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Executive Summary

We introduce the iForest BORG{ framework, built on the BORG multi-objective evolutionary algorithm
(MOEA), as a policy tree optimization method for socio-economical systems. Forest BORG mimics the
BORG algorithm while accommodating tree-structured decision variables via specialized evolutionary
operators, to allow for multi-objective and explainable decision support.

This novel framework is tested on two case studies representing socio-economic systems, the Fol-
som lake model and the Regional Integrated model of Climate and the Economy (RICE) Integrated
Assessment Model (IAM). These case studies demonstrate the need for an algorithm that can opti-
mize multi-objective problems under deep uncertainty. Climate change is the main driver behind the
uncertainty in these models. Both case studies have multiple stakeholders, lending themselves as
multi-objective decision-making problems. This research has developed the Forest BORG framework
and aims to apply it to these case studies in order to find optimal policy sets, that are inherently more ex-
plainable than the ones based on real-valued decision variables used in the majority of current research.

The Folsom lake model and RICE IAM are good candidates as case studies for this research as they
reflect real live problems facing uncertainty due to climate change and affect multiple stakeholders,
making the case studies multi-objective problems. The conceptual models of both case studies are
made operable by presenting them through the XLRM framework. RICE and the Folsom lake model
are adapted to the XLRM framework of exogenous uncertainties (X), levers (L), relations (R) and met-
rics (M) (Lempert 2003).

This research positions itself in the gap between current MOEA capability for decision-making under
deep uncertainty and the desired features that are necessary for creating explainable policies for real
world multi-objective problems. Run-time dynamics, Forest BORG specific evolutionary operator dy-
namics and controllability are tested for each case study. The ability of Forest BORG to be a valuable
asset in a decision makers toolkit is tested by analyzing the trade-offs found for each case study, and
the individual policy trees that are part of the discovered pareto front. A logical extension of the cur-
rent research is to design an optimized look-ahead tree (OLT) algorithm that can be coupled to Forest
BORG and reapplied to both case studies. The resulting tandem framework is expected to enhance
explainability and alleviate computational resources even further.

Like any other MOEA, Forest BORG employs evolutionary operators. There are seven different mu-
tation operators, one recombination operator in the form of crossover with prune and bloat control
operations and one selection operator: an adaptive tournament size function.

Each case study as well as the performance of Forest BORG is studied through five analyses. These
analyses are:

1. run-time dynamics
search operator dynamics
controllability

exposed trade-offs
highlighted policy trees

ok wnN

The run time dynamics show convergence of the algorithm based on hypervolume. The search op-
erator dynamics investigate the novel mutation operators of Forest BORG. The controllability analysis
explores the influence of the hyperparameter settings on algorithm performance. The fourth analysis
displays the trade-offs made visible by pareto-optimal policy alternatives through a parallel axis plot. A
best performing policy is highlighted for each objective as well as a compromise policy, a policy that
is closest to the average of each objective. Finally, the fifth analysis creates visuals of these selected
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policies, displaying the actual policy trees. Similarities and differences between the different policies
are sought after that perhaps reflect the trade-offs discovered in the fourth analysis.

The run-time dynamics show that Forest BORG performs effectively, efficiently and reliably across
the case studies. The effectiveness of Forest BORG is underlined by comparing it to the original policy
optimization tree (POT) algorithm for the Folsom case study. The operator dynamics were expected
to shift from triple action subtree mutations to single action point mutations during the search. This
shift from subtree to point mutations was not observed in the Folsom case study and not for all random
trials in the RICE case study. The search operators do outperform the control of random mutation, as
employed in the original POT algorithm which make them a valuable contribution to the Forest BORG
algorithm. The search operators might not perform as they are expected to, but they do enhance the
search. The hyperparameters of Forest BORG are case study dependent but become, unsurprisingly,
more important for case studies with a limited number of discrete actions. Across both case studies,
policy trees with modest maximum depths, 3 or 4, are preferred which eliminates the risk of overfitting
policy trees to a certain scenario.

Forest BORG has proved itself capable of producing policies for multiple actors as it has found pareto
fronts for each case study that clearly display the trade-offs that are inherent to the case study. More-
over, the structures of the selected policy trees are in accordance to their performance. Analyzing these
policy trees shows what actions need to be taken and under what conditions when certain objectives
are valued more than others, making the results of this analysis explainable, interpretable and valuable
to decision-makers.

There are two notable observations of the results that appear to display erroneous behaviour of Forest
BORG . Firstly, the trade-offs found for the RICE model are counter-intuitive. Secondly, there are small
peaks and dips in the run-time analysis for both case studies. The discovered trade-offs within the
RICE model are counter-intuitive as it is not welfare, but damages that poses a trade-off with the other
objectives. The dips in hypervolume, observed in both case studies appear odd as an evolving pareto
front should not decrease in hypervolume. The small peaks are however due to the settings of the
epsilon values.

Other IAMs are also interesting to explore as they are a better representation of reality. The RICE
model has been used because it is a relatively straightforward and well-established model that was
suitable to test new algorithms with. The proof-of-concept, for Forest BORG, is showcased in this
research. The parallel axis plots and the visualizations of the policy trees are interesting because it
shows how policy trees improve explainability for climate change policies. The absolute values of the
policies are however questionable given the limitations of RICE. It would therefore be interesting to
employ a better RICE model or another IAM. ForestBORG was developed in an effort to accommodate
many-objective problems. The policy problems of this research only employed three or four objectives
which is a relatively small amount. It would therefore be interesting to perform a similar policy analysis
but with more objectives.

The societal contribution of this research is the development of Forest BORG and applying it to real
world case studies. Forest BORG is a new tool in a decision-makers toolkit that allows for multi-objective
decision making for socio-environmental systems. To the authors knowledge there are few other algo-
rithms that are able to handle such optimization problems. Forest BORG has improved on a competing
algorithm by expanding the number of objectives that can be used as well as allowing for continuous
action ranges for multiple actions. The societal implication is that the range of real world applications
that can be analyzed from a decision making under deep uncertainty perspective is expanded through
these improvements. Furthermore, Forest BORG is not tested on theoretical problem formulations but
on real world case studies. The results from these real world case studies show confidence that the
suit of case studies can be extended to other problems while maintaining algorithm performance. A
logical continuation of this research is applying Forest BORG to a more detailed IAM than RICE from
which policy implications are gathered that will help decision-makers develop policies against climate
change.
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Introduction

Climate change causes an increase in uncertainty in socio-economic systems. Human-induced climate
change has caused a rise in global temperature, offsetting many processes and cycles in the natural
world. These rapid changes in the atmosphere, ocean, cryosphere and biosphere indirectly affect the
world economy and the well-being of people around the world. Some regions however are affected
more than others by the change of balance in the local socio-economic and climate systems. Global
surface temperatures have risen 1.1 °C above 1850-1900 levels in 2011-2020 mainly due to the emis-
sions of greenhouse gasses which continue to rise (Lee et al. 2023).

In 2015, at the Conference Of the Parties 21 in Paris, the scientific and policy communities around
the world established a target limit of 1.5 °C and a boundary limit of 2 °C increase in global surface
temperatures above pre-industrial levels after which further warming could dangerously and inadvert-
ibly change the natural systems on which the socio-economic systems around the world rely (Livingston
and Rummukainen 2020), (Allen et al. 2018). Global cooperation to transition to a green or net-zero
economic system has been challenging due to historical, economical and political tensions but countries
attending the conferences of the parties have individually set goals to curb greenhouse gas emissions
in the form of nationally determined contributions (NDCs). However, these NDCs as of October 2021,
are insufficient to limit climate change to such an extent that warming will exceed 1.5 °C during the 21st
century. Limiting warming below 2 °C becomes progressively more difficult and expensive with NDCs
that do not suffice in timely eliminating greenhouse gas emissions (Lee et al. 2023). Thus, there is an
urgent need for new policies that limit global warming and that the countries of the world can agree on.

A specific, localised example of systems that are changing due to climate change are water reser-
voirs. Local people depend on water reservoirs for their water demand. The inflow of water to these
reservoirs is subject to climate conditions and therefore to deep uncertainty, due to the impact of climate
change (Asadieh and Krakauer 2017). Water management problems are characterised by relating wa-
ter inflow to water demand while preventing floods or periods of inadequate supply, by storing water in
a reservoir. Policies are required that can incorporate the uncertainty in the system due to changes in
demand and inflow, resulting from climate change. The role of operating policies in the adaptation of
reservoirs to climate change is increasingly recognized, as the performance of a system is often driven
by the accumulation of short-term decisions (Herman and Giuliani 2018).

Decision-makers need new and improved tools to help them navigate through this uncertain future.
These tools have to formulate policies for socio-economic systems that can be presented to decision-
makers. Multiple stakeholders are often involved in these socio-economic systems, be it on a global
scale or on a more local scale for e.g. water management problems. This tool, or algorithm, must
therefore be able to optimize multi-objective problems. A class of algorithms called multi-objective
evolutionary algorithms (MOEA) have been developed for these kinds of problems. Some notable ex-
amples of such algorithms, ranging from classical ones to the state-of-the-art are NSGAII (Deb, Pratap,
et al. 2002), -MOEA (Deb, Mohan, and Mishra 2005), MOEA/D (Zhang and H. Li 2007) and BORG
(Hadka and Reed 2013). These MOEAs and search strategies have different design choices and de-
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pending on the problem, one MOEA is preferred over another.

Despite a suit of MOEAS, the resulting policies that are presented to decision-makers often lack in
explainability. If a decision-maker were to ask why a given set of policies is toptimali, the answer must
be that the algorithm found these to be optimal. These algorithms are well-developed and trusted but
especially in socio-economic systems, a lot of value is placed on why certain decisions are made, that
must go beyond the optimality argument. For most algorithms, it is difficult to explain why one policy is
preferred over another, besides it performing better.

To overcome this problem, policy trees have been used as input for these MOEAs (Herman and Giuliani
2018). A policy tree relates an action to a system state. A policy based on policy trees is therefore
inherently more explainable than real-valued decision variables. When asked why a certain decision
is made, one can say that the system conditions were such that a specific action had to be taken, as
well as the optimality argument. There are not many algorithms combining MOEAs and policy trees as
decision variables which are then applied to socio-economic systems to advance the explainability of
the optimal policy set.

We introduce the tForest BORGi framework, built on the BORG MOEA, as a policy tree optimization
method for socio-economical systems. Unlike the original BORG MOEA which does not support tree-
structured decision variables, Forest BORG mimics the BORG algorithm as closely as possible while
accommodating tree-structured decision variables via specialized evolutionary operators.

This novel framework is tested on two case studies representing socio-economic systems, the Fol-
som lake model and the Regional Integrated model of Climate and the Economy (RICE) Integrated
Assessment Model (IAM). These case studies demonstrate the need for an algorithm that can opti-
mize multi-objective problems under deep uncertainty. Climate change is the main driver behind the
uncertainty in these models. Both case studies have many stakeholders, lending themselves as multi-
objective decision-making problems. This research has developed the Forest BORG framework and
aims to apply it to these case studies in order to find optimal policy sets, that are inherently more explain-
able than the ones based on real-valued decision variables used in the majority of current research.
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,Q WKH ILHOG Rl ZDWHU PDQDJHPHQW WR DLG DGDSWDWLRQ GHFLVLRC
DQG *LXOLDRDYH GHYHORSHG D WUHH EDVHG DOJRULWKP WKDW EDVHG RC
GHILQHV D SROLF\IRUWKH)ROVRP UHVHUYRLUPRGHO 7KHJRDO RIWKH D
IXQFWLRQ RIDJHQHUDWLYH VLPXODWLRQ PRGHO GHFLVLRQ YDULDEOHYV
,Q WKH FDVH Rl ZDWHU PDQDJHPHQW ODUJH SHQDOWLHV DUH JLYHQ WR |
GRHV QRW PHHW GHPDQG 'HFLVLRQ YDULDEOHV LQFOXGH IRUH[DPSOH ZI
KHGJH 7KH QRYHOW\RIWKH DOJRULWKP LV WKDW SUHYLRXVO\VXFK D SL
RSWLPL]DWLRQ SUREOHP 3ROLF\WUHHV LQVWHDG VHDUFKIRUD VHW R
HDFK WLPHVWHS IURP D GLVFUHWH VHW RI DFWLRQV 7KH RSWLPDO SROLF
WKH FRVW IXQFWLRQ

$ SROLF\WUHH GHILQHG E\ +HUPDQY DEGQRNOWD®H FRQVLVWLQJ RI LQG
WLRQ QRGHVY 7KHURRWDQG FORVHG QRGHV RI WKLV WUHH VWUXFWXUH D
VI\VWHP PRGHO YDULDEOHDQGD WKUHVKROG YDOXH 6WDUWLQJDW WKH
WKH WKUHVKROG WKH FKLOG QRGH RQ WKH ULJKW RI WKH QRGH LQ TXHVV
QRGHV RIWKH WUHH VWUXFWXUH DUH WKH DFWLRQ QRGHV 7KHVH DFWLI
FHUWDLQ YDOXH $ YLVXDO UHSUHVHQWDWLRQ RI D SROLF\WUWH DV SUF
JLYHQ LQ )LJIXUH

7KHSROLF\WUHH LV IXUWKHU GHYHOR S HAX HY HREG IQFDQVR UHDAODL@ EOHV T
SROLF\VWUXFWXUH DUHLGHQWLILHG VLPXOWDQHRXVO\GXULQJ WKH RS\
DVHW RI RSWLPDO SROLFLHV DV ZDV GRQH LEX W NWKA-DQQDOQDA X LKWV ZE QW Lt
WRUV DQG DFWLRQV DUH PRVW FRPPRQ LQ WKHVH RSWLPDO SROLFLHV FR
WKHLQGLFDWRUV PRVW IUHTXHQWO\DVVRFLDWHG ZLWK HDFK DFWLRQ DQ

7KH QRYHOW\ RI WKLV DOJRULWKP LV WKH LQFRUSRUDWLRQ RI SROLF\ W
HOWO\PRUH H[SODLQDEOH WKDQ UHDO YDOXHG GHFLVLRQ YDULDEOHYV D¢
RI 3DUHWR RSWLPDO VROXWLRQV DUH UHTXLUHG IRU D VRFLR HQYLURQP
RQO\ FDUH ZKDW WKH EHVW VROXWLRQV DUH EXW DOVR ZK\ WKH\ DUH WK
GHFLVLRQ PDNLQJ SURFHVV 7KH DOJRULWKP KDV DW WKH WLPH RI ZULW
DJHPHQW SUREOHPY 7KHVH SUREOHPV IDFH GHHS XQFHUWDLQW\ GXH W
VLPLODU WR RWKHU VRFLR HQYLURQPHQWDO SUREOHPYVY OLNH WKRVH GF
LQJV RI WKLY DOJRULWKP KRZHYHU SUHYHQW LW IURP EHLQJ WKH EHVW !
SUREOHPV 7KHILUVW VKRUWFRPLQJLY WKDW RQO\RQHDFWLRQ FDQ EH"
WDNH RQ GLIITHUHQW GLVFUHWH YDOXHYV EXW IRU VRFLR HQYLURQPHQWD
L HDFWLRQV LQKHUHQW WR WKH SUREOHP 7KH VHFRQG VKRUWFRPLQJ L
EHVLPXOWDQHRXVO\RSWLPL]HG E\WKLV DOJRULWKP %HVLGHV WKH PXOC
VI\VWHPYV RIWHQ KDYH PDQ\ VWDNHKROGHUVY LQYROYHG DQG PDQ\ REMHF'
H[SHFWHG WR SHUIRUP UHDVRQDEO\ ZHOO IRU SUREOHPV XS WR IRXU RU |
OLNHO\WR GHWHULRUDWH ZKHQ DSSOLHG WR UREIXXHP R ZM WKW X¥FHKWRWU R
7KH)RUHVW %25* DOJRULWKP LV GHVLIQHG WR DOOHYLDWH WKHVH SURE(

3ROLF\ WUHHVY KDYH WZR DGYDQWDJHVY RYHU UHDO YDOXHG GHFLVLRQ
SODLQDEOH DV WKH\UHODWHDFWLRQV WR VA\VWHP VWDWHY $Q RSWLPD(
YDULDEOHV RIITHUV QR IXUWKHU LQVLIJKW 6HFRQGO\ SROLF\ WUHHV DU}



4SPMG] 8VIIW

JLIXUH 6 WUXFWXUH RID SROLF\WUHHDV GHILQHG LQ +HUPDQDQG *LXOLDQI

UHDO YDOXHG GHFLVLRQ YDULDEOHY PDNLQJ WKHP PRUH DGHTXDWH DV
ZLWK ORQJWLPH KRUL]JRQV 7KHLPSOLFDWLRQRIXVLQJWUHH VWUXFW X1
YDOXHG GHFLVLRQ YDULDEOHV LVSW.IVXEICH H G RO)H RILLHSROLF\ WUHH L\
LQSXW WR D K\SRWKHWLFDO VI\VWHP 7KH SROLF\ WUHH GLFWDWHYV WKDW
VPDOOHU WKDQ WKHVDYLQJVUDWH VU LVVHW WR "KHQ WKLV FRQ
VULV VHW WR 7KHUHVSRQVH RI WKLY K\SRWKHWLFDO VA\VWHP WR WKH
JUHHQ FXUYH UHIOHFWYV WKH VU YDULDEOH LQ WKH VA\VWHP ZKLFK LV WKH
FDOOHG DQ DFWLRQ YDULDEOH 7KHEOXHDQG GDVKHG JUH\ FXUYH UHIO}
LV GHILQHG DV D PHWULF 7KLV PHWULF FDQ DOVR EH FDOOHG REMHFWL
RUVROXWLRQ ILWQHVYVY 7KH PHWULF YDULDEOH LY VHQVLWLYH WR WKH (
WR WKH SROLF\WUHH VKRZV D FKDQJH GXULQJ WKH VLPXODWLRQ SURFH
UHDO YDOXHG GHFLVLRQ YDULDEOHY GRHVY QRW VKRZ D FKDQJH 7KLV K\
SRUW IHDWXUH RI SROLF\ WUHHY WKHDFWLRQV KDYHEHFRPH G\QDPLF
VLPXODWLRQ 6WDWLFDFWLRQVDUHVHWD WKHVWDUW RI WKHVLPXODW
ODWLRQ 7KHDFWLRQV RIUHDO YDOXHG GHFLVLRQ YDULDEOHYVY DUH VWD
WKH VLPXODWLRQ $OORZLQJGHFLVLRQ YDULDEOHV WR EH G\QDPLF UDW
IRUORQJWHUP VA\VWHPV VXFK DV ZDWHU PDQDJHPHQW SUREOHPV RULQYV

YLIXUH $ K\SRWKHWLFDO H[DPSOH RID SROLF\WUHH IRUWKH5,&( PRGHO 7KHEHKDYLRXU R
DQG RQO\VHUYHV DV DQ H[DPSOH



ISHIPMRK 7]WXIQW

STXMQMAIHO0OSSO %LIEH8VIIW

$QRWKHU VWUDLQ RI OLWHUDWXUH GHYHORSV 2SWLPL]HG /RRN DKHDG 7U
IURP +UHQ DQG OXQRWFK GHYHORSHG D VHDUFK WUHH DOJRULWKP WKDW
VA\VWHPV ZLWK UHODWLYHO\VPDOO WUHHV 7KK DRREWQRK B REE RHGHGW)
d FRUUHVSRQGVY WR D VWDWH % B DMHUVDUHDTXDEBDSRUWR PRQYV 7KH WUHH L
RSHG fRSWLPLVWLFDOO\ ZKHUH WKHPRVW SURPLVLQJQRGHV DUH H[SOR!
LV PHDQW 7KH UHVXOWLQJ OHDUQLQJ WUHH DOJRULWKP LV SUREOHP LQ
PRGHO WKHV\WWHP RQ ZKLFK WKH UHZDUG IXQFWLRQ LV EDVHG KDV QR L
WLRQ

7KH 2/7 KRZHYHU H[WHQGV WKLV LQGHSHQGHQW WUHH H[SORUDWLRQ W
ODHV :HKHQNHO DQG (IKHRSWLPL]DWLRQ UHOLHV RQ D SDWK IHDWXUH
SDWK LQ WKH VHDUFK WUHHLQWR D YHFWRU RI IHDWXUHY GHVFULELQJ Wk
WKH RSWLPL]DWLRQ DQG UHTXLUH VIVWHP VSHFLILF NQRZOHGJH WR PDN
2/7 WR ODUJH DQG FRQWLQXRXV DFWLRQ VSDFHIVQGEXBUL GUE WK HDZ/G DDW
'LUHFW 3ROLF\ 6HDUFK '36 -XQJ :HKHGQNMHQ DHOWRWLWKP LV IXUWKHU H[S
$SSHQGL]

7KH 2/7 LVDQ LQWHUHVWLQJDGGLWLRQ WR )RUHVW %25* )RUHVW %25* D
YDULDEOHV WKDW LPSURYH XSRQUHDO YDOXHG GHFLVLRQ YDULDEOHYV E
IOH[LELOLW\ RI SROLFHVY E\WXUQLQJ VWDWLF DFWLRQV LQWR G\QDPLF DI
%25* LQDVLPLODUPDQQHUDV KRZ)RUHVW %25* KDVLPSURYHG UHDO YDC
2/7 HISDQGYV WKH H[SODLQDELOLW\ RI WKH UHVXOW\DBEUGRRIWNDKIQ RBWH SD
PLIDWLRQ 7KH SDWK IHDWXUH IXQFWLRQ PD\LQFOXGH HWKLFDO FRQVLG
OLNH WKHDYHUVLRQ WR ODUJH VXGGHQ FKDQJHV LQ GHFLVLRQ YDULDE(
WR WKH RSWLPL]DWLRQ SURJUHVY E\DOORZLQJ WKH SROLFHV WR EH G\Q
DOORZV IRU G\QDPLF DFWLRQV EXW WKH SROLF\ WKH VHW RI G\QDPLF DF
EHIRUH WKH RSWLPLIDWLRQ DQG LV QRW DOORZHG WR FKDQJH GXULQJ Wk
EXWOLPLWHG WR WKHRQHV GHILQHG LQ WKH SROLF\WUHH ZKLFK LV VWL
DFWLRQV DQG G\QDPLF SROLFLHV DV HYHU\DFWLRQ LV FRQVLGHUHG DW
JXLGHG E\WKH SDWK IHDWXUH IXQFWLRQ 7KLVIHDWXUHRIDQ 2/7 FDQ EHF
FRPSXWDWLRQDOO\H[SHQVLYHIRUVLPXODWLRQ V\VWHPV ZLWKPDQ\WLP
ZLGHUDQJHV VXFKDV ,$0VRUZDWHU PDQDJHPHQW SUREOHPV )RUHVW %
FRPSXWDWLRQDO EXUGHQ IRU VLPXODWLRQ VI\IVWHPYV VXFK DV ,$0V DV )R
WR GHWHUPLQH WKH PRVW LQIOXHQWLDO LQGLFDWRU DQG DFWLRQ YDUL
WKHQ EH XVHG WR UHVWULFW WKH QXPEHU RIDFWLRQ YDULDEOHV DQG Wk
VLIQLILFDQWO\UHGXFLQJWKHRQOLQH UHVRXUFHV UHTXLUHG E\DQ 2/7 V

1SHIPMRK 7]WXIQW

$Q02($ZLWK SROLF\WUHHVDVWUHH VWUXFWXUHG GHFLVLRQ YDULDEOH!
IRUSROLF\PDNHUV 7KHPRVWDGHTXDWHPRGHOV DUHWKRVH WKDW DOO
WHUL]JHG E\ XQFHUWDLQW\DQG ORQJ WLPH KRUL]JRQV GXH WR WKH WZR D
YDOXHG GHFLVLRQ YDULDEOHY &DVHVWXGLHV LQ ZDWHU VA\VWHP PDQDJ
LQ &RKHQ DQG +HUPMKQV UHVHDUFK HIWHQGYVY WKH W\SH RI SUREOHP WR |
PRGHOV

,$0V DUH XVHG WR H[SORUH WKH REMHFWLYH VSDFH WKH SRVVLEOH RXW
,$0V XQLWH PRGHOV WKDW FRXOG KDYHEHHQ GHVLIJQHG IRU GLIITHUHQW S
WDLOHG LQ WKH GHVFULSWLRQ RIRQH VXEGRPDLQ )RUH[DPSOH RQH ,$0
FOLPDWH VA\VWHP EHWWHU WKDQ DQRWKHU ,$0 ZKLFKLVY WDLORUHG WR WK
SUHIHUHQFHV RI HFRQRPLF DJHQWY ,$0V DOVR GLIIHU IURP RQH DQRWKI
DVLPXODWLRQ WRRO SUHGLFWLQJ SRVVLEOH IXWXUHVY EDVHG RQ DVVXP
YDULDEOHV LQDQ ,$0 $Q DOWHUQDWLYH XVHRI ,$0V LV DV RSWLPL]DWLR
TXHVWLRQV VXFKDV :KDW SROLFLHVY VKRXOG EHLPSOHPHQWHG WR PDJ[L
PLQLPL]JHFOLPDWH GDPDJHV"Y FDQEHH[SORUHG $Q REMHFWLYH IXQFWL



6IWIEVGL-QTPMGEXMSRW

DQG RSWLPL]JHG VR GLITHUHQW SROLF\ SDWKZD\V FDQ EH FRPSDUHG ,$0V
VHOYHV IRUWKHRSWLPL]DWLRQ RI SROLFLHV

,$0V DERXW WKH HQHUJ\ FOLPDWH VA\VWHP ZHUH ILUVW GHPRGR=SHG LQ W
VSLWHFULWLFLVPKDYHJDLQHG VLIJQLILFDQWLPSRUWDQFHGXHWR WKHL
DGDSWDWLRQ DQG PLWLIJDWLRQ WR FOLPDWH FKDQJH H J WKH ,3&& RU \
&ULWLFVY KRZHYHU DUJXH WKDW DOWKRXJK ,$0V DLP WR FDSWXUH WKH
WKH\ IDLO WR GR VR DQG WRR PXFKLPSRUWDQFH LV DWWULEXWHG WR WK
DV SROLF\PDNLQJWRROV EXWIDFHFULWLFLVPIRUWKHLUUHSUHVHQWD\

6IWIEVGL-QTPMGEXMSRW

7KLV UHVHDUFK EXLOGV RQ WKH FRQFHSWY ODLG RXW LQ WKLV FKDSWHU
GHVLIQHG WR EHRSHUDWHG ZLWK WUHH VWUXFWXUHG GHFLVLRQ YDULDE
REMHFWLYH SUREOHPV FKDUDFWHUL]JHG E\ XQFHUWDLQW\ 7KH QRYHO DC
RQ WKH )ROVRP ODNH PRGHO D ZDWHU PDQDJHPHQW SUREOHP DQG WKFH
,$0 7KH )RUHVW %25* DOJRULWKP LV SDRGHQNHHE 2R FEDHVFWNLW R GLHY DUH S
LQ &KDSWHU



"EWI 7/ XYHMI

*SPWSQOEOI1SHIP

7KH )ROVRP ODNH PRGHO LV D VLPXODWLRQ PRGHO RI WKH )ROVRP UHVHU
7KH SK\VLFDO ULYHUV DQG UHVHUYRLU RULJLQDWH LQ WKH $PHULFDQ 51
FDQ 5LYHU IORZ LQWR WKH )ROVRP UHVHUYRLU RXW Rl ZKLFK WKH $PHULTF
6DFUDPHQWR 5LYHU 7KH UHOHYDQW D UsHP DD G HBDLFFWIHGGL G Y. BXWHR Q KD
GHYHORSHG DURXQG WKH IRUNVDQG WKHUHVHUYRLU IRUJHQHUDWLQJ K\
PDLQWDLQLQJEDVHIORZ LQ GU\ VHDVRTKH ZRKHILBEMHMBAOXFWXDWHV
WR \HDU GHSHQGLQJ RQ FOLPDWH DQG HFRQRPLF FRQTHWURDMVR GBO KD Q |
GURFOLPDWH LV FKDUDFWHUL]HG E\D GU\DQG D ZHW VHDVRQ $ KLJK UD\
PRXQWDLQV GXULQJ WKH VSULQJVHDVRQ FDXVHV KLVWRULF SHDN IORZV
SRVVLEOH GXULQJWKHVH SHULRGV RIKLJKLQIORZWRVWRUHHQRXJK ZDV
LV ORZ *RKDULDQ HW DO

JLIXUH $Q DUHD GHSLFWLRQ RI WKH)ROVRP UHVHUYRLUDQG WKH $PHULFDQ 5LYHU WDNF



7KH5,&( PRGHO DUHJLRQDO GHULYDWLYHRIWKHJOREDO '\QDPLF,QWHJL
RP\ ',&( PRGHO LVDUDWKHUVLPSOH\HW ZHOO HVWDEOLVKH&EBQG XSGD
' &(PRGHO LV D ZHOO NQRZQDQG LQIOXHQWLDO ',&(ZDV WKH PDLQ PRGH
RI WKH VRFLDO FRVW Rl FDUERQ D WRSLF RI JUHDW BR GL&(LFR®H®LVE X V \
WKLV UHVHDUFK LV EDVHG RQ WKH 5,&( YHUVLRQ7KURYB KD XRPGGYA]GW
WKH ZRUOG LQWR UHJLRQMNBH$PRIGEGIGLKDY DOVR EHHQ H[WHQGHG EH
UHJLRQV LQ DQ HIIRUW WR GLV DJJUHJDWH DQG DQDO\]H UHJLRQDO GLI
'"HVSLWH WKHVH EDGJHV RI LQIOXHQFH DQG WKH FRQWLQXHG GHYHORSP!
PRGHOV KDYH EHHQ FULWLFL]HG WRR *UXEE 7KH@BDUQ DQIXBHD)DIDLC
WKHVH PRGHOV LV WKH H[SUHVVLRQ Rl WKH GDPDJH IXQFWLRQ UHODWLC
HFRQRPLF GDPDJHV ZKLFKLVVDLG WREHWRRVLPSOLVWLFWR UHOLDEO
WHP RYHU WKH HFRQRPLF VIVWHP ORRIUH[DP\S H[BUHVVLRQ Rl WKH GDPDJ
VKRXOG EH WUHDWHG DV D ODUJH VRXUFH RI XQFHUWDLQW\LQ WKH ', &( 5,
7KH 5,& (PRGHO LV IODZHG EXW VLPSOH DQG ZHOO HVWDEOLVKHG P

,$0 WR WHVW DQG DSSO\)RUHVW %25* RQ

7KH 5,&( PRGHO HPSOR\V IRXU LQWHUDFWLQJ VXEPRGHOV DQ HFRQRP\
PRGHO D FOLPDWH VXEPRGHO DQG D XWLOLW\ VXEPRGHO 7KH ILUVW SX
YLGHG LQ WHQ UHJLRQV ZLWK HDFK WKHLU RZQ LQLWLDO FDSLWDO VWRF N
WKH ILUVW LV HQGRJHQRXV WR WKH PRGHO DQG WKH ODWWHU WZR DUH H
HFRQRPLF RXWSXW WKURXJK D &REE 'RXJODV SURGXFWLRQ IXQFWLRQ
,QGXVWULDO HPLVVLRQV VWHPPLQJIURP HFRQRPLF RXWSXW UHODWH W
PRGHO &DUERQ LV VKDUHG EHWZHHQ GLIIHUHQW UHVHUYRLUV DQG KDV C
ODWHG WKH FDUERQ F\FOH PRGHO WR WKH FOLPDWH PRGHO 7KH FOLPDW
WHPSHUDWXUH DV D UHVXOW RI UDGLDWLYH IRUFLQJ *OREDO DWPRVSKF
WKH HFRQRP\ VXEPRGHO E\ WKH GDPDJHV LQIOLFWHG RQ WKH UHJLRQDO
WLPDWHG E\D GDPDJH IXQFWLRQ $ ORZHU QHW HFRQRPLF RXWSXW LV G|
DEDWHPHQW DQG FRQVXPSWLRQ OHDGLQJWR LQGXVWULDO HPLVVLRQV
ORJLF RI WKH 5,&( PRGHO LV GHIZIKAWKZDQ WDOXHA I[URP FHE GHE
PRGHO LV H[SODLQHG LQ GHSWK LQ $SSHQGL]

JLIXUH $ YLVXDOL]DWLRQ RI WKHFRUH ORJLF RIWKH5,& PRGHO WDNHQ IURP 5

6IWIEVGL -QTPIQIRXEXMSR

7KH)ROVRP ODNHPRGHO DQG 5,&( ,$0 DUH JRRG FDQGLGDWHYVY DV FDVH VW
UHIOHFW UHDO OLYH SUREOHPV IDFLQJ XQFHUWDLQW\ GXH WR FOLPDWH



6IWIEVGL -QTPIQIRXEXMSR

PDNLQJ WKH FDVH VWXGLHYVY PXOWL REMHFWLYH SUREOHPY 7KH FRQFHSES
S\WKRQ SURJUDPPLQJODQJXDJH 7KHLPSOHPHQWDWLRQ RI WKH )ROVRP
DQG *LXOLDQZKH 5,&( PRGHO ZzDV UHFRQVWUXFWHG DV SDUW RI WKLV UHYV
RI'WKH5,&(PRGHO LVEDVHG RQ WKH YHUVLR Q@ EHNWHLQXWHWX U DR OSHHGAIHVDL R
WKHPRGHODUHLGHQWLFDO WR WKH SUHGHFHVVRU YHUVLRQ EXW WKH PR
FKDQJHV GXULQJD VLPXODWLRQ UXQ 7KHUHZULWLQJRI WKHPRGHO ZDV
IXQFWLRQDO SURJUDPPLQJIDVKLRQ 7KHPRGHO LPSOHPHQWDWLRQV DU
; /150 IUDPHZRUN 7KH ;/50 IUDPHZRUN IDFLOLWDWHY D VWDQGDUGL]HG P}
GHFLVLRQ PDNLQJ XQGHU GHHS XQFHUWDLQW\ 7KH IUDPHZRUN DOVR OH
WUHHYVY 7KHIUDPHZRUNDQG WKHILWWLQJRIWKHVHFDVHVWXGLHV LV SL



IRS[PIHKI+ET ERHI1IEMRG6IW
SYIWXMSR

IRS[PIHKI +ET

7KH FXUUHQW PHWKRGY HPSOR\HG LQ WKH ILHOG RI FOLPDWH FKDQJH GH|
JDWLRQ DQG ODFN H[SODLQDELOLW\ GXH WR WKH QHXUDO QHWZRUNYV SU
WR GHYHORS D WUHH EDVHG PHWKRG WKDW FDQ EH DSSOLHG WR DVVLVW
GRPDLQ DQG WKHUHIRUH DGG D QHZ WRRO WR WKH '0'8 'HFLVLRQ PDNLQJ
7KH WUHH EDVHG PHWKRG SURYLGHV LQVLJKWV LQ WKH GHFLVLRQ PDNLQ
VHW 7R WKHDXWKRUV NQRZOHGJH WKHGHYHORSPHQW RIDWUHHEDVHG
SROLF\GRPDLQ KDV QRW EHHQ GRQH EHIRUH

JURP WKLV SRLQW IRUZDUG WKH SROLF\ WUHHGHWV 6 HVEMGEHGTI3Q MH W
ZLWK D GLVWLQFWLRQ EDVHG RQ HPSOR\HG 02($DQG WKH RSWLPL]HG ORR
327 DOJRULWKP LQ WKH FOLPDWH FKDQJH ILHOG KDV VHYHUDO GUDZEDFN
DFWLRQV DUH G\QDPLF EXW WKH SROLFLHV DUH VWDWLF DQG WKH LQKHUH
OLPLWHG

JLQGLQJ RSWLPDO SROLF\ WUHHVY WKURXJK D 327 DOJRULWKP LV FRPSXW
FRPSXWDWLRQDO UHVRXUFHV DUH XVHG RQOLQH DV RSSRVHG WR IRU HII
UHFW 3ROLF\6HDUFK (02'36 ZKHUH QHDUO\DOO RIWKHFRPSXWDWLRQDC
DIL[HG GHSWK DOO SRVVLEOH FRPELQDWLRQV RILQGLFDWRU YDULDEOH)\
WLPHVWHS LQ WKHVLPXODWLRQ KRULIJRQPXVWEHHYDOXDWHG 7KHUHV)
WKDW D SROLF\UHPDLQV XQFKDQJHG RYHU WKH HQWLUH VLPXODWLRQ KR
XQFHUWDLQ HYHQWY OLNH WLSSLQJ SRLQWV DUH LQFOXGHG LQ WKH VLP?>
SROLFLHV IURP WKLY DSSURDFK DUH PRUH H[SODLQDEOH WKDQ SROLFLH
OHDUQLQJPRGHOV WKHH[SODLQDELOLW\RID SROLF\WUHHFDQ VWLOO ¢
FOHDU XQGHU ZKDW FLUFXPVWDQFHV DFWLRQV DUH WDNHQ RQH FRXOG C
RWKHUWKDQ WKDW WKRVHVFRUHG WKH KLIKHVW UHZDUG YDOXHV JLYHQ
WKHILHOG RIFOLPDWH FKDQJH ZKHUH MXVWLFH SULQFLSOHV DUH LQFRU.
EODFNER[PRGHOV WKDQ LQKHUHQWO\H[SODLQDEOH PRGHOV 5XGLQ

, QDGGLWLRQWRDSSO\LQJD 327 DOJRULWKPLQ FOLPDWHFKDQJHVLPXOD
LQFRUSRUDWLQJWKHLGHDRIDQ 2/7 )LUVW D327 DOJRULWKP LV FRXSOH
VSHFLILFNQRZOHGJH LV JDLQHG ZKLFKLVWKHQ XVHG LQ WKHIRUPXODWL
RQGO\DOORZV IRUWKH FRXSOLQJRIDQ 2/7DOJRULWKP WR WKHFDVH VW
LPSRUWDQW LQGLFDWRU DQG DFWLRQ YDULDEOHY ZKLFK FDQ WKHQ EH X
PHQWHG ZLWK KXPDQ SUHIHUHQFHV WKDW GR QRW VWHP IURP RSWLPL]DW
RIFKDQJHLQDFWLRQV 7KHGHVLUHIRUVPRRWKWUDQVLWLRQV RYHU HU
IHDWXUH IXQFWLRQ DV D KXPDQ SUHIHUHQFH ,Q WKH VHFRQG FRXSOLQJ
GLVUHIJDUGHG WKXV OLPLWLQJ WKH QHFHVVDU\ FRPSXWDWLRQDO EXGJ}



6IWIEVGLSYIWXMSRW

SROLF\WUHH LV DVNHG IRU RQH FDQ SRLQW GLUHFWO\ WR WKH VPRRWK
GHFLVLRQ PDNHU SUHIHUHQFH ZDV YRFDOLJ]HG WKURXJK WKH SDWK IHDW

3ROLFLHY JHQHUDWHG WKURXJK 2/7V DUH LQKHUHQWO\ G\QDPLF DV DW H
PLQHG LQVWHDG RIHYDOXDWLQJD VI\VWHP VWDWH WKDW ZLOO WUDQVOD
DUHDOVR PRUHH[SODLQDEOHWKDQ 327V DV SUHIHUHQFHV FDQ EH GHILQH
VWDWLQJ ZKDW SDWKV DUH PRUH IDYRXUDEOH WKDQ RWKHUV DQG RQ ZKL
SUHIHUHQFHYVY EH DJJUHJDWHG LQWR D VLQJOH UHZDUG YDOXH 7KH SDW
VSDFHWR FRQGHQVH WR WKH LQIOXHQWLDO UHJLRQV ZKLFK VXEVWDQWL
EXGIJHW 2/7VKLQJHRQD SDWKIHDWXUH IXQFWLRQ ZKLFKLPSURYHV DV P
DYDLODEOH OLNH ZKLFKDFWLRQV DUHLPSRUWDQWDQG RYHU ZKDW UDQ

7KH GHYHORSPHQW RI D 327 DOJRULWKP DQG DSSO\LQJ LW WR WKH FDVH"
UHVHDUFK 7KHVHWRISROLF\WUHHVFDQEHWHVWHGRQGLITHUHQW VFH(
ZKLFK FKRLFHV VKRXOG EHPDGH 7KH)ROVRP ODNHPRGHO VHUYHV DV DE
5,&(,$0DV D WHVW VXLWH IRU )RUHVW %25*

6IWIEVGLS5YIWXMSRW
7RILOO WKH NQRZOHGJH JDS WKH UHVHDUFK TXHVWLRQ FHQWUDO WR WKI

+RZFDQ ZH GHVLJQ D WUHH EDVHG PXOWL REMHFWLYH DOJRULWKP WK
LQ GHFLVLRQ PDNLQJIRU VRFLR HQYLURQPHQWDO V\VWHP\

TKHDOJRULWKPPXVWDGYDQFHH[SODLQDELOLWALQ GHFLVLRQPDNLQJ
VRFLR HQYLURQPHQWDO V\VWHPVDUHUHSUHVHQWHG WKURXJKWKH WZR
WKH 5,&( ,$0 7KH DOJRULWKP PXVW DOVR EH EHQFKPDUNHG WR HQVXUH 1
VKRXOG EH MXGJHG RQ HIILFLHQF\ E\FKHFNLQJFRQYHUJHQFH VSHHG HI
WLPH G\QDPLFV WR DQRWKHU DOJRULWKP DQG RQ UHOLDELOLW\ E\UHS
wuLDOV 7KHILUVW VXE UHVHDUFK TXHVWLRQLV WKHQ VWDWHG DV

6XE UHVHDUFK TXHRWERQ DOJRULWKP SHUIRUPDQFH EHEHQFKPDUNHG™"

02($Y KDYH PXOWLSOH K\SHUSDUDPHWHUY WKDW FRXOG LQIOXHQFH WKH
VKRXOG EH HISORUHG WR HQVXUH RSWLPDO UXQQLQJ FRQGLWLRQV IRU
K\SHUSDUDPHWHUV LV PD[LPXP WUHH GHSWK ZKLFK VKRXOG QRW EHFRP'
SROLF\WUHHV WR D VSHFLILF VFHQDULR LQFUHDVHV ZLWK PD[LPXP WUHEL
ULWKP LVDQDO\]JHG E\ WKH VHFRQG VXE UHVHDUFK TXHVWLRQ ZKLFK LV V

6XE UHVHDUFK TXHRW GRQVKH K\SHUSDUDPHWHUV LQIOXHQFH DOJRULWKF
$GYDQFLQJH[SODLQDELOLW\LQ GHFLVLRQ PDNLQJIRUVRFLR HQYLURQP
LQGLYLGXDO SROLF\WUHHVY DQG WKH WUDGH RIIVGLVFRYHUHG E\ WKH DC
LV WKXV VWDWHG DV

6XE UHVHDUFK TXHKDW RMUDGH RIIVDUHLGHQWLILHG E\WKH DOJRULWKP"
JURP WKH SDUHWR IURQW D SROLF\ WUHH LV VHOHFWHG WKDW SHUIRUP\
ZHOO DV D SROLF\WUHH WKDW UHIOHFWV D FRPSURPLVLQJVROXWLRQ DF!
DQDO\V]HG IRUWKHLU VLPLODULWLHY DQG GLIIHUHQFHV DQG KRZ WKH\ UH:
7KHVH LQGLYLGXDO SROLF\WUHHYV DUH H[DPLQHG LQ WKH IRXUWK VXE UH

6XE UHVHDUFK TXHRWGROQVKH VHOHFWHG SROLF\WUHHV DGYDQFH H[SODL



6IWIEVGL-QTPMGEXMSRW

6IWIEVGL-QTPMGEXMSRW

7KLY UHVHDUFK SRVLWLRQV LWVHOI LQ WKH JDS EHWZHHQ FXUUHQW 02($
GHHS XQFHUWDLQW\DQG WKH GHVLUHG IHDWXUHVY WKDW DUH QHFHVVDU\
ZRUOGPXOWL REMHFWLYHSUREOHPY 7KHDOJRULWKP WKDW LV GHYHORS
LVEHQFKPDUNHG RQ WKH )ROVRP ODNH PRGHO DQG WHVWHG RQ WKH 5, &/{
%25* VSHFLILFHYROXWLRQDU\RSHUDWRU G\QDPLFVDQG FRQWUROODEL
DELOLW\ RI )RUHVW %25* WR EH D YDOXDEOH DVVHW LQ D GHFLVLRQ PDNF
WUDGH RIIVIRXQGIRUHDFKFDVHVWXG\ DQGWKHLQGLYLGXDO SROLF\ WL
IURQW $ ORJLFDO HWHQVLRQ RI WKH FXUUHQW UHVHDUFK LV WR GHVLJ!
WR )RUHVW %25* DQG UHDSSOLHG WR ERWK FDVH VWXGLHVY 7KH UHVXOW
HQKDQFH H[SODLQDELOLW\DQG DOOHYLDWH FRPSXWDWLRQDO UHVRXUF|



1IXLSHW
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7KH )RUHVW %25* DOJRULWKP LV WKH SURGXFW RI D VWXG\RI WKH RULJL
+HUPDQ DQG *LXODOQ@WKH %25* DOJRULWKP DV SUHVHQWHG/IK® +DGND |
RULJLQDO 327 DOJRULWKP LVRQHRIWKHIHZDOJRULWKPY WKDW DOORZV
LOQSXW ,WGRHV QRWKRZHYHU SHUPLW PXOWLSOH GLVWLQFW DFWLRQV YV
GHFLVLRQ YDULDEOHV RU IRU WKH VDPSOLQJ RYHU D FRQWLQXRXV UDQ
GHVLIQ RIWKHRULJLQDO 327 HPSOR\VD ELQDU\ WRXUQDPHQW ZKLFK SH
RIREMHFWLYHV RIDFDVHVWXG\LQFUHDVHV

2Q WKH RWKHU KDQG WKH %25* DOJRULWKP LV GHVLIQHG WR GHDO ZLWEk
SOR\WFOHYHU VWUDWHJLHV IRUWKHFRQYHUJHQFHWR DQ DSSUR[LPDWH
DQ DUFKLYH WKH LPSOHPHQWDWLRQ RI D UHVWDUW SURFHGXUH ZKHQ VI
DQDGDSWLYHWRXUQDPHQW VLIH +RZHYHU WKH %25* DOJRULWKP GRHV
YDULDEOHYVY )RUHVW %25* PDUULHVY WKHVH WZR DOJRULWKPV RULJLQDC
ZRUNLQJRIWKHRULJLQDO 327 DOJRULWKP DQG UHSODFLQJPRVWO02($ GH
%25* $ QRYHO IHDWXUH RI)RUHVW %25* WKDW LV QRW WDNHQ IURP HLWK'
RSHUDWRUYV VSHFLILFDOO\GHVLIJQHG IRUWUHH VWUXFWXUHV DQG FDVH

/ILNH DQ\ RWKHU 02($ )RUHVW %25* HPSOR\VHYROXWLRQDU\ RSHUDWRUYV
WDWLRQ RSHUDWRUV RQH UHFRPELQDWLRQ RSHUDWRU LQ WKH IRUP RI
RSHUDWLRQVDQG RQHVHOHFWLRQ RSHUDWRU DQDGDSWLYHWRXUQDPF
GHVLIQ RI)RUHVW %25*DQG WKH ZRUNLQJV RIWKHVHHYROXWLRQDU\RSH
RULJLQDO 327 DOJRULWKP LV H[SODLQHG WRR WRIDFLOLWDWH FRPSDUL

8IVQMRSPSK]

(YROXWLRQDU\DOJRULWKPV KDYH VRPHWHUPLQRORJ\DVVRFLDWHG WR \
XVHG WR XQGHUVWDQG WKH )RUHVW %25* DOJRULWKP $Q fLQGLYLGXDO"
OHP &RHOORSQ LQGLYLGXDO LV GHILQHG E\ D fJHQRW\SHY ZKLFK FDQ EF
GHFLVLRQ YDULDEOH $Q LQGLYLGXDO LV DVVRFLDWHG ZLWK D TXDQWLII
ODWLRQ HQYLURQPHQW RIWHQ WKH JHQHUDWLYH PRGHO 7KH JHQHUDW
SKHQRW\SH $ SKHQRW\SH ZKHQ SXW LQ D FHUWDLQ HQYLURQPHQW LV DO
WR WKDW HQYLURQPHQW 7KLV ILWQHVVLQFOXGHV RULV IXOO\FRPSRVH(
GHFLVLRQ YDULDEOH $FROOHFWLRQRILQGLYLGXDOVLVFDOOHGD SRS
D SRSXODWLRQ WKURXJK HYROXWLRQDU\ RSHUDWRUV 7KHVH DUH GLYLG
WLRQ RSHUDWRUV $PXWDWLRQ RSHUDWRU DOW HU YFK R B JH /KW \YSICRX HD C
RIDGHFLVLRQ YDULDEOH WKDW DQ LQGLYLGXDO FDUULHV LQ LWV JHQRW
QHZLQGLYLGXDO WKURXJK WKH PDUULDJHRISDUWV IURP RWKHU LQGLYL
RIDQLQGLYLGXDOLV GHILQHG E\WKH VHWWLQJRIWZRYDOXHV IRUWZR G
ELQDWLRQ RSHUDWRU FRXOG JHQHUDWH D QHZ LQGLYLGXDO E\WDNLQJ W
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IURP RQH SDUHQW DQG WKH RWKHU IURP DQRWKHU SDUHQW $ VHOHFWLF
SRSXODWLRQ RIWHQ EDVHG RQWKHLU ILWQHVY $QHYROXWLRQDU\DOJF
OXWLRQDU\RSHUDWRUV WR SURGXFH LQGLYLGXDOV WKDW DUH PRUH ILW
WKHDOJRULWKP

%\ PDUU\LQJWKHDERYHWHUPLQRORJ\IRUPXOWL REMHFWLYH SUREOHPYV
SURGXFHV D SDUHWR IURQW RI LQGLYLGXDOV WKURXJK WKH LWHUDWLYH
SRSXODWLRQ $Q LQGLYLGXDOV JHQRW\SH LY FKDUDFWHUL]JHG E\ LWV SF
E\LWV SRVLWLRQ LQ REMHFWLYH VSDFH ,PSRUWDQW WR WKLV UHVHDUF
7TUDGLWLRQDOO\ D GHFLVLRQ YDULDEOH LV D UHDO YDOXHG QXPHULFDO
&RHOOR 7KHGHFLVLRQ YDULDEOHLVDQLQGLYLGXDOVJIJHQRW\SH 7KLV
GHFLVLRQ YDULDEOH ZLWK D WUHH VWUXFWXUHG GDWD W\SH WKH SROLF

3VMKMREP 438 EPKSVMXLQ

7KH RULJLQDO 327 DOJRULWKP ZDV GHVLJQHG IRUD ZDWHU PDQDJHPHQW
WKH)ROVRP ODNHPRGHO 7KHUHVXOWYV RI WKHL U UH\DHDDIMR U- HQ P B IQUIDQN
IRUWKLY SURMHFW %\ VZDSSLQJ WKH )ROVRP ODNH PRGHO IRU WKH 5,&(
FRXOG SRVVLEO\RSWLPL]JHDQ ,$0 7KH RULJLQDO 327 DOJRULWKP ZDV KR
SUREOHP RQO\DQG WKH OHYHO RI FRQYHUJHQFH ZDV WHVWHG E\ FKHFNL
WLRQV WKH REMHFWLYH YDOXH VWRSSHG GHFUHDVLQJ VLJQLILEDQWO\

PRYHWRDPXOWL REMHFWLYH SUREOHP )LUVWO\ DVWKH QXPEHU RI REM
ZLOO EHFRPH LQFUHDVLQJO\LQVXIILFLHQW LQ ILQGLQJQRQ GRPLQDWHG
PHWULFV OLNH K\SHUYROXPH DUH UHTXLUHG WR WHVW DOJRULWKPLF FRC

7KH RULJLQDO 327 DOJRULWKP LV H[SODLQHG WKURXJK LWV LQLWLDOL]L
LWHUDWLRQ RIWKHDOJRULWKP SURGXFHVD QHZJHQHUDWLRQ RI WKH SR
I[IURP WKH SUHYLRXV JHQHUDWLRQ 7KHDOJRULWKP HPSORXWDERSXQ@ D WL
DUFKLYH VWUXFWXUH 2QO\D ELQDU\ WRXUQDPHQW LV DYDLODEOH DV D
FHGXUH GHVFULEHG LQL$WUROLWRKPWKH VHDUFK E\ FUHDWLQJ UDQGRP W|
VWDWLF SRSXODWIHRM VKIHSRSXODWLRQHYROYHV XQWLO D PDI[LPXP QXPE
1)( LVUHDFKHG 2QH1)(LVWKHHYDOXDWLRQRIRQHSROLF\WUHH 7KHF
QH[WLV KDQGOHG E\WKH LWHUDWH SURFHGXUH

$OJRULWKP LQLWLDOL]DWLRQ SURFHGXUH 2ULJLQDO 327

,QLWPDOIRSESEXODWLRQ VHW@ ZLWK=UDQGRP WUHHYV XQWLO
6 HNVy 4 0 Neva 1IXPEHURIIXQFWLRQ HYDOXDWLRQV®
ZKL®dH <Nmpmax GR

(YDOXDWH WKH REMHFWLYHWV IRUHDFK PHPEHU LQ

Neval Neval +ij

SHUIRUP LWHUDWLRQ VWHS
HQG ZKLOH

7KH LWHUDWH SURFHGXUH GH ¥B U DBAHGY L@QHFZOIHRQUH WKW LRQV DQG XSGD\
IURQW $QHZJHQHUDWLRQ RIVWDWLF VL]H LV FUHDWH GMKR WYWRDOIKFIVL QJ
ELQDU\WRXUQDPHQW 7KHEHVW SDUHQW UHPDLQV XQFKDQJHG ZKLOH WK
E\D SUH VSHFLILHG FKDQFH RI PXWDWLRQ LQ WKLV UHVHDUFK VHW WR
UHSHDWHG LQ)RUHVW %25*DQG VHUYHVDVD FRQWURO WR ZKLFK WKH SHU
EHWHVWHG DJDLQVW 7KH FKLOGUHQ RIWKHQHZ JHQHUDWLRQ DUH FUHD
HTXDOV WKH SUH VSHFLILHG SRSE¥CGRWOABQWIHRBUDMVMHG HLWKHU E\ FUR
UDQGRPO\ VHOHFWHG SDUHQWYVY RU E\ WKH FUHDWLRQ RI D UDQGRP WUH
FROQWUROOHG WKURXJK D SUH VSHFLILHG FURVVRYHU SUREDELOLW\ LQV

*SVIWX &SVK
JLUVW )RUHVW %25* LV FRQWUDVWHG WR WKH %25* DOJRULWKP WKHQ WK
7KH %25* DOJRULWKP HPSOR\V GLIITHUHQW WHFKQLTXHV IRU SRSXODWLRC
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$OJRULWKPAH WHUDWH 3URFHGXUH 2ULJLQDO 327

Pparent %LQDU\V7RXUQD P HPQ W B HHOMHHSMURKD W V °
LISDUHW RHA WLRQM G HWMKIHHG

PF  Ppaens ", QLWLDOL]H SDUHWR IURQW ZLWK SDUHQWV"
HOVH

P P[PF"&RPELQH SRSXODWLRQ ZLWK SDUHWR IURQW"
8SCOPFHZLWK WKH QRQ GRPLQBWHG VROXWLRQV LQ

HQG LI

([FHSW IRU ILUVW S D UH @)aiol X VW D XWHD3IWDH HIOMPR SiddREDELOL W\
ZKLmdﬁildren j< GR

Pparents + Pehildren *HQHUDW H ZPp)esUPRsdover ) "LI QRW FURVVRYHU JHQHUD\
UDQGRP WUHH DV FKLOG VROXWLRQ"

HQG ZKLOH

GLITHUHQW JHQHWLF RSHUDWRUV 7KHDXWKRUV VWDWH WKDW WKH FULW

SRSXODWLRQ WR DUFKLYHUDWLRWULJJHUHG UH$WRUWAWX/LWWKLD G DS M/
UHVWDUWYV DQG WKHDXWR DGDSWLYHPXOWLRSHUDWRU UHKAHRPELQDW
FXUUHQW FRQILIXUDWLRQ RI WKH %25*02($ GRHVY QRW VXSSRUW WKH DSS
YDULDEOHY 7KHFXUUHQW FRQILIXUDWLRQ RI WKH %25*02($DOORZV IRU
RIVFDODUVRUDUUD\V ,WfVSHUIRUPDQFHGRHV HOLFLWWHPSWLQJUHYV X
SRLQWYV VWDWH WKHPRVW QRWDEOH FRPSDULVRQVY EHWZHHQ %25*DQG )

$%25* XVHV ER[ GRPLQDQFH DUFKLYH DQG )RUHVW %25* KDV D VLPLODL
DQG FRQYHUJHQFH PDQDJHPHQW

+1%25*  HDWXUHV DQ DGDSWLYH SRSXODWLRQ VLILQJRSHUDWRU ZKLFK

t7KHDXWR DGDSWLYH PXOWL RSHUDWRU UHFRPELQDWLRQ VFKHPH RI

DOWKRXJK WKH UHFRPELQDWLRQ RSHUDWRUV LQ %25* 6%; '( 3&; 81
DQG 5HHG DUHHQWLUHO\UHSODFHG E\ WUHH EDVHG UHFRPELQDWLF
GHVFULEHGLQ VHFWLRQ

7KH GHVLIJQ RIWKH )RUHVW %25* DOJRULDNKXEHNS OORDE GAMKURMBK $0JR
WRDV ZHOO DV WKH HYROXWLRQDU\ RSHUDWRUYV 7KH VDPHEPONRULWKP
UHIRUPXODWHG LQ D OHVV PDWKHPDWLFDO IRUP (YHU\LWHUDWLRQ RI W
WKHUHIRUH FRQVWLWXWHYV RQHLQFUHPHQW LQ WKH QXPEHU RIITXQFWLR(
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JLIXUH $ YLVXDOL]DWLRQ RI WKH FRUH ORJLF RI)RUHVW %25*

$OJRULWKP LQLWLDOL]DWLRQ SURFHGXUH )RUHVW %25*

,QLWPDGIRSIXODWLRQ VHW®@ ZLWK UDQGRP WUHHYV
IRU DD GR
8SGDWHSKWAKLEDPBG WWRIWDUARKLUHOLILEOH"
HQG IRU
ZKL®h <Nmx GR
3HUIRUP LWHUDWLRQ VWHS
,QF UH REL B\
HQG ZKLOH

7KHLWHUDWH SURFHGXUH GHNRQUBH®/XYHYIMKHWREQ SDUW RI)RUHV
PRVW RI WKH ORJLF EHKLQG JRUHVW %25* LV EURXJKW WRJHWKHU )LUVW \
SURJUHVV DUH FKHFNHG WR VHH LI DLV WAHWRUWH & H:Hi HQ MR WKRWDUW P}
QRW WULJJHUHG WZR SDUHQWV DUHVHOHFWHG RQHIURP WKH SRSXODW!|
UDQGRPO\IURP WKHDUFKLYH 7KHWRXUQDPHQW VL]HLVY GHWHUPLQHG E\
SRSXODWIORRZHU ERXQGHG E\ D ELQDU\ WRXUQDPHQW 2QH RIIVSULQJ LV
DQG LV WKHQ DOORZHG WR PXWDWH IRU ZKLFK VHYHUDO RSHUDWRUV KD*
DGGHG WR WKH SRSXODWLRQGWHR W& BRULFMKKY H VHH $OJRULWKP

. DUHVWDUW RI WKH VHDUFK LWUHIVRNMG HOIRWLWKA SRSXODWLRQ
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$OJRULWKPAH WHUDWH 3URFHGXUH )RUHVW %25*

&KHFN WKH SRSXODWLRQ WR DUFKLYHUDWLR

LIl GHYLDWHY E\PRUH WKDQVKHQRP WDUJHW
5HYLYH VHDUFK VHH $OJRULWKP

HOVHSVLORQ SURVXKVFKDQJIJHG IRUWKMWMUDWLRQV
5HYLYHVHDUFK VHH $OJRULWKP

HQG LI

parent; &KRRVHIURP $SUFKLYH

'"HWHUPLQH WRXWQDPHQW VL]H

parent; TRXUQDPHQWBKOHFWLRQ

RI1V S UL&KUR V V(PaYerty parent,)

OXWORWNIH SUAIQNK SUREDELOLW\RSHUDWRUYV

P P[f RIIVSJLQJ

8SGDWHSUFKLYA RDGESW.IOHH RITVS WALIQIHWOR DLERKH'Y H

UHSODFHG E\WKHDUFKLYHVROXWLRQV 7KHQ WKHQHZ SRSXODWLRQ VL
ODWHELITHUHQW IURP WKH WDUJHW SRSXODWLRQ WR DUFKLYHUDWLR ZL
WR WKH DUFKLYH VL]H 9DFDQW VSRWY DUH ILOOHG E\ PXWDWHG PHPEH!
UHDFKHV WKH QHZO\ FDOFXODWHG SRSXODWLRQ VLIH 7KH PXWDWLRQ RI
WKHRSHUDWRU IHHGEDFN ORRS 7KHVH QHZ VROXWLRQ DUHDGGHG WR W

$OJRULWKP 5HVWDUW 3URFHGXUH )RUHVW %25*

P; ~(PSW\WKHFXUUHPW SRSXODWLRQ

P A"S5HRL.QOWK VROXWLRQNITURP DUFKLYH

Prew &RPSXWHI1HZ3RS XD PMW.LR Q &iz¢tA)"
ZKLPHPrew GR

member OXWDWH $UFKLYHOHPEHU

P P[f memberg ",QMHFW PXWDWHRG PHPEHU LQWR
8SGDWH $dhtberyAHd ~8S G B \Whember LV HOLJLEOH®
HQG ZKLOH

'"HWHUPLQH QHZ WRXUQDPPRQW VL]H EDVHG RQ

7TKH SRSXODWLRQ DQG DUFKLYH KDYH GLITHUHQW SURFHGXUHV IRU DG
HOQOW SURFHGXUHV DUH GHVFDQ EH® IR RREIWIKPLQJ GLITHUHQFH LV WK/
GRPLQDQFH UHTXLUHPHQW IRUDGPLWWDQFHLQWR WKHDUFKLYH

$OJRULWKPM 8SGDWH $UFKLYH 3URFHGXUH )RUHVW %25*

IRU PO®I®E H2\A GR
LEDQGLGRWHHQ
5HPR ¥ HURP
HOVH LEDQGL@KWS
'LVFDUG &DQGLGDWH DQG H[LW
HQG LI
HQG IRU
$GG &DQGLASDWHRWRGRPLQDARHG E\ DQ\

1YXEXMSR 3TIVEXSVW

JRUHVW %25* HPSOR\V VHYHQ GLIIHUHQW PXWDWLRQ RSHUDWRUV )RU W|
WKLV UHVHDUFK WZR GLIIHUHQW W\SHV RIPXWDWLRQV DUH SRVVLEOH V}
DVXEWUHH PXWDWLRQ DQ LQWHUQDO QRGH LV FKRVHQ DW UDQGRP DQG
7KH YDOXHRIHYHU\QRGH LQ WKH VXEWUHH LV FKDQJHG DW UDQGRP EXW \
RUDFWLRQ QRGH ZKLFK HQVXUHV VWUXFWXUDO LQWHJULW\RIPXWDWHG
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$OIJRULWKP $GG WR 3RSXODWLRQ 3URFHGXUH )RUHVW %25*

LRIIVSULQRPEIR2 P WKHQ
5SHSODFH D UDQGRPO\ FKRVH RLARP2ZIQDSH® J

HOVHKILNM2W VXFK WKRWVSUNRBQ
'R QRW DGG 21IPSULQJ WR

HOVH
5SHSODFH D UDQGRR® EKWRKRQVSULQJ A211VPRLROD DY BXHWKDO O\ QRQ
GRPLQDWHG"

HQG LI

FRQVWLWXWHV D YDOXH FKDQJH QRW D W\SH FKDQJH RQ RQO\ RQH UDQ
EHWZHHQ WKHVH PXWDWLRQV LV YLVXDOL]JHG LQ )LIJXUH

*LYHQ WKDW WKHUH DUH PXOWLSOH SRVVLEOH DFWLRQV IRU WKH 5,&( PF
DQG RUVDYLQIJVUDWHDQG RULQLWLDOUDWHRIVRFLDOWLPHSUHIHUHQ
PDGHEHWZHHQ WKHPXWDWLRQRSHUDWRUV QDPHO\KRZPDQ\DFWLRQV |
WKXV UHVXOW LQ VL[ GLITHUHQW PXWDWLRQ RSHUDWRUYV 7KHVH VL[ GLI
IRUD SROLF\ WUHH $ SRLQW PXWDWLRQ LQ ZKLFK RQO\RQH DFWLRQ LV F
UHVXOWV LQDPXWDWHG WUHH WKDW VKRXOG SHUIRUP YHU\VLPLODUO\ W
VSHFWUXP DVXEWUHHPXWDWLRQLQ ZKLFKDOO WKUHHDFWLRQV FKDQJI
I[URP WKH RULJLQDO DQG VKRXOG SHUIRUP GLITHUHQWO\ 7KHVH RSHUDW
ORRS LQ ZKLFK WKH EHWWHU SHUIRUPLQJ RSHUDWRUY KDYH D KLIJKHU SU|I
DELOLWLHY DUH XSGDWHG E\ FRXQWLQJ WKH QXPEHU RI VROXWLRQV LQ \
HDFK RSH3;CW.: RO, 7KH FRUUHVSRQGLMILBWRHEHDEKOSGWWHG E\

Ci+1

Qi =
(G +1)

7KLV RSHUDWRU SHUIRUPDQFH EDVHG IHHGEDFN ORRS LV LQVSLUHG IUR
GLITHUHQW RSHUDWRUV LV WKDW DW WKH VWDUW RI WKH VHDUFK LQ REMH
FKDQJHV ZKLFK RITHUV D ODUJHU RSSRUWXQLW\ WR VHDUFK LQ REMHFWL
DSSURDFKHV WKH WUXH 3DUHWR )URQW WKH PXWDWLRQV VKRXOG JHW P/
MHFWLYH VSDFH WR PRUH SUHFLVH VROXWLRQV

$QRWKHU SRVVLELOLW\N LY D FRPSOHWHO\ UDQGRP PXWDWLRQ LQ ZKLFK
JLYHQ D FHUWDLQ FKDQFH RI PXWDWLRQ 7KLV LV WKHPXWDWLRQ RSHUD
ULWKP $ORQJZLWK WKHRWKHUVL[RSHUDWRUYVY WKLV RSHUDWRU LV LQF
QRGHLV VHOHFWHG HYHU\DFWLRQLVDOORZHG WR FKDQJH LQVWHDG RI
DVFRQWURO IRUWKHRWKHU VL[ RSHUDWRUYV VR WKHLU SHUIRUPDQFH FD

JLIXUH 7KH GLITHUHQFH RI D SRLQW PXWDWLRQDQG D VXEWUHH PXWDWLRQ IRUDUELWUD
PXWDWHG RQH WZR RUDOODFWLRQV FDQ EHFKDQJHGLQ YDOXH

6IGSQFMREXMSR 3TIVEXSYV
JRUHVW %25* HPSOR\V RQH UHFRPELQDWLRQ RSHUDWRU D FURVVRYHU P
WLRQV SUXQLQJ DQG EORDW FRQWURO 7KH FURVVRYHU RSHUDWRU WD
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VHOHFWV D QRGHLQ HDFK $00 FKLOG QRGHV WR WKLV VXEWUHH URRW QF
VROXWLRQ 7KHVH WZR VXEWUHHY DUH WKHQ VZDSSHG 2QH RI WKHVH S
QRZ WKH RIIVSULQJ 7KHRIIVSULQJ FDQHFRER@PWQ DGDORWLRD AWKWHXKRAC
QRGHV RUGXSOLFDWH DFWLRQV ZKLFKDUH UHPRYHG E\'D SUXQLQJ IXQF
JURZQ EH\RQG LWV SHUPLVVLEOH PD[LPXP GHSWK DV D UHVXOW RI WKH F
HQVXUHV WKH PD[LPXP WUHH GHSWK LV QRW VXSHUVHGHGD SUMRRO[LP XP W
WKH VHDUFK DV D K\SHUSDUDPHWHU WR WKHDOJRULWKP 7KHRSWLPDO W
QHZ SUREOHP 7KHFURVVRYHUDQG SUXQLQJ RSHDDQMLRQXWHIH YLVXDOL

JLIXUH 7KH FURVVRYHU IXQFWLRQ YLVXDOL]HG IRUWZR DUELWUDU\ SDUHQ\

JLIXUH 7KH SUXQLQJRSHUDWLRQ YLVXDOL]HG RQ LOORJLFDO VWUXFWXUHV LQDQDUELWUD
DGGHG WR XQGHUOLQH WKHLOORJLFDO VWUXFWXUH

7IPIGXMSR 3TIVEXSV

7KHVHOHFWLRQ RSHUDWRU LQ )RUHVW %25* LV DQ DGDSWLYH WRXUQDPH
RI D SRSXODWLRQ WKDW ZLOO VHUYH DV SDUHQWYVY LQ WKH QH[W JHQHUD
WKLY VHOHFWLRQ RSHUDWRU LV HQWLUHO\ WDNHQ IURP WER R2Y* DOJR!
WLQFW JURXSV HYROYH LQ )RUHVW %25* WKH SRSXODWLRQ DQG WKH DU
ERXQGHG E\WKH GHILQLWLRQ RI WKHHSVLORQV WKH SRSXODWLRQ VL]H
DQ XQERXQGHG SRSXODWLRQ VLIHPDNHY WKHDOJRULWKP DSSOLFDEOH"
PRUH REMHFWLYHY FDQ EHLQFRUSRUDWHG LQWR WRH 8 FRE G HPN X G GIN\D
KDYH PRUH REMHFWLYHV WKDQ RWKHUV $V WKH QXPEHU RI REMHFWLYHYV
WKH QXPEHU RI QRQ GRPLQDWHG VROXWLRQV LQ DIL[HG SRSXODWLRQ V
VHOHFWLRQ SUHVVXUH RI WKH VHDUFK 7R NHHS WKH VHOHFWLRQ SUHVYV
SRSXODWLRQ VLIHKDVWRLQFUHDVH :KHQWKHUHVWDUWG@®@HEKRQLVP LV
XODWLRQ VLIHLVFDOFXODWHGEDVHGRQ WKHFXUUHQW VLIHRIWKHDUFK
E\

Phew = A

LQZKLEK WKH WDUJHW SRSXODWLRRVWK B QXRIEHJIROWKR DIQGW DUFKLYH
QHZ WRXUQDPHQW VLIJHLVY GHWHUPLQHG ZKHQ WKH SRSXODWLRQ VL]H KD
LVGHWHUPLQHY WKURXJK

tournament size = max(2;b (  A)c)

LQ ZKLEN D VHOHFWLRQ UDWLR WKDW PDLQWDLQV WRXUQDPHQW VL]HV W
VLIH 7KHORZHUERXQG RIWKLVY DGDSWLYHWRXUQDPHQW VL]JHLYV UHVX



&IRGLQEVOMRK 1IXVMGW

EHHQIRUFHG E\WRIWHWWIRQJ/KH WRXUQDPHQW VL]H GHWHUPLQHYV KRZ PDQ\
SRSXODWLRQ DUH FKHFNHG IRUQRQ GRPLQDQFHDQG DUH NHSW LQ WKH C

&IRGLQEVOMRK 1IXVMGW

JRUHVW %25* PXVW EH DEOH WR VXSSRUW GHFLVLRQ PDNLQJLQ VRFLR H
H[SODLQDELOLW\DQGLQWHUSUHWDELOLW\IRUPXOWLSOHDFWRUV )RUFE
WHVW ZKHWKHU LW LV FDSDEOH WR ILOO WKHNQRZOHGJHJDS )LYHDQDC
WR WHVW WKH SHUIRUPDQFH RI )RUHVW %25*

7R WHVW WKH FDSDELOLW\RI GHFLVLRQ PDNLQJVXSSRUWLQ VRFLR HQYI
SOLHG WR WKH )ROVRP ODNH PRGHO D ZDWHU PDQDJHPHQW SUREOHP D(
VKRXOG EH HIITHFWLYH HIILFLHQW DQG UHOLDEOH PHDQLQJ LW VKRXOG
RSWLPDO 3SDUHWR )URQW FRQYHUJH TXLFNO\DQG GRVRDFURVV PXOWLSH
%25* LVHIIHFWLYH HIILFLHQWDQGUHOLDEOH WKHDGYDQFLQJSDUHWR I
WKURXJK K\SHUYROXPH DQG SORWWHG DIJDLQVW WKH QXPEHU RI IXQFWL
7KH K\SHUYROXPH RI D VHW RI VROXWLRQV PHDVXUHVY WKH VL]H RI WKH SR
LQDWHG E\ WKRVH VROXWLRQV FROOHFWLYHO\ :K\USHU Y'ROXE® YW DI MAX UB
LQRQH VFDODU ERWK WKH FORVHQHVY RI WKH VROXWLRQV WR WKH RSWL
VSDFH :KLOH %UDGVWUHHWORQMRYBIURYKLY DQDO\VLV IRUWKH )ROVRP
JRUHVW %25* LV FRPSHWLWLYH ZLWK WKH RULJLQDO 327 DOJRULWKP 7K
GHWHUPLQHG E\ILUVW QRUPDOL]JLQJHDFK REMHFWLYH YDOXH DQG WKHQ
K\SHUYROXPH FDOFXODWRU FUHDWHG E\WKH :DONLQJ)LVK *WKXS :KLOH
REMHFWLYH YDOXHV DUH QRUPDOL]JHG E\WDNLQJDOO VLPXODWHG SDUHWV
DFURVVDOJRULWKPY DQG VHOHFWLQJWKHPLQLPXPDQGPD[LPXP YDOXH
VHW RI SDUHWR IURQWY 7KH REMHFWLYH YDOXH LQ HYHU\ SDUHWR IURQ
PDI[LPXP DQG PLQLPXP YDOXHV

7KH QRYHO PXWDWLRQ RSHUDWRUV RI )RUHVW %25* DUH UHFRUGHG DQG
ZKLFK GLVSOD\V WKH G\QDPLFV RI WKHVH RSHUDWRUYV WKURXJKRXW D VL
PRUH FRXUVH PXWDWLRQ RSHUDWRUV VXEWUHH PXWDWLRQV GRPLQDW!
WKH  PRUH UHILQHG PXWDWLRQ RSHUDWRUV SRLQW PXWDWLRQV WRZDU
ULWKP WULHV WR PDNHILQHLPSURYHPHQWYV RI WKH SDUHWR IURQW 7KH"
FUHDWLRQ RI FKLOGUHQ WKDW DUH VWUXFWXUDOO\ PRUH GLITHUHQW IU}
DOORZIRU :KHWKHU WKHVH ODUJH VWUXFWXUDO FKDQJHV LQ WKH RIIVS
REMHFWLYHMRZFIHQRW\SH UHODWHYV WR SKHQRW\SH DQG WKHUHIRUH T
WKH3DUHWR)URQW UHPDLQVWREHVHHQ 7KHVHVHDUFKRSHUDWRU G\QI
E\HYDOXDWLQJILYHGLIIHUHQW VHHGYV

7TKHRSWLPDO K\SHUSDUDPHWHU VHWWLQJV RI)RUHVW %25*DUH YLVXDOL
SDUDPHWHUV WKDW DUH FRQWUROOHG IRUDUH QRQ H[KDXVWLYH EXW LQ
WKURXJKRXW WKH GHYHORSPHQW RI WKH DOJRULWKP 7KH K\SHUSDUDPH
WUROODELOLW\PDS DUH PD[LPXP WUHH GHSWK WKH WDUJHW SRSXODWL
LQGLFDWLQJDIWHU KRZPDQ\IXQFWLRQHYDOXDWLRQV WKHFULWHULD IR
OLNMVKH IL[HG SHUFHQWDJH RI WKH SRSXODWLRQ VLIHWKDW GHWHUPLQH
SUREDELOLW\WKDWLVRQO\XVHGLQWKHFRQWUROPXWDWLRQRSHUDWR
DOO VLPXODWLRQV

7KH FDSDELOLW\ Rl )RUHVW %25* WR SURGXFH SROLFLHV IRUPXOWLSOH
QDO SDUHWR IURQW WKURXJK D SDUDOOHO D[LV SORW $SDUDOOHO D[LV ¢
VLGH $SROLF\ZLOOVFRUHRQHDFKRIWKHVHVFDOHYVY GUDZLQJD OLQHE
EHWZHHQ REMHFWLYHV DUH TXLFNO\REVHUYHG WKURXJK D SDUDOOHO D
GLITHUHQW SUHIHUHQFHV DQG WKHUHIRUH DGKHUH WR GLITHUHQW REMHF
EDUH WKH LQKHUHQW WUDGH RIIV WR WKH )ROVRP DQG 5,&( FDVH VWXGL
KLIKOLIJKWHG IURP WKH SDUHWR IURQW RQHIRUHDFKREMHFWLYH WKDW
WR RWKHU SROLFLHVDQGD FRPSURPLVH SROLF\ WKDW SHUIRUPV FORVH)



<061 *VEQI[SVO

DQEQDO\WLV LY SHUIRUPHGIRURQHUDQGRP WULDO IRURQHVHHG RQO\

7TRWHVW WKHFDSDELOLW\RI)RUHVW %25*WR SURGXFHH[SODLQDEOH DQ
SROLF\WUHHV IURP WKH SDUDOOHO D[LV SORWDUH YLVXDOL]HG 7KHYLV.
WKDWDUH WDNHQ GHSHQGHQW RQ VIVWHP VWDWHY PDNLQJWKHPLQKHU
GHFLVLRQ YDULDEOHVY 7KH SROLF\WUHHY VKRXOG DOVR EHLQWHUSUHW
QR FRPSOH[RU LOORJLFDO VWUXFWXUHY 3ROLF\WUHHV ZLWK VPDOOHU
ILWWLQJ LI WKH VDPH SROLF\ VKRXOG EHDSSOLHG WR D GLITHUHQW VFHC
WRLOQWHUSUHW 7KHUH VKRXOG EH QR LOORH UEDO® R WUORWX K BN VKRW K M
GLFDWRU YDULDEOHVY WKDW FRQWUDGLFW D WKUHVKROG RI D SDUHQW LC
RSHUDWLRQV VKRXOG SUHYHQW WKHVH LOORJLFDO VWUXFWXUHY EXW DU
WUHHY ORUHRYHU VLPLODULWLHY DQG GLIITHUHQFHV LQ VWUXFWXUH L(
VWXGLHG WKDW SHUKDSVY UHIOHFW WKH WUDGH RIIVVKRZQ LQ WKH SDUD (

<061 *VEQI[SVO

7TKHFRQFHSWXDO PRGHOV RIERWKFDVHVWXGLHVY DUHPDGHRSHUDEOH E
IUDPHZRUN 5,&( DQG WKH )ROVRP ODNH PRGHO DUH DGDSWHG WR WKH ;/¢
FHUWDLQWLHY ; OHYHUV / UHODWLRQV 5 7K@ G PRHVWQIRPW & Q FH RS\HOUW
DUHIDFWRUV RI WKHPRGHO RYHU ZKLFK WKH GHFLVLRQ PDNHU KDV QR FF
GLITHUHQW YDOXHV WKHVH YDULDEOHV PLJIKW KROG 7KHOHYHUV DUH WK
KDV IXOO FRQWURO RIWHQ XSSHU DQG ORZHU ERXQGHG WKH\FDQ EH V&I
VLPXODWLRQ 7KHVHWRIDOO OHYHUV WXQHG WR D VSHFLILF YDOXHLVF
WKH OHYHU YDULDEOHYVY DUH FDOOHG DFWLRQ YDULDEOHY 7KH UHODWLI
FDQEHFKRVHQDVLQGLFDWRU YDULDEOHVLQD SROLF\WUHH 7KHPHWUL
PDNHU ILQGVY PRVW LPSRUWDQW DQG SURYLGHV D YDOXH MXGJPHQW RI W|
7TKH\DUH RIWHQ UHIHUUHG WR DV REMHFWLYH YDOXHV RU .3,1V

WLV LPSRUWDQW WR QRWH WKDW WKLV IUDPHZRUN LV ZHOO VXLWHG IR
SLQJRIOHYHUV UHODWLRQVDQG PHWULFV LQ WKH ;/50 IUDPHZRUN WR D
SROLF\WUHH 7KH XQFHUWDLQWLHV RIHDFKFDVHVWXG\DUH QRW XVHG L
RQWKHGHYHORSPHQW UDWKHU WKDQ WKHDSSOLFDWLRQ RI)RUHVW %25
QHVVDQG YXOQHUDELOLW\WHVWV RQ SDUHWR RSWLPDO SROLF\WUHHV I
FXUUHQW LPSOHPHQWDWLRQ "HWBROULEL HR BVWODWSFRHOLULRIUHNVZHOO XQGHU
VFHQDULRYVY LVGRQHE\FUHDWLQJVFHQDULRVIRUHDFKPRGHODFFRUGL

*SPWSQOEOI1SHIP
JLIXUHGHSLFWVY WKH )ROVRP ODNH PRGHO LQ WKH ;/50 IlUDPHZRUN



<061 *VEQI[SVO

JLIXUH 7KH )ROVRP ODNH PRGHO FDVWHG LQ WKH ;/50 I UDPHZRUN 7KHEOXHER[UHSUHVHQ'
WKUHH YDULDEOHV DUH WDNHQ WKDW DUH XVHG DV SRVVLEOH LQGLFDWRU YDU

I9RGIVXEMRX]

7KH XQFHUWDLQWLHV IRUWKH)ROVRP PRGHO DUH VOLIJKWO\FRPSOLFDW!
+HUPDQ DQG *LXOLDKH-H[DFW VFHQDULR GDWD EXLOW RQ WKH YDOXHV
XQFHUWDLQW\ VKRXOG EH UHTXHVWHG IURP WKH DXWKRUV EXW WKH XQ
DUHJLYHQ LQ 7TDKKDHBURMHFWHG FKDQJHV WR YROXPH DQG WLPLQJ RI LQI(
%XUHDX RISHFODPDWLRQ VWXG\ 5HFODPDWLRQ

S8QFHUWDLQW\ '"HVFULSWLRQ
,QIORZ \UPRYLQJDYJ $QQXDO LQIORZ WR WKHUHVHUYR|LU >7%) \@
/3 \UHVWLPDWH &XPPXODWLYHHVWLPDWH RI WKH \HDU IORRG :
:DWHU \HDU FHQWURILLDWHU \HDU RQ ZKLFK RIFXPPXODWLYH UXQRI
,QIORZ 'DLO\LQIORZ RW WKH UHVHUYRLU >7%) G@

7DEOH 8QFHUWDLQWLHY LQ WKH )ROVRP PRGHO WDNHGQKHRR WMV P H)Q\ D@E * 1N 0E VYD QG IR
WKRXVDQG DFUH IHHW SHU\HDU DQG WKRXVDQG kf8H IHHW SHU GD\ 2QH 7$) L

01ZIvw

7KH )ROVRP PRGHO KDV RQH DFWLRQ ZKLFK FDQ EH VHW WR GLIIHUHQW
JROVRP PRGHODQG WKH5,&( PRGHO LV WKDW WKH)ROVRP PRGHO KDV RQH
YDOXHVDQG WKH5,&( PRGHO KDV WKUHH DFWLRQV WKDW FDQ EH VHW WR
GLVWLQFWLRQ EHFRPHV LPSRUWDQW ZKHQ WKH RULJLQDO 327 DOJRULW
GLIITIHUHQW FDVH VWXGLHYVY 7KHDFWLRQ RUOHYHU LQ WKH)ROVRP PRGH
7KHFXUUHQWGHPDQG IRUZDWHUFDQEHUHOHDVHG RUD SHUFHQWDJH R
XVH ,Q FDVH RI ODUJH LQIORZV RI ZDWHU ODUJH DPRXQWV RI ZDWHU FD
7KHGLIITHUHQW GLVFUHWH YDOXHV WKDW WKLV CCHY® D FID § EHHOOHG VR B
GHWDLO LQ®$SSHQGL]

JHYHU | 7DUJHW UHOHDVH UXOH 'HVFULSWLRQ
SHOHDVH HPDQG = D, SHOHDVH FXUUHQW GHPDQG

+HGJH S u=p D; 5HOHDVH S RIFXUUHQW GHPDQG
JORRG &RQWWUR Qi+ St1) | GHOHDVH RIFXUUHQW LQIORZ DQG QH[W V\

7TDEOH/HYHUV LQ WKH )ROVRP PRGHO WDNHQ IURR; + M WPKDHQCOPRX QWK LR QW HU UHOHDVHG D
DOQDy LV WKH FXUUHQW GHPDQG IRU ZW\R HEW WoW H Y DXOAHIIRQND QG WKH UHOHDVH UXOH IRU



<061 *VEQI[SVO

6IPEXMSRW
7KHPRGHO LPSOHPHQWDWLRQ LY EDVHG RQD WUDQVLWLRQ HTXDWLRQ

St+1 = f(St;Ut; 1)

ZKHUHYV X DQGTDUHYHFWRUV RIVWDWH GHFLVLRQ DQG GLVWXUEDQFF
$ FRVW IXQFWLRQ LV EDVHG RQ VA\VWHP VWDWH DQG LV WR EH PLQLPL]JHC
DFFRUGLQJO\ 7KH GLVWXUEDQFH YDULDEOHY DUHWKHLQIORZ RIZDWHU
7KHH[DFW PRGHO UHODWLRQV FDQ EHIRXQG LQ WKHDVVRFLDWHG FRGH

1IXVMGW

7KH)ROVRP ODNHPRGHO FDQ EHUXQDVDVLQJOHREMHFWLYH SUREOHP
PXOWL REMHFWLYH SUREOHP 7KHFRVWIXQFWLRQIRUWKHPXOWL REMHI
7KHVH REMHFWLYHV RUPHWULFY DUHVWDWHG LQ 7DEOH

OHWULF '"HVFULSWLRQ
&RVW 'LVFRXQWHG FRVW RI WKH VXPPHG DQQXDO RYHUDOO FRVW
S5HOLDELOLW\ "HLIKWHG UHOLDELOLW\WR WKH &HQWUDO 9DOOH
&DUU\RYHU BWR&PXQW Rl \HDUV LQ ZKLFK FDUU\RYHU VWRUDJH IDOOV E
JORRGLQU 5HSUHVHQWYV WKH WRWDO YROXPHRIZDWHU HIFHHGLQJ

7TDEOH /HYHUV LQ WKH )ROVRP PRGHO WDNHQ IURP &RKHQDQG +HUPDQ

6-")
JLIXUHGHSLFWV WKH 5, &( PRGHO HPEHGGHG LQ WKH ;/50 IlUDPHZRUN

JLIXUH 7KH 5,&( PRGHO FDVWHG LQ WKH ;/50 IUDPHZRUN 7KHEOXHER[UHSUHVHQWY WKH &
YDULDEOHV DUH WDNHQ WKDW DUH XVHG DV SRVVLEOH LQGLFDWRU YDULDEOI

I9RGIVXEMRX]

BQFHUWDLQW\A\LQ WKH5,&(PRGHOLVLQFRUSRUDWHG WKURXJKQLQHYDUL
7KH SRSXODWLRQ DQG WRWDO IDFWRU SURGXFWLYLW\DUH JURXSHG WR.
FKDQJHG LQGLYLGXDOO\ 7KH FOLPDWH VHQVLWLYLW\ GLVWULEXWLRQ D
WKHVHQVLWLYLW\RI WKHFOLPDWH WR HPLVVLRQV 6HYHQ GLVWLQFW YL
DV GHILQHG LQ WKH ;/50 IUDPHZRUN 7KH WKUHH GLITHUHQW FKDQQHOV F
FOLPDWHDQG WHFKQRORJLFDO EDFNVWRS XQFHUWDLQWLHY 7KH XQFHU
ZLWKLQWKH\RSHUDWH DDUHAILY WDQ AMEIORP D SUHYLRXV YHUVLRQ RI WKH



<061 *VEQI[SVO

BQFHUWDLQW\ 7\SH 5DQJH
SRSXODWLRQ VRFLR HFRQRPLF [663
WRWDO IDFWRU SURGX¥RHALYRWFRQRPLF [663
HPLVVLRQ WR RXWSXW JUWMALR HFWRRPLF [663

DYDLODELOLW\RIIRVVURAXRIAHFRQRPL¥ @
FOLPDWH VHQVLWLYLW)\ GL¥FWUREWWICRUPDO ORJQRUPDO &DXFK
FOLPDWH VHQVLWLYLW\ SDBOPMHIMWHR > @

HODVWLFLW\RI FOLPDWH LFCSLOPADW H n X
SULFHRIEDFNVWRS WHFKERERYWR S > @

DYDLODELOLW\RI QHJDWLYH HPFEADNMAMNLRWYR WHFWHYRORIQR

7DEOH 8QFHUWDLQWLHV LQ WKH5,& PRGHO DGDSWHGIURP 5HGGHO

01ZIVvw

7KHUH DUH WKUHH GLITHUHQW OHYHUV LQ WKH 5,8 @R GHE DIKLOFSMWMIHIGH | ULRYF
SHGGHO 7KHVDYLQJVUDWHDQG HPLVVLRQ FRQWURO UDWH DUH VHW D\
VWHDG\ VWDWH EHKDYLRXU +RZHYHU EHFDXVH WKH 327 DOJRULWKP DOC
WKH VLPXODWLRQ SHULRG WKHVH YDULDEOHYV ZKLFK ZMBOBYQRKXN 5,&( F
ZHUH VWDWLF WKURXJKRXW WKH VLPXODWLRQ FDQ QRZ EH G\QDPLF

THYHU 5DQJH
VDYLQJV UDWH > @
HPLVVLRQ FRQWURO UDWH WDUJHaW

LQLWLDO UDWHRIVRFLDO WLPHSUHIHU®WQFH FRQVXPSWLRQ

7TDEOH/HYHUV LQ WKH 5,& PRGHO DGDSWHG IURP 5HGGHO

6IPEXMSRW

TKHUHODWLRQVRIWKHS5,&(PRGHO VWDWHKRZLQIRUPDWLRQIORZV ZLWK
XQFHUWDLQWLHY DQG OHYHUV WR RXWSXW WKH PHWULFV 7KH FRUH V)
$SSHQGLQP ILIXUH) ZKLFK RQO\ WKH FRUH YDULDEOHVY DQG UHODWLRQV D
WKDW DOWKRXJK WKH YDULDEOHYVY XQGHU XQFHUWDLQW\DQG OHYHUV DU/
$OWKRXIJK WKH PHWULFVY DUH SDUW RI WKH 5,&( PRGHO WKH\DUH GLIIHUI
DQG RIWHQ UHTXLUH IXUWKHU FDOFXODWLRQV IURP WKH 5,&(  FRUH PRGH!
XWLOLW\YDULDEOH KDVEHHQDGGHG WR GHSLFWDQ H[DPSOH RID SRVVL

1IXVMGW
I1XPHURXV PHWULFV FDQ EH GHILQHG EDVHG RQ WKH FRUH ZRUNLQJ RI 5, &(
SHQGVRQ WKH MXVWLFH SULQFLSOHRQHDGKHUHV WR 3UHYLRXVO\ PHW
KDYH EHHQ EDVHG RQ 8WLOLWDULDQ (JDOLWDULDQ 3ULRULWDULDQ DQ
SHGGHO 7KLV UHVHDUFK ZLOO IRFXV RQ WKHS8WLOLWDULDQ SHUVSFHE
DQHWKLFDO SHUVSHFWLYHDQG LWV REMHFWLYHVDUHUHODWLYHO\VWU
327DQG 2/7 DOJRULWKPV FRXSOHG WR 5,&( WKHREMHFWLYHVY RUPHWULI
SULQFLSOHY 7KH PHWULFVY HPSOR\HG IRU WKH S8WLOLWDBH EBQ LISHURISHFV
PHWULFV LV UHODWLYHO\ VWUDLJKWIRUZDUG LQDQ HIIRUW WR NHHS WKH
RWKHU UHVHDUFK ODUDQJRQLHWDO

OHWULF '"HVFULSWLRQ
ZHOIDUH HOIDUH RI GLVFRXQWHG XWLOLW\EDVHG RQ FRQ
GDPDJHYV JOREDO GDPDJHYV

WHPSHUDWXUH RYMBBRXKRRMARIERYH WKH WKUPRS/KROG RI

7DEOH /HYHUV LQ WKH 5,&(PRGHO DGDSWHG IURP 5HGGHO



JINTIVMQIRXEP 7IXYT

JINTIVMQIRXEP 7IXYT

7KH H[SHULPHQWY DUH VHW XS SHU FDVH VWXG\ (DFK FDVH VWXG\ DV ZH
%25* LV VWXGLHG WKURXJKILYHDQDO\WHY 7KHVHDQDO\VHV DUH

UXQ WLPHG\QDPLFV

VHDUFK RSHUDWRU G\QDPLFYV
FRQWUROODELOLW\

HISRVHG WUDGH RIIV
KLIKOLJKWHG SROLF\WUHHYV

TKHUXQ WLPH G\QDPLFV VKRZFRQYHUJHQFHRI WKHDOJRULWKP EDVHG
HUDWRU G\QDPLFVLQYHVWLIJDWH WKH QRYHO PXWDWLRQ RSHUDWRUYV RI
HISORUHV WKH LQIOXHQFH RI WKH K\SHUSDUDPHWHU VHWWLQJV RQ DOJR
GLVSOD\VWKHWUDGH RIIVPDGH YLVLEOH E\ SDUHWR RSWLPDO SROLF\ D
EHVW SHUIRUPLQJ SROLF\ LV KLIKOLJKWHG IRUHDFK REMHFWLYH DV ZHC
LVFORVHVW WR WKHDYHUDJH RI HDFK REMHFWLYH )LQDOO\ WKH ILIWK L
SROLFLHV GLVSOD\LQJ WKH DFWXDO SROLF\ WUHHY 6LPLODULWLHY DQ (
DUHVRXJKWDIWHU WKDW SHUKDSV UHIOHFW WKH WUDGH RIIVGLVFRYHU!

7KH H[DFW K\SHUSDUDPHWHU VHWWLQJ SHU DOQYHUVDQD® \FILWSLO/DSH G IIRQ |
ZLWK WKH)RUHVW %25* DOJRULWKP ,QDGGLWLRQ WR WKHDQDO\VHV GH?
ULWKP LVDOVR FRPSDUHG WR WKH SHUIRUPDQFH RI WKH RULJLQDO 327 D(
WKH)ROVRP ODNHPRGHO &RKHQ@PRIQBOGHRIWPDQPKPY DUHFRPSDUHG WKURXJ
G\QDPLFV RQ WKH )ROVRP ODNH PRGHO ZLWK GLVFUHWH DFWLRQV $0O0O I
IRUPHG ZLWK FRQWLQXRXVY D MWRLWRN SRSXODWLRQ WR DUFKLYHUDWLR 7
UHVWDUW PHFKDQLVP LVHYRNHG LI WKHUHVWDUW LQWHUYDO DOORZV |
UDWLR GLIITHUV E\ PRUH WKDQ | URW W/KKH VLWHD® $SHW FMHD@OWBIJH R1 WKH SRS
WKDW GHWHUPLQHV WK HLW RXXSQDPRHOQWWWOLIQW DFURVVY DOO DQDO\WHV DQG
WKHUHFRPPHQGDWLRQV RIWKH %25* DOJRUL/WKFB RREOXGNDWLER® SHHIBELY DO
WR FKDQJH LQ )RUHVW %25* DQG WKHUHIRUH DOVR WKH WRXUQDPHQW VL]

7KH WZR DOJRULWKPY DUH QRW FRPSDUHG RQ WKH 5, &  PRGHO EHFDXVH
DEOH WR KDQGOH RQH OHYHU ZKLOH WKH 5,&( PRGHO KDV WKUHH 7KH DF
EHGLVFUHWH RU FRQWLQXRXV &RQWLQXRXV DFWLRQV FDQ WDNHDQ\YD
DFWLRQVDUH SUH SURJUDPPHGLQWR WKHPRGHODQGUHODWHDKDQGIX
DOOGLVFUHWH YDOXHV XVHG LQ WKLV UHMVRD UERWKDEDE/H IR R G LLHNV$ KR
327 DOJRULWKP LV RQO\HTXLSSHG WR GHDO ZL W KHHX{.OWK HIJORHX @ W LFESIOHHQGAL
XHVIRUWKHVDPHDFWLRQ RURQHFRQWLQXRXVDFWLRQ 7KHPXOWLSOH
DFWLRQ EXW VHW WR GLIIHUHQW YDOXHV 7KH 5,&( PRGHO KDV VHSDUL
WR EH FRXSOHG WR WKH RULJLQDO 327 DOJRULWKP HYHQLILW ZHUH WR
RULJLQDO 327 DOJRULWKP FDQEHDGDSWHG RUWZR RIWKHWKUHHDFWLR
RIWKHVHRSWLRQVDUHH[SORUHGLQ WKLVYVUHVHDUFKDV DGDSWLQJWKH !
GLVWUDFWV IURP WKH RWKHU DQDO\VHYV



JINTIVMQIRXEP 7IXYT

YROVRP $QDO\VLV $QDO\VLV $QDO\VLV $QDO\YLV $QDC
QIH
PD[ GHSWK
UHVWDUW LQWHUYDO > @
VHHGV UXQV
DOJRULWKFP RULJILQDO 327 Y% )% ) % ) %
DFWLRQV GLVFUHWHGLVFUHWHGLVFUHWHGLVFUHWH GLVFUHWH
5,&( $QDO\VLV $QDO\VLV $QDO\VLV $QDO\VLV $QDC
QIH
PD[ GHSWK
UHVWDUW LQWHUYDO > @
VHHGV UXQV
DOJRULWKP )% ) % ) % ) % ) %
DFWLRQV FRQWLQXRXV FRQWLQXRXV FRQWLQXRXV FRQWL

7DEOH ([SHULPHQWDO VHW XS IRUHDFKDQDO\WLVDQGIRUHDFKFDVHVWXG\ 1RWH WKDW )



6IWYPXW

7TKHUHVXOWY RI WKLY UHVHDUFK DUH SUHVHQWHG WKURXJK ILYH DQDO\V
IRUWKH)ROVRP ODNH FDVH VWXG\DUH VKRZQ DQG WKHQ LQ D VLPLODU ID
FDVHVWXG\DUH SUHVHQWHG 7KHFKDSWHU LV FRQFOXGHG EN\UHIOHFW L
DFURVV WKHWZR FDVH VWXGLHYV 7KH GDWD JHQHUDWHG WR SURGXFH Wk
RI WKH VLPXODWLRQV UXQ DFFRUGLQJ WR WKH H[SHUIZRH@DWMDVHRKXS ¢
DQDO\VLV LV XVHG IRUWKH K\SHUYROXPH UXQ WLPH G\QDPLFV ILIXUHV
RSHUDWRU G\QDPLFV ILJXUHV DQDO\WLV WR WKHFRQWUROODELOLW\ P
DQG DQDO\WLYVY WRWKHLQGLYLGXDO SROLF\WUHHV YLVXDOL]DWLRQV

*SPWSQ

YR XMQI (]JREQMGW
7KH UXQ WLPH G\QDPLFV RI )RUHVW %25 *IWHHKRR Y WEKHLUXQHWLPH G\QD
WKH RULJLQDO 327 DOJRULWKP (DFKDOJRULWKP LV UXQ IRUILYH UDQGR
DQG UHOLDEOHDV LW FRQYHUJHV TXLFNO\ DURXQG 1)(DQG UHOLDEO
WKHRUHWLFDO RSWLPDO 3DUHWR )URQW NQRZQ IRUWKH )ROVRP ODNH PR
LV MXGJHG LQ UHODWLRQ WR WKH FRPSHWLQJ RULJLQDO 327 DOJRULWKP
RXWSHUIRUPV WKH RULJLQDO 327 DOJRULWKP DFURVV DOO UDQGRP WULD



*SPWSQ

JLIXUH +\SHUYROXPH UXQ WLPH G\QDPLFV RI)RUHVW %25* DQG WKH RULJLQDO 327 DOJRULMW
DOJRULWKP LV UXQ ZLWK VHHGV HDFK

7IEVGL 3TIVEXSV (]JREQMGW

7KH VHDUFK RSHUDWRU G\QDPLFV RI )RUHVW %25* DFURVV DOO UDQGRP \
7KH RSHUDWRU G\QDPLFV GLVSOD\ WKUHH IHDWXUHV RI LQWHUHVW )LU
PXWDWLRQ RSHUDWRUY DUH GRPLQDQW RYHU WKH VXEWUHH PXWDWLROQ\
LUUHOHYDQW EXW WKLV LV WR EH H[SHFWHG DV WKH )ROVRP ODNH PRGHC
EHWZHHQ WKH QXPEHU RI DFWLRQV LV LUUHOHYDQW LI WKHUH LV RQO\ RC
SRLQW RSHUDWRUV RXWSHUIRUP WKH FRQWURO RSHUDWRU WKH UDQGRTF
IRUVPDOO SRLQW PXWDWLRQV LV PRUH HITHFWLYH WKDQ UDQGRP PXWDYV
SRLQW PXWDWLRQV RYHU VXEWUHH PXWDWLRQV

JLJXUH 6HDUFK RSHUDWRU G\QDPLFVIRU )RUHVW %25* RQ WKH)ROVRP ODNHPRGHO )RUHVYV

'SRXVSPPEFMPMX] QET
7TKH FRQWUROODELOLW\PDS RI )RUHVW %25* IRUWKH )ROYRIF PDSNH PRGH
LQGLFDWHY WKDW QRW WRR ODUJH PD[LPXP WUHH GHSWKYV DUH SUHIHUU
DQG WKH SRSXODWLRQ WR DUFKLYH UDWLR VKRXOG QRW EHFRPH WRR OI
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