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Serious games are referred as entertaining tools with a purpose of education, where players
cultivate their knowledge and practice their skills through overcoming numerous hindrances
during gaming. The correct implementation of serious games is extremely important to en-
sure a high level of adoption of the competencies by the game users, which can be even
more challenging if we target autistic children. Understanding the actual needs of Children
with Autism Spectrum Disorder (ASD) and supporting their learning activity through serious
games can be a burden especially for game developers. This master thesis presents logs based
verification tool, named Game verification Tool (GVT), to assist game developers identify
potential scenes of the serious games that might be causing any negative emotion on the
autistic children. Our approach focuses on monitoring negative emotions, like stress, de-
rived from physiological data. GVT architecture follows a client sever model, which enables
to merge the game logs (hosted at the client side) with the emotional data logs gathered via
Bluetooth. The data analysis and visualisation which carried out at the server side, should
provide relevant information to support developers to enhance the quality of serious games
targeting autistic people.
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SYMBOLS AND ABBREVIATIONS

Symbols

Avg Stress Scene average stress in scene
EO event-0

E1l event-1

E2 event-2

En event-n

t time

ta time accumulation
ts time spent

tScene total time in scene
Abbreviations

AHP_HeGES Analytic Hierarchy Process Based Holistic Online Evaluation System for

Educational Computer Game
ANS Autonomic Nervous System
ASD Autism Spectrum Disorder
BT Bluetooth
CiTIUS Centro Singular de Investigacion en Tecnoloxias Intelixentes
CORGIS Challenge Originating from Recent Gameplay Interaction Scale
CSL Computerized Speech Lab
DBP Diastolic Blood Pressure
DES Differential Emotions Scale

ED Emotion Detector



EDA Electrodermal Activity

EEG Electroencephalograph

EMG Electromyography

FACS Facial Action Coding System

FPA Finger Pulse Amplitude

GAME Game As a Measurement Environment
GEQ Game Experience Questionnaire

GSR Galvanic Skin Response

GUI Graphical User Interface

GUR Games User Research

GVT Game verification Tool

HBA Heart Beat Amplitude

HE Heuristic Evaluation

HEP Heuristic Evaluation for Playability

HR Heart Rate

HRV Heart Rate Variability

MAACL-R R-Multiple Affect Adjective Checklist
MACL Mood Adjective Checklist

MEEGA+ Systematic Model to Evaluate Educational Games
PANAS-X Expanded Form of the Positive and Negative Affect Schedule
PENS Player Experience of Need Satisfaction
PEP Pre-Ejection Period

PHE Playability Heuristic Evaluation

PHEG Playability Heuristic for Educational Game

POMS Profile of Mood States
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PTE Pulse Transmission time to the Ear

PTF Pulse Transmission times to the Finger
SBP Systolic Blood Pressure

SCL Skin Conductance Level

SDT Self-determination Theory

SG Serious Games

SPGQ Social Presence in Gaming Questionnaire
UI User Interface

UsaECG Usability of Educational Computer Games
V&V Verification and Validation

VGDS Video Game Demand Scale

VT Verification Tool
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1 INTRODUCTION

Information technology is a well-known field that can combine multidisciplinary works. We
can see how various innovations were created from combining the fields of computer sci-
ence with other applied science can assist people. The advancement of software engineering
combined with the health sector can help people with special needs, allowing to promote in-
clusiveness. In this project, author’s main focus is to assist game developers in identifying
elements within their games that have the potential to trigger high levels of stress in players
with Autism Spectrum Disorder (ASD).

1.1 Problem

One of the main common trait of children with ASD is a lack of stress management (White
et al. 2009). The absence of stress management encompasses the following characteristics:
quick boredom, outbursts of anger, and emotional meltdowns, all of which contribute to their
aggressive behaviors (Overskeid 2016; White et al. 2009). Due to the impact of these relation-
ships, there is a significant likelihood that such aggressive behaviors occur when the children
engage in educational activities, particularly at school (Machalicek et al. 2007). Meanwhile,
ensuring emotional stability serves as an effective method for preventing aggressive behavior
in children with autism (Berkovits et al. 2016).

Utilizing Serious Games (SG) is considered one of the most effective approaches to engage
children with ASD in enjoyable educational activities (Tsikinas and Xinogalos 2018). How-
ever, SG can potentially impact the stress levels since it may elevate mental workload in
correlation with learning effects (Cowley et al. 2014; Zhonggen 2019) especially for chil-
dren with mental disorders. Therefore, in order to minimize potential negative outcomes
when children with ASD engage in SG, it would be advantageous to have a tool that can
assess and analyze the suitability of SG for autistic children that taking into account these

specific aspects.

Numerous guidelines, case studies, and verification tools have been developed for both games
and SG, with the purpose of evaluating, identifying, validating, and analyzing various game
design elements . While many of these resources primarily focus on improving game design
to enhance player satisfaction, those of that may also be utilized to optimize the game experi-
ence for specific user groups such as autistic children. Additionally, there was an interesting
case study related to design guidelines for serious games that are targeting autistic people

(Tsikinas and Xinogalos 2019). However, there has been a limited emphasis on the develop-



ment of Verification Tool (VT) specifically aimed at examining the feasibility of games for
the targeted players with the goal of maintaining their emotional stability. Creating a dedi-
cated VT for this purpose can greatly assist game developers in identifying elements within
their games that may induce high stress levels in autistic players. This, in turn, will enable
developers to design serious games that minimize stress and create a more comfortable and

enjoyable experience in learning activity for autistic players.

1.2 Goal and Research Questions

In this master thesis work, the development of a Game Verification Tool (GVT) aims at pro-
viding support to enhance the design of serious games for autistic children was proposed.
This tool will guide game developers in analyzing game elements that may trigger high stress
levels. The GVT integrates game player logs and emotion logs, which represent the player’s
stress level. The GVT will be connected to an emotion detector app on a mobile device
through web client-server. Players will wear a wearable sensor that generates real-time data
which then be sent to the mobile app Emotion Detector (ED) by Bluetooth (BT). By estab-
lishing a web client-server connection between the GVT and the mobile device, the GVT will

retrieve data from the app and analyze it.

In this study, the work is served the purpose to answer the following research questions:
RQ1 What technologies or methods are used for games verification tools?
Rational: Different methods serve different purposes. The main emphasis of this re-
search question is to collect and cluster the existing methods used to verify games into
a scheme accordingly to understand the differences between them.
RQ1.1 Is the method applicable for serious games?
Rational: Game and serious game are intended to serve different purposes. How-
ever, they may have something in common. The main emphasis of this sub-
research question is to analyze to what extent methods used to verify games can
be used to verify serious games.
RQI1.2 Is the method applicable for serious games targeting autistic children?
Rational: To encourage inclusiveness, there are serious games targeting for autis-
tic people. Since it is targeting people with special needs, the structure or element
of the serious games might be different compared to those of that targeting for
non-autistic people. The primary focus of this sub-research question is to analyze
to what extent methods used to verify serious games can be used to verify those
of that targeting autistic people.
RQ2 Can player logs and emotion logs be used for evaluating serious games for autistic
children?



Rational: Player logs is generated by games to record what happens inside the game
during game play. Meanwhile, emotion logs is generated by emotion detector, which
is considered external device. The primary focus of this research question is to find
a possible way to use those two separate logs to evaluate serious games for autistic
children.
RQ2.1 How logs should be structured to be eligible for evaluating serious games for
autistic children?
Rational: How game generates its player logs is entirely the discretion of the
game developer. However, there should be a template that must be followed by
game developers to harmonize the logs structure, so that all serious games can be
evaluated equally, especially those of that targeting autistic children.
RQ2.2 How to integrate game players logs and player’s stress level in order to assess
serious game feasibility targeting autistic children?
Rational: The primary focus of this research question is to design and develop
an architecture to integrate those logs (game logs and emotion logs) in order to
assist game developers evaluating their serious games.
RQ3 To what extent Game Verification Tool GVT helps developers to improve their games
targeting autistic children?
Rational: GVT should be tested by developers to assess the functionality, usability,
and the benefits of using GVT to analyse serious games targeting autistic children.
Hypothesis: Using the GVT helps serious game developers to identify game’s element
that triggers high stress level for children with ASD.

The research questions were formulated by implementing the method proposed by Wieringa
2014. RQ1 is considered knowledge question, while RQ2 and RQ3 are technical and empir-

ical question, respectively.

1.3 Research Methodology

The inherent character of this research lends itself to employing the design science methodol-
ogy (ibid.), manifested through the creation of a novel artifact known as the Game Verification

Tool (GVT). It consists of as follows (can be seen in Figure 2):



Figure 2: A framework for design science of GVT, adapted from Wieringa 2014

Additionally, the goal structure of a design science research of GVT can be seen in Figure 3.

Figure 3: Goal structure of a design science research project



It was found that it is plausible to integrate game player logs and emotion logs to develop
serious games verification tool (Nacke 2015; Anolli et al. 2010). However, it is found that
some serious games targeting autistic children do not generate player logs (Maria Kellidou
etal. 2021a; HA 2012). In addition, considering the limitation of autistic children in express-
ing their emotion, there is a need to find a suitable solution in which does not disrupt their

emotional stability.

For these reasons, the present study focuses on the following concerns:
* Finding the suitable device which able to detect human emotion (in this case stress
level) in a way that unintrusive to be applied for children with ASD.
* Proposing a standard for emotion logs structure.
* Proposing a standard for game player logs structure.

» Developing applicable serious games verification tool which fits those requirements.

The result gained from the first three concerns can be used as a key factors for identifying the
solution for the fourth concern. Single-case mechanism experiments method was completed

after the fourth concern was solved.

1.4 Sustainable Development Goals (SDG) of GVT

Assuming that GVT is used by majority of serious games developers whose autistic children
is their target, GVT will be able to address these following United Nation SDG goals ( n.d.)
in social aspect:

* Quality education (SDG no 4): GVT helps developers to improve their serious games to
be suitable in maintaining autistic childrens’s emotional stability when doing learning
activities by playing the serious games, therefore, it participates to enhance the quality
of education for children with ASD.

* Reduce inequalities (SDG no 10): by providing the more suitable learning activities
options for children with ASD, GVT participates in reducing inequalities and provides

inclusiveness.

In addition, the sustainability awareness framework related to the aspects: social, individual,
environmental, economic, and technical of the GVT are presented into Sustainability Aware-
ness Diagram (SusAD) (Duboc et al. 2020) as can be seen in Figure 4. The black arrows
represent the benefits while the red arrows represent the downsides. The colors of the cards

only represent the aspect they (the cards) are in and has no further meaning.
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Figure 4: SusAD of the GVT

1.5 Structure of the Thesis

The structure of this work is as follows: In Section 2, the relevant findings are discussed,
and the process of searching for and analyzing those findings is presented. Additionally,
a selection of related findings is analyzed within the section. Section 3 presents solution
design of GVT including its architecture and the data analysis process within it. Section 4
delves into the implementation. While GVT testing and evaluation process are discussed in
Section 5. Lastly, Section 6 concludes the work, addressing its limitations and providing

recommendations.
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AHdAC OAMICT19D9 OTHH4OH 7x€9 HN1AOOYTITM

NS OATddA AAHAAQ dMA i X9 HHTHI@COOIHIIWOAHVHN E OATdH9I HIM Id MOHJSHOHA
CO1ddx O HAOHAHNH. O\T H-O2PO M A AWWSRH-OOHHWVWH NS Od14d4A Ad AHAdAC OAMI1C DA MH MNY - H.
AHdAC AXHdTNHA 14 Od 1M AHdAQx« NHN4dHA%
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7)x HNMPIAOFOHTAW O Y TMAHXL H4OHTNHSIH HdAr
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1 OOXS OAOHTA A TMEIHAYIN NAOTOOMABDAR 1Y OOXS OAOHYTMAATMEd HMZ Od MH Oa\s

H4OHITNHS oa
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H4OHTNHSIH

1SOO0A\MT10TIAAX ITdIADdNHM OTAHdAroadd1m AHdQ-O0aOdammdarcrndyw 90d
A4XOHHMGEXEAAH M OH THX SXHMNEAOHAAHIM OHOHO0 4 TMAdHMA\NGTHXDBCOA: TNMHE
Ax HHO 16 HMYM SHOHAH. HOAQdA 90AdHD HAdAC HHOTA HYM 14 MOHAdSHYOHABA MH OAdZYd%

AHAAC OAMICT1I9 OTHrOHoOOAMA 9'xG2Z%®

OHATHANHS O HXXALOH & MBN4G'AEHIO HODAQAI9HAAL MOHAHN ddNnl cOTMAOD

TM4AdNHMO' \OSHAdAXTMO HEBHAAAMAMHDDIWAIHTIOEY TMASDTOAA MOHISHOHAH.
NZ HCOHOOAM® BIAMHAAD AWK OI®AOSIHHOHO OANd 9HATHANHS COTNXAOMMOWH AAHYATOH,
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\HddAdrc cO1O0NAHO HIYd MOHA\HANOH LANHONAHO AHdACCO1TONAHO HIY MOHd
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AHAdAC OT MOHJdA\YdWNOH NH\AOS AHdArC O1 MOHAd
YIMAXOAAH NI GHOYd 240 CHHA K HHMSSROOIMMAHX OAAH NYl OH9Yd A ZHWKKMJIW® A NHAMHHZ9
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SHOHYDQW )LQGLQJV

,QLWLDO DSSURDFK ZDVWRJDWKHUDQG JURXS WKH YDULRK
WLRQLQWRD V\VWHPDWLFIUDPHZRUN WR FRPSUHKHQVLY
RI WKH SUHYLRXV HYDOXDWLRQ PHWKRGV KDV EHHQ GLVF
WKDW DOO WKRVHPHWKRGYVY ZHUH PDSSHG WR FRPSDUH HI
PHWKRGVY FDQEHVHHQLQ )LJXUH

J)LIXUH ODSSHG HYDOXDWLRQ WHFKQLTXH

*DPHGHVLIQHOHPHQWV FDQEHLGHQWLILHGDQGYDOLGD!
IRU )RULQVWDQFH BRQIEEXIFMWMGO UHVHDUFK IRFXV RQ YD(
RI'VHULRXV JDPHV LQ FRQWH[W RI FOLPDWH FKDQJH ,Q W
YROYHPHQW LV QRW QHFHVVDU\ LQVWHDG H[SHUWYV LQ W
YDOLGDWH WKH JDRID BH ¥ ULQVKVUILQIYFEWHY WOMWHNG LQ WKH S
HISHUWV LQYROYHG ZHUH JLYHQ WZR ZHHNV LQ FRPSOHW
DSSURDFKLVYFRQVLGHUHGLQ PRGHUDWHUDQJH GXHWR W

$PHWKRGPPOGM® OHDVXUHPHQW (QZRDVRQRBRWHGS$H\(OL XU
L, QWKHUHVHDUFK WKLVPHWKRGZDVGHYHORSHG WR H



EDVHGRQWHVWWKHRULHYVY L H FODVVLFDOWHVW WKHRL
DLPVIRUHIIHFWLYHO\ HYDOXDWLQJLQFOXVLYH JDPHV )\
FDUULHG RXW XVLQJ WKLV P PHWKRG KLIJIKQXPEHURISDUWL
GXUDWLRQRIWLPH _WIJDWKHUHG D WRWDO RI SDUWLFL
WKHHYDOXDWLRQ *$BQYXDGRODSGHE OV¥YWHODWLYHO\ FRVYV
FRVW

2QH WHFKQLTXH UDLVHG EX VAN RHO HWUD Q QG\YALIFY W H F K
ZKLFKIRFXVHVLQWZRDVSHFWV RIJDPHDQDO\WLFV JDPH
WKLV WHFKQLTXH DGLVWDQFHGDWD ZKLFKLV YDOXDEOH
EHFROOHFWHGDQG WUDQVIRUPHGLQWR PHWULFV WR ZKL
DQGDQDO\WLFSDUWDUHFRQVLGHUHG FRPSOLFDWHG DV V
VWDWHPHQW UHJDUGLQJLW FRVWY +RZHYHU FRQVLGHUL
LW ZDV DVVXPHG WKDW WKH FRVW LV LQ KLJK UDQJH

$LPLQJWR WDFNOH LQ SHUYRQLHD(QY Om\X DRVIPSIQREEF HEZ R
GHYHORSHG 7KLV WHFKQLTXH ZDV SUR S R VIHGZEK\LFIXQLG/H®*
VLIQHG IRUWKH RQOLQH HYDOXDWLRQ RI VHULRXV JDPHYV
JDPH HIIHFWLYHQHVV DQG LPSDFW RQ PHQWDO ILWQHVV
GXFW D SLORW VWXG\LQ FRPSDULQJVHYHUDO FRPPHUFLD
IHZ ZHOO HVWDEOLVKHG VWDQGDUG ERDUG JDPHV DQG DQ
LQYROYHPHQW RIJDPH SOD\HUV 7KHUH LV QR VWDWHPHQ
WKH JDPH HITHFWLYHQHVV LV FKDOOHQJLQJ 7R HYDOXDW
LEDQW OHQJWK RI WLPH DV ZHOO DV D PLQLPDO DPRXQW R
WKH SURFIHWKHUHIRUH WKLV PHWKRG ZDV PDSSHG LQ PRG
FRVW

OHWKRGYV ZKLF K+HXJQNMHEWY D DEAPRA R HESHUWYV LQ WKH
WLRQ SURFHVV 7KHH[SHUWV LQYROYHLQ WKH SURFHVV F
EDVHG RQ D VHW RIHVWDEOLVKHG KHXULVWLFV 8VLQJ KH
HUDWH FRVW VLQFH LW GRHV QRW UHTXLUH DQ\ VLJQLILFD
PD\ YDU\ GHSHQGLQJ RQ WKH JDPH FRPSOH[LW\ WKH QXP
DQG WKHLU OHYHO RI H[SHUWLVH 2YHUDOO E\ XVLQJ Wt
UHODWLYHO\ TXLFN ZKLFK LQ D IHZ KRXUV RU GD\V DQG G
%DVHG RQ WKH ILQGLQJV V L4 HFPHINHRIEWXIBWHD R QIO | LRQ J( G
FDWLRQDO &RPSXWHU 30D HDE IBOW/IDW&* HX ULV W I3FOOADE XO W
LW\ +HXULVWLF IRU (GXFDWHRQDWOWDP HY BOKDWLRQ IRU 3¢
8VHU 6WSQGDBVWWLF +LHUDUFK\ 3URFHVV %DVHG +ROLVWL
(GXFDWLRQDO &RPSXWHU 1DPG BKBBNHQARXG OHWKRG



+(BLVD PHWKRG SURSRVHG E\ HKVAVUWPHW KRGVZDY FODLPHG \
IRUHYDOXDWLQJIJHQHUDO LVVXHV RI WKHJDPH ZLWK D SU
PHQW SKDVHV 7KLV PHWKRG UHTXLUHV VHYHUDO HYDOXD
ORJV 7TKHLQYROYHPHQWRIWKHJDPH S SOD\HUV LV QHHGHC
DVWR SOD\ WKHJDPH WR JHQHUDWH SOD\HU ORJV 7R JD
GLVSDWFK TXHVWLRQQDLUH WR PDQ\ SDY(BEBIVSDOHEBW 68 M \Q
ORZ PRGHUDWHLQ UHODWLRQ WR LWV FRVW

JROORZLQJ WKDW + 2PBURSRBV-IDE® DDRIHBW K R KLAVDRHOMIGR G Z I
LOQOWHQGHG WR HYDOXDWH WKH SOD\DELOLW\RIODOD\VLD(
LQVLIKWVWRLPSURYHIJDPHGHVLIQDQGRYHUDO®XVHUH
LVFRQVLGHUHG HDM\EERBMPBIBUB Q8 (DRVMOHDU VWDWHPHQW
LPSOHPHQWLQJ WK L3 PADNVKPRDG SHHRFGIORZ PRGHUDWH UDC
FRVW FRQVLGHULQJWLPHGXUDWLRQDQG H[SHUWV QHHG

(IWHQGLQJ WKHRKHBHMRHG DQG $]L]DEURBFRMHG DQRWKHU PH
KHXULVWRF(EDDBZQWB®HWKRG ZDV LQWHQGHG WR HYDOXD W/
FRPSXWHU JDPHV 7KH H[SHUW HYDOXDWRUV LQYROYH LQ
KHXULVWLFV WR DVVHVV WKH SOD\DELOLW\DQG XVDELOLV
SURFHVV LWLVRQO\VWDWHG WKDW WKHUH ZHUH ILYH HYE
+HQBH(*ZDV PDSSHG LQ ORZ PRGHUDWH UDQJHLQ UHODWL

Q +DVLDK ORKDPHG 2PDU HW DO GHYHORSHG-D WRRC
DQG H[WHQGL @} WKIHKXWHRRRO 4A3BBBOEBVLDK ORKDPHG 2P
HW DO 7KLV WRROLQWHQGVY WR ZRUNDV D PHWKRGRORJ!
SXWHU JDPHV LQWHUIDFH 7KLV PHWKRG PD\KHOS LQ FUH
HGXFDWLRQDO JDPLQJH[SHULHQFHV +DVLDKORKDPHG 2P
QLTX3\(*DQG 30D\DELOLW\ $VVHVVPHQW IRU (GXFDWLRQD
GUHVVLQJ WKH OLP (VW W UR @ KIHAHIEYED\O X bW RRIAH*@ARD H S O
GHYHORSHG DV DQ RQOLQH WRRY>3BKH HRB XXBWRRQ FBWHRIF
HYDOXDWLRQ 6LQFH WKHUHLV QR FOHDU VWDWHPHQW UF
QLT%H3IB+H*ZDV PDSSHG LQ WKH PRGHUDWH UDQJH VLQFH
UHTXLUHV WKHPDLQWHQDQFHFRVWDQG WKH GDWDEDVH V
HYDOXDWRUYV

)XUWKHU D PHBWBRR&&ZBVSORGRVHG WR HYDOXDWH HGXFDW I
KDPHG <XVRII HE@®\ H[SHUWYV QHHGHG LQ WKH HYDOXDW
FRPELQHV TXDQWLWPWLYPH BYROW LWKILWEKHWKRG RITHUV
WR DVVHVV DQG LPSURYH HGXFDWLRQDO FRPSXWHU JDPH
XDWLRQ SURFHVYV DURXQG ILYH H[SHUWYVY HYDOXDWRUYV |



WR GHWHFW PRUH XVDELOLW\ SUREOHPV LQ WKH JDPHV 7
FRVW BVYIQDEADVY PDSSHG LQ ORZ PRGHUDWHUDQJH FRQVL
HISHUWV QHHGHG LQ WKHHYDOXDWLRQ SURFHVYV

$QRWKHU PHWKR ZW WKHKRHWKRG SURSRVHG E\ &KDQJ D
7KHHYDOXDWLRQ PHHWRRG KR® E LIOHRHCHOMHHWKKRRGG ZDV L QW
HYDOXDWH WKH XVDELOLW\RIJDPH EDVHG OHDUQLQJ PDW
WKLV PHWKRG DEOH WR LGHQWLI\ XVDELOLW\LVVXHV DQG
WKDW LQ WKHHYDOXDWLRQ SURFHVV IRXUH[SHUWV DQG |
8VLQJ WKLV PHWKRG WKH HYDOXDWLRQ SURFHVV FRXOG |
PHWKRG LV FRQVLGHUHG ORZ PRGHUDWHLQ UHODWLRQ W|

$LPLQJIRULQWHJIJUDWLQJKHXULVWLFVEDVHGRQHOHPHQ
DWH GHVLJQ DQG XQGHUVWDQG HQMR\PHOWRSRMPREHV 62
JORZRGHO 7KHPRGHO LV VWUXFWXUHG E\IORZ WKDW FRC
HOHPHQW LQFOXGHV D VHW RI FULWHULD WR DFKLHYH HQ
YDOXDEOH LQVLIJKWY LQWR WKH IDFWRUV WKDW FRQWULE
YROYHPHQW RIH[SHUWV DQG JDPH SOD\HUV DUH QHHGHG L
H[SHUWV JDPH SOD\HUV DV ZHOO DV GXUDWLRQ IRUHYDO]
WR WKH JDPH WKDW EHLQJHYDOXDWHG 7KXV LW ZDV PDS!

YROORZLQJ *DPH)O®P NN RAIRHAWMKR/G E\ )X HWKILOY PHWKRG LV E
RQ *DPH)ORZ IUDPHZRUN ZKLFK SXW PRUH HPSKDVL]H LQ F
E\H OHDUQLQJJDPHV ([SHUWV DQG JDPH SOD\HUV DUH U+
FODLPHG WKDW (*DPH)ORZVHUYHVDVDQGHDV\DQG HFRQR
OHDUQHUV ZKR KDYH XVHG WKH HGXFDWLRQDO JDPH +R?Z
FRVWO\GXHWRWKHQXPEHURIH[SHUWV DQG OHDUQHUV Q
(*DPH)ORZ LV FRQVLGHUHG ORZ PRGHUDWH FRVW

*RLQIJWKURXIJKDOO WKHHYDOXDWLRQPHWKRGV LQ GHWD
RGV ZKLFK DUH LQYROYLQJ JDPH SOD\HUV DUH XVLQJ TXH
UHODWHG WR WKH JDPHV : $SURYR UMRBHBL B IQUHW QBH 4 X HV
QDLUH *{KLFK FRQVLVWV RI L FRUHTXHVWLRQQDLUH LI
SRVW JDPHPRGXOH ' -RK@VROQVMHO VO HLM® WRMRDOQJ JXLG
OLQH ZDV DOVR SURSRVHG WR IDFLOLWDWH KRZ WR HYDO?
UHODWHG WR LWV FRVW +RZHYHU LW LVDVVXPHG WKDW G
LVUHODWLQJWR WKH QXPEHU RISDUWLFLSDQWYV ZKLFK Z
WKH GXUDWLRQ ZLOO EHVKRUW %HVLGHV WKHUHLV QR F
SURFHVV 7KXV WKLV PHWKRG ZDV PDSSHGLQWR ORZ PRG



5\DQ HW DDOVR SURSRVHG JDPH YDOLGDWLRQ PBOVMKRG XV
([SHULHQFH RI 1HHG 6D VLI QDHW DROQ- BKD8/RQ HW B 6

KDV EHHQ FUHDWHG DV D@ HO D ERWHW PR Q DWKILFRY IV\R K R O §
GLVFXVVHV IDFWRUV UHODWHG WR PRWLYDWLRQ HLWKH L
UHTXLUHV JDPH SOD\HUV LQ WKH YDOLGDWLRQ SURFHVYV
VRXUFHDQG WKHQXPEHURISDUWLFLSDQW DV ZHOO DV WK
ORZ PRGHUDWH FRVW

6LQFH FKDOOHQJH LV D NH\ HOHPHQW VSIUR SRR H'G DHRHW R
HYDOXDWH WKH OHYHO RI SOD\HUVY SHUFHLYHG FKDOOHC
&KDOOHQJH 2ULJLQDWLQJIURP5HFHQW *DPBBBDV XUWRYEL
WRRO DPRQJVW H[LVWLQJ TXHVWLRQQDLUHV ZKLFK FDQ E!
SHUFHLYHG FKDOOHQJHV DFURVVD GLYHUVH VHOHFWLRQ
SOD\HUV *DPH SOD\HUV DUH PXVW QHH G K@ %'Q @WKRIYLIEAHV
LQVLIJKWY LQWR SOD\HUVY SHUFHSWLRQV RI WKH JDPHYV
XVLQJ TXHVWLRQQDLUH IRUHYDOXDWLQJJDPHV LV UHOD\
WKLV PHWKRG ZDV PDSSHG LQ ORZ PRGHUDWH FRVW UDQJ#}

YRZPDQ HWIDOVR SURSRVHG D TXHVWLRQQDLUH EDVHG PH
PDQGIRUYLGHRJDPHV 7 RHEPHRVIORPGE LN HFDO@Q® 6IIBEKO AK D06

ORZVIRUXQGHUVWDQGLQJRISOD\HUVTPRWLYDWLRQV DC
EDVHG TXHVWLRQQDLUH WKLV PHWKRG UHTXLUHV JDPH S
PDWHG WKDW LW WDNHVDURXQG PLQXWHIRUHDFKSDUW
EHLQJDQDO\|JHG OHDQZKLOH WKHUHZHUHLQ WRWDO S
DWLRQ SURFHVV &RQVLGHULQJGXUDWLRQDQG WKHWRWI
PDSSHG LQ ORZ PRGHUDWH FRVWUDQJH

ORUHTXHVWLRQQDLE&RFEIDCHIUMNNRREB LY *D P L Q JZAKIHKW L R
SURSRVHG E\'H .RUMWKHWMHOWKRG DLPVWR DVVHVV VRFLDO
DQG XQGHUVWDQGLQJLWV LPSDFWRQ SOD\HU H[SHULHQF
XDWLRQ SURFHVV 7KHUH ZHUH S D®&3N 4TXLIS DY MWR/QMQRDLLQIHHC
HVWLPDWHG WR WDNH DURXQG PLQXWHV WR FRPSOHWH
LQYROYHV WKH GHVLJQ DQG YDOLGDWLRQ RI WKH TXHVWLTF
HITRUWLQYROYHG LWLVJHQHUDOO\D FRVW HIIHMBWLYH PF
ZDV PDSSHG DV D ORZ PRGHUDWH FRVW PHWKRG

6\VWHPDWLF ORGHO WR (YDOXDWH (GX PDOVIRRRMPHORDWHKW TC
QDLUHEDVHG PHWKRGYV ,WZDV SURSRVHG E\ ZHKKWBPK D DR\
IRUHYDOXDWLQJ HGXFDWLRQDO JDPHV LQ WHUPV RI XVDE
GHQWVY SHUVSHFWLYHLQ WKH FRQWH [RI RHU\R B S/ XNNUXFMHA



FRPSUHKHQVLYH IUDPHZRUN IRUDVVHVVLQJ WKH HITHFWL
WLRQDO JDPHV *DPH SOD\HUV DUHD PXVW UHTXLUHG HOH
QRFOHDUVWDWHPHQWUHJIJDUGLQJWKHFRVWIRUWKLV PH
PHWKRG WKH QXPEHU RI SDUWLFLSDQWY FRUUHODWH ZL'
+HQPK(*$ ZDVPDSSHGLQ ORZ PRGHUDWHUDQJHRIFRVW

%DVHG RQWKHILQGLQJV WKHUHLV D PHWKRG ZKLFK FRPE
5RR]JHERRP HVS DRSRYBIGXDWLRQ 6 WXG\ VHOIl UHSRUW RQ
TXHVWLR@YBRGBH 7KLYV PHWKRG ZDV VXJIJHVWHG WR HYDOX
ULRXVJIJDPHV GHVLIQHG WR PHDVXUHJHQHULF OHDUQLQJI
SURYLGH LQVLIJKWV LQWR WKH JDPHVY HIILFDF\LQ VXSSRI
WLRQHG EHIRUH HYDOXDWLQJJDPH HIITHFWLYHQHVV LV FI
QHHGHG DORQJ ZLWK WKH FRPPLW SDUWLFLSDQWYV 7KH '\
VWDWHG WKDW PRUHWKDQ SDUWLFLSDQWV LQYROYHG D
WZR PRQWKV WR FRPSOHWH &RQVLGHULQJWKDW WKLV PI

*DPHV 8VHU 5HVHWHFK QI85XH ZDV SURSR VKB & WHIFIKFNH X H L\
WR RSWLPL]JH WKH XVHU H[SHULHQFH LQ JDPHV DQG YLUW X
HYDOXDWLRQ LV DLPHG WR EH D VWDQGDUG WRRO LQ *85 .
GHPLF DQG LQGXVWULDO DSSOLFDWLRQV LW ZDV VWDWH
PHWKRGV XVHG IRU *85 UHTXLUH H[SHQVLYH HTXLSPHQW Z
VHWWERUPSOHPHQWY SK\VLRORJLFDO UHVSRQVHV HYDOX
LQJHTXLSPHQW &DUGLRYWRMFX QDY 0FDDEGENOWLDM\LE' 6N L
5HVSRQVH(OBFEFWURP\RJUDBEOHEWURHQFHS K D:QRKUW B R W
SRLQW WKHFRVW WR DSSO\*85LV WKHKLJKHVW FRPSDUH

2QHYDOXDEOH UHVHDUFK UHODWHG RQ KRZ WR DVVHVV H
FRUGLQJ WR $QROWKIHWW DOH ZD\V WR HYD O XD WHXWMRIW L R (
7TKHOLVWRIHPRWLRQ DVVHVVPHQW PHWKRGV LV DV IROOF
ft6HOlI 5SHSRUW OHDVXUHV RI (PRWLRQV 7KLV PHWKRG L
EHILOOHG E\ SDUWLFLSDQWY RUSLFWRULDO PHWKRG'
7TKHVH PHDVXUHPHQWY DUH SVA\FKRPHWULFDOO\YDOLC
IDVWDQG FKHDS PHWKRGV )LYHHPRWLRQ VHOI UHSRL
DVIROORZV
ORRG $GMHFWLYH & KHFA@LWW 0$&/
SURILOH RIORRG 6VOBWHW B¥W0b O
5 0OXOWLSOH $IIHFW $GMHFW L=yXH & KIPND@QLIWWY DA $ & /

([SDPQGHG )RUPRIWKH3RVLWLYHDQG 1HJDDWLWRIGH I F
DQG &0ODUN



"LITHUHQWLDO (PRW L RMRWGHWCH '(6

+3K\WLRORJLFDO FRUUHODWHY RI HPRWLRQV 8WLOL]L
VLEOH IRU PRGXODWL QJ$XHUR G R P UMD DHI X QR XMSE\BNW H P
FRQVLVWV RIVIPSDWKHWLFDQG SDUDV\PSDWKHWLF E
DQG UHOD[DWLRQ UHVSHFWLYHO\ 7KH UDQJH RI SV\FK

YDVW L QeANLQGERQ G X FW D Q FgHK PHDYHIDQ 68F/R DUHG/ FD U G L R
YDVFXODU FRUUHODWHY RIHPRWLRQ DV IROORZV

+HDUW 5DWH +5
+HDUW %HDW $PSOLWXGH +%$
+HDUW 5DWH 9DULDELOLW\ +59
JLQJHU 3XOVH $PSOLWXGH )3%$
3XOVH 7UDQVPLVVLRQ WLPHV WR WKH )LQJHU 37)
3XOVH 7UDQVPLVVLRQ WLPH WR WKH (DU 37(
3UH (MHFWLRQ 3HULRG 3(3
'LDVWROLF %ORRG 3UHVVXUH '%3
6\WWROLF %ORRG 3UHVVXUH 6%3
HOHFWURP\RJUDSK\
UHVSLUDWLRQ UDWHDQG DPSOLWXGH
OHYHO RI EORRG JOXFRVH
W H P S HUDWFX UH
$)DFLDO H[SYBIFML® QFWLRQ &RGLQNPIYFBO G)$&BHVHQ
(NPDQ )ULHVHQ DQG,JTRPEL®®V HW DONPDQ DQG )ULHV

T9RFDO QRQYHUEDO | HDRALKXRHROO RRAKIDQQIIBIURH WKH H[DPSO
DQDO\VLV RIYRLFH ZKLFKPD\DSSOLFDEOH WR XVH

&RPSXWHUL]HG 6 S HHFKH/DESBKB &/ E\ .D\3(179%;
35$SVRIWEIDWWS ZZZ IRQ KXP XYD QO SUDDW
F*HVWXUHV

2EVHUYHWWWS ZZZ QROGXV FRP

TKHPHKWWS Z727Z2Z SDWWHUQYLVLRQ FRP
1RWLFH WKDW PRVW RI WKH SUHYLRXV WHFK®L WKHA DUH [
TXLUHWKHLQYROYHPHQWRIHQG XVHULQWKH9 9SURFHYV
FRQVLGHUHG WKH OLPLWDWLRQ RI FKLOGUHQ ZLWK PHQW
UHODWLYHO\ XQLQFOXVLYH $GGLWLRQDOO\ LQUHODWLF
UHVHDUFK WR HYDOXDWH JDPHV ZKLFK PD\ EH DSSOLFDEC
LQIJDXWLVWEBFKRAGYBHYPLIPNSOHPHQWY SK\VLRORJLFDO UH



ZKLFKUHTXLUHV HTXLSPHQW LQ ZKLFK WKRVH DUH FRQVL(
GUHQHVSHFLDOO\FKLOGUHQ ZLWK $6°

) XUWKHUPRUH DOWKRXJKPDQ\DSSOLFDEOHHPRWLRQ GH
WDNHQLQWRDFFRXQW &V UWBXIPNMYV R L B/HWHWRDQORIW. KV R1 WKRV
RGVDUHQRWDSSOLFDEOHIRUWKHP 6HOI SHSRUW PHDV X
HISHFW FKLOGWHRQIEOWRKVKH TXHVWLRQQDLUH RU XVH SLFW
WKH IRUP LW LV DOUHDG\ D GLIILFXOW WDVN IRU WKHP Wi
DFFRXQW WKDW SDUWLFXODU WUDLW DORQJ ZLWK HDVLO\
JHVWXUHVY DQG YRLFH GHWHFWLRQ RUDQDO\]HU DUH QR
LRORJLFDO VA\VWHP PHDVXUHPHQWY PD\ QRW EH WKH EHV
WKH SK\VLRORJLFDO V\VWHP PHDVXUHPHQWY UHTXLUH D &
LVFRQVLGHUHG LQWUXVLYHIRUDXWLVWLF SHRSOH

7DNHQLQWR DFFRXQW WKH JRDO RI WKLV ZRUN ZKLFK IRFX
WDLQ SOD\HUV VWUHVV OHYHO LW LV DPXVW WRILQG DV
OHYHOLQ XQLQWUXVLYH ZD\ 7KHUHLV D QHHG WR GLPLQL
VWUHVV OHYHO IRUSOD\HUV ZKHQ FDUU\LQJ WKH WHVWLQ
DVLPSOH9 9 WRRO PD\EH EHQHILFLDO LQ FRVW DQG WLPH
LOQGXVWULDO DSSOLFDWLRQ EXW DOVR VPDOO VWDUW XS
HVW LQ GHYHORSLQJ VHULRXV JDPHV IRUDXWLVWLF FKLO
PDVWHU WKHVLVY ZRUN SURSRVHV D WHFKQLTXH ZKLFK RQO
IRUSOD\HUV WR XVH +HQFH WKH WHFKQLTXH LV UHFRQQ!|
,Q VXPP®OIKDY EHHQ GHYHORSHG WR EH D VLPSOH EXW EHC
WDUJHWLQJDXWLVWLFFKLOGUHQ YHULILFDWLRQ WRRO

)XUWKHU EDVHG RQWKHOLWHUDWXUHUHYLHZDQG UHVHI
SOD\HU ORJVDQG HPRWLRQ GHWHFWRU WR GHYHORS YHU|
GLVFXVVHG DERXW WKH VROXW DROQR QG Bl ¥ L MK LWOKGFYHFCKR. SMLH



62/87,21'(6,*1 7+(*$0(9(5,),&%$7,21722/

,Q WKLV FKDSWHU WKH DQDO\WLV DQG GHVLJQ SURFHVYV ¢
WRKB7IXQFWLRQDODQG QRQ IXQFWLRQDO UHTXLUHPHQWYV
QHHGHG IRHPBWLDLWR@BIIM-RXV JDPOHRWEBRYWHWHU D VWUXFW X
ORJVLVDOVRGHILQHG SHPPODGERILWHKAVWGXYH LY SUKIHW HQW
PDQDJHU PRGXOHDQGDQDO\WVLVY SURFHVV DUH GHVFULEH(

*97 SHTXLUHPHQWYV

TDEOMKRZV WKHHARRSERVR@DO UHIMRIZUHKAHGHWWH WKUHH IX
UHTXLUHPHOWR IROAZ®EROVW EHDEOH WR LQWHJUDWH HPRW
SOD\HUV ORJV 7KLV LV WK H*BD0WROK.YHU 6N XIOUYH-RH QWK LR/WL
HQVXOHWR UHFRUG HPRWLRQDO VWDWH LQ WKLV FDVH VW
JDPH SOD\HUV ORJV )R O ORZALQIKW K O\G UIEHHTIXE O H RAHRQOWVR F D W
VFHQHV WKDWWULJJHU KLJKVWUHVV OHYHOIRUSOD\HUV
LQJ WKHBUPXVWEHDEOHWRLGHQWLI\ORJVLQHYHU\VFH(
OHYHO 7KXV LWZLOOJLYHDFKDQFHIRU WKHGHYHORSH
WKHP WR LPSURYH WKDW SDUWLFXODU HOHPHQWY LQ WKR
IXQFWLRQDO UHTXLUHPHIYWARLIVURRWEHORXOK DEODB*LQIR U
GHYHORSHUOUVVKRXWG EHDEOHWRDQDO\]|H W& & GDRAHD/ WHRAI
E\JLYLQJDQDVVHVVPHQWUHVXOWDVDJDPHIHDVLELOLW
6*WDUIJHWLQJDXWLVWLF FKLOGUHQ UHDOO\LV VXLWDEOF
OHYHO 7KH VERIUID RIL BALKOH. W\ 3 8 QFHDU® WHRSYE\GH DQ LQVLJIK
WLRQ IRUVGWMKHORSHUVY UHODWHG WR WKH VXLWDELOLW\ RI
SOD\HUYV

7TDEOH JXQFWLRQDO®UHTXLUHPHQWYV RI

)XQFWLRQDO

,QWHJUDWH HPRWLRQ GHWHFWRUDQG JDPH SOD\HU
,GHQWLI\SRWHQWLDO VFHQHV WKDW FDXVLQJVWUH
$QDO\]HLQSXW GDWD DQG JLYHDQDVVHVVPHQW UH"

&SRQVLAHRIQ QIQFWLRQDO UWTNLUHPROWHGKIRYH XVDEOH F
WHULVMWEZFVIRMHUY ZKLFK LV LQFOXGLQJ WR KDYH DWUULE
DELOLW\ OHDUQDELOLW\ DQG RSHUDELOLW\DORQJ ZLWK



LW\ UHTXLUHPHQW LV ®HMHGXGHLY/RURSHURRWOHVVO\ RSHL
&RQGRUL JHUQDQGH JKDY& QJRSSURSULDWHQHVYV UHFRJQ
DELOLW\ PHDQV WKDW WKH XVHUV KDYH WKH DELOLW\ WR
UHTXLUHPHQWY SULRUWR LWV LPSOHPHQWDWLRQ /HDUQ
WR DFFRPSOLVK SUHGHWHUPLQHG OHDUQLQJREMHFWLYH
HUDELOLW\DWWULEXWH RI XVDELOLW\ PHDQV WKDW WKH "
HDVH RI RSHUDWLRQ DQG FRQWURO 7KH DY IMKIREXLOOQ. WM [
DYDLODEOHDQGDFFHVVLEOH ZKHQ 197 DY R)\HW B EG W R [ERHSX
XVHIXO YHULILFDWLRQ WRRO KDYLQJPDLQWDLQDELOLW\
EHHDVLO\PDLQWDLQDQG PRGLI\WRIXOILOO WKH QHHGYV

'"HILQLWLRQ RIGWUXFWXUHG /RJV IRU *97

6LQPYLVDORJV EDVHG YHULILFDWtRQWRR/RNOD QVKHWAELL WA M
RI'WKHHPRWLR@ORAV\BIOQOWRKHLQ RUGHU WR PDNH WKHP |
DQGDQDOYHGET KLV VXEVHFWLRQ SURYLGHV D GHWDLOHG H
IRUHPRWLRQDQGJDPHORJY 7KHGLVFXVVLRQHQFRPSDV
IRUHVWDEOLVKLQJD EDVHOLQH LQ WKH*6&H\DIM QHO & BPRWW
DXWKRUYfY SURSRVDORIDPLQLPDO VWUXFWXUHIRU VHULI

(PRWLRQ /RJV

$QDO\WLV SURFHVV LOQFOXGHV FKRRVLQJ ZKDW HPRWLRQ
VLIQLQJDQG E3Y HIDNREQ QOWR DFFRXQW WHOH RWLLY @DRX S X
WR PDNH VXUH WKDW DOO GHYLFHV ZKLFK LQ FRQWDFW ZL
KRVWLOH 7KXV (HYWRN® GEM@OBALPSOH DQG FRPIRUWDE
FROODERURMQWQR IBWBEIXODU GH ,QYHVWLJIDFLYQ HQ 7HFQ
HPRWLRQ ORJV SUHFRQGLWLRQV ZDV GHVLJQHG EDVHG RC
GRQH E\ 6XQL /RSH]$#FWMWGLQJ WR WK H L W WHN-H/D/UKIBVE R E\N
DFFXUDF\RI DSUHFLVLRQRI DQGDUHFDOORI 7
UHOLDEOH IRU VWUHVYV GHWHFWRU DQG DFFXUDWH IRU VV
SURSRVHG PLQLPXP UHTXLUHPHQWYV IRUWKHHPRWLRQ GH
DUH SUHVHQWHG LQ WKH 7DEOH

7TDEOH JXQFWLRQDOQO UHTXLUHPHQWYV RI

)XQFWLRQDO

'"HWHFW HPRWLRQDO OHYHO RI XVHU SDUWLFXODUO\VWU
$QDO\]JH WKH YDOXHUHFHLYHGIURP VHQVRUV E\JLYLQJU
$EOHWRVHQG WKHVWUHVVY OHYHO YDOXHWR ZHE VHUYH




%DVHG R®WKDWGHVLIQHG WR IDFFX\E VE ID/QK WKH PLQLPXP \
621 IRUPDW DV VHHOKRQ BLBEXQH /RSH] HW DO LV XVLQJ ¢
VWUHVV OHYHO PHDVXUHPHQW ZKHUH UHSUHVHQWYV WKF
RIVWUHVV EHJLQV DW SRLQW ZLWK WKH KLJKHVW OHYHO

JLIXUH OLQLPXP VWUXFWXUH RIHPRWLRQ ORJV L

6HULRXV *DPHV /RJV

$XWKRU SURSRVHV WKDW VHULRXV JDPHV WDUJHWLQJ DXV
ORJV ZKLFK SUHIHUDEO\LQ -621 IRUPDWLQ RUGHU WR EHH
JDPHV YHULILFDWIBSRQYWRROHFRPPHQGHG WKDW WKHPLQLI
LVKDYLQJDWWULEXWHV DVIROORZV

7LPH\\\ 00 GG ++ PP VV

6FHQHFHQHBQDPH

$VVHDWVHWBQDPH

(YHQWOLFN GUDJ GURS UHFRUG HWF

ITDVNXFFHVV IDLOHG ULJKW ZURQJ HWEF

7KH SURSRVHG PLQLPXP VWUXFWXUH ZDV GHILQHG E\DQD¢
OHPVDVDJDPH 7TRGHVFULEHLWLQ GHWDLOV OHW XV XVH
KDV PDQ\EUDQFKHY IRULQVWDQFH $ULWKPHWLF $OJHE
EUDQFKHV FD@HEHRBHVMHUDR XY JDPHV WR LQGLFDWH ZKLFK ¢
HUV DUH VWXG\LQJ SOD\LQJ 7R XQGHUVWDQG WKH VXEMI
SUREOHPV UHODWHG WR SMVHAD\QXEN MHW @ DW HY HWOW KL Q
WKH SUREOHPV $VVHW FDQ EH TXHVWLRQV RUDQVZHU FK
WR VROYH SUREOHPY 6RPH SUREOHPV PD\SURYLGH PXOW
RWKHUVPD\UHTXLUHVWXGHQWY WR ZULWHGRZQWKHDQV
TXLUHWR ZULWHWKHFRUUHFW IRUPXOD D QG Bl NN O KB\ X
WKH ZD\ WKH SUREOHPV DUH VROYHG (YHQWV FDQ EH PRX\
H[SHFWHG WR GR WR VROYH WKH SUREOHPV $GGLWLRQDC
WKHDQVZHULV FRUDNR\Q RKULFRXFRKHNERSOLI\RIWDVN FRP



WKRVHDVVHVVPHQW 7DVNLVJLYLQIJWKHHYDOXDWLRQR
JLYHQ )XUWKHU WKHUHPXVWEHDQH[SHFWHG WLPH GXUI
FDVWHPHQGLFDWHY WKH WLPH ZKHQ VWXGHQWYV SOD\HUV V
RIWKDW OHDUQLQJDFWLYLW\ LQZKLFKODWHU ZLOO EH F|

,QVXPPDU\EDVHG RQ WKDW DQDORJLHYVY JDPH ORJV WLPH
HYHU\WULJJHUHG HYHQWYV 6FHQH VKRXOG LQGLFDWH FKI
DVVHWY WDVNV DQGHYHQWYVY OHDQZKLOH DVVHWLYV SUR
EXWWRQ LPDJH HWF 7DVNUHSUHVHQWV KRZZHOO WKH S
HYHQWYV DUH KRZ WKH SOD\HUILQLVK WKH WDVN XVLQJH[W
WLRQ 7KHSURSRVHGPHWDPRGHODQG WKHH[DPSOHRI -¢
LQ WKH )DIX®WHVSHFWLYHO\

J)LIXUH OHWD PRGHO RI WKH SURSRVHG VHULRX

J)LIXUH OLQLPXP VWUXFWXUH RI SURSRVHG JDPH O



*97 SUFKLWHFWXUH

SULRU WO RF VHKHHHORSPHQW/ DPUFRKHWMHFWXUH PXVW*BH FRQV)
DUFKLWHFWXUHHPSOR\VD FOLHQW VHUY HUKRRGHO JUKLFFI
OXVWUDWHV WKH SYRAHMWHEN GKYPMKUREXWHY UHVRXUFHV IF
IURP D QHWZRUN ZKHUH ERWK WKHIIDFPHVWR RS PHUIKRNM W/ E

JLIXUH97DUFKLWHFWXUH

7KH97 GHVNWRS D FROMVADBNVRRD | L J XRIDGWROH ZKLFK RITHUV
ORZLQJIXQFWLRQDOLWLHY L VHWV WKHORFDO KRVW ,3 I
WKH JDPHYTV SOD\HU QDPH ORGXOHV *917 YO\QMSLRL\LHL WUW R M L] D
SDWK DQG LQSXW WKH SOD\HUYV QDP H9 U 8RIQFIVOLLYWHLD OILR
RI WRAGHVNWRSDSS WKHFKRVHQJDPHZLWKLQ WKHVSHF
IRU YHULILFIDWILRRD GRRIFHSR QHQW VWDUWY PRQLWRULQJ W
SOD\HUYV HPRWLRQ ORJV VWUHVV 0HYHNOL FB @XB ¥ KDWUKIHRR
LV VHQW WR WKH VHUYHU HQG SRLQW GXULQJJDPHSOD\ 6
D@QDO\VLV BRIRPHMVKHU H[DPLQDWERDD $S GHRY@ BB ®RG\ \
HUDWHG IURRYDLERIWKMUXVHU 2SHUDWDSSWHKHYHU LV QHF
WR GLVSOD\WKH UHVXOWY REWDLQHG IURP WKH 'DWD PDQ
PDQQHU



'DWD 0DQDJHU DQG $QDO\VLV 3URFHVYV

'DWD PDQDJHUDQG DQDO\VLV SURFHV YAV RQHFD WDKSXNIB\R
RI WKLY PRGXOH LV WR PDQDJH DQG DQDO\WH GDWD LQWR
UHFHLYBBGEHVNWRS DSS ZKLFK*9V KRB UL IXKH GERUPDWLR ¢
SURFHVVHG E\ GDWD PDQDJHU DQG DQDO\VLV SURFHVV PR
DQG DQDO\VHG ODQDJHG DQG DQDO\VHTZHEWS SV WKHQ E |

'DWD ODQDJHU

'‘DWD PDQDJHUYV PDLQ IXQFWLRQDOLWLHYV DU HGILHODBEADH/GH
PRGLILFDWLRQ ,QIRUPODWUIR® UGHHNWRGS(ESEWHGHQW WR
GDWDEDVHDFFRUGLQJO\ ,QUHV»CGWDWBRERX HKRL QHUG B R D
WKH HPRWLRQ ORJVDQG JDPHORJVLQ WKHPRVW VXLWDE
WR WKH GDWD PRGLILFDWLR®9 LIQIRAAPDME R Q U FSRHRLYYRINGHE/
PDQDIJHU WR GRGDWDEDVH PRGLILFDWLRQ ,QUHVXOW W

*LYLQJWKHH[DPSOHLQ ZKDW WKH GDWD PDQDJHU GRHYV L(
JDPHORJVDQG HPRWLRQ ORJV FD'Q QEARDWHEDHE Y N € \& LON. KRk WY
FRQILIXUDWLRQ 7KHUHVKRXOGEHDS3NH\" WKDWDOORZV
*Q7TXVMAL PWSOD\HU DY MWHKH NH\ DOORZV LW WR'LD®G WMKHWV |
VHULRXVIJIJDPHLQWR RQHUHFRUGV 7KHVDPH SURFHVYV KD
GDWDEDVH PRGLILFDWLRQ 6WDUW IURP UHFHLOYZHEWKH |
DSS GDwWD PDQDJHU ILOWHUVY WKH GDWDEDVH DFFRUGLQ.
DIWHUZDUGV

$QDO\WVLV 3URFHVV

,Q RUGHU WR SURYLGH JDPH GHYHOR S8 U HEEMKYY. NDX\DH\O\
DPLQDWLRQ RI GDWD JHQHUDWHQ'EDQCGD\BHRHO R ¥\V. QEFJRMKKHI |
RXWOLQHG L@®VDBOB\]LQJ SOD\HU ORJIYTFP® NPRWEL RB DA .
VXFKADLWPH VA BMWDFFXPWED\YDROLP B @Y MEBBQH VWUHVV LG
$GGLWLRQDOO\ IRUPXOWL UHFRUGV DQDO\VLV E\FRPSD!
FDQ REWDLQ D IHDVLELOLW\ UHVXOW RI WKH DQDO\VHG JD
IRUPX®D¥DQ FDOFXODWH WKHPXOWLSOH SOD\HUV ORJV D
RYHUDOO VWRUHWYK I©OHF PO BORQDTQ WK P H THHPHHSIOHDWY X O W
JDLQHG E\LQLWLDOO\FDOFXODWHG WKHDYJVWUHVV OHY
PXOWLSOH SOD\HUV ORJV )RU FDOF XO9DINLIOWI WK 8 XQ VD C
UHFRUGV IURP WKRVH PXOWLSOH SOD\HUV LQWR WKH VDP}
FDOF X O DWHYWIKHV V O H YDHOS HIDAHWRAM Q@ WH.RYH HDFK VF H Q
WKH VDPH ORJLF XVHG WR DQDO\VH VLQJOH SOD\HU UHFR!|



DQRDO\WHG E\WHVWLQJLW ZLWK  PXOWLESCRESDDL\GWYV,QWHKI
WKHPRUHUHOLDEOH WKHJDPHIHDVLELOLW\VFRUH ZLOO

7TDEOH JRUPXO®D XVHG LQ

9DOXH JRUPXOD
7TLPH6SHQW WV ( W( W(
7LPH $FFXPXODWLWO (Q tE1 tEO)+(tE2 tE1)+( «)+

(tEn  (tEn 1))
7TRWDO 7LPH LQ 6 F NUPH HQISEO + tsE1 + :: + tSEnN)
$YIJO6WUHVV LQ 6 FH(@ BEOs tsEOs)+(sEls tsels)+(sE2s

tsE2s) + « +(sEns tskEns)))/( tsEls+

tskE 2s + tsEns))
OLQ6WUHVV /Y LQ PEMQHPLQ VWUHVVBOY VFHQH
OD[6WUHVV /Y LQ 6FPHIQHPD[ VWUHVVBOY VFHQH
ORGHB6WUHVV/YLQ6FHQH PRGH PRGH VWUHVVBO
AXDUWLOHV 6WUHVV/YLQ6FHQH TXDUWLOHY TXDU\
6WDQGDUG ' HYLDWMR® 6 WVBWWYHVVBOY VFHQH
6FHQH

7KH GXUDWLRQEHWZHHQ WKH FXUUHQW D QUWSLGPHH[ WSHOGQWVD W L
LV FDOFXODWHG E\VXEWUDFWLQJ WKH FXU UHECHADHFEN O W W
ODWIHRSUHVHQWY WKHWRWDO GXUDWLRQIURP WKH ILUVW
VXEWUDFWLQJWKH SUHYLRXV HYHQW WLPH IURP WKH FXU
DFFXPXODWR\VEMWLWHPBHQRWHYMWKHRYHUDOO GXUDWLRQ
7KLV LV FDOFXODWHG E\VXPPLQJWKHWLPHVSHQWRQ HDF
KDQ@ HUDJH VWUUINY WIQWHFMPWYHWWKH DYHUDJH VWUHVV OHY
FDOFXODWHG E\PXOWLSO\LQJ WKH VWUHVV OHYHO E\ WKH
DQG GLYLGLQJLW E\ WKH WRW D OOW Q®BI[ D@ @/HXDVUAMIEREG! O H L
6WDQGDUG 'HYLDWLR Q6MWSIJHNYWH Q WUNBKEHBIHQLP XP PD[LPXF
DQG VWDQGDUG GHYLDWLRQ RI VWUHVV OHYHO YDOXHV LQ
WLFV FDOBXB BWOQRRODWHG XVLQJ VWDWLVWLFDO IXQFWL
RIHYHU\HYHQWV LQ HDFK VFHQH

7TKHUHDUHVRPHUHDVRQVWDNHQLQWRFRQVLGHUDWLRQ |
$FFRUGLQJ WR $O0OPDQ &DWIOH/EMYBHYW.RRU WUIBL WX R SHF
DVODFNLQVRFLDOIXQFWLRQ DGDSWLYHFRJIJQLWLYHDOQG

7TKHLQFOXVLRQ RI WKHVH VWDWLVWLFV ZHUH LQFOXGHG GXULQJ W
DIWHU XVDELOLW\HYDOXDWLRQ



RIVHQVLWLYLW\ WR SHUFHLYH WLPH LQFOXGLQJWKH HYH
WLRQDOOWYWAIAITPHGHKYHHORSHG WR JLY B*IWR B IWEWO UWHKN WERU
FKLOGUHQ WKHUH ZDV DQ DVVXPSWLRQ WKDW WKH JDPH (
WKDW FKLOGUHQ ZLWK WKH VLPLODU FKDUDFWHULVWLFV L

%\DSSO\LQJWKLVIRUPXODLQFRQMXQFWLRQ ZLWK JDPH O
VFHQHV WKDW LQGXFH D KLJKDYHUDJH VWUHVV OHYHO EC
FRQVLVW RI YDULRXV HOHPHQWY VXFK DV DVVHWY HYHQV
VFHQH LWLV FRQVLGHUHG VXIILFLHQW WR SURYLGH LQVL
PDNHWKHVFHQH OHVV VWUHVVIXO

8, HVLIQV

3ULRU WR WKH LPSOHPHG@WIDVLRYVIURAKBYVIZR POL7TQ GHVI
LOQFOXGH®HVNWRS*DSEIIWEBSS ,Q WKLV VHFWLRQ WKH GH
ZLWK WKHLU PDLQ IXQFWLROD®HWNW R STXKFREINESIR ¥ LRIO E
GLVFXVVHGLQ VHSDUDWH VXEVHFWLRQV

*97 '"HVNWRS $SS

*97GHVNWRS DSS ZDV GHVLIQHG WR UXQ WKH JDPH DV ZH(
GLUHFWOVWYARHQ WKBHUWH & KRZVBWEHHY LIJI'QTRBIHVNWRS DSS

JLIXUB,GHVLIQRIHVNWRS DSS

*RLQIJLQWR GHWDLOV LQWKHPRFN X887 BKWNWRS B IV R B C
QDPHHQWU\LVQHHGHG WR GLITHUHQWLDWH SOD\HUV ZKH



VDPH WLPH *DPH SDWK HQWU\ XVHV IRU ORFDWLQJ WKH JD
UHVLGHVLQ WKHVDPH SDWK DV WKHJDPH BB WXEEKWNRG
GDWDEDVHDV ZHOO DV WKH JDPH ZKLOH/WKRNANWRS EXWW I

*Q7 :HE $SS

*97ZHE DSSOLFDWLRQ KDGEHPRIUWME\FRAUMH DUH IRXU PDLQ Q
+RPH 6LQJOH $QDO\VLY OXOWL $QDO\VLYV DQG $ERXW +F
RI WHOH ZHE DSS ZKLFK L QW H QIF\X WHRUG/LIUGIWW W WKH PDLQ DQI
6LQJOH $QDO\VLV DQG OXOWL $QDO\VLYV 6LQJOH $QDO\VLYV
VLQJOH GDWD UHFRUG LQ GHWDLO OHDQZKLOH OXOWL $C
GDWD UHFRUGV LQ RUGHU WR JHW ILQDO UHVXOW DQG FRPS
$ERXW PHQXDFWV WRJLYHD EWQHILQIRUPDWLRQ DERXW V

*HOQHUPROFORHQX LOQOWHQGV WR DFW DV DIURQW SDJH ZKLFK
*97KDV 7KHUHIRUH WKHUH DUH RQO\ WKUHH EXWW R QWRZ k
WKHRWKHU PHQXYVY 7KHUHLVDOVRPHQXEDURQWRSRIW
SDJH 7KHGHVLIJQ RIWKH +RPHSDJHFDQEHVHHQLQ )LJXU

JLIXUH +RBHGHDVMHIQRIAHE DS S

7KH VHFRQG PD&IQQRIDBIXSDWIOLVISDIH LV LQWHQGHG WR VKF
VLQJOH UHFRUGY 7KH GHVLJQ RI WKH 6LQJOH $€IYO\VLV
XVHUV DUH DOORZHG WR VHOHFW WKH QDB HGD \U SHMMW H WU
WKH SOD\HU QDPH VHOHFW GURS GRZQ RSWLRQV )ROORZ
DYDLODEOH GDWH DFFRUGLQJWR WKH QDPH FKRVHQ IURP



YLIXUH 6LQJBHGYVIONGEXYHE DS S

7KH WKLUG P DOXORHQPQIMLWLSDIJH LV ZKHQ WKH PXOWL WH\
FDQEHDQDO\VHG $VLWLVPHQWLRWKB ERURUHIWRDW . Q X
WKHPRUHUHOLDEOHVFRUHRIJDPHIHDVLELOLW\LV UHVX
WKDW DQDO\VLV IRU JLY 6@ JH D§ DBLWH WA ORWUVIFRW HVRV L F FK

7TKB,GHVLIJQ RI WKH OXOWL $QDO\VLV SDBEQNFGHBSWEQYHW K|
IXQFWLRQDOLWLHVDVLQWKHG6LQJOH $QDO\VLV SDJH XVF
1DPHDQG 'DWH3OD\IURPWKHGDWDEDVH +RZHYHU WR HJI\
WKDQ RQH SOD\HUUHFRUGV WR EHDQDO\VHG

J)LIXUH OXOWA, $QVOYQIMHE DS S

IDVW EXW GERDMO®XYW KLY PHQX JLYHV D EULHI97Q:IIRRI P D W L
WKH SHUVRQV DUHEHKLQG LW D GGGHK\DLW QVKBHZRMWMIHMQER



J)LIXUH SERX GBI RIHE DS S



7+(*97 ,03/(0(17%$7,21

,Q WKLV VHFWLRQ WKHUHFDS RQ KRZWKHVROXWLRQ GHV
WR EXAO ZULWWHQ 6HOHFWHOGO/VEHNVNKRQRORA\ I RUWKHU S
IRUJDPHORJVLVUHYHDOHG DOOR@JW HW KV KK H\WIDIQ @ R R N

6HOHFWHG 7THFKQRORJ\

,Q WKLV VHEWLRQ VHOWMFWWG WHKKNYRGRIBURBI WR GMY H
QHFHVVDU\ WR SUHVHOHFW WKH VXLWDEOH WHFKQRORJ\ I
GDWD LQ9XWKLEK DUHHPRWLRQ ORJV DSUCRMLRGH ADIY L PLAIX

UHSUHVHQWDOW  ERX RS WMKHV SUHVHQWLQJ YDULRXV WHFK
HPSOR\HG

JLIXUH97EOXHSULQW

&RQVLGHULQJ WKFRVH RS WLRHPHIDWS WKH PDLQ SURJUDPF
FLGHG +DYLQJDQ DEXQGDQFH RI RSHQ VRXUFH SDFNDJF



SUDFWLFDOLW)\ DG PPNQLIQFILWNYKRY WR EH WKH EHVW RSV
SURJUDPPLQJODQJXDIBN rRREHRHORBMOI\WKRQ WUDLW YV
PDLQWDLQDELSDQRQ RKWYRWLRQDO UHTXLUHPHQW 3\WKRQ
GDUG GHYDNSKRFDO 8VHU , @KHO HDFW K&RQ IODVN ZDV XVHG
VHUYHU ZKLFK FRQQHFWV WKH EDFN HQGDQG IURQW HQG .
HVWDEOLVKHG EDVHG RQ 0164/ WKHUHIRUH 3\0\64/ ZDV LF
KWPO DQG FVV ODQJXDJH ZDV XVHG WR EXLDSSWHIH MUHRIQAN
GHSOR\HG

621 ZDV FKRVHQ IRU WKH SUHIHUDEFRQVOGHRUBGDWKRW L)\
FRPPRQIRUPDW XVHG IRU HOHRW® 8 QU W G PX\IDD UQWLHY WK BI G
VLRQ ZLWKLQ ZHE DSSOLFDWI9R @\R E K 1 E R B OMR/ KADR) B DNHHD G
WR DGGUHVV LWV XVDELOLW\UHTXLUHPHQW +RZHYHU WI
LVDPRUHVXLWDREROH IRUPDW IRU

BURSRVHG *DPH/RJV 6FULSW

$IWHU UHFRPPHQGLQJ WKH VWUXFWXUH IRUJDPH ORJV D X
EHUHXVDEOHWREHLPSOHPHQWHG IRURWKHU VHULRXYV JlI
VFULSW VKRZQ $ QL ¥R G WMKH FRGH WKDW XVHG E\ DXWKF
IRUJHQHUDWLQJ WKH ORJV 7KH SXUSRVH RI WKH VFULSW
-621 ORJVIRUDJDPH XVLQJ 8QLW\& S WUHFRUGV YDULRX
JDPHSOD\DQG VDYHV WKHP LQD -6211LOHFDOOHG 3330D\H!
WKH VFULSW ZLOO EHGLVFXVVHG LQ WKHIROORZLQJVQLS

ILVWL@GUHVHQWY WKHVQLSSHWRIWKHVFULSWLQ ZKLFK YV

mbBM;vbi2Kc
mbBMivbi2KX*QHH2+iBQMbc
MbBMiVbi2KX*QHH2+iBQMbX:2M2 B+¢c
mbBMivbi2KXAPC
MmbBMMBiviIM;BM2Xa+2M2J M ;2K2Mic
mbBMMBivliM;BM2c
MmMbBMMBiviIM;BM2X1p2Miavbi2Kbc
mbBMMBiviM;BM2XIAc

/ILVWLQJ ODNH-VRQ/RJVQHFHVVDU\OLEUD

ILVWLQHSUHVHQWY WKH VWUXFWXUHRIDVLQJOHORJHQV
ZLOOEHUHFRUGHG IRUHDFK ORJHQWU\

ftORJ7LPWLPHVWDPSUHSUHVHQWLQJWKHFEFXUUHQW GD\
ftVFH@GHWWULQJ WKDW VWRUHV WIKH QDPH RI WKH VFHQH L



tDVVAWWULQJ WKDW VW RUYREZ WHKHNWQDWVWHHRN WK H
FHYHQMWWULQJWR VWRUH WKHVSHFLILFHYHQW WKDW F
FWDWNVWULQJUHSUHVHQWLQJ WKH WDVNRUDFWLRQ DV

(avbi2KXa2"B HBx #H2)
Tm#HBH bIGQ ;b
&
Tm#HB+ BMHQ;hBK2 4 avbi2KX. i2hBK2XLQrvXh@a@/B M3 U
KKbHVc
Tm#HB+ BMb+2M2c
Tm#HB+ BM;bb2ic
Tm#HB+ BM2p2Mibc
Tm#HB+ BMi bFc

ILVWLQJ ODNH-VRQ/RJV ORJV FODVV

ILVWLQ@HSUHVHQWY WKH VWUXFWXUH RI WK HFROIREMHAAW YV, V
TKHLQWHQWLRQLVWRVWRUHPXOWLSOHORJHQWULHYV LC(

(avbi2KXa2'B HBx #H2)
Tm#HBH bIGQ;bGBbI
&

Tm#HBQ ;b () HQ;bc

ILVWLQJ ODNH-VRQ/RJV/RJV/LVW FODVV

JLVWLQXRZV FODVV PHPEHUV W KRWVF DWERY R BN FWD\D WHRVK|
WKH ORJ GDWD

TM#AHBQ ;bGBbi KvGQ;b@BIMGQ4bGBbiUVC
TmMm#EHBQ ;b KvGQ MWM24GQ;bUVc

/ILVWLQJ ODNH-VRQ/RJV FODVV PHPEHUYV

ILVWLQKXRZV D PHWKRG WKDVYRVHWREMHAWMQYWR D -621 VW
-VRQS8WLOLWAKHRWERXH DUIJXPHQW SULQWV WKH -621 7KHQ
DILOHQDPHG33OD\HU*DPH/RJVY MVRQ"  ORFDWHG LQ WKH 8
TM#HPOBO F26BH2UV
&
bi'BMHQ;bCbhQM 4 CbQMIIBHBivXhQCbQMUWKvGQ;bGBbI-
6BH2X(q Bi2 HHh2tiU TTHB+ iBQMXIH 82i? K2 &XQblgM
HQ:bCbQMVec

/ILVWLQJ ODNH-VRQ/RJVODNH)LOH PHWKR



ILVWLBUHVHQWY PHWKRG XVHG WR PGB JIV (REMWE RW H QW WY
WZR SDUDPHWHUV HYHQWY DQG WDVN ZKLFK UHSUHVHQ
FLDWHG ZLWK WKH ORJ ,Q WKLY PHWKRG WKH VEULSW U}t
330D\HU*DPH/RJV MVRQ DQG GHR\HR LWD/@ EMNFLAVEQEM L Q W\
LW\ )URP-VRQ /RWWKMQ FUHDWHY D QHZ ORJHQWU\ P\30|
WLPHVWDPS VFHQH QDPH DVVHW QDPH HYHQW GHVFULS
7KHPHWKRG WKHQ DGGV WKH QIRX/8 RV /EYPUMHDVWR QY K B WH R
OLVW P\/RJV/LVW7HPS WR KROG WKH ROG ORJ GDWD ,W V
FRPPRGDWH WKH QHZ HQWU\ DQG FRSLHV WRK WS BVE-BWD |
PHWKRG WR ZULWWH RUKHEDIG DVWRVBEKH -621 ILOH

TM#HBROB///_2+Q BUBM2p2Mibbi BMj bFV
&
ff°2 / DbQM QK2ti 7BH?2
bi'BMbi® 4 6BH2X_2 / HHh2tiU TTHB+ iBQMX/ i S i? Y
SH v2': K2&XDhigdMc
KvGQ;bGBbi 4 CbQMIIBHBiIivX6 QKCbQMIGQ;bGBbi=Ubi Vc
ff+QHH2AiI 7 QKBMTNiIB2H/b
GQ;b KvSH v2 GIQ2bhGQ;bUVc
KVSH v2 ' GQ;bXHQ;hBK2 4 avbi2KX. i2hBK|ZX 1L @u&hQai BM; U
>>KKbHVc
KVSH v2 ' GQ;bXb+2M2 4 1p2Miavbi2KX+m ™ "2MiX
+m  2Mia2H2+i2/: K2P#D2+iXi ;c
KvSH v2'GQ;bX bb2i 4 1p2Miavbi2KX+m ™ 2MiX
+m’>"2Mia2H2+i2/: K2P#D2+iXM K2c
ffKvSH v2 XBpBMid 1p2MiavbXem "2K i
+m "2Mia2H2+i2/: KXR#OZXHi Bb+HB+H2/
KVvSH v2 ' GQ;bX2p2Mib 4 2p2Mibc
KvSH v2'GQ;bXi bF 4 i bFc
ffK F212KTHBDbiQ 2QHRQHI/ i
GQ;bGBbi KvGQ;bGBWBAZKI;MGBbiUVcC
KvGQ:;bGBbih2KTXHQ;b 4 KvGQ;bGBbiXHQ;bc
ffKk F2Q 'B;BMHHQ M ;2"
KvGQ;bGBbiXHMZ2bGO® ;b (KvGQ;bGBbih2KTXHQ;bXG2M;i? Y R

ff+QTWH/ i +°Qbb
7Q'UBMIB 4 yc B I KvGQ;bGBbih2KTXHQ;bXG2M;i?c BYYV
&

KvGQ;bGBbiXHQ;b(B) 4 KvGQ;bGBbih2KTXHQ;b(B)c

fft /] M2r/ i
KvGQ;bGBbiXHQ;bh(KVvGQ;bGBbih2KTXHQ;bXG2M;i?) 4 KvSH
ffr Bi2/ i

QmiTmiCaPLUVc'

ILVWLQJ ODNH-VRQ/RJV $GG5HFRUG PHWK



ILVWLQYXKRZVD PHWKRG WKDW LV UHV SR Q \PL\ EROIN IREIWHFUAL D
LQWRD -621 VWULQJDQG ZULWLQJLWEDFNWR WKH330D\H
TmMm#HBROBOQmMiTmiCaPLUV
&

bi " BMbi " PmiTmi 4 CbQMIIBHBivXhQCbQMUKVGQ;bGBbiVc

6BH2Xqgq Bi2 HHh2tiU TTHB+ iBQMX3H 82i?2 N2 XRQhig M
bi " PmiTmiVc

ILVWLQJ ODNH-VRQ/RIJV RXWSXW-621 PHWI

7TRVXPPDUL]H WKHVFDOOWZMWWH@GUHDWLRQDQGPRGLILF
ZLWKHYHQWGDWD WKDWKDVWLPHVWDPSVLQD ®QNW\JDP
JLORHWKRG DQG QHZORJHQWULHYV DUH D G GGG WHRARK IS H |
PHWKRG 7KHORJHQWULHV KDYHWLPHVWDPSV VFHQH QD
WDVNYV

7KH H[DPSOH RQ KRZWR FDOO ODNH-VRQ/RJV FODSV IURP F
$XWKRU XVHG ,QGRQHVLDQ ODQJXDJH IRUWKH FODVV QDP
WKDWDUHDVIROORZV PHQXXWDPD PDLQPHQX ZDUQD F
EHUVLNDS WR DFW NHOXDU H[LW NHPEDOL EDFN EDC
OHDQKZLOHS /ISWHIVHRQWY DQ H[DPSOH IRUJHQHUDWLQJ OF
FRGHLVIRUGUDJDQG GURS WDVN ZKLFK LI WKH SOD\HU G|
FRPSOHWLRQ ZLOO EH VXEFHVV DQG YLFH YHUVD 6RPH RI |
PHDQLQJRIWKRVHRIWKDWDUHDVIROORZV VRDO TXHVV
FHVV VDODK LQFRUUHFW IDLO 7K HUQMGD VI FRBWY WE DWK
WR EH WDNHQ LQWR DFFRXQW

7KH FRGH LQ /PXWW@EH FDOOHG WR GHFODUH DPI®R LY LS\H. D C
ODNH-VRQ/WJIJMDQ EH XVHG WR LQWHUDFW ZLWK DQG DFFH\
WIKHNH-VREOCRIIWY ,W DOORZV WKH VFULSW WR XWLOL]H V
FDSDELOLWRMNN-RIRBOBMY WR UHFRUG DQG PDQDJH JDPH Ol

TM#HB+F2CbhQMGQ;bMRDI #2CbQMGQ;bUVec
/[LVWLQJ ([DPSOHRIFDOOLQJODNH-VRQ/R.

$GGLWLRQDOO\ WKHPEFRIGMHEHFDOWHQGIWR FUHDWH RU DGGHFH
WKH3330D\HU*DPH/RJV MVRQ’

KDX //_2+QT/SH v2:Q2hQ +HQbBM:2M]- ]]Vec
/ILVWLQJ ([DPSOHRIFDOOLQJ$GG5HFRUG IXQFWL



IRWHKDWDOO RI WKHVFULSWVY UHODWHG WR WKH JDPH VK|
WR IJHQHUDWH ORJV IRUHDFKHYHQWYVY LQ WKH VFHQH $XW
UHXVDEOHIRURWKHUVHULRXVJDPHVY 7KHUHVXOWRIJHQ!
WKRVHVFULSWYV FDQ EAKVHK Q' K® »I62XUHOH RI WKH JDPH OR
WKHVDPHSDWKDVWKHKBBPMKRHIKDRSOH ZKHQ JDPH *HPD)
ORJVLQWR WKHVDPH SDWK DV WKH JDPH

JLIXUH ([DPSOHRIJDPHV ORJV LQ-621

J)LIXUH *HPDVJIJDPHORJVLVIHQHUDWHG LQ WKH VI

*97 8,

,Q WKLV VHFOWWLRQD@NKBUHVHQWHG ,W ZDV LPSOHPHQWHG
SUHVHQWHG L QZNKHK WHRFPPMLRMV LIQV ZHUH X ©9FH X PRYGLLR IQF [

DOLWLHYV



*Q7 '"HVNWRS $SS

%\ H{IWHQGLQJ WKH GHVLJQ WKHUH DU WZRVWPRS B $ VB X\Q
RQTV HQWU\ FROXPQ ZLOO VKRZ WKH KRVW DGGUHVV ZKHQ
WKH (' (QG 3RLQWYTV HQWU\ FROXPQ WR VKRZ WKH HQG SR
LQ RUGHU IRU (' WR EH DEOH WR VEBDGHWK H Bl PRWGE R\DFXR VW
VHFWLRID\HU 1DPH HQWU\ LV QHHGHG WR LQSXW SOD\HUT'
ORFDWH WKH JDPHDQG JDPH SOD\HUV ORJV SDWK*9&W D UW
IXQFWLRQDOLWLHY ZKLOH WKV ®RSFEXWW RIQHZU B D O/WRY
GHVLJQLV VKRZQLQ)LJXUH

JLIXUH97GHVNWRSDSS

*97 :HE $SS

$V PHQWLRQHG LQ WK HaTIKHDWLIRX\W FACOLSIWAHHRQ XV +RPH 6LQ
OXOWL $QDO\VLY DQG $ERXW )ROORZLQJ WKHRRUIDILYD O
GHVLIJQ FDQ EHH VHHQ LQ WKH )LJXUH

J)LIXUH +RBHRSIDIHEHE DS S



7KH VHFRQG PD&IQQRO® X DWIONMIPSOHPHQWDWLRQ RI WKH G
LQ )LIXBHWK WKH ORJLF RI WKH VHOHFW GURS GRZQ RSWLI
DUH GHSLFWH®Q®E)5DXMWIR QDO EHKLQG WKLV IXQFWLRQ LV
SRVVLELOLW\RIRQH SOD\HU GRWKH JDPHWHVWLQJPRUH

JLJIXUH 6LQJOH $QRMPAVINEDSIS

J)LIXUH 6LQJOH $QDO\VLV SD BHRIOD\HHELDPFH | XQF W |

YLIXUH 6LQJOH $QDO\VLV SBRIFINVIHBOBSIXQFWLR

JROORZLQJ WKDW DIWHU DO®DOALID B MWRR @ KM PQIDRNM GV
LQFOXGHV WDEOHV DQG JUDSK 7KHUHDUHWKUHHWDEOH\
'DWD 6LQJOH $QDO\VLV $QDO\VLV %DVHG RQ 6FHQH $GG
KHO®B? XVHUV XQGHUVWDQG WKH IRUPXOD XVHG LQ WKH DQ
$QDO\VLV %DVHG RQ 6FHQH WDEOH G\QDPLFJUDSK ZLOO E

JLIXUMKRZV WKHORQLWRULQJ'DWD WDEOH 7KHWDEOHLYV
PHUJLQJWKHHPRWLRQORJVDQGJDPH SOD\HUORJV 7KHU



ZKLFKDUH7LPH 6FHQH $VVHW (YHQW 7DVN FRPSOHWLRC(
UHSUHVHQWV WKHUHFRUGVDFFRUGLQJO\IURP WKHVHOHE
EHGRZQORDGHG DV FVYILOH WKURXJKWKHGRZQORDG EX

J)LIXUH 6LQJOH $QDO\VLV SDJ8,RROGEZWRDIS@GJ 'DWD V

7TKHG6LQJOH $QDO\VLV WD E OH 1ZKURKI KFMHILBANOR) E D XAUKHH | L U
DQERDO\VLYVY SURFHVYV ZKLFK DUH FDOFXODWLQJ 7LPH 6SHQW
WZR QHZ FROXPQV WR DFFRPPRGDWH 7LPH 6SHQW DQG 7LF
FRORUHGEDVHG RQ WKHVWUHVYV OHYWAWOU HYR FO B XKQ ZROS/HA
LOQOWR WKUHH UDQJHV /RZ OHGLXP +LJK /RZ LI WKH VWUF
LIl WKH VWUHVY OHYHO YDOXH EHWZHHQ DQG OHVV WKDQ
WKDQ 7KRVH FDWHJRULVDWLRQV DUH UHSUHVHQWHG W
IRZ <HOORZGHQRWHV OHGLXP DQG5HG LQGLFDWHYV +LJK
SURYLGHYVY VRUWLQJ IXQFWLRQV LQ HDFK FROXPQ DV ZHO
7TDVN FRPSOHWLRIORZINVIWKH H[DPSOH RI WKH WDEOH ZKHQ V
$QDO\WLVWDEOHFDQEHGRZQORDGHGDV D FVY ZKHQ WKt



JLIXUH 6LQJOH $QDO\VLYV SDBHR6RQRIAPBDEH BB O\VLV W

JLIXUH 6LQJOH $QDO\VLV SDJH 6L@)OM$2BDDAY WDE

$QDO\VLV DVHGRQ6FHQH WDEOHLVY GHVLIQDWHG WKH U]
WDEOHLVY SUHVHQWRS8 WKHURDPHWBHEFRYXSWWKHP DFFRUGLAQ.
VDPHVFHQHZKHQ WKHHYHQWY DUHUHFRUGHG ,WLV WKH
/IHYHO IRUHDFK VFHQH DORQJZLWK WKH 7RWDO 7LPH VSH!
WDEOHH[SDQGV ZLWKWZRPRUHFROXPQV 7RWDO 7LPHLQ
GHYHORSHUV FDQ VWDUW WRDQDO\VH ZKLFK VFHQHYV WKD
WKH\ FDQ LQGLFDWH LQ ZKLFK DFWLYLWLHVY LQ WKDW SDU
OHYHO VFRUH KEIK FDQ@ HKWRXWDJH VHULRXV JDPH GHYHO
HOHPHQWV WR LPSURYHWKHJDPHIRUORZHULQJ WKH VWU
EHGRZQORDGHGDVDQ [OVILOHE\FOLFNLQJWKHGRZQOF



JLIXUH 6LQJOH $QDO\VLV SDJH $Q0DAYOIZHOUES RQ 6

*97XVHVIJUDSKWR SURYLGHLWYVY XVHUVZLWKWKHVLPSOH
GDWD 7KHUH LV D G\QDPLF JUDSK WKDW FDQ EH FKDQJHG
FRPELODWLRQ EHWZHHQ 6FHQH 6WUHVV OHYHO DQG 7RW
EHVHOHFWHG /LQHDQG %DU 8VHUV DUH H[SHFWHG WR L
ZKHQ WKH*HQHUDWH &KDUW EXWWRQLV FOLFNHG WKHJU|
J)LIXUBDQGGHSLFW WKH HI[DPSOH RI JHQHUDWHG JUDSK 7|
VKRZV WKH FRPELQDWLRQ RI6WUHVV /HYHO E\6FHQH DV D
JUDSKRI7TRWDO 7LPH E\6FHQH



J)LIXUH 6LQJOH $QDO\VLY SDJH 68NRHYVAZHE BOE\ 6FH

J)LIXUH 6LQJOH $QDO\VLY SDJH BRR¥DOZHPB ES6FHQF



7KH ODVW WDEOH JHQHUDWHG LQ WKH 6LQJOH $QDO\VLV S
JLIXUHWKLY WDEOH LV SURYLGEBGXWR BY XIVWMKXO ZRQ W KR |
IRUPXOD LV XVHG WR SURFHVV WKH GDWD UHFRUGV )RXU |
6SHQW 7LPHS$FFXPXODWLRQ 7RWDO 7LPHLQ6FHQH DQG $
WKH PDLQ IRUPXODV XVHG WR FDOFXODWH DQG DQDO\VH G
LQVLGH WKH DIRUHPHQWLRQHG WDEOHV 6LQJOH $QDO\VL

J)LIXUH 6LQJOH $QDO\VLVESREH/ ZBRDBBU\ WDEOH

7KH WKLUG PDIXOSOLIHAPIDINMLYLIXUMXDOL]HVY WKH UHDOL]
GHVLIQ %XWWRQ $GG DOORZV XVHUVWRDGG PRUH SOD\H
UHG EXWWRQ RQ WKHULJKW VLGH RIWKHIRUP DOORZV XV
QRWEHLQFOXGHGLQWR WKHDQDO\VLV )XUWKHU $QDO\]I
LWLVEHLQJFOLFNHG

,QUHVXOW RIWKH LQLW L D WLRHR IDHQH\D D]VEXW R RQW 5 H
ELOLW\VFRUHRIWKHWHVWHG VHULRXVJDPH ,WJLYHV2Y
7LPH 30D\ 7KH ILQDO VFRUH LV IURP WKH 2YHUDOO 6WUH\
WKUHH FDWHJRUL]DWLRQV 6WUHVVOHVV 1HXWUDO DQG
HWDO DUHDSSOLHG 7KHVFRUHLVFRQVLGHUHG 6WUHVVC
WKHRYHUDOO VWUHVY OHYHO YDOXH EHWZHHQ DQG OHV)\
PRUHWKDQ $GGLWILHRGDDMY WKH 6WUHVV /HYHO 'LVWULE
WKH UDWLR RI VWUHVV OHYHO IURP DOO WKH UHFRUGV 8\
GLUHFWO\JHW WKH VXPPDU\RIWKHDVVHVVPHQW SURFHV
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