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Abstract

Consolidation of freight transport is an effective way of reducing environmental impact
and optimizing logistics flows. This master’s thesis aimed to locate and analyze poten-
tial consolidation solutions for external road freight of goods within inbound logistics at
the manufacturer FIaktGroup Sweden AB. The goal was to find optimized freight trans-
port routes that reduce the company’s environmental impact of road transport, while
still maintaining the effectiveness and economics of the manufacturing. To enable this,
a mapping of the current inbound logistics external freight flow was necessary. This
was supported by a sufficient theoretical exploration of parameters influencing inbound
logistics and its surrounding operations.

The thesis used a hybrid data collection approach, combining quantitative and qual-
itative methods to gather primary and secondary data. Several analytical tools such
as the Kraljic matrix, Fisher’s model, EOQ calculations, and the SWOT analysis, were
used to identify improvement potentials in the current freight flow and suggest shipment
consolidating routes. The environmental impact of the proposed routes was evaluated
using the NTMCalc Basic 4.0 calculator.

The master’s thesis resulted in a map of the current collection points of incoming goods
and a segmentation of vendors that had the potential to be included in initial shipment
consolidation solutions. It suggested an efficient supply chain design to enable trans-
port optimization tactics within inbound logistics and proposed several routes for future
implementation, which combined a majority of the segmented vendors in routes with
close characteristics to a milk-run delivery system. A following recommendation was
made for FlaktGroup to in the future consider an order consolidation policy internally
within inbound logistics.

In conclusion, the thesis successfully located and analyzed potential consolidation so-
lutions for external road freight of goods within inbound logistics at FlaktGroup Sweden
AB. The findings provide a framework for optimizing freight transport routes while re-
ducing environmental impact, which could potentially be applied to other manufacturing
firms with similar supply chains.

Keywords: Consolidation, Transport Optimization, Efficiency, Inbound Logistics, Road
Freight Transport, Environmental Impact, Route Suggestions, Manufacturing Sector
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1. Introduction

Today, practically any type of production is dependent on thousands of deliveries to be
performed daily, providing freight necessary to keep industrial factories running and
contribute to countries economy and society (Trafikanalys, 2022). Road freight trans-
port is a vital component for most countries, including Sweden. However, transport
operations also have a significant impact on the environment, with national road freight
alone responsible for 10% of Sweden'’s total greenhouse gas emissions (Naturvardsver-
ket, 2022). Furthermore, trucks in Sweden currently are less than 55 % utilized, and
18 % of them run empty (Eurostat, 2021, 2022a,b), meaning that a significant amount
of emissions from road transport are wasted instead of being utilized for actual freight.

One of the most attractive ways of reducing the environmental impact of road trans-
portation is by increasing the utilization of available capacity (McKinnon and Edwards,
2010). Increasing the utilization could lead to significant reductions both in greenhouse
gas emissions and logistics costs. An approach to achieve this is to implement ship-
ment consolidation (Buffa, 1986), a concept combining smaller shipments to increase
the overall truck utilization.

Consolidating shipments is an option the Swedish manufacturing company FlaktGroup
Sweden AB (hereafter FlaktGroup) wants to analyze for their inbound logistic. The
manufacturer provides a good case for understanding how transport solutions might
affect a producing company’s environmental impact. Specifically, how freight optimiza-
tion via shipment consolidation can influence environmental and financial costs within
the inbound logistic processes.

Shipment consolidation is affected by a variety of different external and internal con-
straints (Baller et al., 2022). These constraints vary depending on surrounding circum-
stances, products, and other company specific characteristics. This master’s thesis
aims to look into such constraints, and investigate the ability to increase the manufac-
turer’s overall effectiveness and lower the environmental impact while balancing with
consideration to the company’s financial sustainability.

1.1 Background

FlaktGroup is a well-established Indoor Air Quality and Critical Ventilation manufactur-
ing company (FlaktGroup, 2023). Today, FlaktGroup operates globally with a presence
in 65 countries and has 13 manufacturing plants located in Europe, Asia, and the US.
One of FlaktGroups main production sites is located in Jonkdping Sweden. There,
the company produces air handling units, chilled beams, heat exchangers, and control
systems, characterized by high customization options and a wide range of products.

The parts and components necessary for manufacturing to be successful can seldom
be sourced from internal operations only. An extensive number of external suppliers is
needed in one way or another for the manufacturer to produce products as effectively
and qualitatively as possible. For the handling and transfer of such parts and materials,
logistics management processes must be in place. The design of these processes
creates value for the production and the firm, but they can also generate waste and



unnecessary costs if not fully optimized. From a sustainability perspective, these can
be economic, environmental, and social costs.

Due to the significant number of different suppliers and components being delivered,
FlaktGroup’s COO has expressed a need to understand the potential of consolidating
a portion of their inbound deliveries. Implementing consolidated transport within the
company’s inbound logistics could lead to a reduction in transportation costs and car-
bon emissions, as well as give the company increased control over component prices
and more visibility into its logistics processes. This reduction in costs would not only
be a strategic choice but would also reflect the company’s commitment to reducing its
environmental impact.

1.2 Purpose

The purpose of the master’s thesis is to identify freight transport flows within the ge-
ographical boundary of Sweden that can be consolidated to increase efficiency and
reduce the environmental impact of inbound logistics. The consolidation should not
limit the effectiveness of the manufacturing operations or increase logistics costs. On
the contrary, it should aim for establishing a basis where solutions for economic re-
ductions can be developed as a consequence of the optimized inbound logistics op-
erations. The thesis aims to identify external and internal factors surrounding logistics
that affect the feasibility of consolidated transport. Following this, the purpose is to pro-
vide suggestions on how consolidated routes can be designed considering the current
freight transport flows and the factors affecting or constraining consolidation solutions.
Finally, the master’s thesis seeks to evaluate the current delivery system’s environmen-
tal impact and compare it to the developed suggestions for optimized freight transport
routes.

1.2.1 Research Questions

Every company is unique and its operations dependent on a wide range of internal and
external factors. To be able to find and implement changes in any operational flow,
one must know the present first. Research question one (RQ1) focus on mapping the
current external freight within FlaktGroup’s inbound logistics operations, a mapping that
can be used to identify FlaktGroup’s freight transport flows of incoming goods to their
manufacturing site to JOnkoping. Specifically, the question seeks to identify how some
of the flows are organized from FlaktGroup’s Swedish suppliers to their production site.

RQ1 How do the present inbound logistic solution look like for FI2ktGroup in
Jenk®ping?

Following, the mapping of the inbound logistic flows enables an overview of where
opportunities for consolidation lie. Research question two (RQ2) formulate what is
necessary to know before starting to fulfill the aim of finding improvements and consol-
idation potential in FIaktGroup’s incoming delivery system. To be able to utilize freight
mapping for this purpose, an understanding of what factors might constrain a success-
ful implementation of consolidated transport, and what might strengthen it, should be
developed. This should be done from the perspective of costs and effectiveness in
manufacturing and inbound logistics.



RQ2 Where in the inbound logistics are there opportunities for improvement
through consolidation, without affecting the manufacturing plants effec-
tiveness and logistics cost?

To be able to understand the potential impact consolidated transport solutions might
have for FlaktGroup’s inbound logistics, optimized route suggestions can be developed
and calculated, enabling a concrete way to compare the current system to a future one
in line with the aim of the thesis. Therefore, research question three (RQ3) is added as
a final purpose. The question thus also includes the seeking of calculated effects on
the company’s change in environmental impact, were they to implement the suggested
consolidation suggestions.

RQ3 How can the current inbound logistics be improved with a suggestion of
consolidation via route planning, and what environmental effect does it
have?

Together, the three research questions shape the master’s thesis and enables a sys-
tematical structure of its research. The aim is thus to find and analyze the answers
methodically and in the chronological order as they are listed.

1.3 Scope & Limitations

Since the studied production site receives a large volume of diverse articles regularly, it
is necessary to narrow the scope of this thesis to create value within the time limitation.
Therefore, this thesis will not comprehensively cover all components and geographical
areas of FlaktGroup’s suppliers. Additionally, the mapping of the freight transport will
be limited to road freight only, as it is the only freight method used nationally in the
company today. Any future solutions will also be limited within road freight transport.

The geographical scope when mapping the inbound logistics operations is limited to
Sweden, with a limitation on investigating and analyzing deliveries of products and
components from suppliers located in Sweden. By focusing on one country’s regulatory
demands, such as maximum weight and length of road freight allowed, the thesis can
simply identify parameters and constraints affecting consolidation possibilities.

The data included in this thesis will be limited to data provided by FlaktGroup regard-
ing inbound deliveries within a specific time frame. Specifically, the quantitative data
collection will be limited to data from the previous year (2022) and any sensitive infor-
mation will be respected and not included in the thesis report.

Regarding the assessment and calculations on the operations’ environmental impact,
the thesis will only investigate the greenhouse gas emissions from the incoming road
freight transportation. Furthermore, while the sustainability of FIaktGroup’s inbound
logistics will be evaluated and mapped with a focus on environmental and economic
sustainability, social sustainability will not be included in the scope of this thesis. All
three pillars of sustainability cannot be fully regarded all at once, which is why a decision
to focus on two of them is necessary.

Due to time constraints and lack of resources, potential suggestions of consolidation
via route planning will not be done with advanced route planning algorithms.



1.4 Outline

The master’s thesis is divided into seven chapters. Chapter 1 Introduction provides
the purpose, objective and scope of the master’s thesis. It also provides background
information of the studied company. Chapter 2, Frame of Reference, presents the
findings from established literature and theory related to the purpose of the master’s
thesis.

Chapter 3, Methodology, explains the approach used for the master’s thesis. The
methodology describes how the thesis was structured, what activities were performed,
and what tools were used. It introduces the developed research model, with detailed
steps outlined for the collection and handling of the research’s data. Following the
model, the qualitative and quantitative data findings are presented in Chapter 4, Em-
pirical Findings. Here, the findings are illustrated with support from an established
visualisation tool, and summarized in tables.

Chapter 5, Analysis, focuses on analyzing the data collected from the empirical find-
ings. The chapter presents a conclusive deduction of where the inbound shipment
could be optimized and how so. The consolidation opportunities are then mapped and
calculated, and a study of their potential environmental impact follows thereof.

Chapter 6, Discussion, highlights some discussion points to enable reflections on the
contributions of the master’s thesis and the execution of the work. The chapter covers
reflections on the interpretations of the empirical findings, connections between the
analysis and already existing theory from the frame of reference, and possible areas of
improvement. The chapter also covers how changes in the methodology and execution
of the research and analysis would have affected the outcome of the master’s thesis.

Chapter 7, Conclusions and Recommendations, presents the conclusions and recom-
mendations of the master’s thesis. The chapter provides answers to the three research
questions outlined in the introduction. It also covers a summary of the contributions the
master’s thesis has made to the company and researched area. Finally, some future
recommendations are suggested, and enable an entry towards forthcoming research
and improvement areas for the studied company.



2. Frame of Reference

Findings from established literature and theory related to the purpose of the master’s
thesis are presented below. The frame of reference embarks from a broader perspec-
tive of operations surrounding inbound logistics and freight consolidation, followed by
a deeper review of the established theories regarding the key areas of the thesis.

2.1 Logistics management

For a production firm, logistics refers to the segment of the supply chain that handles
activities, actors, and resources related to the transportation and storage of parts and
materials (Zijm et al., 2019). Logistics can also be explained to bridge production,
markets and suppliers, by adding value to the movement converting raw material into
components or finished products (Kasilingam, 1998). Logistics can be divided into two
parts, inbound and outbound processes, depending on where in the supply chain the
activities take place (Zijm et al., 2019). As a result, logistics management involves
various controlling activities, such as transport operations management, inventory and
warehousing, designing the logistics network, supply and demand planning, and coor-
dinating third-party logistics (3PL) service providers, to name a few (Zijm et al., 2019).
Logistic operations also impact and depend on other operations within the supply chain,
such as procurement and sourcing. Stadtler (2015) describes logistics as one of the
functional units necessary to cooperate with each other to provide a competitive supply
chain. Figure 2.1 illustrates the relationship and hierarchy levels of supply chain man-
agement, logistics management, and transportation. Managing logistics is thus part of
managing a supply chain (ElImhurst University, 2020). Or as (Stadtler, 2015) explains,
logistics is one of the building blocks creating integration and coordination within a
supply chain, thus also enabling high customer service and supply chain management
competitiveness.

Logistics Management

Transport Operations

Figure 2.1: Hierarchy of transport, logistics, and supply chain management.
Note. Sourced from Zijm et al. (2019).

2.1.1 Supply Chain Management

Supply chain management can be defined as all activities needed for a value chain
to convert raw materials into products and distribute these to customers (Zijm et al.,

5
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IHFWHG DFWRUV LQ WK H DRIDWWX\S DRV QG ZRUBKDUDQ VW DQG
ORQLRV 7KXV DQLPSRUWDQWDVSHFWWRNHHSLQPLQG ZKI
RSWLPL]DWLRQDQG FRQVROLGDWLRQLVKRZWRHQDEOHZHO
DQG UHODWLRQVKLSY )XUWKHUPRUH WKHHYHU JURZLQJ Gl
ERWKWLPHDQG FRVW PL[HG ZLWK WKH JURZLQJIOH[LELOLW\
EHWZHHQ DFWRUV LQ WK HANDUSITYLFKMDL QG D RQIOR V

/IRILVWLFV FROODERUDWLRQ LV RIWHQ GLYLGHG LQMWR WZR W
UHOO HW DOOHUWLFDO FROODERUDWLRQ LV H[SODLQHG WR L
GRZQVWUHDP LQ WKH YDOXH FKDLQ $Q H[DPSOH RI D YHUWLT
WXUHU VKDULQJUHVSRQVLELOLWLHVDQGDFWLYLWLHV ZLWK
DFKLHYH D FRPPRQURDO HWESRPDWXSDQJ DQG 6 UL GKOULD Q
JRQWDO FROODERUDWLRQLQVWHDGLQFOXGHY SDUDOOHO DF
JHUUHOO HW BBUH VHYHUDO FRPSHWLQJVXSSOLHUV FRX0OG Z
LQVWDQFH LQIRUPDWLRQ FDUULH USL PIDQ\GX S DQW D IQFSX BULLRGKC
,Q OLWHUDWXUH VWXGLHV RQ KRUL]JRQWDO FROODERUI
GDWLRQ ZKHUHFROODERUDWLRQEHWZHHQFRPSHWLWLYHDI
VROXWLRQV DQG LQFUHD VHEHW U B Q 0 SHRBIY OKIDLVOH WD VA R Q
7KHJHQHUDO JRDO RI KRUL]JRQWDO DQG YHUWLFDO FROODER
ERWK WR PDNH ORJLVWLFV PRUH HIITHFWLYH DQG WR UHGXF1
KRZORJLVWLFV FROODERUDWLRQ SURYLGHV RSSRYUMWXQLWLH
UHOO HW D®URYLGHV D OLVW RI FDVH VWXGLHVY WKDW KDYH G
RIKRULJRQWDO DQG YHUWLFDO FROODERUDWLRQ DV ZHOO
RYHDGGH DQG 6QHKRGALIVFXVVHV WKH HITHFWV YHUWLFDO FRC



RQHFRQRPLFFRVWVDQGUHYHQXH GHSHQGLQJRQ WKH GHJU
KDV ZLWK LWV VXSSOLHUV +RZHYHU WKH UHVHDUFKHUV DOV
VWDQGLQJ ZKLFK UHODWLRQVKLS DQG FROODERUDWLRQ DIIH
PRUH SRWHQWLDO SDUDGR[HV RI FROODERUDWLRQ DUH DUJ:
2Q RQH KDQG LQIRUPDWLRQ VKDULQJ ZLWKLQ D VXSSO\ FKDL
FLHQF\EHQHILWY UDLVLQJXWLOL]DWLRQ HQ D EYHQUH®R®D VR
HW DO 2Q WKHRWKHUKDQG WLJKWHU UHODWLRQVKLSV PL.
WR FKDQJH DQG LQFUHDVHD FRPSDQ\TV GHSHQGDBLEH W\ RQ
DQG 6QHKRWD

2QH FDVH HIDPSOH RI KRUL]RQWDO FROODERUDWLRQ LV WKH
%LVFXRLWIDV HW DOZKHUH WKH WZR FRPSHWLWRUYV UHFRJQL]
WUXFNV UXQQLQJLQ RSSRVLWH GLUHFWLRQV %\FROODERUL
WKHRWKHURQHYVGLVWULEXWLRQIORZ 7KHLUKRUL]JRQWDO
RIWUDQVSRUWDWLRQIORZ ZKRVHLPEDODQFHRWKHUZLVH L\
WUXBBMYIDV HW DO

ODQXIDFWXULQJ6HFWRU

7KH PDQXIDFWXULQJVHFWRU LV ZLGHO\ DIIHFWHG E\ WKH HFF
ZRUORBQVVRQ HW DOKHQ WKH HFRQRP\ERRPV SHRSOHKDYH P
VSHQG GULYLQJWKHGHPDQG IRUSURGXFWV XSDQGFRQVHT.
GXFWLRQ 6LPLODUO\ UHFHVVLRQ LQVWHDG GULYHV WKH GH
LQ PDQXIDFWXULQJILUPVY 7KHDYHUDJH SURILW PDUJLQ IRU
ZDV MXVW DERYH LQ ZKHQ WKH HFRQWHPWDPDB WQID ERRP
+RZHYHU VLQFH WKHQ WKH &RYLG SDQGHPLF DQG JHRSRO
WKHHFRQRP\ DQG LW KDV EHH @ ¥YH®W KQ@QW®LWHWFHWVRIDRQD QF K
7KH JOREDO VLWXDWLRQ KDV EHHQ H[SODLQHG WR DIIHFW WH
OHVVHQHG GHPDQG DQG ORQJHU OHDG WLPHV GXH WR FRPSR
WR WKH SURILW PDUJLQ IRUPDQXIDFWXULQJFRPSDQLHV GUR

'LWKLQ WKH PDQXIDFWXULQJ HQYLURQPHQW WKH LQGXVWU\
LQJ D PDNH WR RUGHU 072 PDQXIDFWXULQJ SROLF\ DQG D |
/JHQQ\ .RKDQG 6LPSVR@DOD\ )XUWKHUPRUH DPL[HG PRGH
H[SODLQHG DVDQ HQYLURQPHQW FRPELQLQJWKH WeZR SROLF
QDOD\ $ILUPLQDQO072HQYLURQPHQW HLWKHU SURGXFHYV
DIWHUFXVWRPHUVY SODFHDQRUGHU ,QDQO076HQYLURQPHQW
WR VWRPBN\ .RK DQG 6LPSVRQVWRULFDOO\ DQ 076 SROLF\ KD
WR D ODUJH HIWHQW LQ WKH PDQXIDFWXULQJ VHFWRU WR DFk
DQLQFUHDVLQJGHPDQG XQFHUWDLQW\ LW KDV EHFRPH PRUF
LQVWHDG 7KLV VR D KLJKHU IOH[LELOLW\ RI GHPROQG DHV SRC

'LWK KLJKHU UHVSRQVH IOH[LELOLW\ GHPDQG XQFHUWL
WRU\ FRVWV $Q RWKHUZLVH 076 HQYLURQPHQW FRXOG OHDG
WR SLOH XS ZLWK LQFUHDVHG GHPDQG XQFHUWDLQW\ LQFUF
*eQDOD\ 6R E\ XVLQJDQ 072 SROLF\ FRPSDQLHV FDQ SODC
DQG VWRUDJH ORZHULQJORJLVWLFV FRVWYV



'QERXQG )ORZ 2SWLPL]DWLRQ

2SWLPLIDWLRQ RILQERXQG ORJLVWLFV IORZV LV D FRPSOH]
EHQHILWV ERWKLQ FRVWDQG FDUERQ HRBIDOQARQYWMWIHPHFXWH
WKH SDVW PRVW UHVHDUFK UHJDUGLQJLQERXQG RSWLPL]DYV
FDO EHQHILWYV LW LQLWLDOO\FDQ EULQJLQ WHUPV RI ORZHUI
DOVRLQ WHUPV RI WKH WRWD O XXIDF K D ¥R ZHRMHN SHRIWHWU MF H Q
WKHIRFXV DUJXDEO\OLHV DV PXFKRQWKHHQYLURQPHQWDO
DQV\RYHUIORZ RILQERXQG WUDQVSRUW DQG GHBEUHDBN B Q)XGH O
%RRNELQGHMUXPHU HW DO%DOOHU HW DOKH RSWLPL]DWLRQ L\
SODLQHG WR UHTXLUH ERWK FRRUGLQDWLRQ DQG FRQVLGHU
RI HHWHUQDO IDFWRUV VXFK DV GHOLYHU\ IUHTXHQF\ YROXP
PRGI#%DOOHU HW DQWHUQDO IDFWRUV VXFK DV JRRGV HQWU\
VWRUDJH VSDFHDUH HVVHQWLDO WR FRQWHPSODWH DV ZHOUC
WLPL]IDWLRQ PDQXDOO\ HLWKHU EDVHG RQH[SHUWD@POHWRU E
HW DO

6KLSPHQW &RQVROLGDWLRQ SROLFLHV

,QERXQG 6KLSPHQW FRQVROLGDWLRQ 6&/ FDQ EH GHILQHG I
IORZV 6&/ FRPELQHV WZR RU PRUH VKLSPHQWY RU RUGHUV |
DUHD WR EH WUDQVSRUWHG LQ WKH VDPH YHVVHO 7KXV SUR
VLYH ORJLVWLFON¢W UDWHJ\

*HQHUDOO\ UHVHDUFKHUV ZLWKLQLQERXQG 6&/GLYLGH WKH
%XIID hONe OHUULFENDQG %RRNE2QBISBROLF\LV IRU WKH E
WR LQFUHDVH RUGHU VL]HV IURP HDFK VXLWDEOH VXSSOLHU
VPDOO RUGHUV DQG REW BLXQID | X ODQR WKAHNORPWLRQ LV WR Nt
VLIHVEXW FRQVROLGDWHIUHLJKW IURP VHYHUDO VXSSOLHUYV
VXSSOLHUV DUH GHFLGHG WR EH MRLQWO\FRQVROLGDWHG Wi
$ WKLUG SROLF\LV H[SODLQHG DV D FRPELQDWLRQ RI6&/ YLD
| UHL 3OWI D ,Q FDVHV ZKHUH VROHO\DQ RUGHU VL]H SROLF\
VDYLQJV FDQ EH DFKLHYHG ZLWKLQ VKLSSLQJ LQ WUDQVLW
'KHQ LPSOHPHQWLQJFRQVROLGDWLRQ ZLWK VHYHUDO SURG X
DFKLHYHG DOVR KHUH LQ VKLSSLQJDQG SXUFKDVH FRVWYV +F
DULVH GXH WR LQFUHDVHG KDQGOLQJ DQG RUGHULQJ FRPSC
% X 11D

OHUULFNDQG %YRRNEQYGNWLIDWHDQG HVWDEOLVK KRZ VKL S
DIITHFWV WKH ORJLVWLF FRVWDQG SROOXWLRQ HPLVVLRQV E'
UDWH NLORPHWHUVY WUDYHOHG SHU YHKLFOH VSHHG RI WU
7TKHLU GHYHORSHG VLPXODWLRQ PRGHO LOOXVWUDWHY KRZ
RIRUGHU DUULYDO UDWHV DIIHFW ZKLFK SROLF\ WKH\ILQG E}
SODQQRLQJ )RUVKRUWKROGLQJWLPHVEHIRUHRUGHU GLVSD
WLW\ SROLF\IRU FRQVROLGDWLQJRUGHU VLIHV WR EH RSWLI
ELQHG ZLWK ORZ RUGHU bDUULYDO UDWHV D WLPH SROLF\ UH
VKRXOG EHUHOHDVHG ZDV SUHIHUUHG LQVWHDG 7KHPRGHO
IRUVRPHFDVHV ZKHUHLWLY QRWHQWLUHO\FHUWDLQ ZKLFK
WKHORZHVW HPLVVLRQVDQG FRVW SRVVLEOH )RUKLJK RUG



WKHU PHGLXP ORQJ RU OBRRUWKRENGDQG W RRHNVGIHYEHUEH KRZ
DGGLWLRQDO DVSHFWV VXFK DV GLVWDQFH OHQJWK WUDYH
ZHUH GHFLVLYHIRU FRQFOXGLQJ WKH PRVW VXLWDEOH FRQVI

2XPHU HW DOFRQGXFWHG D VWXG\RQ D SURGXFLQJ DXWRPRW
LQJD FDVH ZKHUH VRPHLQERXQG VKLSPHQWYV ZHUH GLIILFXO)
YDULDWLRQ RI SURGXFWYVY SDUWV DQG VXSSOLHUV IURP GLII
HJ\ SURYHG WR UHGXFH FDUERQ HPLVVLRQV DQG IXHO FRVW E
I[UHLJKW YHKLFOHYV SHU PRQWK 7KXV WKH FDVH JDYH H[DPS
D FRPSDQ\YV LQERXQG ORJLVWLFV ZLWK SRWHQWLDO IRU FR
RYHUDOO HFRQRPLFDO DQG HQYLURQPHQWDO FRVWYV

&RQFOXVWAXHD\ GHVFULEH KRZLGHQWLI\LQJ6&/ RSSRUWXQL
VWHS RI WKH FRVW VDYLQJ SURFHVV ZLWKLQ D ILUPYV LQERX
HFRQRPLFDO UHGXFWLRQ VXUURXQGLQJDFWLYLWLHV VXFKTE
VWRUDJH SROLFLHY DUH H[SODLQHG WR DOVR DIIHFW DQG Wi
LQJVWHS WKHUHIRUH LQYHQWRU\FRVW PXVW EH FRPSDUHG
DQ\WRWDO ORJLVWLF FRVW FDQ EH ORZHUHG ZLWK FRQVROLC
FDQ DOZD\V EH ILUP VSHFLILF SDUDPHWHOMNUWWR PADDE G QR R ¥
ELQGHU PDNLQJHDFK IORZ RSWLPL]DWKIRR SRI®ISK\DVQL R X H
KRZVHYHUDO GHFLVLRQV QHHG WR EH PDGH E\ WKH SXUFKDYV
FRQVLGHU FRQVROLGDWLQJLQERXQG GHOLYHULHV ,Q SDUW
RUGHU VL]H FRXOG EH FKDQJHG ZKLFK VXSSOLHUV VKRXOG E
DQG LQ ZKDW UHJLRQDO DUHDV FRQVROLGDXWMBG IUSGIKW FR
GLWLRQDOO\ QR PDWWHU WKH FKDUDFWHULVWLEV RI WKH V
UHFRPPHQGHG WR EH PDGH LQ UHODWLRQ DQG FRQVLGHUDWL

JUHLJKW &RQVROLGDWLRQ '"HOLYHU\ 6\VWHPV

7KH IUHLJKW FRQVROLGDWLRQ SROLF\ FDQ EH IXUWKHU GLYL
WLRQV /LWHUDWXUHDQG VWXGLHV LQ WKH DUHD GHVFULEH
LQ GLIIHUHQW ZD\V EXW JHQHUD %X 2 DW KO R U @OUGREPE ARB H \

OLQQHU 2YHUDOO ZKDW GLVWLQJXLVKHY GLUHFW GHO
FRQVROLGDWHG RQHV SDUWO\OLHV LQ WKH ZRUG GLUHFW $
VRXUFH RU VXSSOLHU GLUHKEWQHWR2W RH UFXW\RP HRU
LQVWDQFH RQH PDQXIDFWXULQWHDHU D QW \$RE A DA HHIK RX\WH
WKLV FRQFHSW RI GLUHFW GHOLYHU\ ZLWKRXW DQ\ DGGLWLR
33 WUDQVSRUW 2Q WKH RWKHU HQG ZKHQ WKH GHOLYHU'
HUDO FROOHFWLRQ SRLQWV WKH WUDQVSRUW tRMMHRQH RU
HWDO FDWHJRUL]JHVGLIIHUHQW IUHLJKWFRQVROLGDWLRQ
FRQFHSWV 7KH\H[SODLQ KRZWKHFRQVROLGDWLRQLVLPSO
GRFNLQJ QHWZRUN E\ HVWDEOLVKLQJD PLON UXQ VI\VWHP R
QHWZRUN



JLIXUH 9DULRXV W\SHV RI GHOLYHU\ VA\VWHPV
1RWH)VSLUBIGORHU

Y)RU VWDUWHUYV D FRPPRQ FRQFHSW RID IUHLJKW FRQVROLG!
SRLQWLMWHU LOOXVWUDWH LQ RWKHU ZRUGV FUHRMW GRFNL
VHLQL HW DO6XSSOLHUV ZLWK /7/ GHOLYHULHV LQVWHDG GHC
RU FURVV GRFNLQJSRLQW JHRJUDSKLFDOO\ FORVHU WR WKH
VHYHUDO VXSSOLHUV FDQ EH MRLQWO\ GHOLYHUHG WR WKH
WUDQVSRUWOUWQMHUDWXRD +RVVHLQL HW DBIQHUDOO\ WKHF
VKLSPHQWYV IURP WKH VXSSOLHUV WR WKH KXE DUH GHVFULE|
ZKHUHDV WKH MRLQW GHOLYHU\ LV FDUULHG RXW ZLWK D OD
WLRQ LV VLPLODU WR DQ DUHD IR EDWEL® $PEH VHQ W) FH
DPDQXIDFWXUHU GHPDQG WKHLU RUGHUVY WR EH GHOLYHUHG
D ORJLVWLFV VHUYLFH SURYLGHU ZKR WKHQ LV UHVSRQVLEC
WXULQONWMHDQG $PEHUJYKH FRQFHSW RIWHQ VXLWYV -,7 -XVV
072 PDQXIDFWXULQJ HORVVRQPHBWWD® SURYLGHY EHQHILWYV
LQJUHGXFHGLQYHQWRU\DQG SURGXFWV KDQGOLQJDFWLYLV
VSHHG RI SURGXFWV IORZ DV ZHOO DV GHFUHDVHG FRVW IRU
WLRQ RI VWRUD 3R DVFMLYIL WWHXIIJLQVRQ DQG %RRNERLQGHU
GLVDGYDQWDJH ZLWK $) FDQ EH WKH FRPSOH[LW\DQG FRRUG
HIILFLHQW FURVV GRFNLQJ FRQVRQVUROQ N DRBQRRWBRQS H U
WKHUPRUH D FURVV GRFNLQJV\VWHP UHTXLUHV WKH EX\HU
LQIRUPDWLRQ EHWZHHQ WKHDFWRUV LQYROYHG



$QRWKHU IRUP RI FRQVROLGDWHG GHOLYHU\ LV WKH XVH RI D
VIVWHP LQYROYHY FRRUGLQDWLQJ VHYHUDO JHRJUDSKLFDO
YROXPHRUIUHTXHQF\ ,Q FRPSDULVRQ WR FURVV GRFNLQJ D
HQWLUHO\ ZLWKRXW DQ\LQGLYDRGQADQBW XS 8 WHHD BGK MSPH BR\O/
WLRQV DUH FRQVROLGDWHG ZLWK D MRLQW YHKLFOH LQ D S
VXSSOLHUV WR D FRQVROLGDWLRQ SRLQW RU GLUHFWO\ WR
LQJ D KXE RUWKH QHHG WR KDQ G OBILWIQH UR RBV\VHL DM W AHDIQ

$Q 05 VIVWHP FDQ EH GHFLGHG HLWKHU WR LQFOXGH VH"
URXWH RU EH XVHG DV D VIVWHPDWLF URXQG WULS EHWZHHQ
IDFLODWQ®NU 7KH W\SLFDO PLON UXQ VI\VWHP FRQVLVWYV RI
WZHHQ WKH VXSSOLHUV DQG WKH GHOLYHU\ VLWH ZKHUH WK
IURPFROOHFWLRQ SRLQWV WRWKHVLWHRUDQRSHQ WRXU ZK
IURP HIWHUQDO FXVWRPH0WRQUWIQH BFP\EEFDFNKH SRWHQWLDO |
FRVW VDYLQJ OLHV ZLWK WKH UHGXFHG QXPEHU RI WULSV GR
GXFHGLQYHQWRUNMRRAMMVDQG %RRNBDRYGHRYHU DQ 05 RIWHQ \
-,7PDQXIDFWXULQJV\VWHPV DV ZHOO 'HSHQGLQJRQWKHLQE
WKH 05 VIVWHPYVDGGLWLRQDODGYDQWDJHV FDQ YDU\LQ IRU
DFWRUV DQG SLFN XS GHVWLQDWLRQV DUHLQYROYHG LQ WK
WR D YHKLFOH URXOLD@HYUREOMPERQFHSW LV WKXV H[SODLQF
GLIILFXOWLHVLQ FRRUGLQDWLRQDQG ORDGLQJRSHUDWLRQ
RIWKHPHQWLRQHG W\SHV RI GHOLYHU\ VAIVWHPV DUH YLVXDO

+RZHYHU LI QRW WRR PXOWL GLPHQVLRQ DQG FRPSOH[ WK
VFKHGXOLQJRIIUHLJKW YHKLFOHV W\SLFDO FKDUDFWHULVW
FDVHV SURGXFH FHUWPER|RGEBQWBWHYORYLGHYV DQ H[DPSOF
KRZ SODQQHG GHOLYHU\ VEFEKHGXOHV FDQ IDFLOLWDWH HIILF]
DQG VWUHQJIJWKHQ VXSSO\FKDLQ FROODERUDWLRQ ZKLOH VW
FUHDVHG HITHFWLYHQHVV 6FK B XOHIZQRG §MNE b XRDURW WX

EULQJ VWDELOLW\ WR GHOLYHU\ SODQQLQJDQG WUDQVSRUMW
SHQGHQW RQ WKH UHOLDELOLW\RIWKHPDWHULDO UHTXLUHP
SHULRG RBWHIFHHEHUJ HW DGGUHVY KRZ XQSODQQHG GHPDQ
PLIJIKW XSVHW GHOLYHU\ VFKHGXOHV DQG WKXV VXSSOLHU FR

7KHWKLUG VW UDW HR\GHFULLIEW®WD WDLORUHG QHWZRUN L\
VXLWDEOH ZKHQ WKHUHLV D FRPELQDWLRQRI)7/DQG/7/YRO X
DEX\LQJILUP :KHQ WKHQHWZRUN GRHVY QRW H[LVW RQO\RI G|
RQHV LQ DQ\IRUP EXW FRPELQHV WKHP GHSHQGLQJ RQ RUGF
ELQDWLRQ FDQ LQ WXUQ SURYLGHONGGLW$BQROFHRNW VDYLQ
GHVFULEH KRZWKH YDULHW\DQG FRPSOH[LW\RIVXSSO\QHW,
W\SH Rl FRQVROLGDWLRQ VWUDWHJ\ EXW UDWKHU D K\EULG
GLIIHUHQW FRQFHSWV FDQ EH FRPELQHG DQG WKH GLVDGYD(

$V WKH GLITHUHQW W\SHV RI GHOLYHU\ VA\VWHPV IRU IUHLJKW
VHQWHG RQHFDQ UHIOHFW XSRQ WKH GLIIHUHQFHV LQ KRZ W
DFWLYLWLHY DQGWR ZKDW GHJUHH $V GRVFHLBDHGBWIF®QVR
OLQQHU DQ $) VHUWH\FKW DQG $PEHUDV ZHOO DV D FURVV GRI
VIVWHRVVHLQL HW D@ O FRPELQH VKLSPHQW DW RQH SRLQW E
WR FRQVROLGDWH WKH IUHLIJKW WRZDUGV WKH ILQDO FXVWRH
DOO\ DFURVV GRFNLQJV\VWHP PLIJKW UHVXOWLQ PRUH WKDC



JRLQJ RXWIURP WKHFURVV GRFNLQJ SRLQW DV ZHOO DV WKl
HQG FXVWRFNFNBLOQL HW DDHYHUWKHOHVYV QHLWKHU RI WKHP
D VIVWHP DFKLHYLQJD FRPSOHWH GHJUHH RI FRQVROLGDWLI
GRFNLQJ RU FRQVROLGDWLRQ KXEV DUH SUHVHQWHG DV RIV
FRPSDUHG WR VPDOOHU GLUHFW GHOLYHULHV WR WKDW SRLC
XVHG WR VKLS D FRPSRQHQW IURP WKH LQLWLDO SLFN XS DGC
WLSOH HYHQ RQFH WKH IUHLJKW LV SDUWO\ FRQVROLGDWHG
GHOLYHU\ LV H[SODLQHG WR VROHO\LQYROYHORQHHUYIHKEFOH
$PEHUJ 2QH FRXO0OG WKHUHIRUH DUJXH LW DFKLHYHG DQ H
UDWH DQG WKHUHIRUHD FRPSOHWH GHJUHH RIFRQVROLGDW

7JRDGGUHVV ZKDW VXSSOLHUV D QG GLHGLHWH ULGIMN.P 6RO VR PR
PHQGV PDNLQJ D VHIJPHQWDWLRQ EDVHG RQ DQ $%& DQDO\VL)
DV WKRVH WR IXOILOO ZHLJKW DQG YROXPH UHTXLUHPHQWYV F
DVWKRVH /7/ WR EHFRQVROLGDWHLQDQ\IRUP DQG WKH & FIL
EHJURXSHG WKURXJK WKLUG SDUW\ FDUULHUYV

SRDG )UHLJKW &KDUDFWHULVWLFV

,Q WUDQVSRUWDWLRQ WUXFNV DUH O0LFPLWE B E DIPIGMIGED VG M

.1 DQ LWHP WDNHV XS D ORW RI VSDFH EXW KDV UHODW|
IXOO\ XWLOL]JH WKH ZHLJKW FDSDFLW\ RI WKH WUXFN &RQYH
XS OHVV YROXPH WKH WUDQVSRUW SURYLGHU PD\ EH XQDEO
ZHLJKW UHVWULFWLRQV ,QERWKFDVHVWKHWUXFNLVIXO0O
VROYH WKLV SUREOHP YROXPHWULF ZHLJKW LV XVHG LQ WUD
RIVSDFH EHLQJ XWLO L PHG HQWWIOH WU X F N

S9ROXPHWULF ZHLJKW LV FDOFXODWHG E\PXOWLSO\LQJWKH Y
ZHLIJKW 7KHUH DUH WKUHH FRPPRQ ZD\V WR FDOFXODWH YRC
GLPHQVLRQ FXELFPHWHU SDOOHW (8 SDOOHW RUORDGP
IRUQRQ VWDFNDHOHJIRR&ROOL&DUH(DFK YROXPH FRUUHVSR
WR D VWDQGDUG ZHLJKW HTXLYDOHQW $SDFNDJH WDNLQJ XS
NJ RI' YROXPHWULF ZHLJKW ZKLOH DQ (8 SDOOHW LV HTXLY
ZHLIKMOHJR &ROOL&DUH2QH ORDG PHWHU RI QRQ VWDFNDI
FDOFXODWHG E\ PXOWLSO\LQJ WKH OHQJWK DQG ZLGWK RI W
E\ WKH ZLGWK RI WKH WUXFN 7TKH UHVXOW LV WKHQ PXOV
YROXPHWULF ZHLIKW ,IWKHDFWXDO ZHLJKW RIWKHJRRGV L\
WKHDFWXDO ZHLJKW LV XVHG DV WKH YROXPHWULF ZHLJKW

,Q6ZHGHQ WKHPD[LPXPOHQIJWKRIDWUXFNDOORZHGRQFRP
9LHUWK HW DOKH PRVW FRPPRQ WUXFN LV H[SODLQHG WR EH D
D OHQJWK RI PHWHUYVY SURYLGLQJD WRWDO ORDG YROXPH
DQG ORDG PHWHUV IRUWKH WUDLOHU $ WUXFNDQG WUDLO
(8 SDOOHWYVY RUURXJKO\ WRQV RO¥YRRXPHWIDHFERUY LM KQFH
PDQ\ RWKHU (8 FRXQWULHY KDYH VWULHR®HURO L ML ®ODR@ WU X
WKDW VKRUWHU WUDLOHUYV RI ORDG PHWHUV DUH EHFRPL
WUXFN RI WKLV VPDOOHU VL]HFRXOG WKXV EHORDGHG ZLWK
YROXPHWULF ZHLJKW RI URXJKO\ WRQV



(QYLURQPHQWDO ,PSDFW RI5RDG )UHLJKW

7TUDQVSRUWDWLRQ LV FRQVLGHUHG WKH JUHDWHVW HQYLUR
hON- TUDQVSRUWDWLRQDFFRXQW IRU RIJOREDO &2 HP
LVRQHRIWKHPDMRU FRQW ULGEEBOXNXBIW T & WVH\WRMBNBHA-RAPRELX V

WLRQ SURFHVVIURPWUXFNVDOVR SURGXFHV RWKHU JUHHQKI
ZKLFK DOVR FRQWULEXWHYV WR WAKH. U6 R EHDN DXDEXTXHH MK HAE W
HW DO &2 LVDOWKRXJKWKHPDMRUJDV HPLWWHG IURP WU
RI'JUHHQKRXVH JDVWOEXMXIHUJIWYXH HWTKHH RWKHU JDVVHV DUH
RIWHQ TXDQWLILHGLQ WHUPV RI &2 HTXLYDOHQW WR PDNH FF
WUDQVSRUWDWLRQ UHPDLQV KLJK LWLV HVVHQWLDO WR RSV
IXWXUH VROXWLRQV LQDQ HITRUW WR ILIJIKW FOLPDWH FKDQJF

$FFRUGLOFIMDRRQ WUXFN XWLOL]DWLRQLV DQ LPSRUWDQW
&2 HPLVVLRQV IURP URDG IUHLJKW WUDQVSRUWDWLRQ $ W
ORZHU HPLVVLRQV SHU WUDQVSRUWHG XQLW RI JRRGV WKDQ
LW VKRXOG EH HPSKDVL]JHG WKDW WKH JUHDWHVW EHQHILWV |
ZKHQ WUXFNV DUH IXOO\ XWLOL]JHG 7KH XWLOL]DWLRQ RI YHK
URQPHQWDO LPSDFW LV RIWHQ EDVH GOREQLHIQRKH U ZHDLWK W R U
VKRXOG EH FRQVLGHUHG HVSHFLDOO\ ZKHQ FRPSDULQJ GLIIF
PHDVXUHPHQWY PLJKW YDU\ GHSHQGLQJRQ ZKDW PHWKRG IR
H[DPSOH LQ D FDVH ZKHUH XWLOL]DWLRQ LV EDVHG RQ ZHLJK
ORDGDQGLVKDOI IXOOEDVHGRQ YROXPHPLJKWEHFRQVLGH
OLJKWHU ORDG WKDW IXOO\ XWLOL]HV WKH WUXFNYV YROXPH
PDNH ZKHQ XVLQJ XWLOL]DWLRQLQHQYLURQPHQWDODQDO\V
DVVXPSWLRQV DERXW WKH XWLOL]DWER®RRRD SDFRIQQ WK
HVWLPDWLQJWKHDFWXDO XWLOL]DWLRQRIFDSDFLW\RU FRP
UDWHV FRXOG OHDG WR LQDFFXUDWH UHVXOWYV

2Q0H VROXWLRQ IRU ORZHULQJ WKH HQYLURQPHQWDO LPSDF\
VLGHU XVLQJ KLJK FDSDFLW\ YHKLFOHV +&9V +&9V XWLOL]
PD[LPXP ZHLJKW FDSDFLW\ DOORZLQJ WKHP WR FDUU\ PRUH
IRUH UHGXFLQJ WKH HQYLOURDPBRW D/Q LLFFSWBWQHQ HW DO
7KH EHQHILWY DUH PDLQO\ GHULYHG IURP WKH UHGXFHG WUD
WUXFNV EHLQJ QHHGHG WR WUDQVSRUW WKH VDPH DPRXQW R
KRXVH JDV HPLVVLRQV SHUWUDQVSRUWHG XQLW RIJRRGV +F
RQO\ SUHVHQW LI WKH +&99V XWLOL]DWLRQ UDWH LV KLJK HQ
XVLQJVPDOOHUWUXFNVIRUWUDQVSRUWDWLRQ ZKHUH WKH >
LQFUHDVLQJ WUXFN XWLOL]DWLRQ FRXOG&MHPEHG®IQFLDO LQ
H[DPLQHG WKH HQYLURQPHQWDO LPSDFW RI VZLWFKLQJ IURF
LQ XUEDQ DUHDV :KLOH WKH VWXG\ VKRZHG WKDW XWLOL]DW
WUXFN VL]H WKHHQYLURQPHQWDO LPSDFW GHFUHDVHG RQO!
DQG LQFUHDVHG IRUWKH VPDOOHVW WUXFNV YDQV 7KLV EF
ZHUH UHTXLUHG WR WUDQVSRUW WKH VDPH DPRXQW RI JRRG
LWHG WR H[DPLQLQJWKHHQYLURQPHQWDO LPSDFW LQ XUEDC
JHQHUDOO\ORZHUDQG ORWV RI VWDUWYV DQG VWRSV RFFXU
WKLV UHGXFWLRQLQ &2 HPLVVLRQV DSSOLHV ZKHQ ODUJHU G
XVHG

JURP KLV WX®QRQ SUHVHQWV WKDWLQFUHDVLQJZHLJKW O



WKHP EHLQJ OLPLWHG E\ VLIHUDWKHU WKDQ ZHLJKW DV PRV W
GHQVLW\ WKDQ ZKDW LV QHHGHG WR UHDFK WKH ZHLJKW OLP
E\OF.LQQRQ DQG &DPSEKHBOH DQ RSSRUWXQLW\WR DGG D VKF
RIWKHWUDLOHU WRILWDQG "VWDFN" PRUH ORZ YROXPH QR
XWLOL]DWLRQ DQG ORZHULQJ HPLVVLRQ IURP WKH WUXFN $¢
WKH FDVH VIWXGDHWUW DQG 6 WRIKHWIHVWKH WZR FRPSDQLHV 31
*DPEOHDQG 7XSSHUZDUH FROODERUDWHG E\ VKLSSLQJ WKHL
JRRGV WRIJHWKHU WRLQFUHDVH WKHILOO UDWH RI WKH WU X!
LQ &2 HPLVVLRQV GXH WR WKH WUXFN XWLOL]DWLRQLQFUHD

JURP D VXVWDLQDELOLW\ SHUVSHFWLYH WUDGLWLRQDO URD
RSWLRQV ZLWK SRWHQWLDOO\ ORZHU HQYLURQPHQWDO LPSI
WUDQVSRUW PRGH FRXOG KDYH RQ ORJLVWLFV FDUERQ HPLV
VWDQFH LQWHUPRGDO WUDQVSRUW LV D FRQFHSW DLPLQJ W
HDFK PRGH ZKLOH VLPXOWDQHRXVO\ UHG XF IS@IWXIQKVIDQ 19 X 1\D
HW DO 7KH FKDUDFWHULVWLFV RI D SURGXFW LQIOXHQFH
WUDQVSRUW VXFK DV SK\WVLFDO FKDUDFWHULV®%WHEVTYDOWH

DQG ORQLRV ORUHRYHU LQWHUPRGDO WUDQVSRUW UHTXLU}
DPRQJILUPV DQG VWDNHKROGHUYV ZKLFK FRXOG LQFUHDVH V
DWLRAMIITYLVW DQG OBQWRWQWD U 9XUDO MWKBI® RSWLRQV DS
IURPWUDGLWLRQDO IUHLJKW ZRXOG EHWKH XVDJHRIDOWHUC
IRUURDG WUDQVSRUW LV D FRQFHSW FXUUHQWINIEHHLQ DQBVF
+IPIOILQHQ /LWHUDWXUH LQ WKH DUHD SURYLGHV GLIIHUH
VHQVH RI XUJHQF\ IRU HOHFWULFDO WUDQVSRUWDWLRQ GXI|
HOV LQ WKH ZRUOG DQG WKH HPLVVLRQ UHGXFWLRQ WKDW RI
RSWLPL]LQJ WUDGLWLRQNQQHRP 0 QU PIPVSRQWQWKHUPRUH

HOHFWULFDO YHKLFOHV DUH VWLOO H[SHQVLYH WR EX\ DQ D\
DV ZHOO



OHWKRGRORJ\

%YHORZWKHDSSURDFKIRUWKHPDVWHUYV WKHVLV LV SUHVHQ
WKHVLY ZDV VWUXFWXUHG ZKDWDFWLYLWLHY ZHUH SHUIRUF

SHVHDUFK "HVLJQ

7KHPDVWHUTVY WKHVLV ZDV GLYLGHG LQWR ILYH SKDVHV 7KH
LQJ WKH 30DQQLQJ 6FKHGXOLQJSKDVH WKH %DFNJURXQG
WKH $V ,V $QDO\VLV (PSLULFDO )LQGLQJV SKDVH WKH (YDC
PHQW SKDVH DQG ILQDOO\ WKH 'LVFXVVLRQ &RQFOXVLRQ S
ZDV FRQGXFWHG ZLWK D FRPSDQ\ WKH FRQWLQXRXV LQSXW I
WKHLQLWLDO WRSLFVDQG WKHRU\IURP WKH OLWHUDWXUH U
SKDVH VHUYHG DV D EDVLV IRUWKH IUDPHZRUN RI UHVHDUFK

$ UHVHDUFK PRGHO ZzZDV GHYHORSHG WR LOOXVWUDWH WKH I
7TKHPRGHO VXSSRUWHG WKH V\VWHPERALVPPERPE . @ER/QEQ IURT
LWLV SUHVHQWHG KQIYIHI XDUHRYHUYLHZ RIWKHJHQHUDO ZRUN
WRILQDO VXJIJHVWLRQLVLOOXVWUDWHG DQG KDV EHHQ IROC

J)LIXUH 7KH5HVHDUFK ORGHO
I1RWHKH PRGHO LVGHYHORSHG ZLWKLQ WKLV PDVWHU(YV WK
RYHUYLHZ RI WKHGLITHUHQW VWDJHV RI WKH WKt

$V SUHVHQWHG LQWKHX3HVHDUFK PRGHOYV SDWK VWDUWHG .
6FKHGXOLQJ SKDVH W VHW WKH JURXQG ZRUN IRU WKH HQW
WKDW WKH ZRUN FRXOG EH FDUULHG RXW ZLWKLQJ WKH JLYH
JRDO FRXOG EHUHDFKHG

JROORZLQJ %DFNJURXQG )UDPHRIS5HIHUHQFH FRQVLVWHG F
DEULHI PRUHJHQHUDO OLWHUDWXUHUHYLHZ ZDV FRQGXFWI|
ZLWKDQ HITWHQVLYH IUDPHRIUHIHUHQFH $JDWKHULQJRIED
*URXS DVD FRPSDQ\DQG WKHLU H[SHFWDWLRQV RI WKH WKHYV
VHFRQG SKDVH $GGLWLRQDOO\ WKHS5HVHDUFK 4XHVWLRQV !
IURP WKH EDFNJURXQG DQG OLWHUDWXUH UHYLHZ

'XULQJ WKH WKLUG SKDVH WKH $V ,V $QDO\WVLYV (PSLULFDO)L
WKH DQDO\VLV RI )OINW*URXSYV LQERXQG ORJLVWLFV IORZ

GDWD FROOHFWLRQ ZDV FRQGXFWHG LQ WKH SKDVH DV ZHOUC
GHWDLOHG VXEVWUXFWXUH ZLWKLQ WKH 5HVHDUFK PRGHO ZI
TXDQWLWDWLYH GDWD VXSSRUWLQJ WKH TXDOLWDWLYH GD!
PDVWHUYfV WKHVLV 7KLV VXEVWUXFWXUH ZDV WKXV GHVLJQ
WKHODUJHDPRXQWV RIUDZ GDWD FROOHFWHG GXULQJ WKH $
SKDVH DQG LV IXUWKHU LOWWB GRPKGE EQY EFRI®WHARE R GV



7KH (YDOXDWLRQ O6WUDWHI\'HYHORSPHQW SKDVH FRXOG Et
DQDO\VLV RIWKHHPSLULFDOILQGLQJVIURP WKH SDVW SKDVF
PRGHOV IROORZHG E\VWUDWHJ\ DQG URXWH VXJIJHVWLRQV I

TKHILIWKDQGILQDO SKDVH'LVFXVVLRQ &RQFOXVLRQVXPPD
WKHVLVY KHUHDQ HPSKDVLYV ZDV ODLG RQ PDNLQJVXUH DOO
LOQOWR FRQVLGHUDWLRQ 7KHFRQFOXVLRQ ZUDSSHG XS WKH Z
TXHVWLRQ ZDVDQVZHUHG LQ DQ DV KROLVWLFDQG ZHOO VXS

$V WKH PDVWHUTV WKHVLV LQYROYHG REVHUYLQJ D FRPSDQ\
VHDUFK GHVLIJQ ZRXOG KDYHOLPLWHG WKH GHSWK XQGHUVW
RI FRQGXFWLQJ VXFK'BERMHD/WXEDGGHIFOWKRXJK WKH PRGH
LOOXVWUDWHGDVDOLQHDU SURFHVV DQRWHVKRXOGEHPD
XDWLRQV EHWZHHQ WKH SKDVHV DQG VWDJHV ZDV PDGH 7KI
WRRN LQ WKLV DVSHFWERVY S IDUDONVIDRAGNORPW KHLU GHVFULEH(
WHPDWLF FRPELQLQJDSSURDFK 6XFKDQDSSURDFKHQDEOH'
EHWZHHQ WKH GLITHUHQW SKDVHV LQ D UHVHDUFK SURFHVYV
DSSURDFK IRU WKLV WKHVLVTUHVHDUFK PRGHO DFFRUGLQJC
ERWKWKHRU\DQG HPSLULFDO ILQGLQJV $V PRUHREVHUYDW
NQRZOHGJH ZDV QHHGHG WR VXSSRUWDQG IXOO\ XQGHUVWD (

I[ILWHUDWXUHS5HYLHZ

7TKHIUDPH RIUHIHUHQFH IRU WKH PDVWHUTV WKHVLV ZDV HVW
VLYH OLWHUDWXUH UHYLHZ 7KLV DOORZHG IRUD WKHRUHWL
YLGHG LQVLJKW LQWR SUHYLRXV UHVHDUFK LQ WKH ILHOG 7
ZHUHVFLHQWLILF DUWLFOHYV ZKLOHERRNVDQG VWDWLVWLF
WDU\ VRXUFHY 7KHUHVHDUFK GDWDEDVHV RI &KDOPHUV /LE
XWLOL]HG WR JDWKHU UHOHYDQW OLWHUDWXUH ,Q WKH OLYV
UHODWHG WR HDFK WRSLF ZHUH VHDUFKHG IRU LQFOXGLQJ
ORJLVWLFV FRQVROLGDWLRQ LQ ORJLVWLFV ITUHLIJKW FRQV
HQYLURQPHQWDO LPSDFW RI URDG WUDQVSRUW (PSKDVLYV Z
SXEOLVKHGDUWLFOHVWRHQVXUH WKDW WKHUHVHDUFK ZDV
DGGLWLRQDO DUWLFOHYV ZHUH UHYLHZHG WR H[SDQG WKH I1U
XQGHUVWDQGLQJRIFRUHWRSLFV 3UHYLRXVO\UHYLHZHG DL
DO\]JHG IXUWKHU DV QHHG'XG RV DQ\GSHDOUGGEHE \

'‘DWD &ROOHFWLRQ OHWKRGYV

7KH PDVWHUTV WKHVLY FROOHFWLRQ RI GDWD KDG D FRPELQ
LWDWLYH DSSURDFK %\ JDWKHULQJ ERWK W\SHV Rl GDWD D
KROLVWLF SHUVSHFWLYH FRXOG EH PDGH RI WKH ILQGLQJV L
DFKLHYHGHY DQG +XEHUPDKH LQLWLDO TXDQWLWDWLYH GDWI
RQ WKH SURFHVVLQJRIUHWULHYHG UDZ GDWD 7KLV SUHVHQ
QXPHULFDO LQIRUPDWLRQ RQ VXUURXQGLQJLQERXQG ORJLV
IRUJDWKHULQJLQ GHSWK TXDOLWDWLYH GDWD ZKHUH YDULT
WLRQQDLUHYV ZHUH XVHG DV FROOHFWLRQ PHWKRGV (DFK SI



WLWDWLYH DQG TXDOLWDWLYH GDWD FROOHFWLRQ ZHUH WK
DQG D VXPPDU\ RI WKH HPSLULFDO ILQGLQJV $ FRXSOH RI IX
DGGHG WR FRPSOHPHQW WKH TXDQWLWDWLYH GDWD ZLWK FF
IURP WKH TXDOLWDWLYH RQH 7KHUHVXOW IURP WKHVH LQFC
FDOFXODWLRQV IRUVRPHRIWKHJRRGV WKDW DUHEHLQJ GH(

7KH W\SH RI GDWD WR EH FROOHFWHG FDQ DGGLWLRQDOO\ E
RUVHFRQGDU\ GDWD 3ULPDU\GDWD LV WKH GDWD JDWKHUH:
SRVHRIWKHFXUUHQWDWHVHRHEMBRUHRYHU LW FDQ EH FROO
YDULRXV PHWKRGY GHSHQGLQJRQ ZKLFK DUH DQWLFLSDWH
LQVWDQFH W\SLFDO SULPDU\ GDWD FROOHFWLRQ PHWKRGYV
YDULRXV IRUPV RIHIRQWRGY%RAYMHYXUWKHU VHFRQGDU\ GDW
SODLQHG WR EH VXFK DOUHDG\ H[LVWLQJ SULRU WR WKH UHYV
EHHQ FROOHFWHG E\ SUHYLRXV UHVHDUFKHUV HLWKHU IRU VL
6HFRQGDU\GDWD FDQDOVREHLQWKHIRUPRIDOUHDG\H[LVW
RUH[WHUQDO GRFXPHQWV DQG UHSRUWYV SXEOLFO\SXEOLVKI
FRPELQDWLRQ RI SULPDU\DQG VHFRQGDU\ GDWD ZKHUH WKF
PDLQO\JDWKHUHG SULPDU\GDWD DQG WKH TXDQWLWDWLYH
HVWDEOLVKHG LQWHUQDO VDOHV DQG WUDQVSRUW VWDWL\

&ROOHFWLRQDQG +DQGOLQJRI4XDQWLWDWL"

, Q WKHLUDOOHMWOWDGHVFULEHY WKHLPSRUWDQFH RI VWUXFW
/TRIDFLOLWDWH WKLV DVXEVWUXFWXUH WR WKHUHVHDUFK P
ZDVGHYHORSHG 7KHGDWD SURFHVVLQJ FRQVLVWYV RIIRXU G
OHFWLRQ SUHSDUDWLRQ RI WKH GDWD DFFRUGLQJ WR WKH W
GDWD DQGILQDOO\WKH ILOWUDW MRKHRIXWROMGWWW L Y )'IDNKD
FDQEHYLHZHG 7KHTXDQWLWDWLYH GDWD SURFHVV FDQ EH L
ZHOO WKDQNVWR WKHJIJHQHULF VWHSYVY GHVFULELQJKRZ WR I
ILQGLQJ FRQVROLGDWLRQ RSSRUWXQLWLHYV 7KLV VWUHQJW
RI\DQG WKHPDVWHUTVY WKHVLVY DSSURDFK HQDEOLQJ IXWXU
ZHOODQG UHSURGXFH WKH VDPHILQGLQJV IURP LW

JLIXUH 7KH VWHSV RI WKH 4XDQWLWDWLYH 'DWD 3URFHVV



7TKH4XDQWLWDWLYH 'DWD 3URFHVV

D, QWKHILUVWVWHS UDZGDWD ZDV FROOHFWHGDQG VWU X
XS DQG GHOLYHU\ ORFDWLRQ ZHLJKW DQG VL]H RI RUGH
LQIRUPDWLRQ SURGXFW W\SH FRVW RI GHOLYHU\ DQG V
FROOHFWHG IURP YDULRXV UDZ GDWD VRXUFHV FRPELQH

E 7KLV VWHS LQYROYHV UHPRYLQJ XQQHFHVVDU\ GDWD VR
WKH VFRSH RI WKH PDVWHU WKHVLV LY SURFHVVHG $00 C
ORJLVWLFVRUGHOLYHULHVRULJLOQDWLQJIURP RXWVLGH

F 7KH WKLUG VWHS VWHS F LQYROYHV YLVXDOL]LQJWKH G
GDWD YLVXDOL]DWLRQ WRRO ZDV XVHG 7KHWRRO RII

IURP DGGUHVV LQSXWV RQDPDSDQGPDNHV WKH SURFHV\
ORFDWLRQV HDVLHU WKDQ ORRNLQJDW WKH ORFDWLRQV

G 7KHILQDO VWHS VWHS G LQYROYHGILOWHULQJ WKH VX
FRPSDWLEOHIRUFRQVROLGDWLRQ ,Q WKLV FDVH WKH G
ORDG YROXPH ZKHUHVXSSOLHUVDQGSLFN XSORFDWLRQ
DV FRQVROLGDWLRQ RSSRUWXQLWLHYVY UDWKHU DSSHDU .
SUHVHQW DQYQYHD Go X11D TKHUHTXLUHPHQWYV IRUGHILC
IUHLIKWITV WUXFNORDG GHSHQGV RQ WKH WUXFN{fV YROXF
WLRQ SURFHVV WKHERXQGDU\EHWZHHQ /7/ DQG )7/ ZDV L
ZLWK DQ DYHUDJH YROXPHWULF ZHLJKW EHORZ KDOI IXOC
WUXFNV LQ 6ZHGHKQRYWDWE 7KXV DOO FROOHFWLRQV Z
OHVV WKDQ KDOI RI WKH PD[LPXP YROXPHWULF ZHLJKW ZH
DV /7]

$IWHU FRPSOHWLQJ VWHS G WKH SDUWLDO UHVXOW ZDV IF
TXDOLWDWLYH GDWD FROOHFWLRQ %\IROORZLQJ WKH DERY
'DWD 3URFHVY D ILUVW FDWHJRUL]DWLRQ ZDV PDGH DQG D C
HULHV ZLWK SRWHQWLDO IRUIXUWKHU UHVHDUFK RQ FRQVRO
LVDOVR URRP IRU IXUWKHU ILQHU ILOWUDWLRQ LI GHVLUHG E
ZKLFK JDYH DQ DGGLWLRQDO UHDVRQ IRUWKH PXOWL GLPHQ
OHFWLRQ S5HFHLYLQJ  TXDOLWDWLYHLQSXWY RQ WKH RXWFR
UHVXOWHG LQ WKDW FRQWLQXRXV LWHUDWLRQV RI VWHS G
EHSHUIRUPHG

&ROOHFWLRQDQG +DQGOLQJRI4XDOLWDWLYF

TKHTXDOLWDWLYHSDUWRIWKHGDWDILQGLQIJSURFHVVLQFO
LOQWHUYLHZYV JURXS LQWHUYLHZV TXHVWLRQQDLUHV DQG Z
VLPLODU WR IRFXV JURXSV %\FRPELQLQJVHYHUDO TXDOLWL
YDOLGLW\ RI WKHILQGLQJV LV VWUDLIJKWHQHG 7KH PDMRU '
VHPL VWUXFWXUHG LQWHUYLHZV ZKLOH WKH RWKHU PHWKR
JDWKHULQJY DOWKRXJK HTXDOO\LPSRUWDQW WR IRUP D FR
ZLWKLQWKHWKHVLVYVFRSHDQGWLPHOLPLW )XUWKHUPRUH
WDQFHRIDV\VWHPDWLF VWUXFWXUHEHIRUH GXULQJ DQGD
*DOOHWWBLIJKOLIKW WKH LPSRUWDQFH RI HVWDEOLVKLQJ D
WR RUJDQL]H WKH FROOHFWHG GDWD ,Q WKLV FDVH WKH OLV
ZHUH WKH EDVHOLQH IRU WKH TXDOLWDWLYH GDWD FROOHFW



IRUWKHDQDO\VLY DV ZHOO $IWHU FROOHFWLQJ VXIILFLHQW
WHPDWLFDOO\IROORZHG WR LGHQWLI\ SDWWHUQV UHODWHG
ILQGLQJY DQG FRQQHFW WKHP ZLWK WKH WKHRUHWLFDO |UI
WLRQ1DRPHWWDDSSURDFK 5HIHUHQFHV WR DOO LQWHUYLHZ
UHVSRQVLELOLWLHV DUH SUHVHQWHG LQ 7DEOH

6HPL VWUXFWXUHG ,QWHUYLHZV

&RQGXFWLQJVHPL VWUXFWXUHG LQWHUYLHZV LV D FRPPRQC
VHDUFXOOHWWD7KH PHWKRG LV H[SODLQHG WR SURYLGH LQ
UHIOHFWLRQV IURP HDFK SHUVRQ EHLQJ LQWHUYLHZHG ZKL«
VRLWFDQEH SODQQHG EHIRUHKDQG DQG HQVXUH WKDW WKH
2QH JHQHUDO TXHVWLRQQDLUH ZDV GHYHORSHG DV D IRXQGD
DOWHUDWLRQV DQG DGGHG RU UHPRYHG TXHVWLRQV GHSHOQ!
ZHH 7KH TXHVWLRQV ZHUH VHQW RXW DW OHDVW D FRXSOH R
HQDEOH WKH LQWHUYLHZHH WR UHIOHFW XSRQ VRPH SRWHQW
RUWRLQYHVWLIJDWH LI VKH KHLV PLVVLQJVRPHHVVHQWLDO
GXFWLQJWKHDFWXDO LQWHUYLHZ JXLGHOLQHV RQ KRZ WR S
IROORZHG VXFK DV WKRVH ZKR FD Q *DHOIRKK\Q'W RTKWHKH 2RI R
DXWKRU H[SODLQV KRZ WKUHH SKDVHV RI WKH LQWHUYLHZ Vk
VHIPHQW WKHPLGGOH DQG WKHFRQFOXGLQJVHJIJPHQW RI W

7KH WZR FRPSDQ\ UHSUHVHQWDWLYHYV ZLWKLQ WKH 3XUFKDV
SDUWPHQW ZHUH GHFLGHG HDUO\RQWREHLQFOXGHGLQ VHPI
UHSUHVHQWDWLYHYV ZLWKLQ 6WUDWHJILF 6RXUFLQJ ZHUH DO\
LQRUGHU WR PDS WKHLQERXQG ORJLVWLFV DQG WKH VWUDW
WKHUH DUH GLITHUHQW UROHV DQG UHVSRQVLELOLWLHV IRU |
FRPPRGLW\JURXSV DQG VXSSOLHUYYV 7KHUHIRUH ZKR WR LC
LQJVIURP WKH TXDQWLWDWLYH GDWD SURFHVVLQJ 7KH SHU)
FRPSRQHQWY DQG VXSSOLHUV LGHQWLILHG DV YDOXDEOH IR
RSSRUWXQLWLHY ZRXOG EH WKH RQHV PRVW UHOHYDQW WR
ZLWK

*URXS ,QWHUYLHZ

([FHSWIRUWKHUHOHYDQW DFWRUV ZLWKLQ 6WUDWHJILF 6RXL
KDYHDGGLWLRQDO RIWHQKDQGY RQ NQRZOHGJHRISXUFKD
WLRQV 7KRVH ZRUNLQJZLWK GD\ WR GD\RUGHU SODFHPHQW
WLFV ZRXOG FDUU\YDOXDEOHLQIRUPDWLRQ ZKLFK FRXOG LQ|
RIWUDQVSRUW RSWLPL]DWLRQ RSSRUWXQLWLHY ,Q WKH FRP
FDOOHG 9HQGRU 30DQQLQJ GHSDUWPHQW 7KHLU NQRZOHGJ
FKDUDFWHULVWLFVIURP UHOHYDQW VXSSOLHUV DPRQJRWK
IRU KR WR LOQWHUYLHZ ZLWKLQ 9HQGRU 30DQQLQJ DOVR GH.
TXDQWLWDWLYH GDWD SURFHVVLQJ DQG FRXOG QRW EH FRP!
HYHU VHHLQJDV WKH TXHVWLRQV WR EHDVNHG WR WKHVH ZH
QRW QHHG WR EH DOWHUHG EHWZHHQ HDFK LQWHUYLHZHH D .
DVXIILFLHQW GDWD FROOHFWLRQ PHWKRG 7KH JURXS LQWHL
LQWHUYLHZY DQG HQDEOHG D ODUJHU GDWD FROOHFWLRQ ZL
GRUSODQQHUV ZHUH JDWKHUHG DQGHDFKUHVSRQGHGLQGL



WKHVXSSOLHUVDQG IUHLJKW RIWKHLUUHVSRQVLEOH FRPPR
RXW WR WKHP DW OHDVW WZR ZRUNLQJ GD\V EHIRUHKDQG

"HHNO\OHHWLQJV

SHIDUGLQJWKHZHHNO\PHHWLQJVY WKH\ZHUHGHVLIJQHGDVLEL
FXVJURXSV VLPLODU WR &KW®RW H & B § BUHHEHGHAKHRRHHWLQJV

RSHQHG XS PRUH GLDORJXHDQGLQWHUDFWLRQ EHWZHHQ WK
UHVHDUFKHUV DQG VWULFW TXHVWLRQV ZHUH QRW SODQQH
&DUWHU DQG +HQGHUPS/RMLQ KRZLQ IRFXV JURXSV WKH UHVHI
WDNHRQD PRGHUDWRU UROHDQG SURYLGH WKH WRSLFV IRU
RIWHQ FRUUHVSRQGHG WR WKRVH W\SLFDO IHDWXUHYV ZKLOF
WR IROORZ WKH RUJDQL]J]HG VHW XS RI WKH GDWD KDQGOLQJ -
JHWKHU ZLWK WKH FRPSDQ\ VWDNHKROGHUVY ZKR KDYH EHHQ
FRPSDQ\GXULQJ WKH PDVWHUYV WKHVLV ZRUN 7KHVH UHSUF}
FRPSDQ\VXSHUYLVRUVDQGDVVRXUFHVRIYDOXDEOHTXDOL\
WKHVLY 7KH\KDYH UROHV UHVSRQVLEOH IRU VWUDWHJLF VF
WKXV LQIOXHQFHG E\ WKH SXUSRVH RI WKH UHVHDUFK ORUHF
DUH SDUWLDOO\DIIHFWLQJ WKH RXWFRPH RI WKH ZRUN

7TDEOH 5 HIHUHQFH WR WKH QWHUYLHZHHVY WKHLU UROHYV DC
FROOHFWLRQ PHWKRGYV

4XHVWLRQQDLUH

$GGLWLRQDOO\ DTXHVWLRQQDLUHZDVVHQWRXWWRDQH[W
SURYLGHU IRU )OINW*URXSLQ6ZHGHQ ,WFRPSOHPHQWHG WE
VRXUFHVDQGPDGHVXUHDKROLVWLFSLFWXUHZDVJDWKHUH
FHVV *DWKHULQJGLITHUHQW YLHZV LV H¥NE8QWWDIDBPZAAKHQ FRO
WLYDWLQJWKHVHDUFKIRUWKHH[WHUQDO SHUVSHFWLYHDYV
ZDV HVWDEOLVKHG DOVR GXH WR D UHFRJQL]J]HG JDS LQ WKH VW
SUDFWLFDONQRZOHGJH IURP ODUJHU 3/VHUYLFH SURYLGHU
HUDWLRQV VXFKDVWKHIUHLIKW VHUYLFHV WRDQG IURP WK
TXHVWLRQQDLUH DQG LWV ILQGLQJV IURP LW ZDV D VXSSOHP
WKHLQERXQG ORJLVWLFVDQG WUDQVSRUW URXWLQJ



7KH SULPDU\ GDWD FROOHFWLRQ PHWKRG DGGLWLRQDOO\ VX
WHUYLHZV ZHUH LQ VRPH FDVHV FROOHFWHG GDWD IURP WK
SOHPHQWHG 7KHQ IROORZ XS TXHVWLRQQDLUHV ZHUH GHYH
VRPH SUHYLRXV DQVZHUV

$QDO\VLV

$IWHU FROOHFWLQJ WKH TXDQWLWDWLYH DQG TXDOLWDWLY
YLHZV WKHILQGLQJY ZHUH FRPELQHG DQG VXPPDUL]J]HG LQ R
6\VWHPDWLFDOO\ VWUXFWXULQJ DOO GDWD WKDW ZDV FROO
DQDO\VLYV 7KHGDWD ZHUH WKHQ SURFHVVHG XVLQJEHORZ G
ORZHG E\ VXJJHVWLRQV RI SRWHQWLDO URXWHV IRUFRQVROL

6LQFHDOODFWLYLWLHVDQGRSHUDWLRQV ZLWKLQD FRPSDQ'
QHFWH®P HW DBWDGWOHW WRRO ZDV QHHGHG WR GHWHUPLC
FKDLQ DQG WKXV LQERXQG ORJLVWLFV GHVLJQ WKH FRPSDQ!
SHUVSHFWLYH 7KHUHIRUH WKH)LVKHUYV PRGHO ZDV FKRVH
RI WKH PRVWO\ DFFHSWHG PRGHOV IRU DQDO\VLQJ VXSSO\ Fk
LQJFRPSDBRICHI/GLQ DQG 20KDKHYLVKHU TV PRGHO IRFXVHV RQ
RYHUDOO VXSSO\ FKDLQ EDVHG RQ ILQLVKHG SURGXFWV WK
DQG WKH FKRLFH RI XVLQJ WKH PRGHO FRXOG EH TXHVWLRQH
HYHU DVLWHQDEOHV D KROLVWLF JXLGHOLQHKRZWR VWUXF
ZLWKRXW GLVWXUELQJ %HKORSBVILPQ G BHKMIKFWHGLWY WKH X
RILWLQ WKLV WKHVLV DV ZHOO

7UDQVSRUW RSWLPL]DWLRQ RSSRUWXQLWLHY DUH UHOLDQW
ZLWKLQ WKH LQERXQG @KJ LV W FIYODHHWZHRW Y& DFKLHYH WKH
HFRQRPLFDO DQG HQYLURQPHQWDO EHQHILWY RI LQERXQG C
HIIHFWV RQ D PDQXIDFWXULQJIORZ FDUHIXO FRQVLGHUDWLF
PDGMrDOOHU HW IPVHUQDOO\ VXSSOLHUDQG WKHLU JRRGV F
FUHDWLQJ D SXUFKDVLQJ SRUWIROLR $ ZLGHO\ XVHG PRGHO
PDWBDJHOO HW DOKHUHIRUH LQ WKLV WKHVLV D SXUFKDVLC
WKH .UDOMLF PDWUL[ ZDV GRQH GXULQJ WKH DQDO\VLV DV L
WKH GLIIHUHQW FRPSRQHQWYVY DQG VXSSOLHUV DQG HQDEOH
HDVLO\ FRQVROLGDWHG ZLWKRXW LQFUHDVLQJ DQ\ DGGLWLR
FKDVLQJSRUWIROLRDQDO\VLVY ZDVHQWLUHO\EDVHG RQ FROC
LOQWHUSUHWHG ZKLFK PLJKW SRVHD ULVN RIFRQILUPDELOLYV
SXUFKDVLQJ SRUWIROLR ZDV QRW WKH PDLQ EDVLV IRU GUDZ
RI XVLQJVHYHUDO DQDO\WLF WRROV VWUHQJWKHQHG WKH FL

J)LQDOO\ FRPELQLQJDQGFRQQHFWLQJWKHHPSLULFDOILQGL
LWDWLYH GDWD FROOHFWLRQ WRJHWKHU ZLWK WKH DQDO\VL)
VKLSPHQW FRQVROLGDWLRQ RSSRUWXQLWLHY 7RHQDEOH W
DV LWLV RQHRIWKHPRVW FRPPRQ WRROV XV HG OHDLYMAHD O C
DQG )DOVKDZ



JLVKHUYV ORGHO 3URGXFWV DQG6XSSO\ &KDL

7KHDQDO\VLV ZDV LQLWLDWHG E\WDNLQJD ODUJHU SHUVSHE
FKDLQ6KHQWOGLQ DQG 20KIHMRAULEH PDQXIDFWXULQJ FRPSDQ
ZDUGV LQFUHDVHG SHUIRUPDQFH VKRXOG FRQVLGHU WKH VX
WR LPSURYH WKH SURFHVVHV ZLWKLQ LW SURFHVVHV VXFK L
LQJ DQG ORJLVWLFV VROXWLRQV 7R EH DEOH WR HVWDEOL
WKH FRPSDQ\QHHGY FHUWDLQ WRROV WR PDWFK LWV SURGXF
SO\ FKDLQ 2QH VXFK WRRO GHYHORYHKG UV )LYKEHBEWPRE W&
GHSHQGLQJ RQ GHPDQG DQG PDUNHW H[SHFWDWLRQV SURC
RULQQRYDWLYH 7KH WZR SURGXFW FDWHJRULHYV FDQ IURP \
HIILFLHQW RU D UHVSRQMMKHUXSSO\ FKDLQ

,Q IXUWKHU GHWDLO LQYHVWLJDWLQJ SURGXFWV E\ WKHLU
PDQG SUHGLFWDELOLW\ OHDG WLPH DQG VHUYLFH ZLOO DFF
WKH\DUH IXQFWLRQBO ROGQMBYBWOKIVIKHU 7KH EDVLF

UHTXLUHPHQWYV IRUHLWKHU SURGXFW FKDUDRBWXQEWWR O DO |
SURGXFWDFFRUGLQJO\KDV IHDWXUHV VXFKDV ORQJOLIHF\F
SDWWHUQV DQG ORZ)SWREKFW YKDXWL HDWMAX SSO\ FKDLQ GHVLJC
VWULYH IRU LQFUHDVHG UHVRXUFH XWLOL]DWLRQ DQG FRVW
FLHQW VXSSO\ FKDLQ 2Q WKH RWKHU KDQG D SURGXFW LV H'
LQVWDQFH KDV D PRUH XQSUHGLFWDEOH GHPDQG SDWWHUQ
WLPH DQG D YHU\KLJK SURGXFW YDUHEWGE® D EDGVEZBKDUH U H
H[SODLQ KRZ )LVKHUYV PRGHO VXJJHVWV VWULYLQJIRUD PDL
VWHDG WR LQFUHDVH IOH[LELOLW\ FDSDFLW\ DQG LQIRUPEL
SURGXFW DQG VXSSO\FKDLQ LY GHPRQVWUDWHG LQ )LIXUH

7KHUH H[LVWV GHYHORSHG DGDSWDWLRQV RQ )LVKHUYTV PRG
DV ZHOO WKRVH DGMXVWLQJ WKH PRGHO VOLJKWO\ GHSHQG
ILUP %HFDYWOBLQ DQG 20KIRIGINOXGHG E\ WHVWLQJ )LVKF
RQ YDULRXV ILUPV QRW DOO FRPSDQLHV ZLWK FDWHJRUL]JHC
KDYH RUVWULYHIRU DQHIILFLHQW VXSSO\FKDLQ DV UHFRP
PDMRULW\ RI WKH FRPSDQLHV ZLWK WKH )LVKHU UHFRPPHQG
SURYHG D KLJKHU SHUIRUPDQFHLQ GHPDQG VSHHG GHPDQG C
QRVLJIQLILFDQWGLIIHUHQFHLQ TXDOLW\IRUWKHFRPSDQLHYV
)XUWKHUPRUH PDQXIDFWXULQJFRPSDQLHV ZHUH DOVR GLVF
FKDQJH LQ WKHLU VXSSO\ FKDLQ VHHLQJDV WKH\ PRUH RIWF
LQ UHVRXUFHVY QHHGHG WR HVWDEOLVK WKH DEVROXWH SHU
DGDSWDWLRQ WR )LVKHUfVPRGHO HQDEOHG DQ HVWDEOLVKPF
FDVHRID OHVV VWDQGDUG UHVXOW )RUHEVWDWEH HVKH/D G [
IRXU GLIIHUHQW VXSSO\ FKDLQ GHVLJQV LQVWHDG RI WZR GF
XQFHUWDLQW\ )RUHLWKHU IXQFWLRQDO RULQQRYDWLYH S
GHPDQG XQFHUWDLQW\ WKHPDWFKLQJVXSSO\FKDLQV UHFRF
LH HIILFLHQW UHVSHFWLYHO\UHVSRQVLYH +RZHYHU LQ F|
DQ HYROYLQJ/SHRFHWWWKHU UHFRPPHQGV D VR FDOOHG ULV
FKDLQ IRUIXQFWLRQDO SURGXFWV DQG DQ DJLOH VXSSO\ FKEC

7KHDQDO\VLV UHFRJQL]HG D/®B% DS WLRDWRKRK BAKH DXWKR U
LQJVLQWR FRQVLGHUDWLRQ DORQJ Z)IWK MUK HIRWZ BIO@®D @)L V|
XVLQJWKHOLVWRISURGXFW FKDUDFW B FIRPELBDDMAGXQVAL WIKV



|URMH H LQ J)LIXUERWK D TXDOLWDWLYH GDWD FROOHFWLF
DQDO\VLY SURFHVV DQG D PDWBRIGQFRXWE FIHIEBBNHORSHG 7
EHIRUH WKH DQDO\VLVY WKHLQWHUYLHZ TXHVWLRQV ZHUH IR
TXDOLWDWLYH GDWD ILQGLQJV L BW®E ®LUM D Q-SHAOHZ VKK ZR U |
RI JUHDW LQIOXHQFH WKHLU LQWHUSUHWDWLRQ RI )LVKHUTY
IDFWXULQJ FRPSDQLHV VXSSRUWHG WKH FRQGXFWLRQ RI WKL
“XVW GHEBGLQ DQG 20KWEKHMUWWRFN RXW UDWH ZDV LQWHUSUF
HU\UDWH LQVWHDG GXH WR WKH FRPSDQ\LQ TXHVWLRQ EHLQ
DQDO\VLV RIWKHDQVZHUV WKHQ HVWDEOLVKHG ZKHWKHU )O
LQQRYDWLYH ILQLVKHG SURGXFWV DQG ZKHWKHU WKH\ KDYH
VWDEOH SURFHVV GHPDQG XQFHUWDLQW\

JLIXUH &KDUDFWHULVWLFV RUXXPF 6XSSO\ GHPDQG XQFHL
WLRQDO DQG LQQRYDWLYH S WRIBLCOAMWFKDUDFWHULVWLFEFV
IRWHRXUFHGAHRPGLQ DQG 28WHRXUFHG/HIHRP

KDJHU

:KLOH WKLY PDVWHUYfV WKHVLYVY DLP ZDV QRW WR FRQGXFW D
WKHEHVW ILWWLQJ RYHUDOO VXSSO\ FKDLQ VWUDWHJ\IRU )C
DJDLQ LV WKDW LW ZDV DUJXHG LPSRUWDQW VWLOO WR JHW
DSSURSULDWH VXSSO\ FKDLQ GHVLJQ IRUWKH FRPSDQ\ 7KLYV
DQLQERXQG ORJLVWLFV VROXWLRQ WKDW ZRXOG HQWLUHO\F

KLFK ORJLVWLF VROXWLRQ FRXOG ILW ZKDW VXSSO\FKDLQ G
OLWHULWKHB 6HOOGLQ DQG 20KBHHU &RVW HIILFLHQF\ IF
VXSSO\ FKDLQV ZLWK IXQFWLRQDO SURGXFWV DQG ORZ GHPEL
FKDLQV FDQIRU H[DPSOH EH DFKLHYHG E\LPSURYHPHQWYV L
ORJLVWLFV VA\VWHPY HJ DSSO\LQJGLUHFW GHOLYHULHV WHF
FHVV WKXV HOLPLQDWHKYJ VRRGE BRWYWROYLQJ SURFHVYV ZLWK
SURGXFWYV SRROLQJLQYHQWRU\DQG PXOWLSOH VRXUFLQJF



VWUDWHI\ lHHWWHDBXUWKHUPRUH ITRULQQRYDWLYH SURGXF'
FHVV ORZ XQFHUWDLQW\ D SRVWSRQHPHQW VWUDWHJI\ DQC
DSSOLFLDE®HU /HH 'KHUHDV LQ D KLIK GHPDQG XQFHUW
LQJ SURFHWV DGGLWLRQDOO\ HPSKDVL]HG WKH LPSRUWD C
VKDULQJ ZLWKLQ WKH VXSSO\ FKDLQ VHHLQJ DV WKH FKDOO
SDUWLFXODUO\ WRXJK

JLIXUH )LVKHUYV VXSSO\ FKDLQ PDWFKLQJ IRU WKH ¢
FDWHJRULHYV
IRWHGDSWHGUVRIRU

J)LIXUH /HHYV DGDSWHG )LVKHU PRGHO
IRWEHRXUFHG/HHRP

7KH .UDOMLF ODWUL[DQG 3XUFKDVLQJ 3RUWIR

)RUWKHDQDO\VLV RIZKLFK VHIJPHQWHG VXSSOLHU LWHPV ZR:
WLRQ WKH .UDOMLF PDWUL[SXUFKDVLQJSRUWIROLR ZDV XVF
FHSWHG SXUFKDVLQJSRUWIROLRLQ VXS SI®\JHKDL 8\WDEDJHPH
,Q KLV RULJL QUWIDCMLVFISHIGIIN HQWYV IRXU GLITHUHQW WKHRULHYV
FKDVLQJVWUDWHJILHVY VKRXOG EHVWUXFWXUHG GHSHQGLQJ |
LVWLFV ,Q JWKMHSXUFKDVLQJ SRUWIROLR WKH .UDOMLF PDW
IRXUTXDGUDQWY UHSUHVHQW WKH FDWHJRULHV VXSSOLHUV |
LQJRQ WKH GHJUHH RI ULVN DQG WKH SURILW LPSDFW WKH\ K
.UDOMLF 7KXV FODVVLQJ WKHP HLWKHU DV QRQ FULWLFDO
ERWWOHQHFN VXSSO\ 7KWDFOMUERDY ZIRYAHRAEHHQ UHYLVLWH
ZRUNHG DV RUJDQL]DWERQYLRRIGCHU®DEFHKLISQH[DPSOH RI WKL)
LV WKH ZRDQLRHOV DQG *HOGHUKRYUHVHQWYV D PRUH PRGHUQ
ZKHUH WKH LQIOXHQFH RI SRZHUDQG GHSHQGHQF\EHWZHHQ



%HORZ GHVFULEHVY KRZ WKH EDVLFV IURP .UDOMLFYV PDWUL]
DQDO\VLV RI )OINW*URXSTV LQERXQG ORJLVWLFV VXSSRUWIL
SXUFKDVLQJ SRUWIROLR DQG WKHIROORZLQJVXJIJHVWLRQV I

J)LIXUH 3XUFKDVLQJ SRUWIROLR
1RWHR XUFHG&RRP DGDSWH.® DUWDRWL F

7TKH VXSSOLHUV DQG FRPPRGLWLHYV ZLWK WKH KLIKHVW SRWF
WR WKHHPSLULFDOILQGLQJVZHUH HDFK SODFHG LQWR RQH R
UHTXLUHPHQWY DV.GBUMWUEEWR EH YLHZHG LQ LUMW®G\ WKH IR
FXVZDV SXWRQDQDO\[LQJWKHULVNV ZLWKLQ )OINW*URXS1TV
LOVWDQFH VXSSOLHUV ZKR ZHUH VLQJOH VRXUFHG RU WKRYV
IHZ VXSSOLHU RSWLRQV ZHUH FODVVLILHG DV KLIKVRXUFLQ.
WKDW ZHUH PXOWLSO\ VRXUFHG RUKDG PXOWLSOH VXSSOLH
VWHDG FODVVLILHG DV ORZULVNV 6HFRQGO\ DQDO\]LQJ WK
RQ KRZWDLORUHG WKH SURGXFW ZDV IRU J)OINW*URXS &RPS
IRU )OINW*URXS RU UHTXLULQJ XQLTXH H[SHQVLYH WRROV G
ZHUHFODVVLILHGDVKDYLQJKLJK SURILWLPSDFWYV 6WDQGD
VLILHG DV KDYLQJD ORZHU SURILW LPSDFW %\JDWKHULQJ L
FROOHFWLRQ DQG LQWHUYLHZ SKDVH ZLWK )OINW*URXSTYV HF
SURFXUHPHQW WKH FDWHJRUL]JLQJ RI TXDGUDQW JURXSYV ZD
WKH GLITHUHQW TXDGUDQWV UHSUHVHQW IXUWKHU URXWH FR

&RQFOXVLYHO\ WKH SXUFKDVLQJ SRUWIROLR VXSSRUWHG W
VXSSOLHUVDQG WKHLU LWHPVY WR GHOLYHU ,WHQDEOHG LQ\
RSWLRQV ZRXOG EHDIIHFWHG E\WKH FRQVWUDLQW RI QRW FF
VDPHTXDGUDQWLQRQHVKLSPHQW )RULQVWDQFH DOOGHO
RUVWUDWHILFLWHPV PLIJIKWQRWEHYLDEOHWRFRQVROLGD
FRPSOH[LW\LQ WKHVXSSO\PDUNHWDQG PLIJIKWOHDG WR VWR
WLPH )XUWKHUPRUH IRUQRQ FULWLFDO DQGOHYHUDJH LW
WKH SRWHQWLDO IRUFRQVROLGDWLRQ ZLWK DQ\ RWKHU LWH
PRUHURXWHRSWLRQV WR IXUWKHU UHFRPPHQG



6:27 $QDO\VLV

7KH 6:27 DQDO\WLV LV D XVHIXOWRROIRUEXVLQHVVHV WR LGF
DQG HIWHUQDO FKDUDFWHULVWUFMOZLQWK ZQWWK H FRRSPBYV DQ
VZHULQJ IRXU VLPSOH TXHVWLRQV DVNLQJ ZKDW WKH VWUHQ
DQG WKUHDWV DUHRIWKHDQDO\HG VXEMHFW 7KH 6:27 DQDC
JDWH ZKDW VWUHQJWKVY DQG ZHDNQHVVHV WKH FXUUHQW LQE
DVWR UHDOL]H WKHRSSRUWXQLWLHY DQG WKUHDWV RI WKH F

%\ FRQVLGHULQJWKHDQDO\WVLVDQG FDWHJRUL]LQJPDGH ZLW
.UDOMLF PDWUL[ IUHLJKW DQG SDFNDJLQJILQGLQJV DQG FD
WHULVWLFV GDWD WKH 6:27 DQDO\VLYV VXSSRUWHG WKH QH[W
URXWHV IRU RSWLPL]DWLRQ DQG FRQVROLGDWLRQ )RU DOO
6:27 PHWKRG HDFK RI LWV IRXU TXHVWLRQV ZDV VI\VWHPDW
IURP WKH SHUVSHFWLYHRIURXWHFRQVROLGDWLRQ RSSRUW.
IRUWKH DQDO\VLV LQ WKLV FDVH )RU LQVWDQFH UHJDUGLC
WR WKH GHYHORSHG SXUFKDVLQJ SRUWIROLR WKHDQDO\VLYV
QHVVHY ERWWOHQHEN FRPPRGLWLHV PLJKW KDYH LI EHLQJ F
GHOLYHUHG IURP VXSSOLHUV FRQVLGHUHG DVOHYHUDJH RU
WKHUPRUH LQIRUPDWLRQ RQ SURGXFW DQG IUHLJKW FKDUL
DQVZHULQJWKHIRXU T TXHVWLRQV RIWKH 6:27 DQDO\VLV DV Z
RI VXSSOLHUV ZLWK FRQVROLGDWLRQ RSSRUWXQLWLHV 7KHX
WKHDQVZHU WR ZKHUH WKH URXWHV ZLWK WKH PRVW VWUHQJ
LWHPV VKRXOG DQG VKRXOG QRW EH FRQVROLGDWHG

6 XJIJHVWLQJ 5RXWHYV

7KH QXPEHURIURXWH SODQQLQJPHWKRGV DQGDOJRULWKPYV
WLPL]DWLRQLQ WKHLQGXVWU\DQG ZLWRY 8 QMKAHD FEEEHPLF Z|
RIWHQ XVHVDGYDQFHG FDOFXODWLRQ IRUPXODV DQG KLJKO\
6LQFH VLPXODWLQJ URXWHV DQG XVLQJ URXWH SODQQLQJ D
SXUSRVHDQG VFRSH SDUWO\GXHWR WLPHFRQVWUDLQWYV D¢
VRIWZDUH SURJUDP DQDUJXDEO\PRUHEDVLFPHWKRG HQDE(
ZDV IROORZHG LQVWHDG

, QLWLDOO\WKHPRVWRSWLPDOURXWHRSWLRQVZHUHLGHQW
LQJV DQG WKH .UDOMLF )LVKHU DQG 6:27 DQDO\VLV 7KXV
WKH URXWH FRQVROLGDWLRQ SRVVLELOLWLHYV SURYLGHG E\
FRQVLGHUDWLRQ RIWKH TXDOLWDWLYH ILQGLQJVDQG WKH H
EOHURXWHV DFFRUGLQJ WR WKH GHWHUPLQHG UHOHYDQW W
WLWDWLYH GDWD SURFHVVLQJ ZHUH FDOFXODWHG PDSSHG
IURP *RRJOH ODSV ZHUH XVHG WR VXSSRUW D URXWH YLVXDO!
VHUYLFH*RRJOHODSVDOORZHGDQHDVLO\DFFHVVHG JHRJUL
EHWZHHQ GLIITHUHQW VWRSV WKH WUDYHO WLPHV DQG GLVYV
RI WRWDO DYHUDJH YROXPHWULF ZHLIJKW VXSSRUWHG WKH (
EH SRVVLEOH WR SODQ RUQRW 5RXWHV FRQVLGHUHG SRVVL
ZKHWKHU WKH WRWDO DPRXQW RI GLVWDQFH ZRXOG WR GHFU
ORZHG E\DQDVVHVVPHQW RI ZKHWKHU WKH URXWH ZDV NHSW
WLRQV RI' lUHLJKW VWDQGDUGYV )XUWKHUPRUH LQIRUPDWLR
SDFNDJLQJ FKDUDFWHULVWLFYV DQG VXSSOLHUFRPSDWLELO



DOOJDWKHUHG IURP WKH TXDOLWDWLYH GDWD ZHUH DOVR F
WHQWLDO URXWH (VSHFLDOO\UHOHYDQW ZHUH WKH IUHLJKW
RIZKHWKHU WKH JRRGV ZDV SDFNHG LQ ZzD\VDYDLODEOH IRU
WKH SDFNDJLQJ VWDFNHG RQ WRS RIHDFK RWKHU PRUH YRO
DFKLHYH D KLIKHU YROXPHWULF ZHLJKW %\ FRQVLGHULQJ YV
RQO\ WKH HIf[ WHUQDO JHRJUDSKLFDO DELOLW\ ZDV WKH EDVL
LOQWHUQDO SK\WLFDO SURGXFW IUHLJKW QHHGY FRQVLGHUH«

&DOFXODWLRQ )RUPXODYV

TKHTXDQWLWDWLYHGDWD ILQGLQIJVZHUH XVHG DV EDVLV IRL
VLVRIWKHLQERXQG ORJLVWLFLQ DQGWUDQVSRUWV WR )OIN
IRUPXODVZHUH XVHG GXULQJWKHHPSLULFDOILQGLQJV VRPI
LOQSXWV GHYHORSHG GXULQJWKHDQDO\VLV 6LPSOHFDOFXO
ZHLIJKW RI GHOLYHULHYV IURP FHUWDLQ VXSSOLHUV RU SLFN
VWUDLJKW IRUZDUG DQG GRHV QRW QHHG WR EH IXUWKHU LQ
OHVV FRPPRQ FDOFXODWLRQV DQG IRUPXODV XVHG DUH GHVF
ZDV XVHG GXULQJ WKH HPSLULFDO ILQGLQJYVY DQG WKH ILQGL
YLURQPHQWDO FDOFXODWLRQV RQJUHHQKRXVHJDV HPLVVLF
RIWKHDQDO\VLVY KDG EHHQ HVWDEOLVKHG LQVWHDG

(24 DQG '"HOLYHU\ )UHTXHQF\

,QRUGHU WR DQDO\VH SURILWDELOLW\RI SRVVLEOH 6&/ SROL
WKH (24 IRUPXOD 7KH (24 IRUPXOD LV D YHU\VLPSOH RUGHU T
XVHG E\D ORW RI ERWK VPDORDQGIEYL J FRKAMSIRQPXWD XVHV IR
SDUDPHWHUVY GHPDQG SHUWLPH XQLW IL[HGRUGHU FRVW FI|
LQJ SHU LWHP SHU WLPH XQLW 7KHVH SDUDPHWHU JLYH WKH
FRQVWDQW RUGHU UDWH %\ XVLQJ WKH RSWLPDO RUGHU TXD
GHOLYHULHV ZDV FDOFXODWHG EA\GLYLGLQJWKHDQQXDO GH

(24RUGHU¢&%§#

h

‘KHUH

D <HDUO\GHPDQG

C )L[HG RUGHU FRVW

h KROGLQGFRYWHOH FRVW SHU ULWHPDBIGRXVLQJ FRVW

(QYLURQPHQWDO ,PSDFW &DOFXODWLRQYV

7TKH QXPEHU RI SROOXWLRQ HPLVVLRQV IURP IUHLJKW ZDV G
DQ HDVLO\ DFFHVVLEOH /&% WRRO ZLWK GLVWDQFH DQG ZHL
JHVWLRQV DV LQSXWYV 7KHUHIRUH WKH WRRO 170&DOF ZL
DQDO\VLV ZKLFKLV D VRIWZDUH SRG E®GNGEEG\RQ PRGHOV IRO
WKH ,62 VWDQR&BDUG 7KHEDVLF YHUVLRQ RI'170&DOF ZD)\
RQOLQHIRUIUHHDQG SURYLGHG DVLPSOLILHG ZD\WR HVWLP



SRWHQWLDO IXWXUHLPSURYHPHQWY RIWKHVWXGLHG URDG V
RI'WKHPDSSHG LQFRPLQJGHOLYHULHV ZDV EH\RQG WKH VFR S
WHUfV WKHVLV ,QVWHDG WKH SULPDU\IRFXV ZDV WR LQYHYV
LPSDFW RI T[UHLJKW ZLWKLQ )OINW*URXSYV LQERXQG ORJLVW
LQJRSWLPL]HG URXWLQJ VWUDWHJILHV %\ FRPSDULQJ WKH G
ORJLVWLFV ZLWK SRWHQWLDO URXWH RSWLRQV GHYHORSHG
WLRQ VXSSRUWHG WKH HVWDEOLVKPHQW RI WKHILQDO URXW
WKH ODUJHVW UHGXFWLRQ FRPSDUHG WR WKH FXUUHQW WUD
HPLVVLRQ SHUVSHFWLYH WKHURXWHWR SUHIHU

, QPRUHGHWDLO WKHRXWSXWUHWULHYHGIURP WKHVRIWZD
DPRXQWRIWRWDOFDUERQHPLVVLRQV WKXVWKHDPRXQW RI
DPRXQW FRPLQJIURP IRVVLO IXHO DV ZHOO DV WKH DPRXQW
DQG WKH RI QLWURXV R[LGH 1 2 $ UHGXFWLRQ RI HDFK Rl WK
GHYHORSHG URXWH RSWLRQ ZRXOG OHDG WR DQ RYHUDOO U
3DUW RI WKH VRIWZDUH LV LOOXVWUDWHG LQ )LIJXUH

JLIXUH ,OOXVWUDWLRQIURP 170&DOF %DVLF GXULQJLQS)
I1RWEHR XUFHGILTORP

TR HVWDEOLVK DV FRUUHFW RXWSXW UHVXOW SRVVLEOH WK}
ODWLRQVKDGWRDOVREHDVDFFXUDWHDQG REMHFWLYHDV .
GLVWDQFH IRUHDFK URXWHDQG GHOLYHU\ $V FRQVROLGDW
HDUOLHULQ WKHDQDO\WVLY WKH WRWDO GLVWDQFH RI'VHYHL
DGGUHVVHV GLITHUHQWLDWHG WR WKH GLVWDQFH D URXWH F
ZRXOG KDYH 7KXV WKHGLITHUHQFHLQ WKHGLVWDQFH LQSX)
WRDGLITHUHQFHLQ WKHHPLVVLRQRXWSXW DQGDFRPSDUL\
EHGRQHWKHUHRI 7KHGLVWDQFHV RIWKHFXUUHQW GLUHFW
RSWLRQV ZHUH EHIRUH WKHHQYLURQPHQWDO FDOFXODWLR(

$QRWKHU LQSXW ZzDV WKH VKLSPHQW ZHLJKW DIIHFWHG E\ W
HDFKIUHLJKW 7KHWRWDO ZHLJKW RIWKHWUXFN FDUU\LQJ D
WKHDPRXQWRI SROOXWLRQ HPLWWHG IRUHDFK GLVWDQFH )
PXP WRWDO ZHLJKW RIDURXQG WRQV LQFOXGLQJPD[ VKIL
IHZHU HPLVVLRQV VKLSSLQJ LWV IXOO ZHLJKW FDSDFLW\ FRP:



VKLSSLQJKDOIWKHLU FDSDFLW\HDFK 7KLV FRQVLGHULQJDC
ZLWK WKH VDPH W\SH RI IXHO

6HHLQJ DV SDUW RI WKLY PDVWHUTV WKHVLV REMHFWLYH LV YV
PHQWDO HIIHFWV RIRSWLPL]JLQJWUDQVSRUWHHRSIVIRFOWKE D W LI
GLVWDQFHDQG ZHLJKW DUH LPSRUWDQW SDUDPHWHUYV WR FF
SDUDPHWHU DW D WLPH ZLOO HQDEOH D GHHSHU XQGHUVWDQ
HPLVVLRQ RXWSXWV 7KHUHIRUH WKH LQLWLDO IRFXV RQ W
FRQVROLGDWLRQV ZDV ODLG RQ WKH GLITHUHQFHLQ GLVWDQ
SRUWDQG WUXFN ZzDV VHW DV FRQVWDQW IRU HDFK URXWH D
WKHFXUUHQW IUHLJKW VROXWLRQV IRU )OINW*URXS ZHUH PD
LQJDFWRU ZKLFKWR VRPHH[WHQW XWLOL]HV )OINW*URXSTV
WKHLU JRRGV ZLWK RWKHU HIWHUQDO JRRGV WKH XWLOL]DW
UHQW IUHLJKW VROXWLRQV ZDV LOQWHUSUHWHQXWUREMW DWH Q
DE 6XFKJIJHQHUDOL]DWLRQ RIWKHUDWHZDV GRQH IRU VLF
EHFDXVHRID ODFNRIHWHUQDO GDWD RQ WKH 3/VHUYLFH SU
UDWH 7KH XWLOL]DWLRQ UDWH ZDV WKHQ DSSOLHG DV DQ
GHYHORSHG RSWLPLIHG URXWHRSWLRQV DV ZHOO

JXUWKHUPRUH WR DGGLWLRQDOO\ FRPSHQVDWH IRU WKH G|
HDFKSLFN XSDGGUHVV WKHGLVWDQFHVIURP WKHFROOHFW
ZHUH FDOFXODWHG RQ D\HDUO\EDVLYVY ZLWK HDFK GLVWDQF
OLYHULHV SHU\HDU )RU WKH FRQVROLGDWHG URXWH VXJJH'
EHFRQVWDQW DV WKDW RI WKH ZKROH URXWH DQG WKH GHO
WKHVXSSOLHUV ZLWK WKH KLIKHVW I[UHTXHQF\ RI GHOLYHUL
IURP WKH FRQVROLGDWHG URXWH VXJIJHVWLRQV DUHIURP D Z



(PSLULFDO ILQGLQJV

7TKHFKDSWHU SUHVHQWV WKHILQGLQJVIURP WKHTXDQWLWD)
7TKH ILUVW SDUW LV LQLWLDOL]J]HG ZLWK WKH SURFHVVLQJ RI |
VWHSV RI WKH 4XDQWLWDWLYH 'DWD SURFHVYVY 7KHUHVXOW [
ZLWK WKHILQGLQJVIURP WKH TXDOLWDWLYHLQWHUYLHZV I
WLRQV ZKLFKHYHQWXDOO\HVWDEOLVKD KROLVWLF EDVH IR

&EXUUHQW 6WDWH RI )OINW*URXS

&XUUHQWO\ )OINW*URXS KDV VXSSOLHUV ORFDWHG WKURX

FRPSRQHQWY WR WKHLU PDQXIDFWXULQJ IDFLOLW\ LQ -
GXFWLRQ IDFLOLW\LQ -|QN|SLQJ KDV D FHQWUDO LQERXQG O
SDVVHV WKURXJK IRUUHJLVWUDWLRQ EHIRUH EHLQJ DVVLJQF
DJH OREFDWLRQV 7KLV LQWHUQDO ORFDWLRQ IRUVWRULQJ S
LV H[SODLQHG WR KDYH D ORZ FDSDFLW\ ZLWK OLPLWHG LQY
H[SDQG

5HIDUGLQJ WKH LQERXQG IUHLJKW )OINW*URXSYTV VXSSOLHL
UHVSRQVLEOH IRU RUJDQL]LQJ WKHLU GHOLYHULHV WRJHWK
VHUYLFH SURYLGHU :KHQ DQ RUGHU LV SODFHG E\ )OINW*UR?
3/ VHUYLFH SURYLGHU DQG DUUDQJHV IRU SLFENXS LQGLYLG:
WKHQ UHVSRQVLEOHIRUWKHGHOLYHU\WR )OINW*URXS 1R FI
GHOLYHULHVLVWKHUHIRUHLQ SODFHDW WKHPRPHQWRI ZUL
WKDQ ZKDW PLJKW EH DUUDQJHG LQWHUQDOO\ E\ WKHLU PDM
EHIRUH WKLV PDVWHUYV WKHVLV QR PDSSLQJ RI WKH QDWLR
ERXQG ORJLVWLFVY RSHUDWLRQV LQ -|[QN|SLQJ KDV EHHQ PDC
EHHQ DQ\DGYDQFHG LQ GHSWK DWWHPSWV WRZDUG ILQGLQ
HLWKHU

AXDQWLWDWLYH 'DWD )LQGLQJV

7TKHIROORZLQJILQGLQJV LV VWUXFWXUHG DFFRUGLQJ WR WK
OLVKHG LQ WKHPHWKRGRORJ\ VHFWLRQ DERYH %\ FROOHFW
WKH GDWD SURFHVVLQJ HDFK SLFN XS GHOLYHU\ ORFDWLRQ
VHQGHU UHFHLYHU DYHUDJHDQG PHGLDQ YROXPHWULF ZHL.
HIWUDFWHGDQG FRPELQHG IURP WKHYDULRXV UDZ GDWD VRX
W*URXS )XOO GHVFULSWLRQ RIWKH UDZ GBWKHLEORHVERLDA BH \
ILOH FRQVLVWHG RI GDWD SRLQWV $IWHU WKH VHFRQG \
GHOLYHULHYV RULJLQDWLQJ RXWVLGH RI 6ZHGHQ DQG GXSOL!
GDWD SRLQWV UHPDLQHG

7KH UHPDLQLQJ GDWD SRLQWYV ZHUH YLVXDOL]HG LQ WKH WK
SURFHVV WKH QXPHULFDO GDWD L% SUHWHQYWEG DQ FSSHQC
IRUP 7TDEOHDXDV XVHG DQG SORWWHG HDFK SLFN XS ORFDW
LV GHPRQVWUDWHG LQ WKH )LJXUH



JLIXUH /RFDWLRQV RI )OINW*URXSYV 6ZHGLVK 6 XSSOLHUYV ZL\

$ WRWDO RI GLITHUHQW SLFN XS ORFDWLRQV ZHUH SUHVHQ\
ORFDWHG LQ PLGGOHDQG VRXWKHUQ 6ZHGHQ 8VLQJ WKH 7D
ZHUH DSSOLHG DQG YLVXDOL]J]HG VLPXOWDQHRXVO\ (DFK FR
DV /7/ZDV NHSW DQG WKH UHVW ZLWKGUDZQ IURP IXUWKHU Y
UHVXOWHG LQ D IHZ VXSSOLHUV DQG SLFN XS ORFDWLRQV EF
RI ORFDWLRQV DFKLHYLQJ WKH VRUWLQJ UHTXLUHPHQWYV GH
SLFN XS ORFDWLRQV ZHUH UHPRYHG LQ WKLY SDUW RI WKH VW

7TKH SLFN XS SRLQWYV OHIW ZDV VRUWHG DFFRUGLQJ WR GHOI
PDGH YLVXDO ZLWK FRORU FRGHGJURXSLQJ VWDUWLQJZLWEk
DKLIKIUHTXHQF\RIRUGHUVY EHLQJFROOHFWHG DW OHDVW R(
\HOORZ PDUNV IRU PHGLXP IUHTXHQF\ RUGHUYV EHLQJ FROOH
ZHHN WKHQ JUHHQ PDUNV IRUORZIUHTXHQF\RUGHU EHLQJF
WKDQ RQFHD ZHHN DQGJUH\PDUNVIRURQH WLPHGHOLYHUL
ODVW\HDU



J)LIXUH /RFDWLRQV RI)OINW*URXSTV +LJK J)UHTXHQF\GHOLYH

JOINW*URXSKDYH KLJK IUHTXHQF\SLFN XSORFDWLRQV WKD
7KH KLIJK TJUHTXHQF\ GHOLYHULHYVY DUH ORFDWHG LQ IRXU PDL
VRXWK DQG ZHVW RI )OINW*URXSYV SURGXFWLRQ VLWH LQ -|!
WKH HDVWDQG ZHVW FOXVWHUY DUH ORFDWHG LQ PDMRU GF
WZR WKHQRUWKDQG WKHVRXWK DUHORFDWHG FORVH WR P
LQ)LIXUHKHLU JHRJUDSKLFDO SRVLWLRQV DUH SUHVHQWHG

JLIXUH /RFDWLRQV RI )OINW*URXSYV OHGLXP )UHTXHQF\ GHOI



TKHUH DUH PHGLXP IUHTXHQF\ SLFN XS ORFDWLRQV 7KH PI
DUHDOPRVW HQWLUHO\ FOXVWHUHG LQ FORVH SUR[LPLW\ WF
PRVW RI WKHP EHLQJ LQ WKH VRXWK DQG ZHVW FOXVWHUV L
PHGLXP IUHTXHQF\ GHOLYHULHY DUH RXWOLHUV DQG QRW FC
JHRJUDSKLFDO SRVLWLRQV DUH SUHVHQWHG LQ )LIJXUH

JLIXUH /RFDWLRQV RI )OINW*URXSYV /RZ )UHTXHQF\GHOLYHU

JOINW*URXS KDV ORZ ITUHTXHQF\ GHOLYHULHYVY 7KH ORZ IL
KLIJKHU VSUHDG LQ FRPSDULVRQ WR WKH PHGLXP IUHTXHQF\ I
RXWLQ EHWZHHQ WKH KLIJK TUHTXHQF\ GHOLYHULHV ZLWK OL
DQG VRXWKZHVWRI-|QN|SLQJ 7KHLUJHRJUDSKLFDO SRVLWL



J)LIXUH /RFDWLRQV RI)OINW*URXSTV 2QH 7LPH GHOLYHULHYV

7TKHUHVXOWVDGGLWLRQDOO\GHPRQVWUDWH WKDW )OINW*U
\HDU 7KHVH DUH VSUHDG RXW PRVWO\ QH[W WR RWKHU C
GHOLYHULHV ZLWK VRPH RXWOLHUVY ORFDWHG LQ WKH VRXW
VHH )LIXUHKHLU JHRJUDSKLFDO SRVLWLRQV DUH SUHVHQW F

'LWKDOOWKHGHOLYHU\IUHTXHQFLHV ZIH-MDQU¥HIGVY R OKW&H G
WKDW PRVW VXSSOLHUV DQG SLFN XS ORFDWLRQV ZLWKLQ W
URDGVY PRYLQJEHWZHHQ PDMRU XUEDQ DUHDV LQ 6ZHGHQ

TR IXUWKHU VXP XS WKH UHVXOW IURP WKH LQLWLDO TXDQWL
DUHODWLYHO\ODUJH VSUHDG RI GHOLYHU\IUHTXHQF\ WR WK
WKH KLJK DQG PHGLXP IUHTXHQF\ GHOLYHULHY DUH RQO\

DYHUDJH YROXPHWULF ZHLJKW DGG XS WR RI WKH WRWDOLC
GHOLYHULHV 7KLVFRPELQHGZLWKWKHUHJXODUIUHTXHQF\

DUHVLJQLILFDQWO\UHVSRQVLEOHIRUWKHPDMRULW\RIWKH
-|QN|SLQJ



J)LIXUH 5RDG PDS RI )OINW*URXSfV 6ZHGLVK SLFN XS ORFDWL

AXDOLWDWLYH 'DWD )LQGLQJV

7KH UHVXOWV I[URP WKH 4XDQWLWDWLYH 'DWD 3URFHVV ZHUH
VHQWDMWLYHQYLWLDOO\ GXULQJDQ LQIRUPDO PHHWLQJ +HUF
NHHS DQ RQZDUG IRFXV RQ WKH KLJK DQG PHGLXP IUHTXHQW
WDWLYH ILQGLQJV WRGV DV XWKHUHSUHVHQWDWLYHV IRUHV
RSSRUWXQLWLHVY WKHUH WR PDNH DQ LPSDFW RQ WKH FRPSD
WLPH DQG ORZ IUHTXHQW GHOLYHULHV ZHUH YLHZHG WR FD)
RIWHQ EH WKH UHVXOW RI FHUWDLQ XQLTXH SURMHFWYV HDFK
ZLOO QRW IRUVXUH UHRFFXULQ WKHIROORZLQJ\HDUV 7KHU!
ZHUH IXUWKHU ILOWHUHG WR RQO\ LQFOXGH KLJK DQG PHGL.
PRUHIUHTXHQW RUHTXDO WR WLPHV D\HDU IRUWKHIROOF



J)LIXUH *HRJUDSKLFDOO\JURXSHG FOXVWHUV RI+LJK DQG OHC(

7KH PHHWLQJ UHVXOWHG LQ SLFN XS ORFDWLRQV IURP WK
GHOLYHULHV WR IXUWKHU ZRUN ZLWK $GGLWLRQDOO\ WR FL
VXSSOLHUV DQG SLFN XS SRLQWV ZHUH GLYLGHG LQWR ILYH J
LQJ WKHLU JHRJUDSKLFDO SODFHPHQW UHODWLYH WR WKH -|
LOOXVWUDWHY WKH FOXVWHUVY DQG WKH ORFDWLRQV ZLWKLC
OLYHU\IUHTXHQF\VXFK DV VXSSOLHU QDPH DYHUDJH YROXP|
HIWUDFWHG IURP WKH GDWD D QD D QGLIEVWSRIRY RDEACHBD XQ $S S+
7KH OLVW LQ WKH DSSHQGL[ VHUYHG DV D EDVH IRU FRQGXFV
DQG FRPSOHPHQWDU\ TXHVWLRQQDLUHV $IWHU WKH TXDOL!
*URXS UHSUHVHQWDWLYHV L H LQGLYUGXDQ,VHPQGVWHKKFW
JURXS LQWHYNILHZSURYLGHG WKH PDLQ ILQGLQJV IURP WKH LC
IROORZLQJILQGLQJV IURP WKHVH SULPDU\ GDWD FROOHFWLR
WKHQ IXUWKHU VWUXFWXUHG DQG FDWHJRUL]HG DFFRUGLQJ"
VXSSOLHU YHQGRU LQWR W KOHIG[ W)RQ VHLYWHHUAD/EXSISW LHU YHQGH
PDWLRQ UHJDUGLQJ IUHLJKW SDENDJLQJ DQG SURGXFW FK
UHODWLRQVKLSY DUH UHSUHVHQWHG LQ WKH WDEOHV )LQGC
VHQWHG DQG GHVFULEHG LQ WKH IROORZLQJVHFWLRQV EHOF

6RXUFLQIJDQG 6 XSSOLHU 5SHODWLRQVKLS

SHIDUGLQJ LQIRUPDWLRQ RQ FRPSRQHQWYVY DQG SURGXFWYV E
DQG LQIRUPDWLRQ RQ SRZHU G\QDPLFV DQG VXSSOLHU UHOI
WKH UHODWLYHO\ ODUJH DPRXQW RI FRPSRQHQWY EHLQJ SUF
ILW )OINW*URXSTV SURGXFWLRQDQG PDQXIDFWXUHG SURGXF
VXFK DGMXVWHG FRPSRQHQWY DUH VLQJOH VRXUFHG HLWK
VXSSOLHU RSWLRQ RUZLWK MXVW D IHZ RWKHU RSWLRQV RQ
VHYHUDO VWDQGDUG SURGXFWYVY EHLQJ GHOLYHUHG WR )OINYV
ZLWKLQ WKH ORRNHG XSRQ IUHTXHQF\ JURXSV )RU PRVW RI
WDEOHV KRZHYHU )OINW*URXS ZRUN ZLWK D GXDO RUPXOW



)XUWKHUPRUH WKH VXSSOLHU UHODWLRQVKLS VLWXDWLRQ |
JOINW*URXS KDV D UHDOO\EDGUHODWLRQVKLS” ZRHUBBPWDQ
LQRWKHUV UHDOO\JRRG VXS)RULHRIPH LROSIPEIOHIV LQ ERWK W
ZDV QRWKLQJVSHFLDO WR FRPPHQWRQ GXULQJWKHLQWHUYL
SUHWHG DV QHLWKHU JRRG QRUEDG 6LPLODUO\ IRUSURGXF
EODQN DUH LQWHUSUHWHG DV HLWKHU VWDQGDUG RU LWHPV
LI QRWKLQJ HOVH LV FRPPHQWHG RQ LQ WKH RWKHU FROXPQ"
EDODQFH FDQ DOVR EH QRWHG )RU VRPH VXSSOLHUV WKH U
BRXUFLQJIHHO WKHUH LV DOPRVW QR URRP IRU QHJRWLDWLR
ODUJHU DFWRU WKDQ WKH ILUP H J VXSBM®G&NNYSI0DKQGVES LOX
$ LQ 7DEOH,Q JHQHUDO WKH FRPPRQ PHDQV RI FROODERUDW
D SXUH RUGHU UHODWLRQVKLS ZLWK VRPH H[FHSWLRQV ZKH
PHHWLQJV 7KHVHPHHWLQJY DUH WKRXJK PRVWO\WKH UHV X
OHP RI VXSSO\LQJFRPSRQHQW FXUUHQW GXH WR FRPSRQHQW
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