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Toward the Practical Realization of Decentralized Proof-of-Location
Systems

Abstract:

This thesis addresses the lack of real-world validation for decentralized Proof-of-Location
(PoL) systems by designing and experimentally evaluating the first physical prototype of the
witnessing-zone model. Developed on low-cost commodity hardware, the system integrates
ESP32-DWM3000 ultra-wideband modules for distance bounding, Raspberry Pi 4 nodes for
B.A.T.M.A.N.-Adv mesh networking, and a GoQuorum Istanbul BFT blockchain for tamper-
evident claim storage. To adapt the protocol to practical hardware constraints, the work introduces
a witness-initiated ranging exchange and a cryptographic block-hash binding to defeat replay
attacks at the physical layer. Results from a campaign of 340 trials demonstrate a mean position
error of 0.18 m and a 100% acceptance rate under honest operation, while successfully detecting
simulated adversarial range manipulations and replay attacks. These findings confirm that
decentralized PoL is feasible on embedded hardware with sub-meter accuracy, providing a

concrete roadmap for turning theoretical models into deployable infrastructure.
Keywords: Proof-of-Location, Decentralized Systems, Prototype, Blockchain, Mesh network

CERCS: P170 - Computer science, numerical analysis, systems, control



Detsentraliseeritud asukoha toendamise siisteemide praktilise teostuse
suunas

Liihikokkuvote:

Kéesolev bakalaureusetdo lahendab detsentraliseeritud asukoha tdoenduse (Proof-of-Location,
PoL) siisteemide reaalse valideerimise puudumise kiisimust, projekteerides ja eksperimentaalselt
hinnates esimest fiilisilist tunnistajate tsooni mudeli prototiiiipi. Siisteem on véilja téotatud
soodsal laiatarbe-riistvaral ja see integreerib ESP32-DWM3000 ultralairiba (UWB) moodulid
distantsi piiramiseks, Raspberry Pi 4 sdlmed B.A.T.M.A.N.-Adv vorgu loomiseks ning
GoQuorum Istanbul BFT plokiahela andmete turvaliseks séilitamiseks. Protokolli kohandamiseks
riistvaralistele piirangutele voetakse t60s kasutusele tunnistaja algatatud kauguse modtmine
ja kriiptograafiline ploki risi sidumine, et torjuda taasesitusriinnakuid fiitisilisel kihil. Kokku
340 katsest koosneva testimise tulemused nditavad keskmist asukohaviga 0,18 m ja 100%-list
heakskiitmise miira nominaalsetes tingimustes, tuvastades samas edukalt kdik simuleeritud
riinnakud. Need leidud kinnitavad, et detsentraliseeritud PoL on teostatav madala maksumusega
manussiisteemidel, pakkudes konkreetset tegevuskava teoreetiliste mudelite muutmiseks

reaalseks infrastruktuuriks.
Votmesonad: Asukhatdendus, Detsentraliseeritud siisteemid, Prototiilip, Plokiahel, Silmusvork
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1. Introduction

Many digital services today rely on the assumption that a person or a device was really at a
specific place at a specific time. Common examples are loyalty programs, geofenced content
delivery, mobile voting, supply-chain tracking and the authentication of digital evidence in
journalism [1, 2]. The usual source of location on consumer devices, the Global Navigation
Satellite System (GNSS), was however not designed with adversarial users in mind. Spoofing
tools are cheap and the device itself is the one that reports its own coordinates, so any service
that simply trusts a self-reported position inherits the spoofing risk [3]. The growing use of
generative artificial intelligence makes the problem even more pressing, because binding digital
evidence to a verified place and time is one of the most direct ways to prove that something

actually happened in the real world [2].

A Proof-of-Location (PoL) is a cryptographic certificate that addresses this problem. It allows a
third-party verifier to be convinced that a prover was at a specific location at a specific time,
based on the attestation of one or more witnesses [2]. Research on PoL has moved from the
early centralized designs with a trusted location manager, through partially distributed protocols,
to fully decentralized blockchain-based systems [4]. The most recent step in this trajectory
is the unified architectural model of Brito et al. [2], which brings together ultra-wideband
(UWB) ranging, distance bounding, mesh networking and permissioned Byzantine fault-tolerant
consensus into one coherent protocol organized around the concept of a fault-tolerant witnessing
zone. The model is, however, validated only by emulation on QEMU virtual machines, and the
authors themselves leave the deployment on embedded devices with real radios as future work [2].
As a consequence, there is no published implementation of a decentralized PoL system that runs
on real radios, in a real physical environment, with a real Byzantine fault-tolerant blockchain.
Without such a deployment, the practical feasibility of the model cannot be confirmed and the

engineering problems that appear only under real-world conditions remain hidden from view.

This thesis tries to fill that gap. The objective is to design, build and experimentally evaluate the
first physical witnessing zone prototype that implements the decentralized PoL model of Brito
et al. [2] on commodity low-cost embedded hardware, and to assess the real-world feasibility
of the model. The contribution is fourfold. First, the thesis presents the first reported end-
to-end physical prototype that integrates four ESP32-DWM3000 UWB witnesses, a Layer 2
B.A.T.M.A.N.-Adv mesh between four Raspberry Pi 4 nodes, a GoQuorum Istanbul Byzantine

fault-tolerant blockchain and an independent verifier. Second, it adapts the abstract protocol to



packet-based UWB hardware through three concrete design choices: a witness-initiated Double-
Sided Two-Way Ranging exchange, a global root-mean-square residual check that replaces the
per-witness -test, and a cryptographic block-hash binding inserted into the UWB payload that
defeats replay attacks at the physical layer. Third, the prototype is evaluated through 340 trials
in a controlled indoor environment, under both honest and adversarial conditions, and produces
a mean position error of 0:18 m, a per-point acceptance rate of 100 % under honest operation
and the successful detection of every simulated attack. Fourth, the thesis reports the engineering

problems that emerged during the testing and proposes a concrete agenda for future work.

The remainder of the document is organized as follows. Chapter 2 reviews the literature on
Proof-of-Location, traces the evolution of the protocols from the early centralized designs to
the fully decentralized blockchain-based systems, presents the witnessing zone model of Brito
et al. [2] in detail and identifies the open gap in real-world deployment that motivates the present
work. Chapter 3 describes the methodology adopted in the thesis: the theoretical foundation
of the protocol, including the roles, the distance bounding primitive together with its DS-TWR
adaptation and the multilateration model, followed by the practical application development
on the ESP32 and Raspberry Pi nodes and the independent verifier. Chapter 4 reports the
experimental campaign in room 2018 of the Delta Building at the University of Tartu, defines
the four test phases and the per-trial metrics, and discusses the results together with the practical
limitations observed during the testing. Chapter 5 closes the thesis with the main conclusions
and a set of concrete directions for future work. The complete source code, hardware setup
notes and raw experimental data are provided in the accompanying GitHub repository ! which is

referenced from the relevant points in the text.

In the writing of this work, Anthropic’s Al-based tool Claude Opus 4.7 was utilized for two
purposes. First, the Al was used to improve formatting and to proofread for spelling and
grammatical errors. The Al did not independently generate any substantive paragraphs; instead,
it offered corrections to the existing text to enhance coherence. These rephrasing suggestions
were used selectively, and the author made the final decision regarding all text. Second, the Al
was used for code debugging in situations where it was necessary to understand the cause of an
error message or unexpected behavior. In these instances, the existing code snippet and the error

message were provided to the Al, and the resulting explanation was used to inform decisions

Thttps://github.com/tamor04/TamorTomsonPol Thesis



for corrections. The Al was not used to create original textual or code-based components of
the work, nor was it used to paraphrase the content of cited sources. All references to primary

sources have been manually verified.



2. Background

This chapter places the present work into the context of the existing literature on Proof-of-
Location (PoL). Section 2.1 explains why digital systems need a verifiable location and what
problems appear when it is missing. Section 2.2 follows the historical development of PoL
protocols, from the early designs based on a single trusted witness to the fully decentralized,
blockchain-backed architectures. Section 2.3 describes in detail the decentralized witnessing-
zone model of Brito et al. [2], which is the architectural basis of this thesis. Section 2.4 gives an
overview of the enabling technologies, and Section 2.5 identifies the open gap in the current

literature that motivates the work of this thesis.

2.1 Location Verification in Digital Systems

Many digital services today depend on the assumption that a user, a device or a piece of content
was really present at a given place and time. Loyalty programs, geofenced content delivery,
mobile voting, delivery and supply-chain verification, and the authentication of journalistic
content all need a trustworthy location claim [1, 2]. The growth of generative artificial intelligence
has made it even more important to be able to bind digital evidence to a specific time and place,

because verifying the origin of content becomes increasingly difficult [2].

The main source of location on consumer devices, the Global Navigation Satellite System
(GNSS), was not designed with adversarial users in mind. Cheap spoofing tools can produce
fake satellite signals, and the device itself is the one that reports the resulting position. Any
service that trusts a self-reported coordinate therefore inherits this spoofing risk [3]. Wi-Fi and
cellular triangulation have the same weakness, and there is no cryptographic link between the
reported position and the entity that claims it. Capkun and Hubaux [3] solved part of this problem
by combining distance bounding with verifiable multilateration, but the result is a positioning

primitive, not a certificate of presence that can be transferred and verified later by a third party.

A Proof-of-Location is exactly such a certificate: a digital object that allows a verifier v, who
may be absent from the event, to be convinced that a prover p was at location | and time t, based
on the attestation of a set of witnesses W [2]. Two properties are commonly required in the
literature. The first is spatio-temporal soundness: a prover who is not physically co-located
with the witnesses at (I; t) must not be able to produce or forge a valid proof. The second is

completeness: an honest prover and honest witnesses must always be able to convince an honest



YHULILHU 2WKHU SURSHUWLHV VXFKDV SULYDF\ QRQ WUDC
SURWRFRO VSHFLILFDQG H[SODLQ PRVWRIWKHGLIITHUHQFH\

(YROXWLRQRI3URRI RI /RFDWLRQ SURWRFROV

JROORZLQJWKHKLVWRULFDO HYR@XVBRRQUWFRHWRBERDN G B QV%EWILF
LOQWR WKUHH VWDJHVY EDVHG RQ WKHLU WUXVW DVVXPSWLRQV

7TUXVWHG DQG FHQWUDOL]J]HG DUFKLWHFWXUHYV

7KHILUVW SURSRVDO E\@DWRRELDGAG HOUWX\QMWHG ORFDWLRQ P
UHVLVWDQW GHYLFH WR HQIRUFH SK\VLFDO ERXQGDU\SROLFL
HTXLSPHQW G6DURL® HOWHRGPBOMWKH OLVW RI XVHFDVHV WR
UHVWULFWHG FRQWHQW DQG SUHVHQFH YHULILFDWLRQ IRU
WKH SURRIV @HDGHHIFBI SULYDF\ DZDUH DUFKLWHFWXUH Wi
EHWZHHQ VHYHUDO WUXV®&/ R B HHGW WH MM X6VINB RDW R WDP SHL
PRGXOBN $OCL@WNWLPSOLILHG SURRIJHQHUDWLRQ E\ XVLQJ WKH
DQG $NDQGAHSWHRGRVHG D FHQWUDOL]JHG EXW IRUPDOO\ VHFXU
WRJHR WDPSHULQJ $O0OOWKHVHV\VWHPV VKDUHRQHLPSRUWD
FRPSRQHQW ZKLFKLVDVLQJOH SRLQWRIIDLOXUHD@G DOVR

SDUWLDOO\GLVWULEXWHG SURWRFROV

$ VHFRQG JHQHUDWLRQ RI SURWRFROV GLVWULEXWHG WKH
$33/$86 @ XVHG FR ORFDWHG %YOXHWRRWKGHYLFHV WKDW PXW
DUHWKHQ VWRUHG LQ SVHXGRQ\PLI]JHG IRUP RQDQ X@WUXVW
LQWURGXFHG D WUXVWPRGHOEDVHGRQHQWURS\WRJHWKHU 2
WKDWPXWXDO FR ORFDWHG SURRIVFDQEHPDGHZKLOHVWLOC
35236 @ FRQWLQXHG LQ WKH VDPHGLUHFWLRQDQG XVHG JURX
PXOWL ZLWQHVV SURRIV XQGHU DVLQJOHDQRQ\PRXV FUHG
DUHVWLOO YXOQHUDEOHWRFROOXVLRQ EHWZBHMHEKHBW R
WKLV ULVN E\UHPRYLQJ WKHDELOLW\RIWKH SURYHU WR FK
GHQVLW\ LWVHOIDV D VHF XUL@&\UHBEPDLMWHE B R'IXGW QHRNIRA. W
PXOWL SDUW\FRPSXWDWLRQ EHWZHHQ VHPL KRQHVW HQWL\
RYHUKHDG 7KHVH SURWRFROV FOHDUO\PRYHG EH\RQG WKH W
RQDFHQWUDOO\LVVXHGLGHQWLW\LQIUDVWUXFWXUHDQG GR
IRUWKHUHVXOWLQJ SURRIV



) XOO\GHFHQWUDOL]J]HG DQG EORFNFKDLQ EDVHG

7TKHDUULYDO RISXEOLFOHGJHUVILQDOO\UHPRYHG WEB®H ODVW
FRPELQHG VKRUW UDQJH ZLUHOHVV DWWHVWDWLRQV ZLWK
EHFRPHWDPSHU HYLGHQWDQG UHVLVWDQW WR FHQVRUVKLS Z
HWD® PRUPDOL]J]HG WKH VSDWLR WHPSRUDO YHULILFDWLRQ UH
EORFNFKDLQ IRUVXSSO\ FKD@@WBGBENHQR NOHRY OKWGIH SURRI
EORFNFKDLQ WR VXSSRUW KLHUDUFKLFDO DQG XVHU @BRQWUR
LOQOWURGXFHG LQFHQWLYH PHFKDQLVPV WKDW UHZDUG®@KRQHVYV
GHVFULEHG DQDFWXDOO\GHSOR\HG LQIUDVWUXFWXUH ZKH
DUH FRRUGLQDWHG E\ =RQH $XWKRULWLHV WKURXJK (WKHU'
VKDUHG WLPHDQGLVVXHYHULILDBORRRRDW.MR@QHRO@DI B NV BiR
WDUJHWV FLYLF SDUWLFLSDWLRQLQ VPDUW FLW\HQYLURQP
HWD@ REVHUYH WKDW WKH SUHYLRXV FRQWULEXWLRQV DUH VW
FU\SWRJUDSKLF QHWZRUNLQJRUFRQVHQVXVY SUREOHP EXW
RQHFRPSOHWH HQG WR HQG GHFHQWUDOL]HG 3R/ LQIUDVW
HPXODWRU

7TKH'HFHQWUDOL]HG :LWQHVVLQJ =RQHORGHO

%ULWR @VEDDQ3 WRIJHWKHU WKH SUHYLRXVO\VFDWWHUHG WHE|
ZKLFK LV WKH GLUHFW EDVLV RI WKH SUHVHQW ZRUN 7KH HQW
RQH VWUXFWXUZOVBQ HFVMEBURENNW KH HQWLW\ ZKRVH SUHVH
DWW H\ZWWG@HMVD VWDWLRQDU\QRGH ZLWK D NQRZQ SXEOLF NH'
FRQWULEXWHYVY D SDUMULADIOWD/OW WK WIDBVE R QWS WKDW ODWHU HY
WKH SXEOLF VWDWH RI WKH VAVWHP SR&VLEO\ORQJDIWHU Wt

$ ]JR@HLV D UHJLRQ RI VSDFH+WLPH LQVLGH ZKLFK D ILQLWH \
UHOLDEO\ DQG DJUHH RQ D ORJLFDO FORFN 7KH ]JRQH LV G
FRQQHFWLYLW\ FRQVWUDLQWYV RYBY WKIHOA IV § H 8 B UNDRV B LN
WR SURYHQ EXDOQHOYHG IRUGLVWDQFH@RXQGWQS @I FRIMWM W
RYHUODS DQG IRUPD FRQWLQXRXV ODWWLFH WKHVPDOOHU W
UHVXOWLQJSURRI EXW WKH KLJKHU WKH G HS\OLRQ PO 19 WLEHIHAM
JRQHFRQVLVWLQJRIIRXU ZLWQHVVHY D SURYHULQVLGH WKH
LV VKRZQ



J)LIXUH $VLQJOHGHFHQWUDOL]J]HG ZLWQHVVLQJ ]RQH L'

,QVLGH D ]RQH WKH ZLWQHVVHV DJUHHRQ WKHRUGHU RIHYHC
%)7 FRQVHQVXV PHFKDQLVP ZLWK GHWHUPLQLVWLFILQDOLW\
B =flyb;:::g WKDW LV ORFDO @R WKMHBQWEQWLQH ZLWQHVVHV
n 3f+1 KRQHVW SDUWLFLSDQWY ,Q WZR GLPHQVLRQDO ]JRQHV \
ZLWQHVVHV ZKLFK DOVR VDWLVILHVY WKH JHRPHWULF UHTX
WROHUDQFH DW WKHRADRBERAKLPRX>QG WKH SURYHU HQJDJHV
LQWHUWPFBE(RQ) ZLWK HYHU\ ZLWQHVY DQG FROOHFWV SDUYV
FDQGhHG\KDAW UHFRUGV WKH SURYHUfV LGHQWLW\ WKH GLVWD
LV WKHQ DVVHPEOHG DV

=(h; ); = $JIUHMM:H; V),

ZKHUHY D FROOHFWLYH VLJQDWXRMXMWRILDNN BIN VXU 4 W B WLO HHDWY
LIDQG RQO\MDOLh®RGHWKH PXOWLODWHUDWHG S®VLWLRQ IDO

W LVLPSRUWDQW WR QaR WHON KD W Bb@® MVKR \HWRIBIH & RQ O\ WK U
XVHG 4(08 YLUWXDO PDFKLQHV UXQQLQJ2SHQ:UW ZLWK WKH %
DQ (WKHUHXP VW\OH 3URRI RI $XWKRULW\FKDLQ 5HDO UDGLR
SURSDJDWLRQ HIIHFWV ZHUH H[SOLFLWO\OHIW DV IXWXUH Z
QH[W VWHSV DUH WR GHSOR\ WKH VI\VWHP RQ HPEHGGHG GHYLF
KDUGZDUH LQ RUGHU WR YDOLGDWH WK @ UHRIDIOV DRFE®IGR | UL |
GHSOR\PHQW DQG WHVWLQJLVWKHRSHQ FKDOOHQJH WKDW V

(QDEOLQJ 7HFKQRORJLHYV

$ SUDFWLFDO UHDOL]DWLRQ RIWKH ZLWQHVVLQJ ]JRQH PRGH
ILUVW BOQWUN ZLGHEDR W KRYIUW UDQJIJH UDGLR WHFKQRORJ\V



SXOVHV VSUHDG RYHUD EDQGZLGWK RIDW OHDVW  0+] 7KL
UHVROXWLRQDQG VWURQJUHVLVWDQFHWR QDUURZ E® QG PXC
VWDQGDUGL]HVY WKHHQKDQFHG 8:% SK\WLFDO OD\HUV DQG WK
VLGHG DQG GRXEOH VLGHG WZR ZD\UDQJLQJ 66 7:5DQG '6 7:5
WKDW SURWHFW UDQJLQJLQWHJULW\DJDLQVW H[WHUQDO DWYV
FXUUHQWO\WKHRQO\PDLQVWUHDP RSWLRQ WKDW SURYLGHV
3R/

7KH VHFRQ GGQ B WHUQLPH EIRXWGRGIFHG E\ %UD @GV, D @P® QRIEZ X |
D YHULILHU WR HVYWDEOLVK D FU\SWRJUDSKLF XSSHU ERXQC
VHQGLQJ XQSUHGLFWDEOH VLQJOH ELWFKDOOHQJHV DQG P}t
FRPPLWPHQW ERXQG UHVSRQVHV 7KHVSHHG RIOLJKW WKHQ .
SUR[LPLW\ 5DVPXVVH@ GABBRQSWXQWHG WKHILUVWUDGLR U}
LGHD RQ FXVWRP KDUGZDUH 2Q FRPPRGLW\UDGLRV WKH FOD
LPSOHPHQW GLUHFWO\EHFDXVH RIWKHPHGLXP DFFHVV RYHU
'6 7:5 SURFHG®AUW ZLGHO\ XVHG DVDQ HQJLQHHULQJDSSURJL

7TKHWKLUZODHBOHYYV PHVK QRWWZRWAHRGHG EHFDXVH D ZLWQ
QRSULYLOHIJHG QRGHDQG QR PDQDIJHG LQIUDVWUXFWXUH \
IXOO\FRQQHFWHG PHVK 6HYHUDO SK\VLFDO OD\H@V AFDW VXS
L)L % $70%$1 BRSHUDWHV DW /D\HU DQGH[SRVHV DIOD)
WKDW LVRODWHYVY WKHFRQVHQVXVDQGUDQJLQJFRGHIURPYV
XVHGLQ WKHHPXODWHGEGRQH RI %ULWR HW DO >

7KH IRXUWK DQGSHQPOVWD RHQUHLG/E O R F NTAKLD/L KRG M H.Q \DXS\S U R
LQVLGH D ]RQH EHFDXVH WKH YDOLGDWRU VHW LV ERXQGHG D
)DXOW 7ROMIUDQGH WY PRGHUQ GHWFH® G D ¢\ MHSW R X D& Q/\K
ZLWK VXE VHFRQG ILQDOLW\ ,VWDQEXO %)7 ,%)7 LPSOHPHQ
VPDUW FRQWUDFW H[HFXWLRQ DQG D YDOLGDWRU VHW WKDW
ZKLFK UHDOL]HV WKH SURJUDPPDEOH ZLWQHVVLQJ@RQH GHVF

&RQFOXVLRQ

3R/ KDVPDWXUHGRYHUWKH\HDUV VWDUWLQJIURP WKHWUXVW
GLVWULEXWHG SURWRFROV ZLWK SULYDF\ SUHVHUYLQJPXO
IXOO\GHFHQWUDOL]HG EORFNFKD @ EB\QH GMK\WWWWM B B M $ B\



LOQWR D VLQJOH ZLWQHVVLQJ |IRQHDUFKLWHFWXUHDQG GHPR
WHFKQRORJLHV WKDWDUHQHHGHG WR GHSOR\WKLVDUFKLWHT
PHVK QHWZRUNLQJDQG SHUPLVVLRQHG %)7 FRQVHQVXYV D
QRZRUNLQ WKH H[LVWLQJOLWHUDWXUHUHSRUWVDQHQG WHF
DOO RIWKHP LQWR DUHDO ZLWQHVVLQJ]RQH 7KHFXUUHQW
PRVWLPSRUWDQW VWHS ZKLFKLV UHDO ZRUOG YDOLGDWLF
WKLVJIDS 7KHWKHRUHWLFDO IRXQGDWLRQDQG WKHHQJLQH
DUH SUHVHQW HIQLRVEKBD SWSHHW LPHQWY FRQGXFWHG ZLWK WK
JDLQHG IURP WKH WHVWDUHGHVFULEHG LQ &KDSWHU



OHWKRGRORJ\

 QWURGXFWLRQ

$V GHVFULEHG LQ &KDSWHU WKH GHFHQWUDOL]HG 3URRI RI
%ULWR @WEDDQ3IV WRIJHWKHU 8:% UDQJLQJ GLVWDQFH ERXQGL
SHUPLVVLRQHG %)7 FRQVHQVXV LQWR RQH XQLILHG PRGHO 7K
DUFKLWHFWXUHRQO\WKURXJKHPXODWLRQRQ 4(08 YLUWXD
GHSOR\PHQW RQ UHDO HPEHGGHG GHYLF@®V ZKMW & DFHD R | WHBLCR ¥
GHSOR\PHQW DQG WHVWLQJLY DWWKHPRPHQW WKHPRVW L

7TKHJRDO RI WKLY WKHVLVLVWRDGGUHVV HIDFWO\ WKLYV FKI
WKHGHVLIQ WKHFRQVWUXFWLRQDQG WKHYDOLGDWLRQ SU
SURWRW\SH WKDW LPSOHPHQWYV WKH GHFHQW®W UBQQ]HGI 3RK H
RULJLQDO ZRUN ZKLFK LV EDVHG RQO\RQ YL UWXJIRWHDNF\KSLHQ F
GULPHYWKRGRORJ\ HYHU\ FRPSRQHQW RI WKH SURWRFRO L\
KDUGZDUHDQGLVWHVWHG XQGHU UHDOUDGLR IUHTXHQF\ Q

7KHEFKDSWHU LV RUJDQL]HG7IKHWZ R \S DEMMO6) REQEDINERD L Q V
WKH FRQFHSW EHKLQG 3URRI Rl /RFDWLRQ WKH SURWRFRO
ERXQGLQJSULPLWLYHWRJHWKHU ZLWK WKH 'RXEOH 6LGHG 7:
WKHPXOWLODWHUDWLRQ PRGHO WKDW LV XVHG IRU SRVLWLI
ZLWK LWV YHULILFDWLRQ PRGHO 6HTXHQFHGLDJUDPVDQG PD!
WKH H[SODQDWEBERBSORBDWLRWKHYHORSPH®WMPWGROBOHPHQ'
FRYHUV WKH SUDFWLFDO VLGH ,WLQWURGXFHVY WKH OD\HUHG
BHEFWLRQ@YKH UHTXLUHG KD UG ZD WKWHWVRX\S ZOHHMLIAFRSD HP HQ W
(63 PLFURFRQWUROOHUV DQG WKH 5DDVGE HLLQLD G D Q\R G \ Q&H-
YHULILHU 6HFEAMAVRIGBRARVHY WKH FKDSWHU DQG FRQQHFWV LW
WKH SURWRW\SH LQ &KDSWHU

7TKHRUHWLFDO )RXQGDWLRQ

SURRI RI /RFDWLRQ 3URWRFRO 2YHUYLHZ

$3URRI RI /IRFDWLRQ SURWRFRO SURGXFHV D YHULILDEOHDQUC
HQWLW\URWMHRY SK\VLFDOO\ SUHVHQW DW D VSHFLILF SODFF
GHFHQWUDOL]HG YHUVLRQ RI WKLV LGHD GLVWULEXWHYV WKH
UHSURGXFHV DOORIWKHVHUROHV IDLWKIXOO\LQ KDUGZDUH



SURYHW PRELOH HQWLW\WKDW ZDQWV WR SURYH LWV SUHVHQF
DORFDWLRQ SURRI

LWQMVVS VSDWLDOO\ IL[HG QRGH Zx; WKVDKNDAR & D UBVR VA IMBLORADH
GLVWDQFH ERXQGLQJLQWHUDFWLRQ ZLWK WKH SURYHU
VKDUHG OHGJHU 2@MWXRR & F\R Q MADLIQW

OHULMHIQ LOQGHSHQGHQW WKLUG SDUW\WKDW JLYHQ D SURRII
RI'WKHSURYHULVYDOLGRUQRW 7KHYHULILHULY KRQH)
WKH SURYHU D SULRUL

$ZLWQHVVALQY]RQHIJLRQ RI VSDFH WLPH LQVLGH ZKLFK WKH
UHOLDEO\DQG UHPDLQ ORJLFDO®@)\ B\|RFEKURWQIKR HBED PROQ GRZLQ

Z,= wi 8w 27Z,:(wi;w)2Cy N dwi;w) Rep™jti ] ;

ZKHAH) LV WKH (XFOLGRBQ\GWKW PQFHPXP UHOLDEOH ARPPXQLF
WKH WHPSRUDO SUICF IGVH®RRMERRKW & HIZQ®B/ QHVYV WR ZLWQHVV F
$ VHFRQG EXKPMWHMHY WKH ZLWQHVV WR SURYHU PHVVDJHV WK
DQG SURRIGHOLYHU\

7KH SURWRFRO DVLPSOHPHQWHG LQ WKH SURWRW\SH SURFI

(QWOKH SURYHU HQIMHE B QROGK Q FHV L V8BNS R FVAKLHF Z IGHQ@RWLY
WK URXJK

'LVWDQFH E RXRKGZAIQN QKWW D GLVWDQFH ERX QAL@G LQWH
REWDLQV DQ MBS HAWE R RWGWKHLU SK\WVLFDO VHSDUDWLRQ

&RPPLWPHRXWZLWQHVV VLIQV D VWU XFI\NH Bl G @ WKRIWGELW KQ |
PHWDGDWD DQG FRPPLWV WKLV UHFRUG WR WKHZLWQHYV
WROHUDQW FRQVHQVXVY SURWRFRO

&ROOHFMHBQRYHU PRQLWRUV WKH EORFNFKDLQ DQG FR(
f g, WKDWUHIHUWR LWVHOILQVLGHD ERXQGHG WLPH ZLC

$VVHPEKOH SURYHU FRPSLOHV WKH ILQDO ORFDWLRQ SURRI
=(b; ni o)

ZKHYHVY WKH EORFNLGHQWLILHU WKDW RUGHUV DQG WLPH
WR D YHULILHU



7UXVW LQ WKH V\VWHP HPHUJHV IURP WKH FRPELQDWLRQ RI W
VRXQGQHVVRIGLVWDQFHERXQGLQJ DUHPRWHSURYHU FDQ
DOORZV WKH %\]DQWLQH I DX O3+ IV RIOW Q B \Q WHLY R D MIHTPRRAGVD R |
EHPDOLFLRXV DQG WKHGHWHUPLQLVWLFILQDOLW\RIWKH EC
WDPSHU HYLGHQW n)RAJDNKEHIS ZRWRKM\EMWKH PLQLPXP %)7 FRQ|
WKDW FDQ WROHUDWH RQH IDXOW\ ZLWQHVV

'LVWDQFH %RXQGLQJDQG 7ZR :D\5DQJLQJ

'LVWDQFH ERXQGLQJLV DQ DEVW U{vEN WK DSWROORSZ K LIF SHIU L
REWDLQ D VWULFW XSSHUERXQG RQ WKH SK\WLFDO GLVWDQF
URXQG WULSWLPHRIDIDVWFKDOOHQJH+UHVSRQVH H[FKDQJF
&KDXP@ FRQWLWRWOREV RI VLQJOH ELW FKDOOHQJHV DQG VLQ.
FRPPLWV FU\SWRJUDSKLFDOO\WR LWV UHVSRQVHV EHIRUH WK
SUHFRPSXWH YDOLG ELWV 7KH YHULILHU WKHQ XSSHU ERXQC

C (tur twy tsukr

d 2

ZKHUW WKH VSHH/@RGDIUMKWKH WUDQVPLVVLRQ DQG UHFHSWLR
UHVSRQVH SRAMVWBEGEQWHUQDO SURFHVVLQJWLPH RIWKH S|
ODWHU VKRZHG WKDW DQ 5) UHDOL]DWLRQ RI WKLV SULPLWLYH
LV DEOH WR GR QDQRVHFRQG @WFDOH VLIJQDO WXUQDURXQG >

7KH 4RUYR ':0 WUDQVFHLYHU XVHG LQ WKH SURWRW\SH L
DPHQGPHQW IRU XOWUD @L &KEDQWWDRIDRQYGE]HY SDENHW OH )
RIELW OHYHO RQHV %HFDXVHHYHU\8:% IUDPH FDUULHV D 0$&
SURFHVVLQJGHOD\EHWZHHQ UHFHSWLRQDQG WUDQVPLVVLRC
DQG QRW QDQRVHFRQGV )RU WKLV UHDVRQ WKH FODVVLFC
HIHFXWHG RQ WKHVH UDGLRV 7KHRXEQWRWGCSIGWERUBIBDO
'6 7:5> @ DVD SUDFWLFDO UHDOL]DWLRQRIWKH GLVWDQFH ER
IUDPHV 3ROO 5HVSRQVHDQG)LQDO DQGIRXUWLPHVWDPS

:LWI'I@R)'(EQHS%\H DVXUHG DW VVW%H*%@M@-I—D/\XIXDJQ{CG DWWKH SURYHU
IOLIJKWLVHVWLPDWHG DV
T, = TﬁRxJG%RXQa_ﬁHsa-\BHs,O\
TLAJRX-bCIBRX-bCTﬁHS-'—O-\rBH’SO\

ZKLFKJLYHVDILUVW RUGHU FRPSHQVDWLRQ RIWKHUHODWL
HQGSRLQWYGS SURGXFHV WKdl=GcLVWDQFH HVWLPDWH




%HFDXVH'6 7:5GRHVQRWHQIRUFH QDQRVHFRQG VFDOH SUR
RZQ SUHYHQWD UHPRWHDGYHUVDU\IURP UHOD\LQJ WKH PHV
IRUP RIOLYHQHVV RQSDFNHW OHYHO 8:% KDUGZDUH WKLV YV
PHFKDQLVP HDFKZLWQHVV 5DVSEHUU\3L SHULRGLFDOO\LQM
LOQWR LWV 8:% WUDQVFHLYHU 7KHZLWQHVV LQFOXGHV WKL\
PXVWHFKRLWEDFNLQVLGH WKH5HVSRQVH SD\ORDG $ZLWQH
HFKRHG KDVK GRHV QRW PDWFK WKH ODWHVW RUWKHLPPHGL
DKDVKFRXOG QRWKDYHEHHQNQRZQ EHIRUHFRQVHQVXV RC
ELQGVHYHU\DFFHSWHG GLVWDQFH ERXQG WR D VSHFLILF SR
UHSOD\DWWDFNV DW WKHFRVWRIUHO\LQJRQ WKHIUHVKQH\
SKRWRQ VSHHG SURFHVVLQJ

OXOWLODWHUDWLRQDQG SRVLWLRQ (VWLPDWLRC
*LYHQ 3 GLVWDQFd{; ERIX ®@BG NQRZQ ZLW QHNV/ (KRR UEKB D W H \
SRVLWLRQ RI[WKHySURYVYHERY H U R & OWKLIRDMEK WDWK R5Q VWD QF
PHDVXUHPHQW GHILQHV WKH UHVLGXDO

r(D=k[ k& d

YyDSNXQ DQG XEDKWH WKH UHVLGXDO Z{WKWKH REKSRVLWH
7KH WZR IRUPV DUH HTXLYDOHQW XQGHU WKH VTXDUHG VXP
WKH FKRLFHLVRQO\D PDWWHURIFRQYHQWLRQ 7KHIRUP XV
YHULILHUBVFUL®WGWKH SRVLWLRQLVHVWLPDWHG DV WKH 0L
006 (
X
T= DYJPLADY

ZKLFK LV D QRQ OLQHDU OHDVW VTXDUHV SUREOHP 7KH SU
ODUTXDUGW D @J ROM WKSPOH P HMFWSI\GRISWWRKIHH OHDVWBVTXDU
URXWLQH RI WKH 6FL3\ VFLHQWL IZRKFPROXWXP DRPEUDWRI>ZL
QHHGHG WR REWDLQ DQ XQDPELJXRXV 'VROXWLRQ LV WKUH
RUGHU WR DOVR VDWLVI\WKH %] D& W1 QRULLXOW WROHUDQFH

7KHPLQLPL]HG UHVLGXDO VXP RIVTXDUHV FDQ DOVR EH XVHGC
FRQVLVWHQF\RIWKH VROXWIGRRS $DS N XSO DM BB \>W L P D W
SRVUWLRQ



ZKLFKUHMHFWVY WKH SURRIDV VRRQDV WKHUHVLGXDRHRIDQ\V
SURWRW\SHDGRSWV D GLITHUHQW FULWHULRQ LQVWHDG RIE
WKHDJJUHIJDWH 5RRW OHDQ 6TXDUH 506 UHVLGXDO

v
u
sodD = P

DQG UHMHFWV DQ\ SYBRRIJRUEIZWEKFEK 5P 7KLV WKUHVKROG YL
WXQHG WR WKH QRLVHIORRU REVHUYHG LQ WKH WHVWLQJHQY
WKH SHU YWMHYW HIHFDXVH D VLQJOH EDG ZLWQHVV FDQ EH DY
LV KRZHYHU PRUHWROHUDQW RI WKH QRUPDO UDQJLQJ QRL
SURGXFH SHU ZLWQHNYHQPRHY 6 R PWHWDEN LV WDNLQJ SODFH
WKHWZR FULWHULD LV H[DPLQHG HPSLULFDOO\LQ &KDSWHU

$ VHFRQG JHRPHWULF FKHFN DOVRIURP WKH YHULIL@®EOH PX;
DQG ODWHU UHILQHG E\ &K@ DIQ/JIDSBDV M@ G XM 1>QJ LQGHSHQGH(
FKHENLV SXUHO\JHRPHWULFDQG RSHU ) ®HR QW K& HE V WEHOOH Bl
VWHS )RUHYHU\ W (;SQwk)R MZKLAVQHHWY/IVI H 7D (ELFR B W\ LIDWDR) D G

IURP WKHLU NQRZQ FRRUGLQDWHV 7KH SURRILVDFFHSWHG L

9(i;k): 124 (F K k),

WKDW LV LI DW OHDVW RQH VXFK WULDQJOH FRQWDLQV WK
(TXDWLRQG WKH WULDQJOH WHVWVWRK HUXEPDW.RKQFRRUGLQDW
PDOLFLRXV ZLWQHVV ZKR LQIODWHV LWV GLVWDQFH SXOOV \
UHVLGXDO ZKLFKIDLOV WKHILUVW WHVW RURXWVLGHHYHU
WHVW 1HLWKHU WHVWDORQHLV VXIILFLHQW

SURRI6BWUXFWXUHDQG 9HULILFDWLRQ ORGHO
7KH ORFDWLRQ SURRILV D VWUXFWXUHG REMHFW

= bif g%, [fdof Fgftlg 6LJR

ZKHWHY WKH ODWHVW EORFNFKDLQ EORFNWKWWH SH ) ZQ W&
VLIQDWXUHV RIWKH GLVWDQFH FONLW K HJ HWW L Pidy \& @BUSRRPV IV W |
DUHWKHERXQGV DQG WKH FRRU G,LDQDUDNVA K KX WH.G H QW X P SM R DW
FRPPLWPHQWQRLY @P® (OOLSWLF &XUYH 'LJLWDO 6LIQDWXUH $0
SURGXFHG E\ WKH SURYHU RYHU WKH HQWLUH VWUXFWXUH
LGHQWLW\



JLIXUH OHULILFDWLRQ SLSHOLQH

7KH YHULILHBQOGFHISMOO RI WKHIROORZLQJILYH SUHGLFDWH\

6LIQDWXUH DXWKHQWIEBDMIQDWXUH RI WKH SURYHU FRLU
DGGUHVV HPEHEGHBR@LUPYV WKDW WKH SURRI KDV QRW EHI

*HRPHWULF FRORH WWWQFDWHE ISRYQWLEBE DW OHDVW RQ
WULBDQIRH) IRUPHGE\DWULSOHRIZLWQHVVFRRUSLQDWHYV
@

=RQHFRQWDPDQAMQQYVLGH WKHFRQYH[KXOORIWKHNQRZQ
GHILQHV WKH SK\VLFDO ]RQH



506 UHVLGYXO 506 DVGHILQHG LQ (TXDWLRQ

7THPSRUDO IUHMKWOSIWHWDG RIWKH ZLWQHYV VPARIP PRMPHQW WL
LVERXQGHGE\D FRQILJXBDEOH PD[LPXP

$IDLOXUHRQDQ\VLQJOH SUHGLFDWH FDXVHV WKWIRZR/HGLD
WKH YHULILFDWLRQ SLSHOLQHDV DIORZFKDUW

6\VWHP $UFKLWHFWXUH

1RZWKDW WKH WKHRUHWLFDO IRXQGDWLRQ KDV EHHQ GHVF
WKLV WKHRU\ LV DFWXDOO\ UHDOL]HG LQ KDUGZDUH DQG VF
PHWKRGRORJ\ WKH V\WVWHP DUFKLWHFWXUH WKH KDUGZDU
LQGHSHQGHQW YHULILHU DQG WKH H[SHULPHQWDO SURFHG X

SUFKLWHFWXUH 2YHUYLHZ

7KH SURWRW\SHLV RUJDQL]HG DV DVWDFNRIIRXUIXQFWLRQD
RIGHFWLRQWR FRPPRGLW\KDUGZDUH

SK\WVLFDOIMIRHUGHY WKH XOWUD ZLGHEDQG UDQJLQJEHWZHE
LVEXLOWIURPILYH (63 PLFURFRQWUROOHUV HDFK SDL
PRGXOH RQHIRUWKH S SURYHUDQGIRXUIRUWKHZLWQHV\

%ULGIJH @aBUHHYHUWYVY WKHUDQJLQIJHYHQWY LOQWR DXWKHQWL
ZLWQHVVUXQVD3\WKRQVFULSWRQDS5DVSEHUU\3L 7KLV
RYHU86% YDOLGDWHV WKHPDJDLQVW WKHODWHVWEORFN
DQG VXEPLWV WKHP WR WKHFRQVHQVXV OD\HU

&RQVHQVXYHIRHGY WKH GLVWDQFH FODLPV LQ DQ DSSHQG
4XRUXR@>EORFNFKDLQ UXQV XQGHU ,VWDQEXO %®]DQWLC
LV GHSOR\HG LQ 'RFNHU FRQWDLQHUV DQG RSHUDWHV RY

$SSOLFDWLRQJOBIDPWHY WKH ZLWQHVYVY FODLPV LQWR D ORFL
YHULILFDWLRQ $3\WKRQVFULSWRQWKHSURYHUS5DVSEHU
WKH  PXOWLODWHUDWLRQ DSSOLHV WKH UHMHFWLRQ FK
LOQGHSHQGHQW YHULILHU YDOLGDWHY WKLV SURRIRIIOLQ

JLIXUWMKRZV WKHIRXU OD\HUDUFKLWHFWXUH RIWKH SURWRW\.
OD\HUV ODEHOOHG 3K\VLFDO %ULGJH &RQVHQVXV DQG $SS(
(63 DQG WKH IRXU ZLWQHVYV (63 ERDUGV H[FKDQJH 8:% '6



J)LIXUH SUFKLWHFWXUHDQG GDWD IORZ RI WKH

ZLWQHVV WKHQ VHQGV WKHPHDVXUHG GLVWDQFHDQG FRPPLW
VHULDO OLQN ZKLOHWKHOS5DVSEHUWUERDBE IS XYAMKW K AVAKLIHANCDHY NV WRE
UDQJIJLQJURXQGLVERXQGWRDUHFHQW VWDWH RIWKHOHGJ
DQG VXEPLWYV WKHP DV WUDQVDFWLRQVWRDIRXU YDOLGDWRK
UHFRUGHG WKERRAIK REKIHW LRWPBRYW FRQWUDFW DQG WKH DSSC
UHDGV WKHOHGJHU RYHU 53& 95R OWBHIDRARH WINVREDI-OMDMHPW/ LV WY R
LQGHSHQGHQW YHULILHU ZKLFKLV ORJLFDOO\RXWVLGH WK
DQ\RWKHU FRPSRQHQW RI WKH V\VWHP

7TKUHH DUFKLWHFWXUDO FKRLFHY QHHG WR EH H[SOLFLWO\ N
EHFDXVH IRXU LV WKHPLQLPXP QXPEHU VBKDIWZVBWLVILHV W
7KLV YDOXHDOVR PDWFKHV WKHRQWXDAG LY WXKSFRILWLVQDIOHD
WULDQJOHV FKHFN ZKLFKQHHGV DW OHDVW WKUHH KRQHVW



VHOHFWHG EHFDXVH WKH SURWRFRO UHTXLUHY GHWHUPLQL
SURYLGHV WKLVILQDOLW\ZLWKDFRQVWDQW VLIHYDOLGDWRL
DIRXU QRGH SHUPLVVLRQHG GHSOR\PHQW VHOI FRQWDLQH
EDWPDQ DGY /D\HU PRMVKBKNRWRFBROWKH XQGHUO\LQJQHWZ
XVHG LW LQ WKH® UBHPOODO/MW] ULRQZRUNV DV D YLUWXDO (WKHUQH
WKHEORFNFKDLQ VWDFN DQG EHFDXVHLWGRHV QRW QHHG
'+&3 VHUYHUYV

IHWZRUN 7RSRORJ\

7KHZLWQHVV5DVSEHUU\3LVIRUPDQDG KRF/:XE)QHWPWVKDEXWRB
KDV DVWDWLF ,3LQ WKHUDQJH7KHEDWPDQ DGY NHUQHO PRGX
IRXU ZLUHOHVV LQWHUIDFHYV LEDVMWRD) WRS 8 HW K UWXOWH QWA H |
QRGHV FRPPXQLFDWH XVLQJ WKHD W VRV QR G FI MORERRRRI\L J X LG
EORFNFKDLQ PHVVDJH WKHUHIRUH SDVVHV WKURXJK WKH PH
EHKDYLRUREVHUYHG GXULQJWKHHYDOXDWLRQ DOVRLQFO;
PXOWLSDWK IDGLQJDQG SDFNHW ORVYV

7KH SURYHU 5DVSEHUU\3LLVLQWHQWLRQDOO\NHSW RXWVL
ZLWQHVVHV RYHU :L )LRU (WKHUQHW SXUHO\DV D UHDG RQO\
GRHV QRW SDUWLFLSDWHLQ FRQVHQVXV GRHV QRW UHOD\DQ
WKH YDOLGDWRU NH\V 7KLV VHSDUDWLRQ PDNHV VXUH WKDW
FRPPLWPHQWYV DUHDGPLWWHG WR WKH FKDLQ 7KHLQGHSHQG
LW UXQV RQ D ODSWRS WKDW KDV QR QHWZRUN FRQQHFWLYL
RSHUDWHY H[FOXVLYHO\RQ D VHULDOL]HG -621 SURRIREWDL

+DUGZDUH 6HWXS

&RPSRQHQWV DQG %LOO RIODWHULDOV

7TKHFRPSOHWHELOO RIPDWHULDOV IRU WK(B BK BRDARSAE\SBHU\VZ Y >
FDUULHV RQH (63 GHYHORSPHQWERDUG ZKLFKLQ WXUQ GL
63, LQWHUIDFH RI WKH (63 7TKHIRXU ZLWQHVV SODWIRUPV DU
LGHQWLFDOWRD ZLWQHVV DYV ZHOO H[FHSWIRU LWV ILUPZDU}
WR WKH PHVK



7TDEOH %LOO RIPDWHULDOV IRUWKH SURWRW

&RPSRQHQW 4XDQWLW\ 5ROH
5DVSEHUU\3L ORGHO % *% %ULGJH DJJUHJD\
(63 5220 GHYHORSPHQW ERDUG 8:% FRQWUROOHU
4RUYR ':0 (9% PRGXOH 8: % WUDQVFHLYHU
86% $ WR PLFUR 86% FDEOH (63 SRZHU VHUL
-XPSHU ZLUHV EUHDGERDUGYV 2 63, ZLULQJ

7DEOH 63,SLQDVVLIQPHQWEHWZHHQ WKH (63 DQG Wi

"0 SLQ (63 *3,2 )XQFWLRQ

9&& 339 B3RZHU VXSSO\

*1! *1! *URXQG

6&. *3,2 63, FORFN

026, *3,2 63, GDWD (63

0,62 *3,2 63, GDWD '10(63
&6 *3,2 63, FKLS VHOHFW
567 *3,2 +DUGZDUH UHVHW
,54 *3,2 ,(QWHUUXSW OLQH

7KH63, SLQDVVLIQPHQWEHWZHHQ WKH (63 DQG WKH ":0 F

SODWIRUP DQG LV JI7KHPRE XDEOMN UZFINOR IHITYDRQE G RH YV C
WROHUDWH DQ\KLJKHU YROWD JH

S3K\VLFDO $VVHPEO\DQG '"HSOR\PHQW

(DFKZLWQHVV XQLW FRQVLVWV RIDQ (63 ERDUG ZLUHG WRUEL
7KLV XQLW LV FRQQHFWHG WKURXJK PLFUR 86% WR LWV 5DV
GHGLEDMWMHWGKSSO\ )WVXRHY RQHRIWKHDVVHPEOHG ZLWQHVYV
DUHGHSOR\HG DW WKH VSHFLILF ORFDWLRQVLQURRP RI"
/DUWX 7KH SURYHU LV SODFHG DW GLITHUHQW PDUNHG WHV!
FRRUGLQDWH V\VWHP DQG WKH OD\RXW RIWKHURRPDUHGLVI



J)LIXUH 2QHDVVHPEOHG ZLWQHVV QRGH (63 ERDUG ':0 8
DQG 5DVSEHUU\3L FRQWUROOHU

6RIWZDUH ,PSOHPHQWDWLRQ

8:% )LUPZDUH RQ WKH (63  ':0
7TKH (63 ILUPZDUH GULYHYVY WKH '":0 LQ WKH ,(@& XVLQPS8:%
FKDQQHO D VI\PERO SUHDBEOHW Q& Hh GDIWMHUBWHWIRT WKF
LVGHULYHGIURP WKHRSHQ VRXUFH (63 "0 LOQGRERUWRVLW

LVUHXVHG PDLQO\IRUWKHG63,LQLWLDOL]DWLRQ WKHUHJLV)
UDGLR 7KH SURWRFRO ORJLFRQWRSRIWKHGULYHU KRZHYF

7ZR IXQFWLRQDO UROHV VKDUH WKH VDPH GULYHU D UHVSF
LQLWLDWRU UROHRQ HDFK ZLWQHVV (63 8QOLNH :DUDQTYV ¢
SURWRW\SH UHYHUVHVY WKH UROH RI WKH LQLWLDWRU VR W|
UHYHUVDO LV HVVHQWLDO IRU WKH VHFXULW\ PRGHO EHFD)
UHPRWHDGYHUVDU\WR FKRRVH WKH WLPLQJRIWKH H[FKDQJ}
'LWK ZLWQHVV LQLWLDWHG URXQGV WKH SURYHUPXVW DOZI
E\WKH ZLWQHVYV

$ FRPSOHWH'6 7:5 F\FOHEHWZHHQD ZLWQHVV DQG WKH SURY

SROBH ZLWQHVV WUDQVPLWV D 3ROOIUDPHWKDW FRQWDL
EORFNFKRBRLQ KDVK



5HVSRQ@¥H SURYHU UHSOLHV ZLWK D 5HVSRQVH IUDPH W
FRPPLWSPRIRPA®+$ (p) WR D IUHVK UDQ ORI BREBFHKW ZLWK LW
SUHOLPLQDU\WLPHVWDPSYV

JLQDD&H ZLWQHVV WUDQVPLWV D)LQDO IUDPH $IWHU WKLV
WKHFRPPLWPHQW EBEQGHYQHFDXIGHNV WKH IRXUWLPLQJYDOXH
LQ RUGHU WR FRP S XWKHI (ZLVD@H RO W K6HGB Y Hi) El IKHR\P W IK\D W
EHIRUH DFFHSWLQJWKH PHDVXUHPHQW

I DQ\IUDPH LV ORVW RU LI WKH FRPPLW GRHV QRW YHULI\ V
GLDJQRVWLFPHVVDJHDQG ZDLWV IRURQHUDQJLQJLQWHUYDC
8:% PRGXOHV VKDUH WKH VDPH 8:% FKDQQHO WKHILUPZDUH XV
$FFHVV 7'0$ VFKHGXOHEDVHG RQ WKHGHYLFHYVLGHQWLILHU
E\DQLGHQWLILHU GHSHQGHQW GHOD\ VRWKDW VLPXOWDQHR
F\FOHLV FRPSOHWHG (63 HPLWVDVLQJOH-621UHFRUGRYHU
UHFRUG FRQWDLQV WKH 8:% LGHQWLILHU WKHFRPSXWHG GL
WLPLQJYDOXHV DORFDOWLPHVWDPSLQPLOIQLYKIFRRQBN DQ
LV ODWHU FRPSDUHG ZLWK WKH ODWHVW ILQDOL]HG EORFN F
DWWHPSWYV DV GHVFULEHG LQ 6HFWLRQ

LWQHVY %ULGJH 6RIWZDUH

(DFK ZLWQHVV 5DVSEHUU\ 3 DGR WEKECBR W IK RKIKIEEIE BWW V DV
WKHEULGJH EHWZHHQ WKH 8:% VHULDO VWUHDP DQG WKH EOR
LQDVLQJOHDV\QFKURQRXV ORRS

UHDG RQH -621 UHFRUG IURP WKH VHULDO SRUW RI WKH (63
YDOLGDWH WKDW WKHUHSRUWHG GLVWDQRHJA2GRVLWLYH

FRPSDUH WKH HFKRHIz BORIEFQNVWMNIQHKDNMWHVW DQG WKH LP
EORFN KDVKHV REWDLQHG WKURXJK WKHORFDO 4XRUXP 53
ERWKFRPSDULVRQVIDLO UHSOD\GHWHFWLRQ

EXLOG D WUDQVDFW LRKF RUKD W WD Q6 M&@EBWPRQ RI WK
3URRI2I/REFDWPRQW FRQWUDFW VLJQLW ZLWKWKHORFDOC
RIWKHZLWQHVV DQG VXEPLW LW WR WKH QHWZRUN



ZDLWIRUWKHWUDQVDFWLRQ UHFHLSW EHIRUH FRQWLQX
EHIRUHWKHQH[WPHDVXUHPHQW LY SURFHVVHG

$UDWHOLPLWRIWKUHHVHFRQGV EHWZHHQ WUDQVDFWLRQV W
RYHUWKHZLUHOHVV PHVK DQG SUHYHQWV IORRGLQJ WKH FR
7TKHEULGJHDOVRLQMHFWY WKH ODWHVW EORFN KDVK EDFN
-621 FRPPDQG RQ WKHVHULDO FKDQQHO 7KLV ZD\ WKH ZLWQH
VHQG WR WKH SURYHU LQ WKHQH[W 3ROO IUDPH

7KHEULGJHDOVR DFFHSWV WKUHH FRPPDQG OLQH IODJV WK
IRUWKHH[SHULPHQWYV GHVEQMER® LHHEWRRY HDFK WUDQVI
VXEPLVVERQUXSW UDQJH RBGNW FRQVWDQW RIIVHW WR WK F
DQGVWDOH WLPHWWHIBPSWKH (63 D EOREN KMRENMIPQ WKH ST
7KHILUVW WZR IODJV VLPXODWH VIQFKURQL]DWLRQ VWUHV V
WKLUG RQHWULJJHUV WKHDQWL UHSOD\GHIHQVH RQ HYHU\ F

%ORFNFKDLQ /D\HU

7KH FRQVHQVXV OD\HU LV D 4XRUXP SHU BLWWXIDR\ R &SH WXW M Y
,ZVWDQEXO %\]DQWLQH@D X% W TR ®OHUDWAHMW RI WKH SUDFWL
7TROHUDQFHDOJRULWKP R®&DGWBR BQG &R WKRIYWKHUHXP H[HF
JRXU YDOLGDWRU QRGHV IRUP WKH YDOLGDWRU VHW ZKLFK
n 3f+1 UHTXLUHPHODWKRHWHQHVLY FRQILIXUDWLRQ DVVLJIQV
EORFN SHULRGRI VHFRQGV DIL[HGJDV SULFHRI]JHUR DQGTL
IRXUDXWKRUL]HG YDOLGDWRUDGGUHVVHV $VWDWLF QRGHYV
, 3V + VR WKDW QR SHHU GLVFRYHU\ RUH[WHUQDO

$VLQJOH 6ROLGLW3IVRRIPW/ RRQWUR@WIRQHY DQ DSSHQG RQO\
DQG WKH IXQFWLRQ

IXQFWLRQ UHFRUG'LVWDQFH&ODLP
DGGUHVV SURYHU$GGUHVV
XLQW  WB5RXQG%

XLQW  W5HSO\%
XLQW  GLVWE&P;
H[WHUQDO



ZKLFK VWRU KW, By K% W& S@H) LQ WKH VWDWH RI WKH FRQWUDFW
VR WKDW WKH SURYHU FDQ VXEVFULEHWR QHZ FODLPV 7KH IXQ
YDOLGDWLRQLV HQIRUFHG DW WKH EULGJH OD\HU LQ RUGHU W

2QH SUDFWLFDO OLPLWDWLRQ RI WKH SURWRW\SH LV WKDW
WLPHUHIHUHQFH VR WKH 1HWZRUN 7LPH3URWRFROFDQQRW E
WLPHYVY UHSRWIWAH/ WD WR B RI HDFK EORFN DUH VHW PDQXDO (
DQGDUH VXEMHFW WR GULIWEHWZHHQ ZLWQHVVHV RYHU ORC
WKH YHULILFDWLRQ PRROA LGIHWW WV RVKLY GULIW E\ERXQGLQJ
EHWZHHQ ZLWQHVVHV LQVWHDG RI WKHDEVROXWH WLPH

SURYHU $JJUHJDWLRQ /RJLF

7KH SURYHU 5DVSEHUUS B3R UK QB QREHVSAKLBWF KHVWUDWHV WK
RI WKH SURRI 2Q VWDUWXS WKH SURYHU JHQHUDWHV D IU
FRUUHVSRQGLQJDGGUHVVY DQG FRQQHFWYV WR WKH 4XRUXP
DVDUHDG RQO\FOLHQW

7KH SURYHU WKHQ HQWHUV D ORRS JRUHYHU\QHZ EORFN LW
IRULQYRFDWERQE'RVWDQPMEDWIDRUH DGGUHVVHG WR WKH SUFR
WUDQVDFWLRQLY GHFRGHG LQWR D GLVWDQFH FODLP LQGH][
DGGUHVV DQG VWRUHG LQ D E I4 HED RFONDA RO VRIDUGHH K [ & IKUDHDG
VR WKDW WKH SURRIVDUHDOZD\VEXLOW IURPD WHPSRUDOC
FRQWDLQW-BWGOMWYQYFW ZLWQHVY FODLPV WKH SURYHU SHUI

VRUW WKH FODLPV E\ 8:% PRGXOH LQGH[ @§ G HEWNIKDH W \
FRRUGLQBWH YHFWRU

VROYH WKH PXOWLODWHUDWLRQ SUREDIHPK RI
VFLS\ RSWLPL]H OHDVWBWTRKDODEGHVYWR REWDLQ

FRPSXWHWKHD506 UHVLGDXQG WKH WLWHRMD PELMEUHDG PD

DSSO\WKHUHMHFWLRQ UXOHV WKHSRVLWLR&@PWWYXW OLH L
506 UHVLGXDO PXVWYW @RV WKHMAPHVWDPS VSUHDG PXVW

DVVHPEOH WKH SURRNVRUQIXWWLW®& WKH SULYDWH NH\RI W
SROBSURRI WRFREQ VN

FOHDU WKH EXITHUDQG UHVXPHPRQLWRULQJ



J)LIXUH BLSHOLQHRISURYHUBQRGH S\ VFULS

$ UHMHFWLRQ DWDQ\VWHS LV O RXW & WRHBRP/HB W FR MHGLHNGY Ut
WLPHVWDPSBWRIJUWHRUXPBQRWSWPHW WKH PHWULFVY GHILQHG L
7KLV ZD\ WKHDFFHSWDQFHUDWHFDQEHDQDOWXYREBIBWWUNY¥HQ
WKLV SURRI SLSHOLQH

 QGHSHQGHQW 9HULILHU

7KH YHULILHU LV LPSOHPHQWHG D W WK HI VMUBYE D DRWY 5 8\ W K
DFFHSWVIROBEBIORR| MVORBURGXFHG E\WKH SURYHUDQG UXQ
QR DFFHVV WR WKH PHVK WR WKH EORFNFKDLQ RUWR WKH SU
RI6HFWLRQHE\RQH LQ RUGHU

5HFRYHU WKHDGGUHVV RIWKHSURYHU IURP WKH (&'6% VL
FRPSDUHLWWRWKHDGGUHVVHPEHGGHG LQ WKH SURRI



$SSO\WKH YHULILFDWLRQ WULDQJOHYV FKHFN @KHOLF® RUL
ZDVH[WHQGHG E\ &KLDQ@ HEHXDVDWXKXHMWULDQJOHIRUPHG
ZLWQHVV FRRUGLQDWHV DQG FKHFNOAKBMLIQH/UW @/HK B \NW \DW DR/
WKHP 5HMHFW WKH SURRILIQRWULDQJOH FRQWDLQV WK

&KHFN ZKHWKHU WKHHVWLPDWHG SRVLWLRQ OLHVLQVLG
FRQYH[KXOORIWKHZLWQHVV FRRUGLQDWHYV

&RPSXWH WKH506 UHVLGXDO IURP WKH FDUULHG GLVWDC
ZLWsKe

&RPSXWH WKHWLPHVWDPS VSUHDG DQG FRPSDUH LW ZLWt

TKHILUVWIDLOLQJ SUHGLFDWHWHUPLQDWHYV WKHYHULILFDWL
VXFFHHG WKH YHULILHU SULQWYV WKH199%W'@ DWNHKUF FKUG VGO
OHIW WR ULJKW HYDOXDWLRQ RUGHU PDNHV VXUH WKDW HL
HISHULPHQWDO ORJV

&RQFOXVLRQ

7KHPHWKRGRORJ\DGRSWHG LQ WKLV WKHVLVWXUQV WKHDEV)
HWD@ LQWR D FRPSOHWH SURWRW\SH WKDW FRYHUV HQG WR H
LVRODWHG ZLUHOHVV PHVK D SHUPLVVLRQHG ,%)7 EORFNFKI
LQGHSHQGHQW YHUHNWDBE OGNKWVRVKHWKHRUHWLFDOIRXQGDW
ZRUN WKH SURWRFROUROHV WKHGLVWDQFHERXQGLQJSULF
IRUSDFNHW OHYHO 8:% KDUGZDUH WKHPXOWLODWHUDWLRQ |
SURRIVWUXFWXUH WRIJHWKHU ZLWK WKH ILY HWXWHRXLIKD WH Y
GHVFULEH WKHDSSOLFDWLRQGHYHORSPHQWDQG LPSOHPHQ
KDUGZDUH VHWXS WKH VRIWZDUHLPSOHPHQWDWRREY WEE W k
WKH V\VWHPYV ZRUNIORZ VWDUWLQJIURP WKHFRPPXQLFDWLR
HQGLQJZLWK WKH YHULILFDWLRQ RI WKHORFDWLRQ SURRII

7KHRULJLQDOGHVLIJQ FRQWULEXWLRQVRIWKLVWKHVLV WKH
506 UHVLGXDO WKRIBIV BRM®RIH U QD W LY HWHR W K\ ISHH B L ZAL QBN
'6 7:5 UROH UHYHUVDO DQG WKHILYH SUHGLFDWH YHULILFD\
WKH SRLQW ZKHUH WKH\DUH LQWURGXFHG 7DNHQ WRJHWK}
GHFHQWUDOL]JHG 3R/ PRGHO WR WKH SUDFWLFDO FRQVWUDL
SUHVHUYLQJWKHVHFXULW\SURSHUWLHYV UHTXLUHG E\ WKH S



J)LIXUH JORZFKDUW VKRZLQJKRZ WKH 3URRI RI /RFDW

'LWK WKH SURWRW\SH QRZ IXOO\VSHFLILHG WKH QH[W FKDS
&KDSVBHULQHY WKH WHVWLQJHQYLURQPHQW LQ URRP RI WK
RIWHVW VFHQDULRY QRPLQDO RSHUDWLRQ V\QFKURQL]DWLR
UHSOD\DWWDFN WKHILYHWHVW SRLQWYV XVHG WR H[HUFLVH \
FROOHFWHG IRUHDFK SURRIDWWHPSW ,WWKHQ UHSRUWYV D
H[SHULPHQWV DQG DVVHVVHV WKH IHDVLELOLW\RI GHFHQWU |



([SHULPHQWDWLRQDQG 5HVXOWYV

 QWURGXFWLRQ

7TKLVFKDSWHUUHSRUWV WKHH[SHULPHQWDO FDPSDLJQ WKDW
LQWKHSUHYLRXVFKDSWHUDJDLQVW WKHGHFHQW® R Q GJHHWG 3 U
UHDO UDGLRV DUHDO/D\HU PHVKDQGUHDO %\]DIQWILQH ID X
WKHWHVWLQJHQYLURQPHQW WKHZLWQHVV OD\RXW WKH W
PHWULFV 6HWDERVWGLERHOBRUW WKHTXDQWLWDWLYHUHVXOWYV RI WK
6HFWLBQVFULEHVY WKH SUDFWLFDO OLPLWDWLRQV WKDW HP
GLVFXVVHV WKHLPSOLFDWLRQV RO RWKHMV MXGL KLY IVPBU HF W L

7KH FDPSDLJQ LV VWUXFWXUHG LQWR IRXU SKDVHV 3KDVH

VXFFHVV UDWH XQGHU QRPLQDO RSHUDWLRQ 3KDVH VWUH\
EORFNFKDLQ WZR ZLWQHVVHV DUH ODXQFKHG ZLWK D WHQ V
SK\WLFDOO\PRYHG GXULQJWKHH[SHULPHQW VR WKDW WKH
WKH SUHYLRXV SRVLWLRQ 3KDVH HYDOXDWHY WKH GHIHQ\
LQIODWHYV LWV GLVWD R RMHRERKID G DEVBGGLSRIUWHG E\ ZLWQHV \
WKH FU\SWRJUDSKLFDQWL UHSOD\ELQGLQJLQWURGXFHG L¢
EORFN KDVK IURP WHQ EORFNV LQ WKH SDVW $ILIWK SRLQW /
SURYHU LV SODFHG EHKLQG DJODVV VHFWLRQ RI WKH GLDJR
HIHFXWHG DW WKH IRXULQWHULRU SRLQWV / £/ ZLWK WULI
UXQLQ3KDVH FRQGLWLRQVRQO\ 7KHWRWDO QXPEHU RI WU

([SHULPHQWDO 6HWXS DQG 9DOLGDWLRQ
7HVWLQJ (QYLURQPHQW

$OO0 H[SHULPHQWV DUH FRQGXFWHG LQ URRP RIWKH 'HOWD ¢
SODQ YLHZ WKHURRPLVDQLUUHJXODUSHQWDJRQ 7UDYHUYV
FRUQHU WKHILYHZDOOVDUH DVKRUW YHUWLFDO ZDOO RQ
HQWUDQFH GRRU DVKRUW WRS ZDOO DORQJULJKW ZDOO DC
WKHPRVW UHOHYDQW JHRPHWULF IHDWXUH EHFDXVH LW EUHE
VSDFHDQG FRQVWUDLQV ZKHUH WKH ZLWQHVVHV FDQ EH SK\
IXUQLWXUH EXW WKHOLQHRIVLIKWEHWZHHQ WKH ZLWQHVVF
UHVXOWLQJSHQWDJRQDO |0 RRUGSPIDG H W\DKRIZADAXQU)ILQ X WHK H H |
EHVHHQLQ )LJXUH



JLIXUH ID\RXW RIURRP LQ HOWD % XLOGLQJDW WKH 8QI
ZLWQHVVHVDQG WKHILYHWHVW SRLQWYV

$ ORFDOWZR GLPHQVLRQDO &DUWHVLDQ UHIHUHQFH IUDPH LV
SODFHG DW WKH ERWWRP OH DN LARIVNQ BIU LR IQM KSHDUWHRRROR] WVKHH E R W
y D[LVLVDOLIQHG DORQJWKHVKRUWOHIW ZDOO $00 FRRU(
LQ WKLV IUDPHDQG TXRWHG LQ PHWHUV Z335PV R\W B OLIYO-RR R U
FRUQHUV RIWKHURRPDUHOLVWHG LQ 7DEOH

7TDEOH &RRUGLQDWHV RIWKHILYHFRUQHUV RI URRP LQ
FRXQWHUFORFNZLVH

&RUQHU &RRUGLQDWHYV >P@

Vi
V,

7KHIRXUZLWQHVVHVDUH SODFHG DW WBRI OLYHK® EQ EV & K@ D RXUY
PDUNHUV S$ % &DQG7KQ WDEOHDOVRJLYHV WKHPDSSLQJEHW
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