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Abstract

Generating synthetic images has wide applications in several fields such as creating datasets for ma-
chine learning or using these images to investigate the behaviour of machine learning models. An
essential requirement when generating images is to control aspects such as the entities or objects in
the image. Controlling this helps in creating custom datasets tailored for the above applications and
creates a platform to conduct diverse experiments with the generated images, enabling research in the
application’s field. Existing methods individually enable controllability over various elements in the im-
age such as selecting the objects, their properties, colour or the relations between objects, etc. but we
identify a research gap in this field where no single method allows the user to control all these aspects
of the image. An additional research gap identified is that existing methods cannot generate images
based on a query with a logic based combination of entities.

In this thesis, we aim to fill this research gap by developing SceneUl - a system that allows the user to
specify and control aspects of the scene through a user interface such as the objects, object properties,
spatial relations between objects, object colour, extent of contextual objects and the background of the
image. Additionally, we include a component where the scene is generated based on an OR query
specifying the objects as predicates, which serves as a foundation to generating images based on entity
combinations. Owing to the limited range of attributes for objects and the lack of objects with attributes
in the dataset, we augment the dataset by expanding the attributes of objects in the scene graphs of the
dataset and introducing additional objects that have attributes. This was done by identifying recurring
objects in the dataset that could be expanded and manually annotating the changes in the dataset.
This increases the level of controllability and gives a wider range of an object’s properties to choose
from.

The goal of the thesis is to design and develop a method that allows the user to declare, specify
and manipulate elements of the image and eventually use the images generated for two use cases -
Generating Images for Interpretable Machine Learning and Generating Images from Queries as Ground
Truth. We evaluate SceneUl to show its usability and effectiveness for the two use cases through two
experiments. In the first experiment, we use SceneUl to create biased datasets where each bias is
based on an object’s colour or object type and the goal is to train a deep learning model that learns
the biases. The results show that the model learns the biases well and thus, SceneUl can be used to
control datasets which can be used to benchmark machine learning explainability methods. The second
experiment generates a dataset of images using the OR query and training machine learning models
on the dataset to ensure the suitability of the images for machine learning tasks. As the generated
images will be used as ground truth given a query for a specialised machine learning model, the model
is expected to identify the predicate objects in the image. The results show SceneUl can generate
images based on objects in the query and can also accommodate the objects to have properties. The
models identify important features in the SceneUl-generated images and are thus suitable to be used
as ground truth. We also discuss the limitations and tradeoffs of SceneUl and present potential future
directions for research to improve its scalability.
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Introduction

There is an increasing trend of using deep learning models to solve complex problems [30] in research
areas ranging from speech translation [47] to using computer vision models for medical image analysis
[36]. Though these models give great results with high accuracy, they come with their drawbacks as
they can be difficult to debug and comprehend their decision-making procedure [46] which results in
hindrances to using them in real life. Thus, as deep learning models are complex black-box models,
they require extensive efforts by researchers to understand their behaviour. To design methods that
explain a model’'s behaviour we need to know its true nature of behaviour. Once this is known, the
behaviours can be introduced into models by creating biased datasets where the images of a class
are biased towards the presence of a particular object, object property or colour. Acquiring relevant
datasets with images that contain specific features is tedious and expensive [53]. Thus, generating
synthetic images which contain specific objects, or objects with a certain colour is a viable alternative,
especially if the features expected in the image can be controlled. These synthetic images can also be
used in the training set for various machine learning models where these images will act as the ground
truth for a given class.

Image generation has captured the interest of Computer Science researchers for several years and
it is now a growing field where the methods for creating realistic images are developing at a rapid pace
[42, 41, 13]. The images generated at scale have a wide variety of applications in several fields and
the images generated could be based either on an outdoor or indoor setting. Indoor scene generation
is a domain within image generation where the scope of the generated content is narrowed down to
rooms with appropriate furniture and layouts [60]. The scene is a 3D rendered layout of objects where
the camera angle of the view can be changed if needed and an image extracted. Given the constrained
space of a room, indoor scene generation methods allow a great extent of controllability in selecting
objects based on their type or property, placing them at particular positions with respect to other objects,
or selecting the background of the room in which the objects are placed. In this thesis, we restrict the
scope of our thesis to indoor image generation due to the limited number of objects and the extent of
controllability enabled.

Existing methods in indoor scene generation provide for this controllability through the means of
text-to-scene synthesis [5, 7, 8, 34]. These methods make the user declare and specify the objects
and the number of instances expected in the scene, the spatial relations between objects, and object
properties. These methods achieve the generation of the scene in different ways and each method
enables the user to control only certain elements of the scene. Therefore, there is no singular method
that allows the user to control all of the following elements - selection of objects, the quantity of objects,
positioning of objects with respect to each other, object with functionality, the colour of objects, and the
background of the scene. These methods also have a limited range of attributes for an object to select
from. Another drawback of the existing methods that request a user to specify the scene is the high
cognitive load on the user. Due to the user providing only a text input, they are expected to remember
all the possible objects that exist in the scene, the properties that the method allows them to select as
well as the relations permitted for image generation.
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2 1. Introduction

1.1. Thesis Goal

The goal of the thesis is to develop a method that allows the generation of indoor images based on
the specification provided by the user. The method also follows an object-oriented approach which
is based on designing classes with specific functions and calling objects from these class to process
information using the functions. In this way, the the decision-making of the method is traceable and
easy to understand. Through this method, the user should also be able to control various aspects of
the image by specifying the objects and their quantity, attributes or colour of objects, relations between
objects, and the background of the image. The image generation process is also expected to consider
these specifications as constraints for the image generation problem.

This is achieved by the means of creating an interactive user interface that allows the user to control
all aspects of the scene earlier described. The user interface is merged with an existing work that
translates natural language to an indoor scene. The natural language component is replaced with the
interface, and further changes are made to increase the level of controllability. We name this method
that generates images or scenes via a user interface as SceneUl, and our method will be referred to by
this in the report. The thesis explores using this controllable image generation method in the context
of generating images for the following two use cases:

» Generating Images for Interpretable Machine Learning

The syntheticimages generated will be used to benchmark interpretability and explainability meth-
ods in Deep Learning models for Computer Vision. The images will be used to train and evaluate
computer vision models to verify whether explainability methods can reveal known model be-
haviours such as using human interpretable concepts like object shapes, colours, and textures
during classification. The known behaviours are introduced in the model by creating biased image
datasets and training the models on the biased datasets. Essentially, the images will be used to
debug and understand deep learning models by investigating whether models learn certain biases
from the dataset.

» Generating Images from Queries as Ground Truth

Specialised machine learning models are a type of neural network which can be used to identify
entities in an image or retrieve images given a query with the entities as predicates. Based on the
query, images with appropriate entities are retrieved. Training such models require ground truth
images with entities based on the possible queries. Thus, there is a need to generate images
based on a query to subsequently use them as ground truth. The specification of the image
generated should contain a query with predicates as the entities expected in the images. For
example, if the query is a Chair AND Stool, both objects should be in the image. Alternatively, for
a more complex query - Chair OR Stool, there should be an instance of the image where only one
of the two is present or both objects are present. The images synthesised will serve as ground
truth for training a collection of specialised machine learning models.

(a) Study Room with an Office Chair. (b) Study Room with a Dining Chair.

Figure 1.1: Images generated by altering Attributes of objects in a study room.
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To further elaborate on the concept of controllability that is expected of this method, an example
is shown in Figure 1.1 which depicts two scenes of a study room. The common scenario for both
images in the scene is to have a desk with a chair in front of it and a trash can on the right of the desk.
Additionally, a monitor, keyboard, mouse and two speakers are placed on the table. On observing the
main differences between the two figures, we can see that Figure 1.1a constitutes a dark brown study
desk with a black office chair in a brown room, and Figure 1.1b depicts a light brown study desk and
a light brown dining chair in a green room. With the image generation method developed through the
thesis (SceneUl), the user should be able to recreate both scenes. The user can specify all the objects
occurring in either image, place them at particular locations, and also select the colours of objects.

In the context of the use cases, the images could be used to explore whether a deep learning
model considers the type of chair (Office or Dining) or the colour of the objects in the scene important
for classifying a study room. For the second use case, if we provide the query of an office chair Or a
dining chair, with the remaining objects, we could expect either of these images.

1.2. Research Questions

Given the motivation of generating images for the use cases, we want to develop a method that enables
the user to synthesise images. While generating images, the method should also enable the user to
control and select the objects occurring in it as well as the object’s attributes and positions in the scene.
We define the following research question to meet this objective :

* RQ: How to build a system that generates indoor scene images where the object properties,
colour and spatial relations between objects can be controlled?

Answering this research question requires additional research sub-questions to be answered:

* RSQ1: What are the current methods of image generation and what features of the synthesised
image do they allow control over?
Answering this question involves conducting a literature study of image generation methods. The
study also narrows down to indoor scene generation and discusses the controllable aspects of
the methods.

* RSQ2: How can the attributes of objects be expanded to allow controllability over multiple prop-
erties?
Current methods allow controlling none or only limited properties of an object during image gen-
eration. Solving this question would require augmenting the dataset with annotations such that
the methods can recognise an object’s additional property based on its colour or functionality.

* RSQ3: How can the user provide specifications for all the controllable variables in the image?
Answering this question involves developing an interactive user interface which enables the user
to select the objects and specify all relations and properties of the objects. This interface which
takes the user’s constraints is be merged well with the image generating algorithm.

* RSQ4: How can images be generated given a query with objects as predicate terms?
To answer this, the method should include a capability for the user to provide a query with objects
as query predicates and synthesise an image based on this.

* RSQ5: To what extent can the method be used for the two use cases?
Answering this question requires conducting experiments using the images generated for sce-
narios with both use cases. The goal of the experiments would be to evaluate the suitability of
the image generating method for the use cases.

1.3. Thesis Challenges
Answering the research questions and subsequent research sub-questions presented above come with
their corresponding challenges.

* RSQ2: A significant challenge is increasing the level of controllability by making changes to an
existing method which is selected as the baseline. As this method allows controllability over only
certain features, we would have to include the remaining features of controllability such as colour
and selecting a background for the objects.
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1.4.

RSQ3: The second challenge relates to having a single method that consolidates all controllable
features objects may have. This challenge is tackled by designing the user interface that provides
functionalities for the user to select the objects, their properties and relations. Designing this user
interface also comes with the additional technical hurdle of ensuring it merges with the main scene
generating algorithm. Steps were taken to ensure that the input from the interface was processed
and collected in a way that allows conversion of the input to a required graph structure.

RSQ5: Another challenge that could be encountered is the evaluation of SceneUl in the context
of the use cases. Existing literature evaluates similar methods based on the plausibility and
realistic look of the images [5, 7, 34, 8, 17]. In this thesis, we aim to evaluate SceneUl via
downstream tasks to investigate the suitability of the methods. The challenge here arises due
to a lack of literature that could be referred to evaluate the method in this setting. To perform
an accurate evaluation of the method with regards to its suitability, we design experiments that
reflect scenarios in which the method would be used for both use cases.

Contributions

By answering the above research sub-questions and tackling the challenges, we aim to provide the
following contributions through the thesis:

1.5.

C1: We contribute in the literature study an analysis of indoor scene generation methods which
compares aspects of the scene the methods allow control over.

C2: We enhance the level of controllability by expanding and augmenting existing attributes of
objects in the scene graphs of the dataset.

C3: We design a user interface through which the user can describe a scene by specifying ob-
jects, object properties, spatial relations between objects, and selection of the background. This
user interface is merged with an existing method that generates scenes.

C4: We include a feature in SceneUl where the user can provide a query with objects and the
resultant image includes objects based on the query.

C5: We evaluate the suitability of the SceneUl and its features in the context of two use cases.

Thesis Outline

The structure of the thesis report is designed in a way to give the reader sufficient background of the
problem and existing work, before diving deep to the main method of SceneUl and the experiments
while also describing the motivations behind the choices made.

In chapter 2 we provide background information about existing methods and techniques for image
generation using machine learning and computer graphics. We also discuss methods for indoor
scene generation and provide an analysis of the existing methods, thereby answering RSQ1.

In chapter 3 we discuss the workings of SceneUl by giving an overview of the system and the
pipeline for information flow. We also describe the dataset used, and various stages of the
pipeline. Additionally, we describe how the dataset was manually augmented, the design and
functionality of the user interface, and the generation of images based on queries. This chapter
collectively answers RSQ2 in section 3.3, RSQ3 in section 3.7, and RSQ4 in section 3.8.

In chapter 4 we describe the experimental setup to evaluate SceneUl and its suitability for the
two use cases.

In chapter 5 the results and findings from the experiments conducted in chapter 4 are discussed.
The answer to RSQ5 is collectively given in chapter 4 and chapter 5.

In chapter 6 we summarise the thesis and provide answers to research questions. Addtionally,
we compare SceneUl to literature and discuss its limitations and directions for future work.



Background

This chapter provides information and context about image generation methods. These methods are
classified under Machine Learning or Computer Graphics as approaches for image generation and
are discussed in section 2.1 and section 2.2 respectively. Machine Learning methods learn the features
of the input data to generate images, whereas Computer Graphics methods follow a procedure-based
technique to synthesise several images. For the purpose of the thesis we also narrow down our scope
to image generation of indoor scenes using computer graphics as they allow more controllability over
object features and spatial relations. The various methods used within indoor scene synthesis are also
presented in section 2.3. These methods are different from traditional computer graphics techniques to
generate images as they require modelling spatial relations or using scene graphs to generate images.
Furthermore, background information is also provided in section 2.4 on the use cases to provide a better
understanding of the existing methods in both fields and how this thesis benefits the fields. Finally, in
section 2.5 an analysis of literature on indoor scene generating methods is discussed, and the research
gaps are presented with a comparison to the method developed in the thesis.

2.1. Machine Learning For Image Generation

Machine Learning is the field of learning from examples or data by understanding and modelling the
features of the available data. By learning the distribution of the data and identifying patterns, statistical
algorithms can be applied to make predictions or identify structures in data. Deep learning is a sub-field
of machine learning where an artificial neural network is created, similar to the structure of the human
nervous system to learn the representation of the data [19]. Deep learning methods are powerful and
can be used to synthesise images as the output of the neural network [53]. For deep learning models to
generate images similar to the training data, they first need to learn its distribution. Generative Adver-
sarial Networks (GANs) are extensively used in deep learning to generate photorealistic images and
are the current state of the art in image generation [43] when compared with other generative models
like Variational Autoencoders. A GAN consists of two models - a discriminator network and a genera-
tor network. The generator model synthesises an image by sampling from a random noisy distribution
while the discriminator classifies the generated image if it is part of the training distribution or not [20].
The resultant loss and feedback are provided to the generator model and it learns to generate more
accurate images by finding a mapping from the noise distribution to the training data distribution.

Initial works with GANs did not allow much controllability in the generated images but certain text-to-
image generation methods have led to more progress in this area as the text input can specify features
of the image that are expected or required [31]. Text-to-image generation uses an attention-based ap-
proach which encodes the input text and identifies important keywords that correspond to regions in
the generated image that should have certain features. This allows a correlation between semantically
meaningful parts with corresponding words and colour descriptions. Using the encoded text descrip-
tion, images are generated by considering a loss function that signifies a relation between the input
text and generated image [31, 57]. Imagen, the current state of the art generates realistic and accurate
images given a very complicated or implausible textual description [42].

5
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WLRQ RIREMHFWY UHQGHU '"PRGHOV RIREMHFWY DQG FUHDWHDQLPD
SXWHU JUDSKLFV KDV VHYHUDO DSSOLFDWLRQV LQ WMNRHEIJHFVQLIR@ G XV
FRPSXWHU JUDSKLFV PHWKRGY DUH GHVFULEHG ZKHUH 'REMHFWYV DU
LPDIWXEVHFWLBRWDLOV VRIWZDUHDQGHQJLQHV WKDW DUHVXMEHG WR F
VHFWLRQQWURGXFHVY WKH WRSLF RI GRPDLQ UDQGRPLVDWLRQ WR FUH
E\YDU\LQJ SDUDPHWHUYV

*HQHUDWLQJ 6\QWKHWLF 'DWDVHWYV

&RPSXWHU JUDSKLFV LV HIWHQVLYHO\ XVHG WR FUHDWH VIQWKHWLF G
7TKHVH PHWKRGV RIWHQ XVH D SUH H[LVWLQJ EDFNJURXQG DQG LPSRVl!
UHDOLVWLF zD\ 2QH VXFK PHWKRG WR FUHDWH VIQWKHWLF GDWDVHW
VFHQH LPDJHV VXFK DV D NLWFKHQ RU G@Q LZQFHRRRPHEBFNNURRROGG LV \
SRWHQWLDO VXUIDFHV LQ WKH EDFNJURXQG DUH LGHQWLILHG XVLQJ I
DOORZV VXUIDFHVY LQ WKH EDFNJURXQG VLPLODU WR D NLWFKHQ FRXQ\
ZKLFK "REMHFWV DUHUHQGHUHGDQG SODFHG 7KHVFDOHRIWKH 'REN
WKHLPDJHPRUHUHDOLVWLF 7KLV SURFHVV LV UHSHDWHG IRUHYHU\E
REMHFWY UHQGHUHG DUH DOVR PDGH ZLWKLQ WKH VDPH LPDJH $QRW
DQG FRPSXWHU JUDSKLFV HQJLQH@ R7KWNDPMNW B FE WDVMVWEPXODWHYV
EDFNJURXQG DVXUIDFHDORQJZLWKD VHWRIUDQGRPO\VHOHFWHG '
WR IDOO ENJUDYLW\ XVLQJ D SK\VLFV VLPXODWLRQ DQG DUH DOORZHG
VWDELOLVHG LPDJHVDUHUHWULHYHG E\ YDU\LQJWKHFDPHUD DQJOH\
GDWDVHW LV WKHUHDIWHU XVHGIRUDQ REMHFW GHWHFWLRQ WDVN 6\
SRVHGHWHFWLRQ E\JHQHUDWLQJLPDJI®V ZKMVKWH G WE IHWKIHFKEKW D DV Y>H
RIDKXPDQ ERG\DQG DOORZV WKH VHOHFWLRQ RIDUDQGRP VKDSH 7KI
DQG WKHQ D KXPDQ WH[WXUH ZLWK FORWKLQJ LV LPSRVHG RQ WKLV PR
LVDGGHG DQG WKH OLJKWLQJDQG FDPHUD DQJOH DUH GHFLGHG 7KH Q
UDQGRPLVLQIJ WKH VHOHFWLRQ RIDOO SRVVLEOH VHOHFWLRQV PDGH
LPDIJHV RIWHQ ZLWK WKH VIQWKHWLF KXPDQV EHLQJRID YHU\ODUJH VL]
JUDSKLFV PHWKRGV LV WKDW D ZLGH YDULHW\RILPDJHVY FDQ EH JHQHU
IURP VHYHUDO GDWDVHWYV WKDW VHUYH GLITHUHQW SXUSRVHYV

'‘DWDVHW *HQHUDWLQJ 6RIWZDUH
BRIWZDUH DQG SDFNDJHV WKDW DOORZ 'PRGHOOLQJDQG UHQGHULQJ
LPDJH GDWDVHWYV %OHQGHU LV DQ RSHQ VRXU®WKPW DDOREDVHREE
VLPXODWLRQ UHQGHULQJ DQLPDWLRQ DQGRIDEBRIWRWHRYWR FXVWR
DQG FUHDWH WRROV XVLQJDQ $3, IRULWVUHQGHULQJHQJLQH 8QLW\ (G
ZLGHO\ XVHG LQ WKH JDPLQJLQGXVWU\EXW ILQGV XVH @DVHV LQ DUFKL
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%YOHQGHU3URF

%OHQGHUBURFD> SURFHGXUDO GDWD JHQHUDWLQJSLSHOLQHEDVHGRQ %OH
681&* G DWDWWRIHQHUDWH LPDJHV DQG FUHDWH GDWDVHWV IRUD YDULHYV
PRGXODU SLSHOLQHUHFUHDWHYV VFHQHV IURP WKH681&* GDWDVHWDQG UH
LPDJH DGHSWKLPDJHEDVHGRQDQLQWHUQDO GHSWK HVWLPDWRU RUDQ L
PDVNZKHUHVLPLODUREMHFWV DUHFRORXUHG 7KH %OHQGHU3URFVDPSOF
E\DOWHULQJ SDUDPHWHUV IRUWKH FDPHUD OLJKWV DQG GLVWDQFH EHW

.XEULF

6LPLODU WR %OHQGHU3URF . XEULF LV D GDWDVHW JHQHUDWLQJIUDPHZRL
HQJLQH ,WFRQVLVWVRIDKLJKO\VFDODEOH S SLSHOLQHZKLFKFDQ EHUXQR
VHYHUDO PDFKLQHV LQ WKH FORXG 7KHGDWDVHW JHQHUDWLRQ SURFHVYV |
REMHFWYVY LQ WKH VFHQHIURP GDWDVHWY ZLWK WKHREMHFWY FDPHUD DC(
WKH 3\ % XOOHW SK\VLFV HQJLQH WR DFFRXQW IRU FROOLVLRQV DQG RYHUC
UHQGHULQJHQJLQH DUDQGRP VFHQHLY FUHDWHG XVLQJ WKH QXPEHU RIR
VSHFLILHG 7KLV SURFHVV LV UHSHDWHG VHYHUDO WLPHV ZKLOH KDYLQJ U|
DQJOH DQG YHORFLW\RI REMHFWV LQVWDQWLDWHG ,Q DGGLWLRQ WR WK
LQVWDQFH VHIPHQWDWLRQ RSWLFDOIORZ VXUIDFHQRUPDOV DQG REMHF
XVHLQ FRPSXWHU YLVLRQ WDVNYV

8QLW\3HUFHSWLRQ

8QLW\3HUFHSWLRQLVDV\QWKHWLF GDWD JHQHUDWLQJSDFNDJH WKDW H[W
7KH PDLQ FRQWULEXWLRQ RI WKLY SDENDJH FRPSDUHG WR RWKHU ZRUNV LV
ZRUNWR LQWURGXFHUDQGRPLVDWLRQVLQ WKHLPDJHV DSDU@ IURP YDULL
7KHIUDPHZRUN DOORZV WKLV E\UDQGRPLVLQJWKH ORFDWLRQ RI WKH REMF
FDPHUD VXFK WKDW WKH LPDJHV FRQWDLQ REMHFWV RI GLIITHUHQW VL]HV
LV SODFHG EHKLQG WKH REMHFWVY WR EH GHWHFWHG WR ZKLFK WKH REMHFW

'RPDLQ 5DQGRPLVDWLRQ
'RPDLQ 5DQGRPLVDWLRQLY D WHFKQLTXH XVHG LQ FUHDWLQJ VIQWKHWLF L
7KH JRDO RI GRPDLQ UDQGRPLVDWLRQ LV WR KHOS WKHPRGHO JHQHUDOLYV
YDULDWLRQV LQ WKHLPDJHVY HQDEOLQJ@W7WRWDBGE RREHAHSW WXRH BR BNGH HVWW
EHWZHHQ UHDOLW\DQG WKHV\QWKHWLFGDWDVHWE\KDYLQJGLYHUVLW\ LQ
TXDQWLWA\DQG VKDSH RI GLVWUDFWLQJ EDFNJURXQG REMHFWYV WKH WH]!
WKHVFHQH FDPHUD DQJOHDQG UDQGRP QRLVH 2QH ZRUN WKDW XWLOLVH\
VIQWKHWLF GDWDVHWYV SHUIRUPV WKLV UDQGRPLVDWLRQ E\ FUHDWLQJ D
LPSRVHVY WKH PDLQ REMHFWV WR EH G H& HFRHHRSEIMHWWN LRQUW BBIREOFF®I FU R X (
DUHUDQGRPLVHGDORQJZLWK WKHOLJKW SRVLWLRQDQG OLIJKWFRORXU )
ZLWK VRPH REMHFWYV EHLQJ EOXUUHG $QRWKHU DSSURDFK DGGV GLIIHUF
DIODW FRORXU JUDGLHQW RI FRORXUV FKHVV SDWWHUQ@Q 2XH FRORXU
ZRUN WKDW SURGXFHG D GDWDVHW IRU FDU GHWHFWLRQ XVHV GRPDLQ UDQ/
WKH FDU LQ UDQGRP VFHQHV DV EDFNJURXQG ZLWK DQ ®@VVOWRWWYPWQWH3 JHI
GRPDLQ UDQGRPLVDWLRQ LV D XQLTXHDSSURDFK WKDW JHQHUDWHY GLVW
SUREDELOLWLHY E\FRQVLGHULQJWKHFRQWH[W 7KLVLVLQFRQWUDVW WR
DGGHG WR WKH LPDJH EDVHG RQ D XQLIRW SRBHEHDERPSOW\ IGQ V@ IREXGRR >
JHQHUDWLRQ VHWWLQJ EDVHGRQD SDUDPHWHU IRUURDG FXUYDWXUH UR
DQG YHKLFOHVY F\FOLVWV KRXVHV DQG EXLOGLQJVDUH  SODFHG DFFRUGLQ

 QGRRU 6FHQH 6\QWKHVLYV

JRU WKLV WKHVLVY WKHVFRSHLY FRQVWUDLQHG WR JHQHUDWLQJLPDJHV R
PHWKRGV DV ZRUNLQJ ZLWK LQGRRU VFHQHV LQFOXGHV D OLPLWHG QXPEF
DOORZV PRUH FRQWUROODELOLW\RYHU DVSHFWV VXFK DV WKH REMHFW1V
REMHFWY $FRPSXWHUJUDSKLFVEDVHGDSSURDFKZDVDOVRVHOHFWHG IR
SURFHVV IRU LPDJH JHQHUDWLRQ $GGLWLRQDOO\ WKH LQQHU GHWDLOV |
WXQH DQG FRQILIXUH HVSHFLDOO\ ZKHQ FRPSDUHG ZLWK GHHS OHDUQLQ.
DUH EODFN ER[ DQG GLIILFXOW WR LQWHUSUHW 7KH PDLQ GLIIHUHQFH EH



%DFNJURXQG

GHVFULEHBWDRRY WKHIRFXVHG GRPDLQIRULPDJHJHQHUDWLRQDQG WK
JHQHUDWLQJ LPDJHV VXFK DV PRGHOOLQJ VSDWLDO UHODWLRQV DQG F
HISORUHVWKHILHOGRIJHQHUDWLQJLQGRRUVFHQHVDQGWKHPHWKRC
S, QVXEVHFWLRAIWKRGY WKDW FRQYHUW WH[W W R/ X BAFHHFRM LVRIBIMADG IDWF U
PHWKRGYVY ZKHUH VHPDQWLF VFHQH JUDSKV DUH XVHGXIERWUHFWHRWLQJ L
GHVFULEHV D WHFKQLTXHWRLQFOXGHDGGLWLRQDO REMHFWYV LQ D VF

THIW WR "6FHQH

7THIWWR 'VFHQH PHWKRGVY FRQVLVW RI WZR PDLQ SDUWV LQ WKH HQWI
VWHSLVWRSURFHVVWKHWH[WDVQDWXUDO ODQJXDJHDQG PRVW PHWI
IROORZ WKH VDPH SURFHVV 7KHLQSXW WH[WLY SURFHVVHG HBWKHU X
RU RWKHU 1DWXUDO /DQJXDJH B3URFHVVLQJ PHWKRGV ZKHUH 3DUW 21
WKHUDZ WH[W 7KHVH WDJV ODEHO D ZRUG DV D QRXQ DGMHFWLYH SUF
SURYLGHG DV LQSXW WKURXJK D XQLYHUVDO GHSHQGHQF\ SDUVHU ZK|
REMHFWV DQG WKH REMHFWY{V SURSHUWLHYV 8VLQJ WKLV GHSHQGHQF\
DSSURDFKHVY XVHG WR FUHDWHDQ LQGRRU VFHQH

(DUO\:RUNV LQ 7H[W WR '6FHQH 6\QWKHVLYV

‘RUGV(\HLVRQHRIWKHILUVW PHWKRGY WR FUHDWHD 'VFHQH JLYHQ W
RXWGRRU VHAV WWERQYLGHUV YDULRXV VSDWLDO UHODWLRQV EHWZHH
DV FRORXU VKDSH DQG WUDQVSDUHQF\ ZKLOH DOVR LQWURGXFLQJ SR
ZLWK DQ REMHFW 7KH REMHFWV SURSHUWLHY DQG UHODWLRQV DUH ¢
IRUGHSLFWRUV LQ D VFHQH ZLWK HDFK UXOH KDYLQJ PXOWLSOH VFHQ
LQYROYHG 7KHVFHQHLVILQDOO\FUHDWHG E\UHWULHYLQJ 'REMHFW
LILHG 7KLV DSSURDFK LV KHDYLO\ UXOH EDVHG DQG DOVR UHTXLUHV \
H[SOLFLWO\VSHFLILHG IRUH[DPSOH D WDEOHLVILYHIHHW DZD\IURP
LEOH $QRWKHU HDUO\ZRUN LQ WKLV ILHOG PDNHV D OHVV ULJLG FRPS
YR[HOV 'SL[HOV RIREMHFWV DQG LG H Q@& LIVIRPIVS RN G B SH QGHXFL DV H
LQ WKH WH[W DQG WKH VSDWLDO UHODWLRQV VSHFLILHG WKH REMHFW
RWKHU EDVHG RQ WKH VXUIDFHV LGHQWLILHG DQG H{WUDFWHG HDUOLF}
VHOHFWLQJWKHREMHEWYIV FRORXU EXW WKHVSDWLDO UHODWLRQV DU

ORGHOOLQJ SULRUVDQG 6SDWLDO 5HODWLRQYV

7TKH OLPLWDWLRQ RI WKHVH DSSURDFKHY OHG WR DGYDQFHPHQWYV LQ L
URRPVY $ NH\FRQWULEXWLRQLVY WKHOHDUQLQJRIVSDWLDO UHSUHVH
ZRUGVLQODQJXDJH WKDW GHQRWH MKW IHSIUMHY H B $WDHWIHRIDACD W LR QV D
LQJVHYHUDO LQGRRU URRP VFHQHVY DQG PRGHOOLQJ SULRU SUREDELO
DQG WKHLU FR RFFXUUHQFH BALWKKRWKEORHMIRPBVYRUY DUH OHDUQHG
REMHFW RFFXUUHQFH LQ GLIITIHUHQW VFHQHV NLWFKHQ EHGURRP GLC
SUREDELOLW\ RI REMHFWY VXSSRUWLQJ RWKHU REMHFWY SODWH RQ
SUREDELOLW\RIRQH RI WKH SDUHQW REMHFWITV VXUIDFHVY VXSSRUWLGC
SUREDELOLW\RI DQ REMHFW EHLQJ SODFHG DW D SDUWLFXODU UHJLRC(
JLYHQ D VFHQH SODFLQJ D NH\ERDUG RQ D VWXG\ GHVN ZLWK D PRQLW
ODWLRQV ZLWK WH[W WKHDXWKRUV FURZGVRXUFH WH[W GHVFULSWLR
SURYLGHG RI WKH VSDWLDO UHODWLRQV EHWZHHQ WKH REMHFWYVY DUH
WKRVHREMHFWY WKHGLVWDQFHEHWZHHQ REMHFWYV RYHUODS RI WK
VXSSRUW HDFK RWKHU )LQDOO\ JLYHQ WKH REMHFWV DQG VSDWLDO |
WLRQ ZLWK UHVSHFW WR DQRWKHU LV SUHGLFWHG ZLWK D PDFKLQH OH
SURFHVVY DVFHQH WHPSODWH RI WKHREMHFWYV LV GHVLIQHG IURP WKH
UHODWLRQVDQG SURSHUWLHY 5HOHYDQWREMHFWY DUHUHWULHYHG |
DQGVSDWLDOUHODWLRQV OHDUQHG REMHFWV DUHLQVWDQWLDWHGU
LVRSWLPLVHG WR PLQLPLVH FROOLVLRQV

JROORZ XS:RUNWRORGHOOLQJ3ULRUYV
JROORZ XS ZRUN WKDW EXLOGYVY RQ WKLV JURXQGY WH[WXDO GHVFULS\
JURXQGLQJ ZKHUH OH[LFDO WHUPV FRQWDLQLQJ WKH GHVFUL®WLRQ R
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7KH PDSSLQJ LY FUHDWHG E\WUDLQLQJ D PDFKLQH OHDUQLQJ FODVVLILHU
RI'VFHQHV DQG WH[WXDO GHVFULSWLRQV 7KH FODVVLILHU OHDUQV IHDW X
JURXQGLQJYV )RUH[DPSOH LWOHDUQV WKHPDSSLQJRIDUHG FXS JUHHQU
WDEOH WR DSSURSULDWH REMHFWY UHVSHFWLYHO\ $GGLWLRQDOO\ WKLV
RIDQ REMHFW VRIDDQG FKDLU PDNLQJLW PRUH IOH[LEOHDQG JLYLQJ LW
VFHQH FUHDWLRQ 7KLV PHWKRG LV ILQDOO\FRPELQHG ZLWKAIWRH VSDWLDC
LQGRRUVFHQH FUHDWLRQ 6FHQH6HHULVDQRWKHUIROORZ@GEXWUN WKDW
DOVR DOORZVLQWHUDFWLRQV ZLWK WKH VFHQH WR LQVEBUW UHPRYH UHSC

6HPDQWLF 6FHQH *UDSKYV

$ VHPDQWLF VFHQH JUDSK LV DJUDSK XVHG WR UHSUHVHQW REMHFWV LQ WK
WKHP 7KH QRGHV LQ WKH JUDSK FDQ UHSUHVHQW HLWKHU WKH REMHFW W
ODWLRQ EHWZHHQ REMHFWYV ZKLOH WKH HGJHVY FRQQHFW UHODWHG QRGH
DSSOLFDWLRQV VXFK DV YLVXDO TXHVWLRQ DQVZHULQJ LPDJH XQGHUVWD(
KHUH ZH VWXG\ LWV DSSOLFDWLRQ @Q BEGRRIULWF R QM \@MWKHLYWLF VFHQH
WKDW WKH\ HQFRGH DOO WKH UHODWLRQVKLSV LQ WKH VFHQH DQG DOVR Gt
E\H[SOLFLWO\VWDWLQJWKH VSDWLDO UHODWLRQV DQG WKH REMHFW{V DW
RXU JRDO RI FRQWUROODELOLW\LQ VFHQH VIQWKHVLYV DV VSHFLILF QRGHV
WKDW ZRXOG UHVXOW LQ WKH FUHDWLRQ RIL IXKHHN € BLQ KX V ISIHFQ XMVAWUR RIXKU Q F
H[DPSOHV RI VFHQH JUDSKV JLYHQ D WH[W GHVFULSWLRQ RID VFHQH

J)LIXUH 6FHQH *UDSK H[DPSOH IRU WKH GHVFULSWLRQ 7KHUHDUHERRNV VWDFNHG RQ WK
JUHHQ QRGH WKH VSDWLDO UHODWLRQ B G \HOORZ QRGH WKH SURSHUW\ >

JLIXUH 6FHQH *UDSK H[DPSOHIRUDQ HODERUDWH GHVFULSWLRQ 7KHURXQG GLQLQJ WDEC
IORZHU YDVHRQ WRS RI WKHWDEOH $ PRUHFRPSOLFDWHG GHMBPULSWLRQ UHVXOWYV LC

6FHQH *UDSKV LQ 7H[W WR 6 FHQH

6RPH PHWKRGY FRQYHUW UDZ WH[W WR D VHPDQWLF VFHQH JUDSK YLD WKH |
XQLYHUVDO GHSHQGHQF\ SDUVHU IURP WKH WH[W 2QH DSSURDFK FUHDWH\
QRGHV HQFRGH LQIRUPDWLRQ RQ WKH REMHFW FRXQW RI ®EMKFAWY DWW |
VFHQH FUHDWLRQ SURFHVV LQYROYHV PDWFKLQJ WKH VFHQH JUDSK FUHDW
VFHQH JUDSKV DQG XOWLPDWHO\ VHOHFWLQJ D VXEJUDSK IURP WKH PDWFK
LQ WKLV PHWKRG DOVR SURYLGH D JURXQGLQJEHWZHHQ WH[W DQG ' REMHF
PHWKRG LV GHVFULEKOGSWIBWHWDLO LQ
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6FHQH *UDSKVY ORGHOOLQJ 2EMHFW &R 2FFXUUHQFHDQG )XQFWLRQDOL
$QLPSRUWDQW UHTXLUHPHQW ZKHQ XVLQJVHPDQWLFVFHQHJUDSKV W|
DOQOQRWDWHG RIWKHREMHFWVLQWKHVFHQHDQG WKHLUUHODWLRQV €
WDLQLQJ VSDWLDO UHODWLRQV RUREMHFW SURSHUWLHY EXW MXVW Wi
HGJHV FRQQHFWLQJ WKH REMHFWYVY HQFRGH LQIRUPDWLRQ DERXW WKH
2QH VXFK DSSURDFK DVVLIQV WKH ZHLJKW RI WKH HGJHV EDVHG RQ WKI
DQG DFWLYLWO SP¥QPFEW:2YLW\ SULRU LV DVVLIQHG D YDOXHRI LI WKH I
KXPDQ EHG QLJKW WDEOHDQG 79 RULIERWKREMHFWY ZRXOG KDYH LC
RWKHUZLVH 'XULQJWKHVFHQH FUHDWLRQ SURFHVV WKH XVHU SURY |
*LYHQ WKLV WKHJUDSKIRUWKHRXWSXWLY FUHDWHG ZKLFK FRQVLVW\
WKDW KDYH D VWURQJ OLQN WR WKH LQSXW REMHFWYV JLYHQ WKH URRP
JUDSK DILQDO OD\RXW LV FUHDWHG ZKLFK LV VLPLODU WR WKH GDWDE

BFHQH *UDSKV ZLWK OXOWLSOH (GJHV

BFHQH*HQ LVDQRWKHUIUDPHZRUN WKDW XVHV VFHQH JUDSKV WR DXJPH
FRQVLGHULQJLWY SODFHPH@WROGRGHM QWY D HR/FHQH JUDSK UHSUHYV
RUREMHFW JURXSV GLQLQJFKDLUV DQG GLQLQJ WDEOHV ZKLOH HGJF
FRQWDLQV PXOWLSOH HGJHV EHWZHHQ D SDLURIQRGHV 7KH UHODWLR
UHSUHVHQWHG DV IROORZV 3RVLWLRQDO 5HODWLRQVKLSY SRVLWLR(
REMHFWY DQG REMHFW JURXSV REMHFWV VXUURXQGLQJJLYHQ REMHF
UHODWLRQVKLSY DQ REMHFW IDFLQJ WRZDUGYV WKH FHQWUH RI D URI
REMHFWVY QH[WWRDQREMHFWDQG IDFLQJLW 7KHH[WHQVLYHVFHQH .
VXEVHTXHQWO\ XVHG LQ D SUREDELOLVWLF PRGHO WRILQG WKH DSSUF
REMHFW LQ DQ H[LVWLQJ VFHQH

,QFOXGLQJ &RQWH[WXDO 2EMHFWYV
6RPHVFHQH JHQHUDWLRQ PHWKRGY DOVR LQFOXGHDGGLWLRQDO REMF
2IWHQ WKHDGGLWLRQ RI WKHVH REMHFWYV PDNHV WKH VFHQH PRUH UH
VFHQH 7KHVHREMHFWV FRXOG HLWKHUEHRQHV WKDW FR RFFXU ZLWK \
IRUWKH VSHFLILHG REMHFW )RU H[DPSOH WKH FR RFFXUULQJ REMHF
DQG WKH VXSSRUWLQJ REMHFW FRXOG EHD GLQLQJ WDEOH 7KH QXPEF
FRQWUROOHG E\HLWKHU VSHFLI\LQJWKH® R[W EXP@XB R B X RU @E RIEN MFA
D SUREDELOLW\ RIRFFXUULQ ®PERYHDKRE Y DOKROEG SOH RI FKDQJLQJ W
E\VHWWLQJ D FRQWH[@& YEXWDRHWWUWPRDJIH RI WK B WIFOOH XQE BRIR/AN L W
DVFHQH ZLWK RQO\ WKH VSHFLILHG REMHFWV 2QFH WKW KR @ WHIQW B L
DXJPHQWHG E\LQFOXGLQJDQ RIILFH FKDLU WZR VSHDNHUV DQG D QRW
DKLJKFR RFFXUUHQFH SUREDELOLW\ ZLWK WKH H[LVWLQJ REMHFWV RI

JLIXUH &KDQJHLQ VFHQH ZLWK PRUH REMHFWV VXFK DV VSHDNHUV D@G FKDLU RQ L

8VH &DVHYV

,Q WKLY VHFWLRQ EDFNJURXQG LQIRUPDWLRQ DQG DQ RYHUYLHZ RI Ul
SURYLOGWHKEVAFWLRQGXEVHFWLRQ



8VH &DVHYV

*HQHUDWLQJ ,PDJHVIRU QWHUSUHWDEOH ODFKLQH /HDUQ

7KH EODFN ER[ QDWXUH RI FRPSOH[GHHS OHDUQLQJPRGHOV PDNHV WKHP G
WKH UHDVRQV IRU IDLOXUH RUDFFXUDWH UHVXOWV 7KLV PDNHV LW D FRPS
PDFKLQH OHDUQLQ® V$GWHWYRQDOO\ DV SHU (XURSHDQ 8QLRQ UHJXODWLR!
SHFWHG RI VIVWHPV WR SURYLGHDQ H[SODQDWLRQ LI@ H QX\HWSHIG VE B B QO €
LQ PDFKLQH OHDUQLQJ UHIHUV WR WKH PDFKLQH OHDUQLQJ PRGHO SURYLG
RIDPRGHO LQ WHUPV HDV\ WR XQ@HUVWDQG E\ KXPDQV >

OHWKRGVY WR SURYLGH H[SODQDWLRQV LQ PDFKLQH OHDUQLQJFDQ EH FD
EDVHG RQ WKH GDWD LQVWDQFHV EHLQJ BR QREDE BIHSORQ LW WRIQ B HWWR G\L E
H[SODQDWLRQV RYHU DQ LQVWDQFH RI DQ LPDJH WKURXJK VDOLHQF\ PDSV
ILQGV LPSRUWDQW IRU FODVVLILEFRWLR® FRK G WU DFRWNEEY K HIJHD Q DW L R
JLYHQ D FODVVLILHG LPDJHDQ H[SODQDWLRQ LV SURYLGHG DV WR ZKDW VKT
LQ WKH PRGHO JLYLQJ D GLIIHUHQW FODVVLILFDWLRQ *OREDO PHWKRGYV ¢
KXPDQ XQGHUVWDQGDEOH FRQFHSWV WKDW DUH LPS@& U VMMV BRHWIOHE P @ G\
PHWKRGV FDQDOVREHFDWHJRULVHG DVLQKHUHQW RUSRVW KRF ,QLQKHL
DUFKLWHFWXUH LV FRQVWUDLQHG DQG IRUFHG WR HQVXUH LQWHUSUHWDEL
SHUIRUPD@ FHD>PSOHV RI SRVW KRFPHWKRGY DUHWKH ORFDO PHWKRGV GHYV
WR LPSOHPHQW DV WKH\ GR QRW UHTXLUH WXQLQJRIWKHPRGHOV 7KH SXU
DWUDLQHG PRGHO DQG WKHQ LQYHVWLJDWH PRGHO H[SODQDWLRQV

([ILVWLQJ WHFKQLTXHV WKDW HYDOXDWH D PRGHOYTV H[SODLQDELOLW\ W
EHKDYLRXU EDVHG RQ IHDWXUHV RI@V KK 16 BW®D MHWP R & R BIGVK LV E\ DX J
PHQWLQJDQ LPDJH ZLWK DQ REMHFW IURP DQRWKHU GDWDVHW DQG WUDLC
ODEHO RU VFHQH ODEHO WKH REMHFW ZDV SODFHG LQ 7KH FUHDWLRQ RI
WKH LPSRUWDQFH RI IHDWXUHV 2WKHU ZRUNV LQYHVWLJDWH WKH LQIOXH
IHDWXUHV IURP WKH LPDJH RU E\ EOXUULQJ KLJKO\@ W\R UX BX\HG KHHEDVB XLLOH
XQGHUVWDQGLQJ WKH EHKDYLRXU RI WKHPRGHOV 6FHQHS8, LV XVHG WR FU|
WKHUHE\ EHQFKPDUNLQJ H[SODLQDELOLW\ PHWKRGYV %\ JHQHUDWLQJ ELD
PRGHO WKH ELDVHV FUHDWHG VKRXOG UHIOHFW LQ H[LVWLQJ H[SODLQDE
PRGHO EHKDYLRXU

*HQHUDWLQJ ,PDIJHV IURP 4XHULHV DV *URXQG 7UXWK
6SHFLDOLVHG RUSUR[\QHXUDO QHWZRUNV DUH GHHS OHDUQLQJPRGHOV ZK
QHWZRUNDQG PLPLF WKHLU EHK®D YLKRK U MWW R WDHOQHF[WVHRG\H® LV WUDLQHG RQ C
LWV RXWSXWV DUH XVHG WRWUDLQ WKHVSHFLDOLVHG PRGHO 7KHVSHFLD(
WKXV UHTXLUHVY OHVVHU FRPSXWDWLRQDO UHVRXUFHV WLV DOVR XQDEG
VSHFLILF GDWD 6SHFLDOLVHG QHWZRUNV DUH RIWHQ XVHG LQ YLGHR DQDO
LGHQWLILHVIUDPHV RIWKHYLGHR WKDW FRQWDLQ WKH  TXHU\TV SUHGLFDW
ERXQGLQJ ER[HV LQ WKH IUDPH WR LGHQWLI\ REMHFWYV WKB2BW\DRHB VSHFLIL]
&DUWKH QHWZRUN VKRXOG UHWULHYH IUDPHY WKDW FRQWDLQ HLWKHU D EX

%OD]J]H,WLVDIROORZ XSZRUN ZKHUH VSHFLDOLVHG QHWZRUNV DUH DOVF
TXHULHVY WKDW UHTXLUH WKH DJJUHJDWLRQ RI REMHFWY LQ WKH TXHULHV
WKH IUDP&Y PKH IUDPHZRUN LV DOVR FDSDEOH RI OLPLWLQJ WKH QXPEHU R
WKH DJJUHJDWHG YDOXHYV 7KH SURFHVV RILGHQWLI\LQJ FROXPQV DQG UH
LPDIJHVRUYLGHRVEDVHGRQTXHULHVLVFRPSXWDWLRQDOO\FRVWO\ 7R PL
OHDUQLQJIURP TXHULHV PRUHHIILFLHQW 3UREDELOLVWLF3UBGLFDWHYV Z
7KH SUREDELOLVWLF SUHGLFDWHYV XVH ELQDU\ FODVVLILHUV VXFK DV 6XSS
(VWLPDWRUV RUD 1HXUDO 1HWZRUN WR GHWHUPLQH ZKHWKHU WKH LQSX)
WKDW PHHW WKH UHTXLUHPHQWY RI WKH TXHU\ SUHGLFDWH (VVHQWLDOO\
LQIHUHQFH VWDJH DQG UHGXFHV WKH ORDG RQ WKH TXHU\LQIHUHQFH E\ PI
PRUHHIILFLHQW

6FHQH8, LQFOXGHVDIHDWXUHWR JHQHUDWH LPDJHV BRDVRIB5RQ D TXHU\
TXHU\ ZLWK WZR SUHGLFDWHV WKH TXHULHV FRXOG DOVR EH PRUH FRPSO'}
WZR REMHFWYVY DV SUHGLFDWHY )XUWKHUPRUH WKH TXHULHV FRXOG DOV
JRUP ZKLFK LV D FRP¥EL BWIQRRR RIXHULHY *LYHQ WKH REMHFWV LQ WKH TXH
JHQHUDWHG VKRXOG DFFRUGLQJO\FRQVLVW RI WKH REMHFWY $V WKHLPDJ
DQG SUHGLFDWHYVY WKHVHLPDJHV FDQ EHXVHG DV JURXQG WUXWKYV IRUWUL



%DFNJURXQG

IRUH ZKHQ WKH PRGHO LV UHTXLUHG WR SURFHVV D TXHU\ LW XVHV W
LPDIJH WR UHWULHYH DQG ZKLFK REMHFWYV VKRXOG EH SUHVHQW LQ WK
JHQHUDWLQJ LPD 2BV XHUUQZMWKKIWZR SUHGLFDWHYVY WR VKRZ WKH SRVVL
JHQHUDWH LPDJHV

ILWHUDWXUH $QDO\VLV S5HVHDUFK *DSV

7KH SUHYLRXV VHFWLRQV GHVFULEH YDULRXV PHWKRGV IRULPDJH JHQ!
SXWHU JUDSKLFV )RUWKLV WKHVLVY ZHGHFLGHWR SURFHHG ZLWK LQG
JUDSKLFVDVLWDOORZVY FRQWUROODELOLW\RIREMHFWY DQG WKHLU S
DEOH $Q DQDO\VLV RI WKH H[LVWLQJ ZRUNV LQ LQGRRU VFHQH JHQHU
PHWKRGV DQG WHFKQLTXHV LQYROYHG .HH ©MWZIULSQ PIMQDGE W K 1 XK KLV
DQGHQHUDWLQJ ,PDJHV IURP 4XHULMNKBH{SRKWOBWURQ Rl 6FHQHS, LV V
DOORZ FRQWUROODELOLW\LQ WKHLPDJHRYHUD ZLGH YDULHW\ RI IDF\
VSDWLDO UHODWLRQV DQG VKRXOG DOVR DO OR Z DSQTIXMHNH R/ @ VE B LIH.@)
WZR REMHFWV DV D SUHGLFDWH

7TDEOH 2YHUYLHZ RIOLWHUDWXUH SHUWDLQLQJWR ,QGRRU6FHQH 6\QWKI|
2EMHRW 6SDWL|D EHQH
3DSHU 'LUHFWLﬁéHU\ &RQW-”MRORX%HODWLR?&\E)Q L¥WDFNJUR|X L?‘DSKV

/HDUQLQJ 6SDWLDO .QRZOHGJH
IRU 7H[W WR '6FHQH *@QHUDWLRQ >

7H[W WR 'VFHQH *HQHUPWLRQ Z[LWK
5LFK /H[LFDO *URXQGLQ >

6FHQHG6HHU '"6FHQH 'HVLJQ ZLWK
IDWXUDO /DQ@XDJH > ’

/IDQJXDJH '"ULYHQ 6\QWKHVLYV RI |’
6FHQHV IURP 6FHQH 'D&DEDVHV p

$GDSWLYH 6\QWKHVLV RI ,QGRRUY 6FHQHYV
YLD $FWLYLW\ $VVRFLDWHG;2EMHFW
5HODWLRQ *@ SKV >

6FHQH*HQ *HQHUDWLYH &RQWH[WXDO
6FHQH $XJPHQWDWLRQ XVLQJ6FHQH
*UDSK 3ULRUYV >

"RUGV(\H $Q $XWRPDWLUF 7H[W WR
6FHQH &RQYHUVLR@6\VWHP >

5HDO WLPH $XWRPDWLF| '6FHQH
*HQHUDWLRQ IURP 1DWXUDO /DQJXDJH
9RLFHDQG 7TH[W 'HVEBULS$SWLRQV *»

7JRIJHW D EHWWHU XQGHUVWDQGLQJRIWKH OLWHUDWXUH RQ LQGRRU
6FHQHS8, D OLWHUDWXUH DQDO\VLV ZDV FRQGXFWHG WR JHW DQ RYHU
WUROODELOLW)\ IDFWRUV 7KIDERWHUKHHIRZY VIORZRH QDEOH GHQRWH
GLVFXVVHG HDUOLHU UHODWHG WR LQGRRU VFHQH VIQWKHVLV DQG WK
WKH IUDPHZRUN RU VAIVWHP DOORZV LQ FRQWH[W WR WKH XVH FDVHV 7
WKHPHWKRGV RYHU IHDWXUHV WKH\DOORZFRQWUROODELOLW\RYHU L
7KHVH IHDWXUHV HLWKHU DVVLVW LQ KDYLQJ PRUH FRQWUROODELOLW!
PRUH UHD O LYBMHFWKHEROWRQ GHQRWHY ZKHWKHU WKH REMHFWV LQVW
RULHQWHG LQ D GLUHFWLRQ E\ FRQVLGHULQJ RWKHU REMHFWV DURXQ
PDNLQJWKHVFHQH WXIDGROWED GHKEBRWHY ZKHWKHU VFHQHYV FDQ EH JH(
D TXHU\ ZLWK SUHGLFDWH WHUPV DQG QRQH RI WKH PHWKRGV VDWLVIL
UHTXLUHPHQW RI WKH PHWKRG LV WR JHQHUDWH LPDJHV EDVHG RQ D TX
LI WKH\ DOORZ FRQWUR @ R Q BAMRUMO) FROXGHVIFE@HWLRQDO REMHFWYV WK D'
SODXVLEOBRRBMRINWOHFW REMHFWYV ZLWK @ XID B WARPN/SHREQ RXW K/ H ROEXNP I
RIREMHFWYVY UHTXLUGSSDVOLW R EPW@MRQWREMHFWY WR KDYH D VSHFLILF
WZHHQ REMHFWYV DQG VHOHFW L Q% Z KN WK KNHL RFHDIDHOK DVKCH WD EOH |
ZKHWKHU WKH P ERKRKE DK VFHQH VIQWKHVLV DV WKLV KHOSV LQ IXUV
IHDWXUHV LQ WKH VFHQH



I[LWHUDWXUH $QDO\VLY 5HVHDUFK *DSV

7TKHPHWKRG GHYHORSHG WKURXJK WKLV WKHVLY 6FHQH8, VKRXOG LGHD!
TDEOHDQG ZH VHW WKHVH SURSHUWLHV DV LWV UHTXLUHPHQWY 7KLV PHWK
RQHRIWKHH[LVWLQJZRUNVDVDEDVHOLQHDQG PDNLQJLPSURYHPHQWYV W
UHVHDUFK LQ LQGRRU VFHQH VIQWKHVLY $QRWKHU OLPLWDWLRQ RI H[LVW
7TKHVFHQH JHQHUDWLRQ PHWKRGV DUH XVXDOO\HYDOXDWHG EA\FRQGXFWL(
WKH SODXVLELOLWA\DQG UHDOLVWLF QDWXUH RI WKHVFHQH RUE\FRPSDUL
DOLPLWDWLRQDVVXFK WKHZRUNVGRQRWHYDOXDWHWKHPHWKRG ZKLOF
IUDPHZRUNV DUH GHYHORSHG IRU ZKLFK KHOSV JHWDQ LGHD RI WKH DFWXLCL
'LWK UHJDUGV WR WKLY OLPLWDWLRQ WKURXJK WKH WKHVLYVY ZHDLP WR H
FRQWH[WRIGRZQVWUHDP WDVNV WKH WZR XVH FDVHV






6FHQHS,

,Q WKLV FKDSWHU WKH PDLQ PHWKRG 6FHQHS8, LV SUHVHQWHG ZKLFK JHQ
RI VSHFLILFDWLRQV RU FRQVWUDLQWYVY DV LQSXW 7KH FRUH LPDJH JHQHUD
E\OD HW D@ KLV IUDPHZRUN ZDV VHOHFWHG DV WKH EDVH ZRUN EDVHG R
OLWHUDWXUH DQDOAME W GE@TOEDHG, WQ/DWLVILHY PRVW RI WKH UHTXLUHPH
WR GHYHORS D FRQWUROODEOH LPDJH JHQHUDWLRQ PHWKRG 7KH EDVH IL
VSDWLDO UHODWLRQV WKHH[WHQW RI FRQWH[W LQ WKH VFHQH DQG WKH Q
LPDJH DQG WKH REMHFW{V DWWULEXWHV )XUWKHUPRUH LW XVHV VHPDQW
DOJRULWKP ZKLFK IXUWKHU KHOSV LQ HQKDQFLQJ FRQWUROODELOLW\ $QF
ZDV GXH WR DQ DYDLODEOH DQG REKQW RRGFH\ARGMREDMHFDWLRQV HDVLHU
DQVZHU WKH UHVHDUFK TXHVWLRQV PRGLILFDWLRQV ZHUH PDGH WR WKH
D XVHU LQWHUIDFH ZKLFK DOORZV WKH VHOHFWLRQ RI REMHFWV WR EH LQ
LQVWDQFHV IRUHDFK REMHFW WKH VSDWLDO UHODWLRQV EHWZHHQ REMH|
RI D EDFNJURXQG URRP DQG FRQWH[W SDUDPHWHU ,Q DGGLWLRQ WR VHO
XVHU LQWHUIDFHDOVR DOORZVLQSXW IRUREMHEWVY DV TXHU\ SUHGLFDWHYV
DERXW WKHREMHFW{V SURSHUWLHV LQ WKH VFHQH JUDSKVY 7KHVHDWWULE
VFHQH JUDSKV LQ WKH GDWDEDVH ZLWK DGGLWLRQDO IXQFWLRQDO SURSF
HQWLUH RYHUYLHZ RI WKH VFHQH JHQHUDWLRQ SUIFWILRI LER KVIKBIMR VW HP L
LOOXVWUDWHY WKH LQIRUPDWLRQ IORZ YLD VFHQH JUDSKVY WR WKH ILQDO \
RI *UDSK 6\QWKHVLV *UDSK ODWFKLQJ DQG 6F HOHFSMLHRIMWERQ QU H GHVFUL
DQBHFWLROHVSHFWLWHIPOWLRIHWDLOVY DERXW WKH GDWDVHW DUH GHVFULE
WKH '"PRGHOV XVHG IRU VFHQH VIQWKHVLV GWMWDWORR HVEKIHR FA B ® H H WRS K
H[SDQG WKH DWWULEXWHV LV GHVFULEHG ZLWK DQ RYHUYLHZ Rl WKH LQFU
XVHU LQWHUIDFH WKURXJK ZKLFK WKH XVHU SURYLGHV WHFWLRKDWLRQV R
DQG WKHPHWKRG WR JHQHUDWH D VFHQH E\ SURYLGYBBWILTRK® U\ ZLWK REMH

6\VWHP 2YHUYLHZ
7KH RULJLQDO VFHQH JHQHUDWLQJ IUDPHZRUN FRQVLWWVHI7KRXKU PDLQ VW
ILUVW VWDJH UHTXLUHV WKH LQSXW WKDW FRQWDLQV WKH GHVFULSWLRQ F
SURYLGHV WKH LQSXW7B PMUDR WK JWKWLKOHID S RI 1DWXUDO /DQJXDJH 3URFHVV
DV 3DUW RI 6SHHFK WDJJLQJDQG D XQLYHUVDO GHSHQGHQF\ SDUVHU WKH
WR D PRUH VWUXFWXUHG IRUP 7KLV VWUXFWXUH KROGV LQIRUPDWLRQ DE
KDYH DQG WKHLU UHODWLRQV ZLWK RWKHU REMHFWV 7KLV LV IROORZHG
*UDSK 6\QWHKHIWIWVWKH VHPL VWUXFWXUHG FRQYHUVLRQ RI WKH UDZ WH[W L
JURP WKH WH[W DSSURSULDWH REMHFW QRGHV FRUUHVSRQGLQJ DWWULE
ZLWK FRQQHFWLQJ HGJHV WKHUHE\ FUHDWLQJ)IDIXBHQ@H HORIKHY PR WKH L
2EMHFW RBEBRWHY D 5HODWS$ BO @QREHWDG $SWWULEXWH QRGH 7KH WKLU
SURFHVV LVWRILQG WKHPRVW VLPLODU JUDSKLQ WKHVFHQHJUDSK GDWD\
*UDSK ODWIFGKHQWLILHYV JUDSKV WKDW DUH FORVHVW LQ WHUPV RI REMHFWV

KWWSV PDQ\LOL JLWKXE LR 3XEOLFDWLRQ 76 LQGH[ KWPO



6FHQHS,

UHODWLRQV 7KH PRVW VLPLODU JUDSK LV PRGLILHG E\ DOWHULQJ WK
DQG LV ILQDOO\ VHOHFWHG IRUWKH ILQDO VWDJHAGRHW K k& B BEWARIH | R
UHWULHYHV WKH REMHFWV WKDW PDWFK WKH SURSHUWLHYV LQ WKH VHO
WR DYRLG FROOLVLRQV DQG RYHUKDQJLQJ EHWZHHQ REMHFWV $Q H[D
JUDSK JUDSKZLWKDOLJQHG QRGHV DQGILQDO VFHQHJHQHUDWHG LV |
VWDJH WR UHSUHVHQW LW

JLIXUH 6\VWHP 2YHUYLHZ RI WKH 2ULJLQDO :RUN 7KH XVHU SURYLGHV D WH[W GHVFU
VFHQH JUDSK 6XEVHTXHQWO\ VLPLODUJUDSKVY DUHLGHQWLILHGDQGDQ LI

JLIXUH 6\VWHP 2YHUYLHZ RI6FHQH8, 7KH NH\GLIIHUHQFH LY WKH8VHU ,QWHUIDFH ZK
DWWULEXWHV DQG UHODWLR@bRXREM KWWV Q WRIQJZEMKWOXSSRUWHG E\D GDWDVHW
DXJPHQWHG WR KDYH PRUHDWWULEXWHYVY 6FHQH8, DOVRHQDEOHV WKH LPDJH

$ NH\FROQWULEXWLRQ RIWKHWKHVLYVDQGG6FHQH8,LVWKHLQFOXVLRC
WR SURYLGH DQ LQSXW ZLWK VSHFLILFDWLRQV WKDW DUH UHTXLUHG L(
RQO\DOORZVWKHFRQVWUDLQWV DQG VSHFLILFDWLRQV RIWKHREMHEFYV
GHSHQGHQF\RI SURFHVVLQJ WKH LQSXW ZLWK 1/3 WRROV 7KH RULJLQI
VRIWZDUH WR EH FRQQHFWHG WR D VHUYHU WKDW SURFHVVHY WKH UDZ
GHSHQGHQF\ SDUVHU ,Q WKLV ZD\ DQ XQQHFHVVDU\ GHSHQGHQF\ LV U
LOWHUIDFH KDVDGGLWLRQDO EHQHILWYV ZKIHFMLIRMIGHHX &G DEVWHHGELSL B R O
ZLWK WKH XVHU LQWHUYLDXKHH VO VRREZQPUW¥MRH DQ HIDPSOH IRU HDFK VWD
SURYLGHG EHORZ WKH SLSHOLQH WR EHWWHU YLVXDOLVH WKH VWDJH\
SLSHOLQH FRASIXUHIGVYWHRKH XVHU LQWHUIDFHWR GHVFULEH WKHUHTXLU
GDWDVHWRIVFHQHJUDSKY 7KHUHVWRIWKHVWHSVY LQ WKHSLSHOLQH
WR VIQWKHVLVH D VFHQH XVLQJ VHPDQWLF VFHQH JUDSKYVY $GGLWLRQL



'DWDVHW

ZLWK D EDFNJURXQG DV D URRP 7KH GLIITHUHQXHUN BUMLDDIRKRHIKOLIKWHG
LQLIXUH2 GHQRWHYV DQ 2 EBMGIF YRMREHD 5H O D WHLARH)QRR\GHV IDAGS WW ULEXWH QR

‘DWDVHW

2ZLQJWR WKH FRPSXWHU JUDSKLFVDSSURDFK WKH GDWDVHW VKRXOG FRP
PHQVLRQV RI WKHLU ERXQGLQJER[HVDQG RULHQWDWLRQV DQQRWDWHG 6
ZKLFK FRQVLVWYV RI UH D@D L VKMIVFO/FW QWMW ZDV XVHG LQ WKH RULJLQDO E
WKXV ZH VHOHFW LW IRURXU LPSOHPHQWDWLRQ DQG H[SHULPHQWV IRU WK
RI REMHFWV SRUWUD\LQJ GLIITHUHQW FDWHJRULHV RI URRPV VXFK DV D GL¢
EHGURRP EDWKURRP HWF ,Q WRWDO WKHUH DUH FDWHJRULHV RI REM}
WKH GDWDVHW XVHG LQ WKH VFHQHV 7KLV VKRZV WKDW WKHUH DUH VHYHU
FRORXU VKDSH RUVL]HIRUHDFK FDWHJRU\RI REMHFW 7KH SUHVHQFH RI
DLGV RXU JRDO RI FRQWUROODELOLW\DV GLIIHUHQW REMHFWYV FDQ EH VHO

7KH 6FHQH6\QWK GDWDVHW RULJLQDOO\ FRQVLVWYV RI WKH 'REMHFW IL(
GHVFULELQJ WKH REMHFWITV PDWHDKDPH QW HVEXWHKRIQWHRIGWK GDWDVHW E
DGGLWLRQDO LQIRUPDWLRQ DERXW WKH VL]H GLPHQVLRQ DQG RULHQWDYV
REMHFWLVY GHQRWHGDQG FRQVWUDLQHGE\DER[NQRZQDVDERXQGLQJER
ER[DUHXVHGWRPRGHOVSDWLDOUHODWLRQVEHWZHHQ REMHFWY (DFK 'R
ILOHYV

ftODWHULDO 7THPSOPW®Y KIBUBKMIWNFULEHY WKH VXUIDFH DQG DSSHDUDQFH S
REMHFW W DOVR SURYLGHV LQIRUPDWLRQ DERXW WKH FRORXU WKH RI
LWVHOI RUWKHWUDQVSDUHQF\DQG UHIOHFWLYH QDWXUH RI WKH REMH

F2EMHFW %RXQ RIEEEI7%RY GHVFULEHVY WKH FHQWURLG RI WKH ERXQGLQJE
WKH WKUHH D[HV DQG WKH VL]HRIWKHERXQGLQJER]

F6XSSRUW 3OS KH VXSSRUW SODQH LV HIWUDFWHG IRUWKH PRGHO ZKL
WR UHVWRQ WKH SODQH

F7RS 3SODRPEHWRBKLY GHWDLOV WKH GLPHQVLRQV RIWKH WRS SODQH RI WK

7KH GLPHQVLRQV RI WKH ERXQGLQJ ER[HV DQG VXSSRUWLQJ SODQHYV DUH X
EHWZHHQ REMHFWV EA\ FRQVLGHULQJ WKH UHODWLYH SRVLWLRQV DQG GLVW
ER[HV )RUD SDUWLFXODU VSDWLDO UHODWLRQ WKH RULHQWDWLRQ DQG C
FRQVLGHUHG )RUH[DPSOH IRUDVSDWLDO UHODWLRQ WKDW GHQRWHYV ZKF
DQRWKHU REMHFW SODWHRQWDEOH WKHVXSSRUWSODQHRIWKHVXSSRL
SODFHWKHREMHFW )XUWKHUPRUH WKH VL]JHRIWKHERXQGLQJER[HV LV D
VFHQH OD\RXW WR DYRLG FROOLVLRQV EHWZHHQ REMHFWYV

6HPDQWLF 6FHQH *UDSKYV

6HPDQWLF VFHQH JUD S KX EG/HIVFRVULLRBIYE DFRUH FRPSRQHQW IRU LPDJH JHQH
WKLV PHWKRG 7KH JUDSK FRQVLVWYV REWRBRMH WR 8 HMKR K@REGHM W RQ WKH V
DOPWWUQEGWIBHVFULELQJ WKH REMHB WY DOIRUREG WH W WHWL JIDQELBIV D VSDWLE
WLRQ EHWZHHQ WZR REMHFWV 7KH VSDWLDO UHODWLRQV EHWZHHQ REMHF
SRVLWLRQ RI RQH REMHFW ZLWK UHVSHFW WR DQRWKHU REMHFW YV I[UDPH |
OHUWJRQGIUREWFQHDDQGQGHW RYHUYLHZ RI WKH DWWULEXWHYV GHILQHG IRU
VFHQHJUDSK LV BDROHGKB D WULEXWHY DUH OLPLWHG WR WKH IXQFWLRQD
RUVL]H DQG WKH DWWULEXWHY DUH SURYLGHG RQO\ IRU FIREIMHFWDEOHV
QRGH LV DVVLJQHG D OD E HIDWRW QKRR RBAVDH/FIVO WEKHO R1 WKH SURSHUW\ WKH F
DQG WK DWRRYLY DVVLIQHG D ODEHO GHQRWLQJ WKH VSDWLDO UHODWLR
HGJHV FRQQHFW WKH DWWULEXWH QRGH WR LWV FRUUHVSRQGLQJ REMHEW |
QRGH $ YLVXDORID VHPDQWLF VFHQH JUDSK IRUD VFHQH FRQWDLQLQJDF
J)LIXUH 7KH FKDLU KDV WKH DWWULEXWH RI DQ RIILFH FKDLU DQG WKH EHG |
FKDLULVLQIURQWRIDGHVNDQG WKHGHVN LV WR WKHULJKW RIWKHEHG

WKH JUDSK DFFRUGLQJO\



6FHQHS,

,Q WKLV ZzD\ D VFHQH JUDSK LV FUHDWHG 8VLQJ WKLY SURFHVV WR .
JUDSKV DUH VIQWKHVLVHG E\ WKH DXWKRUV RI WKH RULJLQDO ZRUN E\
QH6\QWK GDWDVHW ,Q HYHU\ VFHQH WKH REMHFW QRGHV DQG ODEHO
DWWULEXWH QRGHVY EDVHG RQ YLVXDO REVHUYDWLRQV RI WKH VKDSH
ZLWK VSDWLDO UHODWLRQ QRGHYV ZKRVH ODEHOV DUH GHWHUPLQHG E
UHIHUHQFH REMHFW (GJHV DUH WKHQ DVVLIJQHG IURP RQH QRGH WR RW
VFHQH LV VWRUHG DV D ILOH DORQJ ZLWK WKH ,'V RI WKH '"PRGHOV WR
REMHFWYVY LQ WKHVFHQH DQG LQIRUPDWLRQ DERXW WKHREMHFWT{V ER

7DEOH S$WWULEXWHV RI REMHFWV LQ WKH VFHQH JUDSKV LQ WKH GD
2EMHF&W W U L E[X WH
"LQLQJ
&KDL[U2ITLFH
6RID
"LQLQJ
T DEOWERITHH
5RXQG
SHFWDQXODU
%HG | 4XHHQ

J)LIXUH 6FHQH JUDSKIRUD VFHQH ZLWK DQ RIILFH FKDLULQ IURQW RI GHVN ZLWK WK

([SDQGLQJ $SWWULEXWHYV

7KH VFHQH JUDSK GDWDVHW DQQRWDWHG DQG FUHDWHG E\ WKH DXWK
REMHFWYV ZLWK D WRWDO RI T™EWHLEHWHSDRSKBWQHQFRYHU PRVWO\
XVH Rl WKH REMHFW VXFK DV ZKHWKHU LW LV D GLQLQJ FKDLU RIILFH
UHIHU WR WKH VKDSH RU VL]H RI WKH REMHFW VXFK DV D URXQG RU UH|
7TKXV WKH H[LVWLQJ DWWULEXWHV LQ WKH GDWDVHW DUH TXLWH OLPL
WKHFRORXURIWKHREMHFW 7RIXUWKHUDLG RXUJRDORIKDYLQJFRQV
WR H[SDQG WKH DWWULEXWHV LQ WKH VFHQH JUDSKV RI WKH GDWDVHYV
+DYLQJ PRUH DWWULEXWHY WR FKRRVHIURP JLYHV XV PRUH IOH[LELOL!
WKH REMHFWY LQ WKH LPDJH 7KLV DOVR PDNHV XVLQJ 6FHQHS8, WR JH(
XVH FDVHY +DYLQJPRUHDWWULEXWHV IRUDQ REMHFW KHOSV WKH XV|
REMHFWV ZLWK GLITHUHQW FRORXUV PDWHULDOV DQG GHVLJQV DSDU\
DXJPHQWLQJDQ REMHFW{V DWWULEXWHYV DWWULEXWBEOHHRBK®VR FUI
REMHFWY LOWURGXFHG ZLWK DWWULEXWHYVY DUH 'HVN %RRNFDVH &R
REMHFWV DQG WKHLU DWWEHQHEXWHY KYPHEREQWQRRQ RIREMHFWY DQG DW
E\PDQXDOO\PDNLQJFKDQJHV WR WKHILOHVLQ WKHGDWDVHW E\ FUHD'
HGJHV 7KLV LV GHVFULEHGXEVPIRWH SGEMEVOEWLR@GHVFULSWLRQ LV JlI
RIWKHDWWULEXWHV IRUFRUUHVSRQGLQJ REMHFWYV



([SDQGLQJ $SWWULEXWHYV

7DEOH ([SDQGHG DWWULEXWHV RIH[LVWLQJDQG DGGLWLRQDO REMHFWYV LQ WK
2EMHFW&RORXU )XQFW LR QDOOLWHN UBRDSH
JLJKW %URZQ 'DUN %URZQ %URZQ
yN | (KLWH %ODFN %URZQ /LJIGW%ERZQ :KLWH
%URZQ *UH\ <HOORZ *UH|\
%ODFN 'DUN%URZQ %URZQ JLIKW %URZQ
% O X H
JLIKW %URZQ 'DUN %URZO *UH\ :KLWH
%URZQ /LJKW *UH\ 'DUN YUHQLQJ
ekpLU| PURZQ KLWH
%URZQ :KLWH "LQLQJ SUPUHVW
%ODFN 5HGGLVK %URZQ |<HOORZ *UHHOQ
*UH\ 5HG %OXH /LJKW %URHKQF#MURZQ
*UH\ %ODFN %ODFN %URZQ
<HOORZ :KLWH 6RID
e | UH\ 3XUSOH %ODFN :KLWAXHHQ
*UH\ :KLWH 6LQJOH
‘DUN %URZQ %URZQ :KLWH 'HVLJQ
<HOORZ 5RXQG
*UHHQ 'LQLQJ *ODVV
*UH\ %URZQ 5HG 'DUN %URZQ
7DEOH| /LIJKW %URZQ 5HFWDQIX0DU
%URZQ *ODVV
"KLWH SRX0G
%URZQ *ODV
%ODFN KLWH 5HFWDQUXODU
7UDQVSDUHQW *ODV\
%URZQ VKHOYHYV
%URZQ *UH\ %ODFN VKHOYHYV
%RRNFDVHWN %URZQ VKHOYHYV
%ODFN VKHOYHYV
%URZQ VKHOYHYV
%URZQ *UH\ 5HG :KLWH |[/LJKW *UH\
&RXFKI Likw %URZO
sWwRRO LOXH %URZQ %ODFN :KLWiDFNUHVW
*UH\ %OXH %URZQ %ODFENR %DFNUHVW

OHWKRG WR ([SDQG $SWWULEXWHV

7TKHVHOHFWLRQ RIQHZ REMHFWV LQ WKH GDWDVHW ZKLFK KDYH DWWULEXW
VFHQHY LQ WKH GDWDVHW 'XULQJ WKLV HI[DPLQDWLRQ REVHUYDWLRQV ZI
REMHFWY DQG WKH YDULDWLRQV LQ WKH REMHFWV FRORXU PDWHULDO RI
ZHUH LGHQWLILHG ZKLFK KDG VHYHUDO GLIITHUHQW SURSHUWLHV DQG ZHUH
URRPV 2QFH WKH REMHFWV WR EHLQWURGXFHG ZHUH LGHQWLILHG WKH F
WKHREMHFW ZHUH DOVR QRWHG DV SURSHUWLHV WKDW FDWHJRU\PD\KDYH
ZHUH LGHQWLILHG E\H[DPLQLQJ RFFXUUHQFHV RI WKHREMHFWDQG FDWHJ!
HUWLHY 7R KDYHDQDGGLWLRQDO UHIHUHQFH RI SURSHUWLHV WKH REMHF
> @ ZDV UHIHUUHG 7KH9LVXDO *HQRPH SURMHFW LV D GDWDVHW ZLGHO\ X



6FHQHS,

ZKLFK KDV WKRXVDQGV RILPDJHV ZLWK GHVFULSWLRQV RI VHYHUDO Ut
YDULRXV SDUWV RIDQREMHFW 8VLQJD FRPELQDWLRQRIYLVXDO REVH
WKHREMHFWY LQ WKHI9LVXDO *HQRPH SURMHFW WKHDRBROWHILEXWHYV ZH

TRLOQWURGXFH WKHVHDGGLWLRQV RI WKH HILVWLQJVFHQH JUD
PDNLQJ FKDQJHVY PDQXDOO\ 7KHVH VFHQH JUDSKV ZHUH WKH RQHV V
VFHQH WR ZKLFK QHZ DWWULEXWHYVY ZHUH WR EHDGGHG 7KHDWWULEXYV
WKDWUHTXLUHG FKDQJHY DVZHOODV WKHDWWULEXWHQRGHV WREHL
DSRVVLELOLW\IRUPXOWLSOH DWWULEXWH QRGHV IRUD VLQJOH REMF
ILOH WKHQHZDWWULEXWHQRGHY ZHUH PDQXDOO\FUHDWHG EDVHG RC
DWWULEXWHQRGHYVY ZHUH FUHDWHG HGJHV ZHUH VIQWKHVLVHG LQ WKF
UHOHYDQW REMHFW QRGHV )LQDOO\ WKH FRXQW RI WKH QXPEHU RI QR

([SDQGHG $SWWULEXWHV DQG 2EMHFWYV
$VWKHH[LVWLQIJDWWULEXWHY IRUREMHFWY GRQRWLQFOXGHWKHRE
WKHFRORXU IRU DOO W KBBERREM&HRFRHARKRZQUIMVQ RU REMHFWY OLNH WKH FI
RIDFRPELQDWLRQ RI FRORXUV %ODFN %URZQ *UH\ %ODFN HWF 7KL\
DVWKHREMHFWIV FRORXU H[KLELWHG D EOHQG RI WKHWZR FRORXUV
PHQWHG DWWULEXWHY DUH EDVHG RQ WKH REMHFWITV IXQFWLRQDOLW:
JRUH[DPSOH WKHGHVNLV FODVVLILHGDVDW\SLFDOVWXG\GHVN RU D (
LOWR RQH WKDW HLWKHU KDV RUGRHV QRW KDYHDQ DUPUHVW GHSLFW
TKHIXQFWLRQDO DWWULEXWHYVY RI WKHVWRRODOVRGHVFULEH WKH VW
EHDOORZHG WR VHOHFW D VWRRO ZLWK RUZLWKRXW D EDFENUHVW )XU\V
VPDOOHU VLQJOH SHUVRQ VLIHGEHGLQ DGGLWLRQ WR D ODUJHU TXHH
DOVR DOORZ D IXUWKHU FDWHJRULVDWLRQ EDVHG RQ WKH PDWHULDO
WKDWYV PDGH RIJODVV )LQDOO\ ZLWK WKHDGGLWLRQDO DWWULEXW€F
WKDW YDULRXVY ERRNFDVHVY FDQ EH VHOHFWHG E\GHWHUPLQLQJ WKH Q
VL[ 7KHFRXFKLVDIUHTXHQWO\RFFXUULQJREMHFW EXW GRHV QRW KD
RI'WKHP KDYLQJD VLPLODU VKDSHDQG VL]H 7KXV WKHDWWULEXWHV R
,QFRQFOXVLRQ WKH SULRUDWWULEXWHY RI WKHREMHFWY DUHLQFUH
DGGHG UDQJLQJIURP FRORXU VKDSH VL]H SXUSRVHDQG GHVLJQ +DY
DLGV RXUJRDO RIKDYLQJFRQWUROODELOLW\ RY¥HKXWHZ O®EK VW Q DAVRIIVRV
GLQLQIJWDEOHV ZLWK GLITHUHQW FRORXUV 7KHVHLPDJHVY ZHUH JHQH!
GLQLQIJWDEOH ZLWK VSHFLILF FRORXUV LQFOXGHG DV D UHVXOW RIDW

D %ODFN'LQLQJ7DEOH E :KLWH'LQLQJ7DEOH

JLIXUH *HQHUDWLQJ 7DEOHV ZLWK GLIITHUHQW FRORXUV VHOHFWHG IURP W

*UDSK 6\QWKHVLV
7KHGHVFULSWLRQ RIWKH VFHQH SURYLGHG E\WKH XVHU LV VWRUHG LQ
FUHDWHG IRUD VFHQH GHVFULSWLRQ ZKLFK LV FRPSRVHG RI D VWUXFW)
WKDW LV UHTXLUHG WR EH SUHVHQW LQ WKH VFHQH )XUWKHUPRUH HE



*UDSK ODWFKLQJ

WKH W\SH RIVSDWLDO UHODWLRQV DV ZHOO DV WKH RWKHU HQWLW\ LW KDV
WDLQLQJ WKH W\SH RI DWWULEXWH WKHHQWLW\VKRXOG SRVVHVV $GGLW
DERXW WKHQXPEHURIDWWULEXWHY UHODWLRQV DQG WKHFRXQWRILQVYV
7TKHRULJLQDO ZRUN LQLWLDOLVHV WKHVWUXFWXUHYVY ZLWK WKH VFHQH GHYV
IRUP RIWKHLQSXW ,Q6FHQHS8, ZHUHDG WKHLQSXW SURYLGHG E\ WKH XVH
WR WKH VWUXFWXUHYV

2QFH WKH VWUXFWXUH FRQWDLQLQJ WKH VFHQH GHVFULSWLRQ LV FUHDYV
UHODWLRQV D VFHQH JUDSK LV VIQWKHVLVHG IURP WKLV LQSXW (YHU\ HC
HDFK HQWLW\ WKHUHOHYDQW UHODWLRQ DQG DWWULEXWH QRGHY DUH JHC
HYHU\ HQWLWE MBFMB® FUHDWHG UHSUHVHQWLQJ LW ,I WKH HQWLW\ KDV P>
2EMHFR\GHV DUH FUHDWHG 7KH UHODWLRQ LQIRUPDWLRQ LQ WKH HQWLW\"
(YHU\UHODWLRQ WKDW WKH HQWL WK KRR BRBE@\ ¥ FWHDGBGZ DVQK R ODEHO G
WKH VSDWLDO UHODWLRQ DQG DQ HGJH LV DGGHG IURP WKH FXUUHQW HQW
WR 7KLV LV IXUWKHU UHSHDWHG IRUDOO WKH LQVWDQFHV Rl WKH HQWLW!
QRGHV IRUDQ HQWLW\TV SURSHUWLHV )RU WUV QEWAHL\E K WHIDRV MG B GI@
DVVLIJQHG D ODEHO IRU WKH SURSHUW\ WKH REMHFW VKRXOG KROG $ FRQQ
QRGH WR W KZERIQOFRUGH T1YQ WKLV ZD\ WKH HQWLUH VFHQH JUDSK LV FUHDWHG
2EMHR\GHY DORQJ ZL WK VB K I DUMOEBRSHEFWRI MY (YENRMRMGH LQ WKH JUDSK
LVLQVWDQWLDWHG LQ WKH VFHQH 7KLV LQSXW JUDSK DS KVKHQPKLIG IRU W
2EMHFW QRGHV DORQJ ZLWK WKHLU UHVSHFWLYH 5HODWLRQ DQG $WWULE X\
LVLQVWDQWLDWHG LQ WKH VFHQH 7KLV LQSXW JUDSKLVY WKHQ XVHG IRU W|

*UDSK ODWFKLQJ

'LWK WKHLQSXW JUDSK VIQWKHVLVHG WKH QH[W VWHS LV WRILQG D VFHQ
VLPLODU WR WKHLQSXWJUDSK 7KLV SURFHVV RIPDWFKLQJWKHLQSXWJUD
DOLJQPHQW %\ LGHQWLI\LQJ WKH VLPLODU JUDSKV WKH PHWKRG NQRZV \
PDWFKHG REMHFWYVY 7KHVH ORFDWLRQV DUH EDVHG RQ WKH 6FHQHB\QWK G|
DUH SODFHG LQ UHDOLVWLF SRVLWLRQV 2QFH WKH PRVW VXLWDEOH VFHC
LWLV DOWHUHG E\UHPRYLQJRU LQFUHDVLQJ QRGHVY WR PHHW WKH H[SOLF
%\ UHPRYLQJ QRGHVIURP WKH VHOHFWHG JUDSK ZH FDQ SUHYHQW XQVSHF
VFHQH 7KHJUDSKDOLJQPHQW SWERVHHAWNBRRWVPWILBHGOLBHWULF WR VFRUH \
VFHQH JUDSKVY 7KH PHWKRG WR PRGLI\WKH KLIJKHVWXYHPRRUAWUR/FHQH JUDS

*UDSK $OLJQPHQW

TKHLQSXW JUDSK REWDLQHG IURP WKH JUDSK N \DRHKRIE/M ¥ W D RHG HYW G  Q\RW
JUDSK DUH H[SOLFLWO\ VSHFLILHG WR EH LQ WKH VFHQH DQG DUH DOVR UH
GHQRWHG E\ WKHLU DWWULEXWH QRGHY 7KH SURFHGXUH IRU JUDSK DOLJ
FRPSDUHG ZLWK DOO WKH DQQRWDWHG WVFH(@H BEWFRPKS\D UQ WWRKH L&/DWF R B II\GHE \
PHWULF DQG WKH KLIKHVW VFRULQJJUDSK LV XOWLPDWHO\VHOHFWHG LQ

,QWKHJUDSKDOLJQPHQW SKDZN. WKHLREMEBRAK 9@ HKHREMHFW QRGH ZLV
FDWHJRU\ QDPH LV DOLJQHG ZLWK D) REKHEWRURIGHIIWRP REMWFW QRGH I
DVVRFLDWHG ZLWK DWWULEXWH QRGHV LW LIV DOV RQERY ¥ KN @ WMWK\ KRHE MBI FE M,
DWWULEXWHY $ SDLUZLVH#NIHODWLIOHGQRZ&H QURRH W\SH RI UHODWLRQ PD
UHODWLRQ QRGRIQRIZLWK WKH REMHFW QRGHVY WKH UHODWLRQ LV FRQQHFV
SURFHGXUH LV UHSHDWHG IRUDOO UHPDLQLQJ VFHQH JUDSKV LQ WKH G
IURP WKH KLJKHVW VFRULQJ VFHQH 7KH PHWULF WR VERXDMWK® JUDSK DO
ZKHUHIRUHYHU\JUDSK FRPSDULVRQ WKH QXPEHU RIQR§BWRBWHFKHG LV FF
WKH QRGENDRELV D QRGH WKDW EIHOBRDIK WRWWHKH SDLURIQRGHV EHLQJ FR
RS S DFKLHYHV WKHIMDMKHH@RRGHYV P RWKKIDQIGVH 7KH PDWFK VFRUHV IURP
QRGHPDWFKHVDUHVXPPHGIRUHYHU\VFHQHJUDSKDQGDVVLJQHG WR WKH
VFRULQJVFHQH JUDSKYV



6FHQHS,

R ZN I $ R § &
MUT )R Mp G

JLIXUHGHSLFWV WKH VANWQ B WKBIYKVHG IURP WKH XX B HLIO@SOWWDQ & HV
VFHQH JUDSBRP WKHGDWDVHW 7KHWZRILIXUHV DUHFRPSDUHG IRU WK
SKDVH 7KH QRGHV K}IUKXOULHBEKWHWKI DOLIQHG QRGHY LGHQWLILHG DIW
JUDSKYV 2BMMHFR\GH ZLWK D GLQLQJ FKDLU LV QRW DOLJQHG DV WKH LQS
RINLFHFKDLU 7KLV XQGHUOLQHV WKHUHTXLUHPHQW IRUDOLJQLQJDQ I
DQG LWV DVVRFLDWHG DWWULEXWH VKRXO GHEHOPM/RRIGHIGY @ & &/LR\DLVR RID
GXHWRWKHGLIITHUHQW REMHFWV LW LV DVVRFLDWHG ZLWK

YLIXUH 6FHQHWANDMKKHVLVHG IURP WKH LQSXW

JLIXUH 6FHQBX\HURPKWKH GDWDVHW ZLWK DOLJQHBKQAR&E VIWKWHWE PDWFK ZLWK

6XEJUDSK $XJPHQWDWLRQ

7KH KLJKHVW VFRULQJ VFHQH JUDSKV DUH VWRUHG LQ B O,MV W ZTKH-LWHHW
OLNHO\ WKDW WKH KLJK VFRULQJ FDQGLGDWH JUDSK GRHV QRW KDYH L
ZN 7KLV UHTXLUHV DXJPHQW L Q XWKHPUHDHWFAV W & HXIDBBIOWRHQBIP HG D
VXEJUDSK DV LW LV RQO\D SDUW RI WKH ILQDO VFHQH JUDSK VIQWKHVL
QRGHV VSHFANDHG UBIQHUDWHG DQG Z&AMHZHGRGEHY FUHDWHG DUH DG
VFHQH VXFK WKDW MW REMPPWFKY DUH FUHDWHG DQG DGGHG ZLWK WKHL!
DSHODWRR® LV DOVR VIQWKHVLVHG DQG OLQNHG WR WKH REMNFW QRG
,Q WKLV ZD\ WKH FDQGL&DWHXBRREWHBSM WK DGGLWLRQDO QRGHV W
UHSUHVHQWDWLRQ FRQWDLQV DO QW KH H H F)XOLUWHH P @ Q RV DASHHF Z KLHHUGH VK
X KDV PDQ\PRUH QRGIPYEKDE DO O WK H QIRGLH\Q KR P, Q W K M\SFHXDHH G E\

UHPRYLQJ WKH H[WUD QR GHV JRRVH VBMHENY SIGALQLHY MXVW D FKDLU DQG



6FHQH &UHDWLRQ

X FRQWDLQV D GHVN DQG FKDLU ZLWK D PRQLWRU FRPSXWHU PRXVH DQG N
IURR DUH UHPRYHG VXFK WKDW RQO\ WKH QRGHV FRUUHVSRQBN.QJ WR WKH |
UHPDLQ

2QFMLVDOWHUHG E\UHPRYLQJRUDGGLQJQRGHYV WKHUH LV D SRVVLELO
E\LQFOXGLQJFRQWH[WXDO REMHFWYV W RVWW VHHAWURGK B 8 B REEDVAKF @&/ DQH G
DGGHG 7KHFRQWH[WXDO REMHFWV LQFOXGHG KHUHDUH WKRVH WKDW FR |
7KH VA\IVWHP SURYLGHV D FRQWUKRHWDE DM WY WHKWWWDYH D FR RFFXUUHQ
ODUJHWLWKB@GGHG WR WKH VFHQH 7KXV D ORZFRQWH[W SDUDPHWHU ZLO
HYDQW REMHFWV DGGHG WR WKH VFHQH $Q H[DPSOH RI LOQOWURGXFLQJ FRC
EDVHG RQ REMHFW FR RFFXUUHGBEH 7K HFGRQVL\WRNWHEG MBEHDNHU REMHFWYV |
RFFXU ZLWK D GHVNDQG DUH W\SLFDOO\ SODFHGIRQXWHKYN GHVYRHQKHIICQ S XW
ZLWKUHOHYDQW REMHFWV E\DGGLQJDGGLWLRQDO QRGHV DQG FRQQHFWL
RFFXUUHQFH SUREDELOLWLHY OHDUQW $GGLWLRQDOO\ WKHVXSSRUW KL}
ZKLFK WA\SHRIREMHFWV VXSSRUW WKH RWKHU ZKHAUWKRXW LMDVQVREN IR B L1
REMHFW WHKHDISKDLY H{ISDQGHG E\DGGLQJUHOHYDQW QRGHV WR WKH JUDSK
REMHFW LV QRZ VXSSRUWHG DFFRUGLQJWR WKH VXINREHY RKUHBEBW BK\ OHC
VFHQH ZLWK D SODWHDQG NQLIHZLWKRXW D WDEOH ZLWK WKH KHOS RI FRQ
XSGDWHG WR LQFOXGH D WDEOH RQ ZKLFK WKH SODWH DQG NQLIH ZLOO EH &

JLIXUH $XIPHQWRHBLWIOBRQWH[WXDO QRGHV KLIKOLJKWHG

6FHQH &UHDWLRQ

7TKHJIJUDXSKW UHWULHYHGDSRFR WWHKDYH DIWHU VXEJUDSK DXJPHQWDWLRQ I
HQULFKPHQW LV VHOHFWHG IRU WKH ILQDO VWHS RI VFHQH FUHDWLRQ 7K
UHQGHULQJ UHOHYDQW REMHFWY LQ DSSURSULDWH SRVLWLRQV LQ WKH VF
TXLUHPHQWY VBANFLKIHHRBULQLQDO DO LY EHERURIGWHKNH QRGH DXJPHQWDWLRQ
RULJLQDWH GLUHFWO\ |UR P- WKKHGDAM QEIDMIDFKDERH LQ WKH GDWDVHW FRC
WLRQ RQ WKH SRVLWLRQV RI WKHVH REMHFWY LQ WKH VFHQH 7KXV WKH S
DOLIQHG REMHFW QRENY RZRP ,Q DGGLWLRQ WR WKH SRVLWLRQV RI WKH RE]
FRUUHVSRQG WR WKH REMHFW QRGHV DQG WKHLU DWWULEXWHY DUHDOVR |

*HQHUDWLQJG6XEJUDSKG6FHQH 1RGHYV
7TKH DOLJQHG REMWRWW IWRHPEDVHG RQ WKH GIDWDMHMWYMHIOHWUBRGKFHG LQ
VFHQH 7KHSRVLWLRQVRIWKHVHREMHFWVLQWKHVFHQHDUHDOUHDG\NQ
WKHREMHFWY DUH SODFHG EDVHG RQ WKH VL]H RIWKHLU ERXQGLQJER[HV F
7TKH ERXQGLQJER[GLPHQVLRQV DUH REWDLQHG EN\UHDGLQJ WKH GLPHQVLF
ILOHDVZHOODVVHOHFWLQIJWKH '"PRGHOV WKDW PDWFKWKHREMHFW{V SL



6FHQHS,

ILUVW IROORZHG E\ WKH VXSSRUWLQJ REMHFWV VXFK DV WDEOHV RU G
REMHFWY WKDW VDWLVI\ WKH FRQVWUDLQWY RU UHTXLUHPHQWV 1| Wk
OD\RXW VFRUH WKH OD\RXW JHQHUDWLQJ DOJRULWKP LV UHYHUWHG W
WKHQ PRGLILHG E\ SODFLQJ LW DW DQ DOWHUQDWH ORFDWLRQ ,I DIWF
IRUWKH REMHFW FDQQRW EH IRXQG D IDLOXUH PHVVDJH LV UHWXUQHG
VFHQH LV JHQHUDWHG DQG UHQGHUH GX RUK R BIVRHRP/E\D HQ WE HPVDXVER K D KIC
WKH LQSXWNUDSK

SHQGHULQJ $XJPHQWHG 1RGHYV

JRUVFHQDULRV ZKHUH WKH VXEJUDSK QHHGV DXJPHQWLQJ ZLWK DGGLYV
REMHFWVY QHHGV WR EH FRQVLGHUHG EDVHG RQ WKHLU VSDWLDO UHOD!
WLRQV RIWKH REMHPWMWIDGFEWRH R NOQRAP &F KH@ KRAUKPRUDWRMHED VFRUH IR
REMRMBWGHG WR WKH VFHQH ZLWK D VSDW XD®W UR @/RWLRX DY V WR/ZSOLDF +
LV SK\WLFDOO\ SODXVLEOH

Xbmpd m Qm rMm rWm

Q mM.VWKHWHUP WKDW LQGLFDWHY D FROOLVLRQ SHQDOW\WKDW KROG
WKHREMHFWV DQG RWKHUZLVH $FROOLVLRQ LNMLOYMIQUN KIF & R XZQ &/ IKQDIC
REMHFW LQ WKH VFHQH ZKLFK ZRXOG UHVXOW LQ DQ XQUHDOLVWLF VFI
7KH WIMURGHQRWHY DQ RYHUKDQJ SHQDOW\ VF®U H KK RFYKH UK B @ J LSHHIDIC
GHILQHG WR DYRLG WKH REMHFW EHLQJ SODFHG RQ WKH HGJH RI LWV VX
LPSODXVLEOH VFHQH DV WKH REMHFW ZRXOG QRW UHDOLVWLFDOO\ UH'
W nLV GHILQHGDVOL RQ @

W m $ Fmpmp é $ Fymym
hauNe kpD hzu N

7TKH WMWUPFRQVLGHUV WKH LPSOLFLW DQG H[SRZKH® UGW D RGE R RLMIR IUWA
VFHQH Y WKH VHW RIUHODWLRQV VSHFLILHG | URIPVYWWKK-HXWHUY R ORVEEMH B W
DUHD SDUW RI WKH UKD W WR@WIVQ® VFRUH EDVHG RQ WKH DUUDQJHPHQ
KDYLQJ D SDUWLFXODU UHODWLRQ 7KH VFRUH PDSVY WKH SUREDELOLMW
WZR REMHFWV E\ PRGHOOLQJ WKHLU UHVSHFWLYH FRRUGLQDWHY DQG
VFHQHY ZKHQ WKH\ RFIF X¥ WRBHWKHRI REMHFWY DOUHDGRSWEVYMQW LQ
WKHLPSOLFLW UHODWLRQ Suh G WWHEKHHVRAM KIFHQUWRKEHM R EE WIHEFHE AIQDIRQVWYK H V
ZKHWKHU D KLJKHU SULRULW\VKRXOG EHJLYHQ WR WKHREMHFW{V H[S(
REMHFW SODFHPHQW

$ OD\RXW TXDOLW\WKUHVKROGLVYVGHWHUPLQHG WR DOORZREMHFWYV
DPLQLPXP OD\RXWVFRUH ,IWKHREMHFW SODFHGLQ WKHVFHQH UHVXC
VFRUH WKH OD\RXW LV WKHQ RSWLPLVHG E\ XVLQJD KLOO FOLPELQJ V\
SRVVLEOH ORFDWLRQV WR SODFH WKH PRGHO EDVHG RQ WKH GLVWULEX
PRGHOOHG ,I WKH OD\RXW VFRUH UHVXOW LV LQVXIILFLHQW RU DJDL
LWHUDWLRQV ,IDIWHUVHYHUDO LWHUDWLRQV WKHREMHFW FDQQRW
OD\RXW VFRUHJLYHQ WKH FRQVWUDLQWY WKH REMHFW LV SODFHG DW

%\ IROORZLQJ WKH DERYH SURFHVV WKH REMHFWY WKDW EHORQJ WF
SODFHG DWDSSURSULDWH SRVLWLRQV LQ WKHVFHQH ZLWK WKH H[LVW
TKHREMHFWVDUHDOVRSODFHG VXFKWKDWFROOLVLRQVDQGRYHUKDQ
FUHDWHG SODXVLEOHDQGUHDOLVWLF 7KHVFHQHUHQGHUHGLQ WKH
SXUSRVHV ZKLFK DUHF&E DB WHWHVG VYWHP DOORZV WKH XVHU WR URWDW
DQG ]JRRP RIWKH "HQYLURQPHQW ZKLFK KHOSV WR JHW D YLHZ Rl WKH
$ VFUHHQVKRW IXQFWLRQ DOORZV WKH XVHU WR H[WUDFW DQ LPDJH R
JHQHUDWHG LV ) ODXXMIWAKODWK GLEDVHG RQ WKH LQSXW VVEBRBH UDSK GF



8VHU QWHUIDFH

J)LIXUH )LQDO LPDJH JHQHUDWHG IURP WKH GHVFULSWLRQ DQG LQSXW VFHQ

8VHU , QWHUIDFH

7TKHPRVWLPSRUWDQW FRQWULEXWLRQDQGDGGLWLRQ WR WKH H[LVWLQJ Z
7TKHLQWHUDFWLYH 8VHU ,QWHUIDFH ZDV GHVLIJQHG XVLQJ 47 D & EDVHG ¢
VRIWZDUH DSSO@QFBWIHRQVMQ@ DQG 47 &UHDWRU ZHUH HIWHQVLYHO\ XVHG WR
WKHLQWHUIDFH DQG YDULRXV ZLGJHWYV WDEOHV DQG OLVWVY WR WDNH LQ
7TKHVH WRROV DOVR DOORZHG WKH LPSOHPHQWDWLRQ RI EDFN HQG ORJLF
WKH OD\RXW ZLGIJHWV DQG DGGV IXQFWLRQDOLWLHV IRULQWHUDFWLQJ ZL
VHFWLRQ ZH GHVFULEH WKH XVHU LQWHUIDFHGHVLIJQHG IRUGHVFULELQJV
, QYXEVHFWLRZH GHVFULEH KRZWDEOHZLGIJHWV DUH XVHGLQ WKHLQWHUIDF
VXEVHFWLBEWDLOV WKH XVHRIOLVWY WR GLVSOMEMHFGOVW. R RYIRUPDW
KRZDGGLWLRQDO SDUDPHWHUV DUH FRQV L G\WXUEMH IRRVUL\REH R 6 VAIOWNK WKIHY 7
LPSRUWDQFH RIWKHLQWHUIDFHDQG WKHEHQHILWV RI XVLQJWKHLQWHUIL
7KH XVHU SURYLGHV WKHLU VSHFLILFDWLRQ IRUWKHVFHQHE\IROORZLQJV
WKH XVHU LQWHUIDFH

ft6HOHFW WKH 2EMHFW IURP WKH 2EMHFW /LVW DQG SODFH LW LQ WKH 4XD
F(QWHU WKH QXPEHU RILQVWDQFHV IRUWKH REMHFW ZKLFK DGGYV WKH RI
f7RVSHFLI\WKHDWWULEXWHV RIDQREMHFW VHOHFW WKHREMHFW LQ W
t6HOHFW WKH FKHFNER[ DWWULEXWHVY DQG FRORXUV IURP WKH OLVW EDV
+1$6G 2EMHFWYV LQ WKH 5HODWLRQ 7TDEOH DQG VSHFLI\WKH VSDWLDO UHO

FHWHUPLQH ZKHWKHU WKH VFHQH VKRXOG KDYH D EDFNJURXQG FRQWH
FRQWH[W SDUDPHWHU

F&OLFN R YKBBXWHWRQ WR VIQWKHVLVH WKH VFHQHDQG HIWUDFW WKH L

7KH XVHU LQWHUIDFH GHVLIQHAUHY TIOOWDODWOBWR&EWQLQHG LQ UHG DL
FRPSRQHQW ZKHUH WKH XVHU LV DOORZHG WR GHILQH UHODWLRQV EHWZH|
WKH QXPEHU RI REMHFW LQVWDQFHY EA\DGGLQJ RUUHPRYLQJURZV IURP WK
WKH OD\RXW RXWOLQHG LQ EOXH DUH WKH OLVWYV XVHG WR GLVSOD\ LQI
LQWKHGDWDVHW REMHFWYV LQ WKHVFHQH DQG WKH REMHFWY{YV FRORXUV
DOVR FRQVLVWV RI SDUDPHWHUV WR FRQWURO WKHOHYHO RIFRQWH[WXDO
JHQHUDWHG LQ D URRP DV WKH EDFNJURXQG 7KHVH SDUDPHWHUV DUH RXW
ILIXUHLVY DOVR DQQRWDWHG ZLWK D OHIJHQG



6FHQHS,

JLIXUH 8VHU ,QWHUIDFH GHVLJQHG ZLWK WDEOHYV WR GLVSOD\DQG LQSXW LQIRUI
DWWULEXWHYV DQG SDUDPHWHUV WR IXUWKHU WXQHDQG FRQWURO |

7TDEOHYV

7DEOH HOHPHQWV LQ 47 47DEOH:LGJHWV DUHD FRUH FRPSRQHQW RI W}
RI WKH VFHQH 7KH LQWHUIDFH GHVLJQHG FR QVAXDQWR W \RTAOME O HE K OHH |
7DEOMIKBHODWLRQU GO EAMMHXHU\ 7D/KMH H WDEOHY DUH HQFORVHG ZLWKL
JLIXUH 7KH 4XDQWLW\WDEOH LV WKH ILUVW WDEOH WKDW WKH XVHU LQ
VSHFLILEDWLRQV 7KH XVHU VHOHFWV WKH REMHFEW LQ WKH VFHQH E\ G
SODFLQJLWLQ WKHWDEOH RUE\W\SLQJWKHREMHFW LQ WKH WDEOH F
LQVWDQFHV RI WKH REMHFW LV GHWHUPLQHG WKH REMHFW LV GLUHFW
LQVWDQFHV RIDQ REMHFW WKDW KDV DWWULEXWHY DUH VSHFLILHG LQ
DGGLQJ WKH REMHFW WR WKH OLVW DV VHSDUDWH HQWLWLHV ZLWK HD
MHFW QDPH %\ VHJUHJDWLQJDQG QDPLQJ WKH REMHFWYV XQLTXHO\ W
IRUHDFK REMHFW LQVWDQFH RI WKH VDPH FDWHJRU\ ,Q DGGLWLRQ WR
FRUUHVSRQGLQJVSDWLDO UHODWLRQV FDQ DOVR EH GHILQHG )RU H[LC
AXDQWLWWREGFRHQH 2EMHFW OLVW LV XSGDWHKDLE& KRE@XKGLMDWKH RE
&KDLWKH XVHU FDQ WKHQ FKRRVHDQ\WZR RI WKHVH FKDLUV WR EH GLQ
RIILFH FKDLU RU D VRID FKDLU 7KH RIILFH FKDLU FRXOG EH SODFHG QH|
ORFDWHG EHKLQG WKH GLQLQJ WDEOH

TKEEWWULEXWBIOREVOWKH XVHU WR GHVFULEH WKH SURSHUWLHYVY WKD
7KH WDEOH SURYLGHV D FROXPQ IRUWKH REMHFWDQG D VHFRQG FROX
MHFWIV DWWULEXWH 7KHDWWULEXWH RIWKHREMHFWY FDQ EH PDQXI
REMHFW LQ WKHVFHQH OLVWDQG WKHQ VHOHFWLQJ WKH DWWULEXWH
FKHFENER[IURP WKH DWWULEXWH RUFRORXU OLVW LV VHOHFWHG WKH
REMHFEFW

7TKBHODWLRDQDOOEDHWKH XVHUWR VSHFLI\WKHVSDWLDO UHODWLRQV
XPQLVIRUWKHREMHFWLQ ZKRVHUHIHUHQFH WKHVSDWLDO UHODWLRC
IURP WKBDWLRY ZIMOMO DV WKH VHFRQG REMHFW ZLWK ZKLFK WKH UHOD\
WDEOH DUH PXWDEOH DQG DOVR DOORZ WKH XVHU WR W\SH LQ WKH REN



8VHU QWHUIDFH

DQG GURSSLQJ HOHPHQWV IURP WKHREMHFW RUUHODWLRQ OLVWYV

7TKRU 4XHU\ 7WBOHY DV LQSXW WKH WZR REMHFWYV ZREAKBUH WBH SUHGL
H[SODQDWLRQ RIVFHQH JHQHUDWLRQ EDVHEWORWMKH TXHU\ LV SURYLGHG L

ILVWYV
6LPLODU WR 47DEOH:LGJHWYV WKH 8VHU ,QWHUIDFH LQFOXGHYV 4/LVW:LGJF
LQIRUPDWLRQ RUSURYLGH IXQFWLRQDOLW\ 7KH 4/LVW:6SDWWVXSHG DUH |
ODWERIQANHHQ REMHFWYV WKH DQPRABY V¥BEMWRHRUOHGBEWQRQ@EWMKIRF WV
ZKLFK DUH WKH REMHFWY UHTXLUHG LQ WKH VBMQHUDYEE B RXUWHGVE\ WKH )
WR G\QDPLFDOO\ GLVSOD\ WKHDYDLODEOH SURSHUWLHY RUFRORXUV IRU L
GLVSOD\LQJ WKLV LQIRUPDWLRQ DUH KL)IKGUKWHG ZLWKLQ WKH EOXH ERT |

TKHESDWLDO 5p0DW DRIQAAWPSOLHG FRQVLVWY Rl WKH VHYHQ SRVVLEOH VSD
REMHFWY 7KHVH UHODWLRQV DUH SURYLGHG DV D UH BHODNIHRW R7 WEKGIHX V H
LVVHOHFWHG IURP WKLV OLVW

TKREMHEWWW SURYLGHV WKH QDPHV RI DOO WKH REMHFW FDWHJRULHYV
LQ WKHVFHQH 7KLV JLYHV WKH XVHUDQ RYHUYLHZ RI WKH SRVVLEOH REMH
EHXVHGDVDUHIHUHQFH WR FXVWRPLVH WKH VFHQH E\ VHOHFWLQJUHOHYI

7KFHQH 2EH¥WVY.V D G\QDPLF OLVW ZKLFK FRPSULVHVY WKH REMHEWYV W|
DVVWLSXODWHG E\WKH XVHU $00 WKHREMHFWV LQ WKHOLVWDUHJHQHUD
ZKHQHYHU WKH XVHU DG GWD Q \R E WHFBEMHRMWHKHP LQHYV WKH QXPEHU RI LQVWDC
DQ LWHP LQ WKLV O L V&WMUDIDHEREWMHE WWKHW ILOOHG ZLWK LWHPV DV FKHF
LWHP FRQVLVWYV RI EB\R®RKBEXWHWVXS&BWHG ZLWK YDOXHVY FRUUHVSRQGLQJ
RQ WKH FRORX UFRO®KBRPLA@WDUO\ WKH RWKHU DWWULEXWHVY RI WKH VHOHFW
W KW W UQE X W B RIOWRXW W LV DOVR G\QDPLFDOO\ XSGDWHG EDVHG RQ WKH DW
GRQH WR HQVXUH WKDW WKH XVHU FDQ RQO\ VHOHFW WKH FRORXUV H[KLEL
2Q FKHFENLQJ WKH FKHFNER[H VSRV \WKO-E MW/ HRE Q/RMMKH WKH SURSHUW)\ DQG \
FRUUHVSRQGLQJ REMHF$WDAWHLE & & H & BVEROW K H

3DUDPHWHUYV

,Q DGGLWLRQ WR WKH OLVWV DQG WDEOHV LQ WKH XVHU LQWHUIDFH H[WU
WHUIDFH WR DOORZ IRUPRUH FRQWUROODELOLW\LQ WKHVFHQH 7KHVH D
ER[ DQJXUH 7KH ILUVW SDUDPHWHU LV WR GHWHUPLQH ZKHWKHU WKH REM}
VKRXOG EH SUHVHQW ZLWK D EDFNJURXQG 7KHEDFNJURXQG LV SURYLGHG
ORFDWHG DQG WKH URRP LV DOVR D ' REMHFW LQ ZKLFK WKH REMHFWYV DUF
WKH VFHQH VKRXOG FRQWDLQ D URRP E\ VHOHFWLQJ WKH DSSURSULDWH Ul
UHTXLUHG2 BMMHEFRRVGH IRU WKH URRP LV EQ 5B O BWBRBIQGWWRUHDWHG FRQQHFW
WKH UHPDLQLQJ VFHQH REMHFW QRGHV WR WKH URRP REMHFW QRGH XVLQ
HQVXUHV WKDW WKH REMHFWV DUH FRQVWUDLQHG WR EH SRVLWLRQHG LQ\
WKH URRP DORQJ ZLWK WKH RWKHU REMHFWVY DQG WKH UHODWLRQV WKH\ K
FRPSDUHG ZLWK WKH @D UBHHRUZRUQMDO ZRUN ZKLFK WDNHV RQO\ WH[W LQS}
VFHQH GHVFULEHG WR KDYH D EDFNJURXQG 7KH EDFNJURXQGV DUH RQO\ C
ZKHQ DQ H[LVWLQJ VFHQH JUDSK IURP WKH GDWDVHW LV ORDGHG

7KHXVHULQWHUIDFHDOVR HQDEOHV WKH XVHU WR VHOHFW ZKHWKHU FRC
VFHQH I WKH XVHU ZLVKHV WR LQFOXGH WKHP WKHDSSURSULDWH RSWLR(
WKHFRQWH[WSBKBBHWHIWRZ YDOXH ZRXOG UHVXOW LQ PDQ\DQG RIWHQ LUL
LQWKHVFHQH ZKLOH VHWWLQJD KLIJKYDOXHIRUWKH SDUDPHWHU UHVXO\
REMHFWYV

&RPSDULVRQ ZLWK 2ULJLQDO :RUN
7KH RULJLQDO @RARQNVQV¥WY RQO\RI D WH[WER[ ZKHUH WKH GHVFULSWLRQ R
QDWXUDO ODQJXDJH 7KH QDWXUDO ODQJXDJH LQSXW UHTXLUHV DGGLWLR



6FHQHS,

JUDSK LWK WKH XVHU LQWHUIDFH GHVFULEHG LQ WKLV VHFWLRQ WKH
DGHSHQGHQF\ SDUVHU DUH VNLSSHG DV WKHLQSXW SURYLGHG YLD W|
LQSXW VFHQH JUDSK (YHU\REMHFW LQ WKH VFHQH OLVW LV FRQVLGH!
QRGHV DUH FUHDWHG E\ S DBUWHOLDN VRIQUARXEHRWKHI\ LQVWDQFHYV ZKHUH W
ILUVW REMHFW RI UHIHUHBH®Y AU QERXRMM DU 6 \F WHBE WGEV ULREX WHIHTDHE D H

SURSHUW\RIWKHREMHFW LV VSHFLILHG %\H[SOLFLWO\VSHFLI\LQJ WK
GXHWRWH[WLVDOVRHOLPLQDWHG ,QWKHRULJLQDO ZRUN WKHVFHQ
DWDWLPH ZKLFK FRXOG EHWLPH FRQVXPLQJDQG FXPEHUVRPH IRU WK
VROXWLRQ WR WKLV LVVXHE\HQDEOLQJWKH GHVFULSWLRQ RIDOO FRF

%\LQGH[LQIJWKHREMHFWDGGHG WRWKHVFHQHOLVW SURSHUWLHYV
ZKLFK ZDV PRUH FRPSOLFDWHG WR HQVXUH LQ WKH HDUOLHU PHWKRG
LQDZD\ WR UHGXFH WKH FRIJQLWLYH ORDG RQ WKH XVHU E\ SURYLGLQ
VHOHFWIURP WKHREMHFWY{V SRVVLEOH SURSHUWLHV DQG WKH VSDWI
WKHLQWHUIDFHDQG HDVLO\DFFHVVLEOH WKH XVHU ZRXOG QRW KDYH
H[DPSOH RI WKLV LV WK R68RWMQHIRVHMEKRQ WKH DWWULEXWH VHOHF\
XSGDWHG OLVW VKRZV WKH XVHU WKH DYDLODEOH FRORXUV IRU WKH R
DWWULEXWHVHOHFWHG 7KHWDEOHVLQWKHLQWHUIDFHDOVR VHUYH\
RIDOO WKHDWWULEXWHY DQG UHODWLRQV LQ WKHVFHQH JLYLQJ WKH
LQ WKH VIQWKHVLVHG UHVXOW $QRWKHULPSURYHPHQW RI XVLQJ WKH
FRQWUROODELOLW\ SURYLGHG RYHU WKH VFHQH KDYLQJ RU QRW KDYL
RIFRQWH[WXDO REMHFWV DQG WKH H[WHQW RI UHOHYDQW FRQWH[WXI
WKH XVHU WR JHQHUDWH D VFHQH E\ SURYL QUUD A REWM H VWYIIAS ®HHE DALL
WKH XVHU LQWHUIDFH WR GHVFULEH WKH VSHFDILPOML RTQKHR L WXKHV F |
VKRZV WKH REM#&FMQMLIOWY KBIKOMKH QXPEHU RBERDBPWDWHRW Q S/ HHYV WK H
VSDWLDO UHODWLRQV EHWZHHQ WKH FKDLUDQG GHVN DQG WKH GHVN |
WDEOH DUH DOV R3UKRIHOWULHMRBWWULEXWHY ZHUH DGGHG E\ VHOHEFYV
WKHEMHFW ©OAHQHDQG FKHFNLQJ WKH U I8 WXL UMHESX WHHIS B ILLLRPMWDIOHF H R 1 W K
YLVLEOH ZKHU RWKBNRIILWLEMWH LV VHOHFWHG $GGLWLRQDOO\ WKH SI
GHWHUPLQHG WR QRW KDYH FRQWH[WXDO REMHFWYV RUD URRP DV D EDF

JLIXUH 8VHU  QWHUIDFH GHVFULELQJD VFHQH ZLWK DQ 2IILFH &KDLU 'HVN



4XHU\*HQHUDWHG 6FHQH

4XHU\*HQHUDWHG 6FHQH

$Q LPSRUWDQW UHTXLUHPHQW LQ WKH GHYHORSPHQW RI 6FHQHS8, LV WR KL
VSHFLILHG FRQWDLQLQJ REMHFWYV DV SUHGLFDWHY 7KH LPDJH JHQHUDW
JURXQGWUXWKIRUVSHFLDOLVHGPDFKLQHOHDUQLQJPRGHOV $VHDUOLHL
VFHQH LPDJHV IURP TXHULHV ZH OLPLW WKZbVKRIYH RV RX W M WHRLS/UWM B XDV
,Q WKLV zD\ ZH FUHDWH D EDVHOLQH IRU JHQHUDWLQJ LPDJHVY EDVHG RQ I
SRVVLEOH WR VIQWKHVLVH LPDJHV IURP D TXHU\ :HOHDYH WKHVFRSHRILQ
TXHULHVDQG PRUHFRPSOH[TXHULHV ZLWK FRQMXQ'F WK AL RRRODO IRUP VX
IRU IXWXUH ZRUN ®%DVXIBIR QWKKHVFHQH VIQWKHVLVHG VKRXOG FRQVLVW R
WKH REMHFWV DQG WKH LPDJH H{IWUDFWHG LV XVHG IRU WKH VHFRQG XVH F
PDFKLQH OHDUQLQJPRGHOV

JLIXUH BURFHVV IRUJHQHUDWRRIDQU\PREKBDQUUN@DRY PDGH WR WKH 6FHQH 2EMHFWYV OL)
5HODWLRQV WDEOH EDVHG RQ WKH NH\ YDOXH

7KH LQSXW IRU WKH TXHU\ 2% 8XMRYL GEEBOWKHWKHU LQWHUIDFH ZKHUH R
UHTXLUHG DV TXHU\ SUHGLFDWHY DUH VSHFLILHG LQ ERWK FROXPQV RI WK
EDVHG RQ WKH TXHU\ ZHKDYH WKUHH VFHQDULRV RUSRVVLELOLWLHV RI WK
VFHQDULRV LV WKDW DW OHDVW RQH RI WKHVH REMHFWV LV SUHVHQW LQ W]
RI B.KD2EH6WRRWKH VFHQH FRXOG KDYH HLWKHU D FKDLU EXW QR VWRRO D \
D FKDLUDQG D VWRRO :KHQ JHQHUDWLQJ WKH VFHQH EDVHG RQ WKH TXHU
SUREDELOLW\RIHLWKHU RIWKHVHVFHQDULRVY RFFXUULQJ 7KHUHIRUH ZH
DQG ZLWKWKLV YDOXHGHQRWLQJDNH\YDOXH ,I WKHNH\JHQHUDWHG LV
25 4XHU\ 7DDEOMHOHFWHG WR EH SUHVHQW LQ WKH VFHQH ZKLOH WKH VHFRQ
E\LWHUDWLQJ SWKQRW I R QWKGHEMGHFHH QH 2E HFWW QG UHPRYLQJ RFFXUUHQFH\
VHFRQG REMHFW DV ZH GR QRW QHHG LW L ® FWIKQH \2FEHEHY W XY W KIIDWER U6 WK
FKHFEN LI WKH ILUVW REMHFW LV SUHVHQW LQ WKH VFHQH ,I LWLV QRW LQ V
WKH REMHFW &RQYHUVHO\ ZKHQ WKH NH\LV WKHREMHEW LQ WKH VHERQC
DOO LQVWDQFHV RI WKH ILUVW REMHFW REFXUULQJ DUH H[FOXGHG $ VLPL:
VFHQDULR WR UHPRYH DOO RFFXUUHQFHV RI QRKHQIH 2 ¥ YDHRMWNE EW KDWY & HD X J |
VHFRQG REMHFW :KHQ WKH JHQHUDWHG NH\ KROGV WKH YDOXH ERWK RE
FKHFNLQBEHWKRERMHYWWVRQWDLQV ERWK REMHFWYV ,IDQ\REMHFW LV QRW
WKH QLMWHLOOXVWUDWHY WKH SURFHVV GHVFULEHG DERYH ZKHUH WKH FK
WDEOH EDVHG RQ WKH NH\JHQHUDWHG

7KH SURFHGXUH WR JHQHUDWH D VFHQH EDVHG RQ WKH TXHU\ RQO\ UHT
WDEOHV DQG OLVWV WR UHPRYHRULQFOXGHREMHFWY 2QFH WKH PRGLILFI
LVIROORZHG WR FUHDWH WKH LQSXW VFHQH JUDSK ILQGDQG PRGLI\VLPLO
DVFHQH FRQWDLQLQJDW OHDVW RQH RI WKH WZR SUHGLFDWH REMHEWYV






([SHULPHQW

7KLV FKDSWHU GHVFULEHVY WKH H[SHULPHQWDO VHWXS FRQGXFWHG WR HYE
VWUHDP WDVNV )XUWKHU GHWDLOV DUH SURYLGHG RQ WKH VHWWLQJV RIE
DQG KRZLPDJHVDUHV\QWKHVLVHG IRUWKH XVHFDVHV 7KHJRDORIWKH H[¢
RI6FHQHS8, LWVHOIIRUHLWKHU WDVNDQG KRZLWV IHDWXUHV FDQ EH XVHG W
SRVHRIWKHH[SHULPHODMF@/HRFUWEHFGHQWH ELDVHG DQG XQELDVHG LPDJH C
6FHQH8, WR REVHUYH KRZWKH LQFOXVLRQ RI YDULRXV ELDVHV LQ WKH WUD
SURFHVV RI D QHXUDO QHWZRUN )XUWKHUPRUH LW VKRXOG DOORZ FRQWL
DGGLWLRQDO JRDOLVWRLQYHVWLJDWH LI WKHFRPSXWHU YLVLRQ PRGHO |
LPDJHY FUHDWHG E\DQDO\VLQJ WKH VDOLH g A FROILSEGRGHMWKOH. & MAK\WM 8 PSHIILH
PHQWWRHYDOXDWH6FHQHS8, E\SURYLGLQJD TXHU\DVDQDGGLWLRQDO LQ¢
DVVLIQHG WR WKH LPDJHV EDVHG RQ WKH TXHU\DQG D PDFKLQH OHDUQLQJF
DGGLWLRQDO JRDO LV WR VKRZ WKDW WKH LPDJHV JHQHUDWHG IURP WKH IU
OHDUQLQJPRGHOVDQG WKDW WKHPRGHO FDQ OHDUQ WKHIHDWXUHV DQG S

%LDV "HWHFWLRQ

7KLV H[SHULPHQW HYDOXDWHY 6FHQHS8, E\ XWLOLVLQJLWV IHDWXUHV IRU W|
PRGHOV LQ WKH FRQWH[W RI ELDV GHWHFWLRQ 8VLQJWKH VIVWHP WZR WL
DVHG DQG RQH XQELDVHG ZLWK WKH WHVW GDWDVHW DOVR EHLQJ XQELDVH:
WKHPRGHO LV DQDO\WHG E\FRPSDULQJFODVVLILFDWLRQ VWDWLVWLFVDQC
RQ YLD VDOLHQF\PDSVRQ WKHWHVW VHW ZLWK WKH XQELDVHG PRGHO $Q
WUDLQLQJDV WKLV OHDUQV DQ XQVNHZHG DQG IDLUUHSUHVHQWDWLRQ RI
VRQ RI WKH ELDVHG PRGHO WR XQGHUVWDQG WKH GHSWK RI WKH ELDVHV SLI
LV DOVR XQELDVHG DV ZH DUH LQWHUHVWHG LQ REVHUYLQJ WKH ELDVHG PR
XQVNHZHG GDWDVHW 7KH GHVFULSWLRQ RI WKH W\SHV RI ELDVHV LQWURG
VXEVHFWLRQ@EVHFWLBABWDLOV KRZFDXVDOJUDSKV DUH XVHG WR FUHDWH D
WR EH LQFOXGHG LQ HDFEKWHFWIHRI@SQ@®LQV WKH LPDJH JHQHUDWLRQ SURFH
VXEVHFWLBQRYLGHV GHWDLOV DERXW ILQH WXQLQJWKH QHXUDO QHWZRU N
SDUW RI WKH H[SHULPHQW

'DWDVHW &ODVVHYV

7KH GDWDVHWY FRQVL\OWAKB\ 5REBM\HVSRRP/EYLQJ 5SRRRHVH FODVVHYV
ZHUH VHOHFWHG EDVHG RQ REVHUYDWLRQV PDGHRQ WKH H[LVWLQJVFHQHV
FDWHJRULHV )XUWKHUPRUH RQ VWXG\LQJ WKH YDULDWLRQV ZLWKLQ DQ R
RIERRNFDVHV GLQLQJWDEOHV RUVWXG\GHVNV WKH WKUHH FODVVHV ZHL
FUHDWH PDQ\ YDULDWLRQV RI D UHDOLVWLF DQG UHSUHVHQWDWLYH VEFHQH
WR FUHDWH GLYHUVLW\ LQ ELDVHV LQWURGXFHG DQG DOVR LQFUHDVH WKH
DYRLGLQJDVLPSOHUELQDU\FODVVLILFDWLRQ ,QWKHELDVHG GDWDVHW
RQDQREMHFWYTV SURSHUW\RUFR RFFXUUHQFHZLWK RWKHUREMHEWYV 2Q V



([SHULPHQWV

GDWDVHW FRQWDLQV D PRUH XQLIRUP GLVWULEXWLRQ RI REMHFWYV ZL
W\SLFDOO\EHORQJWRRWKHU FODVVHYV 7KHLPDJHVIRUHDFKFODVV ZK
EHD GHSLFWLRQRIDVFHQHUHSUHVHQWDWLYHRIWKDW FODVV DQG ZKl
WKHVFHQHRUFODVVWKHLPDIJHEHORQJVWR $QH[DPSOHRIWKLVLVW
DGLQLQJURRPZLOO KDYH VRPH W\SHRUVKDSHRIDGLQLQJWDEOH DQC(
VLW RQ VXFKDVDFRXFKRUDVRID FKDLU

7\SHV RI %LDVHYV
7TKHUH DUH WKUHH ELDVHVY LQWURGXFHG LQ WKH WUDLQLQJ VHW ZLWK F
ELDVHV ZHUH VHOHFWHG IRU WKH H[SHULPHQW WR VKRZ WKDW 6FHQHS8
RI ELDVHVY LQ WKH GDWDVHW E\ IL[LQJ DWWULEXWHY RU VSDWLDO UHO
JHQHUDWLQJ LPDJHV ZKHUH WKH REMHFWYV KROG WKHVH DWWULEXWHYV
FODVV DY ZHOO DV WKH ELDVHG ™EDOHFWY DUH GHSLFWHG LQ

tf7KH6WXG\5RRP FODVYV FRPSULVHWIEMHHWV AWK RWW ROXUKHHDEHHLBLD O O
WKH LPDJHV D VSHDNHU RU D PRQLWRU DOZD\V H[LVWV RQ D VWXG\
LOQVWDQFHV RIHLWKHU REMHFW SUHVHQW RQ WKH GHVN RU ERWK RE
VFHQH HLWKHURIWKHWZRRUERWKREMHFWYV LV DOZD\V SUHVHQW
PRGHO OHDUQV D VWXG\URRPDVDVFHQH ZKHUHD VSHDNHU RU PRQ!
GHVN 6FHQHS8, LV XVHG WR FRQVWUDLQ WKHVSHDNHUDQG PRQLWR
HI[DPSOH RIDELDVHG VWXGYURRMHLY VKRZQ LQ

$GGLWLRQDO REMHFWYV LQFOXGHG RQO\LQ WKLV FODVV RI WKH ELI
IRXQG LQ VWXG\ URRPV RIILFH FKDLU NH\ERDUG FRPSXWHU PRXYV
SHQFLO SDSHU

F7KH'LQLQJ5RRPFODVV FRQWD L QRRICPROXIM ¥ KNIBRDMFEH SILRW WKHPH RI L
LQ WKLY FODVWHIREWKPW WKRXOG DOZD\V EH SUHVHQW LQ WKLV FOL
PRGHOV KDV RQO\D VLQJOH W\SHRIDUHG GLQLQJ WDEOH 6WHSYV Z
OHDUQV WKH FRORXUUHGDQG QRW MXVW WKH VDPH WDEOH RU FKDI
FRORXURUW\SHVRIFKDLUVLQWKHGLQLQJURRPEXWNHHSLQJD UH
ZLWKDGLIITHUHQW GLQLQJWDEOH $GGLWLRQDOO\ LPDJHVIURP VF|
UHG REMHFWV RQ WKH WDEOH VXFK DV DUHGDSSOHRUDUHG SODW
ZHUH VHOHFWHG WKDW H[KLELW D UHG FRORXUX$JWDPSOH LPDJH LV
$GGLWLRQDO REMHFWYV LQFOXGHG RQO\LQ WKLV FODVV RI WKH ELD
IRXQG RQDGLQLQJWDEOH ERZO PXJ SODWH NQLIH FXS IRRG EF

$f7KH/LYLQJ5RRP FODVYV FRQVLVRENHAWIRIEDUVWR DUHODWHRQ ELD'
LPDJHVLQ WKLVFODVVDOZD\VLQFOXGHVFHQHV ZLWKDJODVYV FRIIT
ERRNFDVHKDYLQJ VKHOYHV 7KHSDUW RIUHODWLRQ ELDV PHQWL|
OHDUQV RI D ERRNFDVHDV DQ REMHFW WKDW FRQWDLQV RQO\ VKH
VHH LI WKHPRGHO VWLOOLGHQWLILHV D ERRNFDVHZLWK D GLIIHUH
RIWKHOLYLQJURRP 6FHQH8, DOORZV WKH VHOHFWLRQ RIWKH QXPI
W\SH Rl WDEXQHGHSLFWV D ELDVHG VFHQH IURP WKLV FODVV

$GGLWLRQDO REMHFWY LQFOXGHG RQO\ LQ WKLV FODVV RI WKH ELI
IRXQG RQDGLQLQIJWDEOH FRXFK VRID FKDLU SODQW NQLIH 79 7

*HQHUDWLQJ &DXVDO *UDSKYV
7R FUHDWH YDU\LQJ LPDJHV ZLWK GLYHUVH REMHFWV LQ WKH VFHQH Zt
FODVV *LYHQ WKHQXPEHURIVDPSOHVIRUD FODVV WKH GLVWULEXWL|
XVLQJ FDXVDO JUDSKVY 7KH FDXVDO JUDSK FUHDWHV D UHSUHVHQWDW
WKLY FODVV DV ZHOODV WKH SURSHUWLHV RIWKHFODVV 7KHFODVV R
DVOQRGHY DQG WKHHGIJHV FRQQHFW WKHREMHFWYVY WR WKH FODVV DQG
WR WKHLU UHVSHFWLYH REMHFWYVY E\HGJHV 7KHHGJHV DUH ZHLJKWHG
RI WKH REMHFW RU SURSHUW\ RFFXUULQJ 2YHUDOO LW LV DQLQWXL'
SURSHUWLHYV WKDW VKRXOG RFFXU LQ D FODVV 7KLV KHOSV LQ JHQHU
WKHELDVHG GDWDVHWYVY VXFK DV KRZ RIWHQ DQ REMHFW VKRXOG RFFX



%LDV '"HWHFWLRQ

7DEOH &DWHJRULVDWLRQ RI WKH ELDVHV ELDVHG REMHFWV DQG SURSHUWLHV L
&ODVV | %LDVHG 2 EMHEMHFW 3URSHHARI % LDV
6SHDNHU
6WXG\5RRRQLWRU 2EMHFW &R RFFXUUHQFH %LDV
"HV N 6WXG\
LQLQJ
, ZDEOH QLQ
LQLQJ 5R 5HG &RORXU %LDV
&KDLU 5HG
EOH &RITHH 2EMHFW %LDV
/LYLQJ 5RRP *ODVV °
%RRNFDVH VKHOYHV | 3DUW RI5HODWLRQ %LDV
, U. %LDVHG /LYLQJ5RRP ZLWK D
JLIXUH %LDVHG 6WXG\ 9 RRPUWH WK BBLDVHG LQLQJ%I?#%;@W& lIlHH WDEOH DQG D VKHOI

VSHDNHU DQG PRQLWRU RQ WKH GHERLQLQJ WDEOH ERRNFDVH

HIKLELW WKHJLYHQ SURSHUW\ $Q HI[DPSOH RI D FDXVD)QJXWDISK IRUD VWXG)

J)LIXUH &DXVDO *UDSKIRUD %LDVHG 6WXG\5RRP

JRUH[DPSOH LQ WKH6WXG\5RRP WKH SUREDPBIQEGL. WO RR LY BUHWKRLRE KHAR U WL
VSHDNHU RU PRQLWRIUWIBVYNKRPQQA@QPUO\ IRU WKH GLQLQJ URRP WKH SURED!
RUWDEOH WR KDY¥HAGWWHAVR O/RXEH YHU\ KLJK 7KH RWKHU REMHFWV RFFXUUL
ELDVHG GDWDVHWY DUH DVVLIQHGWKIHUREERBUKMNIRIIRU WKH XQVNHZHG G
SUREDELOLWLHVY RI YDULRXV REMHFWYV RFFXUULQJLQ UHVSHFWLYH VFHQH
H[SHFW WKHP WR EH JLYHQUHDO ZRUOG REVHUYDWLRQV 7KHGLVWULEXW
HDFK FODVV LV JHQHUDWHG XVLQJ WKH FDXVDO 3U®@SKV IURP OLUURU'DWD *1I

KWWSV JLWKXE FRP 'DWD5HVSRQVLEO\ OLUURU'DWD*HQHUDWRU



([SHULPHQWV

*HQHUDWLQJ ,PDJHV
*LYHQ WKH GLVWULEXWLRQ RI REMHFWV IRUHDFK ELDVHG FODVV DQG
PDNH XVH RI 6FHQH8, WR FUHDWH LPDJHV IRU WKH ELDVHG DQG ERWK Q
PRGHO OHDUQV WKH IHDWXUHV RIHDFK FODVV ZHOO LPDJHVY ZHUH JH
WKHUHE\DOVR KDYLQJD XQLIRUP GLVWULEXWLRQ 7KLVUHVXOWHGLQ
GDWDVHWY ZKLFK DOVR OLPLWV WKH FRPSXWDWLRQDO WLPH IRU WKH
VSHFLILFDWWULEXWHY RI WKHREMHFWY LQ WKHVFHQH DQG WKHLU TX
UHODWLRQV 7KLV ZDV FDUULHG RXW E\ XWHBRWMWXH LQWHUIDFH GHVFUL

6HOHFWLQJ $SWWULEXWHV IURP WKH ,QWHUIDFH

%\ VHOHFWLQJDWWULEXWHV IRUWKHREMHFWY LQ WKHVFHQH IURP WK
VXFK WKDW WKHREMHFWV LQLWFDQ FRQIRUP WR WKHELDVHV GHVFULE
RIDVFHQH WKDW LV UHSUHVHQWDWLYH RIDQDFWXDO URRP FRUUHVSR
WKHLU FRUUHVSRQGLQJDWWULEXWHY VHOHFWHG YLD WKHEXOMHU LQWH

7TDEOH $WWULEXWHV RI REMHFWV VHOHFWHG IRUHDFK FODVV ZLWK WK

&ODVV 2EMHFW$SWWULEXWH
,HVN 6WXG\

6WXG\ 5RRI
&KDLU| 2IILFH
/DEOH LQLQJ
'LOQLQJS5RRP SHG

&KDLU| 5HG
%RRNFDWKHOYHV
&RIIHH
*ODVYV
&KDLU| 6RID

/ILYLQJ5RRPEOH

6HOHFWLQJ 6SDWLDO 5 HODWLRQV IURP WKH ,QWHUIDFH

7KH LQWHUIDFH LV DOVR XWLOLVHG WR LPSRVH VSDWLDO UHODWLRQV
PRUH UHDOLVWLF DQG DYRLGV XQQDWXUDO FDVHV VXFK DV REMHFWYV |
REMHFWY WKDW DUH H[SHFWHG WR EH RQ D QU HIFIMWOLIRH) ARR) E WIU@L R 6
WKH ODUJHU VXUIDFH )RU H[DPSOH WKH 6WXG\5RRP FODVV ZRXOG U}
NH\ERDUG PRXVHSDG HWF WR EH SODFHG RQ WKH GHVN 6LPLODUO\
H[SHFWHG WR KDYH IRRG LWHPV DQG FXWOHU\ RQ WKH WDEOH $GGLWL
WZHHQ REMHFWV WR SODFH REMHFWV DW D VSHFLILF SRVLWLRQ ZLWK U
RIILFH FKDLU SODFHG LQ IURQW RI WKH GHVNLQ WKHVWXG\URRP DQG L
LV ORFDWHG LQ IURQW RID FRIIHH WDEOH ZKLFK LV DOVR SODFHG LQ IU|

,PDJH*HQHUDWLRQ 3URFHGXUH

(YHU\LQVWDQFH Rl WKH UHVXOW REWDLQHG IURP WKH FDXVDO JUDSK S
VKRXOG EH SUHVHQW LQHYHU\VFHQH *LYHQ WKHREMHEWV WR EHLQVW
WKH DWWULEXWHV IRUREMHEWY DQG VSDWLDO UHODWLRQV EHWZHHQ
DVLQSXW LQ WKH XVHU LQWHUIDFH 7R FUHDWH PXOWLSOH LPDJHV RI
DUHPDGHE\FDPHUD URWDWLRQV 7KHVFHQH LV DOVR FUHDWHG ZLWKF
REWDLQLQJ PXOWLSOH LPDJHV RI D VFHQH IURP YDU\LQJ DQJOHV 7KH
LQSXW YLD D NH\SUHVV URWDWHVY WKH YLHZ RIWKHVFHQHDQG WDNHYV
DVWKH LPDJH %\UHSHDWLQJWKLV DFWLRQ ILYHWLPHV ILYHLPDJHV F
DQJOHV WLOO D IXOO URWDWLRQ LV FRPSOHWH ,Q WKLV ZD\ WKH SUR
GLIIHUHQW VFHQHV DQG REWDLQLQJILYHLPDJHVRIWKHVFHQH )LQDOC
IRUWKH ELDVHG GDWDVHW IRUWUDLQLQJ RQH QDWXUDO VHW IRU WUD
(DFK FODVVLQ WKH GDWDVHW)ARRSHILOEXVWEBPDWHW H[DPSOHV Rl YDULR



%LDV '"HWHFWLRQ

D %LDVHG 'LQLQJ5RRP E %LDVHG 6WXG\5RRP
F %LDVHG /LYLQJ5RRP G %LDVHG/LYLQJ5RRP
H 1IDWXUDO/LYLQJ5RRP I 1IDWXUDO 6WXG\5RRP
J)LIXUH ([DPSOHV RILPDJHV XVHG IRU GLIITHUHQW FODVVHV RI WKH WKUHH GD

IRUGLITHUHQW FODVVHV RI WKHLWXDHQ DIX&WW H VBKG B\ DFRAHW NV H G

DUH H[DPSOHV RI LPDJHV IURP WKIXPIHDE HDSLEWW DVEMQLQJ URRP ZLWK D UH
DQG UHG FKDLUV ZLWK D NQLIH FXS 1JXIXW B @GEGE RPMWWOBN RIDWKE WWWEGHUR
ZLWK D PRQLWRU VSHDNHU NH\ERDUG SULQWHUDQG PRXVHSDG RQ WKH G



([SHULPHQWV

JLIXUH D@L JIXUH DUH LPDJHV IURP WKH VDPH VFHQH RID ELDVHG OLYLQ
FDPHUD DQJOHV 7KHLPDJHV FRQVWLWXWHD FRXFKDGMDFHQW WR D EF
FRIIHH WDEOH ZLWK D SODQW RQ LW D 79 RIXD RADVMANXE B R GHDEFOVEKQH'
LPDJHV IURP XQVNHZHG GDWDVHWY EHORQJLQJ UHVSHFWLYHO\ WR WKt
JLIXUH LVHDQ LQVWDQFH RI WKH QDW X DG WHBDHI@QR Q J\G\D R/ DAKHHVWIHY @/ V

J)LOQH WXQLQJ WKH 1HXUDO 1HWZRUN

JROORZLQJ WKH FUHDWLRQ RI WKH GDWDVHWY WKH QH[W VWHS LV WR |
GDWDVHWV DVVLIQHG IRUWUDLQLQIJDQG REVHUYHWKHUHVXOWYV RQ W
LVWKHSURFHVV RIPDNLQJD SUH WUDLQHG PRGHO OHDUQ WKH IHDW XL
GLITIHUIURP WKHGDWD LWLV SUH WUDLQHGRQ /HDUQLQJQHZIHDWXUH
FODVVHV WR SUHGLFW KHOSV LQ FXVWRPLVLQJWKHQHWZRUN IRU RXU |
5HV1IHW QHXUDOQHWZRUNLVYVHOHFWHG ZKLFKLVYDOUHDG\SUH WUDL
ZLWK PLOOLRQV RILPDJHVY WKDW@&DYH FDWHJRULHYV >

7TUDLQLQJ 3DUDPHWHUYV

7TKH VHWWLQJDQG SDUDPHWHUV RI WKH 5HVIHW ZHUH WKH VDPH IRUV
WR OLPLW FRPSXWDWLRQ WLPHWKHLPDJHVY ZHUH UHVL]HG WR D KHLJKW
wWuDLQLQJ 7KHIROORZLQJSDUDPHWHUYVY ZHUH VHOHFWHG

$(SRFKV

$%DWFK 6L]H

$2SWLPL]JHU $GDP

$/RVV %LQDU\&URVV (QWURS\

$(DUO\6WRSSLQJ 3DWLHQFH YDOXHRI RQ YDOLGDWLRQ DFFXUDF\

D 'LQLQJS5RRP E 6DOLHQF\0ODSIRUD 'LQLQJ5RRP

JLIXUH 6DOLHQF\PDS JHQHUDWHG IRUDQ LPDJH 7KH KLJKOLJKWHG UHJLRQ LQ WKH V
LPDJHILQGV LPSRUWDQW IRU FODVVLILFDWLRQ

*HQHUDWLQJ 6DOLHQF\ 0DSV

7KH ODVW VWHS LV WR JHQHUDWH VDOLHQF\ PDSV RI LPDJHV IURP WKH
LPDJH KLJKOLJKWY WKH UHJLRQV LQ WKH LPDJH WKDW WKH ILQH WXQH
IRU FODVVLILFDWLRQ 7KH VDOLHQF\PDSV RQ WKH WHVW VHW DUH JHQ
PRGHOV WUDLQHG HDUOLHU )RUHYHU\LPDJHLQ WKH WHVW VHW WKH
LPDJHLW FRQVLGHUVLPSRUWDQW IRU FODV VL @ FDR\LICRHODOMR) B B P IRGRH
SUHGLFWHG FODVV IRUWKH LPDJH 7KLV PDVNRIKLJKOLIKWHG SL[HOV |



4XHU\*HQHUDWHG ,PDJHYV

RQ D JUD\VFDOH FRQYHUVLRQ RI WKH LPDJH 7KLV FRPELQDWLRQ RI OD\HU
DJLYHQ LPDJH WKDW VKRZV WKH REMHFWV RU UHJLRQV WKH PRGHO FRQVL!
H[DPSOHRID VDOLHQF\PDS JHQHUDW H GLE) VOK 5 R RE\KHRG) @ RQHD | RU D

7KH PRGHO KLJKOLJKWY WKH UHJLRQ Rl WKH GLQLQJ WDEOH WKDW LW FRQ
'LQLQJ5RRPVYV

AXHU\*HQHUDWHG ,PDJHV

,Q WKLV H[SHURBAIRMUWKBWXUH RI WKH LQWHUIDFH LV XVHG WR JHQHUDW|
FODVVLILFDWLRQ VHWXS LV GHVLJQHG WR SPHBQERMAPZRI FO DIDSWAKH LYHQ D C
FODVV VKRXOG KDYH HLWKHU D GLQLQJ FKDLU D GLQLQJ WDEOH RU ERWK R
LQ WKH VFHQH ,Q FRQWUDYRWQB BYHMNHRWP FMRKHVDLQ D GLQLQJ FKDLU RU Gl
SXUSRVH RI WKH PDFKLQH OHDUQLQJ FODVVLILFDWLRQ WDVN LV WR GLVFUI
KDYHHLWKHU RI WKHVH REMHFWV RUQRQH RI WKHP 7R HQVXUH WKDW DW O
TXHU\LQSXW IHDWXUH LV XVHG 7KLV DOVR KHOSV WR VKRZ WKDW 6FHQHS, |
FRPSOH[TXHU\ ZLWK REMHFWV VSHFLILHG 7KH T TXHU\SUHGLFDWHV GLQLQ
GXH WR WKH YDULHW\ RI REMHFWV SUHVHQW LQ WKH GDWDEDVH KROGLQJ W
OHFWLQJ WKLV FDWHJRU\ RI REMHFWV LV WKDW ERWK DUH SUHVHQW LQ WK
REMHFWV LQ BRQWHI[W >

7TKHGDWDVHW IRUWKHH[SHULPHQW LY FUHDWHG LQD ZD\WKDW WKHUH LV
IRXUFDVHV VFHQHV ZLWK RQO\D FKDLU VFHQHV ZLWK RQO\D WDEOH VFH
VFHQHYV ZLWKRXW D FKDLU RUWDEOH +RZHYHU DV WKH LPDJHV ZLWKRXW [
WKHLU RZQ DQG WKH IRUPH 2 s\OMV PDRIHHXVEKWKHWKH RYHUDOO GDWDVHW L
25FODVV 7KLVVHFWLRQLVIXUWKHUGLYLGHGLQWR WZR N\MMAEKXENWHFWLRQV
WLRQ WKHHQWLUHLPDIJHJIJHQHUDWLRQ SURFHVV WR ¥ XEDOMAWNRE GDWDVH\
GHWDLOV WKHPDFKLQH OHDUQLQJ FODVVLILFDWLRQ WDVN

*HQHUDWLQJ ,PDJHV
7TKHLPDJH IJHQHUDWLRQ SURFHVV LV WRDQ HIWHQW VHFWALRWKMHR WKH H[SH
PDLQ DWWULEXWHV WR EH VHOHFWHG KHUH DUH WKH FKDLUV DQG WDEOHYV
GLWLRQDOO\ WRLQFUHDVH WKH YDULHW\RILPDJHV WDEOHV ZHUH VSHFLI
6PDOO REMHFWYVY ZHUH DOVR FRQVWUDLQHG WR VSDWLDO UHODWLRQV DQG .
FDVH 79 VWDQG GHVNRUWDEOH E\ VSHFLI\LQJ WKLV WKURXJK WKH XVHU L
VHFWLRQ WKHLPDIJHIJHQHUDWLRQ SURFHVV LV WKDW WKHREMHFWYV LQ WKH
DEDFNJURXQG 7KH SUHVHQFH RI WKH URRP LV DOVR VHOHFWHG YLD WKH >
LVWKH YDULDWLRQ RI LPDJHV RIDVFHQHLY QRW JHQHUDWHG E\KDYLQJ GL
KDYLQIJWKHVDPHREMHFWLQGLITHUHQW EDFNJURXQGYV 7KLV GLITHUHQFH I
WR FUHDWH D YDULHW\RILPDJHY HLWKHU ZLWK D YDULHW\RIEDFNJURXQG

,PDJH *HQHUDWLRQ 3URFHGXUH

7KH LPDJHVY DUH FUHDWHG E\ SURYLGLQJ WKH TXHU\ WKURXJK WKH LQWHU I
LQEKDDWGBEGODEOH) WKH DWWULEXWHY VHFWLRQ RI WKH LQWHUIDFH ERWK RE]
SURSHUIWQNRYRHQ WKH\RFFXU 7R JHQHUDWH LPDJ2bV W W RVE B HRMDWH H FKDUDH/
SURYLGHG DV LQSXWDQG WKHVFHQH ZDV FUHDWHG 7KH QH[W VWHS ZDV WF
DQG YLHZ RI WKHVFHQH WR HQVXUH WKDW WKH LPDJHHWUDFWHG KDG WKH
DVDEDFNJURXQG $ VHW RI LPDJHV IRUWKH SRVLWLYH FODVYV ZDV JHQH
GLVWULEXWLRQ RI LPDJHV HDFK IRU VFHQDULRY ZLWK RQO\ D FKDLU RQC
$SDUW IURP WKH FKDLU DQG WDEOH RWKHU REMHFWV ZHUH DOVR LQWURG)
ERRNFDVH FRXFK 79 79 VWDQG FDELQHW QLIJKWVWDQG GUHVVHU YDQL
ODPS DQG IRRG LWHPV ,PDJHV IRRWKHBHIHROOWHFWHOG XVWVYQJ D VLPLODU SU
ZLWKRXW DQ\ REMHFVWRSURNUGWHESHIFQ WRBWLRQ 8VLQJ D FRPELQDWLRQ RIV
MHFWY SUHYLRXVO\PHQWLRQHG VFHQHV ZHUH FUHD WRIWBODQ/&¥ ZHBBJHV FR
JHQHUDWHG 7RJIJHQHUDWHLPDJHV IRUWKLVY FODVV LWZDV LPSRUWDQW W
WLDWH D GLQLQJ FKDLU RUD GLQLQJ WDEOH LQ WKH VFHQH LPDJHV ZHUF



([SHULPHQWV

WKH PDFKLQH OHDUQLQJ PRGHO VXIILFLHQW H[DPSOHVWJXR B$WDRQ WKH
YLGHV H[DPSOHV RI LPDJHV JHQHUDWHG WKURXJK WKH TXHULHV IRU ER
LOOXVWUDWHY WKH SRVVLEOH EDENJURXQGYV IRUIWKH Y ERFWKDE DUH
JLIXUH EHORQJ WR WRE BRYVWDDMUH EHORQJV WR WHKRWMDDWLYH

D 6FHQH ZLWK RQO\D FKDLU E 6FHQH ZLWK RQO\D WDEOH
F 6FHQH ZLWK D FKDLUDQG WDEOH G 6FHQH ZLWKRXW D FKDLU RUWDEOH
JLIXUH ([DPSOHV RI LPDJHVY JHQHUDWHG IRUDOO VFHQDULRY EDVHG RQ REMF

,PDIJH &ODVVLILFDWLRQ

'LWK WKH LPDJHVY JHQHUDWHG WKH QH[W WDVN ZDV WR SHUIRUP DV
FODVVLILFDWLRQ WDVN LV D VLPSOH ELQDU\ FODVV SUHGLFWLRQ DQG |
PDFKLQH OHDUQLQJPRGHO WKHG6XSSRUW O9HFWRU ODFKLQH 690 FOD\
E\DVVLIQLQJ LPDJHVWR WKHWUDLQLQJVHWDQG LPDJHV WR WKH W
WR PDLQWDLQ DQ HTXDO SURSRUWLRQ RI FODVV GLVWULEXWLRQ GXH W
FODVVLILFDWLRQ WDVN RIWKHH[SHULPHQW ZDVIXUWKHUFRQGXFWHG |
NHUQHOV DQG FRPSDULQJ WKH UHVXOWY 7KLV FRPSDULVRQ DOVR LQG
LPDIJHVY JHQHUDWHG XVLQJ 6FHQHS8, 8VLQJD *ULG6HDUFK WKH UHJXOD
HYHU\ FODVVLILHU ZHUH WXQHG WR RSWLPLVH WKH KLIKHVW DFFXUDF
DNHUQHO IRUWKH WDVN ZH FDQ FRPSDUH WKH EHV WEDWY KRIZXOWYV |
WKH 690 NHUQHOV XVHG LQ WKH H[SHULPHQWYV IRU FODVVLILFDWLRQ DC
*ULG6HDUFK

7TDEOH 3DUDPHWHUV IRU 690 NHUQHOV XVLQJ *ULG6HDUFK

_HUQH@& | *DPPD
5%)
3RO\
/LQHDU
6LIJPRLG




SHVXOWYV

7KLV FKDSWHU SUHVHQWYV WKHUHVXOWY REWDLQHG DIWHKBPRWBXYFWLQJ EF

%LDV "HWHFWLRQ

7KHUHVXOWYV IURP WKH H[SHWUHPW DMQFR 8 G EMAEHG LQ WKLY VHEFWLRQ 7Kt}
QHWZRUN ILQH WXQHG RQ WKH ELDVHG G DW D VAHW 8 UNRK/H. GVHHW I/QG DFFDXNJHDW \
WKH QHWZRUN ILQH WXQHG RQ WKH QDWXUDO G D WD WKWWKHVY B VWM G D @ D QH
$QDO\WLQJ WKH FRQIXVLRQ PDWULFHV REWDLQHG DV D UHVXOW RI WKH FOL
JLYHV LQVLIJKWV LQWR WKH SURSRUWLRQ RI PLVFODVVLILEFDWLRQ ZKHQ WU
PDWUL[ VXPPDULVHV DQG SURYLGHV LQIRUPDWLRQ RQ WKH FaG@VVLILEDWL
,WDOVR JLYHV LQIRUPDWLRQ RQ WKH QXPEHU RI WLPHV WKH FODVVLILHU S
WU\LQJ WR FODVVLI\D SDUWLFXODU ODEHO

$QDO\WLQJI &RQIXVLRQ ODWULFHV

JLIXUHLOOXVWUDWHY WKH QRUPDOLVHG FRQIXVLRQ PDWUL[ RI WKH FODVVI
WKH  ELDVHG VHW DQG QDWXUDO VHW UHVSHFWLYHO\ $ QRWDEOH GLIITHUHCGC
LVWKHGLVSDULWA\LQ PLVFODVVLILFDWLRQUDWHV 7KLV GLITHUHQFHLQGL
LVLQFOLQHG WR PLVFODVVLI\RQH FODVV RYHUDQRWKHU GXH WR WKH ELD
FODVV WKHIROORZLQJGLIIHUHQFHV ZHUH IRXQG

F'LOQLQJ5RRBXUH VKIRZV D GLITHUHQFH EHWZHHQ LQFRUUHBWG\FODVVLIL
LQLIXUH E

f/LYLQIJS5RRPXUH VKIRZV D GLIIHUHQFH EHWZHHQ LQFRUUHBWG\ FODVVLIL
LQLIXUH E

F6WXG\5RRBRXUH VKIRZV D GLIITHUHQFH EHWZHHQ LQFRUUHBWG\ FODVVLIL
LQLIXUH 7KLV LV WKHRQO\VFHQDULR ZKHUH WKH GLVFUHSDQF\ LQ
EHWZHHQ FODVVHV LV KLJKHU IRUWKH FODVVLILHUWUDLQHG RQ WKH X

JURP WKH WZR WUDLQHG PRGHOV WZR VHWV RI VDOLHQF\ PDSV ZHUH JH
DOVR FRQWDLQV LPDJHV UHVL]HG WR 7KH VDOLHQF\ PDSV IURP WKH '
ZKHWKHU WKH KLIJIKOLJKWHG UHJLRQV RI WKH LPDJH FRUUHVSRQG WR WKH |
DOVR FKHFNLQJ WKH FODVYVY SUHGLFWLRQ RUPLVFODVVLILFDWLRQ IRU WKH

OLVFODVVLI\LQJ 6WXG\5RRP

JLIXUHGHSLFWYV H[D FBSMOHOA BRERPQJ PLVFODVVLILHG GXHWRLQGXFHG ELDVH
VHWJIXUH FRIDWDLQV D GHVN ZLWK D PRXVHSDG DQG RIILFH REMHFWYV RQ LW
DQGDFRXFKEHKLQG WKH FKDLYLIXBHDVVEURQBORKBEIKOLIKWY UHIJLRQV RI'W
ZKLFK LV ZKDW LW VWURQJO\ IRFX\LH X R LDOUILQB FSWHICHAW Y LR@D QVLILHG DV
5RRIEXH WR WKH SUHVHQFH RI WKH XBNX FIRFRQOMPAVDOWD BOD VWXG\ GHVN ZLWK D



5HVXOWYV

D 1RUPDOLVHG &RQIXVLRQ ODWUL[ %LDVHG SO DRVPIDEBUVHG &RQIXVLRQ ODWUL[ 8QELDVHG &C

J)LIXUH 1RUPDOLVHG &RQIXVLRQ PDWULFHV IRU %LDVHG DQG 8QELDVH

PRQLWRUDQG VSHDNHU DGMDFHQW WR D ERRNFDVH ZLWK VKHOYHYV
RQO\LOQLWK®J 5R&PVYV WKHLPDJH LVEODYVNIRRPSIDVIDLEHY DQLQGLFDWL
RI'WKHPRGHO KLIKOLJKWLQJ WKH VKHOYHV RI WKHERRNFDVH

D 6WXG\5RRP ZLWK D FRXFK E 6DOLHQF\ODS RI WKH 6WXG\5RRP VFHQH
F 6WXG\5RRP ZLWK D VKHOIERRNFDVH G 6DOLHQF\0ODS RI WKH 6WXG\5RRP VFHQH
JLIXUH ,PDIJHVDQG UHVSHFWLYH VDOLHQF\PDSV ZKHQ SUHGLFWLQJD 6WXG\ 5]

OLVFODVVLI\LQJ'LQLQJ5RRP
JLIXUHLOOXVWUDWHY HIDPSOHV RI WKH GLQLQJ URRP EHLQJ PLVFODV\
WKW X G\ 5RRPXUH LVDDQ LPDJH ZLWK D GLQLQJ WDEOH GLQLQJ FKDLU\



%LDV '"HWHFWLRQ

LPDJH ZDV FODVGMWXKBEIBRM WR WKH SUHVHQFH RI WKH PRQLWRU RQ WKH W
PDS DQIXUH KLEKOLJKWY WKH PRQLWRU DV ZHOO DV WKH UHJLRQV RQ WKH
H[DPSOH VKRZQUM ZKAFK LV DOVR FOBWXGI\LHRBRMW B WKH GHVN ODPS RFFXU
RQO\LQ VWXG\URRPV LQ WKH WUDLQLQJVHW $Q DGGLWLRQDO H[SODQDW!|
FRXOG EH WKDW WKH LPDJH FRQWDLQV RQO\ D VLQJOH FKDLU ZKLFK LV YHL
LQ WKH WUDULQXQHVEHIBRYLGHY HYLGHQFH RI WKLV E\ KLJKOLJKWLQJ WKH GH
GLQLQJFKDLU

D ORQLWRURQD GLQLQJWDEOH E 6DOLHQF\0DS RI WKH'LQLQJ5RRP VFHQH
F '"HYN ODPSRQ D GLQLQJWDEOH G 6DOLHQF\0DS RI WKH 'LQLQJ5RRP VFHQH
JLIXUH ,PDIJHVDQG UHVSHFWLYH VDOLHQF\PDSV ZKHQ SUHGLFWLQJD 'LQLQJ5RRP Z

OLVFODVVLI\LQJ/LYLQJS5RRP

JLQDOPMNIKQHLPDJHYV RIYL.QJ 5BBH VKRZQ ZKLFK DUH PLMVWRODMVAERRIFG DV D
RZLQJ WR WKH SUHVHQFH R{ WH G\WEMMHFWNYLBRG@IVSIBRPM WR WKH UHG FKDLU
LQWKHVFHQH HYHQ WKRXJK RWKHU RREMHG WSREBESAM-ROWKHRW QB L@LWENMHW
SUHVHQW ZKLFKLVVXSSRUWHG E\ WIKIKVB O 6 BRLFQ)R D)OWHKRRRASU. V H V

DUHG WDEOHDQG D UHG VRID FKDLU DPRQJYW RUWK HWREIMHEM VH B Q RVEQNDHAU
WKH PRGHO IRFXVHV RQ WKH UHG DVSHFWV RI WKH GLQLQJ WDEOH DV ZHO(
FODVVLILHGQDYILRRPLOQWHUHVWLQJ LQVLIKW KHUH LV WKDW WKH UHG VRID
WUDLQLQJVHW DQG EVKLJKOLJKWLQJWKHUHG SRUWLRQ RIWKHFKDLULQ V
KDV WUXO\OHDUQHG WKH FRORXQEQDYRBRWMIRGXFHG LQ WKH

$QDO\WLQJWKH 8QELDVHG ORGHO

$Q DQDO\VLV FRQGXFWHG RI WKH QHXUDO QHWZRUN WUDLQHG RQ WKH QDW
OHDUQ WKH IHDWXUHV Rl WKH REMHFWV ZKLFK LV DOVR VXSSRUWHG E\ WK|
KLIKOLJKW REMHFW SURSHUWLHV VXFK DV WKH WDEOHYV VXUIDFH ZKHQ SUF
D FKDLUYV IHDWXUHV DV ZHOO DV QRWLFHV D ERRNFDVHIV VKHOYHV 7KLV I
PRGHO ZKLFKLGHQWLILHV ELDVHG REMHFWV DQG FDWHJRULVHV WKH LPDJH



5HVXOWYV

D /LYLQJ5RRP ZLWK D UHG FKDLU E 6DOLHQF\ODS RIWKH/LYLQJ5RRP VFHQH

F /LYLQJ5RRP ZLWK D UHG WDEOHDQG UHG FRXIEBK6DOLHQF\0DS RI WKH/LYLQJ5RRP VFHQH

J)LIXUH ,PDIJHVDQG UHVSHFWLYH VDOLHQF\PDSV ZKHQ SUHGLFWLQJD/LYLQJS5

PRGHO FODVVLILHV DOPRVW HYHU\ LP'ROH @1\ E FOPO HGVKEMHFEL DVHG P
GRHV QRW FRQVLGHU WKH FRORXU EXW WKH REMHFWYV SUHVHQW LQ WK
VHW 7KH SUHVHQFH RI ELDVHG REMHFWV VRPHWLPHV KHOSV WKH ELD
IURP WKH FODVV WKH ELDVHG REMHFWYV RULJLQDWH IURP D UHG WDE(
FODVVLI\LQJ LW DV D GLQLQJURRP $V WKH XQELDVHG PRGHO GRHV QR
REMHFWV SUHVHQW RUWKH FRPELQDWLRQ RIREMHFWV ZKLFK FRXOG D
FRUUHVSRQGIL@LYRBRBW X G\ 5ER®VVHY ZKHQ FRPSDULQJ WKH FRQIX
VKRZQLIXUH D@L JXUH E

%LDV ,QGXFHG OLVFODVVLILFDWLRQV

2l WKH WKUHH ELDVHV LOQWURGXFHG WKH FRORXU ELDV LV OHDUQHG E
LWVHONXG\5RRRPIJHY ZHUH SUHGIQAVQR GRRRP ZKLFK LPDJHV KDG D UHG |
6LPLODUO\ RIYWRB5RRIPIJHY PLVFODVVLILHG DV DGLQLQJURR®LQXDG D
5RRRPDIJHVZHUHLQFRUUHFOMXSUSHBRAWH GRDOWEKHVH KDG D PRQLWRU R
KDG D VSHDNHU DQG WKH RWKHU PLVFODVVLILFDWLRQV ZHUH GXH WF
RIWKH GHVN RU WKH SUHVHQFH RI D GHVN ODPS 'XH WR D VOLJKWO\ P
WKH6WXG\ 5RRPIYVVLIVHBIDDIB RIRPFOXGHG LPDJHV ZLWK D ERRNFDVH KD
ZKLOH WKH UHVW ZHUH PLVFODVVLILHG GXH WR WKH SUHVHQFH RI D FR
WKHYLQJ 5R®PVYV RI WKH WUDLQLQJVHW $Q RYHUYLHZ RDBWEHVH QXPEF

&RQFOXVLRQ RI WKH ([SHULPHQW

JURPDQDQDO\WLV RI WKHUHVXOWY D VXJJHVWLRQ ZRXOG EHWR FUHD
LOQWURGXFHG VKRXOG EH EDVHG HLWKHU RQ D FRORXU RUWKHDEVHQF!
FRXFK RUD ERRNFDVH 6FHQH8, DOORZV WKH VHOHFWLRQ RI WKHVH DW
ODUJHREMHFWV LQ WKHVFHQH DVDOVRVKRZQLQ WKLV H[SHULPHQW



4XHU\*HQHUDWHG ,PDJHYV

7DEOH 2YHUYLHZ RI WKH PLVFODVVLILFDWLRQV FDXVH GXH WR WKH SUHVHQFH RI EL
OLVFODVVLILHG
%LDV OLVFODVVLILHGBWXHD&&YDVYVYVFODVVLILHIG ,PDJHYV
%LDVHG ,PDJHV

SHG 2EMHIEQLQJ 5RRP 6WXG\5RRP
5HG 2EMHIFQLQJ 5RRP | /LYLQJ5RRP
ORQLWRWBWXG\5RRP 'LQLQJ5RRP
6SHDNHUSWXG\5RRP 'LOQLQJS5RRP
%RRNFDVHYLQJ5RRP 6WXG\5RRP

PHQW WKDW WKH QHXUDO QHWZRUN FDQ OHDUQ ELDVHV GHOLEHUDWHO\LQV
+RZHYHU WKH ELDVHV OHDUQHG YDU\ WR GLIIHUHQW H[WHQWYV EDVHG RQ W
DOO\ E\ JHQHUDWLQJ DQ XQELDVHG QDWXUDO GDWDVHW XVLQJ 6FHQHS,

WKH PRGHO WUDLQHG RQ WKLY GDWDVHW ZLWK WKH ELDVHG PRGHO H[SODLI
7KHUHIRUH WKH UHVXOWVY IURP WKH H[SHULPHQW VKRZ WKDW 6FHQHS8, FDQ
XQELDVHG GDWDVHWY ,WV IHDWXUHV DOVR DOORZ WKH VHOHFWLRQ RI YDU
WKHLU IXQFWLRQDOLW\RU FRORXU 7KH QHXUDO QHWZRUN LV DEOH WR OHTC
FDQ DOVR EH FRPSDUHG ZLWK DQ XQELDVHG QHXUDO QHWZRUN

AXHU\ *HQHUDWHG ,PDJHV
7KH UHVXOWV IURP WKH H[SHUMPWQWQ®@R GGKFNWE®HQG LQ WKLY VHFWLRQ 7
LQYROYHV D FRPSDULVRQRIIRXU GLIIHUHQW 690 PRGHOV WUDLQHG RQ GLII
IRUPDQFH RI GLIIHUHQW PRGHOV DQG WR LGHQWLI\WKH EHVW SHUIRUPLQJ I
ZDV PDGH E\ FRQVLGHULQJ WKH IROORZLQJFODVVLILFDWLRQ PHWULFV

t$FFXUDF\ $FFXUDF\LVWKHUDWLRRIDFODVVLILHUYY FRUUHFW SUHGLI
WLRQV PDGH 2YHUDOO LWGHQRWHY KRZJRRG D FODVVLILHU LV LQ SUH

$t5HFDOO 5HFDOO LV WKHUDWLR RIWKHFRUUHFW SUHGLFWLRQV RI WKH
RIWKDW FOD¥¥KI>2JK UHFDOO VFRUH VLJQLILHY WKDW WKH FODVVLILHU KD
WKHRWKHU QHJDWLYH FODVYV

f3UHFLVLRQ 3UHFLVLRQLV WKHUDWLRRIWKHFRUUHFW SUHGLFWLRQV
RI WLPHVY WKDW FODV@ LYWVSUBGLFR'WBV>WKH SHUIRUPDQFH ZKHQ WKH FC
WR SUHGLFW WKH VSHFLILF FODVV

t52& 5HFHLYHU2SHUDWLQJ &KDUDFWHULVWLF 52& LVD SORWRIDFODYV
RIFRUUHFW SUHGLFWLRQV RI SRVLWLYHFODVV WR WKHQXPEHURILQVW
3RVLWLYH 5DWH UDWLR RILQFRUUHFW SUHGLFWLRQV RI D SRVLWLYHF
QHIDWLYH F@ DWGHQRWHY KRZ ZHOO D FODVVLILHU FDQ GLVWLQJXLVK)

1$8& 7KH $UHD 8QGHU WKH &XUYH $8& RIWKH52& FXUYH SORW LV H[WU
PHWULF WR FRPSDUH WKH SHUIRUPDQFH RIGLITHUHQW PRGHOV

7TKHVH PHWULFVDUH VHOHFWHG DV WKH VFRUHV KHOS TXDQWLI\WKHPRGHO
$ PRGHO WKDW SHUIRUPY ZHOO LQ PRVW LI QRW DOO RI WKHVH PHWULFV ZR
PRGHO IRUWKH WDVN

&ODVVLILFDWLRQ SHVXOWYV

7KH VFRUHV IURP WKHVH PHW UIDRRVOMYZ HVEKI WKHARIDERQV FRQWDLQLQJ YDO X
GHQRWLQJ WKH NHUQHO WKDW DFKLHYHV WKH KLIKHVW VFRUH IRU WKDW P
DQGUHFDOO VFRUHV IRU ERWK FODVVHYV ZKLFKKHOSV XV XQGHUVWDQG WHK
LQJERWK FAMMMHDWHY WKH QHJDW WK H GARINM WSHKRDQG VW ROSFIOD SRV LWLYH

JURP WKH WDEOH LWFDQEHREVHUYHG WKDW ZKHQ WKH 690LV WUDLQHG
WKHRWKHU NHUQHOV RYHUDOO PHWULFV HI[FHSW UHFDOO IRUWKH SRVLWL



5HVXOWYV

DUH DOVR LO QXMWUBDAMKRE LQWKHUH LV D PLQRU GLITHUHQFH EHWZHHQ V
SORWWVIXKIUH )LDXUH DBR)&JIJXUHLVARPLQRU WKH5%) NHUQHO JLYHV WKH El
$UHDVRQ ZK\WKHG6LJPRLGNHUQHODFKLHYHVDORZ$8& VFRUH UHFDOC
FODVV LV EHFDXVHLWSUHGLFWYV 2GEQQVWDQHNRKRDW RHKLIH &RVIDWQLIFYHHSE S
WKH GDWDVHW LW VWLOO KD VBXGHFHO\W BERERDMHAWIRU SUHFLVLRQ ZK
QHIJDWLYH FODVYV 'XHWR WKHOLPLWHG VDPSOH VLIHDQG WKHLPEDOD
SUHFLVLRQ VFRUHV IRU SUHGLFWLQJ WKH QHJDWLYH FODVV DUH ORZ F
FODVVLILHURIWHQ LQFRUUHFWO\ SYHFROLFWNVAKKK HP N JIHVIVRRINEIEK R 1R O \

7TDEOH SHUIRUPDQFH RIGLITHUHQW 690 NHUQHOV RYHU PHWULFV

5%) B3RO\ | /LQHDWBLJPRLG
$FFEXUDF\

SUHFLVLRQ

5HFDOQ|O
$8&
D 52& FXUYHIRU5%) NHUQHO E 52& FXUYHIRU 3RO\ NHUQHO
F 52& FXUYHIRU/LQHDU NHUQHO G 52& FXUYHIRU 6LJPRLG NHUQHO
JLIXUH 52& SORWV IRU YDULRXV 690 NHUQHOV XVHG LQ WKH H[SHULP

&RQFOXVLRQ RI WKH ([SHULPHQW

7KXV ITURP WKH FRPSDULVRQ RI PHWULFV LWLV REVHUYHG WKDW WKH
SHUIRUPUHDVRQDEO\ZHOODQGFDQ GLVWLQJXLVKEHWZHHQ WKHWZR |
DQG D PRUHEDODQFHG FODVV GLVWULEXWLRQ WKHPRGHO FRXOG DOV
FDQ DOVR EH FRQFOXGHG WKDW D YDULHW\ RI LPDJHV FDQ EH JHQHUD
6FHQH8, 7KHVFHQHV DUHDOVR VIQWKHVLVHG LQ GLIITHUHQW EDFNJUR)
WR EH OHDUQHG DQG DOVR PDNLQJ WKH VFHQH PRUH UHDOLVWLF 7KH
WKHGDWDVHWDOVR VKRZVY WKDW PDFKLQH OHDUQLQJPRGHOV FDQ OHD
UHVXOWRIG6FHQH8, DQG WKDW WKH LPDJHV JHQHUDWHG DUHVXLWDEOEL
FDQ EH XVHG DV JURXQG WUXWK



'LVEXVVLRQV &RQFO

,Q WKLV FKDSWHU ZH SURYLGH WKH AFRHFMOORXQA W R D RVIXWR B W KRH WLKH. W KH V L
DQGDQVZHUVWR WKHUHVHDUFK TXHVWLRQV $GGLWLRQDOO\ ZHDQDO\VH
ZLWKUHOHYDQW OLWHUDWXUH LQ OLJKW RI WKH XVH FUMAWLRARAQUHYLHZ WK
WKHFRQWH[WRIWKHPHWKRGDQG H[SHULPHQWYV FRQGXFWHG )XWXUHUHV
DOVR SUHVMBWWIGRIR LPSURYH WKH VAVWHP DQG HQVXUH LWV VFDODELOLMW
LPDJHV

&RQFOXVLRQV

,Q WKLV VHFWLRQ ZH SURYLGH WKH FRQFOXVLRQV RI WKH WKHVLV E\ VXPP
DQG UHVXRBMHFWLBQG DQVZHULQIJWKHUHVHDUFKTXHVWLRQV GHILQHG $¢
DVSHFWV RI6FHQH8, DQG FRPSDUH LW ZLWK WKH OLWHUDWXUH UHYLHZHG

6 XPPDU\

,Q WKLV WKHVLV ZH SUHVHQW 6FHQHS8, D VIVWHP WR JHQHUDWH LQGRRU \
WKH XVHU GHVFULEHV D VFHQH E\ VSHFLI\LQJ WKH REMHFWYVY DQG WKHLU Sl
REMHFWY DQG WKH SUHVHQFH RI D EDFNJURXQG 7KH VA\VWHP ZDV GHYHO
VLPLODU ZRUN EDVHG RQ VFHQH JUDSKV E\ PHUJLQJ LW ZLWK D XVHU LQW#
ZHUH GHVLIJQHG EDVHG RQ WKH UHTXLUHPHQWYVY IRUWZR*KQHBDWHWWKH LP
,PDJHV IRU ,QWHUSUHW D E OBHQOSHEXLQHW HQ U (PIBRIHY IURP 4XHULHV DV *UR X(
,Q WKLV FRQWH[W ZHLQFUHDVH WKH OHYHO RI FRQWUROODELOLW\ SURYL(
DWWULEXWHVLQWKHVFHQHJUDSKRIWKHGDWDVHW VR WKDW WKH\FRYHU I
FRORXUV DQGDOVRLOQWURGXFLQJPRUHREMHFWY WKDW KROG SURSHUWLH
DOORZV WKH XVHU WR VHOHFW DQG FRQWURO VHYHUDO DVSHFWV RI WKH LF
LQ WKLV ZD\ FRPELQHV YDULRXV FRQWUROODEOH LPDJH JHQHUDWLRQ PHW|
IHDWXUH ZKHUH WKH VFHQH LV 28BQXNHDWSLUREFDEHG RODWIKQREMHFWY DV TXHU\
$GGLWLRQDO DGYDQWDJHV RI XVLQJ6FHQH8, RYHU WKH EDVH ZRUN DUH WK
WKH XVHU E\SURYLGLQJDQRYHUYLHZRIDOO WKHUHODWLRQV LQ WKHVFHC
DOVRDOORZV WKHHQWLUH GHVFULSWLRQ RI WKHVFHQHDW RQFH

‘HVKRZFDVHWKHVXLWDELOLW\RIG6FHQHS8, DQG WKHXVDELOLW\RIWKHJH
E\FRQGXFWLQJ WZR VHWV RI H[SHULPHQWY 7KH IHDWXUHV LQWURGXFHG
DWWULEXWHV RIREMHFWY ZHUHDOVR XVHGLQWKHH[SHULPHQWY WR JHQH
EHQHILWV DQG XVDELOLW\ ,Q WKHILUVWH[SHULPHQW ZHFUHDWHELDVHG
RI WKH GDWDVHW KDYLQJ LWV RZQ ELDV FUHDWHG XVLQJ WKH LQWHUIDFH |
SUHVHQFH RI REMHFWYVY 7KHUHDIWHU D QHXUDO QHWZRUN ZDV WUDLQHG R
WKHELDVHG PRGHO ZHUH LQYHVWLIJDWHG WR VHH KRZ ZHOO LW OHDUQV Wi
LQGLFDWHG WKDW VHYHUDO RI WKH PRGHOYfV PLVFODVVLILHG LPDJHV DUH
LPDIJHVY 7KH H[SHULPHQW WKHUHIRUH VXSSRUWY RXUJRDO WR XVH 6FHQF
GDWDVHWVYV DQG EHQFKPDUN H[SODLQDELOLW\ PHWKRGY 7KH VHFRQG H[SH
TXHU\IHDWXUH RI 6FHQH8, DQG DOVR SODFHV WKH REMHFWY ZLWK D EDFN.



'LVEXVVLRQV &RQFOXVL

690 NHUQHOV ZDV FRPSDUHG E\WUDLQLQIJWKHPRQD GDWDVHW RIWZR |
FRQWDLQVWKHREMHFWYV VSHFLILHGLQWKHTXHU\DQGWKHRWKHUFOD
PHWULFV RI WKH PRGHOV KLIJIKOLJKW WKDW WKH LPDJHV JHQHUDWHG IL
IRUPDFKLQH OHDUQLQJ WDVNV DQG VR WKHLPDJHV FDQ EH XVHG DV JU|

$QVZHUV WR 5 HVHDUFK 4XHVWLRQV
$v D UHVXOW Rl WKH UHVHDUFK GHYHORSPHQW DQG GHVLJQ RI H[SHU
IROORZLQJDQVZHUV WR WKH UHVHDURKHVELRROHVWLRQV GHVFULEHG L

1564 KDWDUH WKHFXUUHQW PHWKRGV RILPDJHJHQHUDWLRQDQG
LPDJH GR WKH\DOORZFRQWURO RYHU"

$ 7TKHOLWHUDWXUH VWXG\ LQ WKH %DFNJURXQG FKDSWHU JLYHV D!
/HDUQLQJDQG &RPSXWHU *UDSKLFVY EDVHG PHWKRGV IRU LPDJH JH(
VFHQH JHQHDEWHRQHYVY DQ RYHUYLHZ RI WKH HILVWLQJ WHFKQLTXH
DQG YDULRXVFRQWUROODELOLWN\IHDWXUHV DOORZHG VXFKDV REM
UHODWLRQV TXDQWLW\ EDFNJURXQG DQG XVH RI VFHQH JUDSKV ¢
UHVHDUFK JDS ZKHUH QRQH RI WKH PHWKRGV DOORZ WKH XVHU WR F
LQ WKLV WKHVLV ZH VHO@FRWKD &DD/HUARDUGN SURYLGHY VRPH RI WKH\
EHLPSURYHG WR SURYLGH PRUH FRQWUROODELOLW\

1564 +RZFDQ WKHDWWULEXWHYVY RI REMHFWYVY EHH[SDQGHG WR DOOF
HUWLHV"

$ TR DXJPHQW WKH GDWDVHW REVHUYDWLRQV QHHG WR EH PDGH |
SRWHQWLDO REMHFWV DQG WKHLU DWWULEXWHY 7KLV ZDV DFKLH
REMHFWY DQG WKH YDULDWLRQV LQ WKH REMHFWIV FRORXU PDWH
LGHQWLILHG DQG FDWHJRULVHG WKH FRORXUV WKDW WKH\ KDYH LC
VFHQHJUDSK RIWKHGDWDVHW LV DXJPHQWHG E\FUHDWLQJD QHZD
RUFRORXUDQG FRQQHFWLQJ LW ZLWK WKH UHOHYDQW REMHFW 7k
DWWULEXWHYV IRUDQ REMHFW WR FKRRVH IURP

1564 +RZFDQ WKH XVHU SURYLGH VSHFLILFDWLRQVIRUDOO WKH FR
$ 7TKLVTXHVWLRQLVDQVZHUHG E\GHYHORSLQJWKHXVHULQWHUIDF
RIDOOWKHSRVVLEOH REMHFWV DQG UHODWLRQV DQG DOORZV WKH
DQG WKH VvSDWLDO UHODWLRQV EHWZHHQ LPDJHVY 7DEOHDQG /LVYV
YLGH YDULRXV IXQFWLRQDOLWLHV LQ WKLY LQWHUIDFH $GGLWLRQ
EDFNJURXQGLQ WKHLPDJHDQG SURYLGH WKHVHOHFWLRQRIDSDU
RIFRQWH[WXDO REMHFWV LQ WKHVFHQH 7KXV DQRYHUYLHZLV SU
WKDW WKH XVHU GHVFULEHV LQ WKH LPDJH

1564 +RZFDQLPDJHVEHJIJHQHUDWHGJLYHQD TXHU\ZLWK REMHFWYV
$ *HQHUDWLQJ DQ LPDIJH2EOYHGE RUWHWKHUHY WKH FRQVLGHUDWLRQ
UDQGRP NH\YDOXHEHWZHHQ WR LVJHQHUDWHGDQGEDVHG RQ WK
WKHUHODWLRQ WDEOHDQG WKHOLVWFRQWDLQLQJREMHFWY H[SH
WKDWHLWKHU RQHRUERWKREMHFWY DUHVHOHFWHG LQ WKH VFHQ
WKHLQWHUIDFH LPDJHVY FDQ EHJHQHUDWHG EDVHG RQ D TXHU\ VSH

$564 7R ZKDW H[WHQW FDQ WKH PHWKRG EH XVHG IRUWKH WZR XVH F
$ 7TRHYDOXDWH6FHQHS8, DQG LWV VXLWDELOLW\WR JHQHUDWH LPD.
WZR GRZQVWUHDP WDVNV 7KH H[SHULPHQWV IRU ERWK XVH FDVHV
FRQVXOWDWLRQ DQG SODQQLQJ WR VLPXODWH WZR VFHQDULRV IR
XVHG ,Q DGGLWLRQ WR VKRZLQJKRZ WKH LPDJHV ZLOO EH XVHG IRU
SUHVHQW WKH DGYDQWDJHV RI XVLQJ 6FHQHS8, DQG LWV IHDWXUHV V
PHQWYV VKRZ KRZ 6FHQHS8, FDQ FUHDWH ELDVHG GDWDVHWYV E\ HQV X
SURSHUW\RUD FHUWDLQ FRORXU 6SDWLDO UHODWLRQV DUH DOVR
RIREMHFWV $GGLWLRQDOO\ ZH JHQHUDWH LPDJHV EDVHG RQ D TXt
FLILFDWWULEXWHY GLQLQJFKDLUVDQG WDEOHV DQG WKH REMHF
,Q WKLV ZD\ DGLYHUVH UDQJHRILPDJHV LV VIQWKHVLVHG



/ILPLWDWLRQV

'LVFXVVLRQ DQG &RPSDULVRQ ZLWK /LWHUDWXUH

$ FRPSDULVRQ RI 6FHQHS8, ZLWK WKH UHOHYDQW ZRUNV LTDEQERRU VFHQH
VKRZVWKDW LW VDWLVILHVWKHUHTXLUHPHQW YV VW D@V H @& ID@DW K B GADPEHHH \$ \
FHUWDLQUHTXLUHPHQWV RIFRQWUROODELOLW\ 7KURXJKWKLVWKHVLV 6F
RIFRQWUROODEKS US\RVRFEDWR D QHD[MNIQWKXSY 6FHQHS8, PHHWV RXU LQLW
REMHFWLYHV RIFRQWUROODEOHLPDJHJHQHUDWLRQ PDNLQJLW YDOXDEO
RIFRQWUROODELOLW\PLVVLQJLQ 6FHQHS8,LVWKHDELOLW\@ROBQLSXODW
‘RUGV(\H@ HQDEOH WKH XVHU WR VSHFLI\ WKH VL]H RI DQ REMHFW DQG D F
REMHFW LV JHQHUDWHG 6HOHFWLQJ WKH VL]H RI REMHFWV FRXOG EH XV}
ELDVHG GDWDVHWYVY ZKHUH REMHFWYV KDYH D FHUWDLQ VL]H RU E\ FUHDWLQ
KDYHD JLYHQ VL]JH $QRWKHU DVSHFW ZKHUH 6FHQHS8, IDOO® VKRPW LQ FRP
WKBEOHVWKHGDWDVHWRI 'PRGHOV XVHG E\6FHQH*HQ 6FHQH*HQ XVHV W
>@ ZKLFK FRQWDLQV PRUH UHDOLVWLF PRGHOV LQ WH[WXUH FRORXU DQG
IURP WKH6FHQH6\QWK GDWDVHW XVHG LQ 6FHQHS8, 7KHUHLV D VWURQJ SUH
DV WKLV GDWD ZRXOG EH HDVLHU WR XVH IRU FRPSOH[ GHHS OHDUQLQJ PRC
ZRUOG GDWD )RU RXU XVH FDVHV WKH PRGHOV IRU H[SODLQDELOLW\ RU S
WKH IHDWXUHV ZHOO RI VXFK UHDOLVWLF GDWD \LHOGLQJ EHWWHU UHVXC
JHQHUDWHV QXPHURXV LQGRRULPDJHV XVLQJ UHDOLMVAVD D 8 B MHHFEWW KBR P W
XVHU WKH SRVVLELOLW\WR JHQHUDWH LPDJHV ZLWK YDULRXV PDVNV +RZH
RI FRQWUROODELOLW\LQ VIQWKHVLVLQJ WKHVH LPDJHV DV LW RQO\ DOOR.
OLJKWLQJDQG WKH VL]H RI LPDJHV WKHUHE\ QRW EHLQJ VXLWDEOH IRU Wk
WKHLPSRUWDQFHRIBFHQHS8,TVFRQWUROODELOLW\IHDWXUHY WKDW JHQH L
RIRXU XVH FDVHV

ILPLWDWLRQV

7TKHUH DUH VRPH OLPLWDWLRQV ZLWKLQ 6FHQHS8, WKDW ZH ZRXOG OLNH WR |
JLYHV WKH UHDGHU VRPH GLUHFWLRQV ZKHUH WKH VA\VWHP FDQ EH LPSURY
QHHG WR EHPDGH ZKHQ GHYHORSLQJ VLPLODU VA\VWHPV 7KH OLPLWDWLRQ'

t$V WKH LPDJH JHQHUDWLQJ SURFHGXUH L& BMRWPHGRR Q WVSO L RIUWIRW INRX

LQKHULWHG ZLWK 6FHQH8, RQH RI ZKLFK EHLQJ UXGLPWHOENBIB\ SDLUZLYV
WLRQ 7KHVHYHQ SDLUZLVH UHODWLRQV FDQ EHH[SDQGHG E\PRGHOO!
VXFKDEGMDRHEMQWLEPRWKHU OLPLWDWLRQ IURP WKH SULRU ZRUN LV WKH O
REMHFWY SODFHG )RU H[DPSOH LIWZR ODPSV DUH VSHFLILHG WR EH SC
ODPSV PD\QRW EH UHQGHUHG V\PPHW @L FIKQO\CEMHAMN.  HWRPIHRMHB\ U HV X O
WKHFUHDWLRQ RIOHVV SODXVLEOH RUUHDOLVWLF VFHQHV

F$Q LPSRUWDQW IHDWXUH WKDW 6FHQH8, GRHY QRW KDYH LV WKH DELOL\
LPDJHVY JHQHUDWHG IRUWKH H[SHULPHQWY UHTXLUH PDQXDOO\ FUHDW
MHFWV YLD WKHLQWHUIDFH DQG HIWUDFWLQJ VFUHHQVKRWY RI WKH VF
DWWULEXWHY UHODWLRQVDQG REMHFWV H[SHFWHG LQ WKH VFHQH ZR?
DIJHDEOHDQGVLPSOHWRGRIRUDFHUWDLQ QXPEHURILPDJHV EXWLV QF
RUWKRXVDQGV RILPDJHV ZLWKLQ D VKRUW GXUDWLRQ RI WLPH

$+$QRWKHU OLPLWDWLRQ UHODWHG WR WKH VFDODELOLW\RIWKHPHWKRG
6FHQHS8, WDNB WHF R®RGY WR ORDG DOO WKH VFHQH JUDSKV DQG ' PRGH
DXJPHQWHG ZLWK QHZ VFHQH JUDSKVY DQG DGGLWLRQDO 'REMHEWV L
$GGLWLRQDOO\ EDVHG RQ WKH QXPEHU DQG W\SH RI REMHFWV DQG UH
UHQGHUHU WDNHV DGGLWLRQDO WLPH WR UHQGHU WKH REMHFWV $ VI
ZKHUHDV D PRUH FRPSOLFDWHG LQSXW ZLWK D URRP PD\ WDNH ORQJHU
REMHFW FROOLVLRQV DQG RSWLPLVDWLRQV 7KLV ODWHQF\FDQEHLPS
ORDGLQJWKH GDWDVHW DQG WKH UHQGHULQJ RIREMHFWV LQ WKH VEHC

f7KHLQWHUIDFH DOORZV WKH XVHU WR VHOHFW D EDFNJURXQG DV D URF
LPDJHH[WUDFWHG ZLOO KDYH WKH  EDFNJURXQG 7KHLQWHUIDFH HQDE(
REMHFWYVY VKRXOG RUVKRXOG QRW EH SODFHG ZLWKLQ WKH URRP DQG C
LQWHUPV RI WKH FRORXU VL]HRUGHVLIJQ RI WKHURRP 6HOHFWLQJ WK
RIURRP ZRXOG HIWHQG RXU FXUUHQW VWDWH RI FRQWUROODELOLW\



'LVEXVVLRQV &RQFOXVL

I$QRWKHU GUDZEDFN RI 6FHQHS8, LV WKDW ZKHQ WKH FRQWH[W SDUD
LQ WKH VFHQ HHWYWWKHAMWRRULWKP H[SHFWV HILVWLQJUHODWLRQ QR
LQWKHVFHQH JUDSK ,Q RWKHU ZRUGV WKHLQSXW VKRXOG KDYH V
REMHFWV DQG WKLV LV FRQVLGHUHG D UHIHUHQFH WR LOQWURGXFH |
LVWHUHG LI WKH XVHU VSHFLILHV RQO\WKHREMHFWY WR EH LQLWLI

$+7KHJUDSK PDWFKLQJ SURNHVFWG REREG VY FHGHLRRVW VLPLODU VFHQH J
GDWDVHW WR WKH LQSXW JUDSK DQG SODFHV WKH PDWFKHG REMHF
UHVXOWLQJLQDVLJQLILFDQW UHOLDQFHRQ WKH GDWDVHW VFHQH
FRXOG OHDGWRDQLQSXWVFHQHJUDSKZLWKVHYHUDO XQDOLJQHG
SODFHPHQW RIREMHFWV ZLWK SRVVLEO\DQ LPSODXVLEOH OD\RXW
WR SODFH WKH JLYHQ FRPELQDWLRQ RI REMHFWV $Q LQFUHDVH L
OHDG WR LQWULFDWH VFHQH JUDSKVY VIQWKHVLVHG DV REMHFWYV KD
WKHUH LV D WUDGHRII EHWZHHQ KDYLQJ KLJK FRQWUROODELOLW\ L
JUDSK PD\KDYH YHU\ IHZ DOLJQHG QRGHYV

)XWXUH :RUN

7TKH OLPLWDWLRQVHFWIEBRYRNGGE&KY JDSV LQ WKH H[LVWLQJ ZRUN ZKLFK F
WR PDNH WKH V\VWHP EHWWHU 7KHPDLQ OLPLWDWLRQRIG6FHQHS8,LV LYV
GXHWR WKHWLPHFRQVWUDLQWY RI WKH WKHVLVY 7KXV WKHIROORZLC
DQG UHFRPPHQGHG WR LPSURYH6FHQHS8,1VVFDODELOLW\LQ JHQHUDW

f%DVHG RQ WKH ILUVW OLPLWDWLRQ GLVFXVVHG VFDODELOLW\RI J
VROYHG 7KLVFRXOGEHDSSURDFKHG E\SURYLGLQJDQLQSXWILOH
DWWULEXWHY VSDWLDO UHODWLRQV DQG WKH QXPEHU RILPDJHV V
LOQSXWVFHQHJUDSKIURPWKHVSHFLILFDWLRQV LV FUHDWHG WKH U
WKH FDPHUD DQJOH RI WKHVFHQH 7KLV DXWRPDWLRQ ZRXOG UHTX!
UHQGHUHUYV FDPHUD IXQFWLRQ WRYDU\WKHFDPHUDDQJOHRIWKF
LOWHUDFWLRQ 7KLV GLUHFWLRQ ZRXOG KRZHYHU UHTXLUH WKH XV
IRUGFHQHS,

F1$QDOWHUQDWHDSSURDFKWR JHQHUDWLQJ QXPHURXYV LPDJHV LV W
7KLY ZRXOG UHTXLUH 6FHQH8, WR EHGHSOR\HG DV DQDSSOLFDWLR(
WKH UHTXHVWHU VHHNV UHVSRQGHQWY WR GHVFULEH D VFHQH XVL
VHWWLQJVXFKDVDVWXG\URRPRUDGLQLQJURRP 7KHXVHU ZRXO(
DQGREMHFWSURSHUWLHVY WKDW WKH\H[SHFWDQG YLVXDOLVHWRE
ZDb\ VHYHUDO UHVSRQGHQWYV FDQ JHQHUDWH GLYHUVH LPDJHV IRU I
SURYLGHG 7KLV FRXOG EH IXUWKHU HIWHQGHG E\JLYLQJ DGGLWLF
KDYH OLNH WKH FRORXU RI D WDEOH RUWKH QXPEHU RI FKDLUV H[
6FHQH8, LVDOVR XVHG WR JHQHUDWH LPDJHV

F$IXWXUH GLUHFWLRQ WKDW VXSSRUWYVY ERWK WKH VFDODELOLW\ RI
EHWR H[SDQG DQG LQFOXGH DWWULEXWHYV IRU PRUH REMHFWYV WK
WKHVLYV 7KLV ZRXOG JLYH PRUH SURSHUWLHYVY WR FKRRVH IURP ZK't
LQYROYHD FROODERUDWLYHDSSURDFK ZKHUH VFHQHV IURP WKH GEC
OLIJKWHG ZLWK WKH REMHFWV WR H[SDQG RQ 7KHREMHFWY FRXOG E
GHWHUPLQLQJUHFXUULQJREMHFWYVY WKDW VKRZ YDULDWLRQV 7KH
GHWHUPLQHG LQ WKH VXUYH\E\FROOHFWLQJUHVSRQVHV DERXW Wt
RU FRORXU WKHUHE\ LQFUHDVLQJ WKH FRQWUROODEOH IHDWXUHYV
RWKHU GDWDVHWY EDVHG RQLQGRRU "REMHFWY ZLWK 6FHQHG6\QW
WKH YDULHW\DQG GLYHUVLW\RIH[LVWLQJREMHFWV DQG VFHQHV L

F$SOQRWKHU OLQH RI IXWXMHFARBRAYKVLRWIH® QG WKH TXHU\ VSHFLILFDW
RI6FHQH8, 7KLV ZRXOGLQFOXGH RRB UK BUWHKHDIWVHVORID WKHREMH |
VSHFLILHGDQG FRQVLGHULQJPRUHVFHQDULRVY ZLWK WKHFRPELQD
TXHULHV ZLWKD FRPELQDWLRQRIREMHFWYV EDVHG RQ &RQMXQFWLY
ZKLFK ZRXOG UHTXLUH D ORJLF EDVHG VROXWLRQ WR UHVROYH WKH



$SSHQGL[] 'DWDVHW 7UDLQ

7KHLPDJHVLQ WKH $SSHQE L$VEREW LIRRUWUHV SR QG VR "W WH FSMILR@ HQ W
DQG LPDJHV LQ$VHFWLRQQEG DUH XVHGAXHWKHQHUDWHIGSADIRMQW

$ %WLDVHG 'LQLQJS5RRP ,PDJHV

JLIXUH $ %LDVHG LPDJHV IURP WKH 'LQLQJ5RRP FODVV



$ $SSHQGL[ 'DWDVHW 7UDLQLQ.

$ %WLDVHG 6WXG\5RRP ,PDJHYV

JLIXUH $ %LDVHG LPDJHV IURP WKH 6WXG\5RRP FODVYV
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