR KFREP\S XBW WKH SUHGLFWLF
FRQFHSWV DV ZHOO DV WKH FUHDMRBQLRI EQRNE ®BWHSIXVLRQ VI\VWHP WKDW
LQFUHDVHVY WKH SHUIRUPDQFH RI LWOQ MWXEXAHBRQWWHBXWERQV DUH GHYHORSH
VWXGLHV ORWLYDWLRQ RI WK HL®K MW ¥ R & W MBXHWH WER WKH X QG HHUPAMLD/QIG L
FRQFHSWV VWXG\ GLVFRYHU DQG W @EHNWO 8§ Q B PWKH HFX DQHSQEHVW SHUIRUPLQJ
PRGHOV IRU FHUWDLQ WDVNV DQG @ UPHDWKR GRPBKDMW WV ¥EFHRVIXOO\ SUH GLFW
FRQFHSWV *LYHQ WKH DGYHQW RI VRBEDD® PHIHW FROPOHFIWLRQV RI LPDJHV DQC
DYDLODEOH IRU XVHUV DQG LW EHFRPHOWLYRUGDYLIDWMH GLIKHP 2Q WKN SFRVLW
D ODUJHU DPRXQW RI GDWD FDQ EH EHYHIQRISP® QRW DWMWRIUH WUDLQLQJ DQG W
DUH DYDLODEOH HVSHFLDOO\ IRW GWHK B W HDXHDOQREW ZIRUNWKHLU KLIJKHGGHPDQ
GDWD :KLOH DV SUHYLRXVO\ VKRZQO MKW VRHYRHBGROQ¥H FWY SUHVHQW YDU\LQJ
VXEMHFWLYLW\ DQG WKHUHIRUH WURWHWU UPQ ® HYEH® LWWDIDWK UHJDRIIGM WR W K
DQG YLGHR VDPSOHV LQ JLYHQ GDWDVFDMM ADIQHVILQ@WHILAPYWRU FRPSXWMU YLV
VROYH WKHVH SURE OHPV DQG SUHWGUBWRZWR B VHHIPQYBHOHVY IRI WKH GLWMKRXOW L
LQKHUHQW FRQFHSW VXEMHFWLYLW\ WKRR W KVVDSOIDYSH BWMPY QG IRU WKHVH PH
GULYHQ E\ VRFLDO PHGLD PHGLD VIO ® 5 GR O YIHWRAKILYILQI SODWIRUPV 7KHVH
EUDQFKHV RI LQGXVWU\ ZRXOG EHQ® IR WDIX)VRRPWKH. F SWBWLRWRUV UHFRPPHQG
EDVHG RQ WKHVH FRQFHSWV DXWRRDWXGAWQRGDUL\WDRBVRMKDW ZRXOG EH LPS
LPSOHPHQW ZLWKRXW WKH KHOS RI FIRPS)XOWBU QLY.L RHDQ ® MFAMNVLILFLDA LQWHOO
VRPH Rl WKHVH FRQFHSWYV DUH VWD B\GLIQY SURREH/NRRQBPHORD XWLRQV DQG ZHE
3LRQHHUV LQ WKLV GLUHFWLRQ D UBUUHSE HWIHDHWWHBGQE $RBXMO PHGLMWBODWIRU
ZKR LPSOHPHQW D VRFLDO LQWHUH VRV LRU @K WD WEIMHGX P HWW.LRQV ZLWK UHJDU
LPDJHV DQG SRVWV RU *RRJOH 3KRWRIVV K RWUKD WXPP® FUHD RI SKRWRV EDVHG R
SKRWRV XSORDGHG E\ XVHUV LQ WRBNVU SHEBRUQD OURROWKIFW DR GXVWU\LY DOVR
WKH VXSSRUW IRU SDUWLFXODU WWH\NH/DW R B \WW ROALFGX ERWW \VDKHG WKH LQGXVWU\
 QWHU'LJLWDOYV VXSSRUW IRU W KHQWHUG\VRILDXQWYFHBHPRUDELOLWQDIQROHQ
FRQWHQW SUHGLFWLRQ 7KXV UHWHDWNKHE N WDRDHIW ¥ UBQ® HFRPSXWDWLRQDO
PRWLYDWHG WR NHHS LQ PLQG DQG DWDHJ YW QUDHIOL.RMWWKBWWDQ EH LPSOHPHQW
HQYLURQPHOWANSY ZZZ IOLFNU FRP KWZWRRIOAFRPZIKRWRY DERXW ZKAZW SV
LQWHUGLJLWDO FRP GDWDVHWYV  V &KOWHQYW RII WHKH WWHKWVLY LV GLYLIGHHG LQ
ILUVW RQH SUHVHQWY WKH FXU UHQN WWDW B8R WWR KWHDPRGRPLHY SV\FKRORJLFI
GDWDVHWYV XVHU VWXGLHV DQG FR FSEMDHINDLRRSHIEO B SBHMHIFKAFKHUYV IURP GLIIH
WKDW KDQGOH WKH SUREOHP RI GHWKH @ X DWIEFBUNGELFWRRULHWLHY RI PXOWLP
VHFRQG FKDSWHU SUHVHQWY SHUVRKQD G RRQ MW LEIXMK RGNV DURBEWWR WKH GDWD V
HYDOXDWLRQ EHQFKPDUNV , KHOSHGLBDWDMRP SXGU® WRRRWDIQJ PHWKRGYV DQG PRG
SUHGLFWLRQ RI VRPH Rl WKHVH FRIOFQISWDO LM EZ GGG DOHDUQLQJ EDMVNELRRO OH
DSSURDFKHV WKDW FDQ DFFXUDW H @FSISMG/L PW MWXIHDI DYWQH RHOHFWLRQ RI ZHD
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LQGXFHUV 7KH WKHVLV HQGV ZLWK VR@W DBGHIHU/ SREWOXNMV IRU IXWBUH ZRUN
VXPPDU\ Rl P\ SDSHUV DQG FRQWULE XWLRRXWRVMKRVIKEBRBHWLFDO DVS HFWV |,
LQWHUQHW DQG ELJ GDWD ODQGVF DS HE RAEDUNG B GHZ ER'® VODDUIW TXDQWLWDHV RI
VRPHWLPHYV FUHDWLQJ WKDW GDWD VOKSRRW®A YFHRODIHF WHRYRQDRFLDO PHGLD SF
YORJV ,W LV LQGHHG GLIILFXOW KIRVNHMRKR WALDFINRRI BBOHD UFKH UV RRIDAVHV\DIQRAZ (
IHHG Rl LQIRUPDWLRQ ERWK YLVXDW®LD QG| RAMDKQMUZLVHGKBEE WKH KXPDQ@DWWHQ
7KLV HQYLURQPHQW FUHDWHY WKH QE&WGR IR WWKHP & HAYKIDDRR IRKOG KHOS KXPDQ
WKLV WUHPHQGRXV DPRXQW RI GDWDLQ@XKEBRRKHW ZH WUIIRWDIOMNHG DW VRUWLQJ G
KRZ LQWHUHVWLQJ DSSHDOLQJ R UNPIPFRDPEHG OW AWHIYWLQJ ILOWHUV FDSDEC
YLROHQW RU HPRWLRQDOO\ VFDUULQJ BRWWIBU PWH & HF RPPISQEY WKDW DUH PRUH
SHUVRQDO XVHU SUHIHUHQFHYV 2QH @I NWK W KHWUH N VWW FRNOOFH LV UHSUHVHQW
GHILQLWLRQV RI WKHVH FRQFHSW\OLRRIQRRGHUNLRQIWEOW WO/ NV VXFKW V@ HWH
DQ LPDJH PRVW RI WKH WLPHV LWXEMHFWS/ \RB RIBBY RQ ZKDW LV LOWHUHVW
SOHDVLQJ YLROHQW DQG VR RQ 7RHWKEWH BWRBH QDMODHWHGRHY PDNH WKHLU
FODVVLILFDWLRQ RQH RI WKH PRUHRRBRWHQJLIQULWQ WNR/GIDQ $ FORVHIPROODER
WKHRULVWY LQ KXPDQLWLHVY KXPDQHHKINYVREQDQ® WRPSMM UH QHFHNWBU\ LQ
DOJRULWKPV DQG PDUNHW UHDG\ V\VWG® \8 UHMHQMK DSGMMUMHP DWXUH UHBLHZ DQ
RQ FRQFHSWV WKDW ZLOO EH XVHG VQHOWPRDONKIRQXWHW KM WLIQHQHWY DHVWKHWLFV
YLROHQFH DQG DIIHFWLYH YDOXH RQ® MPRAGE RBHILQLWDRQV $V SUHYLRXVO\ PH
ILUVW LPSRUWDQW VWHS LQ DQDOQE® S W\KHVH WHDWHYHG PRVW RRERNKHEOH (
KDYLQJ DV VWDUWLQJ SRLQW SV\FERORGLRRPDWKHRXYEGHNY DBQG XVH FDVH VFHQ
HIWHQVLYH VHW RI VXEMHFWLYH SK¥&BMHGHVWLWYX H FX EHHDQW QLWHUDWX@AUH $V Z
VRPH WD[RQRPLHV FDQ EH EXLOW LQ RQUG H® DWR/ XIQ CHUIHMHDERQ FHS WV  TILE/OH

RI VXEMHFWLYH FRQFHSWV VWXGLHG BD\F¥RIUGCQLW I WM/ DIEREEUDO FRPPRQ WKHP
QRYHOW\ RULJLQDOLW\ XQH[SHFWHEQHVH WKHA QRHUIPGWN R PHGLD VDWPSOHYV |
SHUVSHFWLYHV DQG WKHUHIRUH |DID@M W R MARHW K& RWDKPHHU FSIROWWW EOH DSSURDFK U
FUHDWLRQ RI WD[RQRPLHV LV DQ DQDOODIWLRIQFRQ FHISW FRVH KDYL®BHSWMKVW R
DV D VWDUWLQJ SRLQW D OLVW RU FRQUFHS /W LIRIDQ ZEM K IRHWDKV HG EDVHG RE@H HV
FXUUHQW VWDWH Rl WKH DUW OLWRQNMW)DWHE AKSRAHL WRYHHQBWO WLYPRRRWOKXQ G
QRW H[SORUHG 6XFK DQ H[DPSOH LARBUHVHDWBG LQ RXEOH ZKHUH D WD[R
RQ FRUUHODWLRQ ZLWK LQWHUHVWHQWQEDYW IWMHSUHVHQWH® WKRURXHUDBQDO\V
SDSHUV IURP SV\FKRORJLFDO XVHU SYWXBWER®BG SHUW¥RHAFWLYHV )XUWKHUPR
D VFL HQWLILF SDSHU WKDW VW XGILHWH® KRIUFRDEKH GBWERW. (YHQ LQ VXFK D W
DQDO\VLYV VRPH FRQWURYHUVLHV OUERB AWSEWWE N KRRAVKHEYRWMIIWLYHO\ DQG QHJID
FRUUHODWHG ZLWK LQBXFKHMWIXHM) ADV RFFXU GXH 7DEOH. VW RD[RR@®RPHSWV Wk

DUH FRYHUHG LQ WKMDRX-U B H QWL Bl WD WSUHY H Q\RERQ VW DIQW DD @ &RQFHSWV LQ
WKLV WDEOH DUH JURXSHG DFFRUG L QK H\PRI R FHQFRUIFH SWKHP HOWHUHVWLQJQHV
L, OQWHUHVWLQJQHVV $IIHFWLYH 9D O XN IDROJED (P RARVRIORQ' IBSIWFH 9DOHQFH 30HDV

$URXVDO 'RPLODQFH DQG &DWHJRUL+DES (MW INVNR B BBEERP HWF $HVWKHWL

$HVWKHWLF 9DOXH DQG &XWHQHVYV OHPIRVUDEIRYWOWMBRRYBEOW) 2ULJLQDOLW)\

BOQH[I[SHFWHGQHVY 'LVWLOFWLYHOQHWRVP DO LWR IKRIPCBWOIINLWERDQG 6LPSOLFLW\ &
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SRWHOQWLDO &RSLQJ SRWHOQWLDO &ORRIBIHKOG BICFAFOUWND LQKMODO 9LVXDO &RPSRVLUWLRQ DQG

B6WV\OLVWLF $SWWULEXWHYV 6\PPHWU\ WRODDEKLFDIPRIRVBWRRQ I1DWXUDOQHVYV
6RFLDO ,QWHUHVWLQJQHVV 3RSXODHDW\L DIOV\ BLWHDIDWUWMLWE  +XPRU +XPFRU ,UR
BUEDQ 3HUFHSWLRQ S8UEDQ .QWHUWVWDQIEBY¥V DQED M@ DMWHRIYQW IDFWRUYV

DQG 5HDOLV
Q\ DQG 6DUF

LQFOXGLQJ GLIIHUHQW H[SHULPHQWBPDVVR®W XSNVVINY FEPISHMWHQW GHPRJUDSKLF VSUHDG LQ X\
VWXGLHV GLIIHUHQFHV LQ XQGHU\GVPRGEIQS WV KN B @H IDQIIHWWLRQ DQIGHHVAR®H RU PHUHO\ Gl
SUHIHUHQFHV IRU WKH FKRVHQ D Q QRWWD WHRHUN \ QHVH @H WIWHRUQ ]HV LQWAWRANVW DV D SULPDU\

IRU KXPDQ PR WLYDWLRQ DQG EHKDYHRHUDOGGSRLQWYIJRRWWRUV RI LOQOWHUHVW

> @ VXFK L

QRYHOW\ LQ WKH FRQWH[W RI LQIRUWBWL R MWK HRW NBRLQHZ LQIRUPDWLRQ LV

FRPSDUBGUHDG\ HI[LVWLQJ EQKRKPPQWIOREMHFWY ORUH SR WIKHHHS\WR BEQNED B 1L QH

YLVXD@QWHONWMSRZHRID YLVXDO VDPSOH WR LQGXFH LQWWWKHYWRLUH D 6YIOHZA HDUH WK D O

> @ UHODWH LQWHUHVW WR OHDH[BORUHD BGPWREHWAOGLVWER DQG $Q GHKDARQ >
SHUVRQDO 7DEOH
ZLWK LQWHUHVWLQJQHVV DV SUHVID@WHG@ Q&KRRIYHWODPWRQVHDUH VW XGEIDHG |UR
RU FRJQLWLYH W XVHU VWXGLHV WDRBBOXFRBHARPSSHAWLYH &RQWURNKUVLHYV
3RVLWLYHO\ FRUUHODWHG 1HJDWL YH@G\ ¥ R0 O0HQBH HEEWS QURXWYRO X F > @ #
$HVWKHWLF 9DOXH@& WIRYHOW\ X W F > @ t 8QXVXBQOHYWFWHGQAVVY W > @
&RPSOH[LW\ % W@ &RSLQJ SRWHQWLD@ Q¥ HUWDLQW@ 8WDODQFH +DUPRQ\ X F

> @ f IDWXUDOQHVV X > @ t 3KRWR@&RPAIXRRIUWWRQ ¥ & t+ BUEDQ LQWHUHVWL
> @ t 6DOLHQF\ X > @ t SWWHQWQLRQLW\ X F@ t SROXQIFH X@i %RUHGRP X W
> @ £ $SHYWKHWLF>9D@XH OMPRUDELOLW\ X > @ 1 &RBEQJ@SRWRKQW OB O HN® X

+ 9LUDOLW\ X F > @ t 3RSX@DYU)IDWRDOWDULW\RCLOD@FAH + &XWHQHVYV + 2ULJLQD
'LVWLQFWLYHQHVV  &RPSUHKHQVLEDOLWP # 6 UFRPRHW&D UFB/P + SUHDWLYLW\ 8
SHUFHSWURQHUHQFHY PD\ EH OHVV FULWIHAVDD L@ D GE X NIRGI WRIGI WKH DSSHDO
RU OHDUQLQJ WDVN EHLQJ SHUIRU BHE WHHWWKENW.IVF PIOL@CH GHILQHG DSKD EUDQ
> @ WKDW VWXGLHV WKH DSSHDO ® § EHEHD/XVQ ® IDQDMLXWRF FRPSRVLWLRQV
VWXGLHVY DXWKRUV RIWHQ WHQG WR DX'GH VEOHDW R Q VRQHWAYRM\P RI DHVWKHWLF
OHPRUDELOLW)\ LV GHILQHG DV DQ ILRIWXD®VY B BIURSWEH@\ RVKDW PHD VXUHV K
VXEMHFWVY DUH WR UHPHPEHU WKH LPDUHVSDEBHQWH® W\WR KDKMHP 6RPH DXWKRU
WHUP DQG ORQJ WHUP PHPRUDELOLWNI>RQ L@ GHSPWIDELQJ WKLV YLVXDO SURSU
UHFRJQL]LQJ WKDW ZKLOH D YLGHRUFDQ/ERUPM BRWLRRGHVRYHUDO PLQXBMHV RU
IRUJRWWHQ LQ WKH ORQJ UXQ DIWHQRH Y:KUDE WBW FRQRHSW RI YLROHQFH PD
VXEMHFWLYH WKDQ RWKHUV VWXG L H\WQ KDYQRWKIRE B UW K®RV RW QHFHVVDULO\ DJ
YLVXDO VDPSOH LV YLROHQW RU QRWX¥H @ HURUH WWOEL RO KOBHILQLWGRQJIRI YLR
GXULQJ WKH OHGLD(YDO 9LROHQW ®FH Q3 VZKHNHF WX RERUWIMVSURSRVHG DQ *REN
GHILQLWLRQ 3SK\VLFDO YLROHQFHLRUKXPHLE HQMWXWH\RUOSILIQ ™ DQG @LWLREMHF
ZKHUH YLROHQFH LV GHILQHG DV LPOGHYREKQAK M@HHARKW \HDUV ROGIFKLOG
FRQWDLQ SK\VLFDO YLROHQFH " $IRMFVRIONVH YRBXOHIBBWLYM YDOXH RIHKGHGND LW
WKHLU DELOLW\ WR LQGXFH D VHW RIQHPRNZIHRDD® EHVVIREVRIQH SHUVSHFWLYH
GHVFULEHG LQ D PDWKHPDWLFDO ' RU WR S\DKHH YDPMHR)FGL DURXVDO GRPLQDQFF
YDOHQFH DQG DURXVDO 7KH 9$' VSDHAHODWWXRPYWAP R\R LIRS/ RQ WKHVH WKUHH

@ SURSRVH

7D[RQRP\ /LVWRXIHREQFBERWNVWUIYH QHJIJDWLYH RURXQH[SORUHG FRUUF

P D SK\WVLRO|
DUH PDUNH

QIJQHVV X

OLW\ i
UEDQ

RI WKH DFWL
FK Rl SKLOR
Q VHYHUDO 3
vV o> @
RZ OLNHO\

V XVH VKRUYV
LHW\ WKXV
KRXUV LW I
\ VHHP OHVV
UHH RQ ZKH)\
OHQFH LQF¢
HFWLYH’
WLYH  GHIL
VHH EHFDXV
HPV LV GHIL
WKH\ FDQ E
i D[HV RU R(
D[HV




7XUQLWLQ

R

KWWSYV

ZZZ WXUQLWLDQERHPQ@XXURIS®RR UW B F O DI

FRUUHVSRQGLQJ WR SOHDVXUH GLVSOBDWQUFH RHWDYXMDYD QWKGHVY Rl WKH HPRWLRQ DURXV
QRQDURXVDO PHDVXULQJ WKH LQW HIYGE VE\RR L VEK® FHPRXEFRQYVLYHQHVY PHDVXULQJ WKH

FRQWUROOLQJ QDWXUH RI WKH HPRWURSHY V S® FWIRMHDEBRRMWLRQV FDQ EH GHVF
FDWHJRULFDO VSDFH ZKHUH D VHWHRIGHIQMEIHRERWIQRQ8HIUQHG (N PNMEW @ L
RI EDVLF HPRWLRQV 3:DQJHU GLBHWW DBDBUVMRIUVYDH ZKLOH 30XWFKLN >
ELSRODU HPRWLRQV 3:DQJHU IHDU DMRAR/DP G RHSVLDKWORBELH UXVW GLVIXVW’
KWWS ZZZ PXOWLPHGLDHYDO RUJ E® P IRQ W& B HUNEWNDIQFBV LYH SURS HUWLHV
GDWD 7KH KXPDQ XQGHUVWDQGLQJ RIWWQWY FBQY¥WSWVHLG/ IH) SVI\FKROPXLFDO
ZRUNV 7KH PRVW LPSRUWDQW GLVFMNVWH®RQWHRES WRV KKRZUPIHIBLD VDPSOHV LQIOX
SHUFHSWLRQ DQG ZKDW XQGHUO\LQRIDKWMREMW F,QMDHUH WKIDW QHVYV  %IHBG\QH >
D VHULHV RI IDFWRUV WKDW LQI0XHQF®& XL UDRQ LQMFMU HARP S O H [ LWW DQ RYWH O W
+RZHYHU WKHVH UHOD WLRQVKLSV BWHRPRYUH FRPS@HDWUYHODWLRQVKWUSY PD\
)RU H[DPSOH ZKLOH QRYHO LQIRUPDWQRBE AL I PLSRAUNUIHOMW LV XEMHFWYKBIW ORV

ULEHG LQ D
GHQWLILHV T
® FRQVLGHU

RI PXOWLPH
DQG SKLORV
HQFH KXPDQ

@ LGHQV
\ DQG XQFH
QRW EH OLQ
H LQWHUHVW

LQIRUPDWLRQ LV WRR FRPSOH[ WR X @GRV W/DRSR VIRY AW QL LPSRUWDQ®W IDFWRU IRU LQWH!

> @ +LGL DQG $QGHUVRQ > @ BAMRBRIXRREZPRWLWQPO FRQWHQW KDV WKH D

ELOLW\ WR L

LQWHUHVW DQDO\]LQJ VH[XDO D Q GDWLSROHH/Q \¥ WIRIDW ERWNDVORRN DW W¥XH IXQFWLRQDO EHQH

EURXJKW E\ LQWHUHVW ,]DUG DQG $&MN MUKW >Q \@HERYMOXY D PRWLYDWLRQDO
DV LW DOORZVWKXPDXQOBHBOQG HQJIDJHWKMAYY LURQPHDWS UMVHQWEB RI WKH
PDLQ IDFWRUV FRQWULEXWLQJ WRWR GWKH GHQD/Q IDREDPSHMDAW WRQUYLYDO DQG GHY

HYROXWLRQ

HORSPHQW

@ DOVR FRQFOXGH WKDW ZLWK WKWKKHHORB RII U HIUHR/'SOHL.DUH DWVWOUMWHRWMG WR QHZ SRVV]

DQG H[SHULHQFHV )LQDOO\ IURP W SH\VLRDRIHND D OBLHROW > @ VKRZ WKDW
DFWLYLWLHYV LQIOXHQFH DQG DUH FRBHEWNWHG Z2 V8K G \GILPPWLRQ $WYWKHWL

LOQWHUHVWL(
F YDOXH :KL

DHVWKHWLF YDOXH RI R SLFWXUH PbDM VWHKHA RHILHAW X E WHAMW. WKDW VRPH FRPPRQ EDVHOLQH

EH HYWDEOLVKHG WKDW PRVW SHRSBHEHARN®GDDJUVHH@ISWRSKRVH 3JRRGQHVV RI
VIPPHWU\ DQG ILJXUH JURXQG FRQWHKBNW DY MRWD O QWLVMNPQWR EH GHHPKI G EHD
SURSULHWLHVY ZRXOG DOORZ KXPDQ WKDWVRRWN FWRFRURFHHFWO\ )XU ®\KHUPR
WR YLVXDO EHDXW\ LQ JHQHUDO D QS® WAR LIEXIDIHU E HDDAXW/D HQV DO > @ SURSRVH

QRUPDO YLHZHU PD\ EH LQWHUHVW HGVL\QKWKHDIGI QDD KDM *KRZ VRRWWK®&J D

H\HV°- SURIHVVLRQDO DUWLVWYV PO\]HHRWXHILQMSHFR D QDXFK DV PHDRUWJ WK
DQG FRQ WRXUV VKDUSQHVV DQG WSKHRWHRQHDBK\*UX\OHV BOVR LQWHLHVWLQJ

VRPH ZRUNV LQWHUHVW DQG DHVWKHADVVFRDVH EBW B G/ WRKGEHSWY RW LQ WKH
WKDW FDQ GHULYH IURP HDFK RWKHUPBIOLY LIGHDB\VGEKRMWGKXEHU > @ DZKR SU
SLQWHUHVWLQJQHVYV LV WKH ILUVWKGWULY EWDXM RIXPHDXWRW QHFSVVDULO\ LQ
EHDXWLIXO WKLQJ LV LQ WHUHVWVQIHEQ ®\KDW ARQDD\ORWJ DV W KH. IO WRWDLWW K
PDNHV LW VLPSOH KDV QRW \HW E HEAQWMKI® ®\GDSW.IPYHD BEWIBUYHU ZKR LV VWLOO
FRPSUHVV WKH GDWD EHWWHU ~ OHRRUVDEL @ WHJDW®LQMXIEH PHPRUDELOLW)\ R
DQ LPSUHVVLYH KXPDQ FDSDFLW\ IRU UHP WKEHORQJ MWPHDUPIVHYHQ ZKHQ FRPSDU
VWRUDJH FDSDFLW\ IRU RWKHU REMBFWR RG&VFRQ FVHOWHQXFK )XUWKHUBRUH ¢
SURYHG WKDW KXPDQV GR QRW VLPSOD®HFRIWHH @/ K IPEHH WKDW WKH DXWK
3JLVW- EXW DUH DEOH WR HQFR G} GHWPBIPEW F RIYBIOF WROD @O0 GHWDL O VHBIQG GLI
LPDJHV $F FRUGLQJ WR > @ WKLWUFDSPFHYHE IXWHEY VXEMHFWY PDNRHUDY FRQ

IRUP
XWLIXO DV \
UH ZLWK UH.
NKDW ZKLOF
SLFWXUH LV
H XVH Rl FRC
WR QRWH WK
OHDVW FRQ
RSRVHV WK
WHUHVWLQJ
PLF UHJXOD
OHDUQLQJ W
LPDJHV VKR
HG ZLWK WK}
bUDG\ HW DO
RUV FDOOHG
IHUHQFHV EF
VFLHQWLRX\
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ZZZ WXUQLWLDQERHQ@XXURIS®RR UW B F O DI

WR PHPRUL]H WKH LPDJHV VKRZQ WR WRHMNV6HYHUDO @WKREZ PHPRUDELOLW\ WR EH DQ
SLQWULQVLF SURSULHW\ RI LPDJHV  MHRER D DG HEIHQ &N RFHWKH VHWWLQJIDDEG REMHFWY LQ DQ

)RU H[DPSOH LPDJHV FRQWDLQLQJ SHRSIDVH NVWWPWRRPERRWK ]H ZKLOH QDWXUH
VHHP WR EH WKH KDUGHVW )XUWKHUPBRHWWQMHIBPWRUDIQ) PHPRUDELOLW\ ZK
WDONLQJ DERXW WKH GLIIHUHQFH EHWRZQWH®W HKR PWPWRHUPDD B3 HVHQWHGHLQ >

ODQGVFDSH\
HWKHU ZH DL
@ RU DERXW

WLPH D VXEMHFW VSHQGY ORRNLQJ DOWRDOHQFBJBHSUI®WHQWY D GLYHUVH VXEMHFW JLYHQ L

LQKHUHQW VXEMHFWLYLW\ DQG LWVESHGLIFHSWQRWQ UWR DM FFHW\ WR VRFLHW\ D

QG IURP

JHQHUDWLRQ WR JHQHU DWLRQ $HQHOWIURRDVWRKGHUEY SHROSHFWLYH RRLQJ WKURXJK VRP

LWV SRVVLEOH IDFWRUV VXFK DV #SRYXYp® DVWKHREIWK IRWAVKH VDPH WLPH *DO

WXQJ > @

DWWHPSWV WR VWXG\ LW IURP D FROWKWL®IOWKH Y @ WRMDL YVFEKOQV XUDOQGRIITHUHQFH RI SHUFHSYV
YLROHQFH :KLOH WKHVH ZRUNV URSUHQWG®W §RXIGKLHNDR@YLROHQFH QXPHURXV RWKHU

UHVHDUFKHUV VWXGLHG WKH LPSDGW R IPRIYLXIVO YQB CPHHBAMD L&EXOEHUW > @ VW
WHOHYLVHG YLROHQW HYHQWY LQ DQGW&KLFPWRIMHD&/ LYEG DQDO\WHV WWH ZD\
FKDQJHG SXEOLF RSLQLRQ RU DIIHFMLRB YAKHZNDVHO WPWBEPW LV VWXGLHG LQ >

XGLHV WZR
WKHVH HYHC(
@ ZKHUH WK

DXWKRUV WDON DERXW VKRUW DQE& YHRIQH [FRIVPUHIMRWYROHQFH LQFIMWGRQJ WKH GHVHQVL
RI FDVXDO YLHZHUVY DQG WKH HIITHIRXQRQ GXQOEGUBHIQHFQWE XH YDOXH DQXG HPRWLRQV 3V\FKR

LV WKH GRPDLQ WKDW VWDUWHG W R RRRRINR QWOWKAD 1R'$ IRFRWKRIPDQ UHDFWLRQV
OHKUDELDQ >
JURP D GLITHUHQW SHUVSHFWLYH &IGH® ® Q/& 6 X BKEQVWKY WKDW DOORZ HPRW

9DOGH] DQG

@ H[SORUHG WKH OLQ@NVEKNWERRY IFFROWRWKDW LPDJHVY DUH VXSSRVHG WR LQ

LRQV FRQYH!

E\ PXOWLPHGLD WHDFKLQJ PDWHULDQ GVW KH LWF&/HDW RGE QWNUIRUPDQFH )XUWKHUPRUH
XQGHUVWDQGLQJ HPRWLRQV PD\ SURDB GIMMHI XROW KRHU XFREHFW\BW Y )RU H[DPSOH ERUHGRP LV

XVHG DV DQ DQWRQ\P RI LQWHU HVWL@XEAH VAKLQHF QRW SUHFLVHO\ GLUHFW RS
LOQOWHUHVWLQJQHVYV SXVKHV KXPDQ VXWEWMBI @ & \ERMRZORIEG G XOWRMHVW KXPDQV WRZDU
DQG OLPLWY WKH PD[LPXP OHYHO RH IDFWHHRHNG/ SWIKDWHDOUBELQJ WKH ' UHSUH

SRVLWHYV
5V LQDFWLYL
HQWDWLRQ

WKH 9%$' VSDFH JHQHUDOO\ YDOHQRDUDGHDUBRXWRCEBWHKH PRVW LPSRUWDQW DQG PRVW

I[UHTXHQWO\ UHVHDUFKHG > @ KRZWYHWRSFPVHMVIFLRRWIK DGGLWLRQDO GLPH

JVLRQ QDPH

SQRYHOW\" RU *XQSUHGLFWDELOLWWER@ RDWKLW IGHLPHEYLRQ ZRXOGDEMWWHU UHSUHVHQW

FRUUHVSRQGLQJ HPRWLRQV IURP WKWSGEWF WHWHPRFRWWULRQBOYDOQW RI WKHP EHL

QJ 3VXUSULYV

'DWDVHWY DQG XVHU VWXGLHV *DWXHWD QB W QY BSHAXBD@MWMY RQH RI WKH PRVW FULWLFDO

SUHOLPLQDU\ DVSHFWV Rl FUHDWLQR BXWRRBW H/&X MVKVWKHERMHBWLYH SURBUVLHWL
DUH HVVHQWLDO LQ JHQHUDO IRU PRRKWEH\VOSDUWLOIOWDLVNDVH VRPAHPXT®L W
EH WDNHQ LQWR DFFRXQW VXFK DY QLRI GEHWZHHDFBQ@RROWRUV JLYHQ WKH L
VXEMHFWLYH QDWXUH RI WKH DQDOYDHED A X0 WLFPHP®LLL [HIVWDKH SULPDU\ GDWDVF
SUHGLFWLQJ WK FRQFHSWY WKH SUHYLQGKFDMIMYSBIPHGLD ILOHV LQFOXGHG
GDWDVHW LPDJH RU YLGHR WKH GHSW\RI|DXXDRMXEWHSHWRRI DQQRWDIWHRUV :K
GDWDVHWY DUH DQQRWDWHG E\ KXP RQRXJKHRMYRAGN RYCWAKIQU WU WKURXJK WKH
DQQRWDWRUYV WKDW NQRZ WKH WDVNIZWOY PRGIDNWRUH® MREWLQXRXVO\ E\ VXS
PDVWHU DQQRWDWRUV RWKHU DSSURDFWHKW LD PRQRAV B WLRIFWIURP VRFLDO PH
GLUHFWO\ ,Q WKLV ODWWHU FDVBYVNWD QKON REMRDBRUDMWH L QIR UKPFRDWR RG W R

SODWIRUPV WKDW DOUHDG\ SURY REPI®DWRP HR W XSHM REDDHME DQQRWDWLRQV ,Q
UHVHDUFKHUV DOVR FUHDWH DQ HP/DNDWHWVFR®DWFIMQ RQRRVDWH PRUH WKDQ R

HV :KLOH GD
LRQDO PDWMW
_QKHUHQWO\
{WV XVHG IR
LQ WKH

LOH PRVW RI
XVH RI 3WUX\
HU XVHUV RLU
GLD SODWIR
P )OLFNU RL
WHUHVWLQJC
QH FRQFHSW
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DSSURDFK WKDW PD\ EH YHU\ XVHIX®HRWLSYUHEROWHOWWXE WKH FRQWH[W RI L(
FRYDULDWHY LQ WKH IHDWXUH VHWUDRREQ FRHE I QIRAAPIHDIDMQAVR QV 7KH YHW QWH U k
FRPSRVHG RI LPDJHV LV FROOHFRMHGE WRHUWYXWLQNURE VY DQG VRPH RI LWV F
WKHRUL]JHG LQ SK\WLRORJLFDO ZRUWMQWXMIODVFRFSIALKLWR DURXVDO HIMRP $QR
WKLV FDWHJRU\ LV UHSUHVHQWHG B\ MX R KGH WKDN\M 3\ FIZHD BKRWR QHWW 7DEO
RI UHOHYDQW GDWDVHWYVY IRU WKH VIXENOFMW LYHWARQYFWEWVLEH :H SUH\GLOW WKH
DQQRWDWHG LQ WKH GDWDVHW L P DRIW DRVUL R QFHRWR Y WEHMGDB\QWKH DXWKRUV DQC
DQQRWDWRUV XVHG F DQQRWDWLRQRZERREIHFWHE WKUWRXINWHG DQ RROVDWR U
SHUIRUPHG YLD VRFLDO PHGLD ZHEVQWMAD WKL R ® QNRXRIZP D QQHGLD W\SH 'DWDVHYV
$QQRWDWRUYV 6FHQH FDWHJRULHYV Q@WHHMWWQQQEMVVW 0H@ RUDELOLW\ LQWHYV
LOQWHUHVWLQJQHVYV PHPRUDELOLWHWHWWHVELEVY QWHXHD\OQ > @ LQWGIUHVW
TXDOLW\ FRSLQJ SRWHQULDO FRPPH[@MDUDQWW SOHDYBOWQHVV F /DOMPF> @
LPDJH ,$36 > @ 9$' VSIIAHXDOBHQW DQJHHDBROWHQWPHOQW GLVJIXVW H[FLWH
VDGQHW\WWEVWUDFW SDLQOWPXYHPHQV@® DQIJHHDBROWHQWPHQW GLVIXVW H[FLWH
VDGQHF/YPRWLRQ > @ 9% DQJHU GLVJBGOWYVMDAXUR\LWH QHXWUDO F . )OLFN
EHDXW\ F 3KRWR QHW > @ DHVW K HW MAYH VRIURV LDQD LYWE BHVWLQJIQHDY > @ DH
LQWHUHVWLQHQVYV Z $9%$ > @ DHVWHKRWIHOGL R (YPDIJBUHGLFEWLQJ OHGLD ,QWHUH
@ LOQOWHUHVWLQJQHVV W <RXWXEH. GDWDMHW 3L1@Q WHWHYVMVW @ LQWHUHVW D
FXULRVLW\ F 1+. > @ DHVWKHWLFV @ILIGHR (PRWILRGSEWLRQ GLVIXVW IHDU M
VXUSULVH WVYIXG/HR /,5,6 $&&('( *,)*,) > @ DPXVWPRRQYWHEBRSW GLVJIXVW
HPEDUDVVPHQW IHDU JXLOW KDSSEQ@$VWLRBOHR¥KUMHMWE ORYLH OHPRUDELOL
PHPRUDELOLW\ W :HEFDP LQWHUHVW UGGLHWWL @/J 00D YOM® BUDELOLW\ >W @
9,) > @ YLROHQFH F OHGLD(YDO 9LRIRHQW 6FHQHV '"HWHFWLROHQFH W VBPH ZR
7KH DXWKRUV FRQVLGHUHG WZR SXH®LM (RQH B QODEHOHHGTOMYW LILFDWLRQ > @
LPDJHV DQG RQH RQ PHPRUDELOLW\ > @ LFFRPISRNVHERG DQQRWDWHG WKHP Z
LQWHUHVWLQJQHVV YDOXHV $QRWKHW KEDMWDHHWO FR@QFWBOWWE\Z JLI,QWHUHVW
DXWKRUV FUHDWH DQQRWD WLRQW VRWUKHGM AV HFXWLLGRINQLHNVAY D) G W K HHY L7RK@Q. N Q F 1
GDWDVHW LV FRPSRVHG RI YLGHRDADPS®HMR WHQYKRIGHEHGLFWLRQ RI PHGLD F
D ODUJH LPDJH EDVHG GDWDVHW FRQ WIDWSIOMHN RIVRYHHWVHQWHG LQ > @ )RU SU
DIIHFWLYH FRQWHQW DXWKRUV W SNHR I FKHN DI YW Q HVKRIl ®ISITHUHQW ZD\V HPRW
LQWHUSUHWHG :KLOH PRVW RI WKHRGIDMIL\RHW VI BW RWKIHG 9$D @Q 98 HPRWLRQDO V
WKHUH DUH VRPH H[DPSOHV ZKHUH RQBQPDDWHSBIRFH. EVOXHWRBW @ JLKDOO\ G
DV WKRVH SXEOLVKHG GXULQJ WKH 08 GRP(SHWLEH@BORP DOULNMOHG LQ 7DEOH D
LQWHUHVWLQJQHVYV PHPRUDELOLWARDRYG WYHBW®H@BHR UNWIMQBEB DV WKHV SURYLGH
ZLWK QRW RQO\ D GDWDVHW RI PHGILDVK P ERPIRREXWYDOXPVWLRQ IUDPHZRUN FR
FRQFHSW GHILQLWLRQ DQG XVH FDDAMD WSDL@/MQ PWWUWRWYDGG FRPSDULVRQ ED
GDWDVHWY DOVR UHSUHVHQW VRP HRQJWIXHDQO D EQWMWRRGDWFWRQ W ALY Y $HF L

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI

PWHJIJUDWLQJ
AVW > @ GD
RPSRQHQWYV
WKHU H[DP SC
H $ OL
WA\SHV RI Pt
5 WKH W\SHV
vV Z DQQRYV
N $QQRWDWL
WLQJQHVV >
LQJQHVYVY DU
PHPRUDELOL
PHQW

PHQW

NU > @
VWKHWLFV
VWLQJQHVYV
HVWKHWLFYV
R\ VDGQHVYV

W\ > @
PHPRUDELOL
UN >

FRPSRVHG R
LWK

> @ ZKHUH
{ DURXVDO V
HPRUDELOL\
HGLFWLQJ
VLRQV DUH
SDFH > @
DWDVHWYV V)
QQRWDWHG |
4 SDUWLFLSE
QVLVWLQJ R
VHOLQHV 7K
ILF WDVNV ¢

FRPPRQ HYDOXDWLRQ IUDPHZRUN IREN YHAD OF| WD GNM FID@J WKH GHYHORSPHQW RI FRPSXWI|

YLVLRQ PHWKRGV IRUZDUG DV LW BUHHIDNL W DRUDFEXYIDWH E WKH SHUIRUPDQFH
PHWKRGY DOJRULWKPV DQG GDWD DXWHOWDIWURY DWHSRDEKE EDFNERQH RI F
GDWDVHWY DUH UHSUHVHQWHG E\ WHKHHXEVHAUNKWXIGH P VYODMWHRGEIRQ WKH VWXGLHYV

RI LQGLYLG
JHDWLQJ WKI
DQG WKH DC
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UHWXUQHG E\ WKH DQQRWDWRUV UBNFPWFKHWWURRQGE WHIDMWH GDWD WKDW UHS
WDUJHWHG FRQFHSWV )URP D EHKDWHRBUBIOHWW DFP®SBROYR GWHE XFH WKH ZD\ YLH
ZLWK PXOWLPHGLD GDWD DQG WKH YQRWD® RY MWV @WDNEQ DEHUWDLQ GHFLVLRQ
PRVW LPSRUWDQW DQG LQWHUHVWLQJIOXVMY RWEBYBVLARONWY.GRU WKH WDUJHWFE
DQDO\]H SRVLWLYH DQG QHJDWLYH FRQBHOWWLRRQW HHPWEEBHQ6ROH\PDQL > @
OLQON EHWZHHQ LQWHUBAHY HEIGHNY DRGFROWEX FKQ@IW DURXVDO LIVPWS R URMRD/QW
DW W U LIRUWFU H W WHLUGEHMVPX OWDQHRXVO\ WKH LPSRUWD QEBIFRHBURSK ¥D ® W K HIUO V R
ZRUNV LQFOXGLQJ > @ $V H[SHPAWHR® XDOK XRVUWHAG DOVR IRXQG IRU FRQFF
SV\FKRORJLFDO WKHRULHV PHQWLR @ DNWVFR PESRRQGH B WP ROHQYWRXOG LQFOXGH QF
FRPSOH[LW\ > @ &RSLQJ SRWHQRVLWRH NRVRIKHW ROMO LQGLFDWRUV RI LQW
H[SHULPHQWHG IURP D SHUVRQDOLWU ISHUMSHFWRPH DRWNMVS> @ IRXQG WKDW
SRWHQWLDO PD\ KDYH DQ DGYHUVHJH KHERMHRW VY QWWKEHMWK RSHQQHVV WUDLW
FRPSOH[LW\ KDV D PRUH SRVLWLYH HWRMBWZR® QVRRPBDRHG ZLWK VXEMHFWV WK
RSSRVLQJ SHUVRQDOLW\ WUDLWV K WXEWLS/DOMHGERY FEISIV/ ZZKWLY LV RIWHQ WKH
LQWHUHVWLQJHVVY PHPRUDELOLW\V VRELDROSXKQWH UMV WLAGE @HIW W K HW GXE WAHKG! V
E\ > @ FRQFOXGH WKDW LQWHUH VIMELL@LQWH VIVUBIQGHB BEWRYHO\ FRU UHHDWHG
FRQGXFWHG RQ D VHW RI LPDJHVDYDNHW LWRSILQYW WKBHU RSLQLRQ RQ FHUWD
LPDJHV L H 3,V WKLV LPDJH LQWHLPHDUWLRHPRUPE®WHKYL ,Q WKH ILQDO WHVW U
PHPRUDELOLW\ LPDJH VDPSOHV DU FWLMRMHGY BQBDWEGVEHWZHHQ 3DVVXPHG P
LH VDP SOHV WKDW DQQRWDWRDEOMKWEANJWRHRP ZHOODEHs DFWXDO PHPRUDEL
,QWHUHVWLQJO\ ZKHPRUDEWXQWIDW LLYAHOYHODWHG WR LQWNUNXRHGIQHVV
PHPRUDELOSRVUWLYHO\ FRUUHODWHG WR LW MWXGJRMW®QYWQLUVWXPDOW KXPDXQDWH IR LU
PHPRUDELOLW\ DVVHVVPHQW DQG WK DEM FSHHRR R U RVHHG/ W/\R PDQMX UH D FRUUHFW JU
DQQRWDWLRQ $QRWKHU UHODWLRQIHKGES.L WKNKWM R R IBHVOZWW R D HV W KWH WIFS/ L ¢
SRSXODULW\ BWXGLHV > @ VIKRD @ KW HAKH\OMLY JQHVY DQG DHVWKHWLF
FRUUHODWHG WKH VDPH LV QRW WUV XK VRO SR &XNGDAUR W REGRA LD GRVLWLYH
FRUUHODWLRQSRSWYOBHGWHYWH® WKH QXPEHU RI OLNHV UHFHLYH@XB\ODQ LPDJH
LQWHUHVWLQJQHVV H[SUHVVHG E\ KXPQQRMNDIRVRMWRIRWRRERO FKRVHQ E\ WKH
H[DPSOH +VLHK HW DO > @ HYDOXQWH)MVVXP® D YWBOHWN RSWLRBY\ VWDUW
ERULQJ” WR 3YHU\ LQWHUHVWLQJW ZELOHMVVRIFL PO L YXWHHEHE\ VRFLDO QHWZRUNL
SURYLGHG E\ WKH RULJLQDO ZHEVLWHNUHKKRWWWHIGHVH SRR®RWDWLRQDO WSSUR
\HDUV FRPSXWHU YLVLRQ DOJRULWKFY ®WWDWHONWRDIVNFNUWBDW WUWHWR SUHG
YDOXH RI PXOWLPHGLD GDWD 7KLV LIRUZQRUG SRXUW DR QYW MWHSIHV FRQWWZHHQ FR
GLIIHUHQW EUDQFKHV RI VFLHQFH IHF WQGH D\VMED\DCGE WIHKFHWLIYH SURSULMMWIUHV RI
YLVLRQ VFLHQWLVWY QHHG WR KD WHLIEFVVR I VG WD UZKLTFXDDR XO G D OIOHRIZUWK H F
PHWKRGYV DQG HQVXUH WKHLU VFDPDEQ®WL WY WY H HROLMRY SQJ FKDSWHU FRPSXW]
DOJRULWKPV WKDW SUHGLFW VXFK K XJENDHRLLYYHD F RGIEH SWWW B WKHVHLEUDQFK
GHYHORSPHQW LQ WKH ODVW GHFD R 8 DERRPGLNHH P RYLH/ MRUD @/IIMKIDW I KWK W

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI
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HV VWDUWH

UHFRIQLWLRQ REMHFW GHWHODVRIQLPDWLRPIHKLY FKDSWHU FPDHOMH WY WKH DGYDQFHV

FRPSXWHU YLVLRQ DOJRULWKPV LQFSWNGELFRQEHSWKHVH DJOOWHUHVWLWDMWHVYV 2

QH RI WKH IL

DWWHPSWYV DW SUHGLFWLQJ LPDJH LIQOWARG VLWL I@HVKH QO XSWKIRUY XVHG WKUHH IDFWRUYV L(
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GHWHUPLQLQJ WKH LOWHUHVWLQJQWKNW FIRRMA DRy HO@QHNUDKWVSUHIHUHQEHRW 7K
WKHVH VXE FRQFHSWV YLD WUDGLWLRQ DO/ )LV IS ORIBHPRVNMRUHYPRYHOWNHWUHRHGLFW
YDOXH XVLQJ IHD WXUHV SURSRVH®E&G 3LQDOO\ @HQHUDO SUHIHUHQFHRGHWHU

ZZZ WXUQLWLDQERHQ@X X URIS®R UW B F O DI

H DXWKRUV ¢
LRQ DHVWK
PLQHG E\ D \

*67 6,)7 DQG FRORU KLVWRJUDP GH Y NHWUSQHROUYIDQ 7TIKGI D XWKRUV SRLQW RXW WKDW JHQHUL

SUHIHUHQFH UHSUHVHQWHG WKH PRVW K RSBR UWDGW WHD WXWHWHVWLQJQHVV SU
DSSURDFK LV WDNHQ E\ )DQ HW DO WK BN GHORVPREMOXGH RQ LV QHHGHIE LQ RUG
EHVW UHVXOWYVY 7KLV PD\ LQGLFDWH PMKDYWH QDYWQUWKRH VEZ®WHUHVW DEED WIHU
YLVXDO VDPSOHV DUH QHHGHG WR YUMHREULEFMFIMDW H U BRW YQ GRIRRVVDP SOHW DIOG L F
> @ XVH D VHULHV RI YLVXDO DX®WRW DREBXKWHK TKHYBRWKRUV |LQ® WKL/ OO
DQG DXGLR IHDWXUHV LV WKH RSW LIPS0 DISSSHURW ¥ K -RE WWHRO > @ SHUIRUP D F
EHWZHHQ VHQWLPHQW IHDWXUHY DQG® RDI&SSURD FK. QEOL\H WKDW VHQWLPHQ
SHUIRUP EHWWHU *UDEQHU HW DO IRU @QEXH OBV VLDWERVY SUHGLFWEKRQ LQ YL
DXWKRUV EXLOG D FRPSOH[LW\ IHDWXHE EDOVHEBLRIQ FRESIUBRYHOW\ IHDWXUH EL
DFKLHYLQJ JRRG UHVXOWYV DQG FR QHIGURLSRWARMDLWL B’'WHREDHG GXULQJ XVHU V
LOQWHUHVW LQJQHVV $Q XQVXSHUYDWRKG ® SRURDKK ZKKBWHYHPDJIJHYV DUH FRPSD L
GHVFULSWRUV ZLWK LPDJHV ZLWK FRM®DUWRFPOHOVREMHFMY MWW KH DXWKIRUV EDV
RI EDVHOLQH JOLFNU LPDJHV RQ SUMRQRRKOWE B G LRIV WKDXWHUYV WHQBGPW®RHF X UD
FROOHFWLR@V7KH OHGLD(YDO 3UHGLFWLQJHWGED ,Q@HWEBEVWLUQY® WKH RSSRUW
WHVW VHYHUDO V\VWHPV LQ WKH VD RWR VGIDWKSYVEHW KWWIDLMUGY W HVW LKQLIOWS O L
PDQ\ VIVWHPV ZHUH VXEPLWWHG WR W KSHH WH Q/EIR®D WNRIPGI FIRWKHP VWDQG RXW
> @ SURSRVH D VIVWHP WKDW DPR@J R@WKONGIHY RWPWWURY WKDW GHVFULEH
KXPDQV LQ DQ LP DJH E\ HIWUDFWLQUUERDRUWGBYBULSRWPRIUYV IRU WKH KXPDQ IDF
FRQFOXGLQJ WKDW PDQ\ WLPHV I|D FIHYGDMQOMUDUFW B WEBKHHEWHW QDO > @ XVH DQ
WUDLQLQJ PRGHO WKDW LQWHJUDWMM GG HHRP | WEW XSWOHN 1HHW BUDF@ '11 PRGHO )R
SURFHVVLQJ %HQ $KPHG HW DOGHHMS@YHPSDRB\BEGG DX DN HIBDRWX & H\@ Q G
BRXQG1H\W® WUDLQHG ZLWK D VLIPRLG NHOE&MDQMH 0D SRURRDIFHKB WN SUHVHQWHG
DO > @ ZKR HPXODWH WKH DQQRVKDWRIPPW BEEHREEVGHEFHDRSLQJ D SDLUZLVH F
EHWZHHQ VDPSOHV EDVHG RQ GHHS IRP WXHHVOMWHWFWHGKWWSYV ZZZ IOLFNU
PRGHO )RU D FRPSOHWH RYHUYLHZ RIL A HQUHEH®LPDQWHHHVWLQJIJQHVV WDVN
UHDGHU WR > @ $HVWKHWLF Y\D @RMH MKHHUIVODSBERDFK RQ SUHYLRXV KXP
DHVWKHWLFV FRPSR VLWLRQ DQG UMQHVD®RSKRMRIHDBKDO ZRUNV KHUH LQF(
@ 7KHVH DXWKRUV GHVLJQHG @LWDR QN & WWVRKIDWUBDWXUHV FHQWRHQ HG RQ
DQG WKDW DUH DFFXUDWHO\ DEOH WRSHQ©R GSIOWR/P W/ RFKWVBW\GHSWK RILLLGWVG U
DQG *SOHDVDQW’  KXH FRPELQDWLRQ VHWRE MHFW 15 WRKDRHWW MRINWHQ LQ WOKHLU HQV
SDUWV Rl WKHP DUH VWLOO H[SORLW@® G 5HY MKIIVQG FPPRIJH) PRGHUQ DSSURDFKHV
EDVHG V\VWHPV DUH VWDUWLQJ WR V KR¥GSDRH LL\PISQIHBHQXWOME E\ VHYHUDO DXW
)XUWKHUPRUH D PXOWL SDWFK DJJUHI RWLREHPSWLKRRG EDVH@ PRGHOV LV SUR
‘DQJ HW DO > @ ZKLOH :X HW DO L> Q@WI\RH) RIFRPEXDO IHDWXUHYV DQG DQ DW
'11 IRU SUHGLFWLQJ DHVWKHWLF Y DVRX €& R YWH LW KIDPVE DWW VGWWLFV LV EHLQJ LQW
DORQJVLGH RWKHU FR QFHSW\O VOORK HDAHDWQMBLRFILDHY VQW HU HR W RB IQEBWYZ R U N
SRSXODUGKMMHUDO DXWKRWRVKRZYH FRUUHODW L RIQQBHHW HNVMQ. Q. EHAWK H W L F V
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> @URP D FRPSXWHU YLVLRQZEHOMSVHEBMDMHUHVWLQJQHVYV VKRZV QHJDWLY
FRUUHODWLRQ ZLWK DHVWKHWLFV RBKIODPDWU KDXOQJIPRBHSWR GR ZLWRWKH R
WKH FXUUHQW QHZV DQG LQWHUQHWLW X B Q G'\K DVXID/D\ RUWKKW ISRVWHG LPBIHV R L
5HGL DQG OHULDOGR > @ XVH DHVW®BWRFWFRSRDYRPALDQ LOQWHUHVWDRQGBQHVV
FRPSRVLWLRQ IHDWXUHV RQ D )OLFN W HEMR/WIEE GO MWD\VHW O\ PHWKRGV IRU PHPRU
SUHGLFWLRQ > @ PHUJH KXPDQ VWWGIWHYLXILRR PRIFVKRGV IRU LPDJH FODVVL
FRQFOXVLRQV GUDZQ IURP WKH IRUFRHDWMHG H¥%DYRICQR WKWHH FRQFOXVVRQ WKD
LQIOXHQFHG E\ WKH REMHFWYV LQ>D @FHQHDWHRDD/HW RIODOJRULWKP W EDW HEVR (
DQG VFHQH GHVFULSWRUV DQG WUDL@HIRD @ 6D R EDFIHBLWRGHHGLFWLRQ $QRW
FRQWULEXWLRQ RI WKLV ZRUN LV DX\ SH/ WR &R WWRD QFIHREDMHF® RQ PHPRUDELOLW
YDOXH WKXV FUHDWLQJ D PHWKRG |RM SKRMHR YW POIEGRQDE®H 6RPH H[SHULPHQ
GLUHFWHG WR ZDUGV LQFUHDVLQJQNIKRDBH PER UDREGIOLMQJRIVWD 7KXV VWVOH WUD
DUH DGRSWHG E\ 6LDURKLQ HW DO PRGI@LH®LFDBHHDHWMIE SDLU ODWHU VFRUHG
PRGXOH WKDW LQWHUQDOO\ XVHV $9H[@HWRUH @ PRIUYP*DSSURDFKHV IX00\ XV
Rl GHHS QHXUDO QHWZRUNV )RU H[DRSQ (PH{ FKID\XD/® \D W G @6 0 OD\HUV > @ DUH
D 5HV1IHW EDVHG FRQYROXWLRQDO HW KL WH F@V X) R P\HDRMWDELOLW\ SUHGLFWLR
VDPSOHV 6KHNKDU HW DO > @ LQARWSRY DWBWDQVAULMYVGHR VHPDQWLFV VDO
WHPSRUDO DQG FRORU IHDWXUHV DVQIVHWY HD\OW RQWGIWVWIEG GV D SUHGRFWR® RI P
5HFHQW GHYHORSPHQWY DUH FHQWHUBG DWHRXIQFGV WEH 00HHGSLLID OHP RUDELOLW\ W
*LYHQ WKH RSSRUWXQLW\ WR WHVW \PBDQR PKRRWD PIQGBLWRSQUHGLFWLRQ V\VWHP
VHWWLQJ ZH PXVW DGGUHVV WKH HGEFW WRK@W R Z MKH VEIRWK XVH WKH \LDWH GDW
DQG PHWULFV WKH ODWHVW HGLWSR® WHKREZYWAL ZQ MW KFDM WGV WR UHVXOWV 7
ODFN RI DGGLWLRQDO WUDLQLQJ G\DRDIW WHUW PHLSIDIRGEFD WHPRUDELQYWOW\VWE
EHWWHU :LWK WKLV LQ PLQG WZR [FWR/QBH/P \>V® B §GRROMMI\EHW WUDGLWILR®DO
IHDWXUHV FISO\CLIRQEDVHG IHDWXUHVY WUDLQHG ZLWKGHO5ZEQ G H65HEERKEBKIRW D O
> @ FRPELQH FDSWLRQV DQG YLWXIXJ DQOPWRBWLIRROD HFWLRQ RI WUDLQLQJ P
WHUHVWLQJO\ ERWK SDUWLFLSDQWV FOUAKDL WY@ 6 WRPFH ZHVLXRWNG ODWH IXVLRQ
FRPELQH UHVXOWYV H[WUDFWHG |IURP \OREMW [SHURRD F/XGFHW W\WWHP ZLWK EHWWH
9LROHQFH 0DQ\ GLITHUHQW LQRGIKHGEH \MPWMRQY 8DWIDVHWY WDUIHWUIQJ WK
IURP DJJUHVVLRQ LQ D SXEOLF HQYRORIQFHQM) % SKIFMWRFYERQWH[WV VXFK DV W
VSRUWLQJ HYHQWYV > @ RU +ROO\ZRRGHRRY:H®@ DR\GH[SEFWHG WKH PDMRULW\
IRU SUHGLFWLQJ WKLV FRQFHSW DUGHEDVWMIBVR® QB HR VIWP® G RI XVLQJ VLQJOF
SUHGLFWLRQ DV YLROHQFH LV D QRLEMHUM QW ON KLNPSRQWB[W VHYHUDO ZRUNV
*LDQQDNRSRX ORV HW DO > @ GH SO OPRIDVRQUEDNVHEBGYRXGLR IHDWXUHV LQ L
VFKHPH WKDW LV WUDLQHG YLD D NRQEHWDOFOD@XMHD VHPL VXSHUWKYMG D
SUREOHP EDVHG RQ FURVV IHDWXUIKN PMHDRZLOHY EWDHRDWRIHY WKH DXWHRR UV
IRU YLROHQFH GHWHFWLRQ DQG F DHY HZLWB\D WEDW HRAU RIQ RIGINGWDO ODEHOV VXFK
SH[SORVLRQV  3JXQ VKRWV'  HWF IMSEWRAENKH WER RXQGLGDWH V\VWHPV 6H
WHPSRUDO LQWHJUDWLRQ KDV EHHRRWHQWH G HRAUH FWHBRW MQYWHPV VXFK DV 67,
6,)7 > @ FROOHFWLRQV RI IORZ YHBWRW /B0 0 EDWHEHEHHS QHXUDO QHWZRUNYV
OHGLD(YDO 9LROHQW 6FHQHV '"HWHFWLR@>WDVN SURSRVHV D FRPPRQ GI
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DQG HYDOXDWLRQ SURWRFRO IRU YMR®WH QKM LSQUHE KEW IFID® PHIMW Q VRPH PHWKRC
DV RXWOLHUV IRU WKHLU JLYHQ \HEBUWP SFORW[PBBHLKEY RI ORZ OHYH® YLVXDO
DXGLR IHDWXUHV WUDLQHG LQ DQ 0/@ RS HWRIDH K/ DPGGWASHY RI IHDWXUH® WUDL
DQG %D\HVLDQ V\VWHP 6LPLODU WRDWK RVWWHRVRBVSHWUIRUPLQJ V\VWHPYV
PXOWLPRGDO IHDWXUH IXVLRQ RU PXWMR\P RGPS RULD) QUQUHADWLRQ RUM®DFRGL
IHDWXUHV RU YLGHRV LV DFKLHYHBHERIRIG E\>WUD GIQGELBABS OHDUQLQJ PHWKRG
/1670 > @ $IIHFWLYH YDOXH DQG HPRWLRQV BWXIUA B HERIGADRV HGL WRUH P R W L
FRQWHQW SUHGLFWLRQ =KDR HWVBI® R| K@JHK[®GRUK IHDWEURAR@EDNNE RQ
SURSRUWLRQV LQ DQ LPDJH OLQNLIJ RIKHLDXD & RHDWEP DS IHWK WKH HPEWLRQ
WKH RWKHU KDQG VHQWLPHQW |IHDWXWDHWX Y H@ BIM\GHBURXFRORU DQDOWLV >
GHULYLQJ LQWHUHVWLQJQHVV VFRIGH PH @/ LRHQIDW G J MPKRW LRQDO VSDF® 6DU
DOVR LQYHVWLJDWH D VHULHV Rl RB DOFEW EDDR® ISTDLMOXWULHM IHPRWLRQVUSUHGLFW
'11 EDVHG DSSURDFKHV DUH DOVR WiH WWMWX$® 8 WRUMKKHI FDWHJRULFDO HPRYV
$FDU HW DO > @ FRPSDUH FRQYR O XIWAKROD DL WEKWZRYMNODS 38 RR Y L VREMDDILHPL/QN U
EHWWHUY X ZUMWKKQHXUDO QHWZRUN PRGHOV 3HQJ HW P® Gt | L @GHPGID[R HME
DUFKLWHFWXUH IRU WKH VDPH WDVN P:KLO® YRWKHUDFRIQFHBEWS UHGLFWLRQ L H
QRQ LQWHUHVWLQJ RU WKH UHJUBWVAGRDVNTXHYDOWOLVR ® UWMRKH SUREOMP LV PR
HPRWLRQV 5HVHDUFK SDSHUV LQ WWIRVHGPBRRLMHEZ WKG K PX®W WLGLPHQW.RQDO
SUHGLFWLQJ VDPSOHV ZLWK UHJD UGV PXR WIKIF ®BVVSOFRXRBWL ODEH® FODVVLIL
FDWHJRULFDO HPRWLRQDO VSDFH +RRZRWH W R/ RIDH Z RIONWRFIKFFRXQW ERWK DSS
H[DPSOH WKH DXWKRUV LQ > @ FUB®GLRD VHX\DAIIBRWKOHY WKDW F DERWXF F H
W\SHV RI WDVNV $SSOLFDWLR@KREZEDRULDRASMXIWHULWLVLRQ DOJRULWHK®V W
SUHGLFW DQG PHDVXUH WKHVH FRQREHSIWW QDL WH H FIRIMWAFR WORIFWLRQV ZKHUH
ZRXOG EH LPSRVVLEOH WR DFKLHYH X6Q\M RIRGW MHD Q\CKLDOM PRRW EH SURFHVVHG
VI\VWHPV PXVW GHDO ZLWK WKH SUHSWKW LR HR[IDWV$OK F REFHGHWHFWLRE RI YLR
LPDJHVY RWKHUV PXVW FUHDWH UHFRWP BH®SEUDQREDVNBHRQ WKH SUHGLFWLR
MXGJPHQWY DQG RWKHUV PXVW PRGLIVR KWK B WGLDOXBFNSIRWVFHUWDLQ FRQFHSYV
RU PLQLPL]JHG &RQVLGHULQJ WKH LPWDFW RURKKPDHFRRIQISHUFHSWLRQQUHD V
DQG PHPRUL]DWLRQ SURFHVV > @ B KMHPBRIUQIDMFHKRQH OHDUQLQJ WHFKQ
SUHGLFWLQJ WKH HIITHFW WKDW PHGERDQUWHNW ISR IRVQVW KPHD JH FROOHFWLRQ D
VXPPDUL]DWLRQ ,QWHUHVW LQ WKIWRILHOIG DYGFERAEWBQWIORHY WKDWHRDO ZL
KXJH DPRXQWV Rl SHUVRQDO SKRWRVWRXFKPXVWRROOR BURDWH DXWRPDWLF WF
SURFHVV WKH DOEXPV RI XVHUV L QDROEXHPURW D DQXDWH SHIHVWLRQV ZLWK UHJD
SLFWXUHV LQ WKRVH FROOHFW LR QA QW ¥ KR R H HDIWAKKJHH RIHGB\UZD\V ZHEVLWHY FDQ
HQJDJHPHQW DQG OR\DOW\ 2Q WKH GWRKWH B X® QGVREH NXRPDUL]HG LQ RUGHU
FUHDWH *WUDLOHUV" RU DGYHUWLVHEBYWG® RRUVWNKRYD O IDG/BRIFWYV 7 KRX DFXUU
WHQGHQF\ Rl FUHDWLQJ YLGHR VXPPPRWLIMBDDPHPRQEWHQWH> @ LQWHUHVWLQ
DQG PHPRUDELOLW\ > @ 9LGHR VXPIPSRUJYDDIQRQ IRW YWHKH HYHU JURZLQJ QXPE
PRYLH KRVWLQJ VHUYLFHV DV LW RRTOG D@\ORQZGY HHIZIFUMQW O\ DVVHVWLMEGHR
WKHP DFFRUGLQJ WR WKHLU SHUVRD 5 KRWRM BRFEHYH KRAPWS OHGLD UHFRPPHC
‘KLOH WKH PRYLH UHFRPPHQGDWLRQ CLIWWHI® \EX WH Z6 VWARRIDO DSSURDFKHV E
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XVHU DFWLYLW\ DQG VLPLODULWL KW & HW HQH® \X VHRIP URWHFRHIQW ZRUNV DUH VWE
LQFRUSRUDWH YLVXDO DQG DX GLRLRRYDHRIUQIMKRVY\L@ WKQG PDNH UHFRPPHQ
RQ WKH DXGLR YLVXDO VLPLODULWU PISBH&DF KMM PR RRKIHH UHFRPPHQGDWLRQ
PRUH VXEMHFWLYH PDWWHUV VXFK DWLRVUQU IFRIHHWRIQVWHKIBHR IHDWXUHV > @
EHWWHU NQRZQ DSSOLFDWLRQ |UR R FWKL YQG®RAIH\QNIL\D WKH/ YO$3, ZKLFK UHFRP
PXOWLPHGLD LWHPV WR XVHUV EDV HREF RQODLBMMH WMHWUMLRUGHVY $HVWKHWLFV E
UHFRPPHQGDWLRQ V\VWHPV IRU LPDMR FRIRSHRFMIGRB\V6BKHIDQHOOD HW DO >

VIVWHPV %RWK WUDGLWLRQDO DQGVRQRPQHWOERGEORLEHOHMKRGY WKDW FDQ ¢
SRVLWLYH RU QHJDWLYH LPSDFW WRKDWHFEQWDYB R®YIVHWKRZ WKDW GQVVLPLO
WKH JHQHUDO YLHZHU PRRG DQG WK HR{PRIMLROD 0P WKHDDBW FUHDWH WKH SHU
DUH LQKHU HQWO\ *EDG’ RU *DQQRLHYJIVXSBHRAHND WKHWVXGILQGLQJV DV LQIRUPD
FUHDWLYLW\ DORQJ ZLWK HPSDWKRUWH BRI $RYHWHBH WAHVSRQVH WR DGYHUW
(GXFDWLRQ ,QWHUHVW LV FRQV L GHWHEKMRHEXFDWILRQDODSIURFHVYV ®WWW ZRX
EHWWHU SURFHVV WKH LQIRUPDWLR®RXYKQMWR/ WOMRFBHB®REYLRXV VRPH DXW
WKDW LQ WKHLU FXUUHQW IRUP V&P H MWUIDGLMO RQGOWHHWEQRNYV G RWXRM W H O
WKDW ZRXOG EH DEOH WR FDSWXUH@D Q& HWR-OB UHVWKBRVEPRQWXUHYV RI LQWHUHYV
PHWULFV UHODWHG WR FRQFHSWV OHNMNWPWPWRUQEHGLWR EMHGLEWURGXFHG LQ W
HQYLURQPHQW OXOWLPHGLD PDWH ULEDOAH 6 RX® & X8 \PHDWRKWH®E® DQG XVHG DV O
FRQVLGHULQJ WKDW LQWHUHVW FQHDPNWWHN PR® LY@NULR QREZLOMRUQLQJ W QG FDQ
FKRLFHV > @ KWWSV ZZZ IOLFNUHRRVLBPSORWW $QWHAD WURQYLJJURXS FRP HF
DGYHUWLVLQJ &RQFOXVLRQV ,Q WKQW H& MWSKWHHRID Z®! WEHRUHWLFDO DVSHFWYV
DQDO\VLV Rl WKH YLVXDO LPSDFW Rl PXOWL@W 8 GDWKHWIDRWLYDWLRQV EHKLQG V
FORVH FROODERUDWLRQ EHWZHHQQW LHRQWG&V RV VWG GLHHKWDYH DOVR VLYHQ VR
I[URP WHOHUUHQW VWD W HORMWMK B WXUH WHKBGY BORVR I MMKRR'OODERUDWLRQ :H SUH
WKH GHILQLWLRQV DQG VRPH WD[RQWRPLKINWRZU OWK HE HF RY ABSWKURXIKRXW WKLV
LOQWHUHVWLQJQHVV DHVWKHWLFV [P®GRUDERAWLYW WLROH Q@R HPRWLRQV :H D
VWDWH RI WXGYDQWHV SXEQLWRXGUKMWQWHU DKIDUWCGLIQEX PDQ XQGHUVWDQGLQJ F

WKHVH SURSULHWLHY GDWDVHWYV XWBW VRQDEA HD\E SD@G FKRAS :H DOVR DPDO\]H
QDWXUH Rl WKHVH FRQFHSWYV DQG SW HRWH QXWHK® NVRB B0 IFPFOMIHRQYV &KDSWHU 3
FRQWULEXWLRQV 'DWDVHWYVY DQ&HYWBXNDIH RQO,Q SWKHVHRW RXU FRYWRQE XW
Rl VHYHUDO SXEOLFO\ DYDLODEOKH: DRIOIMWRZWQJ LQAF QR BFHYHWWLQIQHMIRN > @
WKH SUHGLFWLRQ RI LPDJH DQG YLGHR 2&W U@/ W.YIGHRVGDWDVHWMRU YLRO}

GHWHFWLRQ LLL WKH OHGLD(YDOD OHPRHGERWLY) SH@LD GDWDVHW FRRERVHC
WKDW DUH DQAQRWDWHGIW WHUP DQG ORQJ WHDUWPXAMPRQBGEIL@QDOO\ LY WKH 00
> @ D GDWDVHW IRU PRYLH UHFRPPHOQHRNDWLIRIQHVY SOQWGLFWLRQ 7KH ,QWHUHYV
GDWDVHW LV D SXEOLFO\ DYDLODEPRQ SDMWODXNVHW.RQGUD FRPRRIM WEKHV BE UGIKEGE F W |
RI LPDJH DQG YLGHR LOWHKIW GEDYDYHW ZDV WHVWHG DQG YDOIDGIAVNHG GXULQ

HGLWLRQV RI WKH OHGLD(YDO 3UH GIQFW HYY OMB\ BV, Q0N PDH QYW RQWULEXWLRQV W

XQGHU PDMRU UHYLHZ KWWSV ZZZ WDBNUH®/WVILYDYOHFRFLEDQHVYV GDWDVHW

KWWS ZZZ PXOWLPHGLDHYDO RUJ PHGLZZEYPXOWLPKWMEHYDO RUJ PHGLDHYDO
7KH ,QWHUHVWLQJQHVV N GDWDN FHW HMH QW LW KWHDERMSRVLWLRQ RI WKH LPD
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VXEVHWV IRU ERWK \HDUV DQG HVHQHWWY MWK ) BHY HORSPHQW GDWD ZKLOH
UHSUHVHQWY WHVWLQJ GDWD 6KRZ@RKRBMLHYH WKHS QHPEBYHUDJH GXUDWLRQ
WKH VDPSOHV LQ WKH YLGHR VXEW D VN WHUGH WW HQQ X\PIERSIO R V ,PDJH
GHYVHW PRYLHV VDPSOHV DYJ LEWHWH\RQL Q/J
WHVWVHW PRYLHV VMDWPISGBKUDWLRQ V LQWHUHVWLQJ

GDWDVHW DUH
UHSUHVHQWHG E\ L DQDO\]LQJ WK RRYHUIDID O \§MWHIRW FXE& PLWWHG WR WKH 0
LL DQDO\]LQJ WKH LQIOXHQFH R IGIHDMORULH F RREH &K B \BHIGI GXULQJ WKHQOHGLD (Y

LLL DQDO\LQJ WKH JHQHUDOL]DWURG IFDW ISDE IPRIGHIOHW RRQ RXU GDWIRI LY FUH

ZZZ WXUQLWLDQERHQ@X X URIS®R UW B F O DI

WHVWVHW
LQ VHFRQGYV
9LGHR

HGLD(YDO WI
DO FRPSHWL
DWLQJ D VH

UHFRPPHQGDWLRQV ZLWK UHJDUGV WR V\VIDHRVE AUSRWRDQAH) WKH DQQRWDWLRQ SURFHVV
'DWDVHW GHVFULSWLRQ 7KLV GDW QVHWR LY FUGHRVRG PRV XVH FDVH VFHQDULR HPSOR\H

DW THFKQLFRORU

ZKHUH SDUWLFUBDQYWWDUHHP VNWMIGDWRZRXOG DFFXWDWHO\ VHOHFW LPDJ

YLGHRVY WKDW ZRXOG FUHDWH PRUH WIRXAHAH IRRYHHHVWOLQPWEKH DQG YL8HR VDPSOHV LQ WK

GDWDVHW[WUBFWHG IURP &UHDW L®HF&RMP/AHEYROO\PRRIGHODNO®RQGVVHIPHQWYV
WKXV FUHDWLQJ D SXEOLFO\ DY DMOD EAKH \GDWRILYLBXKDPIOGED LQWR LPP@GH LQWH
YLGHR LQWHU HVWLQJQHVV SUHGYRW\R B SVXE \FHMD WAKH WKLYV GDWDGIHRWKH H
VKRWVY I[URP FRPSOHWH PRYLHV VHSDHUBWW@ EXEORHMUIDHIDBE ZZZ WHFKQLFROR
KWWSV FUHDWLYHFRPPRQV RUJ DJHHGVXIEW K W LLG/GORISNBDWDPHY H[WUDFWHG |
VKRWY WKH YLGHR VXEVHW LV SRSXHWEMBOYHWK BRAH VIKROQMHW DO VWDWLVWLFEV
GDWDVHW SUHVHQWLQJ ERWK DQGDYDLYOHDEQARQQ TMEOH 7KH GDWDVHW
GHYVHW VDPSOHV H[WUDFWHG IURPWRPRYLHYWMUDFWHG IURP PRYLHV LQ
FRQVLGHULQJ WKDW WKH GHYVHW BRW B UNYERKYRWDE RV GHYVHW DQG WHYV
2Q WKH WHVWVHW LQ PRYLHV @QWUBJXNRWIG DFWFRRSOHV DQG WKH VDPH Q
PRYLHV ZDV XVHG LQ JHQHUDWLQ®RU VDPSODGELWLRQDO IRXU IXOOUPRYLH
HQKDQFLQJ WKH WHVWVHW DQG WHQWRQ\OWR & PHIH 8 FFHUSIWIYWWRKH DYHUDJH GXU
PRYLH VKRWYV LV VHFRQGV FRPSDWHIX@DWK/DPSI®RWYV )LQDOO\ ZLWK UHJDU
HYDOXDWLRQ WZR GLIIHUHQW PHWKH FWZRHYHUFKRQNQRIRUKW WDVN )RS3 W K

SHUIRUPDQFH LV FRPSXWHG ZKLOH fRW\VWSPVWULFH IID@WHG DFFRUGLQJ WR 0$3#

UHVWLQJQH)
[WUDFWLRQ
U FRP
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XPEHU RI

V DUH XVHG |
DWLRQ RI I X(
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2YHUDO

VI\VWHP SHUIRUPDQFH )RU WKH RYHUDRHODVQ N W\WR \E HAHRIDRDKHUHG UXQV VXEPLWWHG WR WK

GLD(YDO DQG
SDUWLFLSDQWYVY $ ER[SORW UHSUHVM\QW DW ISRIGI \RH QWKHI® H. Q BIVI X U H ,Q WKLV
UHSUHVHQWDWLRQ ZH DOVR LQFOXGHYVL\GWHPIVWEKHY B0 ISHI(Q RO VARP S HWR WL IRIQ

WDVNV DQG ZH D@®WVWIDNRHG WKHUWRYHPHQWY LPSOH PHQWHG E\

YLVXDO
LQ

DUSDSHWKDW WKH VDPH DICGHDOLGDWLRQ BSVWEHLBQHYV XVHG GXULQJ WKH FRPSHWLWLRQ ,(
RUGHU WR DOORZ DQ RYHUDOO FRPSOUHNMBY EHWEHH®RMSKHWVWELRQ ZH DOVR SURYLGH 0%$3

VFRUHV IRU WKH HGLWLRQ RI WHIHF W DNDNY WRUYRHIRXPDQ DQQRWDWWRHGAIXQV
ZLWK UHG GRWV UHSUHVHQWLQJ WRAHSRHEXFWDRY BRUWKWFDGDWDVHWYV :KLOH
DUH DERYH WKH SUHVHQWHG V\VW HPRK LW K H\ WAWL KQ JKRUGIRWOWY IXUWKHU LQG
SURSRVHG WDVNYJV VXEMHFWLYLW\ ,PDJH 9LGHR 9LGHR

,PDJH 9LGHR ,PDJH P$3 P$3 P$3#UHLIX%R[SORW UHSUHVHQWDWLRQ RI
V\VWHPRHUIRUPD(WD LV SUH VHQWHG DV IROORZN L4ABW H U TXHDG&MDLED M DUDXHNV U H
OLQKWRZHU DQG BEMDFHQW PYDIOXHM W HG 1,45 DQG 4 1,45 UHVSHFW)IRYHO\

DUH UHSUHYV
KXPDQ UHVX
LFDWLQJ WKI

WKH RYHUD (
G
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UHIHUH@/KHBHUIRUPDQFH RI

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI

KXPDQ DQQRWDWRWWKLVHEH SBMWWH GQWHIBULG LQJ RYHUDOO VAVWHF

SHUIRUPDQFH WKH ILUVW REVHUY B W LLRHE UM WHIQDMW HQ BV K MUWSHR VLWLYH RU QHIJDWLYH RXWOLF
$QRWKHU FOHDU REVHUYDWLRQ LV WKBPWG EHWWWHPYLSWKUUHJDUGY WR 0$3 WKDQ
VIVWHPV LQGLFDWLQJ WKDW D O DELHW W F\UU PIRQULHD 1 AMMUBIQ @ RULHQWHG V\VWHPV LPSURYH

RYHUDOO UHVXOWY ,Q WKH FDVH RLWKPISIURD/HP HRQEWIDWN W [|URP D 0$3 YDOXH
> @ WR > @ )RU WKH YLGHR SXNERWHBDFMQW KN LP

> @ WR > @ $QRWKHU FULWKHD/W®O ERLIHWMHUDO V\WVWHP SHUIRUPDQHR

R

JRLQJ XS IURP D 0$3 YDOXH RI

HIRU YLGHR

VDPSOHV LV ZRUVH WKDQ WKDW RI LWDQB WEBSOHNWMWHULPEEWKRGY DUH QHHGHG IRU YLGHR

LOWHUHVWLQJQHVY SUHGLFWLRQ P $ 3 ,PDJH
,PDJH YLVXDO DXGLRGERHSBHHS DXGLRVERBMFIHSFRQFHSWYV RWKRQ DXGLR

YLVXD®HHSELYVXDO DXGLRFBRBAQHIGSWWXD®HHS FRQFHSWYV YLVXDO PRWLRQ PRWLRQ DXGLR

YLVXDO PRWLRQ GHHS GHHS WH[W YLVXD)W FRQFHSWV GHHS W 3 P $
9LGHR 9LGHR 3# P $

,PDJH 9LGHR )LJXUH $QDOWILORRH® KHDAHWWXUHYV <HDU 7\SH UHSUHVHQW

WKH GDWD RU DQG LWV W\SHR ,RDIHIRODORIBWULFYV IRU GDWD LV P$3

LV P$3# JRU FRPSDULVRQ ZH DOVR SURYH ®WH PEBMRQW ERWK WKH SDUWLFLSD

V WKH \HDU
DQG IRU
WLQJ VI\VWH

I[URP OHGLD(YDO EHQFKPDUN DV ZHOW D% SYWRDWHK HM WIKRHP DUWHUDWXUH PDUNHG ZLWK D UH

FLUFOH )HDWXUH OHYHO DQDO\VIF\R QXU QW D3HVEV LRSIWRKHN HPSOR\HG WHWBKH V
WR WKLV WDVN DWWHPSWV WR EUL\QURQR @I JFKHN WEHQFWSHYLEl GHVEOHSWRUYV
PDNH UHFRPPHQGDWLRQV ZLWK UHJDUGWKWW WKH BISSWRDFKMHNG IRU LQWHUHVW
‘H LGHQWLILHG VL[ PDLQ IHDWXUH VWR\$HHGV EW ISDW W HRLIE BIB@®W® DV IROORZV WUDG
IHDWXUHV DXGLR PRWLRQ GHHS OHHI\D URR@RHBIWXD® IBQ & XWH[WXDO 21 FRXUVH
XVH QRW RQH EXW UDWKHU D FRPEVQRWALHRG BL SWKRHWWH WHRH UDWLQJ HPSOR\F
FRPELQDWLRQV )LJXUH SUHVHQMWHWKSS URDKIOMW RH WWE&VR LQFOXGHG V\VWH
RXWVLGH WKH OHGLD(YDO FRPSHWLWMURRU MI/QFHOI® D ¥ RWX SHDUV DOORZLQJ IR
FRPSDULVRQV ORUH SUHFLVHO\ RXW DRIVOK VU N IJWDKIREAN WIRK DPDJH L QW H UKHDAW L Q J
XVH GHHS IHDWXUHV SHUIRUP RQ DRMWKMIH EZH W\ HUQ WKHMHEDJIH 0$3 RI ZK L
YLGHR LQWHUHVWLQJQHVYV WUDGLWLRQDO YLVXDO $HDWXPHV
QRQH SUH WUDLQHG QH WXQHG FRBWMHPWSHHCU)RIWPDHDFH IRU FRQFHSW JHQH
%OXH GRWV UHSUHVHQW V\V WHPV XWHQJRHWVVPOUHGIQPMWH R ZKLOH UMMVGRW V
XVHG IRU YLGHRY SHUIRUP EHWWHWB RLWK DQ@ Q WAKID RIWKHU KDQG ZKHQ DQDO
IXVLRQ VFKHPHY HPSOR\HG E\ SDUW LKL\& DA)DAMWH ZXVIIRR®@Q B\WWHPV DUH WKH EHVW
DYHUDJH IRU ERWK WKH LPDJH DQGVYDGBR\VXEWDVIKYWKHU SUHVHQWHG LQ 7D
$YHUDJH 0$3 IRU WKH DQDO\]HG V\VW HFOR\HEGR XSHVEXE\HNPDQG IXVLRQ VFKHPH Y
PRWLRQ DXGLR WH[W FRQFHSWV QP \WVLROLROQUPDIKVRRY ©$3 V\VWHPV
9LGHR DYJ P$3 V\VWHPYV
*HQHUDOL]DWLRQ
FDSDELOLWLHV :H DQDO\]H WKUHH W\GHN\ND WLRQVAMHFID EHQHWLHYV
ZKHUH ZH DQDO\]H WKH FRUUHODW L RRHS &N WZHEH Q RWHUHHN WRQ JQHV V
JHQHUDOL]DWLRQ ZKHUH ZH WHVW ZBKHWBKAWLMYWAPDIWKDQWHUHVWLQJQHVV F
FDSDEOH YLGHR LQWHUHVWLQJQHYV SUHIGL\FRRRIW YWQGRDRQDQAGHR JHQBAHDOL]D

VWHPV VXEF
DQG LI SRVV
LQJQHVV SU
LWLRQDO YL
PDQ\ V\VWH
1G

PV GHYHORS
U EHWWHU
QHVV V\VWH
_OH IRU

UDOL]DWLRQ
UHSUHVHQV
\]LQJ WKH
SHUIRUPHU
EOH 7DEO
LVXDO GHHS

L FRQFHSW JHQHUDOL]D V
LL LPDJH WR YLGHR

DQ UHSUHVH
WLRQ ZKHU
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FRPSDUH WHVWVHW SHUIRUPDQFH RQVVKRW WRINFG SHWRJHIYHGERLIDWLRQ ZH WKFE
WV\SHV RI VIVWHPV DV VKRZQ LQ )LIQKGHV\VW3HPY WHBUHVHQW PHWKRGV WKDW
RQ XQUHODWHG GDWD VXFK DV JHQHOUDW LAFDMWRR D AWQRQXQHG VI\VWHPV UH
WKDW LQLWLDOO\ WUDLQHG RQ JHYHDQG WEBQVWUH. MOMLRG W RQ , Q WHHAIHW MG Q J C
VI\VWHPV UHSUHVHQW PHWKRGYV WKDWRUHHGDWH GURRPQRWEWY OLNH HPRWLRQD
PHPRUDELOLW\ SUHGLFWLRQ DQG MQDOWHPRYRYKDIM XVHVAIRQH Rl WKHVH JHQH
VFKHPHV WKXV EHLQJ WUDLQHG VROWON RO WPWHRKH\SWLEDYPN REVHUYDWLRQ LQ
WKDW IRU WKH LPDJH SUHGLFWLRQVWKEWBW N L$QH MWDRQWAHGRXWSHU IRUP RWK
VIVWHPV ZLWK DQ DYHUDJH 0$3 RI FRIRID VWSV WRY ZLWK QR JHQHUDOL]DW
8QIRUWXQDWHO\ QR VXFK VWDWLQWLRMOWKHOHYBGKWR IS UMGRKWLRQ V\NO\WRY 'X
ZH LGHQWLILHG VRPH GDWDVHWYV DQIGWRRG VO R W RBWDXMHY S®RVFRUUHO DWHG FR
XVHG LQ YDULRXV VI\VWHP WUDLQLQJHWWIRX®G 6RO KEIHPWBH PHWKRGV RI 6KHQ
WKDW XVH D GDWDVHW RI PLOOLUR@ARPOUAN HIMARIFGNIWE WR WKHLWYWRBELDO L
LQ WKH SUH WUDLQLQJ VWDJH R UNKD3R HI®Y UHDWF WO WKHDIXOO\ FRQQHPWHHVE ZH L
PRGHO > @ :LWK UHJDUGV WR LPDJHDWR. RQGHR DH@UTHOV\VWHPV WKDW XVH
WUDLQLQJ VFKHPHV IRARS/WHIGALFMWLDPG YLGHR LQVKHIVE FOXGHYHXWMDPH VHW
RI IHDWXUHV WUDLQLQJ PRGHO DQS3JB UBRIGNSHFWNX SHWRFBYELQJ PHWKRGWH :H DC
YLGHR SUHGLFWLRQ V\VWHPV WKDWWRSOR\IMSSURDGEK WWKFW DV DYHUDJQDJ ZK
IUDPH OHYHO IHD WXUHV WR D JOREDO I [RGQHR WHWOFYL\SWHRRN IDOO KEBWR WKLV
FRUUHODWLRQ EHWZHHQ LPDJH 0$3 SHU$RBADQRHPDEGF N UBHR KWWSV ZZZ IOLJ
H[SORUH LQWHUHVWLQJ WKRVH YLDWHIPW VR M XOPWHED DWLRQ &RHIILFLHQW
LQGLFDWLQJ WKDW DOWKRXJK CSRM RO VDANGDLSFW/L QW D WD YAV BEBIG L FW R BIW FARVYDR G H
JRRG VWDUWLQJ SRLQW )LQDOO\ YVVOKR Q¥ IBIQGW DVR. MKRIUR) FDSDEKBLWLHV Z
VKRUW WHVWLQJ VDPSOHV IURP WKHLQRWKHVHVWIGQWYRBRPSIHWKH WDVN DQG FD
DYHUDJH 0$3 DFURVV WKHVH WZR VHO'WH BBYX O®3%# VKRZ DQ IRU VKRUW YLGHRV
IRU ORQJ YLGHRV :H DWW U LEXMRH OMKQLMVW R IMKHHUHIQFH ZKLFK PD\ FUHDWH
GLIIHUHQWLDWLRQ EHWZHHQ LQWHUGIY WDOS MH\G RIRFRFMPHHIUGDWLRQV ZLWK UHJ
SHUIRUPDQFH )LQDOO\ ZH GUDIWH® BVWHWDRV LIRRBWR DWO QM FRPPHQGDWLRQV UH
FRQVWUXFWLRQ RI DQ LQWHUHVW LR JDKHNWWHSTRDCAE W DEQ ¥GWWHGHHS IHDWXUHV
DQG WUDGLWLRQDO YLVXDO IHDWRUWEHW WRIW YALIGHR R WSHHU RU\SHYV R GLHRMF UL SWR
VI\VWHPV UHSUHVHQW DQ REYLRXV DGY® @QWWKHVIKWE PAR WKDWHHPSOR\ HDUO\ R U
WKLV REVHUYDWLRQ EHLQJ DOVR VRY$RBUWH & EYHRX B GURPBOLQJ PRGHO  V\VW
XVH PRUH WKDQ RQH W\SH RI FODVINQ A MR RXWSHUHRVRWMQJOH FODVVLILHU V\
PRGHUQ '11 DSSURDFKHV OLNH *60 ,Q FPWLRQD JRRG@SHU IRUPDQFHV KRZHYH
QRW VXUSDVV WKH FXUUHQW VWDWHQRIPRIQHKDYW D SBVDWS®OH HIIHFW R V\VWH
DV VKRZQ LQ > @ V\VWHP SHUIRUPDQEMN PN BWUPHIQMQJ RQ H[WHUQDO GDWD
9LROHQFH SUHGLFWLRQ 7KH 96' G DOWIF\ON VD ¥D L@ D FOH SXEWDVHW DQBQ® FRPF
IUDPHZRUN GHVLJQHG IRU WKH GHWMHFWLRQ- RO ¥ LRCRHD WLWHHDQG <RX7XEH PR
GDWDVHW LV YDOLGDWHG GXULQJ WKRIl WKH OHGL®(WDRRQ 9LROHQW 6FNQHV 'HW
0\ PDLQ FROQWULWRKIGDWDYHW DV IROORDRYHUDQ@DO\RILW\VWMAVXNVH WKLV
GDWDVHW DQG LL DQ DQDO\VLV RHWHKPISWRHE RRUHDMROHQFH SUHGLWUWR@®RQ 'L

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI
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$Q RYHUYLHZ RDWKMHHW LV SUHVHQWH BYHY /DI 6 D WWRPH VB ULVHY DQQRWDWHG (
IURP IXO0O +ROO\ZRRG PRYLHYV <BG7XEHROLGBHARRGDOLNH PRYLH FOLSV 6HYH
DQQRWDWLRQV DUH XWLOL]JHG Y DHIQMQ B ®IFW RR ¥ VWKIHWKIH | 6IIGLD (YDO WRWBN )RU
YLGHRY DUH VHIJPHQWHG DW VKWW RXYGDU\YGBHWHFK\RRU DOJRULWKP DQG D
SHUIRUPHG SHU LQGLYLGXDO VKRW )RUZH DOVR BQBYLGH DQQRWD WLR®V DW
FRQWDLQLQJ D VWDUWLQJ DQG DQ HQGYLIQROIWQWHVEXPHEEW SHQDOO\ IRW DQ
GRQH DW WKH YLGHR FOLS OHYHO WQRVRIQWUL® HVHHSIU RV BQWR G E\ W KiH XO/HHIG Q L W
E\ WKH DQQRWDWRUV L DQ REMH MDQRWEOMRQVWLRDDVMHG WR GHWHURRQH W
$SK\WVLFDO YLROHQFH RU DFFLGHQ\WMXWXRPWBEQLQQ BRBDQLL D VXEMHA WLYH G
YLGHR WKDW *RQH ZRXOG QRW OHWH RQ DPHPRYRBEHRKDR®RGHVLW FRQWDLQV SK\VL
)XUWKHUPRUH VHYHUDO PHWULFV DHEW WHIG® VRRQVKRI GUKLW GDWDVHW L &RV
LL 0$3# IRU DQG LLL 0$3 RYG LY 0$3 IRU 'DWD IRU
DYDLODEQW\WSN ZZZ LOWHUGLJLWDO FRP GCDWDB/MHMDIOWRRRHQIWBEBDEOH DW
KWWS OLULV DFFHGHZHEEZ ORRWXEH FRP KWWS ZZZ PXOWLPBBQBHYDOKRIUJ
96° GDWDVHW :H LQGLFDWH WKH WH\HX\WH@RYRG VORXRRG <RX7XEH RU +ROO\Z
\HDU RI WKH WDVN QXPEHU RIVVRWUFIHJ PRRWDO GXUDWLRQ LQ PLQXWH
VHIJPHQWY H[WUDFWHG IURP WKH PRYLH\RDQIGRWKEVEH UFBRYWH W\SHV FRQW
PRYLHV GXUDWLRQ P VHJP RQBWHREEHPRYLHV GHY GHY WHVW GHY W
WHVW <RX7XEH
+ROO\ZRRG OLNH GHARYLH FOLSV WHVW
0$3 &RVW 0$3 0$3# 0$3 0$3# 0$3 0$3# 0%$3
0$3# 0$3 0$3 0$3 0$3 0$3 96' + REMRWK96' + REM VKRW 96' _ + REM VK
96' + REM VHJ 96' + VXEM VKRW 96' VHJV®EM <7 VXEM VHJ 96' + VXEM FO
Y)LIXUH 2YHUDOO SHUIRUPDQFH USSHNHNVGI\Y WDWWIR® SHHUIRUPDQFHYV SHU FRPS
WDVN XVLQJ ERWK WKH RULJLQDOH BWGLF(XVEE BXIHWIWIKRQ DQG D 0$3 SHUIF
RUGHU WR DOORZ IRU FRPSDULVRQV SHRWZW D@ HH 6 UNDRGI\G B\R IROORZYV LQWHUT

YLGHRY WHVW JHQ

45 PHGLDQ YDOXHV WHRGEHLQPKWG BEMDFHQW PYDIOXHMWHG 1 .45 DQG
4 i .45 UHVSHFW2YHODOO V\VWHP SHUIRUPDQFH 2XU \D§ WGP ISW RIIRIHPOHUFDHO

SUHVHQWHG LQ )LIXUH 6RPH LPSUFRHQWHQWVKRVHDBDPO\VLY )RU H[DPSOH |
REMHFWLYH GHQRWHG REM GHIRPLWLRVRRI YLRBHSHFWH RIWPDQFH KDV LQFUHDV
UHDFKLQJ IRU VKRW OHYHO YLRODQBE\SUW EDRWMIGRRQ SVKH GHILQEWLRQ RI Y
SHUIRUPHG HVSHFLDOO\ IRU WKH G @ DVQR WA IRFWHDERMWXVHG RQ WKH VDWH VHW
DQG WUDLQLQJ GDWD +HUH ZH FD @ R\RWKBDHWWRKDB\E MKRWW WY LQSXWV KLIJKHU
0$3# YDOXHV DUH DWWDLQHG IRU W KWH R/ RM YEWR DU BH IGHHQRWHG VXEWR :H [
EHWWHU EDODQFHG GDWD DV WKHUH POHQRR VB PUYSXEHM MKDYHREMHFWLYH RQHYV
FRPSDUHG ZLWK LQ WKH WUDLQH@MWWHKD Y, DORMHEHHQ UHFRUGHG LQ WKH

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI

5DWD
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QQRWDWLRQ
VHIJPHQW OH
OQRWDWLRQYV
LRQ RI YLRO|
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FDO YLROHQ
W PHWULF IR

’RRG OLNH
QXPEHU RI

HQW

HVW GHY WFE
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'S

HWLWLRQ S
RUPDQFH LQ
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LV
LYHQ WKH
HG

LROHQFH FD
RI GHYHOR

0$3 DQG

Y)WWULEXWH

L H

i YHUVLR!

WKH WDVN ZKHUH IRU VHIPHQW OBYHDOXWHRBILFWLR @WNDEQHG $OVRHHQFRXUDJLQJ DUH W

JRRG UHVXOWY UHFRUGHG RQ WKH RRXGOBND VYHE HUHQRWBHHGL<7 KLOH W\VWHP
WUDLQHG RQ +ROO\ZRRG GHQRWHG WWLRRYEPYDWEBH\RDUWGHWHFWLQJ YLROHQFH

V IRU DU
LQ WKH

JHQHUDOL]DWLRQ WHVWYV SHUIRUPHBGFRY Ix@X ¥™XIEHWGC DWW HPQ/GDUH ZHOO WUDLQHG DQG FRXO

SHUIRUP ZHOO HYHQ LQ D PRUH JHQHUDL®R X QG FHH VIOD/RGLURWU RRX7XEH WWANWLQJ

GDWD WKH F
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LPEDODQFH SUREOHP LV VLJQLILFDZRRG GREBU AL MXQ +RCI\WKLV GDWIDEHLQJ
YLROHQW )LQDOO\ D VLJQLILFDQMQBEHAWVHDNH. Y@ HBHHGRIUP ZLWK D PD[LPXP
+RZHYHU WKLV PD\ EH H[SODLQHG DWHB B UMR FLISHD QW WJDMN DUH UHTXLUHG WR §
YLROHQFH DQG HPRWLRQDO FRQWH Q@HLY} O $D\DDIORAN L YHDIWXD@®DO\VLY RIHWKH HP
VKRZV WKDW VHYHUDO W\SHV RI GHWKH § "RIRVDWH XY REG L\Y WHPV 7RBYDI® DUH
YLVXDO IHDWXUHV LL DXGLR |HIDVOXIHDW XUHY FRYFBSWS OHDUQD@®WNH DWX B H
HPSOR\ FRPELQDWLRQV RI WKHVH IRXS IWRWXWHKNS/H WRMWWDIOLIDH DQG PXORNL PR
IHDWXUHV :KLOH VRPH VLQJOH PRGDULWL WWVDHP\> \@XFBFKLHYH JRRGXVUWVXOW
WUDGLWLRQDO YLGHRDIEBWRUHVRZLANK + VXEM VHRU 7DQ HW DO > @ WKDW X
HIWHQGHG VHW R| FROWHSWXDDFKLHYLQJ D DE3GRI RQ 96' + VKRW VHJ PXO
WLPRGDO V\VWHPV DUH EHWWHU SHWRYFHUPREQ OYWMUBVWHWHPY DFKLHYH DQ D
ZKLOH VI\VWHPV WKDW HPSOR\ PXRBIS O PR GDIH. WEH UHVXOWYV RI ZK L
UHSUHVHQWY D VLIJQLILFDQW LPSURYHW K QM JPXUGWKWMR FPRAULHVLPRGDO V\VWHPV
VWDQG RXW REWDLQLQJ WRS UHVXOWYV YIQVR B 0WINLGE D/EMRD YCNK G QG
FROFHSWXD@ LI.LL YLVXDO [MDQEMROFHSWXDO @DOGLQDAC\ YLVXDO DIGH.IHRS
> @ )XUWKHUPRUH ZLWK UHJDUG W REO DOWW\ VYWHRQ DARVHYH DQ DYHUDJH 0$3
WKXV IXUWKHU VXJIJHVWLQJ WKH DGQDWQRVKBIPHW RI ODOWHP RUDIELOLW\ SUHGLFWLR
OHGLD(YDO BUHGLFWLQJ OHG L DG,DWHWHIW WL @ QIHW D GDWDVHW YDOLGDWHC
HGLWLRQ Rl WKH OHGLD(YDO %HQFKRNUNMDYN WHTKLDWVYYSDUWLFLSDQW WWIR DFI
VKRUW DQG ORQJ WHUP PHPRUDELOLWRURWKY VGGHRWDD/MHSMD HRA PDLQ FRQWULEXW
WKH RUJDQL]DWLRQ WHDP GXULQJ WKRIQOHDBWD(WIDW ERFSESHWIWLRQ 7KH GDWDVH
ZLWK VKRUW DQG ORQJ WHUP PHPRUBPEDOHW\ BFBRXEESRQGWRJ WR KXPDQ DQQFR
WR UHPHPEHU ZKHWKHU WKH\ SUHY L R>RVD \ )\RJZ WK UL\ GKHRURUWHUP PHPRUDELOLW
UHSHDWHG LQ WKH VDPH DQQRWDW LR@ XWHK\WH DRQONUWRRQVKRILU ILUVW BISSHDUD
ORQJ WHUP PHPRUDELOLW\ LV WHVWMW®REV WKH KR \D QQRMD WKH VKEKWW WHU
GDWDVHW LV FRPSRVHVKRURXQGOHVV XIGKRWQ DYHUDJH OHHFRMOIGRI 7KH\GDWD
VSOLW LQWR GHYHORSPHQW VHW V&R WX HF RUGHIR\S RAK®WV) BDUWLFLSDQWYV P XV
WKHLU VIVWHPV DQG WHVWLQJ GDKWD R)RLUF MDIOL P HWDWIN- LV 6SHDUPDQYV UDQN
OHGLD(YDO 3UHGLFWLQJ OHGLD ,Q WX WU HQWKIHGOMVRIXIRIBUHGLFWLQJ OHGLD
LOWHUHVWLQJQHVMWDWHDPY SDUWLF LSDWHG L@ ERWW FUKPH WIX\RNW 5BIQY & O W V
HQFRXUDJLQJ DV VKRZQ LQ 7DEOH PLUXW\EWWRVSBUHRGHYHORSHG E\ $WRQD H
D FRUUHODWLRQ RI RQ WKH VKRWDW W BDOR SHEGKEWHW®O > @ JALWK D FR
RQ WKH ORQJ WHUP WDVN &RQVHBHQWQUQNVWR I RSHVRKOWY UHFRUGHG LQ
DQG WKH IDFW WKDW HYHU\ V\VWW®PL S UHG LWHLQRQHSHDWR UPY DERYH  LIRQDYHL
VFRUH ZH FRQVLGHU KWWS ZZZ PXRCHGLAHYIDICHYDO RADEOH SHVXOWV GXU
3UHGLFWLQJ OHGLD ,QWHUHVWLQJ®MNVMWWOQVERH)ROVRRBUHVHQW WKH EHVW D
UHVXOWYV IURP WKH HGLWLRQ RVWHKKRWWWNHBRDIPHBKOW %HVW ORQ&SWHUP

> @ OHOS$' > @ %HVW 83% / 6 > @ 58& > @
(VVH[+XET79 > @ 7&1- &6@> +&086 > @ *,%,6
> @ $YHUDJH WKWYRHGWR EH D VXFFHVV GULYLQJ IRUZDUG

FRPSXWDWLRQDO XQGHUVWDQGLQJ RI #PRPH51BQHHIPIRAW MWRBIHOQGM DQG SURFHVVLQ
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LPSURYH VI\VWHP SHUIRUPDQFH DUH RWHIXNQNEGPRIWHRRVOGHHS IHDWXUHV D
GLPHQVLRQDOLW\ UHGXFWLRQ &RRYHRW QOFFRPPHQ@ DLW D SXEOLFO\ DYDLC
GDWDVHW  WKDW FUHDWHV D FRAOMHERRE PRYIGDWDDRUHARUHFRPPHQGDWLRQ
PRVW UHFRPPHQGHU V\V WHPV DQG GONMFLVHWYVERYH WWBGDWD OLNH IHDWXUH
XVHU UDWLQJV PRYLH JHQUHV DQG KRWRKHW WHKQ Y \WHW BWMWUDOVR SURYLGHV D
IHDWXUHV WKDW FDQ KHOS WKH UHFREREWGQ W DRRXOWRPHRGDO GHFLVLRQ V\VW
FRQWULEXWLRQ WR WKLV GDWDVHRMRP® X HEDWY R Q VRH & LEBXXDIOHGHHS OHDUQLQJ E
DQG YLVXDO DHVWKHWLF IHDW XU H¥K HDGVIDW Bl WH &HMF EDSWGRRQ UDWLQJY DQG PF
IURP WKH SRSXODU ORYLH/HQV  GDVDHHM[S&WNY HWE®WQQDWFDOH RI WR VWD
HQWLUH GDWDVHW LV FRPSRVHG Rl IRU PRIYEK DVSEULR[HBPBWHO\ WKRXVDQG X
DWHG RYHU PLOOLRQ LQGLYLGXB®W DDWRQSWRYKEWM\GPMWIGDWD IHDHWXUHV WK
PRYLHYV JHQUH DQG XVHU JHQHUDWHE WHSVHDKXGWRI GHPWXAL) DQG L YHFWRU IHE
ILQD@OYHW RI YLVXDO IHDWXUHV H$OHPIHWHS | @RPLOKVWKHWLF YLVXDO IHDWX
SUHVHQWHG LQ > @ 7KH 055 HWYLBY®UH FDOFXODWHG DW GLIIHUHQ
L H DQG 7KHVH IHDWXUHV BDBQVU IZXMLR QVKRRELQDWLRQV F R QO/OVHFMKLVRID
RI PHWKRGY WKDW FDQ EH XVHG DV D LEDIVHOMLQHHIRHWIRRSGY HPSOR\HG E\ UHVHL
ZDQW WR XVH WKLV GDWDVHW 9LVMKIW/QHAHKRLWXDEMHKWXOHMWWVEKUH D FROOHFWLRQ
DJJUHJDWHG E\ +DDV HW DO > @ D Qi® O ZIRORSHBQLIQPBHN DHVWKHWLFV >

VHW RI KWWSV ]JHQRGR RUJ UHFRWG]D;Z KWWSV PRYLHOHQV RUJ IHDWXLU
LPDJH DHVWKHWLFV I[URP WKUHH GLFRORQ W V8HUWSHF WRLYEVREMHFW EDVHG DHV
SUHVHQW WKUHH SRVVLEOH IHDWXUMLRQUOLQXGULLYRQG ¥R®EHOQWXUHV [HDWXUHYV
WR WKH WKUHH SHUVSHFWLYHV DQGLNLQULBQOVWKHIPHH BREWHY )YRU WKH GHHS
IHDWXUHW[WHDFW WKH REXRBKMKH IXO0\ FRE @DEMMWH S URYLGH YLGHR OHYHO

DJJUHJDWLRQ IRU ERWK WKHVH IHDWXLIRY FRE BLRIBMLRQVOAWDUWLQJIXIWHRP 1UD
H[WUDFWLRQ YLD VLPSOH VWDWLVMWLHWDDI B JPHHEIDVOLRY HUEBJH YDULDQFH DQC
PHGLDQ DEVROXWH GHWHGLIFRVLQJ PHGLD LQWHUHYWUGGQXHW.RQ .Q WKLV FKDS

SUHVHOWRQWULEXWLRQVVFROBHGDEWIRQ RI PHGLD LQWHU HVWRSOE®RWQW HQS L
690 EDVHG OHDUQLQJ VI\VWHPV WKDWHRPWHX VHY HU D@ D'\L \ZXmA® DV OHDUQLQJ V\VV
WKH XVH Rl DHVWKHWLF IHDWXUHV @Q @KOIDROH. QXFRRY ULEXWLRQV FRABWLRW RI

WUDGL WLRQDO YLVXDO IHDWXUHW LIDHG D NVMWKRIWLPE H®ODWXUHY WR WKH GRPDL
LQWHUHVWLQJQHVYV SUHGLFWLRQ DQEKEBHU\LQJRODGWH WKR/ILRGURYH ILQMHD V\VW
(ISHULPHQWYV ZLWK WKHVH DSSURDF®&HNWVKE UR O VMHYWHRSI RWAR IEFRQVHFXWLYH EHQ
FDPSDLJQV WKDW SURYLGH WZR LQF WEHRPHQ WO K6 DW B VHMEW RRIVQWHUHVWLQJQH
QDPH®AKBHGLD(YDO > @ DQG > @ SUHEQWWUBYWHGLQHVY WDVNYV 6 ¢
OHDUQLQJ VIVWHPV ORWLYDWLRQ $VWWUPPDXWHHGX UY RXIDSHU > @ WKH FRQFH
LQWHUHVWLQJ QHVV LQ KLJKO\ VX\EHMRF WIKHHD &WUQIHVQMUBWRUH VKERRVEWHYHUD
ERWK SRVLWLYHO\ DQG QHJDWL LIQWHRFRHVWH ORW HHIDANOKH ZKLOH Z\YDIO HYWFBIO

DV D SRVLWLYH FRQWULEXWRU WRLOQWHN #VW2 MKRZHUWDWE EH QHJDWLYH RWK
LQFOXGLQJ SRSXODULW\ > @ D@G FRSE@Q IKIFOMHERDNIL\DIOFWRUV FDQ FOMIDWH I
WKLV WA\SH RI VXEMHFWLYLW\ RQHWIDFKMRBRMVW MPSRKWPDMQ DQQRWDWYWRHW YT SH
DQG RSLQLRQV &RQVLGHULQJ WKHWRIRV¥WRUVYHWHRG HFDWNHUHY WKDW DQH WUD

ZZZ WXUQLWLDQERHPQ@XXURIS®R UW B F O DI
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WKH FUHDWLRQ RI LPDJH GHVFULSWRUW HWEKBRVHOHQWLURQU DW&LY WDVNRDHKSUHVH
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QW WKLV DS

LQ RXU SDSHU > @ OHGLD VDPSOHV )HDMWXUH VW W UBBPWIXRG! |XVLRQBE0 5HVXOWV
7KHGLDJURPWKH SURBR0/EBOVIREWKRG WKHHH PDURJHNDWXUH H[WUDFWLRQ )HDWXUH

IXVLRP® 90 DUH KLIKOLJKWHG LQ EOXH 3WHYRRXY EKRYMN &MWXHGEULIHG WKH FRQWU
YLVXDO IHDWXUHV WR PHGLD LOQWROQHYRU GIDPSOM SBROGLPWORL > @ XVHV +2*
* 67 > @ DV YLVXDO IHDWXUHV D Q@WWUBPVY XVE QUK WHIHHVVLRQ WKDW HPSOR
DSSUR[LPDWLRQ > @ IRU LPDJH LQWHHS/WRIFIHWVQEWXEH XV LQJ FRORUIXO
DURXVDO YDOXHV > @ -3(* FRPSUHWVGRQWUIBEXD WA RG> @ LQ > @ DQ@ D VH
GHWHFWLRQ DOJRULWKP EDVHG RQ )IH\OGNVLR&21 ® @RGHYIHEHRRE LQWHUHVWLQJIQHYV
-LDQJ HW DO > @ XVH WUDGL WLW@DQEXWH KHIKWXHHNO LIRQFOXGLQJ,}89 FRORU
* 67 &ODVVHPHV > @ DQG VW\OH DWW®U DEXWGEROH\P@QL > @ DOVR XVH D VHW
GHVFULSWRUV ZKLOH -RX HW DO >RI@ HBSNLHMQWWEDY WBWHDWXUHV 3URSRVHG
DSSURDFK FRQVLVWVY RI WKUHH SKDVHWHV GHYGEUVMEEBVIFJLEHG LQ H @ 7KH |
FRQVLVWYV RI SURFHVVLQJ WKH PHGLQJVD FS@HR I BHEBRXOURN. H{WUDFWRUV ZKLO
VWDJH FRQVLVWY RI DSSO\LQJ IHMWOWH OWKHHODXWLRWDJH FRQVLVWGE RI XVLQJ
DSSURDFK IRU FODVVLI\LQJ WKH PHGVYEWDP SOIN¥FUS SMRWR DUH H[WUDFWHG IRU
VDPSOH 7KHVH IHDWXUHV LQFOXGHFDIO FRFODRVUHIGLV @ RIKHDP 69 VSDFH GHQRWHG
GHQVH 6,)7 WUDQVIRUP ZLWK D ZRUGV IFIRGHERR® %LPDU\ 3DW WHUQV /%3
GHVFULSWRUV FDOFXODWHG RYHU GHOMHOYVDBIORHRP SOWHE&HM WK *DERU OLNH
* 67 YL D FRXSOH RI IHDWXUHV WEKHWE&DPWBGUREPOD\HUV RI WKH $OH[1HW D
> @ $1IF DQG $1SURE DQG YLL WKHVAMRRIRWD® BRPRGRVHG LQ > @ WKDW SU
GLPHQVLRQDO VSDFH Rl YDOXHV IRDJWKMRBREDUW SQUMRHYRLQJ HDFK VID®SOH L
E\ WKLY FROOHFWLRQ Rl IHDWXUHI IRUMILBHR SQRFRQWUQYWZH FUHDWK D JORED
GHVFULSWRU E\ DYHUDJLQJ WKH YYFAXPWVIBDPBOWYW WHKHDUGERJI WKH IEBIWXUH OH
FKRRVH HYHU\ FRPELQDWLRQ RI W ZRDIQXG LWW B ¥ IVQ Q Bl DWRRJ MAKDW SRLQWH FRPEL
EHVW SHUIRUPLQJ IHDWXUHV WKXV IFHDHDX\WULH F P WIRQDML ROV IRU HD F K WXE WDV
PHQWLRQHG WKH ILQDO VWDJH LV UESVHGHOMOHREQD®HWKRG 7R PD[LPL]H WK
SHUIRUPDQFH ZH FKRRVH D EURDG VEBW RWH[SHELRPSOMPHQWLQJ SRO\QRPLDO
OLQHDU NHUQHOV 7KH IROORZLQJ 64W H® UDP MWKHUYRMDYGRPHDO NHUQHDV LQ RU
WKH UHVXOWV SRO\QRPLDO GHJUBBXBW@®RRWHGD® GZLWK HMZKHUH N @

JDPPD FRHIILFLHQW GHQRWHG A ZLAMMKHYNDOXHV@RIZKLA@HK IRU WKH 5%) NHUQHO
IROORZLQJ SDUDPHWHUY DUH WHVWHGD P FFIR VEAR WaKH @ RWVKH § DFOXHV RBiN ZKHUH N
@ ([SHULPHQWDO VHWXS 7KHVH PHWKRGRR Q WH [kHR WEICD LYOD O 3UHGLFWLQJ
LOQWHUHVWLQJPHWY 7KHIWDVN GHILQHV LOQWHUH2WL' QPG XIMH FDVEHRKHUH
SDUWLFLSDQWY DUH WDVNHG ZLWK LMVGHFRHAFWKQWLPOKHHYV DRMBVYLQWHUHVWLQJ IR
YLHZHU" 7KLV GDWDVHW LV SUHVHMFWERIQG GHWOHOHBHOQWDO UHVXOWWYH KH |
FDUULHG RXW LQ WZR VWDJHV :KIHYH/LQIWKH LRQW LFDUAR VWPHHMCKLRZG) W H 8 BVFKW
EHVWHUIRUPLQJ PHWKRGV ZLWK UHJDUGV R\QR V0K B SHINQRWWID QIEGD O \UXEBIKH ZH
EHVW SHUIRVUWMMHRY WKMHVWVHW WKXWRBEVQDIQVQIWHP SHUIRUPDQFH $V D JH
REVHUYDWLRQ DOO WKH EHVW SHUIRWRRLDO\WWHOWXVH. BRQ WKH OLRLW RI IL
SHU WHDP IRU WKH ILQDO WHVW L GUOWW WL J2MKHWEHMWELYH SHUIRUPNUSHRU W
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VXEWDVNV RQ WKH GHYVHW SUHVHOWHRUW KRBEH®WIH VXEWDVN WKH WRS VI\VWHP ZLWK UH

WR WKH 0$3 PHWULF LV D SRO\QRPLDUG6M0 ZMKIDW XVHY +69 KLVWRJUDP DQG *,
DFKLHYLQJ D 0$3 VFRUH RI IR UWMK 1 BIRGH @ RPUEDVOD6 90 UHSUHVHQWY WKH W
* 67 DQG $1SURE IHDWXUHV DQG G HYIQW H 0$3DFKL W LV LOQOWHUHWWLQJ W
VIVWHPV WKDW LQFOXGH HDUO\ IHBWXIRUP WY.I90 0N VHPQ RUMW V\VWHPV WRH FRP
LPDJH VXEWDVN WKH EHVW SHUIRURYWH K IXYIOHFIRIDRAXQBIPHY UHVXOWLQJ LQ D
ZKLOH IRU WKH YLGHR VXEWDVN LW67V DBISHE WHQWHBE EKDW DFKLHYHQ D 0$3 R
WKH ILQDO VWDJH ZH XVH WKH WRS WKMDWHR & \VWHHRDQGWHPV )LQDOO\ WKH
VI\VWHPV DUH UXQ DQG WHVWHG RQVWRMW WHBUW\FHRWSDKHIGUZUMWK WKH WRBHSHU IR
0$3 VFRUH IURP WKH OHGLD(YDO ,DWWNH D B G WSLLH\DHQYW H/G LQ 7DEOH $V SUR
WDVN RUJDQLJHUV ZH DOVR SUHYVHUWVSYHBIDWL REWRIO SHRL. Q W V DQG

PDMRULW\ Rl WKH V\VWHPV ZH VXEP LWV HEH S X6 WNQR\Q BEMIAHVGIY VHW WKHW K HUH

67 IHDWXUHV
RS VI\VWHP Z
R QRWH WKE
SDULVRQ LQ
0$3 RI

I ,
VHOHFWHG
UPHU DQG D
YLGHG E\ WK
7KH
WUDLQHG RC

D VLQJOH H[FHSWLRQ UHSUHVHQWHG EADERH 6%)HVI SIHREOWY RQ GHYVHW IRU WKH LPDJH

DQG YLGHR VXEEWBOVNVHQW WKH VXEWDVN LPDJH WK DWCGCHRRP S RWBIWXKIHH W\VWHPV

690 HPSOR\HG DQG UHVXOWYV IRU WRGWIBLFHWQLBEWFDMWON )HDWXUH 690 W\SH
LPDJIB,)7 *,67 SRO\

LPD]H69+LVW 6,1267 SRO\__ .
FRORUODPHV DQ\ SRO\

LPDJH
LPDJH FRORUQDPHV SRO\__

YLGHR *, 6¥1SURERO\

YLGHR*67 SRO\ YLGHR

UHVXOWV ZHUH EHOR;WKH DYHUD JHLOHG I-DU WDIOH YDIOGHR/ VXEWDVN DOKHWKH U
DYHUDJH OHGLD(YDO SHUIRUPDQFH ZWARKSRISMWUURDFEQRH WRHVLGHULQJ 083 WK

UXQ RQ7WKH YLGHR VXEWDVN ZJ(H'HN’[X(EWDI\RNJ WKH LPD

W\ISH RI
G A

QV ZHUH RY
H RIILFLDO

PHWULF RI WKLV WDVN ZH DFKLHY HD KH IRIW KMWHKWHVVSED LRMWHG VA\VWHPYV ZLWK DQ +69+LVW

*67 FRPELQDWLRQ IRU WKH LPDJH VXEWDQ@GE 60)$3 $13URE IRU WKH YLGHR VXEW
7TDEOH J)LQDO UHVXOWYV RNWWKHHPVHOHPMWKHGVHVWVHW 7KH UHXZXVWOKRVYV D
WKH WRS SHUIRUPHU 0( WRS DQG DYHURPHWRH DY) DI$B(YDO LQWHUHVWLQJQH

DVN 0 $3
UH FRP SDU
V WDVN 5H\

DUH DOVR FRPSDUHG ZLWK UHJDUGV3IWRU3GHRHBHWUHHRDWVPHXWWRIF YDOXHYV DQG

6XEWDVN 6\UWHP# 3# 3# 3#
LPDJH +69+LVW *,67
YLGHR 0( WRS > @
YLGHR *,67 $1SURE
YLGHR 0( DYJ
ORWLYDWLRQ *LYHQ WKH SUHYLRXVGBWXWYWN 6H@LBUMHDAHQWH QWHUHVWHGIQH YV
WR LPSOHPHQW PHWKRGV WKDW D UH VRRIUH QHVOHSURGLEQM/RQHEHFRPHY PRUH D
SUHVHQWHG LQ RXU OLWHUDWXUH WXH WH ¥ S0853H.D & D@ G DLHQW H U HV W L QUQGHLMG D U
WRJIJHWKHU 3UHYLRXV ZRUNV LQ SV HKRORIG HV@>D@GIRKXQG D SRVLWHQH FRUU
DHVWKHWLFV DQG LQWHUHVW :KLOXQWGR® H JDXWLK RURUD®R'R ARUUHODWLRQV EHW
FRQFHSWV >
@ DQG XVH WKHVH IHDWXUHV IRUPMIGH [5 U8B & HRUMVRY LQJIQHVYV
WKH OHGLD(YDO > @ DQG > @GILWDHRAWMULOVWHQIQHVY 7DVN GDWDVHWYV

LPDJI®( WRS > @
LPDJH 6,)7 *,67
6, L GHRURE
YLGHR $11F +69+LVW

LPDJH O( DYJ

W&HWLF IHDWXUHYV DQG ODWH IXVLRQ OHDUQLQJ V\VWH

V WDVN WKF
SSDUHQW $\
H TXLWH RIV
HODWLRQ EF
ZHHQ WKHVF

@ ZH QRQHWKHOHYVV \GH¥ IRA HD WRWH(MWWIDFWDD/HG IHDWXUHV GHYHORSHG LQ >
"HRQHVW WKLY DSSURDF

‘H SUHVHQW
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LQ WZR RI RXU SDSHUV > @ 3UMKYILRMRWP ZRURKRMDRUWEDO ZRUNV DQG XVHU VV
OLWHUDWXUH VRPH DXWKRUV KDYHHSMWIHYERXWG\ PR/ASXWHUWK VLRQ PHWRIQRGV |
RI PHGLD LQWHUHVWLQJQHVV +RZHYKUVXWRBYV KX \D5 SWRDFHKAWKHWLF TXHW XQGH
ORZ GLPHQVLRQDO IHDWXUH YHFWRHW)RO H[D®P XOHG*DI@DHVWKHWLF GHVFULSW
FRORUIXOQHVY YDOXHV > @ RPGRXNDW\>ED@HG RQ -3(* VL]H DQG FERYWUDKE YWWL®
> @ -RXN DO @ XVHG VLPSOH YLVXDO IHDWXZHW R IBHVONVBWWRFMD WK DV EULJ
EDODQFH LQ FUHDWLQJ D EDVHOLQIURSRVRBSDWMWHPWKBULRSRVHG DSSURDFK 2
XVHV D VHW Rl DHVWKHWLF IHDWXWGHLIQWUDFWRUV G@® YWBR®HDUH WUDLQHG XV
FODVVLILHUV ZLWK SRO\QRPLDO 58 ) HDQ ® HALIH DD PSKMHYHMH DW X UH H[WHWD FW LR
JHDWXUH IXVLRQ 690 5HVXOWV 5HVXRWVIEH WX OMWWG DIVHIDPW KH SURSRVHG
DHVWKHWLFP EDNKRG  FRXU PDLQ VWDJHV )HDWXUH H[WWRIFWOR®QEDWWHH XXVR
DUH KLIJKOLJKWHG LQ EOXH DWWHPSWVWEWD EV HHIP\GKD RAVQIHW ZR W\SHV VRV I XV LF
HDUO\ IXVLRQ DQG ODWH IXVURG KLAKHP HY S U H WHIQHWVBVWARIWIRPWHVHQWHG LQ )LJ
'LWK UHJDUGV WR WKH DHVWKHWLFD&IQVFWRSSWREV | M\DKWX UHV DUH XVHG LQ V
GHVFULEHG LQ > @ L FRORU EBDNWEUHEBMXUHIBVIHDWXWHY DQG LLLWREMHFW
EDVHG IHDWXUHV 6RPH Rl WKHVH DEAHUKNBDUGKLFRR/GENFWHG LQ FRUUH®DWHG
FRORU WKHRU\ SKRWRJUDSKLF SURP SRIVENMM RIDQ G K DBB FRZLQJ IHDWXUHV DUF
FRORU EDVHG JURXS &RORU YDOXHWHQRSO HDRHQWHG/®Y DYHUDJH RYHU WKH
FRPSRQHQWY GHQRWHG +69 +6/ &RPAWIK® QNVNVXDBIDWLF IRUP GLVWDQFH D
ORYHU GLV WDQFH > @ DQG DV VW@QGDBWXE GWDWWMRFY DFFRUGLGJ WR WK}
@ WKDW VWXG\ WKH LPSRUWDQFH RW KKWVFRRHKXPB® DRY +XH'HVF +XH PR
SUHVHQFH DV /L HW DO > @ SURSR\RPEIDQDMMRIV WXDW DUH PRUH SOHDVDQ
%ULJKWQHVYV FDOFXODWHG DV EULKWKGHVADER QFBRVGELDRUWRR WKH PHWKRGYV
> @ $YHUDJH +69 YDOXHV EDVHG WEMNKWEMREHLRDIJH FRPSRVLWLRQ WKHRU
SUHVHQWHG LQ > @ D+695RW $ Y HDUDFHO DAY W® OXRRX GG WKH IRFDO SRLQW RI
SUHVHQWHG LQ > @ D+6/)RFXV :H ZHRSOWHWKHUHRPDWRHG IHDWXUHV  (GJH F
HGJH HQHUJ\ DV SUHVHQWHG LQ > GIJ@VDQG@VXBIRQI RI WH[WXUHV FDOFXOL
ERXQGLQJ ER[HV DV SUHVHQWHG LQ ¥ @ QOHQFW IRG WWHIFWXHG JUNBDRFMHYG EW X H
GHVFULEHG LQ > @ 5*%(QWURS\ + RN D WHKQHHW IXHOFWO 'DXEHFKLHY ZDYHOHW
LPSOHPH®ENBG@ /RZ GHSWK RI ILHOG LQGUH®WAU D&% SRHVH@®DOO\ WKH IRO
REMHFW EDVHG IHDWXUHV DUH HPSDRIHEW 6VHHRRHQWKWH LA DQ LPDJH DV SURSR
GHQRWHG /DUJBHJIP &HQWURLGYV JRHQMKHL QODQ XD YH DV GHVFULEHG E\ >
EULJKWQHVYV DYHUDJH YDOXHV IRU WKB\WBURISRWHGVEUPHQW @ +XHG6HJP 6DWS6
9DO6HIP %ULGHJIP &RORU PRGHOVRUPW® W \O DRDIGIFX\ODWHG EDVHG RQ DYHUD.
DQG FRPSOHPHQWDU\ FRORUV > @ &RDWBEHRP WKKRORPWIHY VHIJPHQWYV DV SU
> @ &RRUGG6HJI®DVV YDULDQFH DQG VNHZQHVV VRUPHIQWYD>UJ@/VODVVIDUBHJIP
6NHZ6HJIP &RQWUDVW EHWZHHQ VHJPHEWNQ G HHVOXHHDWMWIH. EXWHY DV GHVFU
&RQWUDVWGBHJIP ‘H XVH WKH VDPH 69DUWUDX\DLRI SQBDPHWHU YDULDQFH VF
WKRVH SUHVHQWHG LQ &KDSWHU KH)XQWRHIMWRSHZHEGMSOR\ D VHULHV RI WU
VWDWLVWLFDO ODWH IXVLRQ PHWKRGMRUP RQFHH DY BH\QMWBI® ODWH IXVLRQ R
OHDUQLQJ LV GHVHUHFEIVPHWWKRGVEVKRFELQLQJ WKH FODVVLILFDWLRQY\R@RIUHJU

ZZZ WXUQLWLDQERHQ@X X URIS®R UW B F O DI
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VHYHUDO ZHDNHU OHDUQLQJ V\VWHPY¥ SDROYVAKE DQEXWMUWKHW ¥HW RI SUHGLFWLRQV IRU D JLYI

SUREOHP 7KH PHWKRGYV ZH XVH LQ VOIORZEZRUN DU&AKARWEGHXR LL &RPEOLQ LLL
LY &RPEOHDQ 7KH ILUVW RI WKHVHRPNWRKRIGYJ ARIQW ISWWHGLFWLRQ RXWSXWYV RI
VI\VWHPV ZKLOH &RPEOLQ DQG &RPEOD[ WIONH WKKH FPDL[Q PRRPPYDOXH UHVSHFWLYH

&RPEOD]
WKH LQGXFH
O\ Rl WKH

LQGXFHUTY SUHGLFWLRQ RXWSXWVVWKHRO DVZH P HWKHRG VWRRPLIQJ RI WKH LOQGXFHU RXWSXWYV

DFFRUGLQJ WR WKH IRUPXOD 1 &RPEOHDOL,PYKHZMWRHSUHVW@WWXPEHU RI

LQGXFHUV VHOHFWHG IRU WKH H[S UL RHKGWR XRLSXMSWRI VEGQGLYLGXDO HQWXFHU
WKH ZHLJKW DSSOLHG WR HDFK LQGXFWY YRUFRKRRWHSWKHPIROORZLQJ YDOXHV |
UDQ NL 7KH URQNWLRQ UHWXUQV SRUIRWPLEIVWQGENFMEKH VHFRQG EHVW DQ
RQ([SHULPHQWDO VHWXS ([SHULPHQWYV HD GB WB QW FWHG RQQWK G DW WKH OHGL
DQG > @ 3UHGLFWLQJ OHGLD ,QWHKHYMW MXMHVVYHUMLRQ RI WKLV &BI\GDVH
IRU WKH H[SHULPHQWYV LQ &KDSWHULRQ UWSHBHVHQYWNMWQ H[WHQVLRQ RRWHKDW

DQG ZL UHS
RU zZL ZL

G VR

D(YDO >
N ZDV DOVR .
GDWDVHW Z|

VDPSOHKRW WKH WUDLQLQJ DQ®&OQWHRY WRMGJI VWHWUW LRIQW IGDWDVHW ZH RQO\ FRQGXFWHG
H[SHULPHQWYV RQ WKH LPDJH VXEWDVRDNU#%RBWK WKHNVE W DGIWHMWDLOHG LQ 6HFWLRQ

7TDEOH

J)LQDO UHVXOWYV RI WKH B{(YWEBPV R WHKH, QMAWHVWLQIQHVVXWMMWWVHW 7KHVH UF

DUH FRPSDUHG ZLWK WKH WRS SHUIRHBBUH YOWRB D0DQRBYDYSUHVHQWHG GXULQJ WKH
EHQFKPDUNLQJ FRPSHWLWLRQ DFFR$GLFRHWIRFVNERBMWRWREBLDLOYH VIVWHP® RUH SUHVHQWHG T

WKHP EHLQJ ODWH IXVLRQ V\VWHPV HDIROQ JI XV MRQ WDKHG ELH/GAKFHIUR 0 WKW HIF3
'"HVFULSWLRQ /DWH IXVLRQ &RPEOD[+YH68IPYHONWMEHIP DOG 6DW6EHJIP
ODVVODUGBHJIP 6NHZB6HJP /DWH IXVLRQ D «6RPEVYHOBW +XH6HJIJP 6DW6HJIP D
6DW6HJP O0DVV9DUG6HJIJP 6NHZ6HJP DQG +6/ %ADUKGMERIP /DWH IXVLRQ
&RPEOHDQ D+69:DYHOHW +XH6HJP 6DW6GHIP COMY SDWeaHIP 6NHZ6HJIP
&RPE6XPD+69:DYHOHW +XH6HJP 6DW6HJP DOG /DW&RPBORQD+69:DYHOHW
+XH6HJP 6DW6HJP DQG 6DW6HJP O0DVVI9DHERJIMWHNIKAMLRQ 6DW6EHJIP
ODVVIODUGBHJP 6NHZ6HJP DOG +6/ /DUJ6HIFPP ¢DULIKIKE/LRQBEDWBEHJIP
ODVVI9DUBHJP 6NHZ6HJP 0( WRS > @ , QIGH6PHLDYHOHW RU 6DWG6HJIP 0( DYJ
([SHULPHQWDO UHVXOWYVY 5HJDUGRQIJRWKNHKH GBMWWDWHW WKH UHVXODMMRI W
SUHVHQWHG LQ > @ 6LPLODU WR WXKWMHHS[SHQUERBOWNUSUHVH QGLYLGXD® IHDWX

QG

KH H[SHULPF
UHV SHUIRUE

ZRUVH WKDQ HDUO\ DQG ODWH IXVLRQ FEPHVERWVRWYKH ADHEVXOWY ,WHY LQWHUHVWLQJ WR

WKDW HYHQ WKRXJK LQGLYLGXDO LW GRXAMHIUHVIRWHAPVKGEGLBGHGRD(YDO WRS VI\VWH
E\ /LHP HW DO > @ WKH\ GLG SHUIRUKH EIRYHH EDFVWAW BHUIRUPLQJ LQGXIFHUV DU
0$3 SHUIRUPDQFH D+69:DYHOHW DQG 6DOWBHIMRIERWKDQG K69 ZLWK D 0$3 RI

P UHSUHVHQ
H LQ RUGHU

‘H UHFRUG DQ LQFUHDVH LQ SHUIRUPDRBH QKXY IHREVRKIHPHYV ,Q WKLY FDVH HDUO\ IXVLRQ

UHVXOWY VXUSDVV WKH WRS OHGLD(FDWWSHDURUPRYERQ "AKHPHY DUH DV IROO
ODVVO9DUG6HJIP G6NHZ6HJP ZLWK D 0$3+BRB:DYHOHW +XH6HJP _6DW6HJP 0%$3
SHUIRUPDQFH RIDQ&6/ /DUJ6HJIP %ULIJKWEWKPE3 RI 7KH ODWH IXVLRQ
V\VWHPV DFKLHYH HYHQ EHWWHU SHUSRUNBQMHNV WKDEWRS ILYH ODWH IXVLRQ V
FDVH WKH EHVW SHUIRUPLQJ V\VWHPRPXML RQE&RPKEHPH ODS\SOLHG WR HDUO\ IXVLR
FRPELODWLRQV RI D+69:DYHOHW +XH6HIJWDWGBIWBHIMDBQREOUG6HIP O6NHZ6HJIP
DWWDLQLQJ D 0$3 VFRUH RI , @ MW LEDWW GOIHDWREMY SUHGRPLQDQWOWSUR
LQ WKLV H[SHULPHQWDO VHWXS ZKHWKIHQY MDKLHO\DRUH HPB RXVLRQ H[SHULPHQW

RZV 6DWG6HJ
VWHPV ,Q W
Q IHDWXUH

5XFH EHWWH
V 7KLV
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ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI

REVHUYDWLRQ PD\ LQGLFDWH D KXPDRHDWRRMIDONRMXSIH (HUWKRH LQWHUHVWLQJIJQHVYV RI LPD.
EDVHG RQ WKH PRWWWHDROAWHQW WKH VEHQSDUWHRYVHRPALB[SHULPHQWY LV FDUULHG RXW RQ W

OHGLD(YDO GDWDVRIW WERWMK DJH DQG YL GHARHYEEXNDWVSIWHVH QMVYHDE O H

6\VWHPV GHYHORSHG IRU WKH YLGHRWHXEWDWNGEHUHRXOWNWERYH WKH DYHUDJH OHGLD(YD

VFRUH EKNW SHUIRUPLOQBRQMKWHPDJIH VXRWORMEOHDQ ODWH IXVLRQ VFKHPH WK
D+695RW D+6/)RFXV DQG +69 ODV9DUG6HJIJADUDUJBMOIRQ IHDWXUHV 0$3#
ZKLOH RQ WKH YLGHR VXEWDVN LWQMWHDXPLR@RFEKHPHQWKDW XVHV /DUJ6HJP
DQG 7TH[WXUH ODVVO9DUG6HJP DQG (GJHXWIHRY XHBWDOWHOM 0$3 $V LV WKH
WKH H[SHULPHQWY WKH ODWH IXWLEQRWWHWUHWYK G WRH HDUO\ IXVLEKQ Y\VW
SHUIRUP EHWWHU WKDQ WKH LQGLYU GXDA URQGC KREHVHW YEQRVRIOHLY WKDW WKH 5%
RSWLPDO UHVXOWYV IRU WKLV GDWHHWHWXOWY LIV URKUDNKEHWIGH R WEKEAD WN H
LPDJH VXEWKYM PD\ UHVXOW IURP WKH WUDLQIGDB ®KBVWRZKIOBBAYV VHWWLQJ Z

SHUKDSV GRHV QRW DOORZ IRU D JRREQIBOQWKB K WIRIHUWWDRQLQJ EHWZHHQ WKH
J)LQDOO\ ZH REVHUYH WKDW &RPEOLQ DICHYV &GP RERW IVRBWIRWH WKH UHVXOWYV RI
LOQGXFHU FRPSRQHQWYV 7TDEOH WKIHQOD\ W WHF X OMERRIWWHG DW WKH OHGLD (YL
, QWHUHVWLQJ QHVV WDVN 7KHVH ZHWKOWRKHDWRS-BRASDRIHREHU O0( WRS DQG DY
0( DYJ SUHVHQWHG GXULQJ WKH EHQIFFK® DDNERU GARPISWW IWKH RI ILFLDO 0$3#
WR WKH DGGLWLRQDO 0$3 PHWULF HRVY WKHN SORSR/HG KNVBHYVHW DUHDDOVR S
$SSURDFK 0$3# GHYVHW 0$3 WHVWVHW (OWHRS >WH® WVHW 0( DYJ

LPDIWRRPEOHDQ D+695RW D+6/)RFXV DQG +69 O0MOWWIGEHJIPHJIP

&RPEOHDQ +69:DYHOHW D+69:DYHOMNW DOQ&6+PRF +6/ D+6/)RFEXV DQG +69

ODVVIO9DUGHJP &RPEOBF9 +6/ D+6/)RFEXYB+695RW D+6/)RFXV

DQG +69 O0ODVV9DUG6HJP _/DUJG6HJIP &RPEOD[ +69 +6/ D+6/)REXV DQG

D+695RW D+6/)REXV 0( WRS > @ YLGHR &RPEOHDQ /DUJG6H

9DO6HJP DQG 7H[WXUH ODVVO9DUG6HJIP DG (GJH 7H[WXWRPEOD[ /DUJB6HJP

9DOB6HJP DQG 7H[WXUH ODVVODUG6HJIP &RPEOD[ (GJH 7H[WXUH DQG +69
ODVV9DUGBHJIP 0( DYJ &RPEOD[ (GJH 7H[WXUH DQG +69
ODVVIODUGBHJIP DQG +6/ &RORUIXOQHVV &RPEOD[ /DUJ6HJP 9DOG6HJP DQG
7H[WXUH ODVV9DUG6HJP DQG (GJH 7H[WXUH &RQFOXVLRQV ,Q WKLV FKDS
SUHVHQWHG RXU SDUWLFLSTHGULRQYD 0@ DWSWHKEHLFW LQJ 0HGLDDQNWH@H WKIDW Q
XVHV D VHW Rl WUDGLWLRQDO Y LVXDOQIHDMXYMAHPY GD6BR @W L Q XD W L R VRK HV K D
VDPH GDWDVHW WKDW LPSOHPHQW YV HG VIHHT VRX IDHW W & BWOLIFWBD WX VLR Q VFKHPHYV
FDWLRQ RI RXU DHVWKHWLF EBDY M M\VMGLPD £Y @D BUHGLFWLQJ WG UDVRWHU
> @7R WKH EHVW RI RXU RRRHJSBUHP H QW DIOWKHIYBK\DWR/HVD VG V W HR §W K H

DW XVHV

9DOG6HJIP
FDVH IRU

HPV ZKLFK L
) NHUQHO VK

KLFK
LPDJH VDPS

WKHLU LQGL"

DO

HUDJH YDOXH
PHWULF DQ
UHVHQWHG

1JP

WHU ZH
HVV 7

W ZRUN > @
DQG WKH DS
HVWLQJQ

LPDJH VXEWDW-H S WH OO WKW WH RI WRKHUHVRUH SURYLQJ WKH YDOXH RI VXFK DQ

DSSURDFK DQG IXUWKHU H[SORULQ Z KWK YLRUXDHO D MWW R M VEIHFW DQG LQWHUHVW
)XUWKHUPRUH WKH LPSURYH PHQWYVIRKVRRQOKWSBEU WKHKEDPWI®Q UHSUHVHQW DQ
SUHFHGHQW IRU IXWXUH GHYHORSPHR®WQW VFAH{GLFW L Q JQW WREKFW IZRIQ

SUHVHOWRQWULEXWKBQHGR FRNLRQROHOQW VFHOHDQ® PR ¥KRXVXEH VXUYHLOOD
YLGHRV 7KLV DSSURDFK HPSOR\V D &RXFW XBHHO WKD& BWRFHVVHYV YLVXDO IHDW

LQJQHVV
LPSRUWDQW

QFH
XUHV FUHDW!

SURFHVVLQJ YLGHR IUDPH GLIITHUHQFENMWZRWKND (qSHYLRBI QWY ZLWK WKLY DSSURDFK DUH
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YDOLGDWHG RQ WZR GDWDVHWYV WKW BEHRHYDHOVHFVWLRQKSDWDVHW > @ DQG
> @ 7HPSRUDO GHHS OHDUQLQR®Q\VKH BHWRIWWYRWLRI YLROHQW VFHQHV D
LQKHUHQWO\ WHPSRUDO DQDO\VLV HWY{R WH S GRFAAHHEWH FRKRRK/H DUW DSSURDFKHYV
UHJD WBK WIX®DO\WIM.GHR VHTXHQFHY :KLOH WUDGLWL® @RW PRIQV KHRIBW XEHWH GX R
67,3 DQG +03 > @ KDYH EHHQ WHVWHGZLQKOWWR HIRIMWHXN.DKH RXU ZRUN LQ DQD O
SHUIRUPLQJ VI\VWHPV > @ SUHVHQWHE DG GK@PBWHKUV VWXG\ WKDW FRQWINL QV
QHWZRUN 3URSRVHG DSSURDFK 2XU BRIQGMLFMLR R | D3 RIQIGVWR HQG WHPSRUDO
DELOLW\ WR JDWKHU DQG UHFRJQLRN PBWWR® WHPEERHR O/ RRSOHY 7KH ¥WGOAHP
XVH YLGHR IUDPHV DV LQSXW IRU W IEK V8 WERAHWHQBHWWBHHWZHHQ FRQVHFXWLYF
DV SURSRVHG E\ > @ %\ FKDQJLQJ \DKHVLEX®WULQDWKAXGKDNDUDQ HW DO SUR
IHDWXUH H[WUDFWLQJ QHWZRUNV ZLOO)LXZZZH RXWXEH GIRPJUDP Rl WKH SURSRV
VROXWLRQ :H KLJKOLJKW WKH PDL@GERP S\RK HQHPWY DIJRGXNDWRU 9** IHDWXUH
&RQY/670 WHPSRUDO DJJUHJDWRU DQGGWUQPRQH®& ODRAUWKHE VWDUW ZLWK DQ LQV
FRUUHODWLRQ EHWZHHQ LWV K\SH U SIDG IUDHWMMHAHW DKH ISIDPWHG DIWHD WKH LQ
9** '11 PRGHO > @ ZKLFK ZLOO HQAR@KWHVHWWRHDFK SDLU RI IUDPH GLIIHU
ILQDO SKDVH &RQY/670 > @ OD\HUWRZWE ®WS BREHRVAVM RHN SDHHWLFXODU VHWXS
WKRBRQY/67TOD\HRU WKLV H[SHULPHQW LV DV IROBBYVZL\MKXDHGLPHIQOMRQ HTXDO
WKXV REWDLQLQJ DQ RXWSXW RI  URDPNWVHE YYREHRD¥KIPHQW 9LGHRV DUH SU
YDULDEOH VL]HG ZLQGRZ RI IUDPHYV LI DX\DHDLQ JVW RRISS UR(H | L QDO © B RHIUNH B W/H
ZLWKVR]RI QHXURKNFOQGURFHWA/ERQY/670 RXWSXW LQ RUGHU WR REWDLQ D
7KLV QHWZRUN DUFKLWHFWXUH LV SUFHJUQWHGWDRO) VHWXS ([SHULPHQWV DUH F
WZR GLIIHUHQW GDWDVHWYV 7KH IYODVWW RQH RQ MKW ®FHEQIPY 'HWHFWLRQ WDVN
FRQWDLQV VDPSOHV H[WUDFWHG IURRV+RIKG\ERRS ROALNMHLRRYRI WKLV GDWDVHW
GHVFULEHG LQ &KDSWHU 7KH VHFRIVEDR/GIMN LV BKIKFFRPPSRVHG RI VKRUW YLGEH
IURP <RX7XEH ,Q WRWDO WKH 9,) GIRWDVHWALWEBRBRWHGHR ILOHVRRLRIK D W
PLQXWHV VSOLW LQWRNKHIMOHM QLQJ QAW H DDV WLERLOMHWKLY UHSUHVHQWYV
VKRUWHU GDWDVHW WKDQ OHGLD(YD®VIBQ INEDWY\YHWXSHAXIOD VKRZ KRZ ZHOO W,
JHQHUDOL]H WR PXOWLSOH GDWD \OR)XX G BMAD VBHFW @HM LRRWKRVHG Rl FURZG EDVH
EHLQJ FDSWXUHG E\ QRUPDO VHFXULPHWULPFHXDNG EQ GVWIKH GDWDVHW LVDEFF XU
UHVXOWYV ([SHULPHQWDO UHVXOWYV DU ISHUBIN AN ® UBD DDEERHARKPS B YHGUUHQ W
VWDWH RI WSHUCRURBHDFK UHVSHFWLYHKEDMMXAHW IRU WKLY DSSURDFK DUH SU
PD[LPXP 0$3 YDOXH RI RQ WKH 9 HSDWWDWOWLQJ D ORZHU SHUIRUPDQFH
FRPSDUHG ZLWK WKH FXUUHQW WRS @H WXKODW SWAHMHHQ'\W M @ L0G 3> R EXW ZLW
UHVXOWV RQ WKH 9,) GDWDVHW L HFPRSDBFGUDIFWRIWKH SUHYLRXV WRS UHVX
SUHVHQWHG LQ > @ 5HJDUGLQJ WKRIVIUBPRIVWEH MHMMAREZG YDOXHV LQ A
‘KLOH WKH EHVW UHVXOWYV FDOFXGODWEHGHRQFWKHYHGC GWDVZLQGRZ RI VL]H
D ODUJHU ZLQGRZ RI IUDPHV DOVRVEHUDBBPM ZHO O7DHOH SHVXOWMGRI WKH
YLROHQFH GHWHFWLRQ V\VWHP LQKOXGLQYH RR P/ESHHHY IRNSRMVZKIMN S H EGIDLW B V H W V
JRUVKBHGLD(YDO 9' GDMMDVMHMEUHVHQWHG XVLQJ WKH RIILFLDO OWSHPHWULF ZKL
GDWDVHW UHVXOWY DUH SUHVHQWH® PFPRWELGJ WHRVWRE $FFERZ FRQILJ 96
9,) $FF 62% > @ > @ 2XU V\VWHP &RQFOXVLR@AMKLY FKDSWHU Zk

ZZZ WXUQLWLDQERHPQ@XXURIS®R UW B F O DI

WKH 9,) GDW
QG HYHQWYV
ZLWK

K DV

\]LQJ WRS

D VWDWH RI
11 ZLWK WKF
GRHV QRW Gl
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HG
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HQFHV ,Q WI
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SUHVHOQRWIIEGS SURDFK | RUDWKSIUHG L FYW.IRDINGWQHWLGHR VDPSOHV :H GHYHORSHG
/670 EDVHG '11 DQG WHVWHG WKH SHDURKPWEFMW RUMWRRVWZR GDWDVHWE WKDW,
+ROO\ZRRG OLNH PRYLHV DQG VXUYRWAGDIQRP KRKXHREHH [S\HWMXOWYV DUH SURPLV
SURSRVHG DSSURDFK SHUIRUPLQJ \D\ER WHI W K M/ F X UNXQYRHL ORDNG B W H W
S3UHGLFWLQJ PHGLD PHPRUDEBLORLWAFWLRO .Q WKLV FKDSVFRQWAUH BXWURQ W WR H
SUHGLFWLRQ RI PHGLD PHPRUDELOLRMSRYZXY SVXIHUPSO®PHQWDWLRQ RI DHVWKH
UHFRJQLWLRQ EDVHG V\VWHPV WR WIQH PE8RUDELOWW\XGRAQRWDWLRQ YLD WKH
RI D ILQDO ODWH IXVLRQ VWHS OLWRRWN IDAXMWUROVHVNR QWKHG E\ WKHH PSOHPHC
DFWLRQ UHFRJQLWLRQ EDVHG V\VWHRW RQ R WEKBIWH $OHPRHDWHKHPHY 2XU DSSU
WHVWHG RQ WKH SXEOLFO\ DYDLO BKWH GDWION HWGDOEPDOKHG 3UHGLFWLQJ OHG
OHPRUDELOLW\ WDVN > @ $FW LIR@L € D WHBWEHPH/SOBMR. YDWLRQ ,Q YLGHR SUR
GHYHORSHG DFWLRQ UHFRJQLWLRQ VQWWHE D CE QWAMZ RONG HHSESUHVHQW VWDWH F
DSSURDFKHV 7KHVH QHWZRUNV WDNHDDGYDMHUNJ W RFKVBIY $&RTO OD\HUV > @ LQ
WKHLU DUFKLWHFWXUHV LQ RUGHUWWR BQRWXFS§REHDWOWEHIIWWDHMUXWZRUNV VXFK D
> @ RU,'> @ FRQVLVWHQWO\ UK BYWQMS S WRMAK IRV WW WKHLU PRPHIQW R
EHOLHYH WKDW XVLQJ VXFK QHWZRUNMYRRDE SRR YWIGH SRRGLFWLRQ RY PHGLD
DFFXUDWHO\ HQFRGLQJ WHPSRUDO PHDW XW KN DVFRR LY DASIOE Y 3UHYLRXV ZRUN
PHPRUDELOLW\ KDV EHHQ LQWHQVH WWIXE SWEGFERORYHFRPISXWHU YLVLRQ DQ
VWXGLHV 7KH PHPRUDELOLW)\ Rl DQH PmQJHQAWUW.IKQRZEG WRRESULHW\ Rl WKH LPDJH
)XUWKHUPRUH B6KHSDUG > @ VKRZV VDIODRH P RAUX POV YL WX USULVLQJO\ PDVVLYH
FDSDFLW\ IRU PHPRUL]LQJ YL VXDOPDPBOWWLMWLRE 5HBRVSHFWLYH VHYHUDO P
SUHGLFWLQJ WKH PHPRUDELOLW)\ RI Y. EHHQ DY WHGH RH@BUDOO\ KLIJKHOHYHO
VKRZQ WR KDYH EHWWHU SHUIRUPDQFWR PH® RUDKLOHWD LBGWMHGLFWLRQ *RRG UH
DFKLHYHG ZLWK VRPH '11 EDVHG DSSURDKKHVDQBOH@E MWK > @ EDVHG PRGHO |
PHPRUDEOH YLGHR VXPPDULHV DQG >0 @ R\GKIDN XRY NUDPHUDHYHO PHPRUDELOL
WKH OHP1HW DSSURDFK RI > @ 3URSRWKLY DSSWRDAFK )EY XVH VHYHUDO '11 PR
DUH SUH WUDLQHG RQ LPDJH DHV WRB@LWWVRIQ GRUFWKRQMUMWKHWLF EDVHG PR
SHV1IHW DUFKL WHFWXUH > @ LVPHPRUWDEQGIGWR GIWKB $W WKH VDP® WLPH
UHFRJQLWLRQ '11V WKH 761 > @ DQGV,DWH @VRIBWIXRUNDWXUH H[WUDFWRUV DQ
ZLWK WKH & ' IHDPW@EBUBRYLGHG E\ WKH WDV I$ FRULP® UMERJIJQLWLRQ IHDWXUHV DU
WKURXJK D GLPHQVLRQDOLW)\ UHGXRWLRQ & WHPDLERQYHARGWBRFHVVHG YLD DQ 6
ILQDO VWHS LQYROYHV WKH XVH RI7&B WK \WOLRD RIFWKRPWU\DSSURDFK HV SUHVHQ

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI

DQ
WDUJHW YLI
LQJ ZLWK Wi

WLF DQG DF\
LPSOHPHQWTE
WDWLRQ RI
RDFKHV DUH
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FHVVLQJ QF
21 WKH DUW
FOXGHG LQ
V $VVHPEOH!
SXE OLFDWL
PHPRUDELOL
7KH FRQFHS
G KXPDQ

> @
VWRUDJH
HWKRGV IRU
DSSURDFKH
VXOWV DUH
RU FUHDWLQ
W\ SUHGLFW]
GHOV WKDW
GHOV D

IRU WKH DFW
G DXJPHQWH
H SDVVHG
95 PRGHO $
WHG LQ )LJIX

7KH DHVWKHWLF EDVHG DUFKLWHFWIUWHIWLMOG BV K LEKIBUHQWRBH DX WKRUV WUDLQ WKH

5HV1IHW DUFKLWHFWXUH RQ WKH $9SDBDWBRNWWF>YD@XIR SUHGLFWLRQ )RU WK
VKRUW DQG ORQJ WHUP PHPRUDELOLMQ RV YLGH RWX QHKH PR & KH PHPRUDELOLW\
NH\ I[UDPHWUDAWHWEZR ZD\V_ L IURP WKH WK WKIMHDFKWKHRHERGBQH IUDPH
IURPIYHWHFRQG LQ WKH YLGHR :H H[WUDFW DVXG XYH H®& D \0DRH DWKXUH'
PRGH@WUDLQHG RQ WKH .LQHMWLEFVZKMKBVQHFHSWLRQ\HW H[WUDFWWE&H URR
PRGH®WUDLQHG RQ WKH 8&)> G@WHVSHWIRUP SUHOLPLQDU\ WHHNW HW$HVWKHW L
JLQH 7XQLQJ )LQH 7XQHG 5XQ B5HVIHWXUHV )HOWDXUH 5XQ ([WUDFWLRQ 761 76
3&$%$ 695 5XQ & ' IHDWXUHV 5XQ

H SUHGLFWL
GDWDVHW X

FV
1 IHDWXUHYV

/) 5XQ7KHIXWHUDP RI WKH SURSRVHG VROXWLRQ :H
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UHSUHVHQW WKH DHVWKHWLF EDVHGDMWZRW NR GHIHFHRVQLWLRQ QHWZRUNV |

RUJDQL]JHU SURYLGHG & ' WKHLU IEWHRWXURFHRY BMWAUDHDUQLQJ SORAHVV D
IXVLRQ /) VWDJH 7KH FRPSRQHQW\GRD ® KK QIVY UXIEPGMMVHG WR WKH 0B&DD (YD
OHPRUDELOLW\ WDVN DUH DOVR UHSUHVH@WHGHJEXOGV WBRQQGLYLGXDOV, ' DQG
EXW DOVR ZLWK UHJDUGV WR WKHLWLRDYOZALWYKLWRHFREBRYQOHG & ' IHDWWXWUH 7K
WHVWYV IDYRU WKH HDUO\ IXVLRQ FIR® BI9G [PRIGRI®DV L YLD WR WUDLQ WKHVH IHI
UDQGRPL]HG IROG GDWD VSOLW :HVWRIQMKWYH SDPRBHWHKYLQJ DQ 5%) NHUQH
JDPPD SDUDPHWHUV WDNLQJ YDOXKEWIRI N @KHURDDOO\ ZH WHVW WHKKHRH® D W H
WKDW PHUJH WKH DFWLRQ UHFRJQLWILR® RXW SXMWRN DEUZEREMIUFWLRQ UHFRJQ
VA\VW HPLWKKH DHVWKHWRR EDYIBSEGHGLFWLRQ RXWSXW 7KH WEKWMH &FKE PGHIMQD UH
DQG &RPEOHDQ DQG WKH\ DUH LPSOHPHDWHG SLLH WHKGWHDP H Z & KDSWH U ([SH
VHWXS ([SHULPHQWY DUH RIXHUOCHGLRXWORQ 3UHGLFWLQJ OHGIN> 0 @PRMWDELOLYV
VHWXS RI WKLY GDWDVHW LQFOXGL®QHWKMPCQEXPWBUVEBOVYWRSHVIDEWY Rl WKH
SURSRWHPRUDELOLW\ V\VWH PS/UH QERDIEMWIW KBHYVHW DQG RIILFLDIMKHHYXOWV
WHVWDRWRUGLQJ WR WKH RIILFLDO 6SH DWPRIRQN Y FOXHBMUR FRPSDULVRQ ZLWK WK
DYHUDJH VFRUHV UHJLVWHUHG DW WKIHYHHGXDW DOMWGMRIRWMHG U U 5XQ 6\VV
GHVFULSWLRQ 'HYVHW 6SHDUPDQYWURKRWWHW UBSOHRQUPHQIV | VKRUW WHUP

U U U U 0(WRS > @ /) SHYWKHWLE $SFWLRQ® 761 , ' 0(DYJ /) $FWLRQ U
$HVWKHWLF $FWLRQ & ' '

LV SUHVHQWHG

DQG GHWDLOHG LQ &KDSWHU SVIK QB \PRP\S B U URPQRILKHU SDUWLFLSDQWV W
EHQFKPDUNLQJ FRPSHWLWLRQ FDQ DWOHWRVE R Q RN Q/GK HOWKKIVWY ([SHULPHQWDO U
H[SHULPHQWY DUH DJDLQ FDUULHG R®W KN ZIRUVWDIWMBIHKUHSUHVHQWY WKH G
YDOLGDWLRQ RI WKH VIVWHPV RQ W K/RV D HY WH\S WHWHONFR @EH GHSOR\PHQW R
VIVWHPV RQ WKH WHVWVHW 5HVXOBMHDUH SKHWHIQW/HKIHE DQW HDDOVR FRPSDUHG Z
SHUIRUPHU DQG WKH DYHUDJH VFRUHWDWRP $AK 8B WHNGLFOXYOOPHQWLRQHG VHYH
DUH XVWHGWWH DL @MWDIH RIDMNWKHWLF '11 DBBWRMMKRUW WHBRUDELOLWN ZWRD VN
WUDLQLQJ DS SURDFKHV L H WUDLRH @RBLWKHDURHQWELWK RQH IUDFH SHU V#
VLPLODU VFRUHV ZLWK D 6SHDUPDQWKH ORQZKWOIWR ®HPRUD ELOLW\ WDVN XV
IUDPH SURGXFHV EHWWHU UHVXOWV ZLW&RDGYEEBUPQHWKDW WKH ODUYH PDMR
LQ WKLY GDWDVHW SUHVHQW RQO\ R H [YWHWYDIOY M AMQBIL LRR GDWDVKW DV LV \
PXOWL IUDPH DSSURDFK PD\ QRW EHUPREMILELDYLBWRBGRXOG EH VLPLODU ,Q
KRZHYHU WKHUH LV OLWWOH GLIIKOMYFHHSRUIHHD IWKHVKHVH GLIITHUH®KHDSS L
DFWLRQ UHFRJQLWLRQ V\VWHPV L @RXWS I6XIRW MNGWE\PWDWH IXVLRQ VFKHPHV 5
LQGLYLGXDO VI\VWHPV RQ WKH GHY WHW IVIKIR DW WRHDWOFRRPWRRUDELOLW\ 761 |

DQG & ' | 7KLV SHUIRUPDQBH RSWWHKKHIWD WKH 3&% SURFHVVLQJ LV QRW
WKHUHIRUH SURYLQJ WKH SRVLWLYRQ DQILOKHQHFG XEWERRHQNVKHPHY 7KHDWRS St
IXVLRQ FRPELQDWLRQV RQ WKH GH YWIHRA) R) HDFZARUIRND |HBRRIUHY DUH DV IRRORZV
i IRU VKRUW WHUP DQGIRU ORQJ WBIGR ' , ' ZLWK I RQ VKRUW WHU
i RQ ORQJ WHUP :H SURSRVH WZR BDQHVIDR/QRQQDPHO\ RQH WKDW ZRXOG
EHVW DFWLRQ UHFRJQLWLRQ DSSUR WKOHY DRYCO BPFRWKHUERQYHK WKH DHVR@KHW
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761 DQG WI
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N\ WD

RQ
H WRS DQG
VHP
ORQJ WHUP
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LWK WKH WR
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FRQG SURG
L QJ WKH WK
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UHFRJQLWLRQ DSSURDFKHV $V VKRPMQQ\8SHHUVRIQWH[GHQLWKLY ZRUN &RPEOHDQ DQG
&RPEOD[ SURGXFH EHWWHU UHVXOW VZWWB Q& RKELHDIQQBKEMUWKH EHVW SHUIRUPLQJ ODWH

IXVLRQ VFKHPH 7KH ILQDO UHVXOWXQRQQWIHOHE OWHVWVMKWRZKWKDW WKH EHVW SH
VIVWHP XVHV D ODWH IXVLRQ FRP E IQHIWZIRRUN BIUBIKBLWWHRQR XWSXWV DQGBODFWL
IXVLRQ SUHGLFWLRQ RXWSXWV 7ZFORRRKWHKKQWHGSHD(RDE® DYHUDJH UHMWXOWYV
IXVLRQ RI DFWLRQ IHDWXUHV UHSUHMKVHQWGIG \HK W IO W6l IKgLRQ DSSURDRFX WKD
DQG DHVWKHWLF UHVXOWV )RU WKKOHV® DDA HIU | R Y/ IERIVW WHVYP PHPRIUDELOLW)
- IRU ORQJ WHUP PHPRUDEBRQIFWXVLRQV ,Q WKLV FKDSWHUS RH VEIUH\SHDQWL R G
WKH OHGLD(YDO BUHGLFWLQJ OHOGAN >0 H® R WIXBMD XWHWDHVWKHWLFV @QG DFV
EDVHG QHW ZRUNV IRU SUHGQRW I QUHUKRPMPBQBELOLW\ [RU YL GHRWDFRIOGHG 7
GXULQJ WKLV FRPSHWLWLRQ DUH SWRPHMUGUPH) & KRQWHOXMKDW  ODWH{ IXVLR
VXFFHVVIXOO\ DSSOLHG LQ RUGHUNWRR L QAUHL IV HQW K M LBGEKDXOOL Q G X FIWN VLJQLIL
IXVLRQ ZLWK GHHS HQVHPEOH, YWWHPM- WLRQ ,Q WKLV FKDSWRQWULEXWURQW W
WKRBUHDWLRQ RI GHHS HQVHPEOLQJ V\V @ IDRNG 2X® ZRUNRSRVH WKH FUHDWLRQ
VIVWHPV WKDW XVH '11V DV WKH PDLQ7RONV KPR EMVON BURXHWORZOH®SH WKLV V
SURDFK UHSUHVHQWY D QRYHOW\ M)L R/ HXIV HROG RKHQHRVYRDDU '11V KDBM RQO\
LQGXFHUV IRU WUDGLWLRQDO IXVDRQLR\QY WIRPW KDV ZRQWULE UHSUHVRQWH G E\
WZR QRYHO 'DQG 'LQSXW WUDQVIRKPHIWDRAQRZF WHMRHXVH Rl PXOWLGLPHQVLR
OD\HUV LL WKH LPSOHPHQ WDWQRMHEV ARQNRONWERIQPOV\VWHPYV QLRL DDQG V
QRYHO '11 OD\HU VSHFLDOO\ GHVLH®WGFIRWOIKY WVRIQHV&VWW VYV 6SDFH )XVVRG OD\H
VI\VWHPV DUH WHVWHG RQ VHYHUDQVBXEH®/IWF O X DY DVIOME ®Y GDUW Rl VHYHUDO 0
XVLQJ DV LQGXFHUV WKH V\VWHPV WKIBMW SCHWS HFWVEIDWHHE DAY DV SURIYLGHG W
RUJDQL]HUYV ORWLYDWLRQ $V SUNMHQBHGY LRXWRPKDBWHUY HQVHPEOLQJ R
VA\VWHPV VHHP WR EH DEOH WR VLJQH ISFADQRVUGDQEFHURIDVGIGMFHU DOJRYHWKPV |
WDVNV VXFK DV YLVXDO LQWHUHVWLQDBHYM\ DGEWIREPRWLRQ 2XU RIQEBLQJIV
DUH VXSSRUWHG E\ RWKHU ZRUNV ZK HUGH R QWHR EIO H VRO R WEKDIPSOW VU H V X
UHJDUGULRIPRXOG LQFOXGH YLGHR LQWHU HVWHPRQBEVOLW®> Y@ GHI@G HPRWLR(
DQDO\VLY > @ EXW DOVR GRPDLQVYWKKBPWF&R/ RRMHEWDROYHZFRQFHSWV QIDPSOFk
WKH FODVVLILFDWLRQ RI KXPDQ DFWKRQN WX H\LIG DB\ BURD@KHV GR XVH VHYHUD
VFKHPHV WKH\ GR VR RQ D ORZHU WFDHIH RYLWHVWIQDG3IDSHU XQGHU BDMRU
DSSURDFKHY RQ D VLQJOH GDWDVHW HXEOMKHUWPRKHP HWVKSURG RVHG E\ WKHVH D
PRVWO\ UHSUHVHQWHG E\ VWDWLVWHPRABYAHWKR®VX\DLQ)G PRWEH LQGXFHUY DQG
PRUH PRGHUQ HQVHPEOLQJ VFKHPHYPAIRYNLIQUIREPQW PH 3UHYLRXV ZRU
HQVHPEOLQJ VI\VWHPV KDYH HP SOR\HIZ0DPWMW RRG WIRDJGE WILRIQQJ WKH HQVHPEOH
DUH DOUHDG\ SUHVHQWHG LQ WKLWLWRBVRNWRRGYOY XAKDIWLERPEOLQ &RPEOD]
HWF 2WKHU SRSXODU PHWKRGV |URB W E R RO/MWWLHUDRHWKIR GYFOXFK DV $GD%RRV
*UDGLHQW %RRVWLQJ > @ EDJJLQJ PGMVERGINWG>R@ UPIQWRR IRUHVWY > @ )RU
FRPSUHKHQVLYH XQGHUVWDQGLQJ RI ZHD WHl HXIVWK® WWMMEHPYW WR VRPH OLWHUDW
WKDW GHDO ZLWK WKLV VXEMHFW JRQRPLHWRIOBQVW®EOHY KDYH EHHQ SURSR
LQWR DFFRXQW WKH PDLQ HQVHPEOLSURHW KRG RW QIONGXFRBELQDWLRQ b
GLYHUVLW\ > @ LQGXFHU GHSHQGHRQM H H@ VBIGEOH]H @ +RZHYHU DV ZH SU

JIRUPLQJ
RQ UHFRJQL)\
QDPHO\ WKH
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DQG
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VLRQ UHFRJCQ
KH UHVXO
Q VA\VWHPV F
FDQWO\
VR H
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VISH RI
EHHQ XVHG
. WKH FUHD)
QDO GHHS Q
VKH FUHDWLF
U 7KH SURS
HGLD(YDO WI
R XV E\ WKH
U ODWH IXVL
RU VXEMHEF \
LQ WKLV GRI
oWV
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N 6R IDU
6RPH H[DPS
&RPEOHDQ
N > @ DQG
D PRUH
XUH VXUYH\
HG WDNLQJ
@ LQGXFt
HYLRXVO\




7XUQLWLQ

R

KWWSYV

PHQ WLRQHG RXU DSSURDFK ZRXOG DIHBK HNHIQW G/ \RRY WKW \LQWURGXFWLRQ R
DV WKH SULPDU\ HQVHPEOLQJ PHWKRRB WRB @XWEHUHBD VEWMWW PV HPSOR\HG E\ W
HQVHPEOH 3URSRVHG DSSURDFKHRVHPEOHNVDRGDY® VHW 6 REC VD@SOHV
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| '11 DOJRUL
KH
L L

DQG D VHW ) RI' 1 FODVVLILHU RU OBRUHWXIPRQIL@GC KPHYK DOJRULWKP ZLOO SURGXFH DQ

~\1.0.016 V V vi2] < 53 1 | 11 (QVHPEOLQJ LQ YIROLYRIY RMK H
DQ DOJRULWKP ( WKDW DJJUHJDWHFHW K HD REWEBHKIMM R I SIIMGWHUQV LQ D RMUDLQL
LQGLYLGXDO LQGXFHU RXWSXWV D QG HRONGWW URW KD GBWXHQ DSSOLMG IR® WK
RUGHU WR SURGXFH D QHZ RXWSXW UfRY QHZ W P SWKNVWHILHSUHVHQWY DWEHWWH

FUH
QJ VHW FRP
H YDOLGDWL
U WXQHG RX

ZLWK UHJDUGY WR PHWULF 7KH YDIOXHUVBPFRURILRD WRQWKH W\SH RI WDVN WKH HQVHPEOH
DWWHPSWV WR VROYH )RU H[DPSOHHLQ@ UH@URHYW VLRQ@NVIXKNWH LQ ELQDU\ FODVVLILFDWLRQ

WDVNV WKRVH YDOXHV FDQ EH RUP X OX\WUWXBPBEHP® R PROWL FODVVEFHODVVLILFD

WLRQ HL ZLi

UHSUHVHQWHG E\' D YHFWRU RI YDOWKN QRANPEHADRIVARMWLEOH FODVVHRVRIG ODEHOV 7KH SUF

'"HHS)XVLRQ DSSURDFK GHSOR\V VHYHDW GVIWNFHV VRLQSIXWKWKH VHW RI LQGXFHU
SURGXFHVY D QHZ VHW RI HQVHPEOHGI RMKRVBKWVSRVDWERH@TLQG QHIJDWLYH ELDVH

RXWSXWYV <
V WKH '11

PDQDJHG WR OHDUQ GXULQJ WKH WWD/LURKS$SBWHRMWR/ VWHUWKZLWK WKH FUHDWLRQ RI D EDVH

GHHS HQ VHPEOLQJ VI\VWHP EDVHG RQDN IFIRPEH QRVWH®KR GHRQVH OD\HUV H®&LV ED
EH DXJPHQWHG E\ WKH DGGLWLRQ RV FRQGROGWQAQ XQ VOO WKH DGGLWLRQ RI W
6SDFH )XVLRQ &6) OD\HU :KLOH GHQNMVEDBH GG QRMERILRAQDO LQSXW IRU HDFK |
YLGHR VDPSOH FRQYROXWLRQDO D®E @6)RIIDBURUXVELPERVLRQDO LQSXWV 7K
WKHVH OD\HUV LV VLP LODU WR WWHRXUISR\LIR RIHFRQRRIOXVLQJ ZH ZYLHW DWWFH
DQG OHDUQ VSDWLDO FRUUHODWLRQW QW8 $DXHYUW K CEM\BDHHQSDWLD OO\ JUR
+RZHYHU VXFK LQIRUPDWLRQ LV LPISRWDREOH MR H[WBDFRM LQSXWV WRDW FRU L
HDFK VDPSOH FUHDWHG E\ WKH RXQWSXFWW R | 1HQ GLNKHGNIORUH FUHDWH D VHW RI
WUDQVIRUPDWLRQ VFKHPHVY WKDW D® ORIZQSXW R \EXXEWXUBY EDVHG REGHNKH VI
EHWZHHQ LQGLYLGXDO LQGXFHUV WHKXMVW BDNPODWRWLLRED®RIWRQYROXWLRQDO I
'"HQVH QHWZRUNV 'HQVH OD\HUV DUH NQO\RZ @ARVVEH\LDQ DED GDWD LQWR RXWSXV
DFFXUDWHO\ WKXV UHSUHVHQWLQOM™ QWA 1L PWSUBDBKSDUVERQVWLGHULQJ WKHLU LQ
QDWXUH ZH WKHRUL]JH WKDW EXLQB IQHWZ® WK MWKV [E@WHOUDWHY VHYGHUDO GH
UHSUHVHQW D YDOXDEOH VWDUWLQUHSWIRUW LY FHSHDMMHIWDKMHLRQ R1 D GHQVH
DUFKLWHFWXUH LV SUHVHQWHG LQWRIXDH\ D VHWIKRRRVHJDPHWHUV RI @KW VH Q
WR RSWLPL]H LWV SHUIRUPDQFH ZLNWK BIHLIDIUGW XGR MGK H MHDVROORZLQJHSDUDPH
L QXPEHU RI OD\HUV ZLWK YDOXHV RI AL WKH QXPEHU RI QHXURQV ®KW\WD\HU
RI A * DQG LLL WHMHOFH RU DEVHQFH RI EDWFK QRWPDOL]D
FKDQJH WKH YDOXHV RI WKHVH SDUBWP HWHIMWAQ RQ OVWIK HF ERIWHQ GDWDVHWYV DU

2XWSXW ,QSXW 'HQVH % 1 )LIXUHGHQVHHSHXWARUN DUFKLWHFWXUH ') '"HQVH
QXPEHU RI OD\HUV QXPEHSIRI ODDY@W KBUHVHQFH RU BE%BWFK 1RUPDOL]D WLR
%1 OD\HUV ,QSXW GHFRUDWLRQ :HHRRRWYH WRSSWHGIDWME DQG GHFRUDWH HDF
RXWSXW VFRUHV DQG GDWD IURP WKH PRRWHQHPLDWH VGOWREIDO LQIRUPRWLRQ
YLGHR VDPS®K VIO ® HDFK RI WKH 1 LQGXFHU DEOXFRHDWHKPV RLOBRIMHR/ <L DV C
LQ (TXDWLRQ DQG DV PHQWLRQGH R IEHOSXW KDMQRLQWULQVLF VEBLVDMDHGF R

VHOLQH ZLO«
KH QRYHO &U
_PDJH DQG
H SXUSRVH F
PSW WR GLV
SHG WRJHW
JHVSRQGV W
LQSXW
_PLODULW\ G
DQG &6) OD\H
N FDWHJRUL'}
SXW DJQRVW
QVH OD\HUV
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HWZRUNV LQ
WHUV DUH FI
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ZLWK LW ,Q WKH ILUVW VWHS RI MEKIHWKPEKQL BSXUH SURFGNVOU\]H WKH FRBUHODWLRQ EHWZHHQ

LQGLYLGXDO LQBXFHU® IL7KLY FRUUHODWLRQ FDQ EW\GHQGDPGQHIWERDBQ W X FK
3HDUVRQYV FRUUHODWLRQ VFRUH RBIHYHJH® ® HDWFUGMIDSURFHVY ZH ZLOO XV
PHWULF DV WKH RQH WKH WDVN XVUHF DV YHQVDRIMELDD PHOXFHU VIVWHP WKDW
SURGXFHV WKH YHFWRU | L Rl RXWISXWAW CRAUVNRD/R'SWKM HQWEKMVFULEHG IDQ (TXDW
YHFWRU RI FRUUH ODWLRQ VFRUHKF IFU LDBIEWY®I® @V WHK IRWIKGIG® LQGXFHUV FDQ EH
SUHVHQWHG LQ (TXDWLRQ 7R JH Q\HU D 9/BIWVILO @ FRWRISIDIDNVLRQ ZH PXVW XVH

RUGHUHG YHUVLRQ RI WKLV YHFWRU GHQRWHG FUGELL<@ I L | 10 @
FUL FU L FU L > FUL1i L @ RXWO\ZAHOWHWRIQHG ZH FRQVLGHU ERWK D ' DQ
UHSUHVHQWDWLRQ RI WKH GHFRUDW H'GUIHGS)XW H/GWBMW LFRQY WRPHG WU ' @H DSS

DQG WKLV LQSXW GHFRUDWLRQ NRAKBRIFRZUDWLEH YWKHGLQSXW IRU FRQYROXW
XVDJH 2Q WKH RWKHU KDQG WKH WHR (T D W IGRHQY\F SIUEFH/ WEW ' UHSUHVKQWDW L
HDFK Rl WKH WZR PDWULFHY EHLQL Q WHR[WNVGLRQWEHI IHGHRWPHQVLRQ POHDGNLQJ
E\ WKH &6) OD\HUL MFL B L WU 'L MU L MLW /M -F LM LK L MOF L M
F LB LMUUL MU L WU 'FL MF L MLMF L MWU 'UL,M L MU LM -F L M
F LB LO®U LM LM L M WKLV HIDPSOH HDFK HOHPHQWKWHL SW HEH § WH. RHQRW.\
SURGXFH®1E\ LQGXFHU L IRU D VDPSOH M RI| XWKH LW ARWR RRGHPH LV GHFRUD
VFRUHV IURP VLPLODU V\VWHPV F HLPNR\UWM SUIRPYBQWIMYWHKP F L M UHB®HVHQW
PRVW VLPLODU VI\VWHP DQG VR RQ RRW QHKHRADWQKHEW RQSXW WKH FRWWHODWL
PRVW VLPLODU VI\VWHP U L M WKBHUVHFRQNM MRMGNVVWRLRDO ZLWK WKH YDOXH D
FRUUHVSRQGLQJ WR WKH LQLWLDOQWH. "M WEHPH GWFRKBVRXRMOPHWKRG LV SUHVE
$OJRUWLKP 7KH VSDWLDO GLPHQVLREHBRMHUWHPMIGH DGMBREDWLRQ SURFHVV LV 1
HTXDO WR WKH QXPEHU RI LQGXFHU V\WKHP YV BHSWORDAK WKLV GLPHQVLRQ JUR:

ZKLOH IRU WKH ' DSSURDFK WKH VL]HQWH QHWZRUNV ZLWK FRQYROXWLRQDO
JHQHUSUHVHQWDIWVIRI® SOR\HG FRQY RIDXAKILRQIFOV X UH L V) IGH SXUFRV H G 1MCH U
SURFHVWHHQSXW DQG WUDQVIRUPLQJ LW L@BRVD M/WUIHGRUGWR KDLFRQYROXWLRQ
*LYHQ WKH 1 SDGGLQJ RI HDFK HOWHPHD WOBIXWKHEFHRDDVR FKRRVH WRRXWH D i
SURSRVHG DUFKLWHFWXUH WKHUHLQREPHRBEWDDRPHYHUWIUD WKLY OD\HU :H XVt
SDUDPHWHU RI  HQVXULQJ WKDW BDWKUFR@YROXRAHRQLCHY IVLPLODU VIMWHPV 7
IROORZHG E\ DQ DYHUDJH WRBWLOUOWRMRMMIS XWKFARQYROXWLRQ WR  $0JRULWK

,QSXW SUH SURFHVVLQJ DOJRULWKM IRUDMQDG XIF MIUVL WXRSO. L\ L | \1 L IL
| 0O 5HVXOW &L M 5L M EHJLQ > @ SW® VWUXPWHIWKHWU 8FIHMRWU 'UL M
FRPSXWH WKH FUP FRUUHODWIRQ\GR FURURYV 0 i FRPSXWH WKH FUP
FRUUHODWLRQV IRU HDFK LQGXFHU 1@ P&DAFWRKHQHRODP¥PRQ | L 18 P FHRSP @
HQG RUGHU WKH LOGXFHUV DFFRWLR@ &EHEARWW IFWFRUWEBMHQG WKH YDOXHV
VWUXFWXUHYV DFFRUGLQJ % R WIR GRRUWMBEEIMHQGBEWUXFWXUH <L>FUP>N8 @@
$SSHQGEWUXFWXUH FUP>N @ N H QAGU D D SYSIHA@GH IBK\W SFISHRR @B WU XFW XUH VL M
WU 'U8 BISSHQGBWUXFWXUH UHWXUQHWRG 'WKM L@YIUWUDOM ' LOSXW VKDSH :H
DQG ILOWHUY SHU FRQYROXWUIZRQNDWR BHWRWKBE QRWH HIWHQVLYH DQDO\V

DV
H WKH VDPH

LRQ DQG
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WKH GHVFHQ
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VLPLODULWLHYV "HQVH QHWZRUNV ZIQOWD&H RV V LESDFEG\ ) ZTHWLROQOWURGXFH RMKH &URVYV 6SDFH )X
&6) OD\HU ZKRVH JHQHUDO GHVLIRQIKUUHVHERWHOGDR\GIY WDNHV WKH I'RWU ' DUUD\ DQG
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HDFK JURXS RI FHQWURLGY WU 'F WRI'ZHLOK®WYQW D VAN L WKDW SWRFHVV WK
IROORZYV &RQYROXWLRQ ,Q@SXW " HEQHVFHR S DWHIGVHFW XUH 2XWSXW )LIXUH
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H ' LQSXW

'"HHS)XVLRQ FROYROXWLRQDO QHWZRWDN D BHSIMANF\@ WHG KH&H DUH WKH LQSXW SURFHVVLQ.

VWDJH FRQYROXWLRQDO ILOWHU\X DWIBFWWBXUGLQJ "HQVH $UFKLWHFNSXWH 2XWS
'"HFRUDWHG ,QSXW &6) $YJ3RRO )LIXUHFROYROHKINKRDP@ QHWZRUN DUFKLWHFWX
5HSUHVHQWHG KHUH DUH WKH LQSXW SHFERHNWLIQR QQOWDW HP Y&EUDJH 3RR@LQJ OD
'"HQVH $UFKLWHFWXUMHIE W L,. LVLAIE W L .IMLAIE W L VL

UVL AIE W L .IMLAIE W L LVL AIE W L .IMLAIE W L

UVL AE W L

WKXV JHQHUDWLQJ 11 SDUDPHWHH W WIXIZQMH® HHIG LWRRMPMXOG EH U LRIGXFHUV
$YHUDJH 3RBDWQUIMQ DO O\ S WERKARXWSRXWN IKRHB) OD\HU WKXV JHQHUDWLQJ D VLQJOH
WU 'FL WU 'UL FHQWURLG JURXS @IQWK M KXW HRXIWSEZWWWUL[ DV WKHHLQSXW E
SURFHVVLQJ VWHS :H WHVW WZR GUIGDUHD WURHFWMXSVYQJ IRQ WKH ILUVIVOVHWK IS
PRVW VLPLODU LQGXFHU YDOXHV DQHNVKRSXIOBDRVHIG VEAMXBH GHQRWHG 6 RQO\
VLPLODU RQHVY DUH SRSXODWHG WERSXO\DW RG VZEKWR FHURY 7UDLQLQJ SURWRF
VHYHUDO HVVHQWLDO VWHSV LQ GROHDRSWRD PKK 7K D DWW WXVWHS FRQO LWKH/ R
LQGLYLGXDO <L YHFWRUV IRU HDIFK \R K MW KHJ D L\CD_FYBIOMHEMD U AK IRBEHVMHSHUIRUPLQ
GHQVH DUFKLWHFWXUH E\ XVLQJ W KHIQNW XBH 3ZIRWHYW B GWIQ UGN P BBY RIR WKH

OD\HUV WKH QXPHXHWRRIW ODDHIB/ KKVIRIEDWFK QRUPDOL]DWLRQ 5HVXOWYV DUH

X W
UH ') &RQY
\HU DQG WUL

.-017KH QXPEHU RI SDUDPHWHUV XVHG E\HWKK BREQ WDWUWLGSSDL U LV

YDOXH IRU }
HIRUH WKH S
GHQRWHG 6
WKH PRVW
RO :H SURSR
| IDWKHULQJ
J

WHVWHG DJD

WKH YDOLGDWLRQ VHW 7KH EHVW S\WHAWXP HQUVGWMKQN® DXFKHQWHG ZLWKFRQYROXWLRQDO C
WKH WKLUG VWHS DQG ZLWK &URV VQ6 WKFHH I RXWLVRIQ \OMKIBUVKH LQSXW LW FPPIRGLILHG IRU WKH X

WKH FRQYROXWLRQDO DQG &6) OD\HAUSXVWWGOBEVFVURLERPV LYR® HDFK QHWZRUN FR

WUDLOL®HUIRUPRIG HSRFKVY ZLWK D EDWFHRMMHXQFWLRQ YDULHG IURP H[SHUL

H[SHULPHQW PHDQ VTXDUHG HUURU [IRHWIJ WKHHQWH/J DRGVE RQDR\ FURVVHQWURS\ |

PELQDWLRQ
PHQW WR
RU WKH

FODVVLILFDWLRQ DQG OD EHB DQUIHHEBSHIA RISQWRLHAZLWK DQ LOQLWLDO ®RHDUQLQJ UDWH

(ISHULPHQWDO VHWXS :H WHPWWKKRIGYURG R\HYG UDO W\SHV RI GDWDVH
GDWDVHWYV WDUJHW RQH FODVV UHUUWHVAWMLIRG FOXQOGV R XFOMY W DEHO SUWGLBWLRQ
RXU SURSRVHG QHWZRUNV RQ WKLV ZH. YHVUK WRHIW RY AV '\KDW WKHVH PBWKRGV
ODUJH VHW RI GLIIHUHQW FLUFXPVRMDIQEHWDBQSWH®O W IWKHHGHG WR D ODUJH Q
FDVHV :H GHSOR\HG RXU PHWKRGV RINVWWN |IBOGRZLPDIOGDW3IUHGLFWLQJ OHGLD
,QWHUHVWLQJQHVV > @ VSOLW LQWRHQRWHBD,IH VXEWDMN DQG D YLGHR VXEW
17 9LGHR OHGLD(YDO 9LROHQPWBRBQHV @H W BI' 9LGHR OHGLD(YDO
3UHGLFWLQJ (PRWLRQDO ,PSDFW RWERRYQHIVURX@DWS GBUR LQ 9LGHR YDOHRQFH 9
DQG IHDU GHWHFWLRQ )HDU 9L GHRP D D G&F [ XPHHBO\ WERQFHSW 'HWHFWLRQ >
&DSW ,PDJH :KLOH WKH LQWHUH®WQ 6 HQGD/W DD/HWVLRUH SUHVHQWHG DQG D
&KDSWHUYV DQG UHVSHFWLQMORCH BODNSUBMNHIHVVLRQ WDVNV WKH HF
DQG PHGLFDO FDSWLRQ GDWDVHWYV UBIWVHVKBWH HZL B ($EROLIPRHODO ,PSDFW R

ORYLHYV @ DMGDWD VHW IRU DXWRPDWLF UHFRJQG&MWRNMOWH UHPPPRWIL RQOIHD ¥FH DURX
IHDU 7&BWD VHW RITHUV DQQR WDWLRQV IRU W@RQFHBEVINYG QRK&DO SUHGLFW

FODVV UHJUHVVLRQ WDVN FRQVLWIGPIWVRRQ WRDLLHN\R @DW KRG X IDIBV8 URQ R

KRXUV DQWHVWLQJ PRYDHWRWW® GXWDWEBWURKRKUY DIQAG IHDU GH WHFWLRQ D

WV WKHVH

WDVNV %\ \
DUH XVHIXO
XPEHU RI XV

DVN
DO 9L G

@
QDO\]HG LQ
RWLRQDO LF

VDO DQG
 RQ D WZR

ELQDU\
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FODVVLILFDWLRQ WDVN FRQVLVWD@LRQ PRMLHMW LZLIWKDID WRWDO GXKRXURQ RI
DQG WHVWLQJ PRYLHV ZLWK D WRWDOKEXUDW2R QVRHRVBKHU KDQG WKH ,PDJ
&RQFHSW 'HWHFWLRQ LV DQ DXWRPDWWLLALFDOWLR @ DEBOH FDSWLRQLQJ DQG
XQGHUVWDQGLQJ GDWD VHW > @ FRDMAVQILQJ RI YDOLWDWLRQ DQG ORJ\WHVYV
H[DPSOHV ZLWK PXOWLSOH FODVVHW VRFE& DFDHG FRIQFK S\WWFK DLPDJH ,Q WRWDO
XQLTXH FRQFHSW LGHQWLILHUV ZRQHWIHTLW W KSHH (G IDPWBK I BXMWLIRQOLQJ YDOLGDWLR
VHWY EHWZHHQ DQG FRQFHSWV , Q HRUBGHHFW WRHBUHDWH DQ DGHTXDW
LQGXFHUV ZH XVHG V\VWHPV VXEPLWK W® WR/ DKNHLQBXSHEWLVWHPY DV WKH\ K
SURYLGHG WR XV E\ WKH WDVN RUJDZRYBGVERWREUDFMWLXSY DV WKH\QZRXOG L
ODUJH QXPEHU RI VI\VWHPV IURP WKH VQWWDWWD\D P® GRQYVLPGN WKH DXWKRUV RI V
VIVWHPV GR QRW SURYLGH WKHLU VRM}JPMDRVRGRUJRQWKHWPR DUH RQO\WKHH W
VIVWHP UXQV IURP WKH WHVWVHW 7KR FRIRR\WN HZ W GRH MMGH® R1 VSOLWWRQ WKL
GDWD ,Q WKLV UHJDUG WKH VSOLWHEDPSOGHV BDKWWDWGREY DUH JHQHUDWHG W
WKRURXJK FRYHUDJH Rl WKH GDWD XWLQJWWAR SURWREROV WHVWLQJ .) DQ
WUDLQLQJ DQG WHVWLQJ .) RQGRUBEGRPRVBOLWY WKDW IDYRU RNU W\S
JHQHUDWH RI WKHVH SDUWLWLREOWQ ®\WUBSRUNJWKH OKNY EHWZHHQ WKH
ZRXOG OLNH WR SRLQW RXW WKDW S B KV®I W DL/ D5 DWW ®X S OLFDWWRYWI W
VSOLW LW GRHV UHSUHVHQW D GLYRGY D/ WDDIHH DRUZRIXZL @ DWW UDLQ IRXQ GHHS C
PHWKRGV RQ OHVV GDWD WKDQ WKH RWWH® MR WKW HMG VXEPDO DQG ,PDJIH&/()
UHVSHFW ZH XVHG WKH IROORZLQJ RXPBHH RI MXGHXAHHILPHQWDO GDWDVHWV

17 ,PDJH VI\VWHPYV 17 I9LGWRVHPVV\ 96 9LGHR VA\VWHPYV
$UR 9LGHR DQG 9DO 9LGHR VUOWWHRGHRHD V\VWHPYV &DSW ,PDJH
VAVWHPV ([SHULPHOQWO OGWHKHVIROWRZLQJ VZH BUIHR/G QAW W K HR IREKWUX O W V

H[SHULPH®MRMWVHDFK WDVN DQG VHW Rl H[SHULBHQMAR EB\VHOIOQSWRYKH ILUVW R
FRPSRVHG RI WKH WRS SHUIRUPLQJ VW\DWHRAW URBRHGAHGGIRWK GXULQJ WKH FRU
OHGLD(YDO FRPSHWLWLRQ D QG VRXWHN LRI HVRRH BRKHQHFREBW RDVHOLQH
H[SHULPHMWHUHSUHVHQWHG E\ D VHW RI W UDE IIWAPRQW KDMQ VEBIPERGEJ &RPEOD]
&RPEOHDQ &RPEOHDQ &RPE$YJ &RPEG6XP 7DBEOWHQWHGQDO UHVXOWV IRU WKH
DUFKLWHFWXUH ') &RQY REKSINBLBHQ@MWYWY DUH FRP SHVHNG VAIOWKY WKRP WK H
OHGLD(YDO FRPSHWLWLERQ/ W UWRSOWY I[URP WKH QUMMUDRIXWKH 628WRS WKH
UHVXOWYVY IURP WKH EDVHOLQH IXVLRQG/ AMWMHKPW K(P EHWVRS UHVXOWYV Rl WHKH GHQ
H[SHULPHQWYV ') '"HQVH IRU WKH ,17 ZLWHOFRIWHL\DND 0$3# PHWULF ,17 9LG
RIILFLDO 0$3# PHWULF DQG 96" 9EGDHI® 03BWHIWULF 7KH GDWDVHW VSOLW

RU.) XVHG WR SURGXFH WKH UHW{B® V'DLW DWOHWR GUWRIS®E2$ WRS (PE WRS ') 'H
&RQY 'DWDVHW VSOLW GHY WHVW GHY)WHYW.)) ,1)7 .) ,PDJH 0$3#
> @ > @ 17 9LGHR 0$3# > @

> @ 96" 9LGHR 0%$3 > @ > @

LQ SUHYLRXFKDSWHUV DQG WZR ERRVWLQJ VWUDW
$GDWRRVW > @ DQG JUDGLHQW ERRUWWEH FR@ Y RDOKXXNWAWQDO DUFKLWHREMIOUH )
DUFKLWHFWXUHY ZH UXQ WHVWY RQAWKHOQNUGEHR DRDG 6, 9GOWRBVHWY 7KH
UHVXOWY DUH SUHVHQWHESKLQHMWKIHWUD GLWLRQDO HDUG\LPSMURYHVW KH PHAN &

ZZZ WXUQLWLDQERHQ@X X URIS®R UW B F O DI

PRUH WKDQ
H&/()PHG
FHQH
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NKHUH DUH
Q DQG WHV\
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ZLWK $GD%RRVW EHLQJ WKH EHVW SHU|RDPHI D QRBU, WKH ,aZGHR GDWDVHWV DQG
ERRVWLQJ EHLQJ WKH EHVW SHUIRUPIH3HRR G DVKIHV 818V WRHLU LPSURYHPHQWYV D
HVSHFLDOO\ IRU WKH .) VHWXS 2QRWKH RWEHWKPPEOIEQJ DUFKLWHFWXUHV VL
LQFUHDVH SHU IRUPDQFH 7KH EHVWWSHWRUPHWKK 'WERQNM DUFKLWHFWXUH $\
LQ WKH GHVFULSWLRQ RI WKH WUDLRQQ L% ERWRWROS RMKWKH EHVW SHUIRUPLQJ
DUFKLWHFWXUH LQ RUGHU WR DQDFRR@ H YR OXK\H. RGBQWILIRE R/ RYHU GQIVBIUHD G
DUFKLWHFWXUH FDQ PDNH D GLIIHUBKFEXOINW K7 KX\ DWEW WRVW SHUIRUPLQJ ') 'h
DUFKLWHFWXUHV DUH DV IROORZV WKHRBHMYW ') "WWQVYH V\VWHP XVHV  GHQVH (
QHXURQV SHU OD\HU DQG QR % 1 QLQQAHS.B3#W LYRODO XOHAWWRD L IRU.) DQG

IRU .) LL IRU ,17 9LGHR WKH EW\WW HP'KQVH OD\HUV ZLWK QHXURQV
%1 OD\HUV ZLWK 0%$3# SHUIRUPDQFH RDQG IRUIR)U .) LLL ILQDOO\ IRU
96"’ 9LGHR EHVW SHUIRUPDQFH LV ®GHFQVHY®B\RZUWEKLWK QHXURQV HDFK DQ

OD\HUV DFKLHYLQJ D 0$3 VFRUH RI G IRIRU) .)DQ)LQDOO\ ZLWK D VLQJOH HIF
QDPHO\ WKH ,17 ,PDJH .) FRQILJXH DWLARQ@Y DOBKWWHFWXUHY LPSURYH® WKH
') ' HQVH FRXQWHUSDUWY 7KH EHVW SBIWFRUWHFGWXWBHRQXVHG ILOWHUV IRU ,17
17 9LGHR DQG ILOWHUV IRU 96' EHYMGMHRVXIOWY IRU WKHVH GDWDMRWY DU

17 ,PDJH 0$3# YDOXHV RI LQ DLIXUBRQYLRQ DQG IRU .) LL IRU
17 9LGHR 0$3# YDOXHV RI IRU ) DIRQG.) LLL DQG ILQDOO\ IRU
96"’ 9LGHR 0$3 YDOXHV RI DQG) DQIGQ.) FRQILIXUDWLRQV UHVSHFWLYH

UHVXOWV UHSUHVHQW D VLJQLILF D@WH QFRWB \RYHQ WHHBIRUWRS VIVWHPV WKD
VHQWHG LQGXFHUV IRU RXU VIVWHPREWW HD DV R RYNX /WD WD P H O\ IRU ,17

IRU ,17 9LGHR DQG IRU 96' HROIBEVXOWYV IRU WKH &URVV 6SDFH )XV
DUFKLWHFWXUH )RU WKH &6) DUFKLRQHWW K UH ZH UXQGW R V 9D/O 9LGHR )HDU
DQG &DSW ,PDJH 7KH UHVXOWYV RIWERYMH HHSHWWHGWQ 7DEOH &RQVLGH
WKHVH SDUWLFXODU GDWDVHWYV D Q\8 KW DR/QIN VDWUHHOGF IMHG WRD Q) &RQY DWRAKLWH
WKH DUW V\VWHPV KDYH \HW EHHQ GKINUIOIRIHGZIR B DKQIRPW WVH 62$% WRS DV D F
EDVHOLQH -XVW OLNH WKH FDVH IRREWXKH V) WKGYLEEBRYWPHQWY EURXJIKW E\ W
IXVLRQ VIVWHPV DUH PLQLPDO *UD G3LHNQ W KE-R RN WW QUHS/XRYLY IRU 9D O 9LGHR
$GD%RRVW DFKLHYHV EHVW SHUIRURX®F & D®D WHAHY U H VAD BRO H )LQR®) UHVXO
DUFKLWHFWXUH ') &6) HIKHIWIHP HBWYOWYV DUH FR P EHYG VALOWMKY W KRPG WIK(H D O
FRPSHWLWLRQ O0( WRS WKH EHVW RGN WA LIRRP WAKWHEPDA (PE WRS DQG ZLWK
UHVXOWYV RI WKH GHQVH DUFKLWHFWXQWH HI[SWWKRHQWR ') 9LGHR WDVN ZLWK R
DQG 3&& PHWULFV 9DO 9LGHR ZLOMX FIELFHOVQ DBY )HDU 9LGHR ZLWK RI
PHWULF DQG &DSW ,PDJH ZLWK RI|MKH D WDPHWILEOLW GHY WHVWWR) RU
SURGXFH WKH UHVXOWYV LV DOVR SBSV(HEWHGS ‘D WIWHW )0&6Y 'DWDVHW VSOLW (¢
) ) ) ) ) ) S$UR 9LGHR 06(

$UR 9LGHR 3&& 9D O

9D O 9LGHR 3&&
YHDU 9LGHR ,R8

&DSW ,PDJH ) $JDLQ ERWK GHHS HQVHPEO
DUFKLWHFWXUHV VLJQLILFDQWO\ RXWEHWERVW BWKHRWUPHYXOWHQVH DYAKLWHF

9LGHR 06(

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI

*UDGLHQW
JH VWLOO VP
JQLILFDQWO
ZH PHQWLR
"y "HQVH

\ VDWXUDWH
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DD\HUV ZLWK

HDFK DQG

G QR %1
HSWLRQ
UHVXOWV R
,PDJH DQ
H DV IROOR?Z

10\ 7KHVH
W DOVR UHSH
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LRQ
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WKH EHVW
IILFLDO 06(
ILFLDO ,R8
.)  XVHG
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DV IROORZV L IRU ERWK WKH DURXMD®OVD Q2B XDOHWQFEDEBU DUFKLWHBWXUH ZL
SHU OD\HU DQG %1 OD\HUV LL IRW BHDWN SHURUP WK DUFKLWHFWXUH HP SOR
OD\HUV ZLWK QHXURQV ZLWKRXWL%I QQWE& Y UIRW L&KmS WL
SHUIRUPLQJ DUFKLWHFWXUH XVHV OBQMWDRQ@GEVWR %1QBKWIDUGLQJ WKH &6) DUF}
UHVXOWY DUH IXUWKHU LPSURYHG ZKHQHRPS DSB8 G RILMKK YWRKHWKH DURXVDO DQ
UXQV WKH RSWLPDO WU ' VHWXS LYOBUZYWKW RPWWXVMGPIRU GHFRUDW DQQWVKH L
DUH LPSURYHG E\ DQG IRU WKH LW KVBMIOSI GV WR 06( +RZHYHU WKH VW
UHVXOWY DUH DOUHDG\ TXLWH KLJRURXHRHIQRW HO DNKIXWHKHPRQHY VKRZQLRQ WKH
DUH LPSRVVLEOH 2Q WKH RWKHU KDMXH Z&& @ HORBINA QW KHVLPSURYHPHQWY DUH
ZLWK DQG YRU WKH )HDU 9) &R DWRKLWHFWXUH LPSURYHV UHVXOW
ZKLOH IRU WKH &DSW
GLVFXVVHG WKH FUHDWLRQ RI D GHHS WIQIVW PLEHOSHJ HU DFFHZ\WRY N QRYHO UHVHDUFK
UHJDUGV WR ODWH IXVLRQ DSSURDFEHYV EHXDQG FREPROXMWLRQDO OD\HUY IRU F
SUHGLFWLRQV DV ZHOO DV WKH QRY DD \&WRVN BODRHLIDWWRGXFHG WZR QRYHO

ZZZ WXUQLWLDQERHPQ@X X URIS®RR UW B F O DI

W K QHXUR
\W GHQVH

,PDJH DIJDLQ WKH EHVW

LWHFWXUH
G YDOHQFH
QSXW 06( Ul
DUWLQJ 0( V
SUHYLRXV V
PXFK ODUJH
V E\

,PDJH GDWD DPSURYHPHQ®RQFOKXVLRQV ,Q WKLV FKDSWHU ZH

GLUHFWLRC
RPELQLQJ LG
LQSXW

WUDQVIRUPDWLRQ VFKHPHVY WKDW D @OREZFPRIQ REXWHRAQ® DWIGR&6) DUFKUWHFWXUHV RQ LQ
SUHGLFWLRQV 2XU V\VWHPV DUH WHVW W& [RIQ) FRIWHILD \GDMADWDD W\SHV RNWDFKLQH OHDUQLQ.
LQFOXGLQJ UHJUHVVLRQ ELQDU\ FODWL VIO EFADWAMRIN VILQIGFPWLRQ DQG SURYLGHG VLJQLILFDC

LPSURYHPHQWY ERWK RYHU FXUUHQ®WUWRWBKHVRIQGKRYBUWDBSGLWLRQDO ODWH
&KDSWHU

IXVLRQ V\VW

*HQHUDO FRQFOXVLRQV DQRBQSVMUE X WHIFR\QLW BWY G SXEOLFDWZR®@Y ,Q WKLV FKDSWHF

VXPPDUL]H WKH PDLQ SHUVRQDO FR QW WESXWUR QX EWRMVMKHMHBNYMULQIJ P\ GRFWRUDPDO UHVHDUFI

SURJUDP 7KHVH FRQWULEXWLRQV BUH SVRRROVRZWKHQPSOHPHQWDWLRQ RI D
WUDGLWLRQDO YLVXDO IHDWXUHW GRIDOMKH) BV WGEDBWHR® R[SPHULPHQWDO YDOLG
SHUIRURHGWKH OHGLD(YDO SUHGLFWLQJ HWWG LGD WDAWBIWS VWILQXE Q3 , SURSRVE
WKH LPSOHPHQWDWLRQ RI D ODUJHDHWWV RHWLFHIG\DIWDPOWKHWGEDVHG RQ FRORU W
SKRWRJUDSKLF DQG FRPSRMLWIKRIQSUXGH¥WLRQ RI PHGLDKHRPHWKRGAL QJQHVV

YDOLGDWHG ERWK RQG RQ WKH YHUVLRQV Rl WKL PWG QD (YID®LBUMWHUHV WL
GDWVHWYV DV ZHOO DV WKH LPSOHPBRWD W{RLRRIWKHPHIQBU SHUIRUP®QFH R
WKH EHVW Rl P\ NQRZOHGJH WKH UKWXOWVPWHARWEWDRE WWLOO UHSUHVHQW
WKH DUW ZLWK UHJDUGV WR 0$3 SHUIRBPDQRBH 3,0, SURSRVHG WKH LRSOHPH
RI YLVXDO PHWKRGV IRU WKH FUHDWQRQQRI WRWHPVYHFRRPH UHVHDUFK SDSHUYV
GXFHG WKH 007) GDWDVHW ZKHUHR, DHR/YWIGHELE BBW '11 EDVHG GHVFULSWR
IRU UHVHDUFKHUV WKDW ZLVK WR XVAHXEBXH @GDODWHIW HVEBQWY WKH GIZURG VW O
WKH SUHGLFWLRQ RI PHGLD LQWH UMYMWDIMOHQ HAVFRQ® UWEXPRRQV W R WWR MVK BR U
VWXG\ RI FRPSXWHU YLVLRQ DSSURRBKRIVLW R MUKH BUBGQFWY DQG LWWRRUUHO
FUHDWLRQ RI D WD[RQRP\ PRGHO WKWWYWW®E8 1LBW MKHDSFVVYWLOO XQH[SORUHG
EHWZHHQ LQWHUHVWLQJQHVY DQG RWYHDQGXEMMFKVD YHIREZRIQFGISJUHH Rl LQYRO
VWXG\ Rl KXPDQ XQGHUVWDQGLQJ RJQLGBWHUHEDWLWKBHWLQ RUIJDQL]HU RI WKH C

VHW RI
DWLRQ LV
1G
H[W X UH

QJ QHVV
SWLPL]DWLR
WKH VWDWH
QWDWL
DOVR SUR
UV DV EDVH(
LWHUDWXUH
N DUH UHODV
DWHG FRQFH
FRUUHODWL
HPHQW WKF
HGLD(YDO

BUHGLFWLQJ OHGLD OHP RUDELOLWS WRBB\RWVHG QWKH LPSOHPHWWODWURGORRIQLWLRQ
EDVHG1VIRU WKH SUHGLFWLRQ RI PHG3HDVRORMRUDEBHOYMWOLGDWHG RQ WKH OHGLD(YDO
BUHGLFWLQJ OHGLD ,QWHUHVWLQJQHMWLR@QGVHFEHPHD QKO BGWSOR\HG IRU SHUIRUPDQFH

RSWLPL]DWLRQ 3 UHSUHVHQWWDRWWRHRIGIK CQWD\WHW DLPHG DW WKH GH

WHFWLRQ RI
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YLROHQW YLGHR VFHQHV 0\ PDLQ FRRWN DEXWMLR)WHWRQWHE E\ WKH RIYHUDOO
PHWKRGV HPSOR\HG RQ WKLV GDWVHW EX DVGRUYH D XREXHEN R1 WKH LQI@XHQFH
WKH SUHGLFWLRQ UHVXOWY DQG |RRIPLXD BRQBOXARRIZWWK UHIDUGY WR WKH
YLROHQFH 3 D ZRUN FXUUHQVWSWUXYEBW VU HDYWHRURXIK DQDO\VLV RI WKH
HVWLQJQHVVY N GDWDVHW DLPHG PWJW KHQSUWIGLHRY LR RU KV WL® FRWWU LOR X W L
WRVKLY SDSHOW DORBOREBPQDO\WILWKRYHUDOO SHU IRUPDQFH RI V\VWHPWHWK DWW X

ZZZ WXUQLWLDQERHPQ@XXURIS®R UW B F O DI

DQDO\VLV RI
RI IHDWXUHYV
SUHGLFWLRG
QWHU

RQV

VH WKLV GDV

DOQDO\WLYVY RI WKH LQIOXHQFH WKBHUVRKUPROFEY WHRWKMWXG\ RI WKH JHQHUDOL]DWLRQ
FDSDELOLWLHV RI VIVWHPV DQG UHFRPPEQ BMIRWRWHRLSNNAHUWRUPDQFH 6RPH VKDUHG FRQWUL
EXWLRQV LQFOXGH WKH VWXG\ RI DO@HDWRDRKMKIBD Q& WQWHUSUHWDEL®WVW\ RI UHVXOWY DV .

WKH GHSOR\PHQW RI VWDWLVWLFDOHERFRDWWH QXVLRQ M\VWBWV IRU WKH LPSURY

HPHQW RI WK

UHVXOWV UHFRUGHG GXULQJ WKH OHGH®(WRAQV ROQWKH 3UHGLFWLQJ OHGLD ,QWHUHVWLQJQ

WDVN 3
UHSUHVHQWHG E\ WKH LQWURGXFWLRDVVRWKH PDE®HHNHPX EWLQJ PHWKRG IRU
LQGXFHU SUHGLFWLRQ RXWSXW 0\ PADHIQV FROBMULE X W IURHESW MARH QW H G EQSWKH FU
GHFRUDWLRQ PHWKRG WKDW IDFLDQWRWWNVPROMSWDWQBRFHIRXSQG E\ WKH LPSO
FRQ YROXWLRQDO OD\HUV IRU SUREBSXMQ JOWBHGEOMARWDIMHEDUULHB®RXW RQ W
WDVNV QDPHO\ WKH OHGLD(YDO L EVIH B Q GURHFGHRI2XFWLQJ OHGLD ,QWHUH
WDVBDQ®KH OHGLD(YDO 9LROHQW B6FHQHV 'HWHFWHRROMDNVNKRPDGNVKHVH PHWKF
LPSURYH V\VWHP SHU IRUPDQFH 7KLYHBGR EN W DQMNZARQWHMXOWY DUH FXUUHQWC
1HZHU UHVXOWV LQFOXGH WKH DGGLWSR®W BHERBMWHRQQRRGI®O DV ZBOJ DV W
D QRYHO '11 OD\HU FDOOHG &URVV 68BRALIXVORQHVKD@HIGVIRU SURFHVWBLQJ HQ
% %RWHDOX&RQVWDOWLQ % . RGHVFEFXSHWUBLHYLQJ 'LYHUVH 6RFLDO ,P@GIRIV 7DV
SHOHYDQFH HHGEDFN 'LYHUVLILFDWUIRQ GHURSHPWIYRFHAGLQJV RI WKH OHGLD
‘RUNVKRS &(85 :6 RUJ ,661 +LOGKHUWWPKHUODQGY 2FWREHU 0 * 3
&ROVWDOWLQ % %RWHDOX % ,ROWWDRX /$3UHGLPWGQD(OHGLD ,QWHUHVWLQJQ
'RUNLQJ 1RRWR¥HHGLQJV RI WKH OHGRIDNYB®&$85 :6 RUJ ,661 +LOYHUVXP
7KH 1HWKHUODQGV 2FWREHU 0* &RQWBWDQWLQ % .,ROQHVEX &R®WHQW 'HV
BUHGLFWLQJ .PWHWHYWLQUQ@HYWHUQDWLRQDO 6\PSRVLXP RQ GGIJQ\NONH PYLHF X LW
66&6 -XO\ ,DSL 5RPDQLD & +3'HPDUW\ 0 B6M|EHUJ 0 * &RQVWDQWLQ 1
'XRQJ % .RQHVFX 7 7 'R _+ :DQJ QWHGLWWMIL@UIQHVYV Rl 9LVERRMRRIVHMHQW ,Q
&ROWHQW ,QGH[LQJ DQG 5HWULHYDRBIDK 3&/S DR BHWXBQ D 6\VWHPV DQOG $SSO
(GV %HQRLV 3L3HHDXDOOHW 3 % %RWHDQX 0 * &RQVWDQWLIB.% .RQHVFX
SHWULHYLQJ @R'HRMMDJHY 7DVN_ $ 3VHXGR 5HOHYDQFH ) BAMVGRIDFSIH'WLY § B FWILFH
‘RUN LOQBWHV 3URFHHGLQJV RI WKH OHGLD(YRBPOLQ :RUHVEK®S 6HSWHPEHU

3 0* &ROVWDOWLQ % %RWHDOX % HREQBVFRXO /$8HGWF HGLID

L QWHUHVWLQJRWWLQIIRWRNHHGLQJIV Rl WKH 0OHGRDNYBEXEOLQ ,UHODQG
6HSWHPEHU 3 &% OLWUHDDOWLQRQVWWHIDQ 0 *KHQHVFX ®W ,RQH
%LIHHS 1HXUDO 1HW ZFPEMG GEUEG HRXUYHLOODQFBMWHUQDWLRQDO &RQIHUHQFH R
&RPPXQLFDWLRQV + &200 -XQH % XEIODUHVW3 SRPIIDEMRR 0 * &RQO/WDQWLC
6FKH@® ,RQHVFX 3 &UHPRQHVL 007) .G$0ORYQW I ADBHWHI JHDWXUH 'DWDVHW
5HFRPPHQGDWLER MULHIZDOXOWLPHGLD 6\VWWHPV ®REEWUKQIEH

UHSUHVHQWY D QRYHO IDG\6 WRDHR ZHMWEKOURJIDVA\VWHPY 7KH QRYHOW\ KHUH LV

FRPELQLQJ
HDWLRQ RI D
HPHQWDWLRC
KUHH UHJUH
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\ XQSXEOLVI
KH LQWURGX
HPEOH GDW.
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$PVWHUGDP 1HWKHUODBQG6/9 &DUDWD 0 * &RQVWDQWX QO 9&KKBGHD 0 7
*KHQHVFX . QQRYDWLYH OXOWL 3&11 *“%BIVGS UMW ZERINWRRULQJ . GHQWLILFDWL
'"HVFULSWLRQ RI 1HDUO\ ,QGLVWLQISHYKBHOW BN BY W,KROOLWH ,PDIJHV ,((( ,QW
*HRVFLHQFH DQG 5HPRWH 6HQVLQJ 6\PSIROVMRFELD *$566L® 3 < 'HOGMRR 0 *
&RQVWDQWLQ + (JKEDO =DGHK % .BQ@UHFXPRQHW¥KHGRGLR YLVXDO (QFRGLQJ F
&RQWHQW IRU (QKDQFLQJ ORYLH 5HFRRRRHAGBQYRERGWUSEY RQ 5HFRPPHQGHU 6
5HF6\V 2FWREHU 9DQFRXYHU &DQBRGDBOGMRRB 0 * &RQY¥ WDOQMUDV,RQHVFX
0 6FKHG®KH OHGLD(YDO ORYLH 5HFRPPHQERMWRIRQGIIINOBHULHY 8VLQJ &RQWE
‘RUN LQJ 1RWHV 3URFHHGLQJV RI WKRUMNVKIRSYORSKLD: $QWLSROLV )UDQFH 2F
3 < '"HOGMRR 0 ) 'DFUHPD 0 * &RQVW®DQMAKK +6 (SKEBERHBGO %
,RQHVFX 3 &UHPRQHVL ORYLH JHQREH WHPOFRQBWMIDUW LQ PRYLH UHFRPPHQ
ORGHOLQJ DQG 8VHU $GDSWHG ,QWHUDFWLRKQN WS GRL RUJ
v \ JHEUXDU\ 4 MRXUDRMPMHDUMSDFW )DFWRU &RDVWDQWLQ 0
5HGL * =HOQ % ,RQHVFX &RSQGHID WMRIDDGELQJ Rl 9LVXDO ,QWH HIIRD\WWQFYHV V
/LWHUDWXUH 6XUYH\ DQG $QDO\VLV REXRYDRUIBXWMM\Y&0 &R ,661 ‘2,
KWWS GRL DFP RUJ ODUFKMRXUQDO DUWLFOH ,PSDFW )DFWRU
&RQVWDQWLQ %&,ROHWVFXUW\ 1 4 . 'XR@ODPHGD 3LQHGD 0 6M|EHUJ 7KH 3U
OHGLD OHPRUDELOLW)\ 7DVN DW OHGLRUYD®PWHY 3QRRHNGLQJV Rl WKH OHGLD(YDC
'RUNVKRS B6RSKLD $QWLSROLV )UDQFH B3FWREHWRQVWDQWLQ & .DQJ * 'LQX
'XIDX[ * 9DOHQJLRMHMBEX 8VLQJ $HVWKHWLFV DQG DPVAICR QHWHARU Y WR B QVE H
SUHGLFWLRQ RHPHRUDELQLRWNLQJ 1RWRNHHGLQNKHRGLD(YDO 'RUNVKRS
B6RSKLD $QWLSROLYV )JUDQFH 2FWREB3U % ,RQHVFX + 0+OOHU 5 3pWHUL ' 7 'L
1IX\HQ 0 'RJDULX / % W H | DIDQ W L*Q & RPIVIW &/ () OXOWLPHGLD 5HWULH
/JLIHORJJLQJ OHGLFDO 1DWXUH DQRBQWQWQUESHM GBS LFPWXUH 1RWHV LQ &RPS
Ss 6% 1 '2, KWWSV GRL RUJ
(&,5 BURFHHGLQJV $SULO /ILOERQ 3RUWXID%WHIDQ 0 * &RQVWDQWLQ
,RQHVFX 6\WWHP )XVLRQ ZLWK 'HEB&(QYWP UDOMM. RQDO &RQIHUH BHW R QHYOON L
,&05 2FWREHU 'XEOLQ ,UHODQG 0 * RRQVWDQWLEKWHIDA,RQHVEX +
'"HPDUW) 6M|EHWJ 6FKHGO * *UDYLHU $IIHFW LQ OXOWLPHGLRO%BYWF&PHQH V

'"HWHFWLRQ ,((( TUDQVDFWLRQV RQ $IPHRWLWE &B P SRW LRUUJ 7$))&
$SULO 4 MRXUQDO DDPRWRORWRPS 3 3DSHU XQGHU PDMRU
0* &RQVWDQWLQ / ' %WHIDQ 4% ' ROMNFX + 'HPDOUWM|EHUJ 9LVXDO

,QWHUHVWLQJQHVV 3UHGLFWLRQ $ %@ QFKWHUD WORHERYNHZ ,QWHUQDWLRQD
&RPSXWHU 9LVLRQ &RIQFOWKIHR/Q VPN HSHHQARBIDDOW U L E X W L RDDX\WRR DWKLHE

DQDO\RNLWHKHVXDO LPSDFW Rl PXOWLPHGLD G RW\WDKH MWK ®\QRD LRHDMU RVWLQ JHV
PHPRUDELOLW\ YLROHQFH DQG DIIHERQWY H&KDGYHH D Q G BIIRRMQ WV D @ DIQWDHQ WV L V
VWDWH RI WKH WDHIW WERRRQFHSW WDRINBAVLQLWLRQV WKHRULHV RQ WKH KXPDQC
RI VXEMHFWLYH PXOWLPHGLD SUR SX\.HW VMAX GABIWDVRWNS/XW@®LRQDO DSSURDFK
DSSOLFDWLRQV DQG IXWXUH SHU VSMIEMAY W RQYUWHW DHWH &KDSWHU SUHVHQW
FRQWULEXWLRQV WR WKLV ILHO G KDSHW HW VW YSHIUMWWKIHWXDRW DV HW YV DQ &/ IEYHF K F
, KDYH FRQWULEXWHG WR )ROOR ZLHVHQKMLW VWXHUW OHRRFSKWHU YLVLRQ PHWKR
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GXULQJ P\ GRFWRUDO SURJUDP DQG RWDROQWHW RVWH HF FGWUHBW FRPSXWDWLRQD
EURXJKW E\ WKHVH PHWKRGV OHWKR GIVUSDHDWHHGW® KHUMIDW SUHGLFWLRQ RI F
LQWHUHVWLQJQHVV YLD WUDGLWQRQIXD 699 LVKDOQIHPI WHKWWYQJ DQG WKH LPSOFk
DHVWKHWLF EDVHG IHDWXUHV DQ® VWROMANW LED @ @WMUHHMWILRIQHVY SUHGLFWIL
GHWHFWLRQ RI YLROHQW VFHQHV YRDDV&RIQIYF6DHP B OWPDMWFIKRQLLL WKHL®UHGLF
PHPRUDELOLW\ ZLWK WKH KHOS RI BBWIHQUDBFRIQYZWURY GHY WKH FBISDWLRQ
OHDUQLQJ EDVHG DSSURDFK WR HQWHPEDWMLEBQDRIQQBZ L\PKEKW GHFRUDWIGRQ PH\V
DOORZ WKH SURFHVVLQJ RI FRUUHGBWS$ GXNQREPHVWHBPVRIXQG D QRYHO W\SH RI
QHWZRUN OD\HU WKH &URVV )XVLRWQL/IMME IRSHFKBOSONRGHVVLQJI RI HQVHPEOH
UHVXOWY SUHVHQWHG LQ WKLV W KHALIDWO DV i RRQN\RIFANURQJ MKW WKH SURSRVHG
VI\VWHPV VLIJQLILFDQWO\ LQFUHDVHRVWD@HHR ! KLIOH RQW HBGHWUDO ODWH IXVLRQ
UHTXLUH PRUH SURFHVVLQJ SRZHU LIV YSHUR MHVDWH GV EM FROOMOLSOH LQGXFHWUV RQ
WKDW WKHVH W\SHV RI DSSURDFKHVYXDLQQ YSHR WH MV R REH W)W LPSURYHPHQW R
SRZHU DQG WKH DGYHQW RI RQOLQH \SHRFIHAHAM GHEDNYWHKE MPRXQWY Rl GDW
UHDVRQDEOH WLPH , FRQVLGHU WKBW NXBR\W&WEPPWDBEDX\EH FDVHV PDLQO\ LQ
ZKHUH WKH UHVXOWYVY Rl LQGLYLGXDBOHQRWHPVRDUH IQEWOIJRBUNHW UH D GW VRIDX
LQIUDVWUXFWXUH VI\VWHPV ZKHUH POIRAFKX W B S/RIVWMWMDQM WAK DQ WWKH FRVW RI D V\V
SHUVSHFWLYHV ,Q FRQWLQXDWLRQ RPS\WRUW XRW N VWSKAWRRWOG EH WKH LPSOH
VIVWHPV WKDW DUH EHWWHU W X Q HASD MR\ WEKRIRLW HI[HD\PSHOFHWLYHH DOUHDG\ SUHVH
WKHVLY L H DHVWKHWLF EDVHGGHDWXDWW EXMW SEREONQWLQJ PRUH VRN MPRH VH
EDVHG RQ SUHYLRXV UHVHDUFK IURRORKM DRQOBWKRIY SRXAKDQDO\VLV EWDWWHU
EH FRQVWUXFWHG DQG WKHLU UHVXOWWKZRRRGVEIHPHEHD ERPPMXQLW\ )XUWKHUP
UHVXOWY Rl WKH GHHS HQVHPEOH VW I\WHW RJ H, SR/ HIQBMW DVKB U\ LQW H URHY WRLQ J U
WKH IXWXUH :KLOH WKLV DS S WRRD WK K HEFWHAVRRZWW GJH WKH | L UW\QWF D WDW PGV
VXFK GHHS IXVLRQ V\VWHPV IXWXUH GHOYH®RSWKB WV HKPDWILRQ RI QRYHO LQSXW
PHWKRGV WKH DGGLWLRQ Rl QRYHOFEBPHWIRQGVWH BIIQVWIQJ OD\HUV DQG VW
UHJDUGYV WR RSWLPL]LQJ WKH FROCGHFWURQYRUIEFHARIRDBXLO @ (VUD $FOMU )UDQ
DQG 6DKLQ $OED\UDN )XVLRQ RI OHDMRUIEYFQOWDIW LRRBODQG GHQVH WUDMHFWHR
DQDO\VLV LQ YLGHRV ,Q ,((( ,QWH URXD &R R QYH®WRUBPDVKRESOXOWLPHGLD ,QGH[LQJ
((( > @ 3HWHU 3 $LWNHQ -XGJOHQNW RIQED HOWHUHVWLQJQHVV DV IXQFWL
FRPSOH[LW\ -RXUQDO RI ([SHULPHQWDO 8V\FKRORJ® -XUDQG\ $OPHLGD 8QLIHV
PHGLDHYDO 3UHGLFWLQJ PHGLDMMWBURVUWLQIQARWHWBURFHHGLQJV RI WK
‘RUNVKRS > @ 5LFKDUG &K D VOWSHUEHUWVIRII QHVY Rl FKLOGUHQJVHIHDGL
IRU WKH 6WXG\ Rl 5HDGLQJ 7THFKQLFDO SHBRUDQ @K $UHQGW 2Q YLROHQFH +R
OLIIOLQ +DUFRXUW > @ <XVXI ISFWD D Q&DIDWIRIWRU7RUUDOED 6RXQGQHW /H
UHSUHVHQWDWLRQV IURP XQODEH O KGQH)GHRO @ RGMNIDWIHRQLSUR FHVVLQJ V\V
+ > @ 'DYLG $]FRQD (QULF O®UKX 7RHPLVD:DUG DQG $0ODQ 6PHDWRQ 3U*
PHGLD PHPRUDELOLW\ XVLQJ HQVHPEQHLRRGIWOMR QF:RMWGEGILQJIJV RI WKH OHGLD(YD
> @ 201D %HQ $KPHG -RQDV :DFNHDLEBOGRVDQGURHQRLW +XHW (X UHFRP#
OHGLD JHQUH LQIHUHQFH IRU SUMWHWWQIL@PHXHW LQ :RUNLQJ 1RWHV 3URFH
OHGLD(YDO ‘RUNVKRS > @ 'DBLHDQWHMB®VYY] DV D SVIFKRORJLFDO FRQ

ZZZ WXUQLWLDQERHPQ@XXURIS®R UW B F O DI
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MRXUQDO RI SV\FKRORJ\ *HQHUDO VHFWLR®) @ 'DQLHO ( %YHUO\QH &RQD@IGFW DURXVDO

FXULRVLW\ > @ 'DQLHO ( %HU®SQHI[LIRY HDAMB\ KHRERQLF YDOXH 3HUFHSWLRQ 3V\
FKRSK\VLFV + > @ 'DQLBPE ($HNMWEHWLFV DQG SV\FKRELRORJ\ YRO|XPH
-6725 > @ 7TLPRWK\ ) %UDG\ 7DPRDJRGNODH'DUH] DQG $XGH 20LYD 9LVXDO ORQJ WHI
PHPRU\ KDV D PDVVLYH VWRUDJH FDSDEL®N | RURFEHWBEY J¥HRI WKH 1DWLRQDO $FDGHP\ RI
6FLHQFHV + > @ /HRDRUHAPJILQJ SUHGLFWRUV ODFKLQH OHDUQLQJ

* > @ /HR %YUHLPDQ 5DQGWRP OPBFKVYQH OHDUQLQJ + > @
*DYLQ %URZQ -HUHP\ :\DWW 5DFKHODRD UILWU\DIQWG AUWH®WLRQ PHWKRGY D VXUYH\ DQG

FDWHJRULVDWLRQ ,QIRUPDWLRQ )XVI>R@ =R\Dt%\OLQVNLL 3KLOOLS ,VROD &R
%DLQEULGJH $QWRQLR 7RUUDOED QWQ6E BRGHHIWUYDVLIFWIULHFWYV RQ LIPMOLRIQPHP

UH VHDUFK + > @ OLFKHOKSIDEDRYMHPRWLRQ" %HKDYLRXUDO SURFH

+ > @ -RDR &DUUHLUD DQWGV$@®DKWZ 4XR YDGLV DFWLRQ UHFRJQLWL
PRGHO DQG WKH NLQHWLFV GDWDVHKW , (@ 8 HERFHUHIEQPHIWRIRPSXWHU 9LVLRQ D
5SHFRJQLWLRQ SDJHV + > @D@WWHIMW D BLUH +HOHQH '"HPDUW\ 9LQFF
DQG *ZHQDHOOH ODUTXDQW ([SHULHQFHLOVY MRKHFHGW HALMMW IQQDQG EHWZHHQ SLF
(OHFWURQLF ,PDJLQJ + KH@ B8OX® : 'DUVW DQG 5REHUW 3 3DQJUD
H[DPLQDWLRQ RI VLW XDWLRQDO H®WHUHWUWRGQ B8 XU BRRIUFGXFDWLRQDO 3V\FI

+ > @ &KLK 0LQJ &KHQ DEX G IBQXR&$VVHVVLQJI WKH HIIHFWV RI GLI
WLPHGLD PDWHULDOV RQ HPRWLRQV @R I8 HDULYXQPD SHUGRUHPWEDO VW\OH OHDU
(GXFDWLRQ + > @ 6KDWRQ /\QBIQD JHGRURYVND\D )UDQFLV 4XHN

-HITUH\ 6Q\GHU 7KH HIIHFW R IDPLHDGDQWHURY WHQFBHVV RI LPDJHV URQI6F7 63
,PDJLQJ YROXPH SDJHV &+ & LR@WBURFWHW)\ IRU 2SWLFV DQG 3KRWR
5RPDLQ &RKHQGHW &ODLUH +pOqQH 'HPDWW\6MJRRUXRYRIGDQ ,RQHVFX DQG 7
'R OHGLDHYDO 3UHGLFWLQJ PHGDENPHRRNDEBUAIRMHV 3URFHHGLQJV RI WKH
‘RUNVKRS > @ 5RPDLQ &RKHOQ@EOINQ H GHPIDUHV\ DQG 1JRF 4. 'XRQJ 7UDQ
OHDUQLQJ IRU YLGHR PHPRUDELOLWQ$UR®IHFWIRRFHEGRQMN RI WKH OHGLD(YDO
'RUNVKRS > @ S5RPDLQ &RKHQGHW' HPONMIH HJRFq®. 'XRQJ DQG 0ODUWLQ (Q
JLOEHUJH 9LGHRPHP &RQVWUXFW L@ QQDKR PV IV WK GIQRS ORQJ WHUPQYLGHR
BURFHHGLQJV RI WKH ,((( ,QWHUQDW BR®B ® V&R IHWH Q BH ROV H V + >
OLKDL *DEULHO &RQVWDQWLQ %RJGDQ RRWMBX X/DSQ@D WRIKE®L DHYDO SUH
PHGLD LQWHUHVWLQJQHVV WDVN ,QGRQUMN. @®J WKW HW GU R FHMHO ‘RUNVKRS
OLKDL *DEULHO &RQVWDQWLQ %RJG BQUSRIGDHL ,RQRWWHWDXQXDBQ DW PHGLDHYDO
PHGLD LQWHUHVWLQJQHVV ,Q :RUNLXQYJRIRWHIN BGHWREMI®OLQ :RUNVKRS >
OLKDL *DEULHO &RQVWDQWLQ /LYLXQD@IQHY EXW HIDRF %RJGXRQJ &ODLUH +p0gQ
DQG ODWV 6M|REHUJ 9LVXDO LQWHURY WE @ HQHFKWY SWM | BRFMZRUN DQG OLWHUD
8QGHU 5HYLHZ DW ,Q WHUQDWLRQDW RXIIRIPO RI ERESKWKIBL *DEULHO &RQVWD
%RJGDQ ,RQHVFX &RQWHQW GHVFULSWRRK) LQW ISUMVELEWQLQVV ,Q ,QWHUQT
6\PSRVLXP RQ 6LJQDOV &LUFXLWV DQGDBIMWHPV ,(66&6 > @ OLKDL *DEULHO
&RQVWDQWLQ %RJGDQ ,RQHVFX &ODURIF 4pOXR®J HPYUWY $ODPHGD 3LQHGD D
6M|EHUJ 3UHGLFWLQJ PHGLD PHPRUGLEHOD®\ WDYQ RWNLHDJ 1RWHV 3URFHHGL
OHGLD(YDO 'RUNVKRS > @ 0&RDNVWDERULH® &KHQ .DQJ *DEULHOD 'LQX

OVWDQFH
RUDELOLW\
VHV

RQ" D QHZ
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= WXUHV
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| DQG
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'XIDX[ *LXVHSSH 9DOHQ]LVH DQG %RQGD®VREHWLDEVSPDG DFWLRQ UHFRJQLWLRQ EDVHG QH

IRU WKH SUHGLFWLRQ RI PHGLD PHPQUIRMCHW 3B URFHHGBLQJV Rl WKH OHGLD(YDO
‘'RUNVKRS > @ OLKDL *DEULHO LEOFPQYME@MLQWQRUDDU=HQ DQG %RJGDQ ,RQHV
SXWDWLRQDO XQGHUVWDQGLQJ Rl FHVKQ®® \ §RMHUMVAWL QIQMNWYDW XUH VXUYH\ D
FRYDULDWHV $&0 &RPSXWLQJ 6XUYH\V &685> @ OLKDL *DEULHO &RQVWDQWLQ
'DQLHO 6WHIDQ %RJGDQ ,RQHVFX &QDLDWWBOIREHUBPDDWN XV 6FKHGO DQG *X
*UDYLHU $IIHFW LQ PXOWL PHGLD OMH@FKPBIWNGOWHNEWORQ ,((( TUDQVDFWLRQ
&RPSXWLQJ > @ 'DYLG &XOEHUW XDHOHNSDERQRY GHFLVLRQ PDNLQKH. Q WK
WHW RIIHQVLYH DQG FKLFDJRYV GHPRBUWRWQF -RXW RR@DRI RR@WHPSRUDU\ +LVW

+ > @ 4L 'DL =X[XDQ :X <IX-EDQJ ;LDQJ\DQJ ;XH DQG -LQKXL 7DQJ
QMXVW DW PHGLDHYDO 9LROHQW L\QFH@ M N SGRIMM-FWOL RGIWZRUNY ,Q :RUNLQJ
B3URFHHGLQJV RI WKH OHGLD(YDO >SRUBNVYKRBL 5XL :HL =KDR =X[XDQ :X ;L :D
=LFKHQ *X :HQKDL :X DQG <X *DQJ -LDBAUI DWGDHGKRBYDO '"HWHFWLQJ YLRO

FX &RP
QG DQDO\VL\
/LYLX
LOODXPH
V RQ $IIHFWL
H XVD 7
RU\
)XGDQ
1IRWHYV
o
HQW VFHQHYV

DQG DIIHFWLYH LPSDFW LQ PRYLHV,RLWK NGIHHIS1@MHYQIWPRFHHGLQJY RI WKH OHGLD(YDO

> @ 5LWHQGUD 'DWWD 'KLUDM GRVWRIHV-I=D:DIQJ 6WXG\LQJ DHVWKHKWREFV L

Q SKRWRJUD!

LPDJHV XVLQJ D FRPSXWDWLRQDO DSER@OHFKHQBH XRLRERPYXWHU YLVLRQ SDJH\ +

6SULQJHU > @ 5LWHQGUD 'DWRHY =LDQU BQGRWLWKPLF LQIHUHQFD@GRI Dt
HPRWLRQ LQ QDWXUDO LPDJHV $Q BVBRVQWWRAQDO,KRQIHUHQFH RQ ,PDJH 3UR
+ L ((( > @ <DVKDU 'HOGMRRUDHIOD&R@EWDQWLQ +DPLG (JKEDO =DGHK

,RQHVFX ODUNXV 6FKHGO DQG 3DRORLMXIDPOROBNRGERGLR PXO WLPHGLD FRQW
HQKDQFLQJ PRYLH UHFRPPHQGDWLRQWK® 3WRFHIDGERQVHRIHQFH RQ 5HFRPPHQG
6\WWHPV SDJHV + > @ <DVKDUKBIOGMRR HO &RQVWDQWLQ %RJGDQ ,R
6FKHGO DQG 3DROR &UHPRQHVL OPWIG MRYLRXYOWILOAHWHDWXUH GDWDVHW IR
DQG UHWULHYDO ,Q 3URFHHGLQJV RIGWE H\ WKHPY0 SORK@IWUP QFH SDJHV  +
<DVKDU '"HOGMRR OHKGL (ODKL ODVViPRORXRGHPRQHWYIQGVLQJ YLVXDO IHDWXU
PSHJ DQG GHHS OHDUQLQJ IRU PRYLHQWHFREPWQBOWQRLRXUQDO RI PXOWLPHG
UHWULHYDO + > @ (PPDGXIO 'HDOWQRMQ +XLJVORRW /LPLQJ &KHQ
%DYH\H =KRQJ]KH ;LDR DQG ODWV 6MYDHUJ 7HKRARWWICR®HO LPSDFW RI PRYLHV W
'RUNLQJ 1RWHV 3URFHHGLQJV RI WKHNWICR® (YDO > @R&ODLUH +pOgQH 'HPDUW
3HQHW *XLOODXPH *UDYLHU DQG ORKDFRDBHER DHY\PO® QL DIIHFW WDVN 9LROH
GHWHFWLRQ LQ KROO\ZRRG PRYLHV FIQHRUNILWQRILRWHWIBGRD(YDO "RUNVKRS
> @ &ODLUH +pOqQH 'HPDUW)\ &pGULFUDHQHW BXYICOOMKPMPDG 6R OH\PDQL 7KH
DIIHFW WDVN 9LROHQW VFHQH G WRWWYVRQREHHRWINQIV RI WKH OHGLD(YDO
'RUNVKRS > @ &0ODLUH +pOqQH 'HP@HW \ 0QNGIXVFEFKHGO ,RQHVFX %RJGD(
4XDQJ DQG <X *DQJ -LDQJ 7KH PHGLDWDPNMO® YLROMEW VFHQHV GHWHFWLRQ ,Q
B3URFHHGLQJV RI WKH OHGLD(YDO >R N ZIOPE UH +pOgqQH 'HPDUW\ ODWV 6M|EH
,RQHVFX 7KDQK 7RDQ 'R OLFKDHO *\J@l OHEIDBRPOXR SUHGLFWLQJ PHGLD LQ
LQJQHVV WDVN ,Q :RUNLQJ 1RWHV 3HEEBH®IR IV RRUWKHKR S > @ &ODLUH
'"HPDUW\ ODWV 6M|EHUJ %RJGDQ ,RQHRFXDQIRQRJRDIIRF 4. 'XRQJ DQG )UpGp
/HIHEYUH OHGLDHYDO

OHGLD(YDO ‘RUNVKRS > @ VDGIMDKMDWDBDIDGL DQG *HRUJHV 4XpQRW

AV WKHWLFV

FHVVLQJ SD
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HU
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HV EDVHG R(
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PHGLDHYDO DIIHFW WDVN 8VH RI DQG MHRWIQFVPHIX\EKLRRGYLVXDO ZRUGVH ,Q 3UR
OHGLD(YDO 'RUNVKRS > @ $UWXUYR 3DDLNREGSQGHUVWDQGLQJ LPDJH YL
&RQ IHUHQFH RQ &RPSXWHU 9LVLRQ WQRQ3DSDWHWQ 5HF R J QU ( > @ 6DJQLN
'KDU 9LFHQWH 2UGRQH] DQG 7DPDUMD /GHNBULEDBOBHHWAWULEXWHYV IRD@UHGLF
LQWHUHVWLQJQHVV ,Q ,((( &RQIHUHQRB PQ &R P SXWVWHULD 9HFRIQLWLRQ SDJHV
> @ 5REHUW 3: 'XLQ 7KH FRPELQW®RJWODMY RUHURW WR WUDLQ" ,Q 2EMHFW

VXSSRUWHG E\ XVHU LQWHUDFWLRRARPHVH WDLFHHY URERW V( (¥ > @ 3DXO (NP
$Q DUJXPHQW IRU EDVLF HPRWLRQV &RJQLWLRQ HPRWLA®QLRU (OD]DU\ DQG
/IDXUHQW ,WWL ,QWHUHVWLQJ REMNMFWRXDWHDOLRX ¥OVLRMOL + & > @ 3KR
(OOVZRUWK DQG .ODXV 5 6FKHUHU §8&SHMRWDR QS UHRHIERIR/N Rl DIIHFWLYH VFLH
> @ *RNVX (UGRJDQ $\NXW (UGHPFGHPQG §&NXPW(PHGLDHYDO BUHGLFWL

LQWHUHVWLQJ NH\ IUDPHV ZLWK GHH3FRPRIGWHOVRF HRBUNIQIY Rl WKH OHGLD(YDO
‘RUNVKRS > @ -LUL )DMWO SDVRORWKY GRQHNRVVR DQG 3DROR 5HPDJQLQ
OHPRUDELOLW\ HYWLPDWLRQ ZLWK Q WWRIQWHKR Q(((X%BRQRFHHBQFH RQ &RPSXWHU
3DWWHUQ 5HFRJQLWLRQ SDJHV + DRMLQJX)D@ 6KLDQ 7VRQJ 1J %U\DQ / .RHQ
-LDQJ DQG 4L =KDR $ SDUDGLJP IRU]EGLRORAIIVIRQKMYPDQ LPDJH SHUFHSWLRQ
IXVLRQ ,Q ,((( &RQIHUHQFH RQ &RPSBWWW WQVIHRRR DQIGNVERQ SDJHV i L (((
> @ .LULOO )D\Q &DURO\Q ODF&DQQDQGNID XDO-L RISRKICCRVS HVWKHWLF HPRWLRQV
SHRSOH 2SHQQHVV SUHGLFWV VHQ WLIKWMLHN LSHUW R QFRIWHRMIQWPHUHVW VQIG SOHD
SV\FKRORJ\ > @ OHQIJMXD@QHLD®G& :MLMLH ODR &UHDWLQJ PHPRUDE
PDULHV WKDW VDWLVI\ WKH XVHU W K WH®MR\R QL HRXW RVTRNPLSXIW L Q J +
> @ &DWULQ )LQNHQDXHU 5XWJHU &0HHXIHOMNHS®IQ®I VRFUHWY IURP SDUHQWV
DQG GLVDGYDQWDJHV RI VHFUHF\ LQODRSIRCRIXWEK @RIG $RRWM FHQF H +
> @ -RKQQ\ 5- )RQWDLQH .ODXV 5 6BRHYVIFKE OWG QRRHEH & (OOVZRUWK 7KH ZF
HPRWLRQV LV QRW WZR GLPHQVLRQBIQFBV\FKRORJ+FDO VFL> @ %DUEDUD /
JUHGULEFNVRQ 7KH UROH RI SRVLWLWH SAPRWRBRI LDKSRFURDGHQ DQG EXLOG W
SRVLWLYH HPRWLRQV YROXPH $ PLHFWDICF B QVRAL FWRRP R J > @ <RDY )UHXQG
6FKDSLUH DQG 1DRNL $EH $ VKRUWRVWWIURG XRWURQ WHRERQHVH 6RFLHW\ )RU
,QWHOOLJHQFH > @ )HURGPDHQ *UHHG\ IXQFWLRQ DSSUR[LPDW
JUDGLHQW ERRVWLQJ PD FKLQH $S®PJBUV REVWDWLVWLE®V-RKDQ *DOWXQJ &XO
YLROHQFH -RXUQDO RI SHDFH UHVHDUFK> @ <XDQ *DR +RQJ /LX :;LDRKX 6XQ
'DQJ DQG <L /LX 9LROHQFH GHWHFWLRQHQWQORINHPWHIE DQG YLVLRQ FRPSX\
> @ TKHRGRURV *LDQQDNRSRXORWLYOH[PIQWWIRRNVOMRNVPRSRXORYV 6WDYURYV
DQG 6HUJLRV 7KHRGRULGLV $XGLRWHFMDOQIXVLRQHRW WHHQHV LQ YLGHRV ,Q
FRQIHUHQFH RQ DUWLILFLDO LQWHOSBUH®IH SDIHY @ 5RVV *LUVKLBN )DVW U
BURFHHGLQJV RI WKH ,((( LQWHU QD WALRRBXW AR QY HWIHRQEF HSRQH V + u > @
OXULOR *RPHV -HDQ 3DXO %DUGGDO )DEEtF$QRHQWPEUMMN $ VXUYH\ RQRHQVHP
GDWD VWUHDP FODVVLILFDWLRQ $&®B&RPSXWLQI 6XUYHAV@ <X *RQJ :HLTLDQJ
'DQJ 6KXTLDQJ -LDQJ 4LQJPLQJ +XDQJHW/GIGWHQFYRROHQW VFHQHV LQ PRYLHV
DQG YLVXDO FXHV ,Q 3DFLILF 5LP @RGIHIHSIFHHRQ GXOWASULQJIHU > @ 6KL
*RWR DQG 7THUXPDVD $RNL 78'&/ DW PHOGIODMHYPEQHV YARRWHFWLRQ 7UDLQLQJ ZL
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IHDWXUHV E\ 0./
1IDWHU OLFKHO 'UXH\ DQG /XF 9DQ *RRWLOUQXNVY LQWRDJIJH VHTXHQFHVDOQ $&0
FRQIHUHQFH RQ OXOWLPHGLD SDJHV * @ GBPKDHO *\JOL +HOPXW *UDEQHU
5LHPHQVFKQHLGHU )DELDQ 1DWHU DQGQWHWBQWRRIDHAKY Rl LPDJHV ,Q 3URFH
((( , QWHUQDWLRQDO &RQIHUHQFH RQJ&RPSXWHU 9LVLRQ $@ OLFKDHO *\JOL

+HOPXW *UDEQHU +D\NR 5LHPHQVFKQHRBEBU&DBBWKDBOVYRPPDULHY IURP XVHU Y
(XURSHDQ FRQIHUHQFH RQ FRPSXWHU YL&SRIQQ SDUHV
*UDEQHU DQG /XF 9DQ *RRO 9LGHR \HXORRDLULIDAXERQ EXADU PL[WXUHV RI REMHF
&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DRG SDWMMHUQ 5HFRJIQLWL @ OLFKDHO *\JOL
ORKDPPDG 6ROH\PDQL $QDO\]LQJ DQGSUHGNVRMNIQIDBNVIVLQQ 3URFHHGLQJV RI Wt

LQWHUQDWLRQDO FRQIHUHQFH RQ 0XOWL PHGI@ $9BIHWV ) +DDV ODULQH *XLE

$QMD )RHUVFKQHU 6DQGL &DOKRXQ (MPR\DDXHRAL]ID EGDWN' EQVGDOH 6WXDUW $ 6
( 6PLWK ODUN -$ 9HUPHLM HW DO &DN@\ZH RASXWODMW ERI@PDO HYDOXDWLRQ RI FR
DHVWKHWLFV 3HHU- H > @5PWYDDBDORWYPDQ DQG 3LUNNR 2LWWLQHQ
DQG LQWHUHVW LQJQHVV RI WHYVWOLMD IJHWDIRUD WML\RXD O T X® 7 63,( (OHFMHWRQLF
,QWHUQDWLRQDO 6RFLHW3KRWRSMEFY DQG> @ -XQZHL +DQ &KDQJ\
&KHQ /LQJ 6KDR ;LQWDR +X -XQJRQPBLQIQ/LXQGHDWLIQQJ FRPSXWDWLRQDO PRG
PHPRUDELOLW)\ IURP IPUL EUDLQ LPDR@V R Q(F VEHIDQWNWLE V + >

$OH[ +DQVRQ .RXWLO\D 3QYU 6DQMNXQG® DD.WWVKQMIRIDIGLUHF WLRQDORBRQYR

=+ =

WKH GHWHFWLRQ Rl YLROHQFH LQ YIGHMRN (XY RSRPAHR@HUHQFH RQ &RPSXWH
(&&9 SDJHV = > @ -XGLWK 0 +DHD¥NUHPLAWK DQG 6WDF\ - 3ULQLVNL ,Q
PDWWHUV 7KH LPSRUWDQFH RI SURRRIVWQR Q QWROUHFVYWQVQL HGNVV IURP WKB EHKE

VFLHQFHV + > @ 7DO +MVV,QHFWKHIRWD QG 2ULW .OLSHU *URD® 9LROH
WLPH GHWHFWLRQ Rl YLROHQW FURZG&RHPISXYWHRW 6 RFLHW,\ &RQIHUHQFH RQ &RP S
DQG 3DWWHUQ 5HFRJQLWLRQ :RUNVKRSV SD@HWLPLQUEH ;LDQJ\X =KDQJ 6KDR
5HQ DQG -LDQ 6XQ 'HHS UHVLGXDQ I WBEFQRJIJQRWILRYQ LRD3URFHHGLQJV RH WKH |,
RQ FRPSXWHU YLVLRQ DQG SDWWHUQ+UHFRJQLWIGRQOBBPMDHMG UR +HUQIQGH] *DUF
JHUQDQGR )HUQIQGH] ODUWtQH] DQG )BWPDGRRSOUL®H ¥LVXDO GHVFULSWRUYV
UDWLQJ VWUDWHJILHV IRU YLGHR ®HMDIOHMENHYYHGQILFWIDRI® &RPPXQLFDWLRQ

> @ (FNKDUG + +HVV DQG -DPHU ¥ I3RODW BXSODWHG WR LQWHUH\OW YDOXH
6FLHQFH + > @ 6X]DQ@QGLIMOHULH $QGHUVRQ 6LWXDWLRQDO
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+
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LPSDFW RQ UHDG LQJ DQG H[SRVLWRRI\ ZQWWUEBYW/ K8 ORDUQLQJ DQG GHYHORSPHQW +

> @ 6X]DQQH +LGL DQG :LOOLD R QIHMY2DQ@HILHAWHG YDULDEOH LQ GLV
SURFHVVLQJ &RJQLWLYH VFLHQFH > @ $HSS +RFKUHLWHU DQG -+UJHQ 6FKPL
VKRUW WHUP PHPRU\ 1HXUDO FRPSXWDWLRQ> @ /LDQJ &KL +VLHK :LQVWRQ +
DQG +DR &KXDQ :DQJ
PHGLD E\ FURZG VRXUFLQJ ,Q (@ ARQHIW QAR @R $FRXVWLFV 6SHHFK DQ
3URFHVVLQJ ,&$663 SDJHV + ((@ /| 5R2ZHOO +XHVPDQQ 7KH LPSDFW RI H
PHGLD YLROHQFH B6FLHQWLILF WKHRQD O ®E $GR/GIIDWFHKQ WRKHD O W K 6 £6
3KLOOLS ,VROD 'HYL 3DULNK $Q WRQL RONRMDU DBB@EMH U/VQWD ®G LQJ WKHWAQRNULQV
LPDJHV ,Q $GYDQFHV LQ QHXUDO LQIRUPWWRRQSPURFHV VL Q > @ 3KLOOL

FRXUVH
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+V X
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ZZZ WXUQLWLODQERHPQ@XXURIS®RR UW B F O DI

,VROD -LDQ[LRQJ ;LDR 'HYL 3DULNK DFGNRXQGER ZQUYD O:KDW ODNHV D 3KRWRJUDSK

OHPRUDEOH" ,((( 7UDQVDFWLRQV RQ BRWWHBRLYGD W WMDWLIHQFH +
> @ 3KLOOLS ,VROD -LDQ[LRQJ ;IDDF GB® WR®H R GRYDDEDOW PDNHV DQ LRDJH PHPRUDEOH" ,
&935 SDJHV = ((( > @ &DYG,IPQG % 3 $FNHUPDQ (PRWLRQ FRJQLWLRQ

UHODWLRQVKLSY DQG KXPDQ GHYHOR ®®HQWD Y/HZDQ GOLFEBWO-HDQQHWWH 0 +DQGERRN RI

HPRWLRQV SDJHV & > @ <X xDQUBLDQIQJ 5XL )HQJ ;LDQJ\DQJ ;XH <L
=KHQJ DQG +DQIDQJ <DQJ 8QGHUVW INQGL@WHUHY WUEBEQRAWY. Rl YLGHRYV
$$$, &RQIHUHQFH RQ $UWLILFLDO ,Q@& KRODIHQAWMQJ %DPRKDQ ;X DQG ;LDQJI\DQ
3UHGLFWLQJ HPRWLRQV LQ XVHU JHRAMB®IHE VY RIHRKH TZBQW\ (LIJIKWK $$$, &R
$UWLILFLDO ,QWHOOLJHQFH SDJHV@ ®%UHM@GDQ -RX 7DR &KHQ 1LNRODRV 3DSS

QJELQ

,Q 7ZZHQW\ 6HYHQWE

J ;XH
QIHUHQFH RC
DV OLULDP

5HGL OHUFDQ 7RSNDUD DQG 6KLK )XREBWDIRURXQGXWRHDZIRUOG $ ODUJHWKMEIOOH RXOWLOLQJXI

VHQWLPHQW RQWRORJ\ ,Q 3URFHHGLQWHRIQWWH R QDB $RRQIHUHQFH RQ OXOWLP

HGLD SDJHV

+ > @ &KHQ .DQJ *LXVHSSWHIMIHD)UpGpULF 'XIDX[ 3UHGLFWLQJ VXEMHFWLYLW

LPDJH DHVWKHWLFV DVVHVVPHQW ,QUQDWURQM® :RUNWKRS RQ OXOWLPHGLD 6L
0063 SDJHV + ., ((( > @ :LOO &DUWIDRD .DUHQ 6LPRQ\DQ %ULDQ =KDQ
+LOOLHU 6XGKHHQ GUD 9LMD\DQDUDYPPHIMHMQDELRYRIR®DFN 3DXO 1DWVHY H
NLQHWLFV KXPDQ DFWLRQ YLGHR GIDWDMHW DU:LY SUBSUBQ¥WQ .H ;LDRRX 7DQ
DQG )HQJ -LQJ 7KH GHVLJQ RI KLJK GHRMCR | FRDXIUWHVDINRY HVVPHQW ,Q ((( &
6RFLHW\ &RQIHUHQFH RQ &RPSXWHU BIFRURQ WIQRQ 3IBWWHUQ FROXPH SDJHV

((( > @ $GLW\D .KRVOD $NKLQLR5PRVXUDSIMEMR DQG $XGH 20LYD 8QGHUVW

JQDO 3URFH\
J &KORH
w DO 7KH
J

RPSXWHU
+

DQG LQJ DQ

SUHGLFWLQJ LPDJH PHPRUDELOLW\3DWFB D®WUIH VEIDWKH ,F(( ,QWHUQDWLRQDO &RQIHUHQFH

&RPSXWHU 9LVLRQ SDJHV +
$XGH 20LYD OHPRUD ELOLW\ R|I LPDIHFHMILR QWHX,WIDHGYQIRUPDWLRQ SURWFHVVL

D>. KRVOBGLWIADQ[LRQJ ;LDR $QWRQLR 7TRUUDOED DQG

QJ VI\VWHPYV
LPL]D WLRQ

+ > @ 'LHGHULN 3 .LQJPD DQG$GPP\ $PHWKRG IRU VWRFKDVWLF RSW
DU:LY SUHSULQW DU;LY DIHY %IHKRWRIUDSK\ WKH DUW RI FRPSRVLWLRQ 6N\KRU
3XEOLVKLQJ ,QF > @ %DUWRQIGWAMZRLPNMMHDRmMR *DPD -HUJ]\ 6WHIDQRZV

OLFKIDR(QLDN (QVHPEOH OHDUQLQJ IRU G/DW D/ XWYUHD PQDRW ORBWLRQ )XVLRQ

> @ $OH[ .UL]JKHYVN\ ,0\D 6 XWRNHK¥NY DLQGVRYY ,PDIJHQHW FODVVLILFDWLF
FRQYROXWLRQDO QHXUDO QHWZRUNU LQIBGFDQYERQ ISURFXMLQJ VIVWHPV SDJ

> @ /IXGPLOD , . XQFKHYD &RPELQD®YLIDMWWHWPHWKRGY DQG DOJRULWKPV
6RQV > @ 3HWHU - /DQJ 0DUJDDBW % UUIHGOKRXWKEHUW ,QWHUQDWLRQD
SLFWXUH V\VWHP LDSV ,QVWUXFWWRQHPDRWDQJNQ GKMIIFHFQWHU IRU UHVHDUFK
SV\FKRSK\VLRORJ\ 8QLYHUVLW\ Rl \@RUHX® /HH DG ,0\RR % +RQJ 3UWKBUWFWLQ
UHVSRQVHV WR VRFLDO PHGLD DG Y HPWWLIR@D O K SRODGI VLRIRUPDWLYHQHVV D
,QWHUQDWLRQDO -RXUQDO RI ,QIRUPDWLRQ ODQDJHPHQW®W 5REHUWR /H\YD )DL\I
'RFWRU $OED * 6HFR GH +HUUHUD ®XQ@WARPKISLMW 6GKIBE IHDWXUHV IXVLRQ IRU Y
PHPRUDELOLW\ SUHGLFWLRQ ,Q :RUNY QI WRAWHHVHBUMDEMBGLQ :RUNVKRS >
&RQJFRQJ /L DQG 7VXKDQ &KHQ $HVWKEWLEFVWIPH@W RXBDLQWLQJIV ,((G-RXUQD
WRSLFV LQ 6LJQDO 3URFHVVLQJ @+ LURQJ A <XMLD +XR 4LQ -LQ DQG -LH
'"HWHFWLQJ YLROHQFH LQ YLGHR XWRIFGIHEXDB® IRVMWHAKH ,QW3U $&0 LQWHU RIDNLR QD
OXOWLPHGLD SDJHV % > @ &HPWRKD &P F DW PHGLDHYDO 3UHGLF

NL DQG

+
RQ ZLWK GHH
HV +
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LQWHUHVWLQJ QHVV WDVN ,Q :RUNL @I WRKWHOHBULREFHUBIGLQJ :RUNVKRS >
/LX <X]KHQ 1LX DQG OLFKDHO *OHLRNHRY BRUPHDNEKWBKIJ YLGHR IUDPH LQWHUH
7ZHQW)\ )LUVW ,QWHUQDWLRQDO -R LIGFW D&R QQ MUHHFO@AH HRAF HUWEDJHV + DQD >
ODFKDMGLN DQG $00DQ +DQEXU\ $IIHFDWLYRQLRUIBJF OOV W XUHV LQVSIGUHG E\ S
DUW WKHRU\ ,Q 3URFHHGLQJV Rl WKRQ DWKFR&D HQMQMFUHORY 0XOWLPHGLD SDJHV
> @ *ZHQDHOOH ODUTXDQW &ODLUH Up0WEaD &KPIDADVW\HWK -RsO 6LURW DQG /RX
 QWHUHVWLQJQHVV SUHGLFWLRQ HWWDSHCRFQWHA®Y WR LPP,QWHUQRWLRQDO
&RQWHQW %DVHG OXOWLPHGLD ,QGH[LQJI((&%0, >SD@H¥OBHUW OHKUDELDQ %DV
GLPHQVLRQV IRU D JHQHUDO SV\FKR ®RWIFFO®VWRHRBHUMR@DLOLW\ VRRL®O HQYL
GHYHORSPHQWDO VWXGLHYV > @HEKIDLKKDXIORLQLIDSXZ DQG 6DMDO . 'DV $ QR
VHW IRU YLGHR HPRWLRQ UHFRJQLWLRQ+ 1HXURBPRP®XMIL@D 0XUUD\ /XFD
ODUFKHVRWWL DQG )ORUHQW 3HUUR@ IGPD WY BD $HOIRWI B WMAFWKHWLF YLMXDO DQ
&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DR@G BDWMAMHUQ 5HFRIQLWL > @ (QULTXH
%HUPHMR 1LHYDV 2VFDU 'HQL] 6XDUHJFtIDRDQG SOXKDQR 65ONWKDQNDU 9LROHQFH
YLGHR XVLQJ FRPSXWHU YLVLRQ W HIFK@RLO XAHRQ | HU HRQWHURQD WRPSXWHU DQDO\VL
SDWWHUQV SDJHV # 6SULQJHU LV 1RRUGDEDDGG %RE / 6WXUP 5HJUHVVLR(
DSSUR[LPDWLRQV Rl GDWD ,Q (XURSHDHRAUHYBQ BW RFEBHYIE2 SDIHV  + (((
> @ $XGH 20LYD DQG $QWRQIGRH ORQUDMKED VERSH RI WKH VFHQH $ KROL
UHSUHVHQWDWLRQ RI WKH VSDW L DIDOH-®XKHOQPHHR |, @R ASRWWURQ VLR Q +
> @ %DODML 3DGPDQDEKDQ DQG $0H[BOIECWH GRHVUWVWDY B@EHDVXUH RI LQWHUH
NQRZOHGJH GLVFRYHU\ 'HFLVLRQ 6XSSRHWW 6\WWHPV @ -D\QHHO 3DUHNK
+DUVKYDUGKDQ 7LEUHZDO DQG 6DQMHH® H FOWMNK LIHABWIIRQ DQG UDQNLIJ IRU
LQWHUHVWLQJQHVYV ,Q 3URFHHGLQJIJWQRHWRBWLROHO RRQIHUHQFH RQ OXOWLPH
SDJHV = > @ 2ELRPD 3HOND @&KULNWRISKKH $ *DUFtD 6HFR GH +HUUHUL
+HQQLQJ 0¢+OOHU 2YHUYLHZ RI WKH LRQFHB@OHGHHEHFWLIFRRQ WDVN &/() ZRUNLQJ
> @ &PGULF 3HQHW &ODLUH +pQOQ@BXRRDUMY KU DQG 3DWULFN *URV 7H
,15,$ ,5,6%$ DW PHGLDHYDO OHDUQG@D WHRSRQUWE JRMWLRQ ZLWK ED\HVLDQ
B3URFHHGLQJV RI WKH OHGLD(YDO ‘R@NYEKBSLF 3HOHW &ODLUH +pOgQH 'HPD
*XLOODXPH *UDYLHU DQG 3DWULFNULWDRW HDHPF R QYLWRGRRHGQDHYDO YLROHQW
GHWHFWLRQ WDVN ,Q 3URFHHGLQJV FRRUMKKRSIGLD(¥DO@ &pGULF 3HQHW &ODL
'"HPDUW\ ORKDPPDG 6ROH\PDQL *XLOODXPWUIUMNY EHRVDOHFKQLFRORU LQULD LP
ORQGRQ DW WKH PHGLDHYDO YLROWQWNVFEQRUNLWB AWWRHY 3URFHHGLQJV R
OHGLD(YDO ‘RUNVKRS > @ .XMQ &RXKP@HKHQ $PLU 6DGRYQLN DQG
*DOODJKHU $ PL[HG EDJ Rl HPRWLRQNVQ ® RMGUHIQ VSHHGHLERWLRQ GLVWULEXWLRQV
&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DRG ZDWMMHUQ:t5HFRIQLWL > @ 5H]D $GLW
3HUPDGL 6HSWLDQ *LODQJ 3HUPDQD BYWILAD B&\Q QY& LD GWRPD &6 /LHP 'XW PPVU
PHGLDHYDO 3UHGLFWLQJ PHGLDWMWHUBVRUNDQQQHRWHY 3URFHHGLQJV RI
‘RUNVKRS > @ S5REHUW 30XWF®LSW\BKRHROXWLRQDU\ WKHRU\ Rl HPR
RI HPRWLRQ + > @ 5ROI 5SHERKZDBYEM@®3ILRWU :LQNLHOPDQ 3URFHYV
DQG DHVWKHWLF SOHDVXUH ,V EHDXSV\REQ WK B HUFHUYHQEH" 3SHUVRQ DOLW\
SVV\FKRORJ\ UHYLHZ + LVR@ BMERXG ,VPDLO +DUUDQGR -RUPD /
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'DQQ\ JUDQFLV 5DSKDsO 7URQF\ DQGVHFF\WRERPEHLOLONQWH[WXDO DQG YLVXDO
SUHGLFWLQJ PHGLD PHPRUDELOLW\ FEHBURIQRILRWKHVOMEGR D (YDO > @
5HGL DQG %HUQDUG OHULDOGR :KHQHWW' WKW URQKWHQHVIMELISHDOLQJ YLGHR VFH(
IOLFNU EDVHG JUDGHG MXGJPHQW VR QQH,QMMHUHORQ VO XR@OLP® RGLD 5HWULHYDO SD
$&0 > @ 5RQDOG $ 5HQVLQN - .HDMQ® -DJFHYDQODUN 7R VHH RU QRW WR V
IRU DWWHQWLRQ WR SHUFHLYH FKDQRBHHMDQ VFHBEWHS3V\FKR+ > @ /LRU
SRNDFK 7D[RQRP\ IRU FKDUDFWHUL]LQW HQ¥BPE Y HI PHWKIFR®) WDVNV $ UHYLHZ
ELEOLRJUDSK\ &RPSXWDWLRQDO 6WRWLVWLFV +DWD $QBO\@ 'DQLHO 0
5RPHUR :RMFLHFK *DOXED 6LWDUDP $% X#XEHUG PMHY QMUGRHQFH DQG SDVVLYLW
PHGLD ,Q 'LPLWULRY *XQRSXORV 7KRRMIR/MROADEDR DRDOLFKDOLV 9D]JLUJLDQQ
ODFKLQH /HDUQ LQJ DQG .QRZOHGJH DLIWH'\R YHRIO X®H'DWDREl /HFWXUH 1RWHV LQ &
6FLHQFH SDJHV * 6SULQJHU %HUOL® +@LGHRKEHD 6 5\RR $- 3LHUJLRYDQQL
7DQ DQG $QHOLD $QJHORYD $VVHP IROHXOWL6WWUHRKBPIPQQHXUDO FRQQHFWLYLW
DUFKLWHFWXUHV DU:;LY SUHSULQW DW;LY@ 2PHU 6DJL DQG /LRU 5RNDFK (QVHP
OHDUQLQJ $ VXUYH\ :LOH\ ,QWHUBVLVHLWB ®OLQRQU THXGHQRZOHGJIH 'LVFRYHU\
> @ 'DUVKDQ 6DQWDQL 6DOYDGRUG5YWLQLEFRUUMBLFD 3HUH] ,QVLGHUV DQG
&RPSDULQJ XUEDQ LPSUHVVLRQV EHWBNHQQSREXBRQWQRGUQRWLRQDO &RQIHUH
OXOWLPHGLD 5HWULHYDO SDJHV + 6®H&XHO )HOL®H GRV 6DQWRYV DQG -XUDQG
*LELV DW PHGLDHYDO 3UHGLFW LLGQDIL WK GWIDVRHPRURENLQJ 1RWHV 3URFHHGL
OHGLD(YDO ‘RUNVKRS > @ $QEGUH{PDUEDMWNRR&XOLEUN <DQ <DQ DQG 1LF
KRV DIUDLG RI LWWHQ 8VLQJ WHHFRPWLWRWRBQRWRRMDO\]JH HPRWILRJV LQ D
,Q $&0 LQWHUQDWLRQDO FRQIHUHQFM RQ OXCOEDPHGLD S@®JHRVVDQR 6FKLIDQHGC
OLULDP 5HGL DQG /XFD ODULD $LHOWR PIRUHPWEBQ\D ZARKWRXVDQG IDYRULWHV 6X

KLGGHQ EHDXW\ RI IOLFNU SLFWXUHWQQHB N RRGRFUBQFOHGLD > @ -D
6FKO*WHU %RJGDQ ,RQHVFX ,RQX OLWBRRHEO DE53 HCPHGLDHYDO $Q XQLQIR
DSSURDFK WR YLROHQFH GHWHFWLRQQLRURRE 8 GARRE RRYWKH OHGLD(YDO ‘RU
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> @ -*UJHQ 6FKPLGKXEHU 'ULYHR@ESHERBBUMVVEB VLPSOH SULQFLSO®G H[ SODLQV HVVH(
DVSHFWV RI VXEMHFWLYH EHDXW\ WHRYHAOWQ MXHNW LYW WIHRWLRQ WXULRVLW\ FUHDWLYLW\

VFLHQFH PXVLF MRNHV ,Q $QWLFRLSBWRW\L %Hi /KDYQRQJIL6\WWHPV SDJHV %
> @ 2PDU 6HGGDWL (PUH .XODKQNRHR BIXLSKIDUFRH 'XSRQW 6DwWG O0DK PRXGC
7KLHUU\ 'XWRLW 8PRQV DW PHGLDHP/OIDFW RDRRFWHYHMDVN LQFOXGLQJ YLROHQ
GHWHFWLRQ ,Q :RUNLQJ 1RWHV 3URPHHG®LQJV:RUMMKRGBHGL > @ $PDQGD -&
6KDUNH\ 7\SHV Rl PXOWLQHW V\VWHRU,QVIKREHRQ DWQRQBOH &O0DVVLILHU 6\VWH
+ 6SULQJHU > @ 6XPLW 6KHMKQUDKUMWYLQHHW 6LQJK O0DQDY .HGLD
6KHWW\ 6KRZ DQG UHFDOO /HDUQLQPHERBWDEDNMHVY, Y BERRMHGLQJIV RI WKH ,(((
,QWHUQDWLRQDO &RQIHUHQFH RQ &RBY¥XWHUHYLVLRQ :RUNVKR @ <XHVRQJ 6KH
&ODLUH +pOgQH 'HPDUW\ DQG 1JRF 4 FRGRQ4PRBERGIL DO SUHGLFWLQJ PHG
LQWHUHVWLQJQHVV WDVN ,Q :RUNLRU WRWHWGURFHHGLQJIJ\NRUNVKRS > @
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%HKDYLRU * >
BLQHGD (OLVD 5LFFL DQG 1LFX 6HEHH DIRIZPRRHP PNRRRUDEOH" D GHHS VW\OH WU

@ $OLDRKRQGHORWDIWLD =HQ &YHWD ODMWDQRYLF ;DYLHU $ODPH

DQVIHU
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DSSURDFK ,Q 3URFHHGLQJV RI WKH WLR&D A G R@WHHIWDHQFH RQ 0OXOWLPHGLD 5H

+ > @ 3DXO - 6LOYLD :KDWLIQW' BVSRHWN.QJ WKH DSSUDLVDO VWUXFW
(PRWLRQ + > @ 3DXO -$QRYLDJMWKH SVIFKRORJ\ RI LQWHWMVW 2]
3UHVYV > @ 3DXO - 6LOYLD /RRMNHI$ODMW $@BDXVLRQ GLVIXVVWGSULGH

RWKHU XQXVXDO DHVWKHWLF HPRWLRKQNW B ¥ VF KERIHDIW RY LBV DQG WKH $l@vV
3DXO - 6LOYLD DQG -RKQ % :DUEXUWBWLSRVILMHFW DG QH.QJ VWDWHY DQG WU
&RPSUHKHQVLYH KDQGERRN Rl SHUVR®BORW\ DQGtSV\FKRSDW @ .DUHQ
6LPRQ\DQ DQG $QGUHZ =LVVHUPDQ 9HQD G HHSVEZRQXRORWLRDUJH VFDOH LPDJH
DU:LY SUHSULQW DU;LY S EHQ) DDYRDBGKR %DYH\H +DQOL :DQJ 9X /DP
%RJIJGDQ ,RQHVFX (PPDQXHO 'HOODQGU&DDDDHNXYW 6EKHEPDUW\ DQG /LPLQJ &K
PHGLDHYDO DIIHFWLYH LPSDFW RRWPNRLYQHYRMOHWM 3URFHHGLQJV RI WKH OHGLE
'RUNVKRS > @ ODWV 6M|EHUJ % RJG PMQ,RQUIDVFIX 9X /DP 4XDQJ ODUNXV 6F
&ODLUH +pOgQH 'HPDUW\ HW DO 7KHHFMGWDNXDOLROB®QOW VFHQHV GHWH¥WLRQ
3URFHHGLQJV RI WKH OHGLD(YDO SRUBVKRRSDPPDG 6ROH\PDQL 7KH TXHVW IR
LQWHUHVW ,Q 3URFHHGLQJV RI WKEDQUBREX G UDYHUBQWXROWLPHGLD SDJHV

> @ .KXUUDP 6RRPUR $PLU 5RVKDQ =INP6EKDRQ&FOXEDBUGDWDVHW RI KXPDQ [
FODVVHV IURP YLGHRV LQ WKH ZLQG@ DU:LY SUHSUL@W/DYLX 'DQLHO uWHIDQ OL
*DEULHO &RQVWDQWLQ DQG %RJGDQR®R@HWRXG 6 HSWHHPVIKREOHY ,Q 3URFHHGLQ
,QWHUQDWLRQDO &RQIHUHQFH RQ ODDHWLPHGLD 5HWULKY BDDWKLNLUDQ 6XGKDN
6HUJLR (VFDOHUD DQG 2VZDOG /DQRUBMWHRVUKLLEHRHWFWLRQ UHFRJQLWLRQ ,Q
WKH ,((( &9) &RQIHUHQFH RQ &RP SXW HW Q LAHFRRY Q@ IQWGL RIW WD J HV + >
6ZDWKLNLUDQ 6XGKDNDUDQ DQG 2VZDGE WHEW /NHIROH@W WRGHRV XVLQJ FRQYR
VKRUW WHUP PHPRU\ ,Q WK, ((( &R\QHUQDIFIHRRQ BGYDQFHG 9LGHR DQG 6LJ
6XUYHLOODQFH $966 SDJHV * ,((HQQLIMU @6XQ 7LQJ /LX DQG *DXWDP 3UD
PHGLDHYDO HPRWLRQDO LPSDFW RY FSRMM.SHM QW \VDNJ ;DY ; > @ &KU
6]HIJHG\ 9LQFHQW 9DQKRXFNH 6HUJHA ROIGI =FRQ BKHOHR®RMQD 5HWKLQNLQJ WKH
DUFKLWHFWXUH IRU FRPSXWHU YLWIRWKHQ, QU RRIDHIBUMQBEW RQ FRPSXWHI) YLVLR
UHFRJQLWLRQ SDJHV + > MDEDVBNLDDG ODVDQRUL 6DQR 1KN ZKHUH
JUDQG FKDOOHQJH ,Q $&0 OXOWLPHG:D BKRKXOMG@KHW 7DQ DQG &KRQJ :DK 1JR
YLUHR WHDP DW PHGLDHYDO 9L R WILHRQWEV PHGHOVHEHW HFRQFHSWYV OHDUQW |
3URFHHGLQJV RI WKH OHGLD(YDO 'RUBVNVE®RELOYDQ 6 7TRPNLQV $IIHFW LPDJH
FRQVFLRXVQHVV 9RO L WKH SRVWL.W@YHRDHABFRVYRUUHVDQL ODUWLQ 6]XPPHU T
JLW]JLEERQ (IILFLHQW RE MHFW POW QJRAQO DVMVHRIML W,IQRXURSHDQ FRQUHUHQFF
YLVLRQ SDJHV % 6SULQJHU Q> IXERRLWDRXUGHY 5RE )HUJXV /RUHQ]R
DQG ODQRKDU 3DOXUL /HDUQLQJ VSBWLRMHBSRROVRIGIOMDARIDO QHWZRUNV ,Q
WKH ,((( LQOWHUQDWLRQDO FRQIHUHQFISIRIH¥RPSXWHU YL¥LR@ /H 9X 7UDQ 9LQK
/IRF +X\QK DQG OLQK 7ULHW 7UDQ 3 UPHRG LUFMALQIL WH XV HGHHS IHDWXUHV ZLWK
UHFXUUHQW QHWZRUN ,Q :RUNLQJ 1IWWHWBGRPHMGELQJIJV:RUNVKRS > @ 6L
$ 7XUQHU -U DQG 3DXO - 6LOYLD QXVVEH GWHONDQWQ DWKHVW RI FRPSMWUGY DS
(PRWLRQ > @ 3DWULFL3OBEPGW]OHE®DELDQ (IIHFWV RI FRORU RQ
-RXUQDO RI H[SHULPHQWDO SV\FKRORJ% *HQHUDO @ -RRVW 9DQ 'H :HLMHU &RU
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6FKPLG -DNRE 9HUEHHN DQG 'LDQH RDWRWXYD PHVUIRIUQUHDO ZRUOG DSSOLFDWLRQV , (((

7UDQVDFWLRQV RQ ,PDJH 3URFHVVLQJ >
$QQD 9RORNLWLQ DQG /XF 9DQ *RROO(WK FHQW YA YRMXDO HPEHGGLQJV DQG
YLGHR LQ WHUHVWLQJQHVV ,Q :RUBNVY QI WRAHHVHEUREWBGLQ :RUNVKRS >

@+$UXQ DODMHH 9DVXGHYDQ OLFKDHO *\JOL

LGHR JLI IR
@

$OH[DQGHU 9LROD DQG 6HMRQJ <RRQRY KIEWHRE PISBRBDEKOLW\ SUHGLFWLRQ ,Q :RUNLQJ 1R

BURFHHGLQJV RI WKH OHGLD(YDO PRUBVIKRIEH :DQJ ;XHWLQJ :DQJ DQG 7RVK
<bPDVDNL ,PDJH DHVWKHWLFV SUH SGHFSMWRKXWLU HPKHOUNILQJ WKH RULJLQDO

LKLNR
DVSHFW UDW

FRQWHQWYV DU;LY SUHSULQW DU;LY @ /LPLQ :DQJ <XDQMXQ ;LRQJ =KH :DQJ <X 4LDR

'DKXD /LQ :LDRRX 7DQJ DQG /XF 9D QVHRIPG QM BIRWIRUNY 7RZDUGV JRRG SUDF
DFWLRQ UHFRJQLWLRQ ,Q (XURSHDQWR®QMUWHEOH RDIJARPSKX 6SULQJHUL >

WLFHV IRU G|
@ 6KXD

'DQJ 6KL]KH &KHQ -LQPLQJ =KDR DQGQAWKQUHYWBQGEBRVYV SUHGLFWLRQ EDVHG RQ UDQNLQJ

,Q 3URFHHGLQJV RI WKH -RLQW :RUNNVKKRBSRR QW E&HHMWKLYRHU 6RFLDO 0OXOWLPHGLD
ILUVW OXOWL ORGDO $IIHFWLYH &R MSXX\A\QLUPRIG/DN JBIWEFDODJIHV  + >
6KXDL :DQJ /LQOL <DR -LHWLQJ &KHQDW PG @LQHY RO 5 9LGHR PHPRUDELOLW
EDVHG RQ YLVXDO WH[WXDO DQG FRONHS® :BHAD@HGRWBYV VXRFHHGLQJV RI WK
‘RUNVKRS >
'DQJ FKXQ :RR &RQYROXWLRQDO OVWF @HDIRILI) J$DBBEIRIDFK IRU SUHFLSLWDW
,Q $GYDQFHV LQ QHXUDO LQIRUPDWLRQS®URWVHV¥LQJ VIVWHR® %DRKDQ ;X <DQZ
)X <X *DQJ -LDQJ %R\DQJ /L DQG /HIR@LG HQHRXV+MWRZOHGJH WUDQVIHU LQ YL
UHFRJQLWLRQ DWWULEXWLRQ DQG7VUPRVPFWLIRQNY R® $((HFWLYH &RPSXWLQJ
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