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Abstract

The rapid adoption of Commercial Electric Vehicles (CEVs), such as electric trucks and buses, is driven
by advancements in battery technology, supportive government policies, and increasing environmental
awareness. This growth imposes substantial demand on power grids, necessitating efficient charging
strategies to ensure cost-effective fleet operations, grid stability, and environmental sustainability. This
thesis addresses the challenge of scalable charging scheduling for a heterogeneous fleet of CEVs at
depots with heterogeneous chargers, where the number of chargers is less than the number of vehi-
cles. The optimisation objectives include minimising electricity cost, minimising battery degradation,
and maximising robustness to variations in arrival and departure times. A Mixed Integer Non Linear
Programming (MINLP)-based centralised framework was used as a baseline, and a Multi-Agent Sys-
tems (MAS)-based hybrid framework was proposed, in which vehicle, charge request, charger, and
depot agents coordinate via direct communication and a shared blackboard. The hybrid method gen-
erates charging schedules through four sequential steps, combining centralised decision-making by the
depot agent with distributed data processing by other agents. Case studies with fleets of 10, 25, 50,
and 100 vehicles showed that the hybrid method produces feasible solutions with minimal deviations in
objective values, reduces computation time by up to 99%, and exhibits approximately linear scalability
with fleet size across all objectives. Its flexibility also allows experimentation with agent rules and ob-
jective function definitions to evaluate their impact on performance. The results demonstrate that the
proposed MAS-based hybrid framework enables scalable and adaptable charging scheduling under grid
constraints.






Summary

The shift to Commercial Electric Vehicles (CEVs) such as electric trucks and buses is acknowledged
worldwide as a critical step towards sustainable transport and mobility. The acceleration in the global
adoption of CEVs is driven by several interrelated factors such as advancements in battery technology,
policies rolled out by various governments worldwide and rising environmental awareness among busi-
nesses. This acceleration results in an immense surge in power demand for charging these vehicles.
Thus, the power grid has to take up this additional load on top of the existing demands. In order to
ensure cost-effective CEV fleet management, grid stability, and environmental sustainability, efficient
charging scheduling strategies must be developed.

This Master’s Thesis aims to address the problem of developing a scalable charging scheduling optimi-
sation framework for a heterogeneous fleet of CEVs charging at a depot with heterogeneous chargers
while preventing grid overload. The heterogeneous fleet consists of vehicles with different battery ca-
pacities, whereas the heterogeneous chargers have different power outputs. This research focuses on
the scenarios where the number of chargers at the depot is less than the number of vehicles in the fleet.
As a result, the chargers must be utilised efficiently to minimise vehicle waiting times. Each vehicle has
one or more charge requests, which include the vehicle’s Expected Time of Arrival (ETA) at the depot,
Expected Time of Departure (ETD) from the depot, and the energy needed for its next trip. The optimi-
sation objectives for this research include minimising electricity costs, minimising battery degradation,
and maximising robustness to variations in arrival or departure times.

A literature review identified two main classes of optimisation frameworks: centralised methods, which
provide globally optimal solutions but are computationally intensive, and decentralised methods, which
offer better scalability through distributed data processing but face complex coordination challenges
due to decentralised decision-making. While centralised methods dominate existing CEV studies, de-
centralised approaches are gaining attention for large-scale applications.

With the help of a detailed problem description, a Mixed Integer Non Linear Programming (MINLP)-
based centralised framework was developed as a baseline, alongside a Multi-Agent Systems (MAS)-
based hybrid framework was proposed. The hybrid method defines an agent for every vehicle, charge
request, charger and depot. Direct communication happens between the vehicle agents and their charge
request agents, whereas the depot agent, charge request agents and the charger agents communicate
via a shared blackboard. The hybrid method generates a charging schedule through four sequential
steps, with centralised decision-making by the depot agent supported by distributed data processing
from the other agents. Every agent ensures that its local constraints are always satisfied while sharing
information with other agents. Based on the information available on the blackboard, the depot agent
assigns chargers to charge requests while ensuring that all assignments adhere to the grid constraints.

The developed frameworks were verified for correctness using a synthetic use case and additional ver-
ification tests. A case study with fleet sizes of 10, 25, 50, and 100 vehicles was then conducted to
evaluate performance in terms of computation time and objective values. For a 10-vehicle fleet, the
hybrid method produced feasible solutions with minimal deviations in objective values and a 99% reduc-
tion in computation time compared to the centralised method, highlighting the advantage of distributed
data processing employed by the hybrid approach. Additionally, the hybrid method’s flexibility enabled
experimentation with different agent rules and objective function definitions to study their impact on per-
formance. Compared with TNO’s Genetic Algorithm (GA)-based Charge Planning Tool (CPT), the hybrid
method achieved 1.5%, 2.2%, and 2.9% lower electricity costs for fleets of 10, 25, and 50 vehicles, re-
spectively, with cost savings increasing with fleet size. In terms of scalability, computation time for the
hybrid method increased linearly with fleet size when minimising battery degradation, but followed an
exponential trend for electricity cost minimisation and robustness maximisation.

It was observed that the hybrid method was unable to produce a feasible solution within 24 hours for the
100-vehicle case, mainly due to sequential implementation and redundant counter-proposals generation.
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To address this, improvements such as parallel execution, reducing redundancy in counter-proposals,
and introducing additional agent rules were discussed. A new coordination approach between agents
was implemented, significantly reducing computation time and establishing an approximately linear rela-
tionship between computation time and fleet size across all objectives. Consequently, the hybrid method
was able to generate schedules for the 100-vehicle fleet for all objectives, achieving a 5.2% reduction
in electricity cost compared to TNO’s CPT.

In conclusion, the results demonstrate that the proposed MAS-based hybrid framework effectively ad-
dresses the main research question by enabling scalable charging scheduling that accounts for hetero-
geneity and grid constraints. For future research, incorporating realistic charging profiles and battery
degradation models to evaluate the hybrid method’s performance is recommended. Additionally, with
the availability of operational data, agents could be trained to adapt their behaviour based on historical
patterns, enabling data-driven decision-making. Therefore, a promising direction is to investigate the
performance of a Multi-Agent Reinforcement Learning (MARL)-based optimisation framework.

viii



Contents

Abstract v
Summary vii
List of Abbreviations Xi
List of Figures Xii
List of Tables Xiv
List of Algorithms XV
1 Introduction 1
1.1 Company background . . . . . . . . ... 3
1.2 ScopeofResearch. . . . . . . . . . . e 3
1.3 Research Questions . . . . . . . . . . . . . . . e 4
1.4 Research Methodology. . . . . . . . . . . . . . 4
1.5 Structureofthereport . . . . . . . . . . 5

2 Literature 7
21 General Approaches . . . . . . . . . L 7
2.2 LargeScale Problems . . . . . . . . .. e 9
23 ResearchGaps. . . . . . . . . . 10
2.4 Selection of Solution Frameworks . . . . . . . . . . .. ... ... 11
25 Summary . . .. 11
3 Problem Formulation 13
3.1 Problem Definition . . . . . . . . . 13
3.2 Assumptions . . . . .. e 14
3.3 Objectives. . . . . . e 15
3.4 DecisionVariables . . . . . . . . e 15
3.5 Constraints . . . . . . . . e 16
3.6 SUMMAry . . . . . e e 17
4 Developed Frameworks 19
4.1 Centralised Method. . . . . . . . . . . . ... 19
411 NotationsUsed . . . . . . . . . . . . e 19

4.1.2 Objective Function . . . . . . . . .. 20

413 Constraints . . . . . . .. e e 22

414 Relaxations. . . . . . . . e e 24

415 SolverUsed. . . . . . . . . . e 25

4.1.6 General Characteristics . . . . . . . . . . . . ... .. ... 26

4.2 HybridMethod . . . . . . . . . . . e 26
4.21 MAS Architecture. . . . . . . . .. 26

4.2.2 Optimisation Objectives . . . . . . . . . . . . .. . ... e 27

423 Constraints . . . . . . .. e 28

424 Execution. . . . . . . .. e e 28

425 Vehicle Agent. . . . . . . 32

426 Charge RequestAgent. . . . . . . . . . . . . 35

427 Blackboard . . . . . . .. e e 36

428 Charger Agent . . . . . . . e 37

429 DepotAgent . . . . . 38
4.2.10 General Characteristics . . . . . . . . . . . . . .. . . . ... 43



4.3 SUMMANY . . . . o e e e e

Verification
5.1 SyntheticUse Case . . . . . . . . . . e
5.2 Centralised Method. . . . . . . . . . .
5.2.1 Electricity cost minimisation . . . . . . . . ... ... Lo Lo
5.2.2 Battery degradation minimisation . . . . . ... ... ... oo,
5.2.3 Robustness maximisation . . . . . .. .. ... oL
5.3 Hybrid Method . . . . . . . . . ..
5.3.1 Electricity cost minimisation . . . . . . .. ..o oo
5.3.2 Battery degradation minimisation . . . . . ... ... oL L L Lo
5.3.3 Robustness maximisation . . . . . .. ... oL
5.4 DIisCUSSION . . . . . . . e e
5.5 Verification Tests . . . . . . . . . L
5.5.1 Increased electricity price . . . . . . ...
5.5.2 Robustnesscheck . . . . . . . . . .
55.3 Reducedtimesteps . . . . . . . . . . .. ...
5.6 Summary . . . .. e e

Case Study

6.1 DataforCase Study . . . . . . . . . . e

6.2 Computational Resources . . . . . . . . . . . .. e

6.3 Results . . . . . . e
6.3.1 Case1:10Vehicles . . . . . . . . . . . . . . .
6.3.2 ResultsforotherCases . . . . . . . . . . .. . . .
6.3.3 VariationinRules. . . . . . . . . ..
6.3.4 Non-linear Battery Degradation Function . . . . . . . ... ... ... .......

6.4 DISCUSSION . . . . . . .
6.4.1 Performance of Hybrid method with scaling. . . . . . ... ... ... .......
6.4.2 Further reduction in Computationtime . . . . . .. ... ... ... ........
6.4.3 Attempt to reduce Computationtime . . . . . .. ... ... Lo,

6.5 Summary . . . ..

Conclusion
7.1 Answering ResearchQuestions . . . . . . . .. ... ... ... o
7.2 Recommendations for Future Research. . . . . . . .. .. ... ... ... ........

Bibliography

A
B

Research Paper

Relaxations used for Battery Degradation Function
B.1 Centralised Method. . . . . . . . . . . . . . .
B.2 Hybrid Method . . . . . . . . . . e

Results for Case Study

45
45
47
47
48
50
51
51
53
55
55
56
57
58
59
61

63
63
64
64
64
68
70
72
73
74
75
79
81

83
83
85

89
93

109
109
110

111



List of Abbreviations

ACO Ant Colony Optimisation.
ADMM Alternating Direction Method of Multipliers.

BESS Battery Energy Storage Systems.

CEV Commercial Electric Vehicle.
CPT Charge Planning Tool.

CPU Central Processing Unit.

CS Charging Stations.

EDF Earliest Deadline First.

ET Electric Truck.

ETA Expected Time of Arrival.
ETD Expected Time of Departure.
EV Electric Vehicle.

GA Genetic Algorithm.

GBD Generalised Benders Decomposition.
GCS Global Control Store.

GHG Greenhouse gas.

GIL Global Interpreter Lock.

GPU Graphical Processing Unit.

GWO Grey Wolf Optimisation.

HVAC Heating, Ventilation, and Air Conditioning.
ICEV Internal Combustion Engine Vehicle.

KPI Key Performance Indicator.

LP Linear Programming.

MARL Multi-Agent Reinforcement Learning.
MAS Multi-Agent Systems.

MDP Markov Decision Process.

MILP Mixed Integer Linear Programming.

MINLP Mixed Integer Non Linear Programming.

Xi



MIP Mixed Integer Programming.

MIQCP Mixed Integer Quadratically Constrained Programming.
MIQP Mixed Integer Quadratic Programming.

ML Machine Learning.

NLP Non Linear Programming.
OA Outer Approximation.

PSCS Pricing Signal based Charging Scheme.
PSO Particle Swarm Optimisation.

QCP Quadratically Constrained Programming.

QP Quadratic Programming.

RES Renewable Energy Sources.

RL Reinforcement Learning.

SA Simulated Annealing.
SoC State of Charge.

ToU Time of Use.
UICS Unmanaged Immediate Charging Scheme.

V2G Vehicle to Grid.
V2V Vehicle to Vehicle.

Xii



List of Figures

1.1 Electric truck sales and sales share by region, 2015-2023 (International Energy Agency

(IEA), 2024) . . . . e 1
1.2 Heavy-duty vehicle charger stock and capacity in the Stated Policies and Announced

Pledges Scenario, 2023-2035 (International Energy Agency (IEA), 2024) . . ... .. .. 2
1.3 Research Flow Diagram . . . . . . . . . . . e 4
3.1 Opportunity Windows for five vehicles . . . . . ... ... ... ... ... ......... 13
3.2 DepotVariations . . . . . . . ... 14
4.1 Example for Battery Energy Constraints . . . . . . .. ... ... ... .. ......... 24
4.2 MAS Architecture . . . . . . . . e 27
4.3 Hybridmethod: Step 1 . . . . . . . 29
44 Hybridmethod: Step 2 . . . . . . . . . . e 30
4.5 Hybrid method: Steps3and4 . . . . . . ... 32
4.6 Shifting of assignments forCasesland Il . . . .. ... .. ... .. ... ... ... 41
4.7 Shifting of assignmentsforCaselll . . . . . . . . ... ... ... . .. .. .. ... ..., 41
5.1 Centralised - Electricity Cost: Vehicle information . . . . . . ... ... ... ........ 47
5.2 Centralised - Electricity Cost: Charger information . . . . . ... ... ... ........ 48
5.3 Centralised - Electricity Cost: Depot information . . . . . ... ... ... .. ... .... 48
5.4 Centralised - Battery Degradation: Vehicle information . . . . . .. ... ... ... .... 49
5.5 Centralised - Battery Degradation: Charger information . . . . ... ... ... ... ... 49
5.6 Centralised - Battery Degradation: Depot information. . . . . .. . ... ... ... .... 49
5.7 Centralised - Robustness: Vehicle information . . . . ... ... ... .. ......... 50
5.8 Centralised - Robustness: Charger information . . . . .. ... ... ... ......... 50
5.9 Centralised - Robustness: Depot information . . . . . ... ... ... ... ... .... 51
5.10 Hybrid - Electricity Cost: Vehicle information. . . . . . ... ... ... ... ........ 52
5.11 Hybrid - Electricity Cost: Charger information . . . . . ... ... ... ... ........ 52
5.12 Hybrid - Electricity Cost: Depot information . . . . . . .. ... .. ... ... 52
5.13 Hybrid - Battery Degradation: Vehicle information . . . . . . .. ... ... ... ...... 53
5.14 Hybrid - Battery Degradation: Charger information . . . . . ... ... ... ... ..... 54
5.15 Hybrid - Battery Degradation: Depot information . . . . . . .. .. ... ... ... .. .. 54
5.16 Hybrid - Robustness: Vehicle information . . . ... .. ... ... ... .......... 54
5.17 Hybrid - Robustness: Charger information . . . . . . . ... ... ... ... ........ 55
5.18 Hybrid - Robustness: Depot information . . . . . . . . ... ... ... ..o 0oL 55
5.19 Centralised - Depot information: Before increasing electricity price . . . . . ... ... .. 57
5.20 Centralised - Depot information: After increasing electricity price . . . . .. ... ... .. 57
5.21 Hybrid - Depot information: Before increasing electricity price . . . . . . . ... ... ... 58
5.22 Hybrid - Depot information: After increasing electricity price . . . . . . .. ... ... ... 58
5.23 Centralised - Vehicle Information: Robustnesscheck . . . . . .. .. ... ... ...... 59
5.24 Hybrid - Vehicle Information: Robustnesscheck . . . . . . ... ... ... ... ... .. 59
5.25 Centralised - Depot Information: Reduced timesteps . . . . . .. . ... ... ... .... 59
5.26 Centralised - Vehicle Information: Reduced timesteps . . . . . .. .. ... ... ..... 60
5.27 Hybrid - Vehicle Information: Reduced timesteps . . . . . . . ... ... ... ... ... .. 60
5.28 Hybrid - Depot Information: Reduced timesteps . . . . . . .. ... ... ... ...... 61
6.1 Centralised Case 1: Depotinformation . . . . . .. . ... ... ... ... ... ... 64
6.2 Centralised Case 1: Chargerinformation . .. ... .. ... ... ... .......... 64
6.3 Centralised Case 1: Vehicle information . . . . . .. ... ... ... ... ......... 65



6.4 Hybrid Case 1: Depotinformation . . . . .. .. ... ... . ... ... ... . ..., 65

6.5 Hybrid Case 1: Chargerinformation . . . ... .. ... ... ... ... .......... 66
6.6 Hybrid Case 1: Vehicle information . . . . . . . . ... .. ... ... 66
6.7 Charger UtilisationforCase 2 . . . . . . . . . . . . . . 69
6.8 Charger UtilisationforCase 3 . . . . . . . . . . . . . 69
6.9 Computationtime splitforCase 2. . . . . . . . . . . . . . . ... . . .. .. .. ... 70
6.10 Computation time splitforCase 3 . . . . . . . . . . . . ... .. . ... .. 70
6.11 Case 2: With Available Power . . . . . . . . . . . .. . .. . ... 71
6.12 Case 2: Without Available Power . . . . . . . . . . .. . 71
6.13 Computation time splitforCase 2 . . . . . . . . . . . . . . . .. . .. . 73
6.14 Computation time splitforCase 3 . . . . . . . . . . . . .. . . ... ... ... 73
6.15 Results for Hybrid method and CPT . . . . . . . . . . ... . . ... . ... . ....... 74
6.16 Total charged energy for Hybrid methodand CPT . . . . . . . . .. ... ... ... .... 74
6.17 Computation time vs. Number of Vehicles . . . . . .. ... ... ... ... ........ 75
6.18 Ray Architecture (Karau & Lublinsky, 2022) . . . . . . . . . . ... ... ... ... ... 77
6.19 Computation time vs. Numberof Vehicles . . . . . . . ... ... ... ... ........ 79
6.20 Computation time split for Case 4 withnew approach . . . . . . .. .. ... ... .. ... 80
6.21 Results for Hybrid method and CPT . . . . . . . .. . ... .. ... . ... . ....... 81
7.1 Decentralised Approach . . . . . . . .. 86
C.1 Centralised - Battery degradation: Vehicle Information . . . . . . .. ... .. ... ... .. 112
C.2 Centralised - Battery degradation: Charger Information . . . . . ... ... ... ... .. 112
C.3 Centralised - Battery degradation: Depot Information . . . . . . ... ... ... ...... 112
C.4 Hybrid - Linear Battery degradation: Vehicle Information . . . . . . ... ... ... ... .. 113
C.5 Hybrid - Linear Battery degradation: Charger Information . . . . .. ... ... ... ... 113
C.6 Hybrid - Linear Battery degradation: Depot Information . . . . . . . ... ... ... ... .. 113
C.7 Hybrid - Robustness: Vehicle Information . . . . .. . ... ... ... .. 0oL 114
C.8 Hybrid - Robustness: Charger Information . . . . . .. ... ... ... ... ........ 114
C.9 Hybrid - Robustness: Depot Information . . . . . ... ... ... ... ... ........ 114
C.10 Hybrid - Non-linear Battery degradation: Vehicle Information . . . . ... ... ... ... 115
C.11 Hybrid - Non-linear Battery degradation: Charger Information . . . . . ... ... ... .. 115
C.12 Hybrid - Non-linear Battery degradation: Depot Information . . . . .. .. ... ... ... 115

Xiv



ILVW RI 7TDEC

IRWDWLRQ

O9HKLFOH VSHFLILFDWLRQV

&KDUJHU 6SHFLILFDWLRQV

2SWLPL]DWLRQ 7LPH 6SHFLILFDWLRQV

'"HSRW %DVHORDG DQG &KDUJLQJ &RVWYV SHU 7LPH 6WHS
&KDUJHS5HTXHVW '"HWDLOV

5HVXOWV IRUWKH &HQWUDOLVHG PHWKRG

5HVXOWV IRUWKH +\EULG PHWKRG

5HVXOWV IRU 6\QWKHWLF 8VH &DVH

O9HKLFOH VSHFLILFDWLRQV IRU9HULILFDWLRQ 7HVW
&KDUJHS5HTXHVW '"HWDLOV IRU 9HULILFDWLRQ 7HVW

'DWD IRU9DOLGDWLRQ

SHVXOWYV IRU &DVH

SHVXOWYV IRU &DVH

5HVXOWV IRU &DVH

S5HVXOWYV IRU 9S9DULDWLRQ LQ 5XOHV

5HVXOWV IRU1RQ OLQHDU %DWWHU\ ' HIUDGDWLRQ )XQFWLRQ
IXPEHU RI FRXQWHU SURSRVDOV JHQHUDWHG LQ 6 WHS

[Y






/ILVW RI $OJRUI

+\EULG PHWKRG 6WHS

+\EULG PHWKRG 6WHS

9HKLFOH $JHQW (QHUJ\5HGLVWULEXWLRQ DQG &KDUJLQJ6NLS
&KDUJHS5HTXHVW $JHQW 2SWLPDO 30DQ *HQHUDWLRQ

&KDUJHU $JHQW &RXQWHU 3URSRVDOV *HQHUDWLRQ

'HSRW $JHQW $VVLJIQ &RXQWHU 3URSRVDOV

'HSRW $JHQW 5HVROYH FRQIOLFWY EHWZHHQ XQDVVLJQHG SODQV D
'HSRW $JHQW )LQDO $GMXVWPHQWYV YLD VKLIWLQJRIDVVLIJQPHQWYV
+\EULG PHWKRG 8SGDWHG 6WHS

[YLL






' QWURGXF\

$PLG JURZLQJ FRQFHUQV RYHU WKH HVFDODWLQJ LPSDFWV RI FOLPDWH F
DUH WDNLQJ PHDV X{WHN\HW R RXNGKFIMW F¥YLRQV 7KH WUDQVSRUWDWLRQ VH

WR WKH JOREHPQVVLRQV 81(3RXW RI ZKLFK URDG WUDQVSRUWDWLRQ FR
WKH FDUERQ GLR[LGH HPLVVLRQV ZRUO G BHG H USDDLPBINVXTESEKDYH EHHQ V
UHGXFHHPLVVLRQV IURP WKH WUDQVSRUWDWLRQ VHFWRU ,Q WKH (XURSt
DFKLHYHD UHGXFWLRQLQFDUERQ GLR[LGHHPLVVLRQV IURP KHDY\ GXW\"
WKH\DFERXQW IRU RIWKHURPIGVWURQVY S(XKWUWSHDQ 3D U@ IWMXHHENL W H G
6WDWHV RI $PHULFD VWDQGDUGV KD YHEHHRQWREBQN GURPNKN R Y\HGXWHY H
8QLWHG 6WDWHV (QYLURQPHQWDO 3URWHFWLRQ $JHQF\

ORUHRYHU WKHUH KDYH EHHQ VLJQLILFDQW DGYDQFHPHQWYV LQ EDWWHU
EDWWHU\ WHFKQRORJ\WR WKH /LWKLXP LRQ EDWWHU\ WHFKQRORJ\ $V D
LV H[SDQGLQJUDSLGO\WR FDWHU IRUWKH GHPDQGV RI WKH FKDQJLQJ VRF
RI EDWWHOHRWUQF 9HKLWBHWHOHZDEOH HQHUJ\ VHFWRU DQG WKH LQGX
HWDO $GGLWLRQDOO\ WKHLQFUHDVHG HQYLURQPHQWDO DZDUHQHVYV
LPSURYHPHQWY LQ OLWKLXP EDWWHU\ WHFKQRORJ\ KDYH UHVXOWHG LQ
WKHLU FRUSRUDWH IOHHWY VR WKDW FRPSDQLHY FDQ DFKLHYH VLJQLILF

JLIXUH (OHFWULF WUXFN VDOHV DQG VDOHV VKDUH EVUHJLRQ ,QWHUQDWLR



ZKLOHHQVXULQJFRPSOLDQFH ZLWK HYROYLQJUHJXODWLRQV %RUJRVDC

$VDFRQVHTXHQFHRILPSURYHG EDWWHU\WHFKQRORJ\ JRYHUQPHQW SRC
QHVV DPRQJVW EXVLQHVVHV WKHUH KDV EHHQ R®RR8HDEF GDNOU(IDHE WQ WAKH-
FOHV &(8¥WWRQVLVWRIYHKLFOHV VXFKDVHOHFWULFEXVHVDQG WUXFN\
KHDY\ GXW\ DSSOLFDWLRQV VXFK DV JRRGYVY WUDQVSRUW VHUYLFHV RU
& %6 J)LIXUHVKRZV WKH JURZWK RI PHGLXP DQG KHDY\ GXW\HOHFWULF
JOREH $V REVHUYHG WKHUHLV DQ LQFOHPW H LI W K BN QAYHV KSIURIWRKIH U
FRQWULEXWLQJ IDFWRU WRB WKBL\H LGQRFAHHD® HI HV W R BIgAPH V Q DROQARW E R'QW L F
(QJLQH 9HKLFOHWQWHYQYDWLRQDO (QHUJ\ $JHQF\ ,($

"LWK VXFK D &(OWHMKHUH ZLOO EH D PDVVLYH LQFUHDVH LQ WKH HQHUJ\ U
WKHVH KHDMWVGXWUHVKRZYV WKH SURMHFWHG QXPEHU RI FKDUJHUV DQG W
IRU FKDUJIBQIWBREDOO\ ORVW IUHLJKW WUXFNV DUH RZQHG E\ ELJ ORJ
$PD]JRQ '+/ )HG([ 836 HWF DQGVPDOO VFDOH ORJLVWLFV FRPSDQLHV R
+DQDKL HW DO$SDUW IURP WKHVH ORJLVWLFV FRPSDQLHV VXSHUPDUNH\
IOHHW RI WUXFNV IRUWUDQVSRUWDWLRQ SXUSRVHVE&[(XORID 6 ROSORDLE V K
WKH JRRGV DQG FKDUJH WKHLU EDWWHULHV IRU WKH XSFRPLQJ WULS 7R
QHWZRUN XSJUDGHV DQG H[SHIBWHQDKEOD Q RSMWEWR KEPUH H[LVWLQJ GH?
FKDUJLQJLQIUDVWUXFWXUHLV HVYVHQWLDO 7KLV UHTXLUHV WKH GHYHOF
VWUDWHJILHY WR DOORFDWH YHKLFOHY WR DYDLODEOH FKDUJHUV DQG GF
FRQYHQWLRQDO FRPPHUFLDO YHKLF @®HOWWS R ZXIUHG \EL IRV EO QX\HID\VO R Q J H
WLPHV PDNLQJHIILFLHQW VFKHGXOLQJ FULWLFDO WR PLQLPLVLQJ RSHU
'"HSRW FKD WI(9M ®VR SUHVHQWY FKDOOHQJHV UHODWHG WR JULG OLPLWV |
ZKLFK DUH DSSOLHG WR FRPPHUFLDO DQG LQGXVWULDO VL8(BIWLV&RRUGLC
HVVHQWLDO WR HQVXUH WKH JULG OLPLW LV QRW H[FHHGHG DQG WR UHG
$0 +DQDKL $KPDG +DELEL ODVRXP

YLIXUH +HDY\ GXW\ YHKLFOH FKDUJHU VWRFN DQG FDSDFLW\LQ WKH 6WDWHG 3ROLFLHV |
,QWHUQDWLRQDO (QHUJ\ $JHQF\ ,($

,QWKH1HWKHUODQGY VXSHUPDUNHW FKDLQV VXFKDV $OEHUW +HLMQ DQ
LQWKHLU IOHHW I U8R B WIRDI SCOEMUW +HLMQ DLPV WR HOHFWULI\LWV IOHH\
DOO LWV VWRUHV HPLVVLRQ IUHH E\ &XUUHQWO\ WKH\ RSHUDWH

)ODQGHUV DORQJ ZLWK VHYHQ GLVWULEXWLRQ FHQWUHV DQGQLQH +RP}
WKH RWKHU KDQG -XPER KDV GHYHORSHG D SODQ WR HOHFWULI\ LWV WULC
RI LWV IOHHW E\ &XUUHQWO\ LW RSHUDWHY VWRUHV DFURVV WKH
VHYHQ GLVWULEXWLRQ FHQWMKBHEL }JXPEWR FKDOOHQJH LV WKH OLPLWHG FL
SRZHU JULG -XPERHQFH FRRUGLQDWHG FKDUJLQJ VFKHGXOLQJ LV UHT}
IOHHWYORXVLQJ OLPLWHG FKDUJLQJLQIUDVWUXFWXUH DV WKHLU IOHHWV



&RPSDQ\EDFNJURXQG

712 LVDQ LQGHSHQGHQW QRW IRU SURILW UHVHDUFK RUJDQLVDWLRQ L¢
VLRQ LV WR FUHDWH LPSDFWIXO LQQRYDWLRQV IRU WKH VXVWDLQDEOH Z
DVD WUXVWHG LQGHSHQGHQW DQG SLRQHHULQJ DSSOLHG VFLHQFH DQ
WLIDFHWHG UROH 7KH FRPSDQ\LQQRYDWHY LQYHVWLJDWHV DQG RUFK
HUQPHQWY XQLYHUVLWLHV DQG WKH SULYDWH VHFWRU 7KH\LQIRUP WK
HYLGHQFH EDVHG GHFLVLRQ PDNLQJ WKURXJK ULJRURXV LQYHVWLJDWLF
UHOLDEOH PHDVXUHPHQWY %\ EXLOGLQJ QDWLRQDO DQG LQWHUQDWLR(
WHFKQRORJLFDO DQG PHWKRGRORJLFDO EUHDNWKURXJKY WKDW KHOS W
GLJLWDO VRFLHW\ DQG VWUHQJWKHQ WKH HDUQLQJ SRZHU RI WKH 'XWFK

712 KDVVL[UHVHDUFK XQLWV VSDQQLQJIURPORELOLW\ %XLOG(QYLURQP
HU\UHVHDUFK XQLW FRQVLVWV RIVHYHUDO GHSDUWPHQWYVY 7KHUHVHDUF
GHSDUWPHQW IURP WKHORELOLW\ %XLOW (QYLURQPHQW UHVHRUFK XQL\
DFKLHYH ORQJ WHUP VXVWDLQDEOH WUDQVSRUW VROXWLRQV WKH 3RZH
LQJD PRQXPHQWDO MRLQW HIIRUW IURP SROLF\PDNHUV DQGLQGXVWU\ SEC
ZDWHUERUQH WUDQVSRUW DQG HQHUJ\ SURGXFWLRQ ,QQRYDWLYH PRL
VLIQLILFDQWO\FRQWULEXWHWRWKHHQHUJ\WUDQVLWLRQ WRZDUG ORZ

7KLV UHVHDUFK WRSLFFRUUHODWHV ZLWK WKH &KDUJLQJ (QHUJ\ +XEV SUF
LV FXUUHQWO\ZRUNLQJRQ 3&KDUJBQ&HIHWBELYXEVRMHFW WKH3RZHUWU|
LV IXUWKHU GERXPDORBRBS BODPMQLQZRRRR JHHHUDWHY VFKHRXDOHEXRU FKDUJI
UHQWO\ WKLV WHRGRHWHFSIR\WWURWKAQHUDWLQJ EHWWHU VFKHGXOHV IURF
7KH 3BRZHUWUDLQV UHVHDUFK GHSDUWPHQW LV GRZLN[DFRQUFEKDOW H Q QD
ZKLOH VFDOLQJ XS IRU D&IOW JW QX EEWRYHG WKDW WKH FXUUHQW DOJR|
IXUWKHU VFRSHIRULPSURYHPHQW DQG WKHUHDUH QXPHURXV RSWLRQV
FRXOG SRWHQWLDOO\OHDG WR HIILFLHQW FKDUJLQJVFKHGXOH JHQHUDYV
DQ RSSRUWXQLW\ IRU IXUWKHU UHVHDUFK WKDW FDQ KHOS LQ GHYHORSL:
VFKHGXOLQJ RI D&(D UJMHWE D O H

6FRSHRI5HVHDUEFK

7KLVUHVHDUFKIRFXVHVRQJHQHUDWLQJDQRSWLPLVHG FKDUJLQJVFKHG
REK(O9VDW D FRPPHUFLDO GHSRW 7KHGHSRW LV HTXLSSHG ZLWK KHWHURJ
RI FKDUJHUV DYDLODEOH DW WKH GHSRW\ YW ROHEN ¥ KVIKUWDIH & K HKHXPHEKILUF B IH \
IL[IHG GHOLYHU\VFKHGXOHV HYHU\GD\ DQG WKH VFKHGXOHV YDU\ EHWZH
VXIILFLHOQWHQHUJ\WR FRPSOHWHLWYV QH[WWULS DORQJZLWKDPLQLPXF
7KH PLQLPXP HQHUJ\ PDUJLQ LV WKH DGGLWLRQDO HQHUJ\UHTXLUHG WR
HOQGV WKH ODVW WULS RIWKHGD\DQG UHWXUQV WRVWY WHH ®RH & R I/WZILHV & R& Q
&KDUJLQJRFFXUVRYHUQLJKW RU EHWZHHQ WKH GHOLYHU\ VKLIWYV GXULQ
FKDUJLQJ

$ORQJ ZLWK WKH ORD G & URPWIKHD G HISRMWRKDY D EDVHORDG SRZHU GHPDQG E
RSHUDWLRQDO DFWLYLWLHV VXFK DV WKH WUD GAHIRVUVOD WIHRQWRIAQRWR GRQ
$LU &ERQGLWLRQUYWHPRBEE&HWF ZLWKLQ WKH GHSRW 7KH GHSRW KDV D JU
SRZHUOLPLWDYDLODEOHWKURXJKRXW WKHGD\ DQG WKLV SRZHU OLPLW
WKHEDVHORDG SRZHU GHPDQG LV WLPH GHSHQGHQW DQG VXEMHFW WR G
JOREDO REMHFWLYHVY EDVHG RQ ZKLFK WKH FKDUJLQJ VFKHGXOLQJDOJRL

FOLQLPLVD&MORQHHWYTY FKDUJLQJ FRVWYV
fOLQLPLVDWLRQ RI EDWWHU\ & LQDWEIOARVILARHHMR U HY HU\
F5REXVWQHVV WR WK OOV PUWDYQWRUGHSDUWXUH WLPH

7KLVUHVHDUFKFRQVLGHUVY WKH SODQQLQJKRUL]JRQIRUWKHJHQHUDWLR
FDWHV WKDW WKH FKDUJLQJ VFKHGXOH LV WREHGHYHORSHG KRXUV DKI
VFKHGXO&Q@IORHHW LV RXWVLGH WKH VFRSH RI WKLY UHVHDUFK $GGLWLR



WKHFDVH ZKHUH RQO\RQH YHKLFOHFDQ FKDUJHIURP D FKDUJHU DW D JLY't
SOH YHKLFOHVDUHFRQQHFWHG WR WKHFKDUJHUV DQG WKH FKDUJHU GLV'
YHKLFOHV DUH QRW LQFOXGHG LQ WKH VFRSH RI WKLY UHVHDUFK $OVR W
GHSRW ZKHUHDV FKD&KDQJIDQVW 8 WEDMVFRIW \&LEGH WKH VFRSH RI WKLV UH V|
PXOWL GD\ FKDUJLQJVFKHGXOH JHQHUDWLRQ LV QRW LQFOXGHG LQ WKH
VLQJOH GD\FKDUJLQJ VFKHGXOH JHQHUDWLRQ

SHVHDUFK 4XHVWLRQV

7TKHIROORZLQJUHVHDUFK TXHVWLRQLVDLPHG WREHDQVZHUHG GXULQJ

3 +RZ FDQ D VFDODEOH FKDUJLQJ VFKHGXOLQJ RSWLPLVDWLRQ IUDPHZRU
JHQHRXV IO&(MWRDUJLQJ DW D GHSRW ZLWK KHWHURJHQHRXVY FKDUJHUV
RYHUORDG"”’

7TKHIROORZLQJDUH WKH VXE UHVHDUFK TXHVWLRQV ZKLFKDLG LQ DQVZH
64 :KDWDUH WKHVWDWH RI WKH DUW PRGHO O&(Q F WHUEKLILITXHR/HIBX® DQJ
64 KLFKRSWLPLVDWLRQIUDPHZRUNV DGGUHVV ODUJH VFDOH SUREOHP\
64 KLFKVROXWLRQIUDPHZRUNFDQEH XVHG DV D EDVHOLQHIRUWKH VW
64 +RZFDQDQRSWLPLVDWLRQ IUDPHZRUN EHK®EH/YHQRSAKHGKYRQY BWDRE

64 +RZGRHV WKHSHUIRUPDQFHRIERWKVROXWLRQIUDPHZRUNV FRPSDUI
YDOXHRI WKHREMHFWLYHIXQFWLRQ" +RZGR WKH\ SHUIRUP ZLWK GLII

64 +RZFDQ FRPSXWDWLRQDO WLPHLQFUHDVHOLQHDUO\ZLWK WKH QXPE

SHVHDUFK OHWKRGRORJ\

JLIXUHRXWOLQHV WKH UHVHDUFK PHWKRGV XVHG WR DQVZHU WKH VXE LU
DGGUHVV WKHPDLQ UHVHDUFK TXHVWLRQ 7RDQVZHU WKHILUVW WZR VXE

JLIXUH 5HVHDUFK )ORZ 'LDJUDP



ZDV FRQGXFWHG %DVHG RQ WKH NQRZOHGJH JDWKHUHG IURP WKH OLWH
ZHUH VHOHFWHG 2QH RI WKHVH IUDPHZRUNYV ZDV XVHG DV D EDVHOLQH
TXHVWLRQ %RWKIUDPHZRUNV ZHUH GHYHORSHG XVLQJPRGHOOLQJ WHFI
IRXUWK VXE UHVHDUFK TXHVWLRQ

7TRDQVZHU WKH ILIWK VXE UHVHDUFK TXHVWLRQ YHULILFDWLRQ WHVWYV 7
YHORSHG IUDPHZRUNY SHUIRUPHG DV H[SHFWHG $ FDVH VWXG\ZDV WKHQ
RI WKHGHYHORSHG IUDPHZRUNV LQ WHUPV RI FRPSXWDWLRQDO WLPH DQ
SHUIRUPDQFH RI WKHVH IUDPHZRUNYV ZDV DQDO\WVHG ZLWK GLIITHUHQW RS
UHVXOWYV RI WKLVDQDO\WLY WKHDQVZHU WR WKH ILQDO VXE UHVHDUFK T

6WUXFWXUH RI WKHUHSRUW

7KH VWUXFWXUH RI WKH URKIRUMHILR YOL\GI-ROD RRP SUHKHQVLYH RYHUYLHZ R
DYDLODROIFKIOUJILQIJ VEFKHGXOLQJ 9DULRXV PRGHOOLQJ WHFKQLTXHV D¢
SHUIRUPDQFH LQ D ODUJH VEDOH VHWWLQJ DUH GLVFXVVHG 7KH VHOHF
DOVR SUHVARKMNHGIIGHWDLOHG GHVFULSWLRQ RI WKH SUREOHP LQFOXGL
REMHFWLYHV DQG GHFLVLRQV LQYROYHG LQ JHQ 8 LDHMWVD JLV BRRYILGHGV
FKDSWHU

, FKDSWRBUH GHWDLOV DERXW WKHPRGHOOLQJWHFKQLTXHV DQG DOJRU
ZRUNVDUHSUHVHQWHG 9HULILFDWLRQ WHVWY SHUIRUPHG RQ WKH GHY H(
DUH GHVFWHKEHSMHWFKDSWMWKH GHYHORSHG IUDPHZRUNV DUH YDOLGDWHG
DODUJH VFDOHIOHHW 7KHUHVXOWV DUH WKHQ GLVFXVVHG DQG WKH SH
DFURVV GLITHUHQW IOHHW V L] HNKDGGWRREMAHFXNGH\WH W KH /IXGIOLY E\ SURYLG|
WR WKHUHVHDUFK TXHVWLRQVDQG RITHULQJUHFRPPHQGDWLRQV IRU IXU
WKLV WKHVLV






[LWHUDW

7KLV FKDSWHU SURYLGHVDQRYHUYLHZRIYDULRXV VWDWHR ®INHKHNDUW P
FKDUJLQJ VFKHGXOLQJ $GGLWLRQDOO\ WKH OLWHUDWXUHDGGUHVVLQJ
UHVHDUFK JDSV DUH LGHQWLILHG )LQDOO\ WKHIUDPHZRUN VHOHFWLRQ
OLWHUDWXUH UHYLHZ

*HQHUDO $SSURDFKHYV

/LWHUDWKIBROW FKDUJLQJVFKHGXOLQJLV OLPLWHG ZKHUHDV VXEVWDQ
RQ IOHHWV RI(OVIKXFIGOWHOHFWULF FDUV DQG WD[LV ORVW DSSURDFKH
VFKHGXOLQJ R (DIOIHKMWEXVBYQ DOV R&E Bl DSISIOMMHLLWR DSSURSULDWH PRGLIL
FRQVWUDLQWYV

%DVHG RQ WKH UHYLHZHG OLWHUDWXUH YDULRXV WHFKQLTXMV KDYH EH
IOHHWY (DFK WHFKQLTXH XWLOLVHV DVHW RI DOJRULWKPVY WR RSWLPLYV
DQG PDLQWDLQJULG VWDELOLW\ 7KH NH\DSSURDFKHVY FDQ EH FODVVLILF

&HQWUDOHQWE DOLVHG PHWKRGYV WUHDW FKDUJLQJ VFKHGXOLQJDV D
E\D FHQWUDO DXWKRULW\ 7KH FHQWUDO HQWLW\ DOVR SURFHVVHV D
FHQWUDOLVHG PHWKRGY KDYH EHHQ XVHG WR RSWLPLVH REMHFWLYH
VWDELOLW\ XVLQJ W HRKIQETRMHYNBKIDQHDU 3URIDPRPQBJIJHD,URLQJ

0/ DQG PHWDKHXULVWLF D3JBDUWKPOHN BERWA/2SWLPIQEDMX.RQ 362
ODWHG $QQHDINIEHBEHW DEHQWUDOLVHG PRGHOV SURYLGH JOREDOC
EXW UHTXLUH HIWHQVLYH LQIRUPDWLRQ H[FKDQJH DQG FHQWUDOLVH
VFDODELOLW\FKDOOHQJHV KLJK FRPSXWDWLRQDO GHPDQGV DQG SU
FOHV LQFUHDVHV 6LQJKDQLD

'"HFHQW UD'GIFH)AW UDOLVHG PHWKRGYV GLVWULEXWH WKH GHFLVLRQ PI
(9VRU FKDUJHUV HOLPLQDWLQJWKHQHHGIRUD FHQWUDO DXWKRULW\
VXFK POWHUQDWLQJ 'LUHFWLRQ OHWK RGPRH WXGI\R DX@VPIE ¥J I8 DW 6\V

WHPV OWSR FRRUGLQDWH FKDUJLQJ RSHUDWLRQV ZKLOH VDWLVI\LQJ C
GHFHQWUDOLVYKOWHWERGW 5HLQIRUFHPHBYHDUQHGIWWIBFWLRQ UH
'"HFHQWUDOLVHG PRGHOV H[FHO LQ VFDODELOLW\ SULYDF\ SUHVHUYTE
IDLOXUHV <DQJHWRZBIYHU DFKLHYLQJHIIHFWLYH FRRUGLQDWLRQ FD
PHWKRGV PD\ QRW DOZD\V JXDUDQWHH JOREDO RSWLPDOLW\ 6LQJKDC

$V PHOWLRQHG HDUOLHU OLWHUDWXUH WKD& 9 RFXNWMVR @ ERIDWHIGQ XREK
VRPH NH\VWXGLHY DUHGHVFULEHG EHORZ

‘DQJHWDO ,QWURGOFHNGRY 'HFLVLRQ SURFAHPW/ZRWN IRUVFKHGXOLQJ
WULF EXV FKDUJLQJ DW GHSRWY EDVHG RQ LQVLIJKWY REWDLQHG IUR
HOHFWULF EXVHV EXV OLQHV DQG EXV VWRSV 7KHLU DSSURD



DQG HOHFWULFLW\ XVDJH E\ ZKLOH HQVXULQJ UHDO WLPH FRI

FRPSDUHG ZLWK D UHDO WLPH VF«HBXMHVQN RHHMVE KOR. QZAFKIHUBNHAEX ' V
ZLWK WKH HDUOLHVW WLPHWDEOH GHDGOLQH DUH VFKHGXOHG WR FKE

$NDEHU HW DO)R&(9VFKDUJLQJ RYHUQLJKW DW FRPPHUFLDO DUHDV W
DO,/SEDVHG PRGHO IRU ORDG EDODQFLQJ DQG FKDUJLQJ FRVW PLQLP
OLQHDU FRQVWUDLQWY 7KH SURSRVHG PHWKRG SURYLGHYV SHDN
FRVW UHGXFWLRQ FRPSDUHG WR XQVXSHUYLVHG FKDUJLQJIRU WKH FLC
EXVHV

$O0 +DQDKL $KPDG +DELEL DQGRBIROWKRUV XVHG D 4XDGUDWLF 3U
PRGHO IRU FKOVOWOQNKRH GHSRW E\PLQLPLVLQIJWKHSHDNGHPDQG RIWK
7KH\ SURSRVHG RIIOLQH DQG UHDO WLPH FKDUJLQJ PRGHV WR DFFRP
RSHUDWLRQDO YAHHGXIOHW HRIUDWLQJ WHPRKIKREABLWR YXPKFEM 9 9
9HKLFOH WR *UDRAQJHWDO WLPH FKDUJLQJ PRGH WR WDFNOH WLJKW RSHL
FDVH VWXG\ WKH\ FRQVLGHUHG D RQH7WR @R® W kK NHMX C(RUWVHDKEKRZ H G
N:DQG N: UHGXFWLRQ LQ SHDN GRPO ¢B PG UHRHLGUWNKYH &KDUJLQJ 6
8,&6DQBULFLQJI6LIQDO EDVHG &KDUJIUMNGHKEPLHY IBBG & 67 KH FRPSXWDW |
ZDV VHFRQGV(IF/RU

+XDQJHWDO 3URSRVHGTHGERHSUFHPHQW /HPRGAHIVDIRBNFKHGXOLQJ VKI
RQ GHPDQG ORJLVWLFYV 106 AMWHLYVRIQW ISKE WLFFNOHY MRLQW RSWLPL)Y
URXWLQJ SLFENXS GHOLYHU\ DQG FKDUJLQJ ZKHUH WKH REMHFWLYH
ZKLFK LQFOXGHYVY UHYHQXH IURP VHUYLQJ FXVWRPHUV FKDUJLQJ FRV
7TKHLU DSSURDFK RXWSHUIRUPHG WKH VFKHGXOLQJ PRGHO EDVHG RQ
PHWKRG LQ RSHUDWLRQDO SURILW RUGHU UHVSRQVH UDWHY DQG RQ

(TZVFKDUJLQJ IURP KRPRIHQHRXV FKDUJHUV LQVWDOOHG DW GLIIF

$0 +DQDKL HW DTKH DXWKRUV GHPRQVWUDWH WKH LQWHJUDWLRQ RI
PRGHOV 7KHLU ZRUN WDUJHWHG WEHURKMWQ XD QGIFEKDSEBYICRIG S X
LQFRUSRUDWERORQ\ 2SWLP LNRIMMAR@Y 1$@&2 U R X W IUGIJ SRIGRIEASBHPLVP LV D
WLRQ *IRUGHSRW FKDUJLQJRSWLPLVDWLRQ 0 @& &N BQX B XIHXUR R GH 6
DOJRULWKP IRU SXEOLF FKDUJLQJ RSWLPLVDWLRQ )RU WKH FDVH RI
SDUHG WR&SXERHEU PHWKRG UHGXFHG WKH WRWDO WUDYHO FRVW E\
RI ORJLVWLFDO VHUYLFHV ZK$8Q B PEDUW KPZ LAK K FKKELOXWHRGO\RR/PHH
FRQWLQXLW\

$Q RYHUYLHZ Rl WKHR.QIFKPDUWDW S0P R®QLQJ OHDGY WR WKH IROORZLQJ REV/|
$$00 VWXGLHV XVH FHQWUDOLV KRG PHWKRGYJ R BKH@XUBDWLQJ

+(OHFWULFLW\ FRVW PLQLPLVDWLRQ LV D FRPPRQ REMHFWLYH DFURVV
IRFXV RQ SHDN ORDG UHGXFWLRQ ORDG EDODQFLQJ DQG$RU YHKLF(
+DQDKL $KPDG +DELEL OPWVRPO®DKL HWHXDQJHW DO

$+6RPH VWXGLHV XVH GDWD GULYHQ DSSURDFKHV XWLOLVLQJGDWD IRL
+XDQJHW DODQJHW DO

1$00 VWXGLHVY FRQVLGHU D I1&HNWKD KRRRIJIHWERRPRNWKHU KRPRJHQHR X\
JHQHRXV FKDUJHUYV

ftORVW VWXGLHVY GR QRW FRQVLGHU D FRQVWDQW FKDUJLQJ SURILOH GX
FRQVLGHUHG DUDQGRP FKDUJLQJ SURILOH ZKHUH WKH SRZHU OHYHO"
2Q0\ $NDEHU HWHR®VLGHUHG D UHDO FKDUJL&M®YURILOH IRU FKDUJLQ

fORVW OLWHUDWXUH IRFXVHV RQ REMHFWLYHV VXFK DV ORDG EDODQF
PLQLPLVDWLRQ EDWWHU\GHJUDGDWLRQ PLQLPLVDWLRQ HWF )RU $¢

WKHDOJRULWKP GHWHUPLQHVY WKHFKDUJHDQG GLVFKDUJH UDW!
LVXVHGIRUFKDUJLQ) ,QDGGLWLRQWRWKLY WKHWLPLQJRIFKDUJLQ
DW HYHU\ WLPH VWHS D GHFLVLRQ YDULDEOH LQ$PRV¥IQWW X GRKIR/D N D
+DELEL ODVRXRBO +DQDKL HW DO



) HZVWXGLHVIRFXVRQ GHFLGLQJ ZKLFK FKDUJHU D YHKLFOH XVHV IRU
FKDUJHU WR YHKLFOH UDWLR RI RUDOORZPXOWLSOH YHKLFOHV WF
WRUV ZKHUH SRZHULVVSOLWEHWZHHQ WKH FRQQKHFQ/WE&HN QKPEMHV
RI FKDUJHUV LV OHVV WKDQ WKH QXPEHU RI YHKLFOHV FKDUJHU DVVL
+HQFH OLPLWHG OLWHUDWXUHDGGUHVVHY FKDUJLQJ VFKHGXOLQJ D)

/IDUJH 6FDOH SUREOHPV

$ ODUJH IGHHWKRDOUJILQJ IURP D OLPLWHG QXPEHU RI FKDUJHUV FRQVLVW)
JRUODUJH VFDOH SUREOHPYV DV WKHQXPEHURIYHKLFOHVLQFUHDVHV W
DFFRUGLQJO\ ORUHRYHU XVLQJVPDOOHU WLPH VWHSV IXUWKHU LQFUHI
EHPDGHIRUHDFKWLPHVWHS +HQFH WKHELJIJHVW FKDOOHQJH IDFHG LC
WDWLRQDO WLPH UHTXLUHG WR JHQHUDWH DIHDVLEOH VFKHGXOH 7R DG
ZKLFKDUH XVHG LQ WKH OLWHUDWXUH

$QDO\WLFDO PHWKRGYV 7KHVHPHWKRGV DGGUHVV WKH ODUJH VFDOH
VPDOOHU VXE SUREOHPV VROYLQJWKHVHVXE SUREOHPVLWHUDWLYF
WKHILQDO VROXWLRQ 7KHVHPHWKRGVUHO\RQ GHFRPSRVLWLRQ WHF
VLWLRQ X\0WG*H@HUDOLVHG %HQGHUV 'HFROBRVHWEROURPLPDWLRQ 2
WR VROYH ODUJHGY,RMWOHIHU 1RQ /LQHDU 3 U BURERPHRM YO RMBGDV

5XOH EDVHG PHWKRGYVY 7KHVH PHWKRGY VROYH WKH ODUJH VFDOH S
GHILQHG RUGDWD GULYHQ UXOHVWR JHQHUDWHD IHDVLEOH VROXWLI
WLF DOJRULWKPV DUHUXOH EDVHG ZKHUH WKHDOJRULWKPV RSHUDW
*$ $&2 HWF DOJRULWKPVFDQLQFRUSRUDWH XVHU GHILQHG UXOH
WLRQE6DQGB$5/DUH DOVR UXOH EDVHG PHWKRGV ZKHUHHLWKHU XVHU C
UXOHVIJRYHUQ WKHDJHQWTV EHKDYLRYX(RDOQRMW BOLQLYDVDQ

6LQFH WKH SUREOHP GHILQHG LQ WKLV UHVHDU/BIS UIREOW X QWKHK MO RD A
ZRUNV DGGUHVVORWBBUNREDABRY XVLQJDQDO\WLFDO PHWKRGV IRU GLIIHU

ft5LYHUD HW D®'00 ZzDV XVHG IRU PXOWL FULWHULD RSWLPLVDWLRQ EH
YDOOH\ILOOLQIJDQG FRVW PLQLPLVDWLRQ ZKHUH WKH(IO®HWWSHUD)
DQG WKH GLVWULEXWLRQ VIVWHP RSHUDWRU 5HVXOWY VKRZ WKDW W
VFDOHV OLQHDUO\ZLWK WK(H XPE R X \R BEHRIQRUWROFOHHGBNV UDOLVHG RSWL
HITHFWLYB OO HRIWY RI XS WR RQH PLOOLRQ YHKLFOHY ZLWK D FRPSXWLC
LVGXHWR WKHDELOLW\ WR SDUDOOHOLVH ZKLFK SURYLGHV D VLJQL
LQFUHDVH FRPSDUHG WR D VHULDO LPSOHPHQWDWLRQLQDFHQWUDO

F=KHQJ 7TKH DXWKRBRWWYW XRH VROYLQJ D OPLUIHUREDHHP IRU PXOWLSOH |

LOQVHUWLRQ IRUWKHDSSOLFDWLRRQOOI VRERWRLWRRWKRGFEOGBQRWGRIIRL

LQWRQ /LQHDU 3URJUDFSRIREIO HB,DESIJREOHP WKHQ LWHUDWHY EHWZ}

VROYHWKHRULJLQDO SUREOHP )RUWKHXVHFDVH WKH\VXFFHVVIXO
DQG ERRNYV

1) UDQ]JRLHWDOQRUWKHDSSOLFDWLRQRIODUJH VFDOHUHILQHU\VFKHG
QRQ FROQYMH3IPRGHO ZKLFKLV VROYHG XVLQJGHFRPSRVLWLRQ WHFKQL
ORJLFDO DQG 7THPSRUDO GHFRPSRVLWLRQ 3KHQRPHQRORJLFDO GHF
0,1/BPRGHOVWLGW®RG/3VXE PRGHOV ZKLFKDUHVHTXHQWLDOO\DQG LWE
SRUDO GHFRPSRVLWLRQ EUHDNVGRZQ WKHPRGHOLQWHUPV RIWKH W
DUHVROYHG VHTXHQWLDOO\ ZLWK LQWHJUDWHG VROXWLRQV 7KH DX
IXQFWLRQ DQG FRPSXWDWLRQ WLPH ZLWK YDULRXV VL]JHV RI WLPH VW
SUREOHP ZLWK FROQWLQXRXV DQG ELQDU\ YDULDEOHV IRUDW

7TKHIROORZLQJZRUNV DGGUHVV ODUJH VFDOH SUREOHPV XVLQJ UXOH ED

I DUIRSRXORVDQG +DW]LDKH\DXWXRUYV SURSRVHG D GH9WKDBIXWHG PX
LQJ FRQWURO PHWKRG EDVHG RQ WKH 1DVK &HUWDLQW\ (TXLYDOHQF



LPSDFWV ZKHBWPDYBHHPHQW DUFKLWHFWXUH LV D KLHUDUFKLFDO DJJ
WKHPLFURJULG FRQFHSW 7KH SURBSRNVEIGUDIS SUHIRREK DDHERWB BNV LQJ
KRXUV DFKLHYLQJYDOOH\ILOOLQJDQGDOVR SURYLGHV UHVXOWYV RI'
DSSURDFK ZLWK OLPLWHG FRPSXWDWLRQDO UHVRXUFHYVY DQG PRGHV\
FRPSXWDWLRQ WLPH RI WKH SURSRVHG PHWKRG LV DOPRVW LQGHSHC
(9 lTOHHW VKRZLQJ WKH SRWHQWLDO RI VFDODELOLW\ FRPSDUHG WR
FHQWUDOLVHG FRQFHSW

t<DQJHWDO 3URSRVHG D PXOWL DIJHQW DUFKLWHFWXUH IRU UHDO WL

URSRVHG PXOWLSOHDJHQWY MREDJHQW UHVRXUFHDJHQWYVY DQG R(
QDWHV WKHLQWHUDFWLRQV EHWZHHQ MREDQG UHVRXUFHDJHQWYV EX
SURFHVY 7KH KRVWDJHQW FRQWUROV WKH VFDOHRILQWHUDFWLRQ E
MRE UHVRXUFH DJHQW FDQ KDQGOH RQO\RQH MRE UHVRXUFH -RE DJ}
HILWWKHLQWHUDFWLYH ]JRQH ZKHUH DJUHHPHQWY KDSSHQ 7KLV PR)
FROQWUROOHG E\ WKH KRVW DJHQW %DVHG RQ GHILQHG UXOHV WKH K
VRXUFHDJHQW WR HQWHU WKHLQWHUDFWLYH ]JRQH

f1ILVKLHW DO7KH DXWKB®B8ZXWK FRQVHQV XV FRQ@WBRKROR RO HNRO Y7LKGHA
SURSRVHG D /DJUDQJLDQ GHFRPSRVLWLRQDQG FRRUGLQDWLRQ PHWK
VDWLRQ 7KH SURSRVHG DSSURDFK SURYLGHVY DSSUR[LPDWH VROXWL
WKDQ UHGXFWLRQLQ FRPSXWDWLRQ WLPH ZKHQ FRPSDUHG WR DQ |
WKH XVH FDVH WKH DXWKRUV FRQVLGHU WZR GLIITHUHQW DSSOLFDWLT

LQJ

$Q RYHUYLHZ RI WKH OLWHUDWXUH RQ WKH WZR PHWKRGV XVHG WR DGG
IROORZLQJ REVHUYDWLRQV

1) RUWKHPHWKRG RI GHARTBIREIGHIDLIFWREOHP/BRGREOHP DQG VROYLQ
WKHP LWHUDWLYHO\ WKHDXWKRUV GLG QRW SURYLGHDQ\FRQYHUJH(
LWV DSSOLFDELOLW\LQ RWKHU GRPDLQV VXFK DV WKH ODUJH VFDOH

f7KHPHWKRG RIGHFRPSRVLQJ WKH WLPH KRUL]JRQ LQWR VPDOOHU WLP
VHTXHQWLDOO\LQWURGXFHVY FKDOOHQJHVLQWKHGHILQLWLRQ RI WK
IRUWKLVY UHVHDUFK FRQVLVWY RIRYHUODSSLQJ RSSRUWXQLW\ ZLQGF

+$JHQW EDVHG PHWKRGY ZKHUHHYHU\DJHQW LV GHILQHG E\UXOHV WK!

ZLWK RWKHU DJHQWY WR FRPH XS ZLWK D VROXWLRQ WR PHHW ERWK W
VXLWHG IRU VROYLQJ WKH ODUJH VFDOH SUREOHP GHILQHG IRU WKLV
GRZQ WKH SUREOHP LQWR LQWHUDFWLQJ FRPSRQHQWY JHQHUDWLQ.
GHFLVLRQ PDNLQJDQG GLVWULEXWHG GDWD SURFHVVLQJ

SHVHDUFK *DSV

7KH OLWHUDWXUH UHYLHZ LQGLFDWHVY DQ DEVHQFH RI OLWHUDWXUH WKD
VFKHGX @OV RAKH WR WKH VORZ SD FH{G\DIGHRGHDLIRFKXAKIDY EHHQ GRQH LQ WKH !
WKHFHQWUDOLVHG DSSURDRBHRIZLMHAD ¥RZBEHAGBSRVLRQ LV H[SHFWHG WR
WKHFRPLQJ\HDUV IXWXUHUHVHDUFK ZLOOLQFUHDVLQJO\QHHG WRDGGL
DSSURDFKHVYEFKOBE¥DQG$5/RITHU VLIQLILFDQW DGYDQWDJHV LQ VFDODE
HIILFLHQF\ DQG GDWD SULYDF\ PDNLQJWKHP VXLWDEOH IRUODUJH VFDC

*HQHUDWLRQ RI FKDUJLQJ VFKHGXOHYV I&(9 KB N VOHRWR B H & B FDG/GIDHHHWH 8 1L
H[LVWLQJ OLWHUDW XU & (9YRKDWYWXGDWVGRIGRWY DVVXPH D FKDUJHU \
DQG WKHUHIRUH IRFXV RQ GHWHUPLQLQJ WKH FKDUJLQJ SRZHU VWDUW \
VRPH FDVHV ZKHUH WKH QXPEHU RI FKDUJHUV LV OHVV WKDQ WKH QXPEH!
FRQQHFWHG WR D VLQJOH FKDUJHU YLD FRQQHFWRUV ZLWK SRZHU GLVW
+RZHYHU QRQH RI WKH UHYLHZHG VWXGLHV FRQVLGHU WKH VFHQDULR LC
WKDQ WKH QXPEHU RI YHKLFOHV DQG HDFK FKDUJHU FKDUJHV RQO\ RQH Y
WUDQVIRUPV WKH SUREOHP LQWR D UHVRXUFH DOORFDWLRQ SUREOHP D
EDVHG RQ DYDLODELOLW\



7KLVUHVHDUFKDLPVWRDGGUHVV WKHDERYH LGHQWLILHGJDSV E\GHYH!
JHQHRAYIOHHW ZKHUH RQO\RQH YHKLFOH FDQ FKDUJH IURP D FKDUJHU DW

6HOHFWLRQ RI6ROXWLRQ )UDPHZRUNYV

%DVHG RQ WKH OLWHUDWXUH DQG VOKH REDNHEGHFRIQWKUHDOUR EGHPS WLP LV D
ZRUN LV FRQVLGHUHG DV D EDVHO,LQHRR B X\OOLW LROM PG K QFRGH WKH S|
ILQHG LQ WKLV UHVHDUFK ZLWK KLJK DFFXUDF\ E\LQFRUSRUDWLQJ ELQC
OLQHDULWLHVY LQ WKH SUREOHP DQG WHPSRUDO FRQVWUDLQWY 6ROYLC
*XUREL &3/(; HWF SURYLGHV QHDU RSWLPDO VROXWLRQV ZKLFK FDQ
RWKHU PHWKRGY ,Q D FHQWUDOLVHG VHWWLQJ WKH DYDLODELOLW\ RI .
WKHLGHQWLILFDWLRQ RIWKHEHVW DFKLHYDEOH SHUIRUPDQBHXQGHU W
VXOWV IURP WKH FHQWUDOLVHG PRGHO FDQ EH XVHG WR FRQGXFW D FRPSI
.H\ 3HUIRUPDQFH ,QGL¥RMKRDW WRH/FRPSXWDWLRQ WLPH DQG WKH REMHF
0,1/3EDVHG FHQWUDOLVHG IUDPHZRUN UHSUHVH@WYFIX® H JD DWW \PHIHIGR(® | F
LQJSUREOHP DQG ZLOO DOVR KHOS LQ XQGHUVWDQGLQJ WKH SHUIRUPDQF
OHP GHILQHG LQ WKLV UHVHDUFK

%DVHG RQ WKH UHVHDUFK JDSV LGHQWLIQL$BCE DY MEK K\E UWE PHWXRKG U N YA
RSHG LQ WKLV WKHVLYVY DQG LWV SHUIRUPDQFHLVDQDO\WHG DJDLQVW WK
FHQWUDOLVHG GHFLVLRQ PDNLQJ ZLWK GLVWULEXWHG GDWD SURFHVVLC
WLRQDO FRPSOH[LW\RI FHQWUDOLVHG PHWKRGV WKURXJK GLVWULEXWHC(
WLRQ FRPSOH[LW\RIGHFHQWUDOLVHG PHWKRGV YLD FHQWUDOLVHG GHFL
YLGHGLQWR VPDOOHUDJHQW OHYHO GHFLVLRQV ZKLFKDUHVKDUHGDVL
DVWKHQXPEHU RI YHKLFOHV LQFUHDVHY 6LQFH QR DJHQW KDV DFFHVV W
XVLQJ ORFDO LQIRUPDWLRQ DQG FROODERUDWH WR VDWLVI\ ERWK ORFDC
QLFDWLQJWKURXJK GLUHFW PHVVDJHVY RUD VKDUHG EIFKBISBlERBHG % DOD
K\EULG IUDPHZRUN DOVR SURYLGHV IOH[LELOLW\ DV DJHQWY FDQ DGDSW
UXOHV 7KLV DOORZV IRUDQDO\VLV RI WKH.3PSDHENUR I RS BI 6\ BIYMMGU X O H V
K\EULG IUDPHZRUN LV VHOHFWHG W DFX®WHV IIWMWKRKEB DX OH YFBOREOHP

,QDGGLWLRQ WR WKHVH VROX¥WLRINH®PBIARUNWKPLIZH®O DOVR EH XVHG \
SHUIRUPDQFH RI WKH K\EULG DSSURDFK IRU ODUJH VFDOH VFHQDULRYV

6 XPPDU\

7KLV FKDSWHU SURYLGHV DQ RYHUYLHZSRBWKBIUJILW B ¥V B MXE&XOOLYQDLOBPEBY
SURDFKHV VXFK DV FHQWUDOLVHG DQG GHFHQWUDOLVHG PHWKRGV DU}
XVHG IRUDGGUHVVLQJ ODUJH VFDOH SUREOHPYV VXFK DV DQDO\WLFDO D
UHYLHZ UHVHDUFK JDSVY ZHUH LGHQWLILHG DQG VROXWERQHGIFHH)ZRUN\
WUDOLVHG PHWKRG ZDV FKRVHQ DV #6 EDVHGLKQ\E UZIGHRHMVDK/REG LV SURSRYV
GHYHORSHG DQG DQDO\WVHG DJDLQVW WKHEDVHOLQH %RWKIUDPHZRUN\

GHILQLWLRQ SAKD/SVONUHG LQ






SUREOHP )RUPXO

7KLV FKDSWHU SUHVHQWY WKH SUREOHP GHILQLWLRQ LQFOXGLQJWKH D
DQG FRQVWUDLQWYV

3UREOHP '"HILQLWLRQ

$ KHWHURJHQHRXYWO/HHW RLUHG WR EH FKDUJHG DW D GHSRW ZLWK KHWH
DQ RSWLPLVDWLRQ ZLQ&(R XK DAKPIXIAIWAHLCSFKH FKDUJH UHTXHVWY SHU GD\ $ |
DVVRFLDWHG ZLWK D YHKLFOH DQG LW FRQWDLQV WKHHRMHREZIZQBH QIRUI
SUULYDODOW/WKH GISSIRWHG 7LPH RI ' HSDURRWKHGHSRW DQG WKH HQHUJ\
E\WKH YHKLFOH IRUWKH WULS DIWHU GHSDUWXUH $Q RSSRUWXQLW\ ZLQ
WKH WLPH ZLQGRZ$DHMBEZ'HRIIQD YHKLFOH ZKHQ WKH YHKLFOH LV DYDLODEO
GHSRW g&(BKDVDQLQLWLDO EDWWHUV\OHYHO DW WKHEHJLQQLQJRI WKH |

J)LIXUH 2SSRUWXQLW\:LQGRZV IRUILYH YHKLFOHV

JLIXUHLOOXVWUDWHY DQ H[DPSOH Rl WKH RSSRUWXQLW\ ZLQGRZ IRU HDF
RSWLPLVDW&ROP X\DWHKDYH VXIILFLHQW HQHUJ\E\WKH HQG RI WKH RSSRUW
LWV QH[W MIXIUH WKH WULSV XQGHRYMDNHY ERWE HQ Z Kl(WRHX \( VKK D U J H
GXULQJLWVY RSSRUWXQLW\ZLQGRZ LILW GRHVY QRW KDYH VXIILFLHQW HQ|
,QLIJXUH 9HKLFOH QXPEHU KDV WKUHH FKDUJH UHTXHVWV O9HKLFOH QXP
UHTXHVWV ZKHUHDV 9HKLFOH QXPEHU KDV RQH FKDUJH UHTXHVW UHVS]
ZLQGRZ

7KH GHSRW KDV D IL[HGJULG OLPLWDQG RSHUDWHV ZLWK WLPH YDU\LQJ F
KDVDEDVHORDGIURPWKHRSHUDWLRQVRFFXUULQJLQWKHGHSRWDSDUMW
DYDLODEOHLQ WKHGHSRW KDYH PD[LPXP FKDUJLQJ SRZHU RXWSXW DQG |



JLIXUH 'HSRW 9DULDWLRQV

JLIXUHUHSUHVHQWY WKH YDULDWLRQV LQ DY®(OODEOGOHOREWWLRUWKDWUUE
WKH GHSRW IRUD SHULRG RI KROXVYHSW KREWHDYHG/REH WLPH ZLQGRZYV
PRUH SRZHU LV DYDLOD BROHVI/\R FRKPDIUDBHEKWR RWKHU WLPH ZLQGRZV /LNI
WLPH ZLQGRZV ZKHUH LW LV FEHDBMN F RVIRSBKUHG WR RWKHU WLPH ZLQGRZV

$VVXPSWLRQV
7KHIROORZLQJDVVXPSWLRQV DUH PDGH IRU WKLV UHVHDUFK

+f7KHVFKHGXOHRIYHKLFOHVLVNQRZQLQDGYDQFH ODQ\IOHHW RSHUD
SUHSDULQJ GDLO\RSHUDWLRQDO VFKHGXOHY EHIRUH WKH VWDUW RI |
DO

t7KH FKDUJHU WR YHKLFOH UDWLR LV FRQVLGHUHG WR EH $ ORZHU
KLIJIKHU UDWLR UHVXOWYV LQ LQFUHDVHG ZDLW LHHQW¥ HP WM\K HRUDAK DRJ RL Q
LVDVVXPHG WR EDODQFH WKHLQYHVWPHQW FRVWV DQG WKH LQIUDVW

$7LPHUHTXLUHG IRU W RKHIRRYWMRH@WKH GHSRW LV QRW FRQVLGHUHG 7
&(9VDUH LPPHGLDWHO\DYDLODEOH RQFH VEKHFDQHHDYNUILE B EH ,Q@HODD
GXHWRPRYHPHQW IURP RQH ORFDWLRQ WR DQRWKHU ZLWKLQ D ODUJH
IURP WKH SODQQHG FKDUJLQJVFKHGXOKW WURKDWN R HWBORU SHUIRL
RSHUDWLRQDO BREWGKXIOHRDRQWHQDQFH FOHDQLQJ ORDGLQJFDUJR
+HQFH WKLV DVVXPSWLRQLV PDGHLQ RUGHU WR VLPSOLI\ WKH SUREC
RE(9VLQ WKH GHSRW

t&KDUJLQJ HIILFLHQF\ LV DVVXPHG WR EH FRQVWDQW SHU FKDUJHU ,C
HITLFLHQF\YDULHVY ZLWK SRZHUOHYHO WHPSHUDWXUH DQGVHYHUDO
WKH SUREOHPTV FRPSOH[LW\ $0O +DQDKL $KPDG +DELEL ODVRXP

$t6R&V OLQHDUO\ SURSRUWLRQDO WR WKH HQHUJ6R & R HE\DSRWQ IS W \WRK |

RI EDWWHU\ FDSDF LBRWDRE® LHV RI EDWWHU\ FDSDFL&R& $OWKRX.

DQG EDWWHU\ FDSDFLW\ UHODWLRQV KMWXHVOQRGOUQQHDEU RIKPQWLRQ |
VLPSOLI\WKH SUREOHP GHILQHG IRU WKLV UHVHDUFK

F(QHUJ\3ULFH YDULDWLRQ WKURXJKRXW WKH RBIBMH/SIREKR Y Q XSFURQW L
LVFRQVLBRHBEBHGFLQJ LY ZLGHO\ XVHG LQ WKH OLWHUDWXUH ZKHUH SU
7KLV DVVXPSWLRQ HQDEOHVY JHQHUDWLQJD VFKHGXOH EDVHG RQ HOH

+%DVHORDG HQHUJ\ GHPDQG YDULDWLRQ RI WKH GHSRW LV NQRZQ LQ D
HOOLQJ RI JULG FRQVWUDLQWY ,Q SUDFWLFH WKH GHSR$&IV HQHUJ
VIVWHPV DQG RWKHU VRXUFHV FDQ YDU\GXH WR H[WHUQDO FRQGLWL
HUDOO\EH IRUHFDVWHG ZLWK UHDVRQDEOH DFFXUDF\ $0 +DQDKL $K

+7KHYHKLFOHVFDQKDYHDWPRVWRQHFKDUJLQJVHVVLRQLQHYHU\RS
WKH YHKLFOHY FDQQRWEH LQWHUUXSWHG RQFH WKH\ VWDUW FKDUJL
DOO\ LWLV QRW SRVVLEOH WR UHVXPH FKDUJLQJ LI WKH FKDUJLQJ VH



HQVXUHVY WKDW WKH YHKLFOHY UHFHLYH WKH UHTXLUHG DPRXQW RIH
FKDUJHUV | WKH\KDYH VXIILFLHQW HQHUJ\ WKHQ WKH YHKLFOHYV FD(

+1$00 YHKLFOHVY DUH FRPSDWLEOH ZLWK DOO FKDUJHUV 7KLV VLPSOLIL
GDUGLVHG FRQQHFWR WMWIOHHIVFURBWWKWLFH IOHHWY PD\KDYH D PL
FKDUJHUV ZLWK OLPLWHG FRPSDWLELOLW\ ZKLFKLQFUHDVHY VFKHG>

t7KH FKDUJLQJ SURILOH RI WKH YHKLFOHV LV DVVXPHG WR EH FRQVWLEL

SHULRG 7KLV DVVXPSWLRQLV PDGH WR VLPSOLI\WKH PRGHOOLQJ RI
RI' YHKLFOHY IROORZV D QRQOLQHDU SURILOH ZKLFK FRQVLVWY RI WK
YROWDIJHDQG EDODQFLQJ SKDVH ODUUD HW DO

f7KHUHTXLUHG FKDUJLQJHQHUJ\DFFRXQWYV IRU ZHDWKHU FRQGLWLRC
SHUDWXUH ZLQG HWF DIIHFW YHKLFOH UDQJHDQG WKH HQHUJ\ UHT
LPSOLHV WKDW VXFK YDULDWLRQV DUHDOUHDG\FRQVLGHUHG LQ WKH
WR PRGHO ZHDWKHU HIITHFWV IRU FKDUJLQJ VFKHGXOLQJLQ WKLV UHV

f&KDUJLQJ VWDUWYV DV VRRQ DV WKH YHKLFOH LV FRQQHFWHG WR WKF
GLVFRQQHFWHG IURP WKH FKDUJHU 7KLV LPSOLHV WKDW WKH FKDUJL/!
RURWKHU WA\SH RIGHOD\V WKXV VLPSOLI\LQJ WKH WLPHWUDFNLQJ RI

$%LGLUHFWLRQDO %VHPK@BRO RNOLAWHIBDWMRHUR(QHUJ\ 6WRUDJIH 6\V
% (66DQBHQHZDEOH (QHUJ\ 6RBEUAMM W(BRQVLGHUHG 7KHVH DGYDQFH
WHPV FDQ RITHU JULG VXSSRUW EXW UHTXLUH PRUH FRPSOH[LQIUDVW

$GGLWLRQDOO\ LQFRUSRUDWLQJELGLUHFWLRQDO WHFKQRORJ

UHFWLRQDO FKDUJLQJLV UHODWLYHO\VWUDLJKWIRUZDUG DV RQO\ P

2EMHFWLYHYV

JROORZLQJDUH WKHREMHFWLYHV IRUWKHRSWLPLVDWLRQ DOJRULWKP

fOLQLPLVH WRWDO FEOUOHMPIWNRVW RI

$V YDULDWLRQ LQ HOHFWULFLW\ SULFHV LV NQRZQ XSIURQW WKH RS
FKDUJAQ@YGXULQJ ORZ HOHFWULFLW\ SULFH ZLQGRZV IRU PLQLPLVLQJ
HQVXULQJ WKDW QRQH RIWKHFRQVWUDLQWY DUHYLRODWHG

FOLQLPLVH EDWWHU\ &PWOQ G/KXW LR g RW

%DVHG RQ D EDWWHU\ GHIJUDGDWLRQ IXQFWLRQ WKH&®WLELVDWLR
VXFKD ZD\ WKDW WKH EDWW K9 IGHB UQ GBIW HREQZKD Kl PHHWLQJ DO O Wk
8vXDOO\ WKH EDWWHU\ GHJUDGDWLRQ LV ORZ ZKHQ WKH SRZHU OHY
EDWWHU\GHJUDGDWLRQ PRGHO GHYHORSHG E\ 7121B/ODWB S HRQ IRAKWE O\
UHVHDUFK EXWDQ\EDWWHU\GHJUDGDWLRQ PRGHO FDQ EH XVHG DV LC

fOD[LPLVHUREXVWQHVWW\WRWDUUDEDOIRM\GRSDUWXUH WLPHV

7JRPLWLIJDWH WKH LP S D&WINIYDWILDEQ RIUNGHKRD UWXUH WLPHV RQ WKH |
WKH FKDUJLQJ SODQ JHQHUDWHG E\ WKH RSWLPLVDWLRQ DOJRULWKP
VWUDLQWY 7KLV PHDQV WKDW GHOD\V LQ DUULYDO RUHDUO\ GHSDUW
LPSDFW RQ WKH VFKHGXOHV RI WKH UHPDLQLQJ YHKLFOHV OD[LPXP U
WKH FKDUJLQJ VHV&(RY ROHDKK PLGGOH RI WKH FKDUJH UHTXHVWT{V
3LQHGR

'"HFLVLRQ OS9DULDEOHYV

7KH RSWLPLVDWLRQ DOJRULWKP KDV WR PDNH WKH IROORZLQJ GHFLVLRC
IRU VEKHOHHW



I'"RHVY WKBFKDUJH IRUD JLYHQ FKDUJH UHTXHVW"

%DVHG RQ WKH FRQVWUDLQWYV WKH RSWLPLWJIWHRY \WR FXUWLUAN KA KWD V
DJLYHQ FKDUJH UHZXKHYDW VXWKHLHQW HQHUJ\ IRU WKH XSFRPLQJ WU
FKDUJLQJ &(OWRHVQIW KDYH VXIILFLHQW HQHUJ\ IRU WKH XSFRPLQJ
FKDUJHG EHIRUH LW OHDYHV WKH G K ®W D QCAKD WKL PR UFH DRAUI R@H FKE
UHTXHVW WR VNLS FKDUJLQJ IRUWKH QH[W FKDUJH UHTXHVW

I :KLFK FKDUJHU FROQY9DMVRABDWHG ZLWK WKH FKDUJH UHTXHVW"

I R(9QHHGYV WR EH FKDUJHG IRU D JLYHQ FKDUJH UHTXHVW WKHQ W|
WR GHFLGH ZKLFK FKDUJHU WR DOORFDWH EDVHG RQ WKH FRQVWUDL
RI FKDUJHUV LV OHVV WKDQ WKH QXPEHU RI YHKLFOHV WKH DOJRULW
FKDUJHUVEHWZHHQ WKHFKDUJHUHTXHVWY %DVHGRQWKHDYDLODEI
WR VHOHFW D FKDUJHU ZBKBEKKBKDRU WHWHWRSSE RUWXQLWN ZLQGRZ RI LWV
ZKLOH PHHWLQJDOO FRQVWUDLQWYV

F:KHQ VKRXOG FKDUJLQJ VWDUWDQG VWRS IRUWKHFKDUJH UHTXHVW"

2QFHD FKDUJHU LV BY{YIRWB 6 KDRUDH UHTXHVW WKHRSWLPLVDWLRQ DC
ZKHQ LW VWDUWYV FKDUJLQJ DQG KRZ ORQJ LW FKDUJHV ZKLFK PHDQV
ZKHQ LW VWRSYV FKDUJLQJ 7KLV GHFLVLRQ KDV WR EH PDGH LQ VXFK D
DUHYLRODWHG

1+RZPXFK SRZHU GRH¥YWRHLDWHG ZLWK WKH FKDUJH UHTXHVW UHFHLY

$IWHU WKH FKDUJHUDVVLIJQPHQW WKHRSWLPLVDWLRQ DOJRULWKP K
WKH9ZLOO FKDUJH +LJK SRZHU OHYHOV ZLOO OHDG WR VKRUWHU FKDL
OHYHOV ZLOO UHVXOW LQ ORQJHU FKDUJLQJ GXUDWLRQV 7KH GHFLV
UHVSHFWLQJ WKH FRQVWUDLQWY GHILQHG IRUWKH SUREOHP

&RQVWUDLQWYV

7TKHRSWLPLVDWLRQDOJRULWKP PXVW VDWLVI\WKHIROORZLQJFRQVWUD|
VFKHGXOHK(BY DOO

+f8QLGLUHFWLRQDO FKDUJLQJRFFXUV L H SRZHE(D\RZV RQO\IURP WK
t$WDJLYHQ WLPH D FKDUJHU FD&Q #KDUJH DW PRVW RQH

I1(DFR(9FDQ EH FKDUJHG DW PRVWHfDQHFH EHW@HHQRU HYHU\ FKDUJH UHT
WKHUH FDQ EHDW PRVW RQH FKDUJLQJ VHVVLRQ 7KLV HQVXUHV WKDV
WKHUHTXLUHG HQHUJ\LQ RQH FKDUJLQJ VHVVLRQ RUHOVH VNLSYV FKI

I(DFEG(9PXVW KDYH WKH UHTXLUHG HQHUJ\ IRU LWV QH[W WULS EHIRUH
F(YHB(9KDV D PD[LPXP FKDUJLQJ SRZHULQSXW OLPLW

f(YHU\ FKDUJHU KDV D PD[LPXP FKDUJLQJ SRZHU RXWSXW OLPLW
F(YHU\FKDUJLQJVHVVLRQIROORZVD FRQVWDQW SRZHU FKDUJLQJSURI

F(YHW\(9PXVW QRW FKDUJH PRUH WKDQ LWV EDWWHU\ FDSDFLW\ $W DQ
VDWLRQ ZL GRREEWIKMKRXOG QRW GURS E HGRRRIRD MKH. RRWLUH RSWLPL)
ZLQGRZ

F(YHEA(I9PXVW KDOREKIWHDWHU WKDQ BR 8W GHIH @& RI WKH RSWLPLVDWL

F7RWDO SRZHU FRQVXPSWLRQ DW WKH GHSRW VKRXOG EHOHVV WKDQ W



6 XPPDU\

7KLV FKDSWHU SUHVHQWHG D GHWDLOHG GHVFULSWLRQ RI WKH UHVHDUF
O\LQJDVVXPSWLRQV 7KHREMHFWLYHV RIWKHRSWLPLVDWLRQ PRGHO ZH
WKDW WKHVROXWLRQ PHWKRG PXVWPDNH 7KHUHOHYDQW FRQVWUDLQW!
GHILQLWLRQ WKHFHQWUDOLVHG DQG K\FKDGEWHWWPHZRUNVY DUH GHYHORS






'"HYHORSHG )UDPH_:

7KLV FKDSWHU SUHVHQWY GHWDLOHG LQIRUPDWLRQRQWKHGHYHORSPHQ
ILHFKQSWHRKHB,/3EDVHG FHQWUDOLV H G $PHEDKRHGE KQBULIGHPHWKRG DUH GH\
LQ GHWDLO

&EHQWUDOLVHG OHWKRG

TKHFHQWUDOLVHG PHWKRG DSSURDFKHVY FKDUJHVFKHGXOLQJDVDVLQJC
DXWKRULW\ 7KLV VHFWLRQ SUHVHQWVY,D/GHW\DH® HE8 GWMVB OLSWG P WIK\N |
RSHGIRUWKH SUREOHKGBWRKHGY.MWRHY QRWDWLRQV XVHGIRUWKHIRUP
IROORZHG E\WKHREMHFWLYHIXQFWLRQDQG WKHFRQVWUDLQWVLQYROY
UHOD[DWLRQV ZHUH PDGH DQG D VROYHU ZDV VHOHFWHG ,Q WKHHQG W
WUDOLVHG PHWKRG DUH OLVWHG

I1RWDWLRQV 8VHG
7KH QRWDWLRQ XVHG IRUWKH FHQWUDOLVHG PHWKRG LV SURYLGHG LQ 70

7TDEOH 1RWDWLRQ
6HWV DQG LQGLFHYV
N 6HWIRU WKH YHKLFOHV WR EH FKDUJHG LQ GHSRWg p N
0] 6HW IRUWKHFKDUJHUV DYDLODEOHLQ GHSRW hpoO
P 6HW IRU WKH WLPH VWHSV RI WKH GD\ i uP
w 6HW RI FKDUJH UHTXHVWYV p W
SDUDPHWHUV
9HKLFOH
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&KDUJHS5HTXHVW

YHKLFOHDVVRFLDWHG ZpWK FKDUJH UHTXHVW
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VLIHRI D WLPH VWHS >KU@
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ELQDU\ YDULDEOH
UHTXpHVRWKHUZLVH

HLK/HDQ/ WK DQBIBUNV R FKD U JH

W g ELQDU\ YDULDEOH ZKHQ YHKLFOHDVVRFLDWHG ZLWK FKDUJH
UHTXPMWWM KDUJLQJ DW WR WK NWZAHS/H

X c d FKDUJLQJ SRZHU IRU YHKLFOH DVVR FpIAXWHGLAQIMK RRDUJH UHT X}t
FKDUBBIW WLPH VWHS >N: @

O DX[LOLDU\ELQDU\ YDULDEOH ZKLFK EHFRPHV RQH ZKHQ YHKLFO
FKDUJH U VXWDVWUWW YV FKDUJL QJ DRWW HRIE VWH S

g DX[LOLDU\ELQDU\ YDULDEOH ZKLFK EHFRPHV RQH ZKHQ YHKLFO
FKDUJH UWVXWHRAW FKDUJLQJiD WRMWLKPHU\Z W VALS

Jod HQHUJ\LQ EDWWHDWRWKXHKLF® RI WLPH VWHS >N:K@
IDFWRU XVHG WR GHILQH UHIHUHQFH SRZHU RI PKDUJLQJ SURILO

rmZkm FKDUJLQJ VWDUW WLPHPRU FKDUJH UHTXHVW >SKU@
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2EMHFWLYH )XQFWLRQ

(TXDWLR@QHILQHYVY WKH REMHFWLYH IXQFWLRQ ZKLFK LV FRPSRVHG RI WK
FRVWIXQFWLRQ WKHEDWWHU\GHJUDGDWLRQ FRVW IXQFWLRQ DQG WKH
SDUDPHWHDYGBGEHLQJ WKH ZHLJKWYV IRU WKH REMHFWLYHV UHVSHFWLYH!



WKH RSWLPLVDWLRQ UHSUHVHQWHGESLQWHKHHW RDURDPOBYKHILQHG DUH ¢
YDULDEOHYV ZKLFKDUHUHODWHG WR WKH GHFLVLRQ YDULDEOHV YLD FRQ

PLQ OKXca 0K %cq Ok HmZKTE9]

(TXDWLRBHILQHV WKHHOHFWULFLW\FRVWIXQFWLRQEDVHGRQ WKHHQHU
WKHFRUUHVSRQGLQJHOHFWULFLW\ SULFH

K %ca $ $ & hyxcAr >JZWQ@
kpQpldpd

(TXDWLRE@HILQHV WKH EDWWHU\ GHJUDGDWLRQ FR& WIXUQFMHR Q HZ KK M/ KT
YDULRXV SDUDPHWHUV LQYROYHG LQ WKH EDWWHU\ GHJUDGDWLRQ IXQFV
YHORSHGE\712 EDVHG RQ WKH ZRUN GRQH E Y B HKFID/OW WU HG HIWDGDWLR Q
DFFRXQWV IRUERWK FDOHQGDU DQG F\FOLF DJHLQJRID YHKLFOHYV EDW\
On T F A ZKHUIV WKH GXUDWLRQ ZKHQ WKH E DOVREDHIUG WH PG &/H 8WIWXDLFAH U W D L
DIJHLQJ LV UHS U8V HQIMWGEZEHVHY WKH FKDUJH WK& R %JKSXW DQZFWLRQ
RI WKH FKDUJIxQJ &RZMWOVR GHSHQGH QW 6RE Wi HWDK'HH BB SM K RI GLVFKDU
AImMIDQG WKH WHP SHUDW ZK R QWWKHHEIDMWMWHI LV XVHG &DOHQGDU DJHLQ
UROH ZKHQ WKH EDWWHU\ LV GRER U KV VDIQRESHIW IXWXKIH IRU D ORQJHU St
WKH F\FOLF DJHLQJ SOD\V D PDMRU UROH ZKHQ WKH EDWWHU\ LV LQ XVH Z
FKDUJLQJ SRXBWLRIQLYHV WKH & UDWH ZKLFK LV GHILQHG DV WKH DPRXQ
XQLW WLPH GLYLGHG E\ WKH EDWWHU\ FDSDFLW\ Rl WKH YHKLFOH $ KLJKt}
GHJUDGDWLRQ DQG YLFH YHUVD
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(TXDWLRQRYHVY WKH REMHFWLYH IXQFWLRQ IRUUREXVWQHVV WR YDULDWI
LV GHILQHG DV WKH PD[LPLVDWLRQ RI WKH SURGXFW EHWZHHQ WKH VODF
GHSDUWXUH 6ODFN WLPH RIDUULYDO LV WKH GLIIKTUHRQIKHUEHIMWZWHEI FNK D
WLPHRIGHSDUWXUHLV WKHGLQEBKRB HEHWOHHWQYLPHEBQEHGREXVWQHVYV
KDV WR EH PD[LPLVHG ZKHUHDV HOHFWULFLW\FRVWDQG EDWWHU\ GHJUI
VLIQ LV XVHG WR FRQYHUW WKH PD[LPLVDWLRQ SUREOHP LQWR D PLQLPL
IXQFWLRQ IRURSWI(PXDVOWREBRDQIEHIRLQLPLVHG

Hzmr \Xcd

KOkmZKRE) s AMEKE RSO RS (9 > 6@
kpQ

7TKHEDWWHU\GHJUDGDWLRQ FRVW IXQFWLRQDQG UREXVWQHVV FRVW IXQ
RSWLPLVDWLRQDOJRULWKP QHHGV WR GHDO ZLWK ,Q RUGHUWRKDYHPLC
KDSSHQDWORZHU SRZHUDQG ZLWK ORQJFKDUJLQZG&NKUBWY RRU MK PP XOR/ V
UREXVWQHVV WR GHOD\VLQDUULYDO WLPH FKDUJLQJVKRXOGKDSSHQ D!
BLQHGR 2Q WKH RWKHU KbQG WKHREMHFWLYH RI HOHFWULFLW\ FRVW
LQJRUQRQ FRQIOLFWLQJ ZLWK WKH RWKHU RSWLPLVDWLRQ REMHFWLY H?
WKURXJKRXW WKH RSWLPLVDWLRQ ZLQGRZ 7KH FRQIOLFW ZLWK RWKHU |
KHQFH QR FOHDUUHODWLRQVKLSFDQEHHVWDEOLVKHGIRUWKHREMHFW



REMHFWLYHV %DVHG RQ WKH ZHLJKWYV GHILQHG IRUWKH REMHFWLYHV W
ZLWK D FKDUJLQJ VFKHGXOH IRUDOO YHKLFOHYV ZKLFKPLQLPLVHV WKH R°

&RQVWUDLQWYV
ERQVWUDLQWNMQGLFDWH ELQDU\ YDULDIEEDOHHY DV GHILQHG LQ

Ve 7 -ppW hpoO
WaH”™ = -pHUW ipP
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&RQVWUDLDWMY GHSLFW UHDO YDULDERMHY SRIQVAHIDHQWXUHY RQO\ XQL
GLUHFWLRQDO HQHUJ\ IORZ RFFXUV IURP WKH *FR DB UJ HW QIRRVWKBINYHHXK L € @/t
FRQVLGHUDWLRQ IRUWKH¥WHRGDUFK DV SHU

Xcd “-pPHW hpuO ipP

Jbd -gUN iuP

&ERQVWUDIGHWLQHY WKH IDFWRU XVHG IRUWKH FKDUJLQJ SURILOH DV D QI
&RQVWUDLQW

SkHS -puW

&RQVWUDIGHWLQHY WKDW WKH ILQDO HQHUJ\ DW WKH HQG RI WKH RSWLPL
WKDQ WKHUHTXLUHG DPRXQW

Jbd Jb_ -9 UN i _P_

&RQVWUDHQYWDEOLVKHYVY WKHEDWWHU\FDSDFLW\OLPLWV IRUD YHKLFOH
WLRQ ZLQGRZ 7KH XSSHU OLPLW LV WKH EDWWHU\ FDSDFLW\6R&G WKH Ol
IRUWKH YHKLFOHV

Xmpyr @ Jpa Qo -9 UN ipP
&ERQVWUDHQWXUHY WKDW DWPRVW RQHFKDUJHULV DVVLIQHG WR D YHK

$ ke -p W
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&RQVWUDLBOLHY WKDW D YHKLFOH LV QRW FKDUJLQJ RXWVLGH LWV RSS
RQO\VRFFXUV GXULQJLWV RSSRUWXQLW\ZLQGRZYV

W d -pUW ifP

&RQVWUDH@W XUHYVY WKDW D FKDUJHU SURYLGHV FKDUJLQJ SRZHU WR D PD
DWHYHU\WLPHVWHS $VDUHVXOW RQO\RQH YHKLFOHFDQ FKDUJH DW D

$ VikWd -hpo ipP

kpQ
&RQVWUDLD@S PDNH VXUH WKDW LI WKH YHKLFOH VWDUWYV FKiDUJLQJ DW
WKHBQEHFRPHYV RWKK{ULZAO H H

Gha Wedé W dA» -PHW i PlLiglk!™
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&ERQVWUDHQWXUHY WKDW WKH FKDUJLQJ VWDUWYV DW PRVW RQFH GXULQJ

$ aq -pHW
dpg

&RQVWUDLR®® PDNH VXUH WKDW LI WKH YHKLFOH VWRSV FKIVKH@J DW V
d¢EHFRPHV RWHKKHIZQO HE H

td Wkdé W di» P MW QP igZzlm

g Wkg -PHW igFm

&RQVWUDIHDVXUHV WKDW WKH FKDUJLQJ HQGY DW PRVW RQFH GXULQJ W
&RQVWUDLDOWY HQVXUH WKDW DW PRVW RQH FKDUJLQJ VHVVLRQ LV SRVV

$ du -ppW
dpg

&RQVWUDLDWS GHILQH WKH FKDUJLQJ VWDUW WLPHDQG HOGDWQIGPH LQ Wt
YD UL DEMDHMGy UHVSHEWLYHO\

nMZkmMAT> $irqy ¢ @
dpg
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&RQVWUDH@QWXUHY WKDW WKH JULG OLPLW LV QRW H[FHHGHG LQ WKH GHS
DYDLODEOH IRU FKDUJLQJ WKH YHKLFOHY DW HYHU\ WLPH VWHS LV WKH C
EDVHORDG RI WKH GHSRW IRUWKHFRUUHVSRQGLQJWLPHVWHS

$ $ X%ca UG -ipP
kpQeul

ERQVWUDLRDYWEY HQVXUH WKDW ZKHQ D YHKLFOH LV FKDUJLQJ IURP D FKD
YHKLFOH SRZHU LQSXWDQG FKDUJHU SRZHU RXWSXW OLPLWYV DUH QRW H[H

%cd VkcWed -pPHW hpO ipP

%cd VikcWdlo -PHW hpO ippP g g

&RQVWUDH@WXUHY WKDW ZKHQ D YHKLFOH LV FKDUJLQJ IURP D FKDUJHU
FRQVWDQW SRZHU FKDUJLQJ SURILOH 7KLV FKDUJLQJ SURILOH KDV D FR
GXUDWLRQ ZLWK QR UDPS XS DQG UDPS GRZQ RI SRZHU DW WKH VWDUW D
7KH IDFWIRUD GHFLVLRQ YDULDEOH DQG LW LQGLFDWHV WKDW D IUDFWLR
SRZHU ZLOO EH XVHG IRU FKDUJLQJ WKH YHKLFOH 'HSHQGLQJRQ WKH RE N
FDQ GHFLGH WR FKDUJH WKH YHKLFOHV XVLQJ RI WKH FKRUWYHD TV SRZF
QDWXUDO QXPEHU DV GHILQHG LQ &RQVWUDLQW

Neoy —kcidHt

cd Sy
&RQVWUDIHIW XUHVY WKDW WKH HQHUJ\ LQ WKH EDWWHU\ LV HTXDO WR WK
RSWLPLVDWLRQ ZLQGRZ IRU WKH WLPH VWHSV EHIRUH WKHILUVW FKDUJH
LV YDOLG IRUWKH VLWXDWLRQ ZKHUH WKH ILUVW RSSRUWXQLW\ ZLQGRZ
GR QRW EHJLQ DW WKH VDPH WLBMKUBY DRUHNDHPGWOM WKH RSSRUWXQLW\ ZL(

-PHUW hpOyipP



YHKLFOHV ZLWK WKH RSWLPLVDWLRQ ZLQGRZ Rl KRXWVY DB UGVKQ @ \H P
9HKLFOH DV WKHILUVW RSSRUWXQLW\ZLQGRZRI9HKLFOH EHJLQV DW
VWDUWYV DW DV PDUNHG E\ WKH UHG EHRQ VXHGIFHW & R YVDWUWKGIVEHJIL Q Q
ILUVW RSSRUWXQLW\ ZLQGRZ RI D YHKLFOH WKH HQHUJ\LQ WKH EDWWHU
EDWWHU\ DW WKH EHJLQQLQJ RI WKH RSWLPLVDWLRQ ZLQGRZ

Jbd Jbh -9 U N i[E»lNP
Z

JLIXUH ([DPSOH IRU %DWWHU\ (QHUJ\ &RQVWUDLQWYV

&RQVWUDKQBWDWHV WKHHQHUJ\LQ WKHEDWWHU\RIWKHYHKLFOHV IRU W|
LQJWRD FKDUJH U KXYHVWKHEOXH ER[ UHSUHVHQWY WKH FDVVRBRUUHVS
WKH RWKHU FKDUJH UHTXHVWYVY WKHVHFRQG FDVHLVY DSSOLFDEOH

Jng Pon Yo UeXc AT Li
b dA» :%bpluc)&cda‘r Li!

,IDYHKLFOH KDV PRUHWKDQ RQH FKDUJH X3 TOMWNW WKH @ GRQIAW Q MLIQHME |
YHKLFOHV VR WKDW WKHHQHUJ\LQ WKHLQWHUPHGLDWH WLPH VWHSV DQ
LVHTXDO WR WKH HQHUJ\DW WKH HQG RI ODVW WLPH VWHS RI SUHYLRXV F
UHTXLUHG IRU WKH WULS 7KLV LV DSSOLFDEOH RQO\LID YHKLFOH KDV P
RSWLPLVDWLRQ ZLQGRZ )RUWKHWLPHVWHSVYEHWZHHQ WKHODVW FKDU.
ZLQGRZ &RQVWIDLRWRQIGMNKUK WKH ILUVW FDVH RI §RQBVWODEQEROH IRU W
WLPH VWHSY EHWZHHQ WKH FKDUJH UHTXHVWYVY ZKLFK DUH QRW PDUNHG E
PDUNHG E\RUDQJH ER[HVUHSUHVHQW WKH VHFRQG FDVH RI &RQVWUDLQMW
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&RQVWUDH@WXUHV WKDW WKH YHKLFOHY DUH FKDUJHG IURP WKH FKDUJH
LPXP HQHUJV\UHTXLUHG IRU WKH XSFRPLQJWULS 7KH GLIITHUHQFH EHWZF
WULS DQG WKHHQHUJ\OHYHOV DW WKH EHIJLQQLQJ RI WKHRSSRUWXQLW\
FKDUJHG GXULQJ WKH RSSRUWXQLW\ZLQGRZ ,I D YHKLFOH KDV VXIILFLH
VNLS FKDUJLQJ RU FKDUJH PRUH WKDQ WKH UHTXLUHG HQHUJ\ WR DYRLG
SHULRGY $0OVR WKH YHKLFOHV ZLWK LQVXIILFLHQW HQHUJ\IRU WKH QHTI
GXULQJ KLIJK HOHFWULFD)WAMVSUH WHKERHARGM FOVH RI &RQDOVSHSOLREQWOH WR
WKHRSSRUWXQLW\ZLQGRZPDUNHG ZLWK WKH EOXH ER[ LXKHSBHOL\F WEKGIH L L
WR WKH UHVW RI WKHRSSRUWXQLW\ZLQGRZYV
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5HOD[DWLRQV

7KHPRGHO GHYHORSHG IRUWKH FHQWUD @L V/BSWRBAOKRPG Z K LRKW ¥ K5 LR UL R
VROYHEHFDXVH RIWKHIROORZLQJUHDVRQV

F'XHWRWKHLQFOXVLRQRIELQDU\YDULDEOHY WKHSUREOHP EHFRPHYV
KDV PXOWLSOH ORFDO RSWLPD KHQFH VROYLQJD QRQ FRQYH[ SURE(
DQG QRW JOREDO RSWLPDOLW\ )ORXGDV



+$ QRQ OLQHDULW\LV LQWURGXFHG EHFDXVH RI WKH SUHVHQFH RI D QF
DQG REMHFWRWHRQ 7KH SUHVHQFH RI D QRQ OLQHDULW\ FUHDWHYV D
WKH QRQ GLIIHUHQWLDEOH EHKDYLRXU LQWURGXFHG E\ QRQ OLQHDU

6ROYLQIMBSUREOHP UHTXLUHV VSHF1L®B'O2WHHFWR LZKHNVKOGENHRRP/SSRVH D

SUREOHR UMRE/3 DQG VROYLQJ WKHP VHSDUDWHO\ DQG LWHUDWLYHO\ V
JORXGDYV ,QHFWLRQRQHRIWKH ZRUNV FRQVLGHU WKHVH GHFRPSRVLWL
VFDO@HKDUJLQJ KHQFH WKHUH LV QR SURRI WKDW WKLV AHWKRIA QUOO FR
%\UHOD[LQJRUUHGHILQLQIJWKHFRQVWUDLQWV DQG REMHFWLYHV ZKLFK
DO,/3SUREOHP ZKLFK FDQ EH VROYHG ZLWK RSHQ DFFHVV RU FRPPHUFLD
0,/ 3SUREOHPV XVLQJDOJRULWKPV VXFK DV %UDQFKDQG %RXQG ,QWHULRF

&RQVWUDIL@QWURGXFHY QRQ OLQHDULW\ LQWR WKH P RGN LEQH W B K VGHHW K H
QRPLQDWRURIWKHFRQVWUDLQW %)\ UTHEHV L@ QOW &I FRFR-OWVE\LOR QWD D WL
WR &RQVWUDLQW@G 7KHELOLQHDU FRQVWUDLQW\3FDREEH PR KNG N D
DSSUR[LPDWLRQ WHFKQLTXHV VXFK DV OF&RUPLFDHRXBARENY HW DWOH H W

%cdSo VkWdd -PHW hpOyipP
7KH QRQ OLQHDU EDWWHU\ GHJUDGDWLRQ IXQFWLRQ LV UHOD[HG WR D C
(TXDWLR@WSSHQGEU®YLGHY WKH GHULYDWLRQ RI WKH OLQHDU EDWWHU\ C

WKH DVVXPSWLRQV UHOHYDQW WR WKH SUREOHP GHILQHG IRU WKLV UHV
FKDUJLQJ SRZHURQ WKHEDWWHU\GHJUDGDWLRQ DQG WKH UHVXOWYV RI W

e X 5 88 -2 g g

kuQpuldud

'LWK WKH UHOD[DWLRQV DQG UHGHILQLWLRQV RI WKH FRQVWUDLQW DQG |
ZLWK DQ\VROYHU ZKDEKH® @WHIHW ZXDGUDWLFDOO\&RQVWEDREHG 3URJ
OHP VLQFH WKHELOLQHDU WHUP&3DUREMHPKBEKRUHA RIKIH TXDGUDWLE WHU
WR ELOLQHDU FURVV SURGXFWV UDWKHU WKDQ LQFOXGLQJVTXDUHYV

6ROYHU 8VHG

JRUVROYLQJ WKH FHQWUDOLVHG PRGHO *XUREL LV VHOHFWHEHDWD VRO
SURJUDPPLQJ/BAXDGUDWLF 3URJUDPHH®JOQWHIHU 4XDGUDWLF 3URJUDPPI
DQ&XDGUDWLFDOO\ &RQVWUDLQIERBEAHPDPP1XQUIREIRZ2SWDRIGIHW SHU

IRUPV EHWWHU LQ FRPSDULVRQ ZLWK RSHQ DFFHVV DQG FROMHRWELD O VRC
7THPSO $GGLWLRQDOO\ *XUREL KDVIUHH DFDGHPLF DFFHVV ZKLFK LV X

%DVHG RQ WKH VWUXFWXUH DQG FKDUDFWHULVWLFV RI WKH RSWLPLVDWL
GHWHUPLQLQJ WKH PRVW VXLWDEOH VROXWLRQ VWUDWHJI\ :KHQ WKH PR
W\SH VSDUVLW\ LQWHJUDOLW)\ DQG FRQYH[LW\WR FODVVLI\LWDQG DSS
RUEDUULHU PIBSKREUHRY DQGEUDQFK DQG ERXQ@E FRUREDGPR DQGD DXR
G\QDPLFDOO\DFWLYDWHY SUHVROYH WHFKQLTXHV KHXULVWLFV DQG FX
PRGHO $GGLWLRQDOO\ *XUREL OHYHUDJHY SDUDOOHO SURFHVVLQJE\ G|
ZKLOH VROYLQJD SUREOHP DQGDGDSWV LWV QXPHULFDO KDQGOLQJWR F
EHWZHHQ ILQGLQJ IHDVLEOH DQG RSWLPDO VROXWLRQV DQG Rl WLPH
KHXULVWLFDOO\ 'XDOOLPSQ B NWNIHUHIBRWUDPPEHQ JID®E QR WLPH OLPLW H|
GHIDXOW 7KHVHDXWRPDWLF GHFLVLRQV DLP WR GHOLYHU KLJK SHUIRUP
WXQLQJ DOWKRXJK DGYDQFHG XVHUV FDQ RYHUULGH GHIDXOWV WKURXJ|
WXQLQJ WRROV IRU IXUWKHU RSWLPLVDWLRQ 3*XUREL 3DUDPHWHUV"’

7KHUHODWLYHRSWLPDOLW\A\JDS LV D PHWULF FRPPR® O3 YW\RHFGHIDQY RSBW LP L
KRZ FORVH WKH FXUUHQW EHVW NQRZQ IHDVLEOH VROXWLRQ LY WR WKH W\
WKHGLITHUHQFHEHWZHHQ WKHEHVWNQRZQ REMHFWLYHYDOXH DOVRFD
RSWLPDO YDOXH XVXDOO\D ORZHU ERXQG IRU PD[LPLVDWLRQ RUDQ XSS
E\WKH PDJQLWXGH RI WKHERXQG ODWKHPDWLFDOO\ IRUD PLQLPLVDWLF



2SWLPDOLWYAFBEHERXQG

_KQFXPEHQW
ZKHWHExpetbWWKH REMHFWLYH YDOXHRIWKHEHVW b DAREWK N E B X W IORZ HU
ERXQG RQ WKH RSWLPDO YDOXH 7KH UHODWLYH RSWLPDOLW\JDS LV SDL
DOJRULWKPV XVHGSWREFRBOFWH ZKHUH FRPSXWLQJ WKH H[DFW RSWLPXP PLC
LQIHDVLEOH GXH WR SUREOHP VL]H RU FRPSOH[LW\ ,QVWHDG RI VROYLC
VROYHUV XVH WKH JDS WR GHWHUPLQH ZKHQ WR WHUPLQDWH WKH VHDUTF
EHORZ D SUHGHILQHG WKUHVKROG 7KLV SURYLGHV D TXDQWLILDEOH JXD
WKDW WKH UHVXOW LV ZLWKLQDQDFFHSWDEOHUDQJH RI WKH WUXH RSWL

%\ GHIDXOW *XUREL WHUPLQDWHV WKH VHDUFK ZKHQ WKH UHODWLYH RS
UHODWLYH RSWLPDOLW\JDS FDQ EH VHW E\ WKH XVHU EDVHG RQ WKH UHT
DQG FRPSXWDWLRQDO WLPH 3**XURENVBDYBNHDWHUWREXVW VWRSSLQJFULYV
LQODUJH VFDOHRUFRPSOH[PRGHOV ZKHUHILQGLQJWKHH[DFW RSWLPX
RSWLPDO VROXWLRQ ZLWK ORZHU FRPSXWDWLRQ WLPH

*HQHUDO &&KDUDFWHULVWLFV

%DVHG RQWKHRYHUYLHZ RIWKHPRGHODQG WKHVHOHFWHG VROYHU WKF
RIWKHFHQWUDOLVHG PHWKRG

+f7KHGHFLVLRQ PDNLQJDQG WKH GDWD SURFHVVLQJLQ WKHFHQWUDOL
RQWKHJIJOREDOLQIRUPDWLRQDYDLODEOHIRUWKHSUREOHP WKH FH(
HQVXULQJDOO WKHJOREDO FRQVWUDLQWY DUH VDWLVILHG

f:LWK D ODUJH QXPEHU RI YDULDEOHVY WKH FHQWUDOLVHG PHWKRG WCLC
WKH XVH RI DSSURSULDWH RSWLPDOLW\ JDSV EDVHG RQ WKH GHVLU]I
ILQG DIHDVLEOH VROXWLRQLQ ORZHU FRPSXWDWLRQDO WLPH DV FRI
RSWLPDOLW\

+t7KH FHQWUDOLVHG PHWKRG VROYHVY WKH JOREDO SUREOHP LWHUDWL
WKH GHVLUHG RSWLPDOLW\JDS WKHVROYHU WHUPLQDWHY ZKHQ WKH

F*XUREL FDQ XVH PXOWLSOH WKUHDGV ZKLOH ILQGLQJ D IHDVLEOH VRC
XWLOLVHY WKH SDUDOOHO FRPSXWDWLRQ FDSDELOLWLHV RI WKH FR
SUHVHQW LQ DOPRVW DOO QHZ FRPSXWHUYV

+\EULG OHWKRG

7TKH$6 EDVHG K\EULG PHWKRG DSSURDFKHYVY FKDUJH VFKHGXOLQJ E\ GLYL
VXE SUREOHPV ZKLFK DUH WKHQ VROYHG WKURXJK FRRUGLQDWLRQ EHW
JHQHUDWHY FKDUJLQJ VFKHGXOHV WKURXJK FHQWUDOLVHG GHFLVLRQ PI
GDWD SURFHVVLQJ GRQH E\ RWKHU DIJHQWYV 7KLV VHFWIORBRQ BEDRNEGGHYV D (
K\EULG PHWKRG GHYHORSHG IRU WKKMHSSWHREBD NP GHRXQHDGHQWY LQYROYH
WURGXFHG¥ED WWKH WHFWXUH IROORZHG E\ WKH REMHFWLYH IXQFWLRQ |
DJHQWY $ GHWDLOHG GHVFULSWLRQ RI KRZ WKH DJHQWYV FRRUGLQDWH \
SURYLGHG IROORZHG E\DQ HIWHQVLYH LQVLJKW LQWR HYHU\ DJHQW ,Q
WKH K\EULG PHWKRG DUH OLVWHG

0$6$UFKLWHFWXUH

JLIXUHUHSUHV H@WDUWKKLWHFWXUH GHYHORSHG IRUWKH K\EULG PHWKRG
IRUHYHU\ YHKLFOH FKDUJH UHTXHVW FKDUJHU DQG GHSRW $ EODFNER
HIFKDQJH EHWZHHQ FKDUJHUHTXHVWDJHQWY FKDUJHUDJHQWY DQG WK
WKHGDWD VKDUHG E\WKHDJHQWY DQGWKHDJHQWYV FDQHDVLO\UHWULH
UHTXLUHG %DODML G6ULIQHGRWVOHG DUURZVY UHSUHVHQW XQLGLUHFWLR
EHWZHHQ WKH DJHQWYV ZKHUHDV GRXEOH VLGHG DUURZV UHSUHVHQW E
WZHHQ WKH DIJHQWVYL3XUWHKBXBKQFOHDIJHQW FDQ GLUHFWO\FRPPXQLFDW
UHTXHVWDIJHQWV DVVRFLDWHG ZLWK WKH YHKLFOH



JLIXUHO0$6$SUFKLWHFWXUH

2SWLPLVDWLRQ 2ZEMHFWLYHYV
7KH K\EULG PHWKRG KDV WKHIROORZLQJRSWLPLVDWLRQ REMHFWLYHV

fOLQLPLVDWLRQ RIHOHFWULFLW\FRVWV IRU FKDUJLQJ WKHIOHHW
fOLQLPLVDWLRQ RIEDWWHU\GHJUDGDWLRQ IRUDOO YHKLFOHYV
fOD[LPLVDWLRQ RIUREXVWQHVVY WR YDULDWLRQV LQ YHKLFOHDUULYD(

7KH LQIRUPDWLRQ DERXW WKH RSWLPLVDWLRQ REMHFWLYHV FDQ EH DFFF
(DFK FKDUJH UHTXHVW DDWQR@KR BDWVLIQ FRVWY WR SODQV EDVHG RQ WKF
FKDUJLQJ VWDUW WLPH DQG FKDUJLQJ HQG WLPH 7KH WRWDO FRVW LV F
GHJUDGDWLRQ FRVW DQG WKH FRVW UHO DWH & DADRS LDRE XN MIB MAXVI RAL WK H
UHVSHFWLYHRXTRVMRGHILQHY WKH HOHFWULFLW\ FRVW IRUD SADQ EDVHG
DQG WKH HOHF\W,ULFUWKNSSRRELQI WR WKH WLPH V Wk S\QBEHVK DRK QQ/MHIQGN
WLPH;, ZLWK VL]H RI W LARH VXDIVSMRIBH ILQHY WKH OLQHDU EDWWHU\ GHJUD
DSODQ ZLWK WKH YHKLFOHTV EDWWHSSSBSBEU®Y UGSV IB\HWDN DG RQ KR
OLQHDU EDWWHU\ GHJUDGDWLRQ FRVW LV GHULYHG
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(TXDWLR®GURYLGHV WKH FRVWV IRU UREXVWQHVV WR YDULDWLRQ LQ DUL
ILQHG LQ WHUPV Rl WKH VODFN WLPH RI DUULYDO DQG WKH VODFN WLPH F
GLIIHUHQFH EHWZHHQ FKMY JDRIGSMPILWZ\W HRH DYV VODFN WLPH RI GHSDUW
GLIIHUHQFHEHWZHBQG FKDUJLQJIHQGBWQPBR 7KHQHJDWLYHVLIQFRQY]
WKH PD[LPLVDWLRQ RIUREXVWQHVV LQWR D PLQLPLVDWLRQ ZKLFKDOLJC
DQG EDWWHU\ GHJUDGDWLRQ REMHFWLYH\TXHBWYER GDIQHEW FPW Q DPRR/V\EG G |
7KH REMHFWLYH IXQFWLRQ Rl WKH K\EULG PHWKRG LV WKH VDPH DV WKDW
SHUIRUPDQFH RI WKH K\EULG PHWKRG FDQ EH FRPSDUHG ZLWK UHVSHFW W



&RQVWUDLQWYV

(YHU\DJHQW LQ WKH K\EULG PHWKRG HQVXUHV WKDW WKH FRQVWUDLQW!'
SRLOQW LQ WKHRSWLPLVDWLRQ ZLQGRZ $ GHWDLOHG RYHUYLHZ RI WKH FF

$9HKLFOH $TKIQWHKLFOH DJHQW HERBERHY W R /W WKWV DERYH DQG E
PLQLPXP&GHILQHG IRUWKHRSWLPLYVDWLRQ ZLQGRZ ,W HQVXUHV WKDW
IRUDOO WKH WULSV Rl WKH YHKLFOH LQ WKH RSWLPLVDWLRQ ZLQGR?Z
RSWLPLVDWLRQ ZLQGRZ ZLWK®R&LPXP XVHU GHILQHG

1&KDUJH SHTXHVWKSHIAIQMW JH UHTXHVW DJHQW HQVXUHYVY WKDW WKH FKEC
WLPH DUH EHWZEE0Q IRUWKH FRUUHVSRQGLQJ FKDUJH UHTXHVW W I
FKDUJLQJ SRZHU LV EHORZ WKH UHVSHFWLYH YHKLFOHTV FKDUJLQJ SR

+&KDUJHU $IKHYPWKDUIJHUDIHQWHQVXUHV WKDW WKHFKDUJHU GRHV QRYV
DWD SDUWLFXODU WLPH ,WDOVRHQVXUHVY WKDW WKH FKDUJLQJ SRZ}
RXWSXW OLPLWYV

IPF'"HSRW $JHRMWGHSRW DIJHQW HQVXUHV WKDW WKH JULG OLPLW LV QRW |
RSWLPLVDWLRQ ZLQGRZ

+HQFH WKHHQIRUFHPHQW RI YDULRXV FRQVWUDLQWY LV GLVWULEXWHG

([HEXWLRQ

7KHUH DUH IRXU VHTXHQWLDO VWHS V0L$® YERDONHHEGKA @ WLIGHPHH\W RRW L R\ R H L
WKH GHSRWAR P DMWY DQ DVVLIQPHQW EDVHG RQ WKH LQIRUPDWLRQ VKD
[F WKHFKDUJH UHT WHWW G YWHKHMWAWK DU JHRJ DENYWAWHQWUDOLVHG GHFLVLR
LVGRQH E\ WKH GHSRW DJHQW EDVHG RQ GLVWULEXWHG GDWD SURFHVVI
VWHS WKHUHDUH WDVNV ZKLFK DUH QRW GHSHQGHQW RQ WKH FRPSOHWL
6XFK LQGHSHQGHQW WDVNV ZLOO DOVR EH KLIKOLJKWHG IRUHYHU\ VWH ¢
ZLOO EHFRYHUHG LQ WKH XSFRPLQJVXEVHFWLRQV

7TKHIRXU VWHSVY LQ WKH K\EULG PHWKRG DUHDV IROORZV

6WHS ,QLWLDO 30DQ $VVLJQPHQW

JLIXUHUHSUHVHQWY WKH LOQOWHUDFWLRQV LQYROYHG EHWZHHQ YDULRXYV
FKDUJHUHTXHVWDJHQWV DVVRFLDWHG ZLWK D YHKLFOH KDYH LQIRUPDW
RIWKHFKDUJH UHTXHVWDJHQWY VKDUHVY WKHRSWLPLVDWLRQ REMHFWL)
WLPLVDWLRQ REMHFWLYHUHFHLYHGIURP WKHLU UHVSHFWLYH FKDUJH UF
WKHHQHUJ\WREHFKDUJHGIRUWKHLUUHVSHFWLYHFKDUJHUHTXHVWYV E\
WKHGHSRW %\GRLQJVR WKHYHKLFOHDJHQWY FRQWULEXWH WR WKH RS
HQHUJ\ LV FKDUJHG ZKHQ LW KDV D JUHDWHU LPSDFW RQ WKH REMHFWLYH
DKLIJKHUFKDUJLQJ SUHIHUHQFHWR VRPHRILWY FKDUJHUHTXHVWYV ZLWK
WR RWKHUV $VDQ H[DPSOH IRUWKHREMHFWLYHRIPLQLPLVLQJHOHFWL
HQHUJ\ GXULQJ ORZHU HOHFWULFLW\ SULFHV $V D UHVXOW WKH YHKLF(
FKDUJH UHTXHVW ZKLFK KDV WKH ORZHVW HOHFWULFLW\ SULFH ZLWKLQ
RWKHU FKDUJHUHTXHVWY 7KLV ZLOO UHVXOWLQ ORZHUHOHFWULFLW\ FI
RSWLPLVDWLRQ REMHFWLYH $OVR ZKLOH UHGLVWULEXWLQJ WKH HQHUJ
OLPLWV DUH QRW YLRODWHG DW DQ\ SRLQW GXULQJWKHRSWLPLVDWLRQ .

$IWHU HQHUJ\UHGLVWULEXWLRQ WKHFKDUJHUHTXHVW DJHQWYV UHFHLY
YHKLFOH DJHQWYV DIWHU ZKLFK DOO FKDUJH UHTXHVW DJHQWY JHQHUDW
RSWLPLVDWLRQ REMHFWLYH $IWHU JHQHUDWLQJ WKH ORFDOO\RSWLPDC
SODQ RQ WKH EODFNERDUG 1H[W DOO FKDUJHU DJHQWYV JR WKURXJK WK
HDFK SODQ RQ WKH EODFNERDUG 2QFHDOOLQIRUPDWLRQLV SRVWHG RQ
WKH SODQV WR WKH BXDWIBEBX®Y 7IHUGHSRW DIJHQW XSGDWHV WKH DYDL
SRZHU LQ WKH GHSRW DQG UHPRYHV WKH DVVLJQHG SODQ IURP WKH EODF
WKH FKDUJHU DJHQWY WR EORFN WKH WLPH VORWYV IRU ZKLFK WKH\ DUH D\



JLIXUH +\EULG PHWKRG 6WHS

5XOH7KH RUGHU LQ ZKLFK WKH GHSRWDJHQWDVVLIJQV WKH SODQV IURP W/
RIFKDUJH UHTXHVW '

5XOH7KH RUGHU LQ ZKLFK WKH GHSRW DJHQW DVVLIJQV WKH FKDUJHUV LV |
PXP SRZHU RXWSXW IURP WKH FKDUJHUYV

5XOHLV D JHQHUDO UXOH ZKHUH SUHIHUHQFH LV SURYLGHG EDVHG RQ WK
DZHOO GHILQHG UXOH ZKLFK SULRULWLVHVY WKH FKDUJH UHTXHVW DJHQV
ZKLFK LV IXUWKHUVWXIEWHFPWHRBXLQH. V GHILQHG LQ VXFK D ZD\ WKDW WKH FI
ORZHU SRZHU RXWSXWV ZLOO JHW FRPSOHWHO\ XWLOLVHGILUVW DQG WK
7KH FKDUJHUV ZLWK ORZ SRZHU RXWSXWV FDQ RQO\FDWHU WR WKH SODQ\
WKH FKDUJHUV ZLWK KLIJK SRZHU RXWSXWV FDQ FDWHU WR ERWK ORZ DQC
FKDUJHUV ZLWK ORZSRZHURXWSXWVDUHDVVLIQHGILUVW DQGLIWKH\D
LV KLIK WKHQ WKH FKDUJHUV ZLWK KLIKHU SRZHU RXWSXWV DUH DVVLJQI

6WHS FRQVLVWV RIVHYHUDO GLVWULEXWHG GHFLVLRQ PDNLQJSURFHVYV
GHWHUPLQH WKHUHTXLUHG FKDUJLQJ DPRXQW IRUHDFK RI WKHLU FKDUJ
E\ WKH YHKLFOH DJHQWY EDVHG RQ WKH YHKLFOH FRQVWUDLQWY DQG RS
IRUPDWLRQ RQ WKH HQHUJ\ WR EH FKDUJHG WKH FKDUJH UHTXHVW DJHQ
WHUPV RI FKDUJLQJ SRZHU VWDUW WLPH DQG GXUDWLRQ ZKHUH WKH RE
FKDUJHU DJHQWY SURYLGH WKHLU GHFLVLRQV DERXW WKHLU DYDLODELC
WKHILQDO GHFLVLRQ DERXWDVVLIQPHQWY 7KHGHSRWDJHQW UHOLHV R
GHFLVLRQV ZKLFKEHFRPHWKHLQIRUPDWLRQ QHHGHG WR PDNHDVVLJQP
DFHQWUDOLVHG GHFLVLRQ PDNHU XVLQJLQIRUPDWLRQ GHULYHG IURP G
DIHOQWYV EDVHG RQ WKHLU ORFDO NQRZOHGJH

$OJRULWKWOLQHY WKH SURFHGXUH IRU 6WHS RI WKH K\EULG PHWKRG

UHGLVWULEXWLRQ RIHQHUJ\ GRQH E\ WKH YHKLFOH DJHQWY ZKLFK LV GF
6LPLODUO\ WKH ORRS DW OLQH GHSLFWV WKH ORFDOO\ RSWLPDO SODQ
ZKLFKLVH[HFXWHG LQ SDUDOOHO E\DOO WKHFKDUJHUHTXHVWDJHQWYV |
HIHFXWLRQ GRQH E\ WKH FKDUJHU DJHQWYV ZKLOH VKDULQJ WKHLU GHFL\
+HQFH WKHVH WKUHH ORRSV DUH HI[HFXWHG LQ D SDUDOOHO IDVKLRQ DV



LQGHSHQGHQW RI WKHH[HFXWLRQ RIWKHFRUUHVSRQGLQJWDVN E\RWKH
UXQLQDVHTXHQWLDO PDQQHU ZKLFK PHDQV WKDW WKH ORRS DW OLQH F
OLQH DQG WKHORRSDWOLQH FDQQRW LQLWLDWH EHIRUH WKH HQG RI"
RIDFRPELQDWLRQ RIERWK VHTXHQWLDO DQG SDUDOOHO H[HFXWLRQ

$OJRULWKPULG PHWKRG 6WHS

BDUDPHWRWW[F [R, S [F@WEFU >WFVES WE@HR u >HFHE S HB@
IRU DR,G R
5HGLVWULEXWH WKH HQHUJ\WR EH FKDUJHG E\ WKF,FKDUJH UHTXHVW
HQG IRU
IRU DVFG R
*HQHUDWH ORFDOO\ REDQBBREVDLWIRY WKH EODFNERDUG
HQG IRU
IRU BIG R
6KDUH GHFLVLRQ IRU WKH SODQV RQ WKH EODFNERDUG EDVHG RQ DY
HQG IRU
IFPDNHV DQ DVVLJQP HEXO HDYBXK® R Q

6WHS $VVLIQPHQW RI &RXQWHU SURSRVDOV

JLIXUH +\EULG PHWKRG 6WHS

JLIXUHUHSUHVHQWY WKH LQWHUDFWLRQV EHWZHHQ YDULRXV DJHQWYV G X
DUHQRWDVVLIQHG DIWHU 6WHS DOO WKH FKDUJHU DJHQWYV JHQHUDWH
SODQ RQ WKH EODFNERDUG :KLOH JHQHUDWLQJ FRXQWHU SURSRVDOV V
DYDLODEOH DQG WKDW WKH QHZ SURSRVHG SRZHU VDWLVILHVY WKH JULG
WKHFRXQWHU ERDUG VHFWLRQ RI WKH EODFNERDUG 7KH GHSRW DJHQW
FRUUHVSRQGLQJ WR WKH XQDVVLIQHG SODQYXHEG7/TKDNHY DVIHJIQPBIQ W X ¢
DQG LV VLBX®OHU+WRFH D ZHOO GHILQHG UXOH FDQ EH IXUWKHU GHYHOR
RIDVVLIQLQJ D FKDUJH UHTXNX®VBNVGLREAVEHSRW DIHQW VHOHFWYV WK
SURSRVDO ZLWKWKHORZHVWFRVWDQG UHPRYHVWKHFRUUHVSRQGLQJ S
DOVR UHPRYHV WKH FRQIOLFWLQJ SODQV IRUWKHDVVLIQHG FKDUJHU IUF



WKHDYDLODEOH ORDG $GGLWLRQDOO\ WKH GHSRW DJHQW QRWLILHV W|
ZKLFK WKH\DUH DVVLJQHG

5XOH7KH RUGHU LQ ZKLFK WKH GHSRW DVVLJQV WKH FRXQWHU SURSRVDO
XQDVVLJQHG SODQV SUHVHQW RQ WKH EODFNERDUG

,Q6WHS DGHFLVLRQ LY PDGH E\WKH GHSRW DJHQW EDVHG RQ WKH LQIR
FKDUJHUHTXHVWDJHQWY LWKRXW WKH UHTXLUHG LQIRUPDWLRQ WKH (
+HQFH LQ VWHS DFHQWUDOLVHG GHFLVLRQ LV PDGHEDVHG RQ GLVWUL
HIFKDQJH GRQH E\RWKHU DJHQWYV

$OJRULWKWDLOV WKH SURFHGXUH FRUUHVSRQGLQJ WR 6WHS RI WKH K\
UHSUHVHQWYV WKH FRXQWHU SURSRVDOV JHQHUDWLRQ E\WKH FKDUJH UH
VLIJQHG SODQ RQ WKH EODFNERDUG (YHU\ FKDUJHU FDQ JHQHUDWH FRX(
FKDUJH DJHQWV +HQFH LQ 6WHS IRUHYHU\XQDVVLIJQHG SODQ WKH OR
PDQQHU 2Q WKH FRQWUDU\ WKH GHSRW DJHQW FDQQRW SHUIRUP LWV W
DW OLQH +HQFH B6WHS FRQVLVWV RI D FRPELQDWLRQ RI VHTXHQWLDC
LQYROYHG

$OJRULWKPULG PHWKRG 6WHS

BDUDPHWHRV>WFW.ES W@®HR P >HFHE S HBn psl gggfBig Iq
IRUGR

IRU BHIGGR

*HQHUDWH FRXQWHUDBYRSRVIWAW RQ WKH FRXQWHU ERDUG

HQG IRU
HQG IRU
IFPDNHV DQ DVVLJIQPHQXWEDNVRBWREL QDWLQJI ZLWKWMAER UK AXISRY GUE QW
WR DQG UHPRYHV RYHUODSSLQJ FRXQWHU SURSRVDOV

6WHS &RQIOLFW UHVROXWLRQ ZLWK 2YHUODSSLQJ UHTXHVWYV

JLIXUHUHSUHVHQWY WKH LQWHUDFWLRQV LQYROYHG EHWZHHQ YDULRXV
DUH SODQV WKDW UHPDLQ XQDVVLJQHG DIWHU 6WHS WKHQ WKH GHSRW D
KDYHRYHUODSSLQJRSSRUWXGXWHZRQ GIRZHW \BCQMHG/ROQHG SODQ RQ WKH
DQG DUUDQJHV WKHVH LGHQW L3 XO® YRU/H DG R DYW VIMHSHODQ WKH GHSRYV
WKH FKDUJHU DJHQW ZKR LV DVVLJQHG WR WKH DVVLJQHG SODQ WR FUH
DVVLJQHG DQG XQDVVLJQHG SODQV EDVHG RQ WKHLU DYDLODELOLW\ DQC
WKH JHQHUDWLRQ Rl WKHVH SODQV WKH GHSRW VHOHFWYV WKH SODQV Wi
DQ\RYHUORDG RQ WKH GHSRW 7KXV WKHXQDVVLJQHG SODQ JHWV DVVLJC(
ZLWKDQLQFUHDVHLQLWY FRVW 7KHGHSRW DJHQW XSGDWHY WKH DYDLC
SODQV IURP WKH EODFNERDUG $GGLWLRQDOO\ WKH GHSRW DJHQW QRW
VORWYV IRU ZKLFK WKH\DUH DVVLJQHG

5XOH)RU D JLYHQ DVVLJQHG SODQ D Q@G 'XRRWWYHYSRG GIODIQVRIWKH DVVLJIQ
JUHDWHW $WRIDMK H XQDVVLJIQHEF SOPWU MVSRIAGLQI WR WKH DVVLIQHG SOD
HTXDQ7WRI WKH XQDVVLJQHG SODQ WKHQ ERWK WKH DVVLJQHG DQG XQD\
RSSRUWXQLW\ ZLQGRZV

5XOH7KH DVVLIJQHG SODQV ZLWK ORQJ FKDUJLQJ GXUDWLRQV DUH DW WK
FKDUJLQJ GXUDWLRQ WKH SODQV ZLWK ORZHU FRVW ZLOO EH SRVLWLRQH

, Q6WHS WKHGHSRWDJHQWDFWVDVDFHQWUDOLVHG GHFLVLRQ PDNHU
DQG LQIRUPDWLRQ VKDULQJ E\ WKH FKDUJHU DJHQWYV DQG WKH FKDUJH UH
6WHS DUHUHTXLUHG WR EHH[HFXWHGLQD VHTXHQWLDO PDQQHU DV WK
JULGFRQVWUDLQWVDUHQRWYLRODWHG ZKLOHPDNLQJDQDVVLIQPHQW |
+HQFH 6WHS KDV RQO\VHTXHQWLDO HIHFXWLRQ RIWKH WDVNV LQYROY}H



J)LIXUH +\EULG PHWKRG 6WHSV DQG

6WHS $VVLIQPHQW E\ PDNLQJ FKDUJHUV DYDLODEOH

JLIXUHDOVR UHSUHVHQWY WKH LQWHUDFWLRQV LQYROYHG EHWZHHQ YD
WKHUH DUH SODQV WKDW DUH QRW DVVLJQHG DIWHU 6WHS WKHQ IRU H
VKLIWY WKHDVVLIQHG SODQV VR WKDW FKDUJHUV DUHDYDLODEOHDQG W
RYHUORDGLQJWKHJULG GXULQJ WKH RSSRUWXQLW\ZLQGRZ RI WKH XQD\
SODQV WKH GHSRW FKHFNV LI WKH FKDUJHU DJHQWYV FDQ SURYLGH WKH
DVVLIQVLWDFFRUGLQJO\ ,I WKHFKDUJHU DJHQWYV FDQQRW SURYLGH WK
WKH FKDUJHU DJHQWV WR FRPH XS ZLWK FRXQWHU SURSRVDOV DQG DVVL
FRQVWUDLQWY $IWHU PDNLQJDQDVVLIQPHQW WKH GHSRW DIJHQW XSGLC
FRUUHVSRQGLQJ SODQV IURP WKH EODFNERDUG $GGLWLRQDOO\ WKH Gt
EORFN WKHWLPH VORWYV IRUZKLFK WKH\DUHDVVLJQHG

,Q6WHS VLPLODUWRG6WHS WKHGHSRWDJHQWDFWVDVDFHQWUDOLVH
GDWD SURFHVVLQJDQG LQIRUPDWLRQ VKDUHG E\ RWKHU DJHQWYV $00 W
WR EHH[HFXWHGLQD VHTXHQWLDO PDQQHU DV WKHGHSRWDJHQW QHHG'
QRW YLRODWHG ZKLOH PDNLQJ DQ DVVLIQPHQW IRU WKH XQDVVLIQHG SO
FRQVLVWY RI WKHVHTXHQWLDO HIHFXWLRQ RI WKH WDVNV LQYROYHG

9HKLFOH $JHQW

7KHYHKLFOHDIJHQW LVDVVRFLDWHG ZLWK D YHKLFOHDQG KDV DFFHVV W
YHKLFOH

f9HKLFOH ,°

F%DWWHU\ &DSDFLW\

t6R&OW WKH EHIJLQQLQJ RIWKHRSWLPLVDWLRQ ZLQGRZ

IS5SHTXLOR&GW WKHHQG RI WKHRSWLPLVDWLRQ ZLQGRZ

FOLQLPBR&WR EH PDLQWDLQHG IRUWKH YHKLFOH WKURXJKRXW WKH RSV



fOD[LPXP FKDUJLQJ SRZHU
+f&KDUJH UHTXHVWV IRUWKH YHKLFOH WKURXJKRXW WKHRSWLPLVDWLI
f'HSRW GHWDLOV (OHFWULFLW\3ULFH YDULDWLRQ ZLWK WLPH VWHSV

$VSHUWKHRSWLPLVDWLRQREMHFWLYH WKHYHKLFOHDJHQW UHGLVWULL
HDFK FKDUJHUHTXHVW 7KHHQHUJ\UHGLVWULEXWLRQLY GRQHXVLQJDQ
IRUHYHU\ FKDUJAHXBIWKREWXDWLRQ@LQGXDWLRQURYLGH WKH GHILQLWLRC
IDFWRUV FRUUHVSRQGLQJWRD FKDUJHUHTXHVW IRUWKHRSWLPLVDWLR
PLQLPLVDWLRQ RIEDWWHU\ GHJUDGDWLRQ DQG PD[LPLVDWLRQ RIUREXYV

m_ D 1
o <5 Ar/"rAJITD[rb
Nedz AY 1 %My
Ar J
& AY AU
Ar
& Ay
ZKHUH
Ar JHQJWK RI 2SSRUWXQLW)\ :LQGRZ
AY JHQIJWK RI 2SWLPLVDWLRQ :LQGRZ
Al (QHUJVUHTXLUHG IRUWKH QH[W WULS
J %DWWHU\ FDSDFLW\ Rl WKH YHKLFOH

Y%amlhy  6XP RIWKHHOHFWULFLWS®WQFHY EHWZHHQ
PD[n, OD[LPXP HOHFWULFLW\SULFH GXULQJWKHRSWLPLVDWL

$ KLIKHU UHGLVWULEXWLRQ IDFWRU IRUD FKDUJH UHTXHVW ZLWK UHVSH
PRUHHQHUJ\LVWREHFKDUJHG GXULQJWKHRSSRUWXQLW\ZLQGRZ RI WK
FKDUJH UHTXHVWY )RU WKH REMHFWLYH RI HOHFWULFLW\ FRVW PLQLPL"
SURSRUWLRQDO WR WKHOHQJIJWK RIWKHRSSRUWXQLW\ZLQGRZ DV D ORQ.
IRUFKDUJLQJPRUHHQHUJ\ DQG KHQFHUHGXFHV WKHHQHUJ\WR EH FKDU.
RSSRUWXQLW\ZLQGRZY 7KHUHGLVWULEXWLRQ IDFWRULV GLUHFWO\ SUT
wuLS DVDKLIKHUHQHUJ\UHTXLUHPHQWLPSOLHVWKDWPRUHHQHUJ\QH|
LQ RUGHU WR KDYH VXIILFLHQW HQHUJ\ IRU WKH QH[W WULS 7KH UHGLVW
WKHHOHFWULFLW\ SULFHGXULQJWKHRSSRUWXQLW\ZLQGRZ DV ORZHU |
WKDW PRUH HQHUJ\ LV SUHIHUUHG WR EH FKDUJHG GXULQJ WKH ZLQGRZ .
DVFRPSDUHG WR RWKHU KLIKHOHFWULFLW\ SULFHZLQGRZV

JRUWKH REMHFWLYH RIEDWWHU\ GHJUDGDWLRQ PLQLPLVDWLRQ WKH UH
WKH OHQJIJWK RI WKH RSSRUWXQLW\ZLQGRZ DV D ORQJHU RSSRUWXQLW\ .
HOQHUJ\FDQ EH FKDUJHG DW D ORZHU SRZHU XVLQJ D ORQJHU FKDUJLQJ GX
LQ WKH FKDUJLQJ UDWH KHQFH OHDGLQJ WR ORZHU EDWWHU\ GHJUDGDW
SURSRUWLRQDO WR WKH HQHUJ\ UHTXLUHG IRU WKH QH[W WULS DV OHV\
VDPH GXUDWLRQ LPSO\LQJ WKDW FKDUJLQJFDQ EHGRQHDW ORZ SRZHU
DFKLHYHG ZKLFK OHDGV WR ORZHU EDWWHU\ GHJUDGDWLRQ )RU WKH RI
WKHUHGLVWULEXWLRQ IDFWRULYV GLUHFWO\SURSRUWLRQDO WR WKH RS
DOORZIRURSSRUWXQLWLHV WR PDNH WKH FKDUJLQJVHVVLRQ UREXVWDJ
FKDUJHG IRUD UREXVW VFKHGXOH ZLWK ORQJHU RSSRUWXQLW\ZLQGRZV

7KH WRWDO HQHUJ\ UHTXLUHG IRUD YHKLFOH WR EH FKDUJHG WKURXJKR)
(TXDWLRQZKLFK FRQVLGHUV WKH LQLWLDO EDWWHU\ HO®RE&IW WKUHWEH/SRQ
JLOQQLQJRIWKHRSWLPLVDWLRQ ZLQGRZ DQG WKH ILQDO EDWWHU\HQHUJ
6R&W WKH HQG RI WKH RSWLPLVDWLRQ ZLQGRZ 7KH UHGLVWULEXWLRQ
DWHG ZLWK D YHKLFOH LYTXPWPLIRAD\HGWKKWH. QRUPDOLVHG IDFWRU LV XVH(
UHGLVWULEXWHG HQHUJ\ IRU DTRKDVURIQUHTXHVW DV SHU



Jnhmz& gl Bdldpfw ¢ gldBdddjpfw $A Y
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I'p gpnd a p’

Ad lprrmrmBgldpfw

$IWHU FDOFXODWLQIJWKHUHGLVWULEXWHG HQHUJ\IRUDOO WKHFKDUJH L
DIJHQW FKHFNV KRZ WKH HQHUJ\ OHYHO LQ WKH EDWWHU\ YDULHV WKURX
FKHENVDUHFRQGXFWHGIRUHYHU\FKDUJHUHTXHVWLQRUGHUWRHQVXUHI
WKURXJKRXW WKH RSWLPLVDWLRQ ZLQGRZ

&KHFN(QHUJ\LQ WKH YHKLFOHYY EDWWHU\DW WKH HQG RI WKH RSSRUW X(
SDFLW\RI WKH YHREKEREBMQYW FURVYV

,I&KHFNJHVXOWV LQ D SDVV WKHQ QR DFWLRQ LV&XBRNRLEOW MK MBKLEBD |
H[FHVVLQ HQHUJ\ZLWK UHVSHFW WR WKHEDWWHU\FDSDFLW\LVUHPRYHG
UHGLVWULEXWHG HQHUJ\ BREYRHONQARWWWRDW WKH

&KHFN(QHUJ\LQ WKH YHKLFOHYY EDWWHU\LVDERYH WKHPLQLPXP HQHUJ\
ZLQGRZ DWWKHHQG RI WKH WULS

J&KHFNJHVXOWY LQ D SDVV WKHQ QR DFWLRQ LVAWBRNNRQLEOW MKMBRBKALKB |
VKRUWDIJHLQHQHUJ\LVDGGHG WR WKHFRUUHVSRQGLQJFKDUJHUHTXHV'
PLQLPXRANKURXIKRXW WKHRSWLPLVDWLRQ ZLQGRZ ZLOO EH VDWLVILHG .

&KHFN(QHUJ\LQ WKH YHKLFOHTY EDWWHU\ DW WKH HQG RI WKH RSWLPLVI
HQHUJ\6R&8Y DERYH WKH BEDIW MWMKHEGHQG RI WKH RSWLPLVDWLRQ ZLQGRZ

J&&KHFNUHVXOWY LQ D SDVV WKHQ QR DFWLRQ LVEWBNNRQLEAW KMKMRBKLKBD ¢
VKRUWDIJHLQHQHUJ\LVDGGHG WR WKHFRUUHVSRQGLQJFKDUJHUHTXHV!
PLQLPXR&UIHTXLUHG DW WKHHQG RI WKHRSWLPLVDWLRQ ZLE&KFHFNZLOO EH
LVRQO\DSSOLFDEOH WR WKH ODVW FKDUJH UHTXHVW RI WKH YHKLFOH

$IWHU UHGLVWULEXWLRQ RIHQHUJ\DPRQJ WKH FKDUJH UHTXHVWYVY WKH"
VNLSSHG IRUD FKDUJH UHTXHVW 7K&NHNNERHHENERDGEKPWIRQUHTXHVW
SDVVHV ERMAKND Q&KHFNWKHQ WKH YHKLFOH VNLSVY FKDUJLQJ IRU WKH FKD
WKH XSGDWHG UHGLVWULEXWHG HQHUJ\ WR W K&K® A NWQRRKKIHFINE WHH T X H VW
VDWLVILAEDRUH UHTXHVWS WKHQH KDUFAKDURWUHTXHVWY FDQ EH VNLSS

&KHFN)RUD JLYHQ FKDUJH UHTXHVW WKH HQHUJ\DYDLODEOH LQ WKH ED\
WKH SUHYLRXV FKDUJH UHTXHVW FDQ WDNH XS WK6&REHRWQW 2R O R Z SWKHAHL W
PLQLP&XR&ERI WKH RSWLPLVDWLRQ ZLQGRZ

&KHFN, |l WKH XSGDWHG UHGLVWULEXWHG HQHUJ\RI WKH FKDUJH UHTXHVW
WKBER&YV EHORZ DWWKHHQG RI WKH FKDUJLQJIRUWKH QH[W FKDUJH U

$W WKH HQG WKH YHKLFOH DJHQW DVVLIJQV DOO WKH XSGDWHG UHGLVW
UHTXHVYOVIRULRXWOLQHY WKH SURFHGXUH XVHG E\WKH YHKLFOHDJHQW W
DVVRFLDWHG FKDUJH UHTXHVWY ZKLOH VNLSSLQJFKDUJLQJVHVVLRQV Z

2QHRIWKHDGYDQWDJHV RI D K\EULG PHWKRG LV WKDW WKH UXOHV JRYHU
EH FKDQJHG DV SHU UHTXLUHPHQW 7KLV KHOSV WR XQGHUVWDQG WKH I
JRUWKHRSWLPLVDWLRQ REMHFWLYH RIPLQLPLVLQJHOHFWULFLW\FRVW
FRQVLGHUVWKHDYDLODEOH SRZHU IRU FKDUJLQJDW WKHGHSRWGXULQJ
IDFWRU LV GLUHFWO\ SURSRUWLRQDO WR WKH DYDLODEOH SRZHU DW WK
RSSRUWXQLW\ZLQGRZIRU FKDUJLQJLPSOLHVY WKDW PRUHHQHUJ\FDQ EH
DVFRPSDUHG WR WKHZLQGRZV ZLWK OHVVDYDLODEOH SRZHULQ WKH GHS
LPSRVHV RQ WKH YHKLFOH DJHQW WR FKDUJH PRUH HQHUJ\ ZKHQ WKH DY



$OJRULVWKRLFOH $JHQW (QHUJ\5HGLVWULEXWLRQDQG &KDUJLQJ6NLS

3DUDPHVWRHKDWIH UHTXHWW DWW W@
IRW GR
&DOFXODWH WKH UH Gl R DVESHWL W & HORFSMRLWP LV D WLTR@ WERBFWLYH X\
(TXDWLR®WTXDWLRQ
HQG IRU
&DOFXODWH WRWDO HQHXDWHRQFLUHG XVLQJ
IRW GR
&DOFXODWH QRUPDO[VXBWDRQYRU XVLQJ
&DOFXODWH UHGLVWUIEXDAWGRQHUJ\ XVLQJ
HQG IRU
IRW GR
&KHFN&KHFN Q&KHFN
8SGDWH WKH UHGLVWULEXWHG HQHUJLHV ZLWK WKH VXUSOXV RU H[F
HQG IRU
IRW GR
&KHEND Q&KHFN
8SGDWH WKH UHGLVWULEXWHG HQHUJLHYV
HQG IRU
IRW GR
8SGDWH HQHUJ\UHTXLUHG ZLWK XSGDWHG UHGLVWULEXWHG HQHUJ\
HQG IRU

(TXDWLRQHILQHV WKHQHZUHGLVWULEXWLRQ IDFWRXDW MWHRB WKIHWVKH ILC
REMHFWLYHRIHOHFWULFLW\ FRVW PLQLPLVDWLRQ

Yomb,
a"pP @, mzi_
&7 SB[, AAr
ZKHUH
Yamb, 6XP RI WKH DYDLODEOH SRZHU [TBWE®E GHSRW EHWZHHQ
(7'
PD[;, OD[LPXP DYDLODEOH SRZHU LQ WKH GHSRW GXULQJ WKF

VDWLRQ ZLQGRZ

7KH QHZ UHGLVWULEXWLRQ IDFWRU FRQVLGHUY DYDLODEOH HQHUJ\ LQ V
IDFWRU GHM@HWGELIRB RHY QRW 7KHLPSDFW RIWKHQHZUHGLVWULEXWLRQ
RI'WKH K\EULG PHWKRG® XE\DHFDMOARIBVBKL Y KH KHOS RI D FDVH VWXG\

&KDUJH5HTXHVW $JHQW

7TKHFKDUJHUHTXHVWDIJHQWLVDVVRFLDWHG ZLWKD FKDUJHUHTXHVW DQ (
UHODWHG WR D FKDUJH UHTXHVW

F&KDUJH 5HTXHVW ,*

1$VVRFLDWHG 9HKLFOH ,*

1(7%

(7"

F(QHUJVUHTXLUHG IRUWKH QH[W WULS

ft9HKLFOH GHWDLOV OD[LPXP SRZHULQSXW WR WKH YHKLFOHDQG VL]H
F2SWLPLVDWLRQ REMHFWLYHYV



7TKHUHFDQ EHPRUHWKDQ RQH FKDUJHUHTXHVWDJHQW DVVRFLDWHG ZLW
DIJHQW UHFHLYHV WKH UHGLVWULEXWHG HQHUJ\ IURP WKH YHKLFOH DJH
WKHRSWLPLYVDWLRQ REMHFWLYHDQG WKHLQIRUPDWLRQDYDLODEOH WR
IHDVLEOH SODQVDQGDVVLIQVFRVWVWRHYHU\IHDVLEOHSODQ )RUJHQH
DIHOWFRQVLGHUVDOO SRVVLEOHFRPELQDWLRQV RIVWDUW WLPHDQG H(
WKH UHVXOWLQJ FKDUJLQJ GXUDWLRQ WR D UTUXLD'W LIRQ W KWK HKDHMX QW SR Z
SRZHU SD&SMHPNWKHQ WKH FRPELQDWLRQ RI FKDUJLQJ SRZHU VWDUW WLP
DIHDVLEOH SODQ $IWHUDVVLIQLQJFRVWV WR DOO IHDV MEKOHHFK®UJIW DF F
UHTXHVW DJHQW VHOHFWYV WKH SODQ ZLWK WKH ORZHVW FRVW DV WKH R¢
SRVWHG RQ WKH EODFNERDUG E\ WKH FKDUJHUHTXHVW DJHQW

dldpfw
bo prmmUdpb(j‘pfngn‘:sp‘

rgmil
&KHFN7KH SRZHU LV OHVV WKDQ WKH YHKLFOHYV PD[LPXP FKDUJLQJ SRZHI

%DVHG$RQRULWKPNKH YHKLFOH DIJHQW GHFLGHVY WR VNLS FKDUJLQJ IRU
FRUUHVSRQGLQJFKDUJHUHTXHVW VNLSOIJRQHUBWDQODV Y RB\SURDB 8 \5\DW &
ZKLFK WKH FKDUJH UHTXHVW DJHQW JHQHUDWHY WKHRSWLPDO SODQ 7Kl
OLVW ZLWK WKH IROORZLQJHQWULHY FKDUJLQJ SRZHU FKDUJLQJ VWDU\
(7$DQE' $VLGHIURP FUHDWLQJ D ORFDO RSWLPDO SODQ WKH FKDUJH Ul
DQ\SODQ DV SHUWKHRSWLPLVDWLRQ REMHFWLYHV

$OJRULWKPDUIHSHTXHVW $JHQW 2SWLPDO 30DQ *HQHUDWLRQ

3DUDPHWHWVYcdldpfwahdbrgPd RFLDWHG YHKLFOH EODFNERDUG
Ldldpfw WKHQ
UHWXUQ
HQG LI
k’vBhmudpY¥YHKLFOHTV PD[LPXP SRZHU LQSXW
ed qg8jflq=>@
IRdr pr dW®rc ¢ GR
IRdlc qr pr W®&rcGR
csp rgml=dlcg¢ qripr
& D O F XronbudHY SHIKDWLRQ
LEKHFNVKHQ

nj"I >nmudp qr pr dlc bnBgc pd o sdrcr@
$G@j IW&d qgBjdiq
HQG LI
HQG IRU
HQG IRU

IR ped ggBajdlgGR

$VVLIQ FRDWSWRJ RSWLPLVDWLRQ REMHFWLYH
HQG IRU
mnrgkBnjj | =DUJ PLQzipsezgbmar
3RVMATgkBj IRQ EODFNERDUG

%ODFNERDUG

%ODFNERDUGLV D SDVVLYHDJHQW ZKLFKFDQEHDFFHVVHG E\WKHFKDUJI
DQGWKHGHSRWDJHQW 7KHEODFNERDUGDFWYVY DV DERDUGZKHQLQIRUP
7KHUH LV D PDLQ ERDUG ZKHUH DOO WKH SODQV JHQHUDWHG E\ WKH FKD
LVDOVR D FRXQWHU ERDUG ZKHUH DOO WKH FRXQWHU SURSRVDOV IURP \
RQO\UHFHLYH SODQVDQG FRXQWHU SURSRVDOV IURP FKDUJHUHTXHVW D
2Q WKH RWKHU KDQG RQO\WKH GHSRW DJHQW FDQ UHPRYH WKH SODQV F
WKHPDLQ ERDUG RUUHPRYHWKHRYHUODSSLQJ FRXQWHU SURSRVDOV Il



&KDUJHU $JHQW
7KH FKDUJHU DIHQW LV DVVRFLDWHG ZLWK D FKDUJHU DQG KDV DFFHVV W/

f&KDUJHU '

FOD[LPXP SRZHU RXWSXW RI WKH FKDUJHU
+&KDUJLQJHIILFLHQF\RI WKH FKDUJHU

1" HSRW GHWDLOV $YDLODEOH SRZHUDQG VL]HRIDWLPH VWHS

7KH FKDUJHU DJHQW SHUIRUPV IXQFWLRQV VXFK DV EORFNLQJ WLPH VOR\
DSODQ FKHFNLQJLILWLY DYDLODEOH IRUD SODQ RUFKHFNLQJ LI WZR
K\EULG PHWKRG WKH FKDUJHU DJHQW DFFHVVHV WKH SODQV SRVWHG E\
EODFNERDUGDQGDGGV LWV GHFLVLRQ WR HYHU\ SODQ RQ WKH EODFNERI
DIHQW FRQENHFMKHFNDQ&KHFNQ RUGHU WR FRQILUP LWV DYDLODELOLW\
SDVVHV DOO WKHVH FKHFNV WKHQ LW JHWV DFFHSWHG E\ WKH FKDUJHU D

&KHFN7KH FKDUJLQJ SRZHU LV OHVV WKDQ WKH SURGXFW RI WKH PD[LPXP
FKDUJLQJ HIILFLHQF\ RI WKH FKDUJHU

&KHFN7KH FKDUJLQJ SRZHU LV OHVV WKDQ WKH SURGXFW RI WKH DYDLOI
FKDUJLQJ HIILFLHQF\RIWKH FKDUJHU IRUHYHU\WLPH VWHS RI WKH FKDU

&KHFN7KH FKDUJHU LV QRW DOORFDWHG WRDQ\RWKHU SODQ IRUHYHU\W

JRUSODQV QRWDVVLIQHG RQ WKH EODFNERDUG WKH FKDUJHU DJHQW JH
WKH K\EULG PHWKRG )RUJHQHUDWLQJFRXQWHU SURSRVDOVRIDQ XQDV
PXOWLSOHIHDVLEOH SODQV LQ D ZD\VLPLODU WR WKH FKDUJH UHTXHVW |
FRPH XS ZLWK D ORFDOO\ RSWLPDO SODQ 7KH FKDUJH UHTXHVW DJHQW '
ZLQGRZ RI WKH FRUUHVSRQGLQJ FKDUJHUHTXHVW ZKLOH SRVWLQJ WKH O

$OJRULWKPDUIHU $JHQW &RXQWHU 3URSRVDOV *HQHUDWLRQ

,QSXW'I >nmudp qr pr dlc bnBgc mdosdrgr S @
csprgml= dlcg¢ qripr
didpfw =nmudprcsp rgml
bmsirBg 'lg=>@
IRY,zkmdr " WeRrc ¢ GR
|RUg] MNmzkm W®&rcGR
jBespirgml &/§1E imzkm
& D O F X'@BrivhHi dpV SHTKDW LR Q
LBKHFNDQ&KHFNMQ&KHFNKHQ
jBnjil=>"BhmudpyAdknfg; P dosByer b6 pBgp@
LTjBnmudp nmD@QGnzkmdr pPDQGy; dic WKHQ
FRQWLQXH
HOVH
$GGjBnj IWRmMsIreg " Iq
HQG LI
HQG LI
HQG IRU
HQG IRU
SRWrhsIrBig IqRQ FRXQWHU ERDUG VHFWLRQ RI % ODFNERDUG

JRUFUHDWLQJ PXOWLSOHIHDVLEOH SODQV WKH FKDUJHU DJHQW FRQVLG
DQGHQG WLPH LQ WKHFKDUJH UHTXHVWIV RSSRUWXQLW\ZLQGRZ DQG X
DUULYH DW WKH FKDUJLDXDSRIZRHQY ,DWIKHWHV XO W L Q& KSHOFINGQ KSHDRVIV H V

DQ&EKHFNWKHQ WKH FRPELQDWLRQ RIDOWHUQDWH FKDUJLQJ SRZHU VWD



DV D IHDVLEOH SODQ 7KH FKDUJHU DJHQW UHPRYHV DQ\ SODQ ZKLFK KD
RI WKH XQDVVLJQHG SODQ 7KH UHPDLQLQJ IHDVLEOH SODQV DUH WKH F
DJHQW JHQHUDWHV IRUWKH XQDVVLIJQHG SODQRQ WKH EODFNERDUG 7KH
FRXQWHU ERDUG VHFWLR G ®J RUKHFEHMIDANBRIORGFRXQWHU SURSRVDOV DU
DQ XQDVVLJQHG SODQ

2QFHD SODQJHWV DVVLIQHG WR D FKDUJHU E\ WKH GHSRW DJHQW WKH FK
FKDUJLQJ GXUDWLRQ VR WKDW LW EHFRPHY XQDYDLODEOH IRU RWKHU SO
FKDUJHU WKHQ WKH FKDUJHU DJHQW XQEORFNV LWVHOI VR WKDW LW FDQ
WKDW WKH FKDUJHU FKDUJHVY RQO\RQH YHKLFOHDW D JLYHQ WLPH

'"HSRW $JHQW
7KHGHSRWDJHQW LVDVVRFLDWHG ZLWK WKH GHSRW DQG KDV WKHIROOR

F(OHFWULFLW\ SULFHV WKURXJKRXW WKHRSWLPLVDWLRQ ZLQGRZ
f%DVHORDG SRZHU GHPDQG WKURXJKRXW WKH RSWLPLVDWLRQ ZLQGR?Z
F*ULG OLPLW WKURXJKRXW WKHRSWLPLVDWLRQ ZLQGRZ

t$YDLODEOH SRZHU IRU FKDUJLQJ WKH YHKLFOHVY WKURXJKRXW WKH RS
f6LIHRIWLPH VWHS

7KH GHSRW DJHQW SHUIRUPV VHYHUDO IXQFWLRQV VXFK DV XSGDWLQJ W
DSODQJHWV DVVLIQHG RUUHERNHEDWDWBUWFRGXIFWAWHQW 7KH GHSRW D.
WUDFNRIWKHDVVLIQPHQWY XVLQJDQDVVLIQPHQW OLVWDQG XSGDWHV
IRUDOO WKHDVVLIQPHQWY $V UHTXLUHG WKH YHKLFOHDJHQWV DQG FK
DERXW WKHHOHFWULFLW\ SULFHVDQG WKHDYDLODEOH SRZHU IURP WKH
K\EULG PHWKRG DIWHU DOO WKH FKDUJH UHTXHVW DJHQWY SRVW WKHLU
WKH FKDUJHU DJHQWYV DGG WKHLU GHFLVLRQV RQ WKH SODQV WKH GHSR\
5XOHbDQG DGGV WKH DVVLIQHG SODQ WR LWV DVVLIQPHQW OLVW 7KH DVYV
OLVW ZLWK WKH IROORZLQJ HQWULHY FKDUJLQJ SRZHU FKDUJLQJ VWDU'
DQG FKDUJHU ," 7KH SODQV FRUUHVSRQGLQJWR WKHDVVLIQPHQWY DUH |

&KHFN 7KH FKDUJLQJ SRZHU LQ D SODQ LV OHVV WKDQ WKH DYDLODEOH ¢
FKDUJLQJ GXUDWLRQ

7TKHGHSRWDJHQW DOVR DVVLIQV WKHFRXQWHU SURSRVDOV LQ 6WHS D
DEOHRQ WKHFRXQWHU BRXRDWSO B R LIRGOKRPX/ IHRW Y KRZ WKH GHSRW DJHQW D\
LQ6WHS RIWKHK\VEULG PHWKRG )RUHYHU\ FRXQWHU SURSRVDO FRUUH
GHSRW DJHQWEKRGE X,FWKH FRXQWHU S WRGHFAVNDW KDY WHW GHSRW DJHQW
WKH FRUUHVSRQGLQJ FKDUJH UHTXHVW DIJHQW WR DVVLJQ FRVWY WR WKl
DIJHQW UHPRYHV WKH FRXQWHU SURSRVDO IURP WKH FRXQWHU ERDUG $
LQJFRXQWHU SURSRVDOV WKHGHSRWDJHQW PDNHV DQ DVVLJQPHQW E\
ORZHVW FRVW 7KXV DQDVVLIQPHQW LV PDGH EXWDWDQLQFUHDVHG FF
SODQ RQ WKH EODFNERDUG $IWHU PDNLQJDQ DVVLIQPHQW WKH GHSRW
WKH GHSRW DGGV WKH DVVLIQPHQW WR WKH DVVLIQPHQW OLVW UHPRY
I[URP WKH EODFNERDUG DQG LQIRUPV WKH DVVLIQHG FKDUJHU DERXW WK
DIHQW DOVR UHPRYHV FRXQWHU SURSRVDOV IRURWKHU XQDVVLIJQHG SO
ODS ZLWK WKH DVVLIQPHQW 7KLV SURFHVV LV UHSHDWHG IRUHYHU\ XQD
DQDVVLIQPHQW LV PDGH EXWDW WKHH[SHQVHRILQFUHDVHG FRVW WR V

, I WKHUH DUH DQ\ SODQV UHPDLQLQJ RQ WKH ERDUG DW WKH HQG RI 6WHS
SRWILQGV DQ DVVLIJQPHQW EVUHVROYLQJ FRQIOLFWYV EHWZHHQ WKH XQL
RYHUODSSLQJ DVWIODRHGE PEBQ@QLQHY WKH SURFHGXUH XVHG E\ WKH GHSR!
VLIQPHQWY LQ 6WHS RIWKH K\EULG PHWKRG 7KH GHSRW DJHQW VRUWYV
OLVW EDYXOGHRTKXH DVVLIQPHQW LV VRUWHG LQ GHVFHQGLQJ RUGHU EDVFH
WKDW WKH DVVLIQPHQWYV ZLWK ORQJHU FKDUJLQJ GXUDWLRQV DUH SODI



$OJRULWHKPLPRW $IHQW $VVLIQ &RXQWHU 3URSRVDOV

,QS XMW pfdpfdirq pdoBdfgir GLFWLRQDU\ RI FKDUJHU DJHQWV DQG UHTXH
IRUYHW\ gqqgflétj ' IRQ WKH EODGR ERDUG
*HWmsIrBppmnmdERYUHVSRQGLQI WR WKH XQDVVLIQHG SODQ IURP WK/
IRAj Il ubmsIBdpmnmdsRqg
LEKHFNWKHQ
&RUUHVSRQGLQJFKDUJH UHTXHVWW DJHQW DVVLJQV FRVW WR
HOVH
SHPRYH ITURPmsIrBppmnmqg jq
HQG LI
HQG IRU
"bbdnmih¢ | =DUJ PLQingnarkhinizeb mqr
$GGbbdnrBhg¢ IWRyqgflkdBrgqr
8SGDWHWKHDYDLODEOH SRZHUbLbQ@ wighg" GHSRW EDVHG RQ
5HPRY¥H qqgfl@tj ' IITURP WKH EODFNERDUG
,QIRUP WKH FRUUHVSRQGLQJ FKDUJHW dnimi@W WR EORFN LWVHOI IRU
5HPRYH RYHUODSSLQJ FRXQWHU SURSRVDOV E\ WKH DVVLIJQHG FKD
SODQVRQ WKHEODFNERDUG
HQG IRU

FKDUJLQJ GXUDWLRQV )RUDVVLIQPHQWYV ZLWK WKH VDPH FKDUJLQJ GXU
FRVW LY SODFHG EHIRUH WKH DVVLIJQPHQW ZLWK WKH KLIKHU FRVW 7KL\
GHSRW DJHQW FKHFNV ILUVW ZLWK WKH DVVLJQHG SODQ KDYLQJ D ORQJH
FKDUJLQJWLPHVR WKDW WKHFKDUJHU FDQ EHIUHH DQGDQ XQDVVLJQHG
7TKHDVVLIQPHQWY ZLWK WKH VDPH FKDUJLQJ GXUDWLRQV DUH VRUWHG E
FKHFENV ILUVW ZLWK WKHDVVLIQHG SODQ ZLWK WKH ORZHU FRVW IRU SRV
FKDUJHU EHFRPHVIUHH DQGDQ XQDVVLIJQHG SODQ FRXOG EHDVVLIJQHG\

$IWHUVRUWLQJ WKH DV VEXQIPW QNG HEDRW G RHQOQW ILQGV WKH RYHUODSSLQJ
XQDVVLIQHG SOBREPMHGHRGHU\ RYHUODSSLQJDVVLIQPHQW WKHGHSRW
DVVLIQHG FKDUJHU WR XQEORFN LWVHOI GXULQJ WKH FKDUJLQJ GXUDWLF
GHSRW UHPRYHV WKH FKDUJLQJ SRZHU RI WKH RYHUODSSLQJDVVLIQPHQ
VR WKHGHSRWDJIJHQW FUHDWHV D YLUWXDO VFHQDULR ZKHUH WKH RYHUC
ZKLFKIUHHV XS WKHFRUUHVSRQGLQJFKDUJHUDJHQW WR FRPH XS ZLWK D
DVNVWKHFKDUJHUDJHOQWWR JHQHUDWHDOWHUQDWLYH SODQV IRUWKHF
SsObQ 7KHFKDUJHU DJHQW JHQHUDWHY WKH DOWHUQDWLYH SODQV LQ W
SURSRVDOV )RUHYHU\ FRPELQDWLRQ RIDOWHUQDWLYH SODQV IRURYHL
SODQ WKH FKDUJHU FRQG X RWW FKHENWNE QK IEFRIR U HDFK DOWHUQDWLYH
DQGDOVR FRRBEKNMRWYWKHFRPELQDWLRQRIDOWHUQDWLYHSODQV ,I WKH
WKHGHSRWDVVLIQV ERWK WKHDOWHUQDWLYHVDQG DGGV WKHP WR WKH
WKH UHVSHFWLYH FKDUJH UHTXHVW DJHQWY 7KH GHSRW DJHQW DOVR Ul
DVVLIQPHQW IURP WKHDVVLIQPHQW OLVW I WKHGHSRWDJHQW GRHV QR
SODQ WKHQ WKH GHSRW DJHQW UHVWRUHV WKH RULJLQDO VLWXDWLRQ |
YLUWXDO VFHQDULR 7KHHQWLUH SURFHVV LV UHSHDWHG IRUHYHU\ XQD
DVVLIQPHQW LV PDGH EXW DW WKH H[SHQVH RI LQ¥OHDWIHIEKAR YV W MHR W K}
DOJRULWKP XVHG E\ WKH GHSRW DJHQW IRUG6WHS RIWKHK\EULG PHWKRC

&KHFN ,IWZR SODQVGR QRWKDYHRYHUODSSLQJFKDUJLQJGXUDWLRQV V

(I WKHUHDUHVWLOO XQDVVLIQHG SODQV OHIWRQ WKHEODFNERDUG DIWH
DVVLIQPHQWYV LQ RUGHU WR PDNH FKDUJHUV IUHH GXULQJ WKH RSSRUWX
WKH EODFNERDUG )RU HYHU\ XQDVVLJQHG SODQ WKH GHSRW DJHQW VK|
RSSRUWXQLW\ZLQGRZ 7KHGHSRWDJHQWGRHV WKLV E\V\LGHQWLI\LQJDOC
ZKHUH WKH FKDUJHUY DUH IUHH DQG WKHQ WKH DVVLIQPHQWY DOORFD\
VKLIWHGWRWKHLUIUHHWLPHVORW +HQFH WKHIUHHWLPHVORWRIWKH
ZLQGRZ RI WKH XQDVVLIQHG SODQ ZKLFKPDNHV LW SRVVLEOH WR DVVLJ(



$OJRULWHKPRW $IJHQW 5HVROYH FRQIOLFWYV EHWZHHQ XQDVVLIJQHG SODQ

,QS XMW pfdpfdirqg pdoBdfgiirq GLFWLRQDU\RI FKDUJHU DJHQWYV DQG UHTXH
6RUMMgflkdBrgqe\5XOH
IRUYHWN gqggflétj ' IRQ WKH EODGERERDUG
IRUOG pfdp pbo BfdprogGR
JLQ®tdpj nnRbfqgflkdI Rl "gggflétj IEDVHGRQH
IROmlej@bjr |l umtdpj nBgldgflkdl &R
bo pfdPQEORFNV LWVHOI GXULQJ WIKHIEKgbPJILQJ GXUDWLRQ RI
5HVWRUH WKH FKD Wb i@j R 4HQ WKH DYDLODEOH SRZHU
jBnjlg $OWHUQDWLY b IS2O@QVIRQHUD VBH X Ed p
sl'gqgfl&8dr = $OWHUQDWLYH 96 Q® Y DRWE & Ed p
LIjBnj IlgpQ &l qqgfl8grDUH QRWWRB®\
IRWp " jBnj IgGR
IRUp sl gqgflBgrGR
LEBKHFNDQ&KHFNMQ&KHFNMQ&KHFNWKHQ
&RUUHVSRQGLQJ FKDUJHUHTXHVWDJHQWY DVVLJQ FRV
S5HPRYHhle|@bjr  TURRyqgflkdBrgqr
$GE& DOQGWRyqggflkdBrgqgr
8SGDWHDYDLODEOH SRZHU LIQDMXEAH GHSRW EDVHG RQ
S5HPRYH gqgflétj ' IITURP WKH EODFNERDUG
,QIRD® pfdWWR EORFN kWWQHKOI IRU
EUHD®O ORRSVDQG PRYHWR WKHQH[W XQDVVLJIJQHG SO
HQG LI
HQG IRU
HQG IRU
HQG LI
HQG IRU
HQG IRU
HQG IRU

LQ WLPH WKH GHSRW DJHQW XSGDWHV WKH DYDLODEOH SRZHU LQ WKH C
FKDUJHUV RQO\ LI WKH FKDUJHUVY DUHDYDLODEOHDQG WKHJULG FRPSOLI

JRU VKLIWLQJ RI WKHDVVLIQHG SODQV E\WKHGHSRWDJHQW WKHGHSRW
RQHDWDWLPH DERXW WKHLUIUHH WLPH VORWYV WKURXJKRXW WKH RSWL
WKHIUHH WLPHVORWZLWKUHVSHFWWR WKHRSSRUWXQLW\ZLQGRZ RI WK
FDVHV

&DVH, 7KHIUHH WLPH VORW LV EHIRUHWKH RSSRUWXQLW\ZLQGRZ RI
&DVH,, 7TKHIUHH WLPH VORW LV DIWHU WKHRSSRUWXQLW\ZLQGRZRI
&DVH,,, 7TKHIUHH WLPH VORW OLHV ZLWKLQ WKH RSSRUWXQLW\ ZLQGHF

JLIXUHUHSUHVHQW WKH VLWXDWLRQV IRU &DVHV , DQG ,, J)RU &DVH , WK
EHIRUH WKH RSSRUWXQLW\ ZLQGRZ Rl WKH XQDVVLJQHG SODQ ZKHUHDYV
WKH RSSRUWXQLW\ ZLQGRZ Rl WKH XQDVVLJQHG SODQ 7KH GHSRW LGHQ\
DVVLIJQHG WR WKH FKDUJHU DQG KDYH WKH FKDUJHUYTV IUHH WLPH VORW
WKH LGHQWLILHG FKDUJH UHTXHVWV WKH GHSRW DJHQW FRPHV XS ZLWK
ZKLFKLVUHTXLUHG WR VKLIWWKHIUHHWLPHVORW WRZDUGY WKH RSSRU\
HIDPSPIHXUHUHSUHVHQWY WZR DVVLIJQHG FKDUJH UHTXHVWV ZLWK WKH IU
ZLQGRZV IRUERWK &DVHV ,DQG,, ,QRUGHUWR VKLIW WKHIUHH WLPH VOR
XQDVVLIQHG SODQ WKHGHSRWDJHQW KDV WR VKLIWERWK WKHDVVLJQH
VORW JHWV VKLIWHG ILUVW IROORZHG E\ WKH QH[W SODQ 7KLV HQVXUH!
WKDQ RQH YHKLFOH DW D WLPH

JRU &DVH ,,, WKHIUHH WLPH VORW RI WKH FKDUJHU LV ZLWKLQ WKH RSSR
7KH GHSRW LGHQWLILHVY DOO WKH FKDUJH UHTXHVWYV ZKLFK DUH DVVLJQH



JLIXUH 6KLIWLQJRIDVVLIQPHQWV IRU &DVHV ,DQG ,,

I[UHHWLPHVORWLQWKHLURSSRUWXQLW\ZLQGRZ 7KHUHDUHIRXUFDVHYV

t&DVH TKHRSSRUWXQLWANZLQGRZ RIWKH FKDUJH UHTXHVW VWDUWYV E
XQDVVLIQHG SODQ 7KH RSSRUWXQLW\ZLQGRZ RI WKH FKDUJH UHTXH
WLPHDV WKDW RI WKHRSSRUWXQLW\ZLQGRZ RI WKH XQDVVLJQHG SOLC

t&DVH 7TKH RSSRUWXQLW\ ZLQGRZ RI WKH FKDUJH UHTXHVW HQGV DIW
XQDVVLIQHG SODQ 7KH RSSRUWXQLW\ZLQGRZ RI WKH FKDUJH UHTXH
WLPHDV WKDW RI WKHRSSRUWXQLW\ZLQGRZ RIWKH XQDVVLIJQHG SOTCL

$+&DVH 7KHRSSRUWXQLW\ZLQGRZRIWKHFKDUJHUHTXHVW VWDUWYV E
ZLQGRZ RI WKH XQDVVLJQHG SODQ

f&DVH 7TKHRSSRUWXQLWANZLQGRZRIWKHFKDUJHUHTXHVW VWDUWYV D
ZLQGRZ RI WKH XQDVVLJQHG SODQ

JLIXUH 6KLIWLQJRIDVVLIQPHQWYV IRU &DVH ,,,

JLIXUHVKRZV DOO WKH IRXU FDVHV IRU &DVH ,,, (YHQ WKRXJK WKHUH LV D
ZLQGRZ RI WKH XQDVVLIQHG SODQ LWLV LQVXIILFLHQW WR JHW WKH FKD



PRUHIUHHWLPHVORWYV WRZDUGVY WKHRSSRUWXQLW\ZLQGRZRIWKH XQD
EHFRPH KLJKHU )RU &DVH WKHGHSRWWULHVY WR VKLIWWKHDVVLIQHG S
ZLQGRZ ZKHUHDV WKHGHSRW WULHV WR VKLIWWKHDVVLIQHG SODQ WRZI
&DVH JRU &DVH GHSHQGLQJ XSRQ ZKHWKHU WKH DVVLIQHG SODQ LV QH
ZLQGRZ WKH GHSRW WULHV WR VKLIWWRZDUGY WKH VWDUW HQG RI WKH
VKLIWV LIDQG RQO\NLI WKHUH LV D SRVVLELOLW\ RI VKLIWLQJ 7KXV WKH
WLPH VORWY VR WKDW WKH XQDVVLJQHG SODQ FDQ JHW DVVLJQHG

7KH GHSRWDJHQW NHHSV UHSHDWLQJ WKH VDPH SURFHVV IRUDOO FKDUJ
WKHDVVLIJQHG SODQV WKH GHSRW DJHQW DOZD\V HQVXUHV WKDW WKH Jl
QRW FKDUJH PRUHWKDQ RQHYHKLFOHDWDJLYHQ WLPH 7KH GHSRW DJHC
SODQ IURP WKH FRUUHVSRQGLQJ FKDUJH UHTXHVW DJHQW $GGLWLRQDO
LQIRUPDWLRQ ZLWK WKH FRUUHVSRQGLQJDJHQWY ZKLFK DUH DIITHFWHG E
WKHGHSRWDIJHQWHQVXUHV WKDWDQ\PRGLILFDWLRQVPDGHWRFKHFN LI
DUHUHVWRUHG

$IWHU VKLIWLQIJDOO WKHDVVLIQHG SODQV WKHGHSRWDJHQW PDNHV DC
WKH XQDVVLIQHG SODQV DUH SUHVHQW RQ WKH EODFNERDUG 7KH GHSR
DOO WKHFKDUJHUHTXHVWV DUHDVVLIQHG 7KXV ZLWK HDFKUHSHWLWLI
WKH RSSRUWXQLW\ ZLQGRZ RI WKH XQDVVLJQHG SODQ 7KXV DQDVVLJQ]
LQFUHDVHG FRVW WR WHOH RVVYBIKINE QWY WKH PHWKRG XVHG E\ WKH GHSR\
SODQVLQ 6WHS RIWKHK\EULG PHWKRG

$OJRULWHPRW $JHQW )LQDO $SGMXVWPHQWYV YLD VKLIWLQJRIDVVLJQPHQ

,QSXMW " pfdBpfdirg pdoBdfgiilrq GLFWLRQDU\RI FKDUJHU DIJHQWYV DQG UHT X}
ZKLGHqqgfldc GRD
IRAj" Il usl gqgfl@®
IRUG pfdp pbo pfdprogGR
,GHQ®pdRIigkdqgjmR®O pfdp
IRUu epdgjm@R
qgogBrgqgflkd WgKH DVVLIQPH@QMWKHMWKRSSRUWXQLW\ZLQGRZV
IRUqqggfldc pgBgengflkdIl &R
b pfdPQEORFNV LWVHOI GXULQJ WIKHIEKgiyILQJ GXUDWLRQ R
SHVWRUH WKH FKD Wb i@ R ZHQY WKH DYDLODEOH SRZHU
[duBnj | =6 KLIWL@Qg&RIldxzD\ IURP WKH RSSRUWX|QLW\ ZLQGRZ R
LEKHFNDQ&KHFNQ&KHFNKHQ
&RUUHVSRQGLQJ FKDUJH UHTXHMWuBnJjHIQW DVVLJIJQV FRVW \
8SGDWHDYDLODEOH SRZHU LIQQWKH GHSRW EDVHG RQ
,QIRU® pfdR EORFN LduBNH QI IRU
BHSODGdg fldeQqqgflkdBjrg gZ L WkuBnj " |
EUHDN
HOVH
8SGDWHDYDLODEOH SRZHU LIQMWV&KiBpFHSRW EDVHG RQ
,QIRU® pfdR EORFN bW MH &ijT R U
HQG LI
HQG IRU
HQG IRU
HQG IRU
HQG IRU
IRUDPOpsl qqgfl@rR
$VVLIQRIEDVHG RQ FKDUJHUDYDLODELOLW\RU E\FRXQWHU SURSRYV
8SGDWH WKH VWDWHYVY RI WKHDJHQWY DFFRUGLQJO\
HQG IRU
sl'qqgfldc8QDVVLIQHG SODQV RQ EODFNERDUG
HQG ZKLOH




*HQHUDO &KDUDFWHULVWLFV

%DVHG RQ WKH RYHUYLHZ RI WKH YDULRXV DIJHQWV LQYROYHG WKHLU IX
IROORZLQJDUH WKHJHQHUDO FKDUDFWHULVWLFV RI WKH K\EULG PHWKRC

) RUDOO VWHSV RI WKH K\EULG PHWKRG FHQWUDOLVHG GHFLVLRQ PD
DQGLQIRUPDWLRQ H[FKDQJH WDNHY SODFH ZKHUHWKHGHSRWDJHQW
EDVHG RQWKHLQIRUPDWLRQ VKDUHG E\RWKHU DJHQWYV

'XHWR WKH GLVWULEXWHG GDWD SURFHVVLQJ FDSDELOLWLHV RI YDU
LQGHSHQGHQW WDVNV LQ SDUDOOHO +HQFH WKHK\EULG PHWKRG FD(
ELOLWLHV RIWKHFRPSXWLQJ UHVRXUFHYV ZKLFKDUH SUHVHQW LQ DO

ft6WHS RIWKHK\EULG DSSURDFKLVIRFXVHG RQ ORFDO RSWLPDOLW\ [
PHWKRG IRFXVHV PRUHRQ JHQHUDWLQJJOREDOO\IHDVLEOH VFKHGXC

t)RUDODUJH VFDOH SUREOHP DVPXOWLSOHDJHQWYV FDQ SHUIRUP WK
UHTXLUHY ORZ FRPSXWDWLRQ WLPH WR FRPH XS ZLWK D IHDVLEOH VF
WHUPLQDWHYVY DV VRRQ DV D IHDVLEOH VROXWLRQ LV IRXQG +HQFH W
ILQG D EHWWHU VROXWLRQ

+f7KHUH DUH QR PHWULFV EDVHG RQ ZKLFK WKH TXDOLW\ RI WKH VROXW
FRXOGEHDQDO\WHG VXFKDV WKHRSWLPDOLW\JDS IRUWKHFHQWUD (

¥f7KH K\EULG PHWKRG LVIOH[LEOHLQ WHUPV RIWKHUXOH GHILQLWLRQ |
SHUIRUPDQFH RI WKHK\EULG PHWKRG LV GHSHQGHQW RQ WKHUXOHVJ
WR WKHDJHQWVYJY UXOH GHILQLWLRQ

£, WKHUH DUH DQ\ QRQ OLQHDULWLHV LQ WKH GHILQLWLRQ RI WKH REN
QRW IDFH DQ\LVVXHV DV WKH FKDUJH UHTXHVW DJHQWYV XVH WKH REN
SODQ +HQFH WKHQRQ OLQHDULW\LQ WKHREMHFWLYHIXQFWLRQ GR!
PHWKRG DV LW JHWY WUDQVIRUPHG LQWR WKH FRVW RI D SODQ

6 XPPDU\

7KLV FKDSWHU SURYLGHY GHWDLOHG LQIRUPDWLRQ DERXW WKH GHYHOF
WUDOLVHG PHWKRG LV, LRISFOIREIDMIPGAKMPK ZDV FRQYHUWHG LQWR D TXDGU
0,/3DIWHU FHUWDLQ UHOD[DWLRQV *XUREL ZDV VHOHFWHG DV WKH VROY
VXSHULRU SHUIRUPDQFH FRPSDUHG ZLWK RWKHU RSHQ DFFHVV DQG FRPP!
GHFLVLRQ PDNLQJDQG GDWD SURFHVVLQJ RFFXU FHQWUDOO\ DQG WKH F
WLYHO\WR REWDLQ LPSURYHG VROXWLRQV

7KH K\EULG PHWKRG LVWOBRGIHOKOHKDVO®H DIHQWY &KDUJHS5HTXHVW DJHQW
DQG D '"HSRW DJHQW ,W LV HI[HFXWHG LQ IRXU VWHSY $ GHWDLOHG HI[S
WKH GLITHUHQW DJHQWYV LQ HDFK VWHS LV SURYLGHG IROORZHG E\ LQVL.
GHYHORSHG DOJRULWKPV 7KHK\EULG PHWKRG IHDWXUHVY FHQWUDOLVHG
SURFHVVLQJ $V PDQ\ WDVNV LQ WKH K\EULG PHWKRG FDQ EH HIHFXWHG
SURGXFHIHDVLEOH VROXWLRQVLQ OHVV FRPSXWDWLRQ WLPH

7TKHWZR VROXWLRQIUDPHZRUNV DUH YHULIEKDBDSWHR HD VXQW KHWLEZ RMN E
LQWHQGHG






OHULILFDW

7KLV FKDSWHU SUHVHQWYV WKH LQLWLDO UHVXOWY RI WKH FHQWUDOLVH
FDVH ,WDOVRGHVFULEHV WKH YHULILFDWLRQ WHVWV FRQGXFWHG WR HY
VROXWLRQIUDPHZRUNYV

6\QWKHWLF 8VH &DVH

7TRYHULI\WKHGHYHORSHG IUDPHZRUNYV D VPDOO VFDOH VIQWKHWLF XVH
FKDUJHUHTXHVWY DQG FKDUJHUV $WOHDVWRQHFKDUJHUHTXHVW H[L
IRUWKHGHSRWLV VHW DW N: 7TKHVSHFLILFDWLRQV RIWRHQHKLFOHV L
DQBGDEOH UHVSHFWOEFGIKGHVFULEHY WKH RSWLPLVDWLRQ ZLQGRZ ZKLFK V
WLPHVWHS OHQJWK RI KRXU %DVHORDGDQG HOHFWWEGHWKHRWVWWY DW W |
7TDEOHSUHVHQWY GHWDLOV DERXW FKDUJH UHT XH VAR RRUJ HYYHHU \ YYHKKLLFFGOHH
WKURXJKRXW WKHRSWLPLVDWLRQ ZLQ GR A RYDWH W HDIWH Q GERQ GVW K IR B WQ PR
ZLQGRZ LV DOVR VHW DW

7DEOH 9HKLFOH VSHFLILFDWLRQV
9HKLFOH ,' %DWWHU\ &DISWERDY Y% DWWERDO %DWVWBU\QSXW 3RZHU
N:K /HYHO N:K /[HYHO N:K N:
7DEOH &KDUJHU 6SHFLILFDWLRQV

&KDUJHU ," (IILFLHQF\ OD[2XWSXW 3RZHU N:




7TDEOH 2SWLPL]DWLRQ 7LPH 6SHFLILFDWLRQV

2SWLPLVDWLRQ 6WDUW 2SWLPLVDWLRQ (QG 2SWLPLVDWLRQ :LQGRZ

KU PLQ

7TDEOH 'HSRW %DVHORDG DQG &KDUJLQJ &RVWYV SHU 7LPH 6WHS

7LPH6WHS 'HSRW %DVHORDG N: &KDUJLQJ &RVWYV (85 N:K

7TDEOH &KDUJH 5HTXHVW "HWDLOV

&KDUJH 5HTXHVW ," 9HKLFOH,' (7% (7' '"HOWD ( N:K




&EHQWUDOLVHG OHWKRG

7KH FHQWUDOLVHG PHWKRG ZDV LPSOHPHQWHG XVLQJ 3\WKRQ LQ 6S

ORGHO FUHDWLRQ ZDV GRQH XVLQJ D\@BRXURRPRDV HPSOR\HG DV D V
*XURELLGHQWLILHVWKHPRGHO GHYHORSB@&GWRHEHGHP VQG URDHG ¥ H W B
%UDQFK DQG ERXQ@E3WL\W HOFK WRGH 48BVROPMILRQ %DVHG RQ WKH FR(
WKH UHOD[DWLRQ *XUREL XVHV WKHLQWHULRU SRLQW PHWKRG %DUULH
UHOD[DWLRQ HOVHVSDWLDO EUDQFK DQG ERXQG PHWAKERE HRODJDWERQ RS
3*XUREL 3DUDPHWHUV’

7KH KDUGZDUH XVHG ZDV WK *HQ ,QWHO 5 &RUH 70 L + &38 # *+]
*% 5$0 )RU YDULRXV REMHFWLYHV WKHFRUUHVSRQGLQJRSWLPDOLW\JD
FRVWDUH SUHDHQWHG LQ

7DEOH 5HVXOWV IRUWKH &HQWUDOLVHG PHWKRG

2SWLPLVDWLRQ REMHFWLYH 2SWLPDOLW\*DS &RPSXWDWLRQ 7LI

(OHFWULFLW\ FRVW \% (85
%DWWHU\ GHJUDGDWLRQ \%
5REXVWQHVV WR GHOD\V \% op

(OHFWULFLW\FRVW PLQLPLVDWLRQ

JRUPLQLPLVLQJ HOHBWUHFUWYHRRWW WKH FKDUJLQJ VFKHGXOH JHQHUDWI
PRGHO IRUHYHU\ YHKLFOH ,WLVREVHUYHG WKDW WKH FKDUJLQJ SRZHU
GHSLFWHG E\WKHOLQHDU L GRWH DOV HQLIQFK R H ¥YMHXIL BFOWHYHU\ WLPH VWHS R

JLIXUH &HQWUDOLVHG (OHFWULFLW\&RVW 9HKLFOH LQIRUPDWLR(
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