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Abstract Immersive technologies have emerged as a new type of interactive system that aims to provide users with
immersive experiences. They have been adopted in various fields and are gradually becoming part of our lives. UX
is a key quality attribute to evaluate or model such experiences. However, when it comes to immersive experiences,
evaluating UX is particularly challenging because the user should not be interrupted to provide feedback. Aiming
at giving a step to address this issue, we have explored using ontologies from an ontology network to support
evaluating immersive experiences. In this work, we adopted the Human-Computer Interaction Ontology Network
(HCI-ON) and used an extract containing concepts from some of its networked ontologies to develop the User
eXperience evaluation based on Ontology Network (UXON), an ontology-based tool that supports UX experts
evaluating immersive experiences based on data recorded in interaction logs. HCI-ON is a framework for organizing
knowledge of the HCI domain, offering a general understanding of the field, regardless of specific solutions. UXON
was used to evaluate the UX of Compomus, an immersive application that supports collaborative music composition.
UXON extracts data from the application interaction logs, calculates UX metrics, and provides consolidated data
and information in graphs and tables. We conducted a study and collected feedback from the UXON developer and
three UX experts who used the tool. Results showed that using networked ontologies to develop a tool to support
UX evaluation is feasible and valuable. In summary, the ontologies helped at the conceptual level by offering a
basis to define the system’s structural model and at the implementation level by assigning semantics to data to make
inferences about UX. Based on the UX experts’ perceptions, UXON was considered a promising system, beneficial,
helpful, and easy to use. The conceptualization used to develop UXON was evaluated by HCI experts and it was
considered adequate and understandable, having the potential to be used by other people to solve HCI evaluation
problems.
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1 Introduction

In today’s digital world, effective interactive systems' are
crucial. Their success hinges not only on their ability to de-
liver functionalities that meet the user needs, but also on the
experience the system provokes in the users while interacting
with it [Hassan and Galal-Edeen, 2017].

Designing and evaluating interactive systems for human
use and the related phenomena are the main focus of the
Human-Computer Interaction area (HCI) [Barbosa et al.,
2021]. HCI community values the quality of use [Hassan
and Galal-Edeen, 2017] and develops and applies evaluation

'In this paper, the term “interactive system” is adopted with the same
meaning of “interactive computer system”, i.e., a combination of hardware
and software that receives input from and communicates output to users
[ISO, 2019].

methods to assess it [Preece et al., 2019; Carroll, 2014]. Us-
ability and user experience (UX) have been recognized as
determinants of the interactive system quality and indicators
of system success or failure [Hassan and Galal-Edeen, 2017].
In general, UX refers to the quality of the interaction between
an interactive system and its user. Therefore, usability can be
seen as a subset of UX [Hassan and Galal-Edeen, 2017].

Evaluating interactive systems requires capturing data re-
ferring to the system itself (e.g., its user interface) and its
use (e.g., the user interaction when using the system). We
can collect data in different ways, such as observation, in-
spection, and collection during system usage [Barbosa ef al.,
2021; Petrie and Bevan, 2009]. Usually, when evaluating
UX, it is common to observe users in a certain activity [Pet-
tersson et al., 2018] or use questionnaires for users to self-
report the experience. However, collecting data may not be
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trivial, particularly for systems involving many users and in-
teractions. In these cases, collecting data automatically is
helpful because it does not require user effort and contributes
to obtaining the necessary data for evaluation. Besides col-
lecting data, it is necessary to associate it with the qualities
to be evaluated and analyze data to get conclusions that char-
acterize the system and its use.

UX 1is subjective and associated with a broad range of
fuzzy and dynamic concepts, including emotional, affective,
experiential, hedonic, and aesthetic variables [Law ef al.,
2009]. UX is also understood in terms of its dimensions: En-
joyment/Fun, Motivation, Frustration, Engagement, and oth-
ers [Pettersson ef al., 2018]. Inferring the dimensions that
make up UX through automatic data collection is challeng-
ing. However, some dimensions, such as engagement, can be
analyzed from objective measures (e.g., considering the time
and number of interactions a user provides when interacting
with an interactive system [Marques et al., 2020]). Thus, we
can define metrics to collect data regarding the interaction
and analyze user engagement [O’Brien et al., 2018].

Interactive system evaluation also involves much knowl-
edge. Besides knowing the system qualities to be considered,
it is also necessary to understand the evaluation process and
adequately deal with collected data. Ontologies can help in
this matter. They have been recognized as an effective way to
structure knowledge and assign semantics to data [Feilmayr
and W68, 2016]. In this paper, we advocate using ontologies
to aid the evaluation of interactive systems. More specifi-
cally, we propose to use ontologies from HCI-ON, an on-
tology network that addresses the HCI domain [Costa ef al.,
20201, to develop a tool that helps evaluate the UX in immer-
sive technologies. Immersive technologies aim to engage
[Marques et al., 2020] and create a sense of immersion for
the user, to the point that the boundaries between the phys-
ical and virtual worlds are blurred [Suh and Prophet, 2018].
They include several types of technologies, such as virtual re-
ality (VR), augmented reality (AR), mixed reality (MR), and
mobile apps, among others [Suh and Prophet, 2018; Marques
et al., 2020].

HCI-ON [Costa et al., 2020] contains a set of intercon-
nected ontologies (i.e., networked ontologies) that provides a
comprehensive and consistent conceptualization of the HCI
domain, addressing subdomains such as HCI phenomena,
user, interactive system, HCI design, among others. The on-
tology network structures knowledge and provides a compre-
hensive and consistent conceptualization. Thus, when one
wants to use the conceptualization to address an HCI-related
problem, it is possible to use the ontology network as a whole
or only a fragment extracted according to the domain portion
of interest.

The tool, called UXON (User eXperience evaluation
based on Ontology Network), was developed to solve a prob-
lem reported by some HCI experts who needed to evaluate
the UX of Compomus, a mobile entertainment application
and immersive technology that can be used by many people
to collaboratively compose music.

Compomus UX is measured by means of user engagement
in the immersive interaction. Thus, it is necessary to collect
data during the user interaction with the mobile application,
use collected data to calculate UX metrics (e.g., engagement),
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and analyze them to get conclusions. Since interaction data
regards many users and should be collected without interrupt-
ing the user experience, it is not feasible to collect and ana-
lyze data manually. Thus, an automated solution is needed.

The solution uses networked ontologies from HCI-ON as
a basis for the tool, which collects and stores data, performs
reasoning, calculates UX metrics, and presents consolidated
data about UX. UXON was used by three HCI experts, who
considered it a promising system that was very helpful, use-
ful, and easy to use. Moreover, feedback provided by the
UXON developer indicates that the use of networked ontolo-
gies greatly supported the tool’s development. They helped
mainly in defining its structural model, better understanding
and covering the HCI domain addressed by it, and assigning
semantics to data, enabling inferences to evaluate UX.

This paper describes our experience using an extract of
HCI-ON to develop UXON and support UX evaluation. It
extends [Costa et al., 2024] by improving the paper back-
ground, introducing HCI-ON and its ontologies relevant to
this work, and describing further details about UXON and
the use of ontologies to develop it. We also detail the studies
performed to capture UXON users’ and developer feedback
about the tool and the use of networked ontologies to develop
it, and present the results (mainly qualitative) in full. Addi-
tionally, we present a new study performed to evaluate the
conceptualization (i.e., the HCI-ON extract) used to develop
UXON. The main contributions of this paper when compared
to [Costa et al., 2024] are a more comprehensive presentation
of HCI-ON, which helps understand the use of networked on-
tologies, and the new study, which provides (preliminary) ev-
idence that the conceptualization used to develop UXON is
adequate and understandable, having the potential to be used
by other people to address HCI evaluation problems (e.g.,
standards harmonization, tool development, and communi-
cation, among others).

This paper contributes to researchers by proposing net-
worked ontologies to address HCI evaluation aspects, explor-
ing their use to build a solution related to HCI evaluation,
and shining light on the need for addressing semantics in the
HCI domain. On the other hand, practitioners can benefit
from the developed tool and can learn how to develop simi-
lar ones to evaluate other interactive systems. Additionally,
the conceptualization used to develop UXON can be used by
other people in diverse HCI evaluation solutions.

The paper is organized as follows. Section 2 provides the
background for the paper. Section 3 introduces HCI-ON and
presents its fragment used to develop UXON. Section 4 in-
troduces the problem. Section 5 presents UXON. Section
6 concerns the studies carried out to capture UXON users’
and developer’s perceptions. Section 7 presents the study
performed to evaluate the conceptualization used to develop
UXON. Section 8 discusses related work. Lastly, Section 9
concludes the paper.
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2 Background

2.1 HCI Evaluation and Immersive Experi-
ence

UX and usability are two key quality attributes when evalu-
ating interactive systems. While usability is a task-oriented
attribute that measures the extent to which an interactive sys-
tem, product, or service allows users to achieve their goals
efficiently and effectively [ISO, 2018], UX is more holistic
[Nakamura et al., 2022; Barbosa et al., 2021; Hassan and
Galal-Edeen, 2017; Hassenzahl, 2008].

UX refers to the user’s overall experience when interacting
with an interactive system. It encompasses all aspects of the
user’s interaction, including usability, accessibility, and aes-
thetics, offering a much more holistic and dynamic take on
interaction with interactive systems [Pettersson et al., 2018].
UX has attracted increasing interest in recent years [Petters-
son et al., 2018], extending the perspective on usability to
less pragmatic, more hedonic, and non-task-oriented consid-
erations about interactive systems [Hassenzahl and Tractin-
sky, 2006; Hassenzahl, 2008].

In UX research, evaluation is one of the core pillars [Pet-
tersson et al., 2018]. Evaluating UX is challenging because
users may have trouble expressing their experiences if di-
rectly asked to [Rivero and Conte, 2017]. The challenge
becomes even more complicated when dealing with experi-
ences in which the user cannot be interrupted to provide feed-
back, such as those experiences provided by immersive tech-
nologies. In general, immersive technology blurs the bound-
ary between the physical and virtual worlds and enables users
to experience new sensations, such as immersion [Suh and
Prophet, 2018].

There are methods in which UX evaluation is based on
user observation [Petrie and Bevan, 2009], which allows the
recording of interaction data and measurement of collected
data [Barbosa et al., 2021] to reach conclusions about these
characteristics of quality of use. Observation ensures that
the user is not interrupted during their interaction experience
[Preece et al., 2019]. Observation methods can be classi-
fied as direct (user-based evaluation), when data is directly
recorded by the evaluator observing the user; and indirect
(data collected during usage), when data is recorded by the
system itself during its use (interaction logging) — i.e., it is
indirectly recorded and does not require the presence of the
evaluator during data collection [Barbosa et al., 2021; Preece
etal.,2019; Petrie and Bevan, 2009]. In both, data from inter-
actions and situations that may occur while the user interacts
with the system are recorded and analyzed (or measured) and
allow identifying problems during the user experience [Bar-
bosa et al., 2021; Preece et al., 2019].

Direct observation is best when a small group of users is
involved. On the other hand, when it is necessary to observe
the interaction of many users, indirect observation becomes
more appropriate. Both can involve metrics and measure-
ments of collected data and can be complemented with in-
terviews and questionnaires applied to users after using the
system [Preece ef al., 2019; Petrie and Bevan, 2009].

A metric? allows characterizing a particular entity by quan-

2In this work, the terms metric and measure are adopted as synony-
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tifying its properties [Barcellos et al., 2010]. Thus, metrics
related to UX quantitatively describe some perspectives of
this experience [Albert and Tullis, 2013]. They show, based
on quantitative values, some aspects of the interaction be-
tween the user and the system, such as effectiveness (ability
to perform a task) and efficiency (the amount of effort used
to complete the task). In our work, metrics are applied to
data from interaction logs to quantify UX in the immersive
context (details in Section 4).

2.2 Ontology and Ontology Network

An ontology is a formal and explicit specification of a shared
conceptualization [Studer et al., 1998]. The conceptualiza-
tion is an abstract and simplified view of the world that is
intended to be represented for some reason. Every system is
committed, either explicitly or implicitly, with one concep-
tualization [Staab and Studer, 2004].

According to Scherp et al. [2011], ontologies can be clas-
sified into foundational, core, and domain generality lev-
els. Foundational ontologies aim at modeling the very ba-
sic and general concepts and relations that make up the
world (including domain-independent notions, such as ob-
jects, events, participation, and parthood) [Guarino, 1998].
They are generic across any area, highly reusable in differ-
ent modeling scenarios (domain-independent), and represent
the highest-level ontologies. Core ontologies provide a re-
finement to foundational ontologies by adding detailed con-
cepts and relations in a specific area (such as service, pro-
cess, organizational structure) that still spans across various
(sub)domains. Core ontologies are situated in between foun-
dational and domain ontologies and, despite being more gen-
eral than domain ontologies, are domain-dependent. Finally,
domain ontologies describe knowledge that is specific to a
particular domain (e.g., an ontology about the anatomy of the
human body)and represent the lowest-level ontologies. They
can make use of/be based on foundational ontologies or core
ontologies by specializing their concepts.

Another important distinction differentiates ontologies as
conceptual models, called reference ontologies, from ontolo-
gies as computational artifacts, called operational ontologies
[Guarino ef al., 2009; Guizzardi, 2007]. A reference ontol-
ogy is constructed with the goal of making the best possible
description of the domain in reality, regardless of its com-
putational properties. Operational ontologies, in turn, are
designed with the focus on guaranteeing desirable computa-
tional properties and, thus, are machine-readable ontologies.

Both reference and operational ontologies have been used
to aid software development. The former is suitable for sup-
porting the description of the application domain itself and
is applied in development time, a.k.a, ontology-driven devel-
opment (ODD) [Happel and Seedorf, 2006]. The latter is
appropriate for use as primary artifacts in run-time and plays
a major role in application logic, a.k.a, ontology-based ar-
chitecture (OBA) [Happel and Seedorf, 2006]. When devel-
oping the tool proposed in this work, reference ontologies
supported ODD and operational ontologies supported OBA
(details in Section 5).

mous.
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Specially for a complex domain (such as HCI), represent-
ing its knowledge as a single ontology results in a large
and monolithic ontology that is hard to manipulate, use, and
maintain [Sudrez-Figueroa et al., 2012]. On the other hand,
representing each sub-domain in isolation is a costly task that
leads to a very fragmented solution that is again hard to han-
dle [Ruy et al., 2016]. In such cases, building an ontology
network (ON) is an adequate solution [Suarez-Figueroa et al.,
2012; Ruy et al., 2016].

An ON is a collection of ontologies, included in such a
network, related together through a variety of relationships,
such as modularization, alignment, and dependency, sharing
concepts and relations with other ontologies. Accordingly, a
networked ontology is an ontology included in the network,
sharing relationships with a potentially large number of other
ontologies and, thus, forming a network of interlinked se-
mantic resources [Suarez-Figueroa et al., 2012; Costa et al.,
2020].

ONs enable to establish a comprehensive conceptualiza-
tion that provides a common understanding of the domain
and can be used as a reference to solve semantic interoper-
ability and knowledge problems related to the conceptualiza-
tion as a whole or to extracts of it. Hence, integrating several
ontologies into an ON provides a framework that can be ex-
plored to potentialize and increase the set of solutions in the
universe of discourse addressed by the ON [Ruy et al., 2016;
Costa et al., 2020].

Developing an ON may require effort (particularly at the
beginning, if existing ontologies need to be put in correspon-
dence, merged, integrated, etc.). However, the effort is worth
it because the ON potentializes knowledge reuse and growth
and, as a consequence, promotes more robust and compre-
hensive ontology-based solutions. Moreover, if ontologies
are organized in an ON, when ontologies are needed in sce-
narios spanning different sub-domains, instead of spending
effort to integrate several ontologies, one can just extract the
ON portion to be used [Costa et al., 2020].

In the work described in this paper, we used networked
ontologies of HCI-ON [Costa et al., 2020], an HCI ontology
network that is introduced in the next section.

3 The Human-Computer Interaction
Ontology Network (HCI-ON)

The Human-Computer Interaction Ontology Network (HCI-
ON) is a knowledge framework of HCI that provides a
general and solution-independent conceptualization result-
ing from an intensive HCI domain analysis [Costa et al.,
2020, 2022; Costa, 2022]. HCI-ON is an ontology network
that contains several networked ontologies addressing HCI
subdomains. The network is organized in layers according to
the ontologies’ generality level, favoring knowledge growth,
reuse, and integration. At the top, HCI-ON has the Uni-
fied Foundational Ontology (UFO) [Guizzardi, 2005], which
models basic and general concepts and relations that make
up the world (such as objects, events, participation, and part-
hood) and provides the well-defined and common ground to
all HCI-ON ontologies. At the center, core ontologies refine
general concepts by adding concepts and relations of a spe-
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cific area that still spans across various subdomains. Lastly,
at the bottom, domain ontologies describe knowledge spe-
cific to a particular domain.

Figure 1 presents an overview of HCI-ON current version.
In the figure, each circle represents an ontology. Dotted cir-
cles represent HCI-ON ontologies under development. Ar-
rows denote the dependency relationship between networked
ontologies. The dependency relationship indicates that con-
cepts from the target ontology are reused by the source on-
tology.

HCI-ON addresses HCI core aspects and sub-domains,
adopting an architecture that promotes knowledge organiza-
tion. HCI-ON adopts a three-layered architecture by follow-
ing the classification proposed in [Scherp et al.,2011]. In the
background, we have a foundational ontology (the Unified
Foundational Ontology — UFO [Guizzardi, 2005; Guizzardi
etal., 2008, 2013]) to provide the general ground knowledge
for classifying concepts and relations in the ON>. In the cen-
ter, core ontologies are used to represent the general domain
knowledge, being the basis for the sub-domain networked
ontologies. Last, domain-specific ontologies appear, describ-
ing more specific knowledge.

In a nutshell, the foundational layer offers the ontological
distinctions for the core and domain layers, while the core
layer offers the HCI core knowledge for building the domain
networked ontologies. This way of grounding the ontologies
in the network is helpful for engineering the networked on-
tologies, since it provides ontological consistency and makes
several modeling decisions easier, contributing to knowledge
grounding and consistency. Moreover, HCI is a very interre-
lated domain and, as HCI-ON increases, it has more ontolo-
gies with concepts and relations potentially reusable by the
new ontologies. This reuse-based development promoted by
the ON contributes to knowledge growth.

Currently, HCI-ON includes ten ontologies and more
than 100 concepts. At the core layer, there is the Human-
Computer Interaction Ontology (HCIO), which addresses
what an interactive computer system is, user actions taken in
an interaction, and how an interaction happens [Costa ef al.,
2022]. There is also the Core Ontology on Measurement
(COM) [Barcellos et al., 2014], which addresses core con-
cepts related to measurement and is an external core ontol-
ogy (in the sense that it is not devoted to the HCI domain) that
was integrated into HCI-ON during this work. Atthe domain
layer, there are nine ontologies, namely: User Characteriza-
tion Ontology (UCQ), which concers aspects related to user
characteristics; Ul Types and Elements Ontology (UIT&EO),
which addresses Ul types and its components; Adaptive Inter-
face Ontology (AlO), which deals with AUI, its components
and customizations; User Profile Ontology (UPO), which ad-
dresses general aspects of the user profile and useful infor-
mation for managing and improving interface adaptations;
Context of Use Ontology (CUO), which involves concepts
describing the elements that characterize a context of use,
such as physical and social environments wherein the interac-
tion occurs; HCI Modality Ontology (HCIMO), which treats
HCI styles/paradigms (modalities of interaction); HCI Qual-

3Dicussions about UFO and its use to ground HCI-ON core and domain
ontologies are out of the scope of this paper. Information about that can be
found in [Costa et al., 2020, 2022; Costa, 2022].
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SURSHUWLIW HAKDXFMW LY H & REPVSHKW, )
IDFHXPDQ &RPSXWHUDGB®HUBPWWRELSDWLRQ

DUH PHDVXUDE O HBQWANCIHW EKE OB FWHKIY Wiy §
DUH SURSHUWLHV WKDW FDQ EH PHDV XU D\/{JWFIRIQLE]LHQ\/%W%I_IL SUR
OHDVXUDEOH (OHPHQWYV &RPSRBPD]RGIVDO 0DUTXMWDO @ LV

$OHDVXWUR WLPHVSHQW WR ORJ LQ QVIKHPHWW.HM FOMWEHD O PXVLF FRPSRVL'
HISUHVVHEDIMXDHHBQLWHFRQG6BPQRCHWBVWY LOQWHUDFWLRQ GDWD LQWHUDFW
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GXULQJWKHFROOHFWLYH SURGXFW IIR® RH R XMIFHUWKMRHR FEK<UH RIDGRKE IR X RIQF F R P
SRVLWLRQHYHQW LV FDUULHG RXW L\QL WH\R\QL RQ VLAERE B XU IS W & HD GWWLUPIHW L R (
LQWHUYDODQG LQ JURXSV RI SHRSOMQWR ® MWKXE & R XU IR WER R\PK H WL P H WK
ZLWK IRXU VSHDNHUV (DFK SHRERPEBR WR WK S&BIQNELR Q\XWRWKH VR 83688 FRK®@VH
PXRQ WKHLU FHOO SKRQH WR FKRRV HS$ILLPR.R) J WR XH\G RIUWRWOQEE WKH LQWHUDF
JLIXUH-KHQ D SHUVRQ FKRRVHV D VRXQR® H |8 HVISHDPEH® BQDQDO\]H WKH XVH
WKH VSHDNHU FORVHVW WR WKDW S i&HVB R PMUPK ©&V, BIQ$IHRXW © X R IGWVD D U H
WKH VRXQGV FKRVHQ E\ WKH RWKHUVBR B IO F X & D QM WAKKRDRIO SHRRZORQVIEP HW U L F
7KHLGHD LV WKDW WKHVRXQGRIHDFK SHUVRQDQG WKHLUUHVSHFWLYH
PRYHPHQWY FUHDWH D PXVLFDO FRPSREVWURQ WHRE®B\G LAMHIGPWRI QYHDFWLY L)
RI SUHVHQFH GHSWK SHUFHSWLRQ 10R¥HRQEOREQVRHHFRPGWW AKH, Q WKLV VH
VSHDNHUV DUH JHRJUDSKLFDOO\ SRV L WIWREQES L QRWHPL Q B WVIKYH. RV DLV RH L Q W H
HQYLURQPHQW D UHFWDQJOH DQG SHRDQHVPRYGF BLWKH @& MO VRYQI UV WKH
YLURQPHQW VHOHFWLQJ SOD\LQJ VRX@GY¥ RODWMK )Y DHIWNHWHOWKEY RYIKPPHU®
LQWHUDF#RMRSRPXWKUHRU HDFK SHUVRRQ@IQ®BKH LQGLYLGXDO XVHU LQWHUDF
HDFKPRYHPHQW RUVRXQG FKRRPBRQ WRILWKOWRHRQRHEQWH WKHTRYHRE OO H
PXVHFRUGVLQDQLQWHUD®KHRRO®RR ZLQHIL HLHIE WH U RTX J B WG H Q/GY D B WY K H
GDWBUVYRQWLEKROOQRXQIGUVW OLQH RIHJIXHWHBLHQFH 7K XREWDILEHG WKUR)
ORJRII WiLPBQG WKH XVHUORJLQ WLF
QDOO\ WKH L QW UIDFRMOLGRRX\W DRVHH G X \
IROORZLQJIRUPXODV

Tsg = (Ty  T)

Tii =(Tort Tin)

Toec = % 100

$+8VHU LQWHUQWWURGWLRQ FDQ EH XQ
DWWULEXWH RI LQWHUDFWLYLW\ WK
KXPDQ FRPSXWHU LQWHUDFWLRQ ,Q
LVUHVSRQVLEOHIRUHYDOXDWLQJ WK
LW\ WLPHLQ WHUPV RI HDFK SDUWLFL
JLIXUH&RPSRPMMQWLURQPHQW $C$[99\]\RI]ADN/CDQJRPWLYH SDUWLFLSDV\&L%RFWWHKHFFX)Q’G
@ FKDQURXQ@® G WKH JHROREDWLRI) FKI
FRQVLGHUHG 7KLV PHWULF LV FDOFX

LQJIRUPXOD

X

7KH DERYH IRUPXOD LV JHQHULF IRU "
PHWULF 7KHVXPLQGLFDWHV WKH QX|
LV WKH YDULDEOH WKDW UHSUHVHQW
DQG WKH YD ULWMRILELIRPHY WKH QX
UHFRUGV
$+3HUFHQWDJH RI UGIWSRQFUWH@RQWR JH
FHQW RI XVHUV LQWHUDFWLRQ XVLQ.
KLIKHVW QXPEHU RIEB@RKUFPDAVLRQV |
DQG DQDO\]LQJ WKH RWKHU SDUWLFL
YDOXH 7KH YDULDEOHV RI WKLV PHW!
JLIXUNHUDIPHQRPBIREQWHUDFWLRQ ORJILOIT_Izl LQWHUDF\MLFF&Q\NVFK”‘D(VHOXH RI WKH

C RIXVHU L QUVMHQ® MMHR@ OXH R1 WKH P
SHUWRIQHUV WR WKH SDUW[LHLQOG/QRV LDd‘(/\PHUBIE’WLRQ R1 WK IE QN KPR L Y H

$V WKH PXVLF FRPSRVLWLRQ HOYLURQPHQW (K WY P BEWHLF RYFP REEODWHG XVLQJ

UHIHUVWRWKHWKLUG GLPHQVLRQLQDGLPHQVLRQ VWUXFWXUH GHVSLWHEHLQJUHFRUGHG
LQ WKH ORJ LWLV QRW XVHG DV LW GRHVY QRW UHIOHFW DQ LQWHUDFM’\QURQ RI JHRORFDWLRQ
FKDQJH LQ VERIP SR PR MCp
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TRH[WUDFW GDWD IURP WKH ORJ IL O N IDWQGBEOMI R ¥ HP SION-PBFIMKEDVIDIMRAH GL G Q
WKHPHWULFV WKH +&, HISHUWYV KD QW R ZQWWWHKEQG B MXFRXDNEHD HRQMAL W\ FRQF
7TKLVUHTXLUHG PXFKHIIRUW ZDV HUWRM &8 RHQ&HD iy QFHHRBCWLGOIG OVLMG PHW UL
WOH VXSSRUW IRU GDWD DQDO\VLYV GYXBHGILWR;RXILOG\DHEHW/DW W UFRARB®XMWLHR\Q
WLRQ WR VXSSRUW +&, HISHUWYV WR HMDGDW MRHEE HINZ G A R @QWIDG/EKWIDEO H (QW L)Y
WKHVXFFHVVIXODSSOLFDWLRQ RI RQWRHOQRW HEGVEMRVVZRIE QH YR MXZUDHPH QM D Q (
YHORSPHQW SUREQWRVHW@LGRHUDIJHOWKH UHODWIRQ Q@ MBEEMWGH BYQ 8VHU 3DUWL
HW DO &DOHWRDO@ DQG WKH SURPIDQR® OIKXVWXXRIH ZDV FUHDWHG HYHQ WKRX
QHWZRUNHG BRWWR ORI@HYH GHFLGHEMWRBPWBLQHG IURP WKH UHODWLRQVKLS
ROQWRORJLHV IURP +&, 21 WR GHYHORSBQR1WBPVXBBHBRHQYVW, DQG OHDVXUH L
HYDOXDWLRQ VXUH8QLW OHDVXUHPHQW )RUPXOD DQ

FRQFHSWYV ZHUH UHSUHVHQWHG DV DWW

VXUHG 9DOXH FRQFHSW ZDV UHSUHV}
8;21 8VHUSHULHQFH HY%&&\@L& DWWULEXWHV ZHUH FU

EDVHG@®WRQARWZRUN WKHHYDOXDWRUfV QDPHDQG LWV FRPP
= - DQDO\VLYVY :HDOVRDGMXVWHG WKH PRGH

$Q RYHUYLHZ RI8;21 LV VKRRQ®L@MX)W ¥kl VSHFLILF WR WKH SUREOHP GRPDL
&RPSRFRSWXUHYV GDWD UHJDUGLQJ WKRA XWMYL 6 WWUH Y MRLR\GHHEP UWLFLSD\
UHFRUGV LW LQ WKH LQWHUDFWLRQ Q@RUHUBRWERR SYRHYWEWDIVERWRSD ERXW V
ORDGV WKH LQWHUDFWLRQ ORJ ILOHL Q&RRS RRKV / XMHWDSW NG BDWLRQ JH
IRUPDQG /RDG SURFHVV LV SHUIR UPHZEGXLMQA Y bl WIKFHWHER Q@ Wi P H
WUDFWWRDVVLIQVHPDQWLFV WR G D WIBI XWDRANVMWIRHU H 8 Y 0 DWW RLISFORH/FNHRB WM
WR FDOFXODWH PHWULFV DQG SURYPERHRMWWMHAPUOM D FRWERSWXKERKHG RQ
LV VHDUFKHG XVLIQKH6B$54O0OWYV FDQ EHHWLRWDOKHHP PH OD\HU 'RXEOHG GRW
LQ GLIIHUHQW JUDSKV DQG WDEOHV FHSW BERYIdX RW R®@ WIROMIG HWIWRP GLII
WKH UHVXOWYV DQG DQDO\VJHV WKHP 'BWDVW3H GQOFAAVY KRAG R W VURPHWV KH L«
UHFRUGHG LQDQHYDOXDWLRQ UHSRRUQVH FKHS@ HI-UREWY R P SSHG WVRHE 21 FRQF
VLVWHQFHLQWKHWULSOHVWRUH D8B@HB$S47 KKk QWHUPFWXRQWKRHE KEDGHU
HUDWLRQDO YHUVLRQ RI WKH +&, 21 APWHIDE W RRFRRESES W WRE RUSHWWRQ E X
LQ WKHVROXWLRQ LV D X8\NHHUUKR KDV D Q LXGWHQUBLKEHHYR XQ G
7KH GHYHORSPHQW RI 8;21 ZzDV EDVHKE RYIWKRIE VWK IHRORFDWLRQ FKDQJH
H[WUDFW SUHVHQWHG IIR®D ORZ\W GRQKAKHEMLRWMHIWDFWLQJ ZLWK WKH DSSOLFD!
'ULYHQ 'HYHORSPHQW 2'" DQG 2QWRGRMRADN@EG $W KXY wHIrU 8N\ U SSDW MRLE IHS
WXUHV 2%$ DSBBRBEPKHYG 6 H® G RKHVLRODKIR XQYEPHDQ®UH SURSHUWLHV RIW
+&, 21 H{IWUDFW SOD\HG D IXQGDPHQWDbRWROE WW> XC\H & Mid i SELBSR BLE B ME KR/
WLPH 2'" LWFRQWULEXWHG WR XQ&HWHPWHGAN R YWRHM ith SDWMOF DASIBIR WEE X
GRPDLQ L H +&,HYDOXDWLRQ DQG ¢RH®@WbULaH Y1 W K ¥ B8N N @GMIRIEBZQWE L
DQG DSSOLFDWLRQ ORJLF WUDQVODMKRE LQW R LERKWE H VR WERHPHF Y R FIDBVHFR
JRULWKPV DQG GHILQLQJ 8;21 FRQF K 8§ X DRORNMDRE R RBDORAFRAYWNERIBIV JHRO
7KH +&, 21 IUDJPHQW UHIHUHQFH FRGRRSWXDO PRGHO ZDV
WUDQVFULEHG LQWR 2:/ UHVXOWLQJ I &HRXAPRS &RIP RXSW U F QW G B B FIWHLSRUH V H
DUWLIDFW ZKLFKDWUXQ WLPH 2%¥HYOBEDAG W&W H/SRMRIFRQY RI D SHUVR
$V RQWRS8;21 LV DQ 5') JUDSK NQR ZOWHGBI\HL RIS & kHU | JpB@/N\RH LVE WU @QAKD W V H \
XVHGDVWKHGDWDVHW GDWD PRGH{YLRRWK@S PPRAWDAISOHWWRHIPER G XUDWL
ILJXUDWLRQ &RQVHTXHQWO\ RQWRKFLB Y W\DKIRNENT (RRHPIER. GRS/ & X U DRALIVRLQD
TXHULHV 63%$54/ DFURVVLW 7RSXWIRVPOWORWKUBEWDDbOHGIMWRE WKH ORJ
DQGDOVRPHDVXUHG YDOXHV DUH L QD@ W WgH ODFML R ;¥ RbWIGH VHV VL
ODWHU VWRUHG LQ WKH WULSOHVWRWKHZKQW K U ? W BAARVS\YRHEREWEGMERHN H V'V
TXHULHV ,Q WKHQH[W VHFWLRQV ZWE§EUMWUHPHWWK H BV LFIRRQE¥WOUWHG ZKLF

WXDO PRGHO RQWRS8:21 DQG GHVFULEHNRRIHWK B RE H ¢ ®BBWMWPLHE XWH VWRUH
WKH VHVVLRQ HQGHG ZKLFK LV UHFRUG

8;21MV&RQFHSWXDO ORGHO
$OLQIRUPDWLRRQFRIGIYY ZKDW NLQG RI LQIRUPI
$IWHU VHOHFWLQJ WKH +&, 21 |UDJPW@N@@@HVW&MJWWVQS@NUWJ GHPDQGVR

GHYHORSPHQW ZHPDGH VRPH DGM@W\%’%Q%WF D&EL%WQD*H@WSESHSVWZ'
PRGHO WR WXUQ LW LQWR DQ LQIRURDWIUR Qo R &Hr BKFbY PRI LOQWR DQ L¢

PRGHO SUHVHUYHVY WKH FRQFHSWXDOL]DWLRQLQT
SXWLQJGEPDQBVHWWRDQ®& $OPHLGD

63$54/LVDTXHU\ODQJXDJHIRUS5'") ,WFDQ EH XRHG/WRSHIBIULFDWLRHULHNVRQV DOWKRXJIK WKH
DFURVV GLYHUVH GDWD VRXUFHV ZKHWKHU VEKHTGDQ@W LM N & EUPIRBUHDWHY®Q GQHVPHPRXUH LQ 8;.
YLHZHG DV 5') YLD PLGGOHZDUH HJ LQWHUDFWLRQ LQWHUDFWLYLW\ LV WUHDWH!
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)LIXUB;21 RYHUYLHZ

ORJ 7KHGLIIHUHQFHEHWZHHQ WKH MWGQ@SB/W UB B D\Y CRYEE B W XWEDERVDEY WMV LD QG L\
WKH VHVVLRQ GXUDWLRQ KKIEKGOWVUBMARBGUHHGORIDBNY RPIMAXD. GO\ OLQHV  WR

DWWULEXWH WKH DWWULEXWH G DRVDBPHRDYXKUMGBQY D |

7KH RWKHU FRQFHSWV LQ WKH FRQ WHIHDXXO I? RIBMW FSIRVERIVE D VR Q FH S W X I

D GLUHFW PDSSLQJ ZLWK GDWD |U R PGW KIHQHOWHUG BN RIDARYSCHRDO V 7 K H\

UHSUHVHQW FRQFHSWV QHFHVVDU\ WRHWHRWH. 6 BIVEDWHFTRQRIGIBIWIRVF RUU S ')

RXW PHDVXUHPHQW EDVHG 8; HY DO XODMLREOWD Q& MIKRIZIDGNGEX VW ROHBLYNG U E © QVHH

PDGHLQ WKLVFRQWH[W ZHUH H[SODLRUWHEGBDRRHUBIBMHFW @ DQG 5') JUDDBXKXVLJ

WUDWHV WKHVH IUDJPHQWYV LQ WKH IRU

RQWRS8;21 2SHUDWLRQDO 2 RO RYY JUDSKV DUH XVHG DV GDWD

WRUH IRUPDW L H VXEMHFW SUHGLF

JURP 8;21 FRQFHSWXDO PRGHO ZH FY K DW B CARIFEWMEePX MEKQXBM7Xm72bX# f

WUDQVFULELQJWKH PRGHO WR 2X/UHG-RiWsH R & RIMGH I p
SUHVHQWV IUDJPHQWYV RI RQWRS8:21 FRGH

Q)LIXWHQHV WR SUHVHQWDQH[FHUSW IURP WKH 2:/
FRGH UHIHUOHQY WRDAHER MAODVVHY FRQ8:21TV )HDWXUHYV
FHSWV RIWKHB8:21FRQFHSWXDOPRGHO /LQHV 'WR UHJDUG
WKINBPHDVXBERBEW SURSHUW\ UHOQ® WLKRYVKH BVEHRNYZ HHQSUHVHQW VRPH F
E\VKRZLQJ VFUHHQVKRWY DQG EULHI GF

3URWpJp LV D IUHH DQG RSHQ VRXUFH RQWRBRH HEVWRY DR PERAMB W HE + QKf+7K Mb
ZDV IsPL@7BM HHKH WRRO LV DXNIDObOMDEENKM DW
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)LIXUB;21 FRQFHSWXDO PRGHO

M2KQXBM7Xm72bX:# BWRWIGH D YLGHRKKRRR@®IPDLQ SIDKH ORIXUGH V UHIHU
KRZ 8:21 ZRURNTDWf#BiXHVfISPLNQp2&RPIRFKHVVLRQ V WR EH FRQVLGHUHG L
8:21 GHYHORSPHQW DGRSWHG WHFK®R & EDLAHW WRKOWGH QK EOHRRHOEH [W U D F W V
VROXWLRQV VXFKDV WKH)ODVN ZHE/WD® WZRWNH WKH BOWRIQRVYRSBURL DFFRUG L
JUDPPLQJODQJXDJH WKH +70/ PDUNWS W XY HVRE B V&R XVHV H{WUDFWH
VW\OLQJ 6HPWARKERIDRILHYV ZHUH DOVR/XVOIG WRVAUDIQWIHD WHY WKH YDOXHYV
DQG KDQGOH WKH RSHUDWLRQDO R QADRMIRUIV QIXXWOSBHUYLYWHG LQ WKH WUL
DQG 63$54/ ODQJXDJHV DQG WKH 2ZONKIH 8\ HYQ® EDMWWH FOIQ YLVXDOL]H WKH
EUDULHV EOHV )RU H[DPSOH WKH 8; HYDOXDWRU
'KHQ XVLQJWKH 8;21 WKH 8; HY DO XWWHR Y P X MVXSHDRD\G RWR WKH PHWULFV
XVHUV WKDW SDUWLFLSDWHG LQ WKH FR

7KHB6HPDQWLF :HELVWKHZHE WKDW FDQ EN KRRAFMRMIE F\FFE Bl QUK RMWOVG RT JUDSKYV SUR
WKDW DW WKH VDPH WLPH LV UHDGDEOH E\ KXPDQV ,WDGRSWV : & WHFKQRORJ\
VWDQGRUGV®@ JLJIXUHOOXVWUDWHY EDU FKDUMYY VKR Z
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