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Executive Summary

Resource scarcity, growing waste streams, and increasing environmental pressure make the transition
towards a circular economy an urgent societal and organisational challenge. This urgency is reinforced
by sustainability reporting requirements, such as the CSRD and related standards. Organisations are
increasingly expected to make their waste streams, environmental performance, and circular progress
visible.

Digital circular-economy platforms are often presented as important infrastructures for this transition. In
business-to-business waste-value ecosystems, such platforms can make waste volumes, separation
percentages, waste-related costs, CO,-related indicators, and location-level differences visible.
Yet visibility of waste-related platform data does not by itself constitute circular value creation.
Circular value depends on whether residual material flows can be physically separated, classified,
collected, processed, and revalorised, often involving actors beyond the waste-producing organisation.
Consequently, similar platform information may become connected to circular follow-up in one
organisation, while remaining mainly informational, report-oriented, or weakly embedded in another.

Existing literature provides useful but fragmented insights into this issue. Digital circular-economy
platform literature highlights the potential of platforms for data exchange and ecosystem coordination.
Technology-adoption literature explains how users evaluate digital systems and whether they perceive
them as useful and trustworthy. Socio-technical and practice-based information-systems literature
shows that technology use depends on routines, responsibilities, and organisational embedding.
Digital-circularity literature identifies barriers related to data quality, inter-organisational coordination,
interoperability, and ecosystem dependencies. However, limited empirical insight exists into how these
conditions interact in practice within business-to-business waste-value ecosystems.

The objective of this thesis is therefore to explain when and how waste-related platform information can
contribute to the broader circularity purpose of digital circular-economy platforms. The central research
question is:

Under which socio-technical conditions can information within a digital circular-economy
platform support organisational action for circular-performance improvement in a
business-to-business waste-value ecosystem?

Socio-technical conditions refer to the technological, organisational, and social elements that shape
platform use in practice. Organisations refer to the waste-producing client organisations that use
the platform to access waste-related information. A business-to-business waste-value ecosystem
refers to the wider network of actors involved in the collection, classification, processing, and potential
revalorisation of waste streams.

The thesis examines this question through an embedded single-case study of Milgrois digital
circular-economy platform ecosystem. Milgro was selected because its platform brings together
operational, financial, environmental, and reporting-related waste information in one digital environment.
Within this single case, client organisations connected to the platform are treated as embedded units
of analysis. This makes it possible to examine variation in platform use and circular-performance
indicators across multiple organisations while keeping the platform infrastructure constant.

The study follows a sequential explanatory mixed-methods design. First, a literature-based analytical
framework was developed to conceptualise platform use as multidimensional and socio-technical.
Second, quantitative platform interaction data and circular-performance indicators from 196 client
organisations over the period 2024Q1i 2025Q4 were analysed. This phase examined variation in
platform engagement and explored whether dashboard use was associated with circular-performance
indicators, including waste separation, waste-related costs, and CO,-equivalent emissions per kilogram
of waste. Third, semi-structured interviews were conducted with sixteen client organisations from
contrasting engagement-performance profiles. The interviews were used to explain the organisational
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meaning behind the quantitative patterns and to examine how waste-related platform information was
interpreted, embedded, and followed up in practice.

The quantitative analysis produced two main findings. First, organisational engagement with the
Milgro platform was uneven, multidimensional, and context-dependent. Organisations did not
simply use the platform more or less. Instead, they differed across four engagement dimensions:
informational dashboard engagement, routine transactional engagement, support-related engagement,
and non-routine operational engagement. These dimensions did not consistently move together.
Organisations that frequently viewed dashboards were not necessarily the same organisations
that placed routine waste orders through digital channels, relied heavily on support interactions, or
generated many non-routine operational interactions. Dashboard use should therefore not be treated
as a proxy for overall platform engagement.

Second, the relationship between informational dashboard engagement and circular-performance
indicators was limited and conditional. Relative dashboard intensity, measured as dashboard views per
100 orders, was not robustly associated with waste separation, waste-related costs, or CO,-equivalent
emissions per kilogram of waste after correction for multiple testing. This indicates that frequent
dashboard viewing mainly captures access to dashboard information, rather than whether that
information is interpreted, embedded, or followed up in organisational practice. Structural dashboard
activity, measured as recurring dashboard activity over time, was more informative. Organisations
with more structural dashboard activity tended to show higher separation percentages and lower
waste-related costs per kilogram in the bivariate analysis. However, these associations weakened
when sector and customer-size differences were taken into account. The quantitative findings therefore
suggest that consistency of dashboard activity may be more meaningful than viewing intensity alone,
but that its relevance depends on organisational and sectoral context.

The qualitative findings helped explain these quantitative patterns. The interviews showed that
dashboard information was often perceived as useful, especially for visibility, reporting, monitoring, and
accountability. However, perceived usefulness did not automatically imply actionability. Waste-related
dashboard information became practically relevant only when users trusted the data, interpreted what
the information meant in their operational waste context, and could connect it to possible follow-up.

Four mechanisms were identified that explain why dashboard information moved from visibility to
organisational follow-up in some organisations, while remaining mainly informational, report-oriented,
or weakly embedded in others.

The first mechanism is contextual interpretation. The interviews showed that dashboard information
provided insight, but became practically relevant only when users trusted the data and interpreted what
the information meant in relation to their own waste streams, operational processes, sector conditions,
and possible improvement options. Changes in waste volume, costs, separation percentages,
CO,-related indicators, or waste-stream classifications rarely explained themselves. They required
interpretation before users could assess whether they indicated a performance issue, a temporary
operational circumstance, a classification problem, contamination of a waste stream, or a realistic
circular improvement opportunity.

Second, dashboard information was often embedded in reporting routines, such as ESG reporting
or CSRD preparation, but this reporting embeddedness did not automatically lead to operational
routine embedding. Waste-related information became more relevant for follow-up when it entered
organisational routines in which deviations were discussed, responsibilities were assigned, and
improvement actions could be considered.

Third, a monitoring-action gap was visible in many organisations. The actors monitoring dashboard
information were often not the same actors who could change waste-producing practices. As a
result, dashboard visibility did not automatically lead to changes in source separation, waste handling,
operational routines, supplier conversations, or site-level practices.

Fourth, follow-up was ecosystem-constrained. Even when dashboard information revealed a
circular improvement opportunity, client organisations could not always act on it independently.
Circular-performance improvement could depend on suppliers, customers, waste collectors, processors,
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sector-specific safety or hygiene requirements, or available revalorisation routes. Dashboard
transparency therefore did not equal organisational control over action.

By integrating the quantitative and qualitative findings, this thesis refines the literature-based framework
into the actionable engagement mechanism. This mechanism explains how waste-related platform
information becomes actionable in a business-to-business waste-value ecosystem.

The actionable engagement mechanism consists of five socio-technical conditions across the micro,
meso, and macro levels. At the micro level, data confidence and contextual interpretation are
required. Users need to trust dashboard information and understand what it means in relation to waste
streams, operational processes, sector constraints, and organisational circumstances. At the meso
level, operational routine embedding and connected ownership are required. Dashboard information
must enter recurring management, operational review, site-level, or improvement routines in which
deviations can be discussed and follow-up can be considered. In addition, responsibility must be
clear for monitoring, interpretation, decision-making, escalation, and implementation. At the macro
level, feasible follow-up is required. Action must be possible within the wider waste-value ecosystem,
including collection, processing, regulatory, contractual, and revalorisation options.

The thesis therefore answers the main research question by showing that information within a digital
circular-economy platform can support organisational action for circular-performance improvement
when platform engagement is converted into actionable engagement. Digital circular-economy
platforms do not create circular value through transparency alone. Their value depends on whether
waste-related information becomes trusted, contextually meaningful, embedded in operational routines,
connected to responsible actors, and feasible to act upon within the wider waste-value ecosystem.

The practical implications follow from this mechanism. For platform providers, dashboards should be
designed not only for monitoring and reporting, but also for waste-specific interpretation and action.
This can be supported, for example, through clearer indicator definitions, transparent data-status
information, sector-specific benchmarks, deviation alerts, explanatory labels, role-specific dashboard
views, and links between dashboard signals and possible operational interventions. For client
organisations, dashboard use should be connected to routines and responsibilities. Organisations
should distinguish between dashboard ownership and action ownership, and ensure that waste-related
insights are discussed in operational review cycles, site-level meetings, supplier discussions, or
waste-reduction projects. For policymakers and institutional actors, the findings suggest that digital
circularity should not be approached only as a transparency or reporting challenge. Reporting
obligations can increase the availability of waste-related data, but circular-performance improvement
also requires more specific policy support for shared waste classifications, consistent treatment-route
definitions, interoperable data exchange between waste-producing organisations, platform providers,
collectors, and processors, and ecosystem coordination around feasible processing and revalorisation
routes.

The theoretical contribution of this thesis lies in the development of the actionable engagement
mechanism. This mechanism integrates insights from existing literature on digital circular-economy
platforms, technology adoption, socio-technical information systems, and digital-circularity barriers,
and specifies them for the context of circular waste management. By connecting the identified
translation gaps to the five conditions of actionable engagement, the thesis explains why similar
platform information may support circular follow-up in one organisation, while remaining mainly
informational or report-oriented in another.

The study has three main limitations. First, the actionable engagement mechanism was developed
within one embedded single-case setting. Although it is analytically transferable to other digital
circularity contexts, different platform designs, sectors, governance arrangements, or circularity
domains may require further refinement. Second, the qualitative phase used purposive sampling from
engagement-performance profiles, which means that the interview findings should not be interpreted as
representative of all client organisations within each profile. Third, the quantitative analysis covered the
period 2024Q1i 2025Q4, making the findings time-bounded. Future research could therefore examine
how platform engagement and actionable engagement develop over time and across different platform
designs, sectors, and circularity domains. It could also use a broader and more systematically
sampled set of organisations to assess how widely the identified mechanisms occur across different
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FRQQHFWHG WR SRVVLEOH DFWLRQ ORRQQKKOMQ /BPBHGWX,Q RWKHU

ZRUGV LQIRUPDWLRQDYDLODELOLW\GRHV QRW QHFHVVDULO\HTXDO RU

AVSFPIQ WXEXIQIRX JVSQ MRIJSVQEXMSR EZEMP

SVKERMWEXMSREP EGXMSR

7KH GLVWLQFWLRQ EHWZHHQ LQIRUPDWLRQ DYDLODELOLW\ DQG RUJDQ
GHYHORSPHQWYV &LUFXODU HFRQRP\SROLFLHVLQFUHDVLQJO\HPSKDVL'
DQG SHUIRUPDQFH PRQLWRULQJ DFURVYV ZDVWH DQG PDWHRWBIHD® IORZ\
&RPPLVVLRQ 7TKHVHGHYHORSPHQWV FUHDWHJURZLQJH[SHFWDWLRQV IR
SURJUHVV WRZDUGYV PRUH FLUFXODU UHVRXUFH XVH $W WKH VDPH WLPH
WKHHQDEOLQJ UROHRIGLIJLWDOLVDWLRQ DQG LQIRUPDWLRQ DYDLODEL
GLIJILWDO WRROV VKRXOGEHDGRSWHG HPEHGGHG RUXVHG ZLWKLQ RUJLC

(XURSHDQ &RPPLVVIZRE SUDFWLFDO LPSOHPHQWDWLRQ RI GLIJLWDO F
WKHUHIRUH ODUJHO\OHIWWRLQGLYLGXDO RUJDQLVDWLRQV SODWIRUP
HFRV\VWHP .ULVWRUWEBRNBQ

7KLV FUHDWHYV D JDS EHWZHHQ UHJXODWRU\ DPELWLRQ DQG RUJDQLVD
LQFUHDVLQJO\ H[SHFWHG WR PRQLWRU ZDVWH IORZVY UHSRUW RQ HQY



6IWIEVGL KET

FLUFXODU SHUIRUPDQFH EXW WKH\ PD\ QRW \HW KDYH WKH URXWLQHYV
WR WUDQVIRUP DYDLODEOH GDWD LQWR RSHUDW RRWDRX LHBWHRY HPIHIQ W T
SODWIRUPV PD\ LQFUHDVH LQIRUPDWLRQ YLVLELOLW\ ZLWKRXW QHFHVYV
RUGHFLVLRQ PDNLQJ 5HDO WLPH GDVKERDUGY PD\LQGLFDWH ZKHUH LF
WKHLU SUDFWLFDO YDOXH GHSHQGV RQ ZKHWKHU WKH LQIRUPDWLRQ FD
ZRUN SURFHVVHY DQG FRQQHFWHG WR SRVVLEORUROORZVNE %HVVRQ 5

7KH FHQWUDO SUDFWLFDO SUREOHP DGGUHVVHG LQ WKLY WKHVLV LV
SODWIRUPV DUH LQFUHDVLQJO\ HI[SHFWHG WR VXSSRUW FLUFXODU YDOX
DQG GDVKERDUGY GRHV QRW DXWRPDWLFDOO\ WUDQVODWH LQWR RUJI
SHUIRUPDQFH 7KLV UDLVHV WKH TXHVWLRQ RI KRZ RUJDQLVDWLRQV XV
LQ SUDFWLFH DQG XQGHU ZKLFK VRFLR WHFKQLFDO FRQGLWLRQV WKLV
RUJDQLVDWLRQDO DFWLRQ IRUFLUFXODU SHUIRUPDQFH LPSURYHPHQW

7KLY SUREOHP FRQQHFWV WR VHYHUDO UHODWHG OLWHUDWXUH VWUHDP"

6IWIEVGL KET

6HYHUDO OLWHUDWXUH VWUHDPVY DUH UHOHYDQW WR WKH UHVHDUFK TXF
H[SODLQV WKDW GLJLWDO SODWIRUPV PD\ VXSSRUW GLIITHUHQW IRUPV RI
WKHUHIRUH QRWEH WUHDWHGDV D VLQJOHDFWLYLW\ 7KLV OLWHUDWXU'
FRRUGLQDWLRQ GDWD H[FKDQJH LQIRUPDWLRQ YLVLELOLW\ DQG FLUF
JUSSHQ HW DOHWULN HW DO

7HFKQRORJ\ DGRSWLRQ OLWHUDWXUH SURYLGHV D VHFRQG UHOHYDQW
WKURXJK IDFWRUV VXFK DV SHUFHLYHG XVHIXOQHVV)MHIWHWRDXVH DQG V
9HQNDWHVK HW DRHVH FRQFHSWVY DUH UHOHYDQW EHFDXVH RUJDQLVDW
VKDSHG E\ KRZ XVHUV XQGHUVWDQG HYDOXDWH DQG WUXVW GLJLWDO L
H[SODLQ KRZLQIRUPDWLRQ EHFRPHV FRQQHFWHG WR RUJDQLVDWLRQDO

6RFLR WHFKQLFDODQG SUDFWLFH EDVHGLQIRUPDWLRQ V\VWHPV OLWHU

SHUVSHFWLYH W VKRZV WKDW WHFKQRORJ\ XVH JDLQV RUJDQLVDWLR

UHVSRQVLELOLWLHY DQG VLWXDWHG SURBPWLRRYV dIHVMRYK HUPRU H

GLIJLWDO FLUFXODULW\ OLWHUDWXUH LGHQWLILHY EDUULHUY DW RUJDC

TXDOLW\ FDSDELOLWLHY FRRUGLQDWLRQ SUREOHPV LQWHURSHUDELOL
SHWULN HWDWHYLVDQ HW DO

TDNHQWRJIJHWKHU WKHVHOLWHUDWXUHVWUHDPV VXJIJHVWWKDWGLJLWD
FRQYHQWLRQDO RUJDQLVDWLRQDO LQIRUPDWLRQ VA\VWHPV 7KHLU EHQH
GHOD\HG DQG GLVWULEXWHG DFURVV PXOWLSOHDFWRUV

([LVWLQJ OLWHUDWXUH WKHUHIRUH RITHUV IUDJPHQWHG LQVLJKWYV LQWHF
RUJDQLVDWLRQDO HPEHGGLQJ DQG GLJLWDO FLUFXODULW\ EDUULHUYV

KRZ WKHVH FRQGLWLRQV LQWHUDFW WR GHWHUPLQH ZKHWKHU ZDVWH UF
FLUFXODU HFRQRP\ SODWIRUPY EHFRPHY FRQQHFWHG WR RUJDQLVDWLR
LPSURYHPHQW 7KHUH LV DOVR OLPLWHG HPSLULFDO LQVLJKW LQWR KR
WUDQVODWHG LQWR RUJDQLVDWLRQDO IROORZ XS ZLWKLQ EXVLQHVV WHF

6IWIEVGL SENIGXMZI

7KLY WKHVLV HIDPLQHVY WKH LGHQWLILHG UHVHDUFK JDS LQ D EXVLQH)
7KH REMHFWLYH RI WKLV WKHVLV LV WR XQGHUVWDQG WKH VRFLR WHFK:
I[IURP D GLJLWDO FLUFXODU HFRQRP\ SODWIRUP FDQ EH WUDQVODWHG L
FLUFXODU SHUIRUPDQFH LPSURYHPHQWDQG FRQWULEXWHV WR EURDGH UL



6IWIEVGLUYIWXMSR ERHWYF UYIWXMSRW

6IWIEVGLUYIWXMSRERHWYF UYIWXMSRW
7KH PDLQ UHVHDUFK TXHVWLRQ JXLGLQJ WKLV WKHVLV LV

B8QGHU ZKLFKVRFLR WHFKQLFDOFRQGLWLRQVFDQLQIRUPDWLRQZLW
SODWIRUP VXSSRUW RUJDQLVDWLRQDO DFWLRQ IRU FLUFXODU SHUII
EXVLQHVYV WR EXVLQHVV ZDVWH YDOXH HFRV\VWHP"

6RFLR WHFKQLFDUHFRO RWM.ROVQWHUDFWLQJ WHFKQRORJLFDO RUJDQL
WKDW VKDSH KRZ D GLJLWDO V\VWHP LV XVHG DQG EHFRPHV HPEHGGHG L

+HLQHQ 2UOLNRZVNL2UJDQLVDMILRQWR WKH FOLHQW RUJDQLVDWLRC
WKH GLJLWDO FLUFXODU ERRQAHRV S ODRVEXWR QB VV Z D VUNMH HYUD/OW R M/AKRIV \\
RUJDQLVDWLRQDO DQG LQWHU RUJDQLVDWLRQDO FRQWH[W LQ ZKLFK WK
LQIRUPDWLRQ ZLWKLQ D ZLGHU QHWZRUN RI DFWRUV LQYROYHG LQ WKH F
SRWHQWLDO UHYDORULVDWLRQ RI ZDVWH VWUHDPV

,Q WKLV GZKHWNMO FLUFXODU HFRIQ RRQFOBBWNMDUPWHG DV GLILWDO V\VW|
FLUFXODU HFRQRP\ UHODWHG PRQLWRULQJ UHSRUWLQJ FRRUGLQDWL
GDVKERDUGY DUH WUHDWHG DV RQH LPSRUWDQW LQWHUIDFH ZLWKLQ V>
PHDVXUHPHQW VA\VWHPV FDQ VXSSRUW PRQLWRULQJ IHHGEDFN DQG F
JRUPRVR +HQUL ,Q WKLV WHKHMWPDQFH GIVBKERDIWF®W O\ UHIHU WR
GDVKERDUG LQWHUIDFHVY WKURXJK ZKLFK FOLHQW RUJDQLVDWLRQV FDQ I
HQYLURQPHQWDO LQGLFDWRUV DQG FLUFXODU SHUIRUPDQFH LQGLFDWTF

7TRDQVZHU WKH PDLQ UHVHDUFK TXHVWLRQ IRXUVXE TXHVWLRQV DUH IR
+RZ GRHV WKH XVH RI WKH GLJLWDO FLUFXODU HFRQRP\SODWIRUP YD

7KLV VXE TXHVWLRQ PDSV HPSLULFDO YDULDWLRQ LQ SODWIRUP XVH
GLITHUHQFHV LQ WKHIUHTXHQF\ IRUP DQG FRQVLVWHQF\RIREVHUYLCL

+RZLVWKHXVHRISHUIRUPDQFHGDVKERDUGVDVVRFLDWHG ZLWKDYD
LQGLFDWRUV™

7KLV VXE TXHVWLRQ H[SORUHV ZKHWKHU GDVKERDUG XVH FRLQFLGHYV
FLUFXODU SHUIRUPDQFHLQGLFDWRUV VXFKDV ZDVWHWYHGDWBWLROQ
LPSDFWYV

+RZ GR RUJDQLVDWLRQDO XVHUV XQGHUVWDQG LQWHUSUHW DQGHY

7KLV VXE TXHVWLRQH[DPLQHV KRZXVHUVPDNHVHQVHRIGDVKERDUG |
FRQWH[W ,WIRFXVHV RQ KRZ XVHUV GHVFULEH WKH UROH PHDQLQJ
LQIRUPDWLRQ

'KLFK RUJDQLVDWLRQDO DQG HFRV\VWHP OHYHO FRQGLWLRQV IDFL
SODWIRUPLQIRUPDWLRQIRURUJDQLVDWLRQDOIROORZ XSZLWKLQDE
HFRV\VWHP"

7TKLVVXE TXHVWLRQH[DPLQHV WKHFRQGLWLRQV XQGHU ZKLFK SODW I
RUIDLOVWREHFRPHFRQQHFWHG WRRUJDQLVDWLRQDOIROORZ XS )\
IDFWRUVDQG ZLGHU HFRV\VWHP IDFWRUV VKDSH WKLV WUDQVODWLR(

7TRIHWKHU WKHVHVXE TXHVWLRQVDUHDGGUHVVHG WKURXJKD VHTXHQW
ZLWKLQDQ HPEHGGHG VLQJOH FDVHVWXG\ DVH[SODLQHG LQ &KDSWHU

7TGMIRXMhG WSGMIXEP ERH)4% VIPIZERGI

6FLHQWLILFDOO\ WKLV WKHVLV FRQWULEXWHV WR UHVHDUFK RQ GLJLWD
LQIRUPDWLRQ V\VWHPV XVHE\H[DPLQLQJKRZZDVWH UHODWHG SODWIRU
WR RUIJDQLVDWLRQDO DFWLRQLQ D EXVLQHVV WR EXVLQHVV ZDVWH YDO
IUDJPHQWHG LQVLIJKWY LQWR SODWIRUP SRWHQWLDO WHFKQRORJ\ DFF
GLIJLWDO FLUFXODULW\EDUULHUV 7KLV WKHVLVEULQJVY WKHVH SHUVSHTI
FRQGLWLRQV XQGHU ZKLFKLQIRUPDWLRQIURP D GLJLWDO FLUFXODU HFR



SLIWMW SYXPMRI

FLUFXODU SHUIRUPDQFH LPSURYHPHQW 5DWKHU WKDQ WUHDWLQJ SOD\
WKH VWXG\H[DPLQHY SODWIRUP HQJDJHPHQW DV D PXOWLGLPHQVLRQDO

6RFLHWDOO\ WKHVWXG\LVUHOHYDQWEHFDXVHGLJLWDO WRROVDUHLQ
REMHFWLYHV ZDVWH UHGXFWLRQ DQG VXVWDLQDELOLW\ UHSRUWLQJ
FLUFXODULWALQIRUPDWLRQ PDLQO\IRUUHSRUWLQJ RUUHWURVSHFWLY
WR FLUFXODU SHUIRUPDQFH LPSURYHPHQW PD\ UHPDLQ OLPLWHG %\ HJ
SODWIRUP LQIRUPDWLRQ EHFRPHY FRQQHFWHG WR RUJDQLVDWLRQDO IR
SODWIRUP SURYLGHUV FOLHQW RUJDQLVDWLRQV DQG SROLF\PDNHUV F
EH\RQG YLVLELOLW\DORQH

JURP DQ (QJLQHHULQJ DQG 3ROLF\ $QDO\VLYV SHUVSHFWLYH WKH WKHYV
VRFLR WHFKQLFDO DQG PXOWL DFWRULPSOHPHQWDWLRQ SUREOHP &LU
QRW RQO\ RQ GLJLWDO LQIRUPDWLRQ V\VWHPV EXW DOVR RQ RUJDQLYV
GHFLVLRQ PDNLQJ VWUXFWXUHV DQG FRRUGLQDWLRQ DFURVYV WKH ZLG|
WKHUHVHDUFKUHOHYDQW WR (3$ EHFDXVHLW FRQQHFWV WHFKQRORJLFD
EHKDYLRXUDQG SROLF\ UHOHYDQW LPSOHPHQWDWLRQ FKDOOHQUJHYV

SLIWMW SYXPMRI

7KH UHPDLQGHU RI WKLV WKHVLV LV VWUKXROOULRYE DNKHROO\WRZNU RK P IS WK
DQG PL[HG PHWKRGY GHVUHYLRADWWHWHOHYDQW OLVEHYDBWRSEM WIHE &
OLWHUDWXUH EDVHG DQDO\W LRMUIRG®RHZR WK HOKL DS W R BOHNHRAUW KBV & KD
WKH TXDOQOWLWDWLYH GDWD SUHSDUDWLRQ D QG WRHBHUPWA RVKIHOTXMAWL R\
UHVXOWYV &KBFOWHQYQY WKH TXDOLWDWLYH UHVHDUFK GHVLJQ DQG LQWH
SUHVHQWY WKH TXDOLWDWLYHOW & GUDWWHYV S KKOSWKHWGLQEIJY DQVZHUV WK
TXHVWLRQ GHYHORSV WKH DFWLRQDEOH HQJDJHPHQW PHFKDQLVP DQC
DQG GLUHFWLRQV IRUIXWXUH UHVHDUFK



5SHVHDUFK OHWKRGRORJ\

7KLV FKDSWHU SUHVHQWYV WKH UHVHDUFK PHWKRGRORJ\ RI WKH WKHVL
OLWHUDWXUH UHYLHZ ZLWK DQ HPEHGGHG VLQJOH FDVH VWXG\ RI OLOJI
7KH OLWHUDWXUH UHYLHZ LGHQWLILHVY FRQFHSWV I[URP UHODWHG UHVH
DOLWHUDWXUH EDVHG DQDO\WLFDO IUDPHZRUN 7KH HPSLULFDO VWXG\
SODWIRUP HFRVA\VWHP WKURXJK D VHTXHQWLDO H[SODQDWRU\PL[HG PHW

7KH PHWKRGRORJLFDO DSSURDFK IROORZV IURP WKH REMHFWLYH RI WKH
XQGHU ZKLFK VRFLR WHFKQLFDO FRQGLWLRQV LQIRUPDWLRQ IURP D GLJ!
FRQQHFWHG WR RUJDQLVDWLRQDO DFWLRQ IRUFLUFXODU SHUIRUPDQFH
FRQFHSWXDO GHYHORSPHQWDQG HPSLULFDO H[SODQDWLRQ 7KHFRQFHS
LQVLIKWV IURP H[LVWLQJOLWHUDWXUH 7KHHPSLULFDO SDUW H[DPLQHYV
UHDO OLIH EXVLQHVV WR EXVLQHVV ZDVWH YDOXH HFRV\VWHP

7KLY FKDSWHU LV VWUXFWXUHGDWVRIQWWRZW KB HAWIILRD@@ O UHVHDUFK GHV
H[SODLQVWKHOLWHUDWXUH UHGLWEXDWSSHMNRD KK HHEFWI®RKHG VLQJIOH FDVH
6HFWLRB[SODLQV WKH VHTXHQWLDO H[SODQDWRU\ PLEH®R PHOMKR EK K HV
FDVH VHOHFWLRQ UDWLRQDOHIHRWFOUILE HYRW IH HWBRQLFDO UHVHDUFK IO
GLVFXVVHV YDOLGLW\ WUXVWZRUWKLQHVYVY DQG PHWKRGRORJLFDO OLPI

3ZIVEPP VIWIEVGL HIWMKR

7KH WKHVLV IROORZV D WZR SDUW UHVHDUFK GHVLJQ 7KH ILUVW SDUW F
OLWHUDWXUH UHYLHZ 7KLV UHYLHZ EULQJV WRJHWKHU OLWHUDWXU!
WHFKQRORJ\ DFFHSWDQFH DQG RUJDQLVDWLRQDO WHFKQRORJ\ XVH
LQIRUPDWLRQ VIVWHPV DQG GLJLWDO FLUFXODULW\ EDUULHUV 7KH S
SUHVHQW WKHVH ILHOGV FKURQRORJLFDOO\ ,QVWHDG LW LGHQWLILH
SODWIRUP LQIRUPDWLRQ FDQ EHFRPH FRQQHFWHG WR RUJDQLVDWLRQDO

7KH VHFRQG SDUW FRQVLVWV RIDQ HPSLULFDO HPEHGGHG VLQJOH FDVH
GLJLWDO FLUFXODU HFRQRP\ SODWIRUP 7KH HPEHGGHG XQLWV RI DQDC
XVH WKH SODWIRUP 7KLV GHVLJQ DOORZV WKH VWXG\ WR H[DPLQH RUJD
SODWIRUP HFRV\VWHP ,W LV VXLWDEOH EHFDXVH WKH UHVHDUFK SUR
LQIRUPDWLRQ ZLWKLQ RUJDQLVDWLRQDO DQG LQWHU RUJDQLVDWLRQDO

7KH HPSLULFDO VWXG\ XVHV D VHTXHQWLDO H[SODQDWRU\ PL[HG PHWI
LQLWLDO TXDQWLWDWLYH SKDVH LV IROORZHG E\D TXDOLWDWLYH SKDV
TXDQWLWDWLYH UHVXOWY 7KH TXDQWLWDWLYH SKDVH PDSV REVHUYDE
DVVRFLDWLRQV EHWZHHQ GDVKERDUG LQIRUPDWLRQ XVHDQG FLUFXODU
SKDVH WKHQ H[DPLQHV KRZ WKHVH SDWWHUQV PD\ EH XQGHUVWRRG L
FRQGLWLRQV VSHFLILHGLQ WKHOLWHUDWXUH EDVHG DQDO\WLFDO IUDP

7TKHGHVLIQLVH[SODQDWRU\UDWKHUWKDQFDXVDO 7TKHTXDQWLWDWLYF
XVH FDXVHV FLUFXODU SHUIRUPDQFH LPSURYHPHQW ,QVWHDG LW LGH
FDQEHLOQWHUSUHWHG LQ OLJKW RI TXDOLWDWLYHHYLGHQFHDQG WKH O
FDXWLRXVLQWHUSUHWDWLRQLVQHFHVVDU\EHFDXVH SODWIRUP XVHDQ
PXWXDOO\UHODWHG DQG VKDSHG E\EURDGHU RUJDQLVDWLRQDO DQG FR

OMXIVEXYVIVIZMI[ETTVSEGL
7KH OLWHUDWXUH UHYLHZ IROORZV D VWUXFWXUHG FRQFHSW FHQWUL
JXLGHOLQHV IRU OLWHUDWXUH UHYLHZV LQ LQIRUPDWLRQ V\$ WHPV UH
FRQFHSW FHQWULF DSSURDFK LV DSSURSULDWH EHFDXVH WKLV WKHVLYV



JQFIHHIHWMRKPI GEWIWXYH] HIWMKR

RYHUYLHZ RI WKH OLWHUDWXUH EXW WR LGHQWLI\ DQG LQWHJUDWH F
KHOS H[SODLQ KRZ LQIRUPDWLRQ IURP GLJLWDO FLUFXODU HFRQRP\ S
RUJDQLVDWLRQDO DFWLRQ

7TKHUHYLHZ DSSURDFKFDQ EHVW EH FKDUDFWHULVHG DV D VIVWHPDWL]H
% RRWK 7KLV W\SH RI UHYLHZ LQFRUSRUDWHY HOHPHQWYV RI VIVWHPD\
VHOHFWLRQ ZKLOH QRW FODLPLQJWREH D IXOO VIVWHPDWLF UHYLHZ ZL
VFRULQJ 7KLV SRVLWLRQLQJ LV DSSURSULDWH EHFDXVH WKH DLP LV
IRXQGDWLRQ IRUHPSLULFDO UHVHDUFK UDWKHU WKDQ WR SURGXFH D FR

7KH OLWHUDWXUH VHDUFK IRFXVHG RQ DFDGHPLF ZRUN UHOHYDQW WR
3HHU UHYLHZHG OLWHUDWXUH ZDV LGHQWLILHG WKURXJK 6FRSXV DQG *F
VHOHFWHG EHFDXVH WKH\ SURYLGH EURDG FRYHUDJH RI LQIRUPDWLRQ
FLUFXODU HFRQRP\ UHVHDUFK DQG RUJDQLVDWLRQDO VWXGLHYVY 6HDUF
UHODWHG FOXVWHUV XVLQJ %RROHDQ RSHUDWRUYV

7KH ILUVW FOXVWHU FDSWXUHG WKH FLUFXODU HFRQRP\ FRQWH[W XVl
3ZDVWH YDOXH FKDLQ" 3:ZDVWH PDQDJHPHQW" B3UHVRXUFH UHFRYHU\’

YDOXH FUHDWLRQ" 7KH VHFRQG FOXVWHU IRFXVHG RQ GLJLWDO WHFKQF
DV 3GLJLWDO SODWIRUP" 3GDWD SODWIRUP" B3LQIRUPDWLRQ V\VWHP’

SUHDO WLPH PRQLWRULQJ" 7KHWKLUG FOXVWHUDGGUHVVHG RUJDQLVD)
DV3WHFKQRORJ\DGRSWLRQ"™ 3SODWIRUP XVH" 3XVHU HQJDJHPHQW " 3RU,
XVHUV" DQG 3LPSOHPHQWDWLRQ EDUULHUV"™ 7KHVH FOXVWHUYV ZHUH FF
LOQWHUVHFWLRQ RIGLJLWDO SODWIRUPY FLUFXODU HFRQRP\LPSOHPHQ\

%DFNZDUG DQG IRUZDUG FLWDWLRQ WUDFNLQJZDV DSSOLHG WR LGHQWL|
WKDW GLG QRW DSSHDU GLUHFWO\ WKURXJK WKH LQLWLBXXOECHF DMK RNU |
ZHUH LQFOXGHG ZKHQ WKH\ PHW WKUHH FULWHULD )LUVW WKH\ KDG WR
LQIRUPDWLRQ VI\VWHPY RUGDWDLQIUDVWUXFWXUHVLQDFLUFXODU HFR
FRQWH[W 6HFRQG WKH\KDG WR SURYLGH LQVLJKW LQWR DGRSWLRQ X\
FUHDWLRQ RU RUJDQLVDWLRQDO HPEHGGLQJ 7KLUG WKH\ KDG WR EH F
EXVLOQHVV WR EXVLQHVV RURUJDQLVDWLRQDO VHWWLQJV

SXEOLFDWLRQV ZHUH H[FOXGHG ZKHQ WKH\ IRFXVHG VROHO\ RQ WHFKQLT
RUJDQLVDWLRQDO XVH XVHU EHKDYLRXU RU LPSOHPHQWDWLRQ 6 W X
DGGUHVVHG WKH FLUFXODU HFRQRP\ RQO\ DW D EURDG PDFUR SROLF\ O
RURUJDQLVDWLRQDO SUDFWLFH )LQDOO\ VWXGLHV IRFXVLQJ H[FOXVL)Y
FHQWUDO WR WKH UHYLHZ EHFDXVH WKLV WKHVLV IRFXVHV RQ RUJDQLV
ZDVWH YDOXH HFRV\VWHP

5DWKHU WKDQ DSSO\LQJD IRUPDO TXDOLW\ VFRULQJ SURWRFRO SXEOLF!
DQG HPSLULFDO UHOHYDQFH WR WKH UHVHDUFK SUREOHP 7KH VHOHFWH
VWUHDPY DQG FRQFHSW FHQWULF WKHPHY 7KHVH WKHPHV ZHUH FRPS
UHFXUULQJ LQVLIKWY FRQFHSWXDO WHQVLRQV OLPLWDWLRQV DQG N
SUREOHP 7KH UHVXOWLQJ VIQWKHVLYVY SURYLGHV WKH EDVLV IRU WKH ¢
GHYHORSHG LQ WKH VXEVHTXHQW FKDSWHUYV

JOFIHHIHWMRKPI GEWIWXYH] HIWMKR
7KH HPSLULFDO SDUW RI WKH WKHVLV IROORZV DQ HPEHGGHG VLQJOH FD
LVDSSURSULDWH ZKHQ D FRQWHPSRUDU\ SKHQRPHQRQLVLQYHVWLJDWH
ZKHQ WKH ERXQGDULHV EHWZHHQ WKH SKHQRPHQRQ DQG LWV FRQWHI[W
7KLV DSSOLHV WR WKH XVH RI LQIRUPDWLRQ IURP GLJLWDO FLUFXODU H!
XQGHUVWRRG LQGHSHQGHQWO\ IURP WKH RUJDQLVDWLRQDO WHFKQROT
WDNHV SODFH

, QDQHPEHGGHG FDVHGHVLJQ RQHRYHUDUFKLQJFDVHLV H[DPLQHG WKU

,Q WKLV VWXG\ WKHRYHUDUFKLQJ FDVH LY WKHOLOJUR SODWIRUP
DQDO\WLV DUHWKHLQGLYLGXDO FOLHQW RUJDQLVDWLRQV XVLQJ WKH SC
WKHUHVHDUFK IRFXVHV RQ YDULDWLRQ EHWZHHQ RUJDQLVDWLRQV ZLWK



7TIUYIRXMEP IN\TPEREXSV] QM\IH QIXLSHW HIWMKR

&OLHQW RUJDQLVDWLRQV KDYH DFFHVV WR WKH VDPH EURDGHU SODWIF
WKH\ XVH SODWIRUP IXQFWLRQDOLWLHY KRZWKH\LQWHUDFW ZLWK GDV
VHUYLFH FKDQQHOV DQG KRZ SODWIRUP LQIRUPDWLRQ LV XVHG LQ RUJI
VWUXFWXUH WKHUHIRUH PDNHV LW SRVVLEOH WR FRPSDUH RUJDQLVDWI
SURYLGHUDQG SODWIRUP LQIUDVWUXFWXUHFRQVWDQW 7KLV VWUHQJW
GLIITHUHQFHVLQ SODWIRUP XVHFDQEHDQDO\WHGLQUHODWLRQWRRUJDC
WKDQ GLITHUHQFHV LQ SODWIRUP DUFKLWHFWXUH RU SURYLGHU VWUDWH

7KH VWXG\ GRHV QRW DLP IRUVWDWLVWLFDO JHQHUDOLVDWLRQ WR DOO
LWDLPVIRUDQDO\WLFDO JHQHUDOLVDWLRQ WKH GHYHORSPHQW RI WK
UHOHYDQW WR FRPSDUDEOH VRFLR WHFKQLFD®L$ODWTRY P RRIHDHE WKVR ) O
WKHGHVLIQOLHVLQFRPELQLQJHPSLULFDO GHSWKZLWKLQ RQH SODWIRL
DFURVV PXOWLSOH FOLHQW RUJDQLVDWLRQV

7IUYIRXMEP NTPEREXSV] QM\IH QIXLSHW HIWMKI

7KH HPSLULFDO VWXG\ XVHV D VHTXHQWLDO H[SODQDWRU\ PL[HG PHWKI
TXDQWLWDWLYHDQDO\WLVLVFRQGXFWHGILUVW IROORZHGE\TXDOLWDYV
RUHODERUDWH WKH TXDQWLWDWLYHILQGLRWWRRUWWXHDIOL VI®HDVWIR QODU
LVVXLWDEOH EHFDXVH WKHPDLQ UHVHDUFK TXHVWLRQ UHTXLUHY ERWK |

7TKHTXDQWLWDWLYH SKDVH SURYLGHV EUHDGWK ,W XVHV RUJDQLVDWLR
SDWWHUQV RI SODWIRUP XVHDFURVY FOLHQW RUJDQLVDWLRQV DQG WR
LQIRUPDWLRQ XVH DQG FLUFXODU SHUIRUPDQFH LQGLFDWRUYV TKLV ¢
FROQFHUQHG ZLWK YDULDWLRQ LQ SODWIRUP XVHDQG WKHUHODWLRQVKL
FLUFXODU SHUIRUPDQFH LQGLFDWRUYV 7KH TXDQWLWDWLYH SKDVH LV
FDXVDO

7KH TXDOLWDWLYH SKDVH SURYLGHYVY H[SODQDWRU\ GHSWK SODWIRUF
RUJDQLVDWLRQV LQWHUDFW ZLWK WKH SODWIRUP EXW WKH\ FDQQRW |
RI WKHVH SDWWHUQVY 6HPL VWUXFWXUHG LQWHUYLHZY DUH WKHUHIRU
FRQGLWLRQV LGHQWLILHG LQ WKH DQDO\WLFDO IUDPHZRUN DQG WR XQC
H[SODLQ WKH TXDQWLWDWLYH SDWWHUQV

7KH VHTXHQWLDO VWUXFWXUH LV LPSRUWDQW 7KH TXDQWLWDWLYH SKI
7TKHVH SDWWHUQV WKHQ LQIRUP WKH VHOHFWLRQ RI RUJDQLVDWLRQV IR
SKDVH LV WKHUHIRUH GLUHFWO\ FRQQHFWHG WR WKH HPSLULFDO SDWW
7TKLVVWUHQIJWKHQV WKHH[SODQDWRU\ORJLFRIWKHVWXG\ EHFDXVHLQYV
RI'WKH SODWIRUP GDWD EXW DUH XVHG WR LQWHUSUHWDQG FRQWH[WXDC

7KH PL[HG PHWKRGY GHVLIJQ LV DSSURSULDWH EHFDXVH QHLWKHU SKDVH
TXHVWLRQ RQ LWV RZQ 4XDQWLWDWLYH GDWD SURYLGH VA\VWHPDWLF LC
DFURVV D EURDGHU VHW RIRUJDQLVDWLRQV EXWGR QRW UHYHDO WKH R
4XDOLWDWLYH GDWD SURYLGH H[SODQDWRU\ GHSWK EXW FDQQRW E\ WK
WKH SODWIRUP HFRV\VWHP 7KH LQWHJUDWLRQ RI ERWK SKDVHYV PDNH)\
SODWIRUP HQJDIJHPHQW WR WKH VRFLR WHFKQLFDO FRQGLWLRQV WKDW F
LQIRUPDWLRQ EHFRPHVY FRQQHFWHG WR RUJDQLVDWLRQDO DFWLRQ IRU F

'EWIWIPIGXMSR VEXMSREPI

OLOJURTV GLJLWDO FLUFXODU HFRQRP\ SODWIRUP ZDV VHOHFWHG DV W
REMHFWLYH RI WKLY WKHVLY OLOJUR LV D 'XWFK EXVLQHVY WR EXVLC
ZDVWH YDOXH HFRV\VWHP ,WV SODWIRUP VXSSRUWY FOLHQW RUJDQ
SURFHVVHV SODFLQJ ZDVWH RUGHUV PRQLWRULQJ ZDVWH DQG FLUF
DFFHVVLQJ RSHUDWLRQDO ILQDQFLDO HQYLURQPHQWDO DQG UHSRUWL

7KHFDVHLV PHWKRGRORJLFDOO\UHOHYDQW EHFDXVH WKH UHVHDUFK H]J
ZLWKLQ D GLIJLWDO FLUFXODU HFRQRP\ SODWIRUP PD\ EHFRPH FRQQH
FLUFXODU SHUIRUPDQFH LPSURYHPHQW 7KLV UHTXLUHYV D FDVH LQ ZKI
LQIRUPDWLRQ DQG SODWIRUP LQWHUDFWLRQV FDQ EH VWXGLHG LQ UHO



JQTMVMGEP VIWIEVGL iS|

SODWIRUP FRPELQHV ZDVWH RUGHU IXQFWLRQDOLW\ ZLWK RSHUDWLRQD
UHSRUWLQJ UHODWHG LQIRUPDWLRQ 7KLV SURYLGHV DQ HPSLULFDO VH
DQDO\WWHG LQ UHODWLRQ WR RUJDQLVDWLRQDO XVH LQWHUSUHWDWLRQ

$ IXUWKHU UHDVRQ IRU VHOHFWLQJ OLOJUR LV WKH VSHFLILF SRVLWLR
ZDVWH YDOXH FRQWH[W OLOJURYY SDWHQWHG SODWIRUP LV GHVLJQ}
ZDVWH SURGXFLQJ FOLHQW RUJDQLVDWLRQVY ZDVWH IORZVY DQG UHODW
RSHUDWLRQDO ILQDQFLDO HQYLURQPHQWDO DQG UHSRUWLQJ UHODWF
7KLY GLVWLQJXLVKHY WKH FDVH IURP PRUH IXQFWLRQ VSHFLILF SODWI
UHSRUWLQJ ZDVWHDGPLQLVWUDWLRQ URXWHSODQQLQJ RUORJLVWLF
FKDUDFWHU LV DQDO\WLFDOO\ LPSRUWDQW EHFDXVH LW DOORZV WKH V
ZDVWH UHODWHG LQIRUPDWLRQ PD\ EHFRPH FRQQHFWHG WR RUJDQLVD\
LPSURYHPHQW

1RWDOO GLJLWDO SODWIRUPV LQ WKH ZDVWH YDOXH FKDLQ SURYLGH W|
REMHFWLYH 3ODWIRUPVIRFXVHG SULPDULO\RQ RQHVSHFLILFIXQFWLRC
RSWLPLVDWLRQ URXWH SODQQLQJ RU &65' FRPSOLDQFH UHSRUWLQJ Z|
DOQDO\WVLQJ KRZ GLIITHUHQW W\SHV RI ZDVWH UHODWHG LQIRUPDWLRQ DUFE
LQWHJUDWHG SODWIRUP SURYLGHV D EURDGHU VHWWLQJIRUH[DPLQLQJ |
RUJDQLVDWLRQV ZLWKLQ D EXVLQHVYV WR EXVLQHVV ZDVWH YDOXH HFRV

7KH FDVH DOVR SURYLGHY DFFHVV WR D GLYHUVH VHW RI FOLHQW RUJL
LQIUDVWUXFWXUH 7KLV PDNHV LW SRVVLEOH WR FRPSDUH SDWWHUQV R
NHHSLQJ WKH EURDGHU SODWIRUP HQYLURQPHQW FRQVWDQW 7KH OLC
DQDO\WLFDOO\UHOHYDQW FDVH WKDW DOORZV WKH UHVHDUFK TXHVWLR
SODWIRUP HFRV\VWHP

JQTMVMGEP VIWIEVGL IS

JLIXUHYLVXDOLVHVY WKH HPSLULFDO UHVHDUFK IORZ RI WKH WKHVLV 7Kt
GLDJQRVLY DQG WKH OLWHUDWXUH UHYLHZ 7KH OLWHUDWXUH UHYLH
IUDPHZRUN ZKLFK JXLGHV WKH HPSLULFDO VWXG\ 7KH IUDPHZRUN LV W|
DQG XVHG WR VWUXFWXUH WKH T TXDQWLWDWLYHDQG TXDOLWDWLYH SKDV

7KH TXDQWLWDWLYH SKDVH DSSOLHVY WKH IUDPHZRUN WR DYDLODEOH SC
YDULDWLRQ LQ SODWIRUP XVH DFURVV FOLHQW RUJDQLVDWLRQV DQG H]
LQIRUPDWLRQ XVH DQG FLUFXODU SHUIRUPDQFH LQGLFDWRUYV 7KHVH
SDWWHUQV EXW GR QRW H[SODLQ E\WKHPVHOYHV ZK\ VXFK SDWWHUQV R

7KH TXDQWLWDWLYH ILQGLQJY WKHQ LQIRUP WKH SXUSRVLYH VHOHFWI
SKDVH 6HPL VWUXFWXUHG LQWHUYLHZY DUH XVHG WR H[DPLQH WKH VR
WKH DQDO\WLFDO IUDPHZRUN DQG WR LQWHUSUHW WKH TXDQWLWDWLYF
SURYLGHV H[SODQDWRU\GHSWK IRU XQGHUVWDQGLQJ WKHREVHUYHG SD

7TKHILQDO VIQWKHVLVLQWHIJUDWHV WKHTXDQWLWDWLYHDQG T TXDOLWDW
WKHPDLQ UHVHDUFK TXHVWLRQDQG WR UHILQHWKHOLWHUDWXUH EDVH(
EDVLV IRU GLVFXVVLQ) WKH WKHRUHWLFDO FRQWULEXWLRQ SUDFWLFD¢
IXWXUH UHVHDUFK

$OWKRXIJK WKH UHVHDUFK SURFHVV LV SUHVHQWHG VHTXHQWLDOO\ IRU F
HOHPHQWYV ,QVLIJKWVIURPWKHTXDQWLWDWLYHSKDVHLQIRUP WKHTXDO
ILQGLQJYV DUH ODWHU XVHG WR LOWHUSUHW DQG UHILQH WKH PHDQLQJ R/
IUDPHZRUN DOVR SOD\VDQ LWHUDWLYH UROH LW JXLGHVY WKHHPSLULFD
XVHG WR UHILQH WKHIUDPHZRUN LQ WKH ILQDO VIQWKHVLYV



JQTMVMGEP VIWIEVGL iS|

JLIXUH (PSLULFDO UHVHDUFK IORZ RI WKH VHTXHQWLDO H[SODQDWRU\HPEHGGHG VI

JLIXUHVKRZV KRZ WKH SUREOHP GLDJQRVLVDQG OLWHUDWXUH UHYLHZ O
IUDPHZRUN ZKLFK JXLGHV ERWK HPSLULFDO SKDVHV 7TKH WHUPLQRO

PHWKRGRORJLFDO OHYHO WKH I[UDPHZRUN D @& KOJ DLYV®HDYWHOR 58 W R QV &
FDVH LQ &K DSQWG UV

7TDEOHVXPPDULVHVY KRZ WKH UHVHDUFK VXE TXHVWLRQV DUH DOLJQHG ZlI
PHWKRGV DQG DQDO\WLFDO UROH RIHDFK SKDVH 7KH WDEOH VKRZV KR
WUDQVODWHYV WKH UHVHDUFK TXHVWLRQ LQWR GLVWLQFW EXW FRQQHFW



"EPMHMX] XVYWX[SVXLMRIWW ERHQIXLSHSPSKMGEP PMQMXEXMSRW

7DEOH $OLJQPHQW EHWZHHQ VXE TXHVWLRQV GDWD VRXUFHV DQDO\WLFDO PHWKI

6XE TXHVWLRMWD VRXUFHV $QDO\WLFDO PHWKRGV $QDO\WLFDO UROH

64 ODULDWLR@D@IRUP LQWHUBY¥RULIRQNLYH VWODWSV@QILFEFDULDWLRQ LQ
SODWIRUP XVKEDWD RUGHU FKDIQUDIDLVDWLR®XOWLGLPHQVLRQDO SODWIRUP >
DFURVYV GDWD VXSSRUW GROWIBDUDPHWUDFUBRXRUJDQLVDWLRQV DQG
RUJDQLVDWLR@FLGHQW DQG FRPSDULVRQV RUJDQLVDWLRQDO FRQWH[WV

GDPDJH PDOIXQFWLRQ

GDWD RUJDQLVDWLRQDO

FRQWH[W YDULDEOHYV

64 'DVKERDU®VKERDUG XVH 6SHDUPDQ (ISORULQJLQGLFDWLYH DVVRFLD
XVH LQGLFDWRQ@IDRDGVRUV DQGRUUHODWLRQVEHWZHHQ GDVKERDUG XVH DQG
FLUFXODU SHELRFRDQEHSHUIREPDRERDUG LQWHQNX®DU SHUIRUPDQFH LQGLFD
LQGLFDWRUV LQGLFDWRUYV JURXS FRPSDULVRQV

H[SORUDWRU\UHJUHVVLRQ

FKHFNV

64 B8VHU 6HPL VWUXFWXUMKBGHPDWLF DQDONSIODLQLQJ KRZ XVHUV XQGHUVW
XQGHUVWDQGLQWHEQGLHZV ZLWARPEOBEHGHGXOWHWUS UHW DQG HYDOXDWH SOL
HYDOXDWLRQRWJIJDQLVDWLRQVDQG LQGXFWLYH.PRBUBRDWLRQ

GDVKERDUG

LQIRUPDWLRQ

64 6HPL VWUXFWXUHKGHPDWLF DQDOM\MIODLQLQJ ZKLFK RUJDQLVDWLR
2UJDQLVDWLRQDMOHMQYEHZYV ZLWXFUROMFWHG DQG HIWHUQDO FRQGLWLRQV PD\
HFRV\VWHP ORYHDQLVDWLRQVIUDPHZRUN LQIRDPHGLWDWH RUKLQGHU WKH WUL
FRQGLWLRQV VKDSLQJ VRFLR WHFKQLFRICSODWIRUP LQIRUPDWLRQ LQWR
IROORZ XS FRQGLWLRQV RUJDQLVDWLRQDO IROORZ XS

QWHJUDWLRQRDQWLWDWLYH |QOGILUYDWHG ([SODLQLQJKRZ VRFLR WHFEKQLFI

TXDQWLWDWLPO®QPEDOLWDWLYEWE WSWHWIBDIVIFRQGLWLRQV PD\VKDSH ZKHWKH L

TXDOLWDWLYHLQQGQOVV SODWIRUP LQIRUPDWLRQ EHFRPH
FRQQHFWHG WR RUJDQLVDWLRQD
IRUFLUFXODU SHUIRUPDQFH
LPSURYHPHQW

7KLY DOLJQPHQW VKRZV WKDW HDFK VXE TXHVWLRQ KDV D GLVWLQFW DC(
LOWHIJUDWHY WKH TXDQWLWDWLYHDQG TXDOLWDWLYHHYLGHQFH WR DQ
WKHOLWHUDWXUH EDVHG DQDO\WLFDO IUDPHZRUN

'EPMHMX] XVYWX[SVXLMRIWW ERHOQIXLSHSPSK
6HYHUDO PHDVXUHV ZHUH WDNHQ WR VWUHQJWKHQ WKH YDOLGLW\ DQG
&RQVWUXFW YDOLGLW\LV VXSSRUWHG E\WKH XVHRIPXOWLSOHVRXUFHV
GDWD FLUFXODU SHUIRUPDQFHLQGLFDWRUV RUJDQLVDWLRQDO FRQWH
LW SRVVLEOH WR H[DPLQH WKH UHVHDUFK SUREOHP IURP GLIIHUHQW HPSI
RILQWHUSUHWLQJ SODWIRUP EHKDYLRXU LQ LVRODWLRQ

, QWHUQDO H[SODQDWRU\ YDOLGLW\ LV VXSSRUWHG E\ WKH VHTXHQWL
7TKH TXDOQWLWDWLYH SKDVH LGHQWLILHY SDWWHUQV DQG FRQWUDVWYV |
LQGLFDWRUYV 7KH TXDOLWDWLYH SKDVH WKHQ HI[DPLQHV KRZ WKHVH SDYV
WKH VRFLR WHFKQLFDO FRQGLWLRQV GHILQHG LQ WKH DQDO\WLFDO I1UD!|
RIGUDZLQJH[SODQDWRU\FRQFOXVLRQVIURP TXDQWLWDWLYH SODWIRU

S5HOLDELOLW\A\LY VXSSRUWHG WKURXJK WUDQVSDUHQW GRFXPHQWDWLRC
GDWD SUHSDUDWLRQDQG RSHUDWLRQDOLVDWLRQ DUH GHVFULEHG LQ Wi
VDPSOLQJVWUDWHI\ LQWHUYLHZDSSURDFK DQG WKHPDWLFDQDO\VLV S
UHVHDUFK GHVLJQ FKDSWHU 7RJHWKHU WKHVH GHVFULSWLRQV PDNH Wi
KRZHDFKHPSLULFDO SKDVHFRQWULEXWHV WR WKHUHVHDUFK T TXHVWLR(

4XDOLWDWLYH FUHGLELOLW\LY VXSSRUWHG E\ XVLQJD VHPL VWUXFWXU
IUDPHZRUN ZKLOH OHDYLQJURRPIRUUHVSRQGHQWY WR LQWURGXFH FD
WLPH LQWHUYLHZ GDWD PD\EHDIIHFWHG EA\UHFDOO ELDV VRFLDO GHVLL



"EPMHMX] XVYWX[SVXLMRIWW ERHQIXLSHSPSKMGEP PMQMXEXMSRW

RIDOO RUJDQLVDWLRQDO SUDFWLFHVY &RPSDULQJLQWHUYLHZILQGLQJV
E\UHODWLQJUHSRUWHG SUDFWLFHVY WR REVHUYDEOH SODWIRUP XVH SD

7KHVH PHDVXUHV VWUHQJWKHQ WKH FUHGLELOLW\ RI WKH VWXG\ ZKLC(
FODLPV WKDW FDQ EH PDGH 7KH HPEHGGHG VLQJOH FDVH GHVLJQ HQ
RQH SODWIRUP HFRV\VWHP EXW WKH ILQGLQJVY VKRXOG QRW EH LQWHU
DOO GLJLWDO FLUFXODU HFRQRP\ SODWIRUPV RU ZDVWH YDOXH HFRV\VYV
JHQHUDOLVDWLRQ EXWDQDO\WWLFDO JHQHUDOLVDWLRQ WKH GHYHORS
PD\EHUHOHYDQW WR FRPSDUDEOH VRFLR WHFKQLFDO SODWIRUP FRQWH

2SHUDWLRQDO SODWIRUP GDWD DOVR KDYH OLPLWDWLRQV 7TKH\ FDSYV
SODWIRUP EXWQRWWKHRUJDQLVDWLRQDO PHDQLQJRIWKHVHLQWHUDF
LV LQWHUSUHWHG DQG IROORZHG XS LQ SUDFWLFH 7KH TXDOLWDWLYH
WKHVH SDWWHUQV +RZHYHU LQWHUYLHZ GDWD UHPDLQ GHSHQGHQW R
ZLOOLQJQHVV WR UHIOHFW RQ RUJDQLVDWLRQDO SUDFWLFH

7KH TXDQWLWDWLYH DQDO\VLV LV WLPH ERXQGHG DQG UHOLHV RQ DYDL
FRQFHSWYVY 3O0DWIRUP XVHLQGLFDWRUV FDSWXUHREVHUYDEOH WUDFHYV
LQGLFDWRUYV FDSWXUH VHOHFWHG GLPHQVLRQV RI FLUFXODU SHUIRUPL
WKURXJK WULDQJXODWLRQ PHWKRGRORJLFDO VHTXHQFLQJ DQG D F(
DVVRFLDWLYH DQG H[SODQDWRU\ FODLPV 7KH ILQDO OLPLWDWLRQV I
GLVFXVVHG LQ &KDSWHU



ILWHUDWXUH 5HYLHZ

7KLV FKDSWHU UHYLHZV DQG VIQWKHVLVHY OLWHUDWXUH UHOHYDQW WR
XQGHU ZKLFK VRFLR WHFKQLFDO FRQGLWLRQV LQIRUPDWLRQ IURP D G
EHFRPH FRQQHFWHG WR RUJDQLVDWLRQDO DFWLRQ IRU FLUFXODU SHUIF
IRXUOLWHUDWXUH VWUHDPV WKDW SURYLGH FRPSOHPHQWDU\LQVLJIJKWYV
SODWIRUP OLWHUDWXUH WHFKQRORJ\ DGRSWLRQ OLWHUDWXUH VRFLR
LQIRUPDWLRQ VA\VWHPV OLWHUDWXUH DQG GLJLWPR OGHLMFEVI/DW KWV DLW
VWUHDPV VHSDUDWRQAQQ V6 KIFWLWR-Q WKHLU LQVLIKWYVY DQG LGHQWLILHV W
OLWHUDWXUH EDVHG DQDO\WLFDO IUDPHZRUN GHYHORSHG LQ &KDSWHU

(MKMXEP GMVGYPEV IGSRSQ]TPEXJSVQW

'LJLWDO SODWIRUPV DUH LQFUHDVLQJO\ GLVFXVVHG DV SRWHQWLDO HQTL
VXSSRUW LQIRUPDWLRQ YLVLELOLW\ FRRUGLQDWLRQ DQG GDWD H[FKD
RUJDQLVDWLRQVWR PRQLWRUPDWHULDO IORZV LGHQWLIVLQHIILFLHQFL
HWDO .|JUSSHQHWDOQ ZDVWH YDOXHHFRV\WVWHPV VXFK SODWIRUPV DU
EHFDXVHFLUFXODU YDOXHFUHDWLRQRIWHQ GHSHQGV RQWKHDELOLW\W
LQFOXGLQJZDVWH SURGXFHUV VHUYLFH SURYLGHUV SURFHVVRUV DQG

&LUFXODU HFRQRP\ SODWIRUP OLWHUDWXUH VKRZY WKDW GLJLWDO SOC
IXQFWLRQ DV PDUNHWSODFHV IRU VHFRQGDU\ PDWHULDOV LQIUDVWU)>
PHFKDQLVPV IRUUHYHUVH ORJLVWLFVY RU GHFLVLRQ VXSSRUW VA\VWHPYV
.JUSSHQ HW D@HWULN HW DOHWULN HW D®OHQWLI\ PXOWLSOH SODWIRUP P
WKDW VXSSRUW FLUFXODU HFRQRP\VXFFHVVIDFWRUV 7KLV VXJIJHVWV YV
QRW EH XQGHUVWRRG PHUHO\ DV GLJLWDO LQWHUIDFHV EXW DV VA\VWH|I
LQWHUDFWLRQ ZLWKLQ FLUFXODU HFRV\VWHPV

7KLY SODWIRUP SHUVSHFWLYH UHIOHFWYVY D EURDGHU VKLIW IURP ILUP F
FLUFXODULW\ &LUFXODU YDOXH LY UDUHO\ FUHDWHG E\ RQH RUJDQLVD
WKH DOLJQPHQW RI DFWRUV GDWD LQFHQWLYHV DQG UHVSRQVLELOLW
QHWZRUNV %ODFNEXUYQSSWQ@OGW DOLJLWDO FLUFXODU HFRQRP\ SODWIR
RSHUDWH LQ FRQWH[WYVY ZKHUH YDOXH FUHDWLRQ LV RIWHQ GLVWULEX
FRRUGLQDWLRQ DFURVV PXOWLSOH DFWIRWW L Bo GOV RAEXHNL HWINWQ DHOV DO

(PSLULFDO VWXGLHV DOVR VXJJHVW WKDW GLJLWDO SODWIRUPV PD\ VXS
JRU H[DPSOH SODWIRUP HQDEOHG LQIRUPDWLRQ H[FKDQJH VWDNHKRO
PHFKDQLVPV KDYH EHHQ DVVRFLDWHG ZLWK LPSURYHG ZDVWH WR UH)
SHUIRUPDQFHLQLQGXVWULDO HFRV\YIWH®P YD Ot DX AR QLA QOV VXSSRUW '
YLHZ WKDW GLJLWDO FLUFXODU HFRQRP\SODWIRUPV PD\FRQWULEXWH W
GDWD EXWDOVR E\VXSSRUWLQJFRRUGLQDWLRQDQG SHUIRUPDQFH PRQ

$W WKHVDPHWLPH WKHOLWHUDWXUHLQGLFDWHY WKDW SODWIRUP HQD
FROQWH[W GHSHQGHQW 3ODWIRUPV GLIIHULQ JRYHUQDQFH DUUDQJHPHC
VWUXFWXUHV DQG IXQFWLRQDO SXUSRKVWHAMH GHWHUNQRMA\D®DWWHU EHF
YDOXH RI D SODWIRUP GRHVY QRW IROORZ DXWRPDWLFDOO\ I[URP LWV WHTI
GHSHQG RQ ZKHWKHU RUJDQLVDWLRQV DUH DEOHDQG ZLOOLQJ WR XVH V
DQG LOQWHURSHUDEOH DQG ZKHWKHU SODWIRUP LQIRUPDWLRQ LV FRQQ!|
SURFHVVHV . J[USSHQIH3MRND

7KLV OLWHUDWXUH VWUHDP SURYLGHV WZR LQVLIJKWY WKDW DUH UHOHYL
FLUFXODU HFRQRP\SODWIRUPVFDQEHXQGHUVWRRGDVPXOWLIXQFWLRC
GLJLWDO WRROV 7KH\ PD\ VXSSRUW LQIRUPDWLRQ XVH WUDQVDFWLRC



BIGLRSPSK]EGGITXERGI ERHSVKERMWEXMSREP XIGLRSPSK] YWI

HFRV\VWHP OHYHO LQWHUDFWLRQ 7KLV VXJIJHVWYV WKDW SODWIRUP XVH
UDWKHU WKDQ DV RQH XQLIRUP IRUP RI XVH 6HFRQG WKHOLWHUDWXUH
E\HFRV\VWHP FRQGLWLRQV LQFOXGLQJGDWD H[FKDQJH VWDNHKROGHU
FRRUGLQDWLRQDFURVV RUIJDQLVDWLRQDO ERXQGDULHYV

+RZHYHU WKLV OLWHUDWXUH SURYLGHYV OHVV LQVLJKW LQWR KRZ RU
ZDVWH UHODWHG SODWIRUP LQIRUPDWLRQLQHYHU\GD\SUDFWLFH DQG K
WR RUJDQLVDWLRQDO IROORZ XS IRU FLUFXODU SHUIRUPDQFH LPSURYH
FRPSOHPHQW SODWIRUP OLWHUDWXUH ZLWK OLWHUDWXUH RQ XVHU SHI
GLIJLWDO FLUFXODULW\EDUULHUYV

B8IGLRSPSK]EGGITXERGI ERH SVKERMWEXMSREP

THFKQRORJ\ DGRSWLRQ OLWHUDWXUH SURYLGHVY D VHFRQG UHOHYDQW
DGRSWLRQPRGHOVH[SODLQWHFKQRORJ\XVHSULPDULO\WKURXJKLQGLY
LOQWHQWLRQV 7KH 7THFKQRORJ\ $FFHSWDQFH ORGHO DUJXHV WKDW SHUF|
RI' XVH VKDSH XVHUVILQWHQWLRQV WR D G RISM 8QWIH HGQRHRIU \ FOISLIFVF H S W
DQG 8VH RI THFKQRORJ\ HIWHQGV WKLV YLHZ E\LQFOXGLQJIDFWRUYV VXFI
FRQGLWLRQV 9HQNDWHVK HW DO

7KHVH PRGHOV ZHUH GHYHORSHG WR H[SODLQ LQGLYLGXDO WHFEKQRORJ
VKRXOG QRW EH XVHG DV D FRPSOHWH H[SODQDWLRQ RI RUJDQLVDWLRQI
FRQWH[WV WKH GHFLVLRQ WR DGRSW D SODWIRUP PD\ EH VKDSHG E\ PD
VHUYLFH DUUDQJHPHQWY UDWKHU WKDQ E\ LQGLYLGXDO XVHUV DORQH
SODWIRUP LV HQDFWHG LQ SUDFWLFH HVSHFLDOO\ EHFDXVH GLJLWDO F
ZDVWH UHODWHG SHUIRUPDQFH LQIRUPDWLRQ UDWKHU WKDQ GLUHFWO\ ¥
PD\ GHFLGH ZKHWKHU WR XVH SODWIRUP IXQFWLRQDOLWLHV IRURSHUDW
VXFK DV H PDLO RU WHOHSKRQH FRQWDFW FRQVXOW GDVKERDUG LQIR
UHSRUWLQJ PRQLWRULQJ RUGHFLVLRQ PDNLQJ

,QWKLVWKHVLY WHFKQRORJ\ DGRSWLRQ FRQFHSWVDUHWKHUHIRUH XVFE
VRFLR WHFKQLFDO IUDPHZRUN 7KH\KHOSDQDO\VHKRZRUJDQLVDWLRQI
XVH SODWIRUP IXQFWLRQDOLWLHY DQG SODWIRUP LQIRUPDWLRQ +RZ
DFFHSWDQFH RU XVH WR RUJDQLVDWLRQDO DFWLRQ UHTXLUHYVY DGGLWLF
DQG HFRV\VWHP FRQGLWLRQV 7KLV LV SDUWLFXODUO\UHOHYDQW EHFD?>
XVHUV DSSURSULDWH GLJLWDO WRROV ZLWKLQ VSHFLILF ZRUN SUDFWLF
&DUUROO

THFKQRORJ\ DGRSWLRQ OLWHUDWXUH DOVR GUDZY DWWHQWLRQ WR WU X
DFFHSWDV\VWHPLQLWLDOO\ EXWDOVRFRQWLQXHWRSHUFHLYHYDOXH ¢
%KDWWDFKHUXHW DO ,QGLIJLWDO FLUFXODU HFRQRP\SODWIRUPV WU]
EHFDXVH SODWIRUP LQIRUPDWLRQ RIWHQ GHSHQGY RQ GDWD TXDOLW\ F
DFWRUV I XVHUV GRXEW WKH UHOLDELOLW\RU UHOHYDQFHRIWKHLQIRL
DEDVLVIRULQWHUSUHWDWLRQ RUIROORZ XS

3HUIRUPDQFH GDVKERDUGY DUH UHOHYDQW LQ WKLY FRQWH[W EHFDXVH
SHUIRUPDQFH IHHGEDFN DQG VXSSRUW PRQLWRULQJ HYDOXDWLRQ D¢
JRUPRVR +HQUL +RZHYHU GDVKERDUG LQIRUPDWLRQ GRHV QRW LPSO
WV SUDFWLFDO UHOHYDQFH GHSHQGV RQ ZKHWKHU XVHUV SHUFHLYH WK
DQG UHOHYDQW WR WKHLU RUJDQLVDWLRQDO FRQWHI[W

7KH PDLQ LQVLJKW IURP WKLY OLWHUDWXUH VWUHDP LV WKDW XVHU SHI
FRQGLWLRQ IRU SODWIRUP XVH &RQFHSWV VXFK DV SHUFHLYHG XVHIXOC
XVH KHOS H[SODLQ ZK\ RUJDQLVDWLRQDO XVHUV PD\ RU PD\ QRW HQJDJFH
GDVKERDUG LQIRUPDWLRQ +RZHYHU WKHVH FRQFHSWV GR QRW IXOO\
FROQQHFWHG WR RUJDQLVDWLRQDO DFWLRQ )RU WKDW LWLV QHFHVVDL
HPEHGGHG LQ URXWLQHYVY DVVLIQHG WR UHVSRQVLELOLWLHY DQG VKDSH



7SGMS XIGLRMGEP ERHTVEGXMGI FEWIHTIVWTIGXMZIW SR
MRISVQEXMSR WIWXIQW YWI

/ISGMS XIGLRMGEP ERHTVEGXMGI FEWIH TIVWTI

MRIJSVQEXMSR WIWXIQW YW

6RFLR WHFKQLFDODQG SUDFWLFH EDVHGLQIRUPDWLRQ V\VWHPV SHUVS
VWUHDP IRU WKLY WKHVLY 7KHVH SHUVSHFWLYHV VKLIWDWWHQWLRQ IU
GHFLVLRQ WR WHFKQRORJ\ XVH DV DQ RUJDQLVDWLRQDO DQG VLWXDWHC
UHVHDUFK TXHVWLRQ FRQFHUQV QRWRQO\ZKHWKHU XVHUV DFFHVV D GLJ
LQIRUPDWLRQ EHFRPHV FROQQHFWHG WR RUJDQLVDWLRQDO URXWLQHV U

$ VRFLR WHFKQLFDO SHUVSHFWLYH DVVXPHVY WKDW GLJLWDO WHFKQRO
LQWHUGHSHQGHQW 7HFKQRORJLHV PD\VKDSH RUJDQLVDWLRQDO SRVVL
WKH\ DUH LPSOHPHQWHG LQWHUSUHWHG DQG XVHG E\ DFWRUV ZLWKLQ

2UOLNRZVNIZKH VDPH GLJLWDO SODWIRUP PD\ WKHUHIRUH OHDG WR G
RUJDQLVDWLRQV GHSHQGLQJRQ URXWLQHV FDSDELOLWLHV UROH VWU
SUHVVXUHYV

BUDFWLFH EDVHG LQIRUPDWLRQ VA\VWHPYVY OLWHUDWXUH IXUWKHU HPSKL
HYHU\GD\ ZRUN 7HFKQRORJLHV GR QRW KDYH IL[HG RUJDQLVDWLRQDO F
WKURXJKUHSHDWHG XVH LOQOWHUSUHWDWLRQ DGDSWDWLRQUR®G LQWHJ
WKLY SHUVSHFWLYH SODWIRUP XVHLV QRW VLPSO\D PDWWHU RIITRUPDO
KRZ XVHUVY PDNH VHQVH RI SODWIRUP LQIRUPDWLRQ KRZ WKDW LQIRUPD
DQG ZKHWKHU LW EHFRPHVY FRQQHFWHG WR GHFLVLRQV DQG SRVVLEOH DF

7KLY SHUVSHFWLYH LV UHOHYDQW IRU GLIJLWDO FLUFXODU HFRQRP\ SOL
LQIRUPDWLRQ WKDW XVXDOO\UHTXLUHY RUJDQLVDWLRQDO LQWHUSUHW
VHSDUDWLRQ UDWHV FRVWV RUHQYLURQPHQWDO LQGLFDWRUV EXW Wi
ZKDW DQ RUJDQLVDWLRQ VKRXOG GR 7KH RUJDQLVDWLRQDO YDOXH RI ¢
RQO\ RQ DYDLODELOLW\ EXW DOVR RQ ZKHWKHU LW LV LQWHUSUHWHG I
OR\QLKDQ /DYHUWRNQLKDQ 3DQGHWBODWIRUP LQIRUPDWLRQ PD\ WKHUH
SULPDULO\LQIRUPDWLRQDO ZKHQLWLVQRWFRQQHFWHG WR RUJDQLVDW
LQWHUSUHWHG DQG SRWHQWLDOO\ XVHG

6RFLR WHFKQLFDO DQG SUDFWLFH EDVHG SHUVSHFWLYHV SURYLGH PH
IUDPHZRUN 7KH\ VXJJHVW WKDW SODWIRUP LQIRUPDWLRQ EHFRPHV RU
VLWXDWHG LOWHUSUHWDWLRQ DQG UHSHDWHG XVH 7KH\ DOVR LQGLF
UHVSRQVLELOLWLHYVY DQG GHFLVLRQ PDNLQJ SUDFWLFHV PD\ VKDSH ZKH
LQ SUDFWLFH $W WKH VDPH WLPH WKHVH SHUVSHFWLYHV GR QRW IXOO\
RI GLJLWDO FLUFXODU HFRQRP\ SODWIRUPV ,Q SDUWLFXODU WKH\ SU
GHSHQGHQFLHY GDWD FRQGLWLRQVY DQG LQWHU RUJDQLVDWLRQDO F
ZKHWKHU ZDVWH UHODWHG SODWIRUP LQIRUPDWLRQ FDQ EHDFWHG XSRC
OLPLWDWLRQ PDNHV LW QHFHVVDU\WR LQFOXGH GLJLWDO FLUFXODULW\

(MKMXEP GMVGYPEVMX] FEVVMIVW EX SVKERMW

PIZIPW

KHUH VRFLR WHFKQLFDO OLWHUDWXUHH[SODLQVKRZLQIRUPDWLRQ V\V\
SUDFWLFH GLJLWDO FLUFXODULW\OLWHUDWXUH VSHFLILHVY EDUULHUV \
LPSOHPHQWDWLRQ 7KH\DUH QRW OLPLWHG WR LQGLYLGXDO XVHUV RU V
RUJDQLVDWLRQDO VWUXFWXUHV DFURVV HFRV\VWHP UHODWLRQVKLSV
7TUHYLVDQ HWD®HQWLIVEDUULHUV DFURVYVY VHYHUDO GLPHQVLRQV LQFO
JRYHUQDQFH LQIUDVWUXFWXUH DQG UHJXODWLRQ 7KLV VXSSRUWYV WK
FKDOOHQJH

$W WKHPLFUR OHYHO EDUULHUV UHODWH WR XVHUV DQG WKHLU LQWHUD
GLJLWDO VNLOOV UHVLVWDQFH WR FKDQJH ODFN RI SHUFHLYHG XVHIXO
WLPH RUFDSDFLW\ WR HQJDJH ZLWK GLJLWDO WRRQWW/BIQ Q6XWW 0<OOH
EDUULHUV PD\OLPLW ZKHWKHU XVHUV FRQVXOW GDVKERDUGYV XQGHUVW|
SODWIRUP LQIRUPDWLRQ UHOHYDQW IRU WKHLU ZRUN



OMXIVEXYVIW]RXLIWMW

$W WKH RUJDQLVDWLRQDO OHYHO EDUULHUV FRQFHUQ URXWLQHV FD
FLUFXODU HFRQRP\ SODWIRUPV PD\ SURYLGH UHOHYDQW LQIRUPDWLR
SURFHVVHV UROH DOORFDWLRQ PDQDJHULDO VXSSRUW DQG GLJLWDC
SUDFWLFH :KHQ UHVSRQVLELOLWLHY DUH XQFOHDU ZKHQ URXWLQHV DU
GLJLWDO WRROV DUH ZHDNO\ FRQQHFWHG WR RSHUDWLRQDO GHFLVLRQ
GLVFRQQHFWHG IURP RUJDQLVDWLRQDO IROORZ XS

$W WKH HFRV\WWHP DQG LQVWLWXWLRQDO OHYHO EDUULHUV UHODWE
FRRUGLQDWLRQ DQG UHJXODWRU\ FRQWH[W 'LJLWDO FLUFXODU HER
FRQWULEXWLRQV VKDUHG VWDQGDUGY DQG FRRUGLQDWHG URXWLQH
VWDQGDUGYV LQFRQVLVWHQW ZDVWH FDWHJRULVDWLRQ ZHDN VXSSO\ F
DQG GHSHQGHQFH RQ H[WHUQDO DFWRUV FDQ OLPLW WKH XVHIXOQHVV
DO 7UHYLVDQ HW DEHJXODWRU\ PLVDOLJQPHQW LQIUDVWUXFWXUH J
UHTXLUHPHQWY DQG OLPLWHG LPSOHPHQWDWLRQ JXLGDQFH PD\ IXUWKH
I X 7UHYLVDQ HW DO

B3ROLF\ GHYHORSPHQWYV PD\ LQFUHDVH SUHVVXUH IRU WUDFHDELOLW\ U
GR QRW QHFHVVDULO\ VSHFLI\ KRZ GLJLWDO FLUFXODULW\ LQIRUPDWLR:
URXWLQHV RURSHUDWLRQDO LPSURYHPHQW SURXHBRSHD Q%IRPW HWRLYR Q ¢

1GRND 2UJDQLVDWLRQV PD\WKHUHIRUH H[SHULHQFH LQFUHDVLQJ
SHUIRUPDQFH ZKLOH VWLOO IDFLQJ XQFHUWDLQW\DERXW KRZ SODWIRUP
SUDFWLFH

7TDEOH OXOWL OHYHO GLJLWDO FLUFXODULW\EDUULHUV DIIHFWLQJ WKH XVH RIGLJLWDO FL

/IHYHO ([DPSOHV RIEDUULHUV ,OO0XVWUDWLYH VRXUFHYV

OLFUROHYHO XVHUVIPQ®HG GLJLWDO VNLOOV UHYRVMWDVB B WRIRKDH W
LQWHUSUHWDWLRQVXQFOHDU SHUFHLYHG XVHIXOQBIQE& 000 PN B V RRNKHW W L Q
GDWD
OHVR OHYHO RUJDQBWFWHRQDOQWHUQDO UHVSRQVREDQNWKEZMNLZHDWXR Q
URXWLQHV DQG UHV SPRO@LLEHOLUDMLWXYS SRUW OLPLWBGGVARHHR U FUDISDIALDWQ
ZHDN FRQQHFWLRQ WR RSHUDWLR QDO
GHFLVLRQ PDNLQJ
ODFUR OHYHO HFRVVWWNMRDG@DBWD VWDQGDUGY LQFRYUEVWHWW@DVWH
LQVWLWXWLRQDO FRRDGMIRRQWDWLRQ GHSHQGHQ&KDIRIHHDPQU®D O
DFWRUV UHJXODWRU\PLVDOLJQRNQWD ® HROXQQJ
UHSRUWLQJ UHTXLUHPHQWYV

7KLV OLWHUDWXUH VWUHDP FRQWULEXWHY D PXOWL OHYHO SHUVSHFWL
WKDW GLJLWDO FLUFXODULW\ LV VKDSHG QRW RQO\ E\ XVHU OHYHO SH
E\ RUJDQLVDWLRQDO URXWLQHYVY UROH DOORFDWLRQ GDWD FRQGLWLRC
FRQWH[W 7KHVH EDUULHUV KHOS H[SODLQ ZK\ LQIRUPDWLRQ IURP GLJI
UHPDLQ GLVFRQQHFWHG IURP RUJDQLVDWLRQDO IROORZ XS HYHQ ZKHQ

$W WKH VDPH WLPH WKH GLJLWDO FLUFXODULW\EDUULHUYVY OLWHUDWXU
WLGHQWLILHY EDUULHUY DFURVV OHYHOV EXW RIWHQ SURYLGHY OHVYV
LQWHUDFW LQ WKH HYHU\GD\ RUJDQLVDWLRQDO XVHRID VSHFLILF GLJLW
OLPLWHG HPSLULFDO LQVLJKW H[LVWV LQWR KRZ XVHU SHUFHSWLRQV
GHSHQGHQFLHV MRLQWO\ VKDSH WKH WUDQVODWLRQ RI SODWIRUP LQI
FLUFXODU SHUIRUPDQFH LPSURYHPHQW

OMXIVEXYVIW]RXLIWMW

$FURVVWKHUHYLHZHGOLWHUDWXUH IRXULQVLIKWVDUHSDUWLFXODUO
SODWIRUP OLWHUDWXUH VKRZV WKDW GLJLWDO SODWIRUPYV PD\ VXSSRU
HI[FKDQJH DQG FLUFXODU YDOXH FUHDWLRQ 7KLV OLWHUDWXUH RIWHQ I
DQG GHVLJQ UDWKHU WKDQ HYHU\GD\ RUJDQLVDWLRQDO XVH ,W DOVR
XQGHUVWRRG DV PXOWLGLPHQVLRQDO EHFDXVH SODWIRUPV FDQ VXSSRI
LQIRUPDWLRQ XVH WUDQVDFWLRQV FRRUGLQDWLRQ GHFLVLRQ VXSSRU



OMXIVEXYVIW]RXLIWMW

6HFRQG WHFKQRORJ\ DGRSWLRQ OLWHUDWXUH H[SODLQV LPSRUWDQW X
VXFK DV SHUFHLYHG XVHIXOQHVY HDVH RI XVH WUXVW VRFLDO LQIOXH(
FRQFHSWV DUH UHOHYDQW IRU XQGHUVWDQGLQJ KRZ XVHUV SHUFHLYH D
+RZHYHU WKHVH PRGHOV SULPDULO\H[SODLQ LQGLYLGXDO DFFHSWDQF}
KRZ SODWIRUP LQIRUPDWLRQ EHFRPHVY FRQQHFWHG WR RUJDQLVDWLRQD

7KLUG VRFLR WHFKQLFDODQG SUDFWLFH EDVHG LQIRUPDWLRQ V\VWHP
LVVLWXDWHG URXWLQLVHG DQG VKDSHG E\LQWHUDFWLRQV EHWZHHQ V
SUDFWLFHYV 7KLVOLWHUDWXUHLVUHOHYDQWEHFDXVHLWVXJIJHVWYV WK
WKURXJKLQWHUSUHWDWLRQ UHSHDWHG XVH UROH VWUXFWXUHYV DQGF
OHVV VSHFLILFLQVLIKWLQWR WKH SDUWLFXODU FKDUDFWHULVWLFV RI C
DQGIROORZ XS PD\GHSHQG RQ PXOWLSOHDFWRUV DFURVV D ZDVWH YDO

JRXUWK GLJLWDO FLUFXODULW\ OLWHUDWXUH LGHQWLILHY EDUULHUV
LOQOVWLWXWLRQDO OHYHOV LQFOXGLQJ XVHU FDSDELOLWLHYVY GDWD TXD
VXSSO\ FKDLQ FRRUGLQDWLRQ DQG UHIJXODWLRQ 7KLV OLWHUDWXUH \
FRQGLWLRQV EH\RQG WHFKQLFDO DFFHVV +RZHYHU LW SURYLGHV OHVYV
LQWKHHYHU\GD\ XVH RID VSHFLILF GLILWDO FLUFXODU HFRQRP\SODWIF
IURP SODWIRUP LQIRUPDWLRQ WR RUJDQLVDWLRQDO DFWLRQ

7TDEOHVXPPDULVHV WKHHVWDEOLVKHG LQVLIKWV DQG UHPDLQLQJH[SOD
VWUHDPYV

7TDEOH /LWHUDWXUH VIQWKHVLY DFURVV UHVHDUFK VWUHDPV FRQWUDVWLQJHVWDEOLVK
UHIJDUGLQJLQIRUPDWLRQ XVHDQG RUJDQLVDWLRQDO DFWLRQLQ GLIJLWDO FLUFX

SHVHDUFK DUHD (VWDEOLVKHG LQVLJEWRDLQLQJ H[SODQDWRU\JDSV
"LILWDO "LIJLWDO SODWIRUPV PD\HQBED B UB IGRU PHDVWHLQRW SODWIRUP IXQFWLF
FLUFXODU HFRIQRE\LOLW\ FRRUGLQDW L RE) RADW R HYPMOLG®IH LQ HYHU\GD\ SUDFW
SODWIRUPV WUDQVDFWLRQV GHFLVLRQKRZSGRUWWHYGXVHY UHODWH WR RUJDQ
FLUFXODU YDOXH FUHDW L R QRIDFOURRA/ X S "
HFRV\VWHPV 30DWIRUP XVH VKRXOG EH
XQGHUVWRRG DV PXOWLGLPHQVLRQDO
7HFKQRORJ\ 8VHU SHUFHSWLRQV LQFOXERDGRXNIKWDQHYWO SHUFHSWLRQV LQI
DFFHSWDQFHHIMNH RI XVH WUXVW VRFLDWHKHXYXHRI S MWIRUP LQIRUPDWLRQ ZK
RUJDQLVDWLRMALMWLWDWLQJ FRQGLWLRQNGREWIR QQE LRAULIEXPIO/DWLRQDOO\ DUU
WHFKQRORJ\ WY\ MFKQRORJ\ XVHDQG FRQWYDXXIEFUHDWLRQ LV GLVWULEXWHG DF
HQJDJHPHQW
6RFLR WHFKQAHMEKIR RORJI\ XVH LV VLW XDWRZ GRXWEQDWHBUP LQIRUPDWLRQ EHF
DQG DQG VKDSHG E\ LQWHUDFW LIRDEHEHIMHAHH@RUJDQLVDWLRQDO URXW
SUDFWLFH EDNHBKQRORJLFDO IHDW XU HWDBHYG RQVDBILYDWLHRQ DM G GHFLVLRQ P
LQIRUPDWLR G WDFWH P MV SURFHVVHV"
SHUVSHFWLYHV
'LJLWDO FLUPKDWWLMUY H[LVW DFURVV XV¥REZ GRRWIK® MHDEDURQMHWY LQWHUDFW LG
EDUULHUV  HFRV\WWHP DQG LQVWLWXVWLRHF AFYHIYWDO FLUFXODU HFRQRI
LQFOXGLQJFDSDELOLWLHVD@BVWKR Z XCIROLKWN\ DIITHFW WKH WUDQVOD
FRRUGLQDWLRQ LQWHURS HWDEL IR\ LRORBUPDWLRQ LQWR RUJDQL
UHJXODWLRQ DFWLRQ"

7KHVI\QWKHVLVLQGLFDWHV WKDW GLJLWDO FLUFXODU HFRQRP\SODWIRU
LQIUDVWUXFWXUHYV RU EXVLQHVY PRGHO LQQRYDWLRQV EXW DOVR DV
RUJDQLVDWLRQDO DQG LQWHU RUJDQLVDWLRQDO SUDFWLFH 7KH UHYL|
DUH SDUWLFXODUO\UHOHYDQW IRU WKLV WKHVLYV

J)LUVW WKHUHLVDWHQVLRQ EHWZHHQ SODWIRUP SRWHQWLDO DQG RUJD
OLWHUDWXUH H[SODLQV ZKDW SODWIRUPY PD\ HQDEOH EXW SURYLGHV
GLIITHUHQW SODWIRUP IXQFWLRQV LQ HYHU\GD\ SUDFWLFH 6HFRQG W
DFFHSWDQFH DQG RUJDQLVDWLRQDO DFWLRQ 7HFKQRORJ\ DGRSWLRQ
VKDSH WHFKQRORJ\ XVH EXW GR QRW IXOO\ H[SODLQ KRZ SODWIRUP L
RUJDQLVDWLRQDO URXWLQHV DQG UHVSRQVLELOLWLHYVY 7KLUG WKHUH |



OMXIVEXYVIW]RXLIWMW

DQG DFWLRQ 'LJLWDO SODWIRUPY PD\ PDNH ZDVWH IORZV DQG SHUIRUPI
DORQH GRHV QRW PHDQ WKDW RUJDQLVDWLRQV FDQLQWHUSUHW HPEHG

7TKHVH WHQVLRQV GHILQH WKH FRQFHSWXDO GLUHFWLRQ RI WKLV WKHVL
DGRSWLRQ WR PXOWLGLPHQVLRQDO RUJDQLVDWLRQDO SODWIRUP XVFE
RUJDQLVDWLRQDO DFWLRQ 3ODWIRUP OLWHUDWXUH VXSSRUWYVY WKH IL
GLIITHUHQW IRUPV RILQWHUDFWLRQ 7HFKQRORJ\ DGRSWLRQ OLWHUDW X
XVHU SHUFHSWLRQV XVHIXOQHVYVY HDVHRIXVH DQG WUXVW 6RFLR WHF|
SURYLGH PHVR OHYHO FRQFHSWYVY UHODWHG WR RUJDQLVDWLRQDO HPEI
DQG GHFLVLRQ PDNLQJ SUDFWLFHV 'LJLWDO FLUFXODULW\OLWHUDWXU
FRQGLWLRQV HFRVA\WVWHP GHSHQGHQFLHVY LQWHU RUJDQLVDWLRQDO FR

7KH UHVHDUFK JDS DGGUHVVHG LQ WKLV WKHVLY LV WKHUHIRUH H[SOD
SURYLGHV IUDJPHQWHG LQVLIKWY LQWR SODWIRUP SRWHQWLDO XVHU D
GLJLWDO FLUFXODULW\ EDUULHUV EXW GRHV QRW VXIILFLHQWO\ H[SOL
EHFRPHVY FRQQHFWHG WR RUJDQLVDWLRQDO DFWLRQ LQ EXVLQHVV WR E
LV SDUWLFXODUO\UHOHYDQW LQ D FLUFXODU ZDVWH PDQDJHPHQW FRQW
UHVLGXDO PDWHULDO IORZV DQG ZKHUH FLUFXODU IROORZ XS PD\ GHSHQ
WKH ZLGHU ZDVWH YDOXH HFRV\VWHP

7TRIHWKHU WKHVH LQVLIJKWY SURYLGH WKH FRQFHSWXDO EDVLV IRU WK
GHYHORSHG LQ dKBBSWOHPHZRUN GLVWLQJIJXLVKHVY EHWZHHQ REVHUYDEOH C
DQGWKHVRFLR WHFKQLFDO FRQGLWLRQV WKDW PD\VKDSH ZKHWKHU ZDV
RUJDQLVDWLRQDODFWLRQIRUFLUFXODU SHUIRUPDQFHLPSURYHPHQW

IRUWKHHPSLULFDO VWXG\RI WKH OLOJUR SODWIRUP HFRV\VWHP



ILWHUDWXUH EDVHG
$SQDO\WLFDO )UDPHZRUN

&KDSWWHWWWKHVLVHG IRXU OLWHUDWXUH VWUHDPV DQG LGHQWLILHG DQ |
KRZZDVWH UHODWHG SODWIRUP LQIRUPDWLRQ EHFRPHV FRQQHFWHG WR
EXVLQHVV WR EXVLQHVYV ZDVWH YDOXH HFRV\VWHPYV 7KLV FKDSWHU
OLWHUDWXUH EDVHG DQDO\WLFDO IUDPHZRUN IRU WKH HPSLULFDO VWXG

7KH IUDPHZRUN LV QRW LOQWHQGHG DV D FDXVDO PRGHO 5DWKHU LW LG
HPSLULFDO DQDO\WLV WKHREVHUYDEOH GLPHQVLRQV RI SODWIRUP XVH
PD\VKDSH ZKHWKHU ZzDVWH UHODWHG SODWIRUP LQIRUPDWLRQ EHFRPHYV
FLUFXODU SHUIRUPDQFH LPSURYHPHQW

7TKHFKDSWHU LV VWUXFWXUHGIDYOROQREKRZOMKMWORWHUDWXUH VIQWKHV|
WKH DQDO\WWLFDO 1UDPHZIRWAX VO/HHRWLRIQ PXOWLGLPHQVLRQDO XQGHUVWI
6HFWLRSQUHVHQWY WKH PXOWL OHYHO VRFLR WHFKQLFDO FRQGLWLRQV L
VXPPDULVHV WKHIUDPHZRUNDQG H[SODLQV KRZ LW JXLGHV WKHHPSLULI

*VSQ PMXIVEXYVIW]RXLIWMW XS EREP]XMGEP JV

7KH OLWHUDWXUH VIQWKHVLY LQ &KDSWHU VKRZV WKDW WKH UHVHDUF
OLWHUDWXUHVWUHDPDORQH 'LIJLWDOFLUFXODU HFRQRP\SODWIRUPOL
VHYHUDO IRUPV RILQWHUDFWLRQ EXW SURYLGHV OHVV LQVLIJKW LQWR K
LQ HYHU\GD\ SUDFWLFH 7HFKQRORJ\ DGRSWLRQ OLWHUDWXUH H[SODL(
FRQWLQXH XVLQJ D WHFKQRORJ\ EXW SURYLGHV OLPLWHG LQVLJKW LQWI
DQG SUDFWLFH EDVHG SHUVSHFWLYHYV DGGUHVYV RUJDQLVDWLRQDO HPE
FLUFXODU HFRQRP\ SODWIRUPV 'LJLWDO FLUFXODULW\OLWHUDWXUH L
IXOO\H[SODLQ KRZ WKHVH EDUULHUV LQWHUDFW LQ WKH XVHRID VSHFLIL

)RU WKLY UHDVRQ WKH DQDO\WLFDO IUDPHZRUN LQWHJUDWHY VHOHFW
VHOHFWHG FRQFHSWV DUH QRW LQWHQGHG WR UHSUHVHQW DOO FRQFH
7KH\ DUH LQFOXGHG EHFDXVH WKH\ DUH GLUHFWO\ UHOHMYD3EHW WR WK
ZKLFK VRFLR WHFKQLFDO FRQGLWLRQV FDQ LQIRUPDWLRQ ZLWKLQ D GL
RUJDQLVDWLRQDO DFWLRQ IRU FLUFXODU SHUIRUPDQFH LPSURYHPHQW
HERV\VWHP"

7TKHIUDPHZRUN FRQVLVWV RI WZR FRPSRQHQWYV )LUVW LW WUHDWYV SO
UHIOHFWV WKHLQVLJKW WKDW GLIJLWDO FLUFXODU HFRQRP\SODWIRUPYV |
GLITHUHQW IRUPVRILQWHUDFWLRQ 6HFRQG LW WUHDWY WKHWUDQVODYV
DFWLRQ DV D PXOWL OHYHO VRFLR WHFKQLFDO LVVXH 7KLV UHIOHFWYV
VKDSHG E\ XVHU OHYHO RUJDQLVDWLRQDO DQG HFRVA\WWHP OHYHO FRQ

7KH IUDPHZRUN UHPDLQVY FRQFHSWXDO DW WKLV VWDJH RI WKH WKHVLYV
XVHG WR JXLGH WKH HPSLULFDO VWXG\ EXW LW GRHVY QRW \HW GHILQH W
OLOJURDQDO\WLYVY 7KHHPSLULFDOWUDQVODWLRQRIWKHIUDPHZRUNLQV

ZKLOH WKH GHWDLOHG TXDQWLWDWLYH RSHUDWLRQDOLVDWLRQ LV SUFL



IYPXMHMQIRWMSREP TPEXJSVQ YWI

1YPXMHMQIRWMSREP TPEXJSVQ YWI

7KH ILUVW FRPSRQHQW RI WKH DQDO\WLFDO IUDPHZRUN LV D PXOWLGL
XVH 7KLV IROORZV IURP GLJLWDO FLUFXODU HFRQRP\SODWIRUP OLWHU
VXSSRUW PXOWLSOHIXQFWLRQV ZLWKLQ FLUFXODUHFRV\VWHPV 7KHVH I
SHUIRUPDQFH PRQLWRULQJ WUDQVDFWLRQV FRRUGLQDWLRQ GHFLVLR

7KLV PXOWLGLPHQVLRQDO SHUVSHFWLYH LV LPSRUWDQW EHFDXVH SODV
JHQHUDO XVDJH PHDVXUH $Q RUJDQLVDWLRQ PD\ XVH D SODWIRUP IRU
ZLWKRXW XVLQJLW LQWHQVLYHO\IRU SHUIRUPDQFH PRQLWRULQJ $QRW
GDVKERDUGY EXW UHO\ RQ RWKHU FKDQQHOV IRU FRRUGLQDWLRQ RU
PXOWLGLPHQVLRQDO WKHUHIRUH PDNHV LW SRVVLEOH WR GLVWLQJXLV
ZLWK D GLJLWDO FLUFXODU HFRQRP\SODWIRUP

,QWKLV WKHVLY WKHPXOWLGLPHQVLRQDO FRPSRQHQW IXQFWLRQV DV D
HPSLULFDODQDO\WLV WR WKH SRVVLELOLW\WKDW RUJDQLVDWLRQV PD\
ZD\V 7KH VSHFLILFIRUPV RI SODWIRUP XVH WKDW FDQ EH REVHUYHG ZLW
DYDLODEOH SODWIRUP GDWD DQG WKH IXQFWLRQDOLWLHYVY RI WKH SODW
LQWURGXFHG LQ WKHHPSLULFDO FDVH VWXG\DQG RSHUDWLRQDOLVDWLEF

1YPXM PIZIPWSGMS XIGLRMGEP GSRHMXMSRW

7KH VHFRQG FRPSRQHQW RI WKH IUDPHZRUN LV D PXOWL OHYHO XQGHUV\
7KH OLWHUDWXUH UHYLHZ VXJJHVWYVY WKDW WKH XVH RI SODWIRUP LQIRU
DFFHVV RU LQGLYLGXDO DFFHSWDQFH DORQH ,QVWHDG SODWIRUP L
RUJDQLVDWLRQDO DFWLRQ RQO\ZLWKLQ D EURDGHU VRFLR WHFKQLFDO |

$W WKH PLFUR OHYHO WKH IUDPHZRUN GUDZV PDLQO\ RQ WHFKQRORJ\ |
FRQFHSWV ZHUH RULJLQDOO\GHYHORSHG WR H[SODLQ LQGLYLGXDO WHF
UHOHYDQW LQ WKLV WKHVLY EHFDXVH RUJDQLVDWLRQDO SODWIRUP XVH |
XVHUV DFFHVV LQWHUSUHW DQG HYDOXDWH SODWIRUP LQIRUPDWLRQ F
VXFK DV SHUFHLYHG XVHIXOQHVV UHOHYDQFH WUXVW DQG XVHU LQWHL
SODWIRUP LQIRUPDWLRQ LV FRQVXOWHG DQG FRQVLGHUHG PHDQLQJIX
WKHPVHOYHV ZKHWKHU WKLV LQIRUPDWLRQ EHFRPHV HPEHGGHG LQ RUJ
RUJDQLVDWLRQDO DFWLRQ

$W WKH PHVR OHYHO WKH IUDPHZRUN GUDZV RQ VRFLR WHFKQLFDO DQG
OLWHUDWXUH 7KLVOHYHOIRFXVHVRQRUJDQLVDWLRQDO URXWLQHV UR
SUDFWLFHV DQG RUJDQLVDWLRQDO HPEHGGLQJ 7KHVHFRQGLWLRQV PD
QHHG WR EHFRPH SDUW RI RUJDQLVDWLRQDO SUDFWLFHEHIRUHLW FDQ V

$W WKH PDFUROHYHO WKHIUDPHZRUN GUDZV PDLQO\VRQ GLJLWDO FLUFX
FRQGLWLRQV HFRV\WWHP GHSHQGHQFLHV LQWHU RUJDQLVDWLRQDO FR
FRQGLWLRQV DUHUHOHYDQW EHEDXVH GLJLWDO FLUEFXODU HFRQRP\SOD
ZKHUH GDWD TXDOLW\ LQWHUSUHWDWLRQ DQG SRVVLEOH IROORZ XS R
RUJDQLVDWLRQ

7KH WKUHH OHYHOV DUH DQDO\WLFDOO\ GLVWLQFW EXW WKH\ VKRXOG
SHUFHSWLRQV PD\ EH VKDSHG E\ RUJDQLVDWLRQDO URXWLQHV 2UJDQL
E\HFRV\VWHP GHSHQGHQFLHV (FRV\VWHP FRQGLWLRQV PD\ DIIHFW WKt
Rl SODWIRUP LQIRUPDWLRQ 7KH IUDPHZRUN WKHUHIRUH WUHDWYV VRFL
DQDO\WLFDO FDWHJRULHVY UDWKHU WKDQ DV VHSDUDWH FDXVDO IDFWRU
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